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ABSTRACT 

 

Lernaea, an ectoparasite, can infect most freshwater fish species (especially the members of 

cyprinidaea family) and the damage and the economic impacts associated with this species have 

been widely recognized by numerous epizootics to farmed fish, especially fingerling fish, which 

may be killed by only a few parasites. The present study investigated the possible causes of 

selective Lernaea attack in different fish species.  

The study was conducted in five trials. During the first trial Lernaea susceptibility and 

infestation were observed in indigenous major and Chinese carps. Trials were conducted in 4 

earthen ponds with two ponds per experimental group. Fishes in the both groups were fed 

isonitrogenous diet containing 40% crude protein. Fishes were identified and examined for the 

presence of Lernaea species. L. cyprinacea was the species observed during the whole study 

period. The results showed that C. catla is the most susceptible fish to L. cyprinacea infestation 

and its appropriate control for conservation of this precious and declining fish is of extreme 

importance. Thunder is biologically safe as it is biodegradable and degenerated after 36 

h without causing any negative effect on the water quality parameters and other water flora and 

fauna. Treatment of L. cyprinace with „Thunder‟ (0.10-0.25ppm) (Dichlorvos - 2,2-dichlorovinyl 

dimethyl phosphate or DDVP) gave  promising results without adverse effect on fish. Though, 

thunder worked well in control but its heavy infestation really weakened fish incapacitating its 

feeding and competing abilities with its counterparts.  

In the 2
nd

 experiment, comparison of whole fish body bio-chemical profile was observed on 

healthy and infected Major (L. rohita, C. mrigala and C. catla) and Chinese carps (C. idellus, H. 

molitrix and C. carpio). There were two-groups, one group without any treatment served as 

“control group” and the second group with application of DDVP termed as “treatment group”. 
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All the ponds were randomly stocked with 6 locally culturable fish species. Fishes from both 

groups were dealt uniformly except administration of regular applications of DDVP (0.25ppm) 

in treatment group. Water physico-chemical parameters, such as temperature, salinity, dissolved 

oxygen etc. were recorded on fortnightly basis. Samples of healthy and infected fishes were 

collected for proximate composition and minerals and phosphorous analysis. The results showed 

that dry matter, fat and crude protein percentages were significantly decreased in lernaeid fishes. 

Moisture and ash contents of fishes increased in infected fishes as compared to healthy and 

treated fish. A slightly lower level of protein (12.65±0.49%) and fat (7.30±0.28%) were observed 

in C. catla than rest of the species. The protein was the highest (26.00±4.24%) in L. rohita while 

the fats were the highest (10.55±0.92%) in C. mrigala and C. carpio. Mineral profile, howver, 

was  not much different, so it is not possible to suggest  that level and type of nutrients are solely 

responsible for L. cyprinacea attack. Mineral composition of infected fish indicated that minerals 

balance upsets during disease condition. Pathogenicity is a complex of so many factors, which 

encompass environmental, biological, and physiological aspects so still lot remains to be 

explored before suggesting any final recommendation that which factor is more active and 

critical in inviting and attracting this parasite. 

In the 3
rd

 experiment, various blood indices were compared among Chinese and Indian major 

carps for their resistance against lernaeaosis and probable role of blood and its components in 

reception of L. cyprinacea. Major and Chinese carps free from L. cyprinacea with an average 

weight of 830 ± 316 gm each, were collected. Blood parameters, red blood cells (RBC, 10 
-6

/µL), 

white blood cells (WBC, 10
-3

/µL) and platelets (10
-3

/µL) were counted by placing sample on 

haemocytometer grids. Differential leucocyte count (DLC), red blood indices (mean corpuscular 

volume (MCV), mean corpuscular hemoglobin (MCH), packed cell volume (PCV) and mean 
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hemoglobin concentration in the cell (MCHC) and blood chemistry (IgM (g/dl),  Hb (g/dl), total 

protein (g/dl), albumin (g/dl), globulin (g/dl) and erythrocytes sedimentation rate (ESR) were 

determined. for males and females of experimental fishes. The results revealed that females of 

each species have relatively higher values for blood indices as compared to males. C. carpio has 

maximum number of granulocytes that may protect against the parasitic attack. C. catla has 

lowest values for the immunoglobulin Ig M as compared to the species which showed less 

susceptibility. 

In the 4
th

 trial, healthy fishes of major and Chinese carps were collected from rearing ponds. 

Each fish weighed 830 ± 316 g on the average. For mucus collection, fishes were bathed in 

Potassium permanganate (KMnO4) solution (8.0 ppm) to remove microbial or fungal 

infection/infestation. Standard curve was drawn from various but consecutive dilutions of bovine 

serum albumin (BSA) solution and protein concentrations in different samples were calculated. 

Electrophoresis was carried out with slight modifications. 15% separating and 4% staking buffer 

were used to run the SDS- PAGE under constant voltage of 120. Fermentas PageRuler™ protein 

ladder was used as the standard marker for non reducing protein. The gel was stained with 

PageBlue™ (Fermentas) stain for identification of protein bands for molecular weight 

determination. Lectin activity and Alkaline Phosphatase test were determined. The increase in 

optical density (OD) was measured continuously for 2 to 3 hours at 405 nm using a micro plate 

reader. The results showed that lectin activity was the highest in C. idellus (10
9
) indicative of low 

resistance while it was the lowest (2
1
) in H. molitrix. Alkaline phosphatase level was the highest 

in C. catla, C. idella was the second highest and was the lowest in C. carpio. Protein 

concentrations were the highest in C. idella (3.29 ± 0.13 mg/ml) and C. catla (3.02 ± 0.57 

mg/ml) while it was the lowest in C. carpio (1.80 ± 0.09 mg/ml). C. catla contained the highest 
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molecular weight proteins (100 kDa) while C. carpio has one unique protein band of 14.13 kDa 

not present in any other species in current setup. 

 In the 5
th

 experiment, the L. cyprinacea were observed in the month of June to August. 

Lernaeied infestation was observed in all experimental fishes except in C. carpio. Fishes were 

treated with Thunder (DDVP- an organophasphate) to eliminate the parasite. Parasite free major 

and Chinese carps were collected with an average weight of 830 ± 316 g each were used for 

studies of whole-body amino acid composition. Total amino acid composition was determined 

by o-phthaldialdehyde (OPA) method using an Agilent chromatograph, reverse phase high 

performance liquid chromatography (HPLC).  The results showed that the essential amino acids 

(arginine, lysine, phenylalanine, tyrosine, histidine and leucine) play a major role in the immune 

system. It is revealed that amino acids will widely become cost-effective neutraceuticals for 

improving health and preventing infectious disease in animals. C. carpio have no infestation due 

to increased numbers as well as higher concentration of certain essential amino acids when 

compared to other species of major and Chinese carps. C. catla, C. idella and H. molitrix have 

the lowest number and concentration of essential amino acids and more susceptible to L. 

cyprinacea attack. 

Finally it was concluded from the entire study that C. carpio may have high resistance for the L. 

cyprinacea as compared to the other experimental fishes. It possesses higher values for Ig M-

immunoglobulin as compared to C. catla that indicated its high immunity against the parasite. 

Similarly C. carpio has maximum number of granulocytes (WBCs, esinophils, basophils and 

lymphocytes) that may support the fish against the parasitic attack. Polyacrylamide Gel 

Electrophoresis (SDS-PAGE) analysis of mucus revealed that C. carpio has one unique protein 

band of 14.13 kDa not present in any other species in current setup.  This protein band may 
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indicate the presence of lysozyme enzyme that actively participates against the invading 

pathogen. Essential and non-essential amino acids concentrations were also higher in the C. 

carpio that play a vital role in immunity especially arginine, lysine, phenylalanine, tyrosine, 

histidine, leucine, glutamic acid and aspartic acids. 

 



1 
 

CHAPTER-1 

GENERAL INTRODUCTION 

 

 

 Aquaculture is the large-scale husbandry or rearing of aquatic organisms for commercial 

purposes. It has the potential of reducing fishery products imports; creating jobs, and enhancing 

sport and commercial fishing while providing a reliable source of protein for the future human 

use. Fish is a rich source of animal protein and its culture on commercial scale has the potential 

for  an efficient protein food production system in Pakistan. Fish culture also helps in utilizing 

water and land resources. It provides inducement to establish other subsidiary industries (fishing 

and processing industries etc) in the country. 

C. catla is endemic to the riverine system in Northern India, Indus plain and adjoining hills of 

Pakistan, Bangladesh, Nepal and Myanmar, and has been introduced later into almost all riverine 

systems, reservoirs and other water bodies all over Asia. Its higher growth rate and compatibility 

with other major carps, specific surface feeding habit, and consumer preference have increased 

its popularity in carp polyculture systems among the fish farmers in India, Bangladesh, 

Myanmar, Laos, Pakistan and Thailand (Iqbal et al., 2001). At present, C. catla is an integral 

component species, both in three-species polyculture with  rohu (L. rohita) and mrigal (C. 

mrigala), and six-species composite culture, with common carp (C. carpio), grass carp (C. 

idellus) and silver carp (H. molitrix) to the species mix.  Improvements in induced breeding, seed 

production, grow-out technologies, feeding and health management have enhanced the status of 

the farming of the Indian major carps. 
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The ectoparasites of fish constitute one of the most important problems associated with pond fish 

culture (Baur, 1962). Lernaeidae is a major family of cyclopoid copepod parasitic group 

associated with freshwater fish. Many fish species are the intermediate and definitive hosts. 

Mainly these hosts are from the family Cyprinidae. This parasite lacks host specificity to an 

extent that it can infect all freshwater fish and even frog tadpoles and salamanders (Baur, 1962; 

Hoffman, 1967). Some of these parasites are among the most harmful parasite of cultured fishes; 

consequently, they have become species of interest (Yin, et al., 1963; Kabata, 1985; Tasawar et 

al., 2007b).  

Lernaea species is important fresh water parasite, having worldwide distribution. The economic 

importance of the lernaeid ectoprasite has increased due to numerous epizootics occurring among 

the most important farmed fish in various parts of the world, especially young (fingerling) fish, 

which may be killed by only a few parasites (Kabata, 1985; Hemaprasanth et al., 2008; Molnar, 

1987). The adult parasite penetrates the fish host and becomes deeply embedded in the epidermal 

tissues making it extremely difficult to remove them (Bauer et al., 1973). The life history of this 

parasite does not include an intermediate host. Eggs released by the adult female undergo 

metamorphosis with three nauplius and five copepodid stages. All the nauplius and the 

copepodid-I stages are free swimming. The copepodid-I has to attach itself on to the gills or skin 

of the host fish.  

Development from copepodid-I to -V occurs while the parasite is loosely attached to the fish 

host. Differences between males and females appear at copepodid-V, which further develops in 

to free living. Males die after copulation and the fertilized females attack the same host or swim 

to another one, penetrate its body and become deeply embedded in the skin tissues, resulting in 

heavy mortality and morbidity of the host fish. As such, the free swimming nauplius or the 

http://animaldiversity.ummz.umich.edu/site/accounts/information/Lernaea_cyprinacea.html#5dc03d4f14cebb609c17c95596d64013
http://animaldiversity.ummz.umich.edu/site/accounts/information/Cyprinidae.html
http://animaldiversity.ummz.umich.edu/site/accounts/information/Lernaea_cyprinacea.html#5dc03d4f14cebb609c17c95596d64013
http://animaldiversity.ummz.umich.edu/site/accounts/information/Lernaea_cyprinacea.html#9c4fc5eafd5998208d7e0cf9067efe4b
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infective copepodid-I or the cyclopoid stages of the parasite can be transported away resulting in 

spread of infection. Lernaea species aggregations around the eye cause destruction of the lens 

and blindness (Shariff et al., 1986). Gill infections cause some localized hyperplasia of the 

epithelial tissues and also cause intense epithelial proliferation which may seriously interfere 

with respiration and also support spread of bacterial infection (Shariff et al., 1986). Apart from 

this, the pathological changes caused by the parasite result in heavy mortality and morbidity to 

the host fish and there by heavy economic losses. In Japan, the parasite has increased its number 

and spread to such an extent that it is a serious menace to fishing culture. It was first found to be 

causing damage to eels (A. anguilla), in this case choking the mouth cavity, but it is also found 

on other fish, burrowing with the head under the scales. Countless masses of fish have been 

destroyed because of this parasite (Baur, 1962). Economic losses due to ectoparasite infestation 

not only result from direct harm to the fish but also from disfigurement which renders fish grown 

for commercial food and ornamental fish unsuitable for sale, imposing  a big loss to fishing 

industry (Piasecki et al., 2004). The adult parasites are particularly harmful to large fish because 

of their large size, mode of attachment and feeding. Only partial control of Lernaea is possible 

with chemicals, because the head is buried in the fish tissues and there are no exposed respiratory 

organs. Hence, prevention is more effective than control. Studies have signified  Lernaea 

infection as a major disease problem encountered in carp culture in the Indian subcontinent and 

has been reported from C. catla, L. rohita, C. mrigal, H. molitrix, C. idellus and L. fimbriatus 

(Nandeesha et al., 1984, 1985; Tamuli and Shanbhouge, 1996a; Iqbal et al., 2001). However, no 

reports are available on Lernaea infection in C. carpio and L. calbasu in India and Pakistan. 

However, according to Baur (1962) and Hoffman (1967), C. auratus, A. japonica, C. vulgaris, G. 

fluviatilis and C. carpio all are parasitized by Lernaea.  

http://animaldiversity.ummz.umich.edu/site/accounts/information/Lernaea_cyprinacea.html#5dc03d4f14cebb609c17c95596d64013
http://animaldiversity.ummz.umich.edu/site/accounts/information/Lernaea_cyprinacea.html#5dc03d4f14cebb609c17c95596d64013
http://animaldiversity.ummz.umich.edu/site/accounts/information/Lernaea_cyprinacea.html#9c4fc5eafd5998208d7e0cf9067efe4b
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Live fish in a microbe-rich environment are vulnerable to attack by pathogenic or opportunistic 

infectious microorganisms (Ellis 2001; Fermendes et al., 2003) while relying heavily upon innate 

or non-specific immune mechanisms for initial protection (Nagashima et al., 2003; Subramanian 

et al., 2007). The epithelial surfaces of fish, such as the skin, gills and the alimentary tract, 

provide initial contact with potential pathogens (Robinette et al., 1998; Iijima et al., 2003). These 

surfaces are covered by a layer of mucus composed of biochemically diverse secretions from 

epidermal goblet cells, which contain a number of molecular compounds such as complement, 

transferrin, lysozyme, C-reactive protein and antimicrobial proteins and peptides (Subramanian 

et al., 2007).  

The mechanical barrier of the skin impedes entry of the majority of microorganisms into the 

body (Bressler and Bressler 1989). Mucus membranes lining the alimentary, respiratory, and 

urogenital tracts are equipped with a layer of mucus which functions to entrap foreign 

microorganisms out of the body. In addition to these physical and anatomical barriers, non-

pathogenic organisms, referred to as the natural flora of a host, often compete with potentially 

pathogenic microorganisms for attachment sites and nutrients on the surfaces of epithelial cells 

of mucosal surfaces (Van Der Waaij 1984). 

Innate mechanisms are both constitutive and responsive to provide protection by preventing the 

attachment, attack or multiplication of microbes on or in the tissues. The mucus layer is 

multifunctional by displaying traits and actions important in osmoregulation, reduction of 

friction and disease resistance (Shephard 1994). The major components of the mucus layer are 

produced by goblet cells and these cells start to differentiate in the basal part of the epidermis, 

and then grow in size and move towards the surface where they release their content (Pickering 

1977). The mucus is a protective covering (Powell et al., 1992), in most vertebrates, including 
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fish, mucus, the predominant gel-forming macromolecules are glycoproteins, resulting in 

slipperiness (Fletcher et al., 1976). Other known ingredients include: lysozyme the components 

of the innate immune system (Bullock and Roberts 1980), immunoglobulins (Fletcher et al., 

1976), complement system (Harrell et al., 1976), carbonic anhydrase (Wright et al., 1989), 

lectins (Shiomi et al., 1990), crinotoxins (Cameron and Endean 1973), calmodulin (Flik et al., 

1984), C-reactive protein (Ingram and Alexander 1981), and proteolytic enzymes (Hjelmeland et 

al., 1983). The skin of fish is a dynamic tissue whose cellular make up is known to be influenced 

by factors such as season, stress, diseases, development stage and environmental conditions 

(Blackstock and Pickering, 1982).  

Although considerable work has been done on Lernaea infestation in carps and other fish species 

in various parts of world and Pakistan (Bjorn et al., 2006; Boxaspen, 2006; Jalali and Barzegar, 

2006; Jones et al., 2006; Kir, 2007; Koyun et al., 2007; Oktener et al., 2007; Revie et al., 2007; 

Tasawar et al., 1999; Tasawar et al., 2000; Tasawar et al., 2001; Tasawar et al., 2007a; Tasawar 

et al., 2007b). In different studies different fish species (P. mesoptamicus, C. macropomum, H. 

nobilis, I. punctatus, T. khudree, L. rohita, C. catla, C. idella, H.  molitrix, C. mrigala and C. 

carpio) were reported to have shown varying levels of susceptibility to Lernaea infection under 

natural environment and culture conditions (Ceccarelli, 1988; Goodwin, 1999; Tamuli and 

Shanbhouge, 1996a & b). 

So keeping in view the importance of Lernaea species, the study was designed to study 

the possible causes of selective attack of Lernaea on different fish species commonly cultured at 

fish farms.  A comprehensive study of fish mucus and blood chemistry which was not done yet, 

will also be carried out to compare the parasitic susceptibility.  
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The objectives of the study were to:  

 Study the Lernaea susceptibility and infestation in Indian and Chinese carps. 

 Compare the protein profile of fish mucus in Indian and Chinese carps. 

 Study the hematology of blood in Indian and Chinese carps. 

 Compare the blood chemistry of Indian and Chinese carps 

 Compare the bio-chemical profile of fish body.  
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CHAPTER-2 

REVIEW OF LITERATURE 

 

 

Lernaea, its prevalence, infestation and susceptibility 

Lernaea was the only species of the genus that is known to have worldwide distribution; this is 

probably because it lacks the host specificity shown by most other members of the genus (Tidd 

1934; Uzmann and Rayner, 1958; Khalifa and Post, 1976). Baur, (1962) reported presence of 

Lernaea in many countries of the world. It has been found in parts of Europe, such as 

Scandinavia, France, Italy, and Germany, all the way to Japan. The parasite is spread throughout 

Central Asia as well as in the southern regions of West Siberia. The spread of Lernaea  

northward is limited by temperature. It is an exceptionally thermophilic organism of southern 

origin, and grow successfully only at high temperatures. Temperatures between 23-30°C are the 

most favorable for development (Baur, 1962). Khalifa and George (1976) studied Lernaea 

infestation on the skin, gills, and (rarely) in the buccal cavity of fish. They further suggested that 

in standing water it burrows into the cranium, lower jaw, eye sockets, nostrils and fins. The base 

of the fins is a common point of attack in lotic waters.  

Numbers of studies show the intensity, prevalence, diversity and infestation on the carps. 

Tassawer and her co-workers did great work on the Lernaea infestation in Pakistan.  

In their first experiment Tasawaret al., (1999) examined Lernaea species, belonging to the 

family Lernaeidae from C. catla and observed four species of Lernaea with overall prevalence 

for L. cyprinacea (26.67 %) followed by L. palyrnorpha (25.83 %), L. oryzophila (4.17%) and L. 

lophiara (2.50%). Despite mixed infestation L. cyprinacea was the most abundant parasite. They 

http://animaldiversity.ummz.umich.edu/accounts/Lernaea_cyprinacea/
http://animaldiversity.ummz.umich.edu/accounts/Lernaea_cyprinacea/
http://animaldiversity.ummz.umich.edu/accounts/Lernaea_cyprinacea/#5dc03d4f14cebb609c17c95596d64013
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also observed length and weight relation of fish with parasite. In one of their experiment Tasawar 

et al., (2007) cultured 120 C. catla fish under hatchery conditions for a period of one year out of 

which 96 fish were  infested with the six genus of Lernaea. Further, Tassawar et al., (2007) 

examined four species of the genus Lernaea including L. polymorpha, L. cyprinacea, L. 

oryzophila and L. lophiar. The overall prevalence of L. polymorphawas (46%) followed by L. 

cyprinacea (37.5%), L. oryzophila (8%) and of L. lophiar, (1%), respectively. Highest 

prevalence was observed in fishes with weight 801-1200g (75, 75 and 25%) and lowest in weight 

group of 1-400g (44.68, 35.62 and 6.91%). Similarly, a significant relationship was found in 

different body length groups.  

 Tasawar (2009) did the same investigation in C. idella and observed four species. L. cyprinacea 

(6.53%), L. polymorpha (7.54%), L. oryzophila, and L. lophiar (0.67%). Infection of Lernaea 

species was more prevalent in the fishes with weight range of 2501-4500g and length 15-20cm, 

and was  absent in the older fishes. Hemaprasanth et al., (2011) compared susceptibility of 

fingerlings of seven species of carps (L. fimbriatus, L. rohita, L. calbasu, C. catla, C. idella, C. 

carpio and H. molitrix) grown under both mono and polyculture to L. cyprinacea infection. 

Under monoculture, C. carpio, L. rohita and L. calbasu, did not acquire Lernaea infection and 

were thus considered resistant, whereas C. idella, H. molitrix, C. catla and L. fimbriatus were 

susceptible. Even challenge with higher infective doses of copepodids under monoculture did not 

result in infection in the resistant fish species. The resistance of L. rohita and C. carpio to L. 

cyprinacea infection was not sustained when these two fish species were cultivated/combined in 

a polyculture with susceptible fish species. L. calbasu, in polyculture, however, did not acquire 

L. cyprinacea infection indicating that this fish species is the most resistant and least preferred 

host for this parasite. Similarly, C. carpio, L. rohita and L. calbasu when grown together in 
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polyculture and exposed to a higher infective dose (120 copepodids/fish) also did not develop the 

infection. The ability of resistant species to prevent establishment of anchor worms on them 

under monoculture can be utilized to control this parasitic infection commonly encountered in 

culture ponds. 

Flood and drought have great effect on the intensity of infestation of Lernaea in a fish 

community. Infestation by Lernaea was only observed during the wet and drying phases, and the 

numbers of parasitized fishes were higher during the drying phase, when the pool size had 

decreased. Elvio et al., (1999) concluded that floods disseminated Lernaea in the semi-arid 

stream studied and drought intensified this ectoparasite infestation. 

Shariff et al., (2006) studied host susceptibility to L. cyprinacea during an accidental outbreak of 

the infection in aquarium fish and concluded that development of immunity in the previously 

infected hosts reduces subsequent infection. They used Unden (2-isopropoxy-phenyl-N-

methylcarbamate) at 0.16 ppm, weekly dose for 4 weeks and Dipterex (0,0-dimethyl, 2,2,2-

trichloro-l-hydroxyethylphosphate) at 0.16 ppm for the fifth dose, when the larval stages of the 

parasite revealed resistance to Unden for the eradication of parasite. A histological comparison 

of C. carpio, C. idellus, L. rohita, C. mrigala and C. catla for ectoparasites by Win (2005) and 

Ahmed and Shahid (2000) showed that the parasite, when attached at the skin of fish cause 

considerable damage to the epidermal cells as they reach blood vessel to absorb blood of the 

host.  

Barson et al., (2008) evaluated the parasitic infestation, potential effects and ecological 

adaptation in cichlids included O. mossambicus, O. placidus and T. rendalli, in cyprinids L. 

altivelis and B. paludinosus, the clariid C. gariepinus, the centrarchid M. salmoides and the 

characid H. vittatus. . All the cichlids were infested with L. cyprinacea and in two Oreochromis 
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species prevalence was as high as 100% with 149 parasites per fish. Ventral and caudal regions 

of hosts were most preferred by L. cyprinacea while head was the least preferred site.  

Joy and Jones (1973) studied histopathological effects of L. cyprinacea infection on white bass 

(M. chrysops). Barzegar and Jalali (2009) studied crustacean parasites of fresh and brackish 

(Caspian Sea) water fishes of Iran. Eeffects of hydrological disturbance on the intensity of 

infestation of L. cyprinacea in stream fish community was studied by Elvio and Leonardo 

(1991). Charles et al., (1991) studied L.cyprinacea’s prevalence, intensity and pathogenesis in 

rainbow trout (O. mykiss) for four years (1981 to 1984) in East Canyon Reservoir, Utah (USA). 

Anchor worms appeared in mid-summer and intensity was the highest in October on dorsal and 

caudal areas however, infectious granuloma leads to bacterial infection in the kidney. The L. 

cyprinacea , was also found on 3 freshwater fishes, the barbell steed, H. labeo, the dark chub, Z. 

minckii, and the Amur catfish, S. asotus from Hiroshima Prefecture in Japan. The findings from 

H. labeo and Z. minckii represent new host records for L. cyprinacea, while S.asotus is a new 

host in Japan (Nagasawa, 2007).  

Stojanovski et al., (2002) investigated parasitological effects of five species of parasitic 

crustaceans on fish. Four of them belong to the Copepod - Crustacea: E. sieboldi, E. gibbus, L. 

cyprinacea and L. pulchella, and one belong to the Branchiura, A. foliaceus. The average 

intensity of infestation was 3.76%. Within the parasite species, the highest prevalence was with 

E. sieboldi (5.81%). The highest intensity of infestation was with E. gibbus (15.25%). L. 

pulchella and A. foliaceus were recorded for the first time in the ichthyo parasite fauna of 

Macedonia. 
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Body composition 

Food is the basic and most important need of all living beings. Insufficient quantities arises the 

problem of competition for the survival as the world population is increasing in geometrical 

proportion as compared to food resources that increase in arithmetic proportion (Naeem et al., 

2011). Fish culture in this scenario can act as valuable source of high-quality proteins with high 

RCE values. Successful fish husbandry culture practices need consideration oriented to body 

composition for production of optimal fish growth (Willson and Halver, 1986; Steffens 1981).  

Number of studies were  carried out on the body and mineral composition for carps and other 

fish species with respect to feed, environment and stress conditions in the past (Klejmenov, 

1962; Hadjinikolova and Tzekov, 1990; Ottolenghi et al., 1995; Hadjinikolova et al., 2000; 

Olivera – Novoa et al., 2002; Hadjinikolova and Zaikov, 2006).  

Hadjinikolova (2008) however, narrated the body composition of C. carpio, H. nobilis and E. 

lucius during different stages (sexually matured and eggs) of growth. They found tendency for 

increasing the relative share of dry matter and fats and for decreasing the relative share of 

proteins from the eggs to muscle tissues that leads to establishment of significant dependence 

between the muscle tissue and the eggs. Özyurt et al., (2009) studied vitamin and mineral 

contents of pike perch (S.lucioperca), common carp (C. carpio) and European catfish (S. glanis) 

and reported that common carp has the highest values for protein, ash and fat contents as 

compared to other experimental fishes. They found mean contents of Na, K, Mg, Mn, Cu, and Zn 

as 61.25-130.10, 305.90-358.10, 27.11-37.43, 0.85-1.36, 0.08-0.13, and 1.25-1.32 mg/100 g, 

respectively.  

Proximate composition of head of wild and farmed C. catla with respect to their weight 

categories was carried out by Hussain et al., (1990). It was concluded that there was significant 
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difference in farmed fish in lipid and protein contents as compared to wild fish however, no 

significant differences was observed for ash contents. Proximate composition and amino acid 

profile of farmed and wild H.molitrix and C. idella was carried out by Ashraf et al., (2011) on 

different weight categories. Samples were subjected to the protein, lipid, moisture and amino 

acid profile analysis. Elevated levels of protein and lipid were observed in farmed fish as 

compared to the wild fish and amino acid profile was proportional to the protein contents at 

species level in different size groups. Farmed reared C. idellus was nutritionally better than wild 

H. molitrix and C. idellus. 

Body composition of hybrid of L. rohita and C. catla was investigated by Naeem et al., (2011). 

They observed significant proportional increase of body constituents with body weight and total 

length. Khan et al., (2012) checked out the effect of culture system on growth performance and 

body composition of one year old Indian major carps provided supplementary feed (35% CP). In 

monoculture system there were significant differences in all major carp‟s body composition but 

in the polyculture system fishes did not show significant differences. Hassan and Javed (1999) 

studied the effect of fertilization and broiler droppings on different nitrogen levels in major 

carps. They reported increased fat and protein contents with increase of nitrogen level that may 

lead to high planktonic productivity indices, especially zooplankton.  

Mehboob and Rafiq (2002) worked out for the anatomical heterogeneity of the Indian major carp 

L. rohita muscle and found no differences in the proximate compositions of ventral and dorsal 

regions. However, he found a decrease in moisture, protein percentages, Fe and amino acid 

concentrations along the musculature. A decrease in the percentage of saturated and mono-

unsaturated fatty acids, phosphorus, potassium and magnesium was reported. 
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Relationship between helminth infections, nutrient reserves and gonadal status in prawn (P. 

monodon) in relation to infection with D. bothrium species was reported by Dörücü (2000). He 

reported negative effect of disease on the growth of fish as condition factor decreased. A 

negative correlation appeared between the length of the fish and liver protein, gonad protein and 

the muscle lipid content of the fish that indicated low production capabilities because fish in 

good condition had high protein content in their gonads. 

A detailed study was conducted by Eric et al., (2002) on the effect of shell-disease on the body 

composition (amino acids, fatty acids profiles of tissues muscle, hemolymph, hepatopancreas and 

exoskeleton) of American lobster, H. americanus (Milne Edwards). Affected lobsters had 

significantly lower levels of carbohydrate, with significantly lower ratios of threonine, arginine, 

serine and total essential amino acids however, glycine ratio was 50% higher than in muscle 

tissues of healthy lobsters. They also showed lower hepato somatic indices, lipids whereas their 

hepatopancreas contained higher levels of protein and ash than healthy animal. They reported 

lower ratios of phenylalanine, threonine, and proline, and 20:5n3 fatty acid in diseased lobster‟s 

hepatopancreas. Hemolymph of affected lobsters contained about 40% less protein, about 35% 

higher levels of ash and significantly higher histidine ratios in its protein profile than 

corresponding ratios in healthy lobsters. The amino and fatty acid profiles of the exoskeleton of 

healthy lobsters and the non-ulcerated exoskeletal parts of affected lobsters were not 

significantly different from each other however, higher ratios of 20:4ny6 and 22:6ny3 were 

observed. There are differences in the biochemical profiles of tissues between healthy and shell-

diseased lobsters. The higher accumulation of ash in the hepatopancreas and hemolymph of 

affected lobsters may indicate problems in the transported-position of minerals to the 

exoskeleton, or withdrawal of these nutrients from the shell. Prince (1997) also reported lower 
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levels of serum protein and lower numbers of circulating hemocytes in the hemolymph of 

affected lobsters and postulated that blood cells are destroyed through phagocytosis and lysis to 

ward off the infection. 

 

Hematological studies 

Fish blood characteristically differed from mammalian blood because of low RBCs count, 

hemoglobin, plasma proteins and non-protein nitrogen fractions whereas, cell volume, 

corpuscular hemoglobin, total blood lipid and cholesterol were high (John et al, 1943). Blood 

parameters have been used as valuable tools to analyze the health status of fish because these 

provide reliable information on metabolic disorders, deficiencies and chronic stress status of 

animal (Bahmani et al., 2001). External stress (Sala- Rabanal et al., 2003; Cnaani et al., 2004), 

management (Svobodova et al., 2006), diseases (Chen et al., 2003; Rehulka and Minarık, 2007), 

inadequate feeding regimes (Coz-Rakovac et al., 2005; Bello-Olusoji et al., 2007), and toxicant 

exposure (Garg et al., 1989; Misra and Behera, 1992; Jung et al., 2003) are the factors which 

have great effect on the hematological values and studied frequently in the past decade. The 

biochemical profile can also provide important information on the internal environment of the 

organism (Masopust, 2000; Anver, 2004; Wagner and Congleton, 2004) and can be of immense 

importance to monitor the health of captive and wild populations, especially in aquaculture. 

Stress during the handling produce significant variations in the concentrations of glucose, 

albumin, globulin, cholesterol, ion concentration, enzymes and other basic components (Arends 

et al., 1999; Kubokawa et al., 1999; Skjervold et al., 2001; Svobodova et al., 2006). 

Stosik et al., (2001) evaluated that resistance pattern in carps did not depend upon age of carps 

and disease affected the metabolic activity of neutrophilic granulocytes and serum lysozyme level. 
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Studies of Dias et al., (2007) were the first report that indicated changes in physiology of hybrid 

tambacu (P. mesopotamicus x C. mamacropomum) caused by D. carvalhoi infestation, and the 

results obtained indicated that a mild infection can lead to important osmoregulatory 

disturbances in hosts. They investigated the effects of natural infestation on red blood cells, 

thrombocytes and white blood cell counts, as well as plasma glucose and serum electrolyte levels 

in parasitized fish which showed low haematocrit and magnesium levels and increases in 

MCHC, plasma glucose levels, serum protein, sodium and chloride levels, number of monocytes 

and PAS-positive granular leukocytes (PAS-GL), when compared with values in control fish. In 

their early studies Das et al.,  (2006) examined the effect of water pH on certain haematological 

parameters in three species of Indian major carps, (C. catla, L. rohita and  C. mrigala). A change 

in water pH exerted stress in fish which resulted in swelling of erythrocytes, production of 

immature erythrocytes, and reductions in the total erythrocyte counts, haemoglobin and serum 

protein content. There were also increases in total leukocyte counts and blood glucose. L. rohita 

was found to be least affected followed by mrigal to the stress of altered water pH, while C. catla 

was the most vulnerable to pH changes. Llorente et al, (2002) made a field survey for the 

investigation of alterations in the peripheral blood cells in wild fish populations. They used 

common carp (C. carpio) for this purpose from chemical industries area. Results indicated 

increased micronuclei frequencies and alterations of blood cell count (increase in WBCs and 

decrease in RBCs) causing chronic effects due to low level of contamination. 

Abedi et al., (2013) reported that blood indices can be used to monitor fish health and risk 

assessment during stress periods in farm and natural environment. Biological state of fish and 

fluctuation in the hematological indices reflect the stress reaction in affected fish. Any 

disturbance of environmental conditions including those considering the quantity and quality of 
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food available, according to greatness and duration of action can become a pressing element for 

the animal. The press is a status or a complex of statuses that may be diagnosed easily by 

studying the values of main hematological indexes. Higher level of erythrocyte indices in 

Frasinet race indicates a good physiological condition as compared to the other carp‟s species 

(Radu et al, 2009). 

 

Immunity studies 

Innate or non-specific immune mechanisms against variety of pathogens were studied by 

Subramanian et. al.,(2008). Fish mucus layer helps in osmoregulation, reduction of friction and 

disease resistance according to Shephard (1994) as it provides mechanical, chemical and innate 

immunity against the pathogen attack. It not only reduces pathogen access but also presence of 

immunoglobulins, enzymes and lytic agents ensure the neutralization of microorganisms 

according to Ellis, (2001) and Palaksha et al., (2008). Number of experiments has been 

performed on fish skin immunity and skin bacterial infections (Aranishi et. al., 1998; Lemaitre et 

al., 1996; Ebranetal., 2000) however, little information is available on the role of skin mucus as a 

first line of defense against various pathogens.  

 Ramy et. al. (2009) found that the immune response of fish and their resistance to pathogens is 

affected by environmental temperature. They tried to explain infection mechanism in fish on the 

basis of early reported data and field observations made by number of biologists. It was stated 

that microbial contamination, temperature, environmental stresses, water contamination and 

specific immunity are the major determining factors in the infection of fish. Specific immunity 

may have a palliative action enabling the fish to surmount infection despite the stress; however, 

it could be reduced or abolished at low temperatures. Ramy et. al. (2009) in their experiment 
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used factor of temperature to induce humoral immune response experimentally in fish. He also 

enlightens effect of ambient temperature on the immune response, temperature sensitivity, 

temporal localization in the immune process and its possible relationship to T-helper‐cell 

maturation with respect to mammalians.  

 Inflammatory response in Indian major carp, C. catla and barb, P. cauveriensis was carried out 

by Pradhan et al., (2008), they determined the pattern of Epizootic Ulcerative Syndrome (EUS). 

They used different antigen models (A. invadans and Freund‟s complete adjuvant). Barb did not 

show any Inflammatory response with antigens whereas, Indian major carp (C. catla), showed 

active host inflammatory response. Studies on inflammatory response to Freund‟s complete 

adjuvant indicated that similar to A. invadans experiment, the degree of inflammatory cellular 

infiltration was very low in the case of barb and no inflammatory cells were observed. Further 

findings of Kaleeswaran, et al., (2011) suggested that extract of C. dactylon (L.) when used in 

the feed of C. catla combated the microbial infection by stimulating the immune response in fish. 

Significant changes were reported in haematological and biochemical parameters such as red 

blood cell counts, serum glucose, white blood cell counts, haemoglobin content, albumin, 

protein, cholesterol, globulin, albumin/globulin ratio and RNA/DNA ratio. Pardhan et al (2010) 

indicated that immunity increased in term of anti- protease activity due to antibody production to 

heat killed A. hydrophila. Aggregation of melano-macrophage centers (MMC) and considerable 

modifications were observed in the histological analysis of the spleen of experimental diet 

groups.  

Juvenile sea bass D. labrax were used to understand the physiological effects of acute stress 

induced by an intraperitoneal injection on the haematocrit, haemoglobin, serum cortisol and 

glucose, haemagglutinins and lysozyme by Maricchiolo et al., (2008). Intraperitoneal injection 
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resulted in changes in cortisol and glucose but not in haematocrit and haemoglobin levels. No 

significant differences between stressed and control fish were recorded for lysozyme content and 

haemagglutinating activity throughout the experiment while no clear response in terms of non-

specific immune parameters was evidenced. 

Hemagglutination antibody titers, serum globulin and Anti-trypsin activity were reported by  

Rao and Chakrabarti (2005) in the C. catla fed on a diet containing seed of A. aspera (0.5%). 

Levels of activities were significantly higher than that of control group. RNA/DNA ratio of 

spleen and kidney was also significantly higher in test group than the control group. All these 

results confirm that A. aspera enhances the immunity of C. catla. Tort, et al., (2003) stated that 

fish, as the first vertebrate group appearing in evolution after adaptive radiation during the 

Devonic period, still represent the most successful and diverse group of vertebrates. This 

heterogeneous group of organisms occupies an apparent crossroads between the innate immune 

response and the appearance of the adaptive immune response. Importantly, immune organs 

homologues to those of the mammalian immune system are present in fish. However, their 

structural complexity is less, potentially limiting the capability to generate fully functional 

adaptive immune responses against pathogen attack. The ability of fish to mount successful 

immune responses with apparently more robust innate responses than that observed in higher 

vertebrates is discussed. Biochemical composition of epidermal secretions and poisonous spines 

that are the special characteristic of H. fossilis and C. batrachus was investigated by Venkaiah 

and Lakshmipathi (2000). The protein content of epidermal secretions is higher than those of 

poisonous spine. Lipids of epidermal secretions in H. fossilis are about 2.8 folds higher than 

those of the poisonous spine. Trichloroacetic acid (TCA) soluble peptides, ninhydrin positive 

substances show significant variation between the two tissues of C. batrachus but not in H. 
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fossilis. The electrophoretic patterns exhibit more number of protein bands in the extracts of 

poisonous spine than those of epidermal secretions. 

 

Lee et al., (1975) stated that serum antibody is shown by passive immunization and absorption 

experiments to be an important component of defense mechanisms against experimentally 

induced Vibriosis in rainbow trout (O. mykiss). They injected antigen from heat-killed V. 

anguillarum into trout with Freund's complete adjuvant induced much higher agglutinin titers 

than formalin-killed bacteria with or without adjuvant, or heat-killed bacteria without adjuvant. 

Passively transferred trout anti-Vibrio anguillarum serum provided protection against 

experimental Vibriosis in trout for more than 2 months. Passively transferred anti-Vibrio 

anguillarum rabbit serum also protected trout.  

Immune responses were also investigated by the Kularatne et. al. (1994) who worked on the 

lernaeosis in P. gonionotus occurred in a man-made lake in the Shah Alam recreational park in 

Selangor, West Malaysia. Possible acquired immunity responses by P. gonionotus against the 

infection of L. minuta revealed that fish acquire immunity to L. minuta infection. They used 

plasma of recovered fish from previous infection, plasma of fish been injected with plasma of 

recovered fish or injected with plasma from naive fish. There was no significant difference 

(P<0·05) in the intensity of infection between the three groups. Histopathological observations 

confirmed that L. minuta causes mild inflammation and subsequent pathology in P. gonionotus, 

compared to that of L. cyprinacea, mainly due to its shallow penetration. The apparent lack of 

immunocompetence in P. gonionotus against L. minuta was attributed to the less potent 

pathology caused by the parasite on its host. Vardhani (1992) studied hematological 

characteristics of C. catla against the treatment of bovine serum albumin. A significant increase 
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in hemoglobin, mean cell hemoglobin and mean cell hemoglobin concentrations were found in 

both sexes, indicating a marked immune response by the host system. 

Diseases exert heavy economic losses in fish cultural facilities due to mortality, morbidity, poor 

product quality and costs associated with chemotherapy. Aquaculturists are, therefore, interested 

in developing cost-effective management strategies that can either prevent the outbreak or reduce 

the severity of epizootics. One management strategy currently under exploration is nutritional 

modification. Marsha (1989) reviews investigations that have been conducted to evaluate the 

possibility of enhancing the immune response of fish through dietary supplementation with 

vitamins, minerals and other nutrients. Alterations in constitutive as well as inducible defense 

mechanisms are examined, as are changes in cell-mediated and humoral immune responses. 

Although results of the various investigations are variable, this field of inquiry offers promise for 

disease management. .   
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CHAPTER-3 

EXPERIMENT NO. 1 

 

LERNAEA SUSCEPTIBILITY, INFESTATION AND ITS TREATMENT IN 

INDIGENOUS MAJOR AND EXOTIC CHINESE CARPS UNDER 

POLYCULTURE SYSTEM 

 

INTRODUCTION 

Fish is a rich source of protein and can play a pivotal role in resolving the threatening problem of 

malnutrition. Aquaculture contributed 29% of global supplies of fish and China remains by far 

the largest producer with 71 percent of the total volume and 49.8 percent of the total value of 

aquaculture production. Global aquaculture production for 2006 showed an increase to 43% 

(45.5 m tones of $63 billion) of the total fish production. Asia produced 91.2% (by volume) and 

82.0% (by value) of global aquaculture production (Blumenthal, Les, 2010). However, in 

Pakistan, aquaculture is a recent activity and is still in its infancy and contributes upto 1% to 

GDP. Despite its vast fresh, brackish and marine water resources only carp culture is practiced in 

inland waters on a limited scale. Carps are cultured in earthen ponds, using mostly extensive to 

semi intensive farming practices with very little inputs. Freshwater carp farming is the major 

aquaculture activity in three of the country's four provinces (Punjab, Sindh and North West 

Frontier Province) (Akhtar, 2001). In 2006-07 out of 590,000 metric tonnes, 190,000 were 

produced from inland fisheries including aquaculture (FAO, 2007). However, the growth of fish 

culture highlighted many issues of fish health e.g. fish disease and their management. Poor 

management practices increases the chances of parasitic infestation that may cause deleterious 
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effects on body composition and/or other metabolic functions causing death of freshwater fish 

hosts (Kabata, 1985). 

Fishes are apex of predator-prey pyramid within fresh water as well as in sea water and therefore 

tend to be infested by variety of parasites which occur in large numbers in their surroundings. 

The economic importance of fish parasites is related directly to economic importance of fish as it 

constitutes an important item of human diet and livelihood of many people.  

The ectoparasites of fish constitute one of the most important problems associated with pond fish 

culture. Some of them have really got lot of importance from parasitism point of view and 

therefore have become species of interest (Yin et al., 1963; Kabata 1985; Tasawar et al., 2007a). 

Losses resulting from these parasites at high densities under existing conditions and further if left 

uncontrolled can reach catastrophic proportions. Lernaeidae is a major family of cyclopoid 

copepods associated with freshwater fish.  Many species of the Lernaea (commonly called 

anchor worms) parasitize on freshwater fishes and have worldwide distribution.  The adult 

parasites are particularly harmful to young fish because of their relatively large size and mode of 

attachment and feeding and lead to secondary bacterial infections when it leaves the host. 

Economic losses due to ectoparasite infestations not only result from direct harm to fish but also 

from disfigurement that inflict a big loss to fishing industry (Piasecki et al., 2004). In Japan, the 

parasite has increased its number and spread to such an extent that it is a serious menace to fish 

culture. It was first found to be causing damage to eels choking the mouth cavity, but now it is 

also found on other fish and can be seen burrowing its head under the scales. Countless masses 

of fish have been destroyed because of these parasitic infections (Bauer, 1973). 

Lernaea is typically a freshwater copepod, but also parasitized brackish water fish on skin, gills, 

eyes, fins and even inside the mouth of fishes, near the palate and nostrils (Eiras, 1994). The 
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female Lernaeid copepod has long filamentous body with trailing attached egg sacs. 

Morphological modifications include the head, which is a rounded knob inserted into the 

musculature of its fish host with one or two pairs of anchors to hold it in position. Damage to the 

fish host includes hemorrhagic and ulcerated lesions with potential for secondary infections as 

anemia, retarded growth, loss of weight and balance of body. L. cyprinacea has been recorded all 

around the world for example Europe, Scandinavia, France, Italy, Germany, Japan, Central Asia 

and West Siberia. The spread of L. cyprinacea is limited by temperature as it is an exceptionally 

thermophilic organism of southern origin, and it develops successfully only at high temperatures 

(23-30°C). 

Infestation of Lernaea species, are extremely difficult to control because only the free-living 

larvae are susceptible to treatment. The adult female produces three sets of eggs which hatch into 

larvae after four weeks. Since the larvae remain free living for about one week, it is necessary to 

treat once a week for four weeks to eliminate this parasite. Although the parasites infest 

throughout the year but high infestation intensity occurs only in the summer (Bauer 1973). L. 

cyprinacea is cosmopolitan species and is known to have worldwide distribution because of its 

peculiar quality of non-specific attacks which are generally absent in other   members of its 

genus (Tidd 1934; Uzmann and Rayner 1958) which has made it the most harmful parasite of 

cultured freshwater fishes (Hemaprasanth et al., 2008; Kabata, 1985; Molnar, 1987). Previous 

studies have revealed that L. cyprinacea infection is a major disease threat encountered in carp 

culture in the Indian subcontinent and has been reported from C. catla, L. rohita, mrigal, H. 

molitrix, C. idellus and L. fimbriatus with variable intensity (Nandeesha et al., 1984, 1985; 

Tamuli and Shanbhouge, 1996; Iqbal et al., 2001) and totally absent on common carp and 

calbasu from this region. Later on, experiments by Hemaprasanth et al., (2011) indicated 



40 
 

infection in the common carp in polyculture system. Number of studies was carried out on 

Lernaea infestation, prevalence distribution and its effect on fish histology and hematology in 

different fish species individually, or in polyculture of carps. The present study was aimed to 

find out the prevalence and % age distribution of lernaea on different body parts in polyculture of 

Indian major carps and exotic Chinese carps in semi intensive culture at Fish pond Complex, 

Ravi Campus, Pattoki.     

MATERIALS AND METHODS 

Experimental animal 

L. rohita, C. mrigala, C. catla (local species), C. idellus, H. molitrix (Chinese species), and C. 

carpio (exotic species) were used as experimental animals.   

Experimental design: 

Two-group simple randomized design was used to formulate and accomplish the desired objectives 

of current studies. As it is evident from the statistical design, there were only two groups; control 

and treated. Fishes from both groups were dealt uniformly except administration of regular 

applications of DDVP (@ 0.25 ppm) in treatment group while no any medication in control group.   

 Studies were conducted in 4 earthen ponds (59m× 30.5m× 1.8m) with two ponds per experimental 

group. Different fish species were randomly stocked in replicates of each group following standard 

stocking procedures (Table I) and were fed isonitrogenous diet containing 40% crude protein 

formulated from fish meal, guar meal, soybean meal, cotton seed meal, corn gluten and canola meal 

@ 4% of their body weight twice a day (Table 2).  

Parasite collection, preservation and identification 

Five specimens of each species were caught on fortnightly basis net from experimental ponds, 

identified (Mirza and Sharif, 1996), kept alive in a plastic bowls and examined for the presence of 
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Lernaea species. The parasites were removed with the help of fine forceps and preserved in vials 

containing 5% formalin. The parasites were permanently mounted and identified with the help of 

authenticated keys (Kabata, 1985). 

Growth parameters:  

Fishes were collected from respective ponds, parasites were counted and removed, weight and 

length of individual fish were recorded and then fishes were released back into their relevant 

ponds.  

Water quality parameters: 

Dissolved oxygen was monitored  by DO meter, (YSI 55 Incorporated, Yellow Springs, Ohio, 

4387, USA), pH (pH meter, LT-Lutron pH-207 Taiwan), electrical conductivity, water 

temperature, salinity and total dissolved solids (TDS) by salinity meter (Condi 330i WTW 82362 

Weilheim Germany) on daily basis. Chlorides (Mohr Argentometric method), Phosphates ions 

(phosphate ion kit), nitrates (spectrophotopmetric determination) and secchi disk visibility were 

recorded fortnightly. 

Pond treatment 

Two experimental ponds were treated with Tender, an organophasphate (DDVP or Dichlorvos - 

2, 2-dichlorovinyl dimethyl phosphate) for the control of Lernaea. An insecticide dose was 

calculated using the following formula; 

DDVP (L) = (L × W × D) × 28.4 × 0.25 / 10
-6

 = A (L) 

Conversion into ml = A × 1000 = B (mL) 

B (ml) of tender were diluted tenfold with water and sprayed on surface of the pond water. 

Treatment was repeated after 3 days for three times.  
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Table 1. Morphometric measurements of experimental fish species at the initiation of trial.  

Pond 

No. 

Fish 

Species 

Stocked 

Total No. of 

Fish 

 

Type of 

fish 

group 

Weight 

Range 

(g) 

Avg. 

Weight  

(g) 

Length 

Range 

(cm) 

Avg. 

Length 

(cm) 

1 

L. rohita, 

 

C. 

carpio, 

 

C. 

mrigala, 

 

C. catla, 

 

C. idella 

 

H. 

molitrix 

450 

Fishes/pond 

and fed @ 4% 

body weight 

twice a day 

(L. rohita: C. 

mrigal: C. 

idellus:  H. 

molitrix:  C. 

catla: C. 

carpio) 

140: 80: 80: 60: 

40: 50 = 450 

Treated 285-1040 662.5 26.7-5.2 35.9 

2 Treated 400-1010 705 25.2-45.4 35.3 

3 Control 280-1530 805 28.1– 50.1 39.1 

4 Control 535-1260 898 26.7– 47.5 37.1 

 

Table 2. Feed Formula used during the course of studies. 

Ingredients 
% Crude Protein of 

Ingredient 

% Contribution 

in Feed Formula 

% Protein 

Contribution 

Fish meal 50 20 10.0 

Soybean meal 45 30 13.5 

Maize gluten 60 24 13.7 

Wheat bran 14 5.0 0.7 

Rice polish 12 3.0 0.36 

Maize grains 9.8 8.0 0.78 

Molasses 3 8.0 0.24 

Mineral mixtures - 1.0 - 

Vitamins - 1.0 - 

Total  100 39.28 

 

 



43 
 

Statistical Analysis 

One way Analysis of variance (ANOVA) followed by Duncan Multiple Range test was used to 

evaluate the statistical significance of differences among the species through analysis of variance 

technique (ANOVA) by using SAS software version 9.1 version. Differences between the 

species means were considered significant at P<0.05). 

RESULTS 

Parasite identification  

Microscopic examination of parasites, collected from fish of experimental ponds was identified 

as L. cyprinacea according to Kabata (1985) (Fig. 1 & 2). 

 

   

 

 

 

 

Fig. 1 & 2: Adult Lernaea cyprinace Linnaeus, (Anterior part, dorsal view) 
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Weight and length gain in control and treated group  

L. cyprinacea susceptibility and infestation with treatment and without treatment with DDVP 

was studied during 90 days trial. Maximum weight and length gain was observed in C. carpio 

followed by C. idella, H. molitrix, C. mrigala, L. rohita and C. catla, respectively in control 

group. In treated group similar trend was observed for weight gain however, trend in length gain 

was as followed C. carpio, L. rohita, H. molitrix, C. idella, C. mrigala and C. catla, respectively. 

Statistical analysis showed that there were significant differences between species (Table 3).  

Infestation of L. cyprinacea during the course of study in control and treated groups 

Results showed the highest intensity of L. cyprinacea in C. catla followed by C. idella and H. 

molitrix however, it appeared that C. catla developed resistance with the passage of time against 

parasitic infestation but persisted in other two species althought, the number decreased 

considerably. Lowest numbers of L. cyprinacea were counted in L. rohita and C. mrigala that 

further decrease in L. rohita but increase in C. mirgala in the month of August. Not a single L. 

cyprinacea specimen was found on any part of C. carpio and emerged as the most resistant 

species among the Chinese and Indian major carps (Table 4).  

Similar trends were observed in treated group for all species. Maximum number of L. cyprinacea 

was recorded on different parts of the body of fish in the month of June. Administration of 

DDVP reduced the parasitic infestation to a greater extent in the month of July and in August not 

a single fish showed lernaied infestation that indicates usefulness of thunder against the parasite 

(Table 5). Number of parasite on per fish and percentages of L. cyprinacea on different body 

parts in control and treated groups were given in table 6 & 7. Water quality parameters were 
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remaining within the standard ranges required for the pond culture (Table 8). Person correlation 

of different water quality parameters was given in the table 9 & 10. 

Table 3. Weight and length gain in the control and treated group during the study period. 

 
Control group Treatment Group 

Species 
Weight gain 

(g) 

Length 

gain (cm) 
Weight gain (g) 

Length 

gain (cm) 

C. catla  53.8±23.56
c 

2.47±0.75
c 

130.32±110.00
c
 2.79±2.4

e
 

C. mrigala  104.67±54.35
c 

5.03±1.40
bc 

212.22±78.95
bc

 6.81±3.00
d
 

L. rohita  72.73±98.56
c 

3.71±2.10
bc 

171.52±134.00
bc 

14.5±1.80
b 

C. idella      385.67±123.56
ab 

6.49±2.45
b 

391.64±200.23
ab

 6.03±0.98
de

 

H. molitrix  128.04±156.22
bc 

5.02±1.30
bc 

227.91±57.73
bc

 10.72±2.10
c
 

C. carpio 500.34±324.95
a 

13.3±1.50
a 

550.00±117.67
a 

19.1±0.17
a 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05 
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Table 4. Average number of L. cyprinacea on different body parts during study period in 

control group. (Mean ± SD) 

Months 

Species 

Total No. 

of L. 

cyprinacea 

Average No. of L. cyprinacea 

Dorsal 

Fin 

Caudal 

Fin 
Abdomen Head Gills 

June, 

2010 
C. catla  234 4.00±1.78 8.33±7.96 23.43±29.72 4.17±3.19 3.33±1.53 

C. mrigala  3 - - 2.00±0.00 1.00±0.00 - 

L. rohita  67 - 1.50±0.00 7.75± 0.00 1.00±0.00 - 

C. idella      196 2.89±1.90 4.70±3.00 7.93±4.70 1.25±0.50 7.00±0.00 

H. molitrix  109 1.0±0.00 4.67±6.35 10.38±22.14 1.33±0.58 7.00±0.00 

C. carpio 0 - - - - - 

July, 

2010 
C. catla  37 3.50±2.12 5.33±2.79 3.7±3.10 - - 

C. mrigala  10 2±0.00 - 4±2.82 - - 

L. rohita  3 - - 2.00±0.00 - - 

C. idella      213 3.13±1.60 3.72±2.51 4.72±3.10 1.75±0.88 - 

H. molitrix  16 3.5±0.71 1.00±0.00 2.33±0.57 - - 

C. carpio 0 - - - - - 

August, 

2010 
C. catla  6 - - - 2.00±1.41 - 

C. mrigala  52 4.00±1.00 4.50±0.71 6.67±5.13 3.67±0.58 - 

L. rohita  14 - 1.67±1.15 3.00±1.73 - - 

C. idella      23 - 5.00±0.00 6.5±0.71 - - 

H. molitrix  0 - - - - - 

C. carpio 0 - - - - - 
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Table 5. Average number of L. cyprinacea on different body parts during study period in 

treated group. (Mean ± SD) 

Study 

months Species 

Total 

No. of 

Lernaea 

Average No. of L. cyprinacea 

Dorsal 

Fin 

Caudal 

Fin 
Abdomen Head Gills 

June, 

2010 
C. catla  119 1.33±0.57 4.5±5.39 8.44±10.13 3.33±1.52 2±0.00 

C. mrigala  36 - 1.2±0.00 2.0±0.00 - - 

L. rohita  2 - - - - - 

C. idella      59 1.10±0.44 1.6±1.34 1.05±1.59 - - 

H. molitrix  153 1.00±0.00 1.67±0.57 20.42±35.6 1.00±0.00  

C. carpio 0 - - - - - 

July, 

2010 
C. catla  15 - 1.00±0.00 1.20±0.42 1.00±0.00 - 

C. mrigala  0 - - - - - 

L. rohita  0 - - - - - 

C. idella      37 1.25±0.50 3.67±0.00 1.92±0.90 1.00±0.00 - 

H. molitrix  23 2.00±0.00 - 10.50±10.60 - - 

C. carpio 0 - - - - - 

 

Table 6. Number of L. cyprinacea and its %age on different body parts of experimental fish 

in control ponds (without treatment of DDVP) during the course of study. 

Species 

No. of 

Fish 

Obs. 

Total No. 

of L. 

cyprinacea 

No of 

Parasite 

/Fish 

No. of L. 

cyprinacea 

and %age 

Dorsal  

Fin 
Gills 

Caudal 

Fin 
Abdomen Head 

C. catla 59 500 9 
Numbers 31 10 153 275 31 

% 6.2 2 30.6 55 6.2 

C. 

mrigala 
9 65 7 

Numbers 14 0 9 30 12 

% 22 0 14 46 18 

L. 

rohita 
62 84 1 

Numbers - 1 8 73 2 

% - 1 10 87 2 

C. 

idella               
61 432 7 

Numbers 73 7 124 209 19 

% 17 2 29 48 4 

H. 

molitrix 
64 125 2 

Numbers 8 7 16 90 4 

% 6 6 13 72 3 

C. 

carpio   
55 0 0 

Numbers - - - - - 

% - - - - - 
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Table 7. Number of L. cyprinacea and its %age on different body parts of experimental fish 

in treated ponds (DDVP) during the course of study. 

Species 

Total 

No. of 

Fish 

No. of L. 

cyprinacea 

No. of 

Parasite 

/Fish 

No. of L. 

cyprinacea 

& % age 

Dorsal  

Fin 
Gills 

Caudal 

Fin 
Abdomen Head 

C. catla 50 134 3 
Numbers 4 2 29 88 11 

% 3 1 22 66 8 

C. 

mrigala 
14 36 3 

Numbers - - 13 23 - 

% - - 36 64 - 

L. 

rohita 
69 2 0 

Numbers - - 1 1 - 

% - - 50 50 - 

C. 

idella               
66 96 1 

Numbers 11 - 19 65 1 

% 11 - 20 68 1 

H. 

molitrix 
75 176 2 

Numbers 6 - 5 164 1 

% 3 - 3 93 1 

C. 

carpio   
59 0 0 

Numbers - - - - - 

% - - - - - 

Table 8. Mean values for water quality parameters during the course of study.                               

Parameters Mean±Stdv. Minimum Maximum 

DO (ppm) 5.9±0.8 3.5 6.7 

pH 8.3±0.4 7 8.9 

TDS (ppm) 1421.0±337.5 805 1813 

Salinity (ppt) 0.8±0.1 0.8 1.1 

Temp.(°C) 31.6±1.9 27.5 35.5 

EC  (µS/cm) 2.1±0.1 1.9 2.5 

PO4
-2 

(ppm) 0.5±0.5 0 1 

NO3  (µg/L) 0.7±0.2 0.2 1 

Cl
-1  

 (ppm) 311.4±43.8 220 437 

Secchi Disk Visibility 

(cm) 
25.6±9.4 11 28 

Zooplanktons (mL
-1

) 664.7±389.2 156 1875 

Phytoplankton (mL
-1

) 1291.0±807.0 156 1375 
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Table 9. Pearson correlation between the parameters (weekly basis) during the course of 

study. 

Pearson 

Correlation             

DO 

(ppm) 

pH 

 

TDS 

(ppm) 

Salinity 

(ppt) 

Temp.                  

(°C) 

 

EC 

(µS/cm) 

DO (ppm) 1 
0.36671 

<.0001 

-0.0691 

0.4536 

-0.1366 

0.137 

-0.2462 

0.0067 

-0.2109 

0.0208 

pH 
0.36671 

<.0001 
1 

-0.1932 

0.0345 

-0.0229 

0.8039 

-0.1332 

0.1469 

-0.0627 

0.4962 

TDS (ppm) 
-0.0691 

0.4536 

-0.1932 

0.0345 
1 

0.44942 

<.0001 

-0.1718 

0.0607 

0.56606 

<.0001 

Salinity (ppt) 
-0.1366 

0.137 

-0.0229 

0.8039 

0.44942 

<.0001 
1 

0.20588 

0.0241 

0.84288 

<.0001 

Temp. (°C) 
-0.2462 

0.0067 

-0.1332 

0.1469 

-0.1718 

0.0607 

0.20588 

0.0241 
1 

0.30853 

0.0006 

EC (µS/cm) 
-0.2109 

0.0208 

-0.0627 

0.4962 

0.56606 

<.0001 

0.84288 

<.0001 

0.30853 

0.0006 
1 

 

Table 10. Pearson correlation between the parameters (fortnightly basis) during the study 

period. 

Pearson 

Correlation             
PO4

-2
 

(ppm)
 

NO3 
-

2
(µg/L) 

Cl
-
 

(ppm) 

Light 

Penetration 

(cm) 

Zoo-

planktons 

(mL
-1

) 

Phyto-    

planktons 

(mL
-1

) 

PO4
-2 

(ppm) 
1 

 

-0.07 

0.54 

0.05 

0.66 

-0.09 

0.45 

-0.15 

0.19 

0.10 

0.39 

NO3 
-2 

(µg/L) 
-0.074 

0.54 
1 

-0.02 

0.85 

-0.05 

0.62 

0.31 

0.01 

0.12 

0.32 

Cl
-   

(ppm)
 0.05 

0.66 

-0.02 

0.86 
1 

-0.01 

0.96 

-0.02 

0.84 

-0.09 

0.45 

Secchi Disk 

Visibility 

(cm) 

-0.09 

0.45 

-0.06 

0.62 

-0.01 

0.96 
1 

-0.03 

0.81 

0.13 

0.29 

Zoo- 

Planktons 

(mL
-1

) 

-0.15 

0.19 

0.31 

0.01 

-0.02 

0.84 

-0.02 

0.80 

1 

 

0.26 

0.03 

Phyto- 

Planktons 

(mL
-1

)
 

0.10 

0.39 

0.12 

0.32 

-0.09 

0.46 

0.12 

0.29 

0.26 

0.03 
1 
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DISCUSSION 

L. cyprinacea prevalence, susceptibility and its distribution was observed in Indian and Chinese 

major carps in polyculture, semi intensive system. Results indicated that C. catla was the most 

susceptible species for L. cyprinacea whereas it was totally absent in C. carpio and L. rohita, 

respectively. Our results were quite close to the report of Hemaprasanth et al (2011) who 

concluded that C. carpio and L. calbasu showed low or no Lernaeid infection under monoculture 

and poly culture, whereas, C. idella, H. molitrix, C. catla and L. fimbriatus were susceptible 

under both type of culture systems showing their low resistance to the parasitic infection. L. 

rohita however, showed resistance in monoculture but could not maintain its resistance in 

polyculture practices. Even challenge with higher infective doses of copepodids under 

monoculture did not result infection in the resistant fish species. Ho and Kim (1997) also 

reported similar results i.e prevalence of L. cyprinacea was highest in C. catla (26.67%) among 

10 fresh water fish species, followed by L. polymorpha (25.83%), L. oryzophila (4.17%) and L. 

lophiara (2.50%). It has been reported that lernaeid copepods are the most lethal parasites, 

especially in young fish where only a few specimens can kill the fish (Kabata, 1985; Khalifa & 

Post, 1976 and Bauer et al. 1969).   

According to Tofail et al., (2012) growth performance of C. catla was better in June because of 

low parasitic load. The parasitic load increased in the months of July and August that may have 

reduced the growth performance of C. catla that was contradictory to our study. Marcogliese, 

(1991); Medeiros and Maltchik, (1999) also observed similar effect that prevalence of Lernaea 

on fish typically increases during the summer when water temperatures exceed 25 °C, although 

parasitized fish can be found during the fall and winter as reported by Bulow et al., 1979). Tofail 

et al., (2012) further suggested that L. cyprinacea infestation and ulceration percentage was low 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hemaprasanth%5BAuthor%5D&cauthor=true&cauthor_uid=21255932
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in the month of June, gradually increased in July to September with increased ulceration 

percentage. However, treatment of L. cyprinacea with potassium permanganate (prophylactic 

management of disease) decreased infestation but percentage of ulceration remained high. Joy 

and Jones (1973) observed similar ulceration on a serranid fish, M. chrysops, where L. cruciata 

infestation was observed accompanied by an inflammatory response characterized by an 

extensive proliferation of fibrous connective tissue elements, wherein, both the dermis and 

musculature of the host were involved. 

Iqbal et al. (2012) reported three species of Lernaea; L. cyprinacea, L. polymorpha and L. 

oryzophila on L. rohita (prevalence 98.69%), Hussain (1998) studied five species (L. 

polymorpha L. arcuata, L. lophiara. L. cyprinacea, L. oryzophila) and Tasawar et al., (1999) 

reported 4 species which was inconsisten with our observations where only single species was 

observed. This difference in species prevalence may be due to quality of water examined and 

type of environment studied.  However, L. cyprinacea dominated in term of number than other 

Lernaea species in all hosts. The prevalence of L. cyprinacea in L. rohita, C. catla and C. idella 

recorded highest may be related to their trophic behaviors. Bauer, et al., (1973) observed higher 

infestation in the C. idella than A. nobilis and H. molitrix. Our results are comparable to Tasawar 

et al., (1999, 2001). Iqbal et al., (2001b, 2001c) and Tasawar et al., (2007) reported the highest 

prevalence of L. cyprinacea in C. Catla.  These studies therefore suggest that C. catla is the most 

susceptible host of L. cyprinacea.  

Iqbal et al., (2001c, 2012) and Tasawar et al., (1999) observed highest prevalence of the parasite 

in the late winter December to April (water temperature 13-23º C) and low during the summer 

months. Maximum intensity of infection reached 9 specimens per fish (C. catla) which is similar 

to Ho and Kim (1997) findings in European fingerling. Adult specimens attached the skin, 
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primarily the ventral part of the body (mainly bases of the pectoral and pelvic fins). Acute 

inflammation, necrosis and capsule (with collagen fibers) formation were the typical 

characteristics of infection (Ho and Kim 1997). Abdomen and ventral side of the body of the fish 

seems the most common site of attachment of Lernaea species It is convincing that Lernaea have 

definite affinity for abdomen and at the base of fins. These sites offer more protection in water 

and further these may be more easily penetrated by the parasite. This support the hypothesis 

proposed by Medeiros and Maltchik (1999) that L. cyprinacea prefers that location which offers 

greater protection against water current. However, this particular way of attachment of Lernaea 

is very pathogenic by virtue of nature of its attack (Khalifah and Post, 1976; Kabata, 1985; Sharif 

and Roberts, 1989). 

Treatment of L. cyprinacea includes baths, dips and pond treatment. First two are time 

consuming, laborius, stress causing and less effective than that of chemical treatment of pond. In 

Punjab, incidencs of mass fish mortalities due Lernaea infestation are rare but chronic and long 

term effects are very common which severely affects the potential of fish production unit 

(Shariff and Roberts, 1989; Piasecki et al., 2004 and Iqbal et al, 2001).   Our studies were in 

agreement with that of Iqbal et al. (2012) who used different concentration of thunder (0.10-0.20 

ppm) in carp culture and suggested 0.20 ppm as most effective concentration without causing 

any harm to fish and pond flora and fauna. Infective stages of parasite died after repeated 

applications of chemical and further minimized chances of new infection and reinfection. 

Abidi et al. (2000) and Ayub et al., (2000) also recommended 0.5 to 1.5 ppm concentration of 

thunder for effective eradication of L. cyprinacea.  Organophosphate trichlorophan (Kashara, 

1962), formalin (Putz and Bowen, 1964), Lexone (Gopalkrishan, 1964) and Benzene 

Hexachloride (Hoffman and Mayer, 1974) also listed as effective chemicals for L. cyprinacea 
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control. Masoten spraying at 0.2-0.5 ppm concentration twice a month in summer also 

recommended but with precautionary measures (Kabata, 1985).  Kabata (1985) used Dipterex 

with every three days of repetition in Indonesia and Trichlorophon in China with 24 hours of 

repetition to eliminate the parasite. Burtle and Morison (1987) suggested Dimilin (10 

ppb) in ponds of golden shiner to eradicate Lernaea and other copepods. „Thunder‟ at 0.25 ppm 

in our study is in accordance with the Minhas et al. (2001), Iqbal et al. (2012), Abidi et al. (2000) 

and Ayub et al., (2000). Hemaprasanth et al. (2008) used intramuscular administration of 

Doramectin (200 bbp/kg of fish weight) of heavily infected adults and brood stocks of carps 

infected with L. cyprinace. Thunder is biologically safe as it is biodegradable and degenerated 

after 36 h without causing any negative effect on the water quality parameters and other 

water fuana and flora (Abidi et al., 2000). Treatment of L. cyprinace with „Thunder‟ (0.10-

0.25ppm) gives promising results without adverse effect on fish life. These findings have proved 

that C. catla is the most susceptible fish to L. cyprinacea infestation and its appropriate control 

for conservation of this precious and declining fish is of extreme importance. Though DDVP 

worked well in its control but its heavy infestation really   weaken fish incapacitating its feeding 

and competing abilities with its counterparts. Reasons of this very low resistance to parasitic 

infestation could be many however further research is in progress to investigate that what attracts 

parasite to this fish and what are the reasons that it cannot defend it from enemenity of this 

menace.  
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CHAPTER-4 

EXPERIMENT NO.2 

 

COMPARISON OF BIOCHEMICAL PROFILE OF HEALTHY AND INFECTIOUS 

CHINESE, INDIAN AND EXOTIC CARPS. 

 

INTRODUCTION 

In Pakistan carp fish farming is on rise in both public and private sector due to its adaptation to 

the current environment and ease of its culture. Presently C. catla, L. rohita, C. mrigala (Indian 

major carps) C. idellus, H. moiltrix and C. carpio (Chinese carps) are  successfully cultured in 

7829 fish farms covering an area of 45650 acres  throughout the country (Punjab Fisheries 

Department (PFD, 2010).  All these fish species are fast growing and are therefore most 

extensively cultured food fishes of the continent. They are well accepted among consumers due 

to their nutritional value presumably having anti-cancerous effects, minimizing risk of heart 

ailments and consequently prolonging life expectancy (Jhingran and Pullin 1985, Kulikove 

1978). In addition to its superiority in nutritional value it is also more efficient in converting food 

to body tissues than other farm animals.  

Previously wild waters have been the main sources of food fish supply.  From the last several 

years industrial revolution, drought and indiscriminate fishing has heavily damaged existing fish 

fauna. Low production and elevated demand created a big gap which forced the people to seek 

alternative sources to conserve this precious resource of income and quality protein. People 

gradually moved from extensive open water fish catches to more controlled facilities with better 
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output. This intensification with better production incentives introduced diseases and other 

ailments in culture waters due to interactions and close orientations.  Parasitic disease, among 

others remained prominent in this type of culture which not only resulted in heavy losses but still 

carries major share inflicting heavy losses to this resource (Kabata, 1985). 

L. cyprinacea Linnaeus (1758), commonly called the anchor worm is one of the most studied 

parasites of freshwater fishes. It is widely distributed in Africa, Asia, North America and Europe 

(Kabata, 1979; Lester and Hayward, 2006; Papernas, 1980; Post, 1987; Roberts, 1989) and 

recently has been reported in native fishes from Brazil (DeMagalhaes, 2006) and Western 

Australia (Hassan et al., 2008). The anterior part of the body of metamorphosed adult female is 

embedded in the host tissue, whereas the remaining body protrudes in the water. The species has 

nine stages in the life cycle, including three free-living naupliar stages, five copepodid stages, 

and one adult stage (Grabda, 1963). After male and female adults mate on the fish host and then 

males die, females metamorphose, insert their anterior body into the host tissue and then produce 

eggs. The copepod is known as a pathogen of cultured and aquarium fishes (Shariff et al., 1986; 

Lester and Hayward, 2006). L. cyprinacea is more prevalent in still and slow moving water than 

in fast flowing streams (Hoffman, 1976). Due to its external attachment this parasite can have 

serious pathogenic effects on the skin and fins of the fish and young and feeble fish are always 

more at risk of its attack. Heavy infestation can result in significant crop losses. L. cyprinacea is 

the only species of the genus that is known to have worldwide distribution because it lacks the 

host specificity shown by most other members of the genus (Tidd, 1934; Uzmann and Rayner, 

1958). In current fish culture practices C. idella, H. molitrix, C. catla and L. fimbriatus appeared 

more susceptible to Lernaea attack than C. carpio and L. calbasu where L. cyprinacea  L. 

cyprinacea  is apparently totally absent irrespective of to the type of fish culture and species 
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combinations except L. rohita  which demonstrated comparatively more resistance in 

monoculture than it experienced in polyculture system. Even when challenged with much higher 

copepodid intensity, it failed to produce any infectious symptoms (Hemaprasanth et al, 2011). 

Immediate after attack parasite, tries to get hold of metabolic products of the host for utilization 

of its own benefits. Fish respond to this stimulus by manipulating and changing its nutrient 

contents and further dietary intakes. So changes in the body composition of the host fish in this 

case is an important and informative indicator of type of parasite and level of its intensity. 

Several anabolic and catabolic changes take place in fish body to counteract this attack.  

Different macro and micronutrients play a pivotal role; some are mobilized at the place of 

infection while others are involved in strengthening body immunity. Among all of them, protein, 

fats, vitamins and minerals immediately reacts to foreign particles in variable forms, so their 

accurate assessment can give an idea about the level of infection and status of fish (Love, 1970). 

Fish normally contains about 70-80%  water, 20-30%  protein and 2-12%  lipid (Love,  1980),  

although carbohydrates and non-protein compounds are present in appreciable amounts that their 

contribution is not of that extent which normally proteins or fats have whether it is growth or 

defense mechanism (Cui and Wootton, 1988; Love, 1980; Wootton, 1990). Values of these 

constitutes vary considerably within and between species, and also depends on fish size, body 

organs, sexual condition, feeding, season, physical activity and health status of fish (Weatherley 

and Gill, 1987). Therefore accurate information on the level and nature of fats, protein, vitamins   

and minerals and when and how they vary in relation to body changes is important for 

maintaining fish health, growth, reproduction and its suitability for consumers. This data also 

helps in selecting the most appropriate species for environment linked culture and fitness for 

human consumption (Dempson et. al., 2004).  

http://www.ncbi.nlm.nih.gov/pubmed?term=Hemaprasanth%5BAuthor%5D&cauthor=true&cauthor_uid=21255932


63 
 

Investigations concerning the change of fish bio-chemical composition in relation to their 

biology and physiology with respect to sex, age, nutrition and environmental factors have been 

carried out by many workers (Klejmenov, 1962; Hadjinikolova and Tzekov, 1990; Ottolenghi et 

al., 1995; Hadjinikolova et al., 2000; Olivera–Novoa et al., 2002; Hadjinikolova and Zaikov, 

2006; Hadjinikolova, 2008). 

Economic losses due to ectoparasite infestation are not restricted to direct damage to fish bodily 

functions and growth but also disfigure its physical appearance rendering it unsuitable for 

consumption and for sale if this happens in ornamental fish culture (Piasecki et al., 2004). A 

number of studies on the Lernaea infestation, prevalence, intensity and susceptibility have been 

undertaken and many are on their way (Dorovskikh, 1993; Berry et al., 1991; Tasawar and 

Naseem, 1999; Tasawar et al., 2007a; Tasawar et al., 2007b; Tasawar et al., 2009; Shariff et al., 

1986; Piasecki 2004; Kir, 2007) on different fish species at their different developmental stages 

and sexual differences. However, relationship between nutrient composition, parasitic 

infestations and determination of its health status and which nutrients or their level resist attack 

of parasite and how and when different remedial measures can be considered what remedial 

measures, still remains unexplored. Present study was therefore, planned to investigate what type 

of changes parasites induces in body of fish and if fish body deters its attack what is something 

special in one species and absent in others which results in selective attack of this parasite. 
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MATERIALS AND METHODS 

Experimental site 

The experiment was managed in four earthen rearing ponds (59m x 30.5m x 1.8m) located at 

Fisheries and Aquaculture Department of University of Veterinary and Animal Sciences, Ravi 

Campus Pattoki. Locally culturable 6 fish species viz. C. idellus, H. moiltrix, L. rohita, C. 

mrigala, C. catla and C.carpio were used as experimental animals.   

Experimental design: 

In this trial two-group simple randomized design (Kothari, 2004) was used in which group without 

any treatment served as “control” and the second group tremed as “treatment” treated with DDVP. 

Each group randomly received two equal sized ponds. All the ponds were randomly stocked with 6 

locally culturable fish species with standard combination ratios (Table 1). Fishes in all the ponds 

received isonitrogenous and isocaloric diets with 40% crude protein and composed of fish meal, guar 

meal, soybean meal, cotton seed meal, corn gluten and canola meal. Feed was offered to fish @ 4% 

their wet biomass daily twice a day at 9.00 and 16.00 hours. At the outset of trial all the fish species 

were weighed, measured and comprehensively examined for presence of L. cyprinacea and general 

health condition. Fishes from both groups were dealt uniformly except administration of regular 

applications of DDVP (@0.25 ppm) in treatment group while there was no any medication in control 

group.   
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Table 1. Morphometric measurements of experimental fish species at the initiation of trial.  

Pond 

No. 

Fish 

Species 

Stocked 

Total No. of 

Fish 

 

Type of 

fish 

group 

Weight 

Range 

(g) 

Avg. 

Weight  

(g) 

Length 

Range 

(cm) 

Avg. 

Length 

(cm) 

1 

L. rohita, 

 

C. 

carpio, 

 

C. 

mrigala, 

 

C. catla, 

 

C. idella 

 

H. 

molitrix 

450 

Fishes/pond 

and fed @ 4% 

body weight 

twice a day 

(L. rohita: C. 

mrigal: C. 

idellus:  H. 

molitrix:  C. 

catla: C. 

carpio) 

140: 80: 80: 60: 

40: 50 = 450 

treated 285-1040 662.5 26.7-5.2 35.9 

2 treated 400-1010 705 25.2-45.4 35.3 

3 control 280-1530 805 28.1– 50.1 39.1 

4 control 535-1260 898 26.7– 47.5 37.1 

 

Table 2. Feed Formula used during the course of studies. 

Ingredients 
% Crude Protein of 

Ingredient 

% Contribution 

in Feed Formula 

% Protein 

Contribution 

Fish meal 50 20 10.0 

Soybean meal 45 30 13.5 

Maize gluten 60 24 13.7 

Wheat bran 14 5.0 0.7 

Rice polish 12 3.0 0.36 

Maize grains 9.8 8.0 0.78 

Molasses 3 8.0 0.24 

Mineral mixtures - 1.0 - 

Vitamins - 1.0 - 

Total  100 39.28 
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Water quality parameters: 

Dissolved oxygen (DO meter, YSI 55 Incorporated, Yellow Springs, Ohio, 4387, USA), pH(pH 

meter, LT-Lutron pH-207 Taiwan), electrical conductivity, water temperature, salinity and total 

dissolved solids (TDS) were monitored by salinity meter (Condi 330i WTW 82362 Weilheim 

Germany) on daily basis. Chlorides (Mohr Argentometric method), Phosphates ions (phosphate 

ion kit), nitrates (spectrophotopmetric determination) and light penetration were recorded 

fortnightly. 

Proximate analysis 

Duplicate samples of healthy and infected fishes of each species were collected from the 

experimental ponds. Parasites were removed and weight and length of fishes were recorded. 

Proximate compositions of diets were determined according to the Association of Official 

Analytical Chemists (AOAC, 2003).  

Moisture and Dry Matter Test (AOAC, 2003) 

Whole fish samples (healthy and infected) were wrapped in  pre-weighed aluminum foil 

covering and dried in convection oven at 60 °C till constant weight  for determination of dry 

matter and moisture contents using following computation formulae; 

Dry Weight of fish = weight of wet fish – (weight of dry fish + weight of Al foil)  

 Dry Matter (%) = dry weight of sample × 100 / weight of sample  

Moisture (%) = 100 – dry matter % 

Moisture free (dried) samples of whole fish were ground and used for further analysis. 

 



67 
 

Ash Determination 

Pre-weighted clean and empty crucibles (W) with desired samples in them were placed in every 

time, ignited over a burner, until it is charred. Then the crucible was placed in muffle furnace at 

550 °C for 5-6 hours. The appearances of gray white ash indicated complete oxidation of all 

organic matter in the samples. The crucible was cooled and weighed (W1). Percent ash was 

calculated by the following formula.  

 Ash (%) =     W1 –W        x 100 

                 Weight of sample  

Crude Protein  

Protein in all the samples was determined by Kjeldahl method. The samples were digested by 

heating with concentrated sulphuric acid (H2SO4) in the presence of digestion mixture. The 

mixture was then made alkaline by the addition of NaOH. Ammonium sulphate thus formed, 

released ammonia which was collected in 2% boric acid solution and titrated against standard 

HCl. Total protein was calculated by multiplying the amount of nitrogen with appropriate factor 

(6.25).  

Reagents: 

 Digestion mixture; Potassium sulphate (K2SO4) and copper sulphate (CuSO4) in 8:1 

respectively. 

 Concentrated sulphuric acid 

 Sodium hydroxide solution (40% w/w) 

 0.1N HCl (standard) 

 Indicator: Methyl red 
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 Boric acid: Dissolved 40 g of boric acid in sufficient distilled water and made the volume 

up to 100 ml. 

0.5-1.0 g of dried samples, 10-15 ml of concentrated H2 SO4 and 8 g of digestion mixture were 

taken in digestion flask. The flask was placed on heater to start digestion till the mixture became 

clear (blue green in color). The digest was cooled and transferred to 100 ml volumetric flask and 

volume was made up to mark by the addition of distilled water. Distillation of the digest was 

performed (Khalil and Manan, 1990). Ten milliliters of digest was introduced in the distillation 

tube then 10 ml of 0.5 N NaOH was gradually added through the same way. Distillation was 

continued and NH3 produced was collected as NH4OH in a conical flask containing 20 ml of 4% 

boric acid solution with few drops of modified methyl red indicator. During distillation yellowish 

color appeared due to NH4OH. The distillate was then titrated against standard 0.1 N HCl till the 

appearance of pink color. A blank was also run parallel to actual covering all the steps mentioned 

as above. Percent crude protein content of the sample was calculated by using the following 

formula; 

% Crude Protein = 6.25* × %N (*Correction factor) 

%N = (S-B) x N × 0.014 × D × 100 

   Wt. of the sample × V 

Where  

S = Sample titration reading  

B = Blank titration reading 

N = Normality of HCl 

D = Dilution of sample after digestion 
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V = Volume taken for distillation 

0.014 = Milli equivalent weight of Nitrogen  

Determination of crude fat: 

It is extraction of fats from dry sample with some organic solvents. Since all the fat components 

e.g. fats, phospholipids, sterols, fatty acids, carotenoids, pigments, chlorophyll etc. are extracted 

together therefore, extractants are collectively called as crude fat. Soxhlet apparatus was used for 

crude fat determination by ether extraction method. One g of moisture free sample was wrapped 

in filter paper, placed in fat free thimble and then introduced in the extraction tube. Weighed, 

cleaned and dried the receiving beaker and then was filled with petroleum ether and housed in 

condenser. Heater and water was turned on to start extraction of fats from the sample. After 4-6 

hours siphoning allowed ether to evaporate. Beaker was removed before last siphoning and left 

over ether was evaporated on the heater. When contents smelled as burning fats, the beaker with 

fats in it was placed in desiccators for further cooling. The percent crude fat was determined by 

using the following formula; 

Crude Fat (%) = Wt. of ether extract ×100 

                                Wt. of sample 

Mineral analysis: 

Mineral contents of samples were determined by atomic absorption spectrometry, flame 

photometry and spectrophotometry according to the methods of AOAC (2003). Samples for 

mineral analysis were prepared by wet digestion method. 

Wet digestion of samples 

0.5 g ground sample and 10 ml of HNO3 was added in the conical flask. Mixture was placed in 

the water bath and boiled for 15 minutes at 60 
0
C. Then  5 ml perchloric acid was added and 
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again boiled for 15-20 minutes at 60 
0
C. Sample flask was transferred on to hot plate till sample 

volume reduced to 1 ml and became colourless. Volume was raised to 100 ml by the addition of 

distilled water and filtered in case of impurities or sedimentation.  

Determination of Sodium (Na) and Potassium (K) by flame photometer 

Wet digested samples prepared in the method mentioned above were used for the determination 

of Na and K. Standard solutions of 20, 40, 60, 80 and 100 milli equivalent/L were used both for 

Na and K. 

Determination of Phosphorus (P) by spectrophotometry: 

During processing of sample inorganic phosphorus reacts with ammonium molybdate and 

ammonium phosphomolybdate is produced, which on reaction produces molybdenum blue. The 

blue color of the solution is measured and the amount of the phosphorus is determined. 

Preparation of the mix reagent: 

 Solution A: 12 g of the ammonium molybdate was mixed with 250 ml-distilled water in a 

beaker. 

 Solution B: 0.2908 g antimony potassium dissolved in 500 ml H2 SO4 (5N) solution in 

volumetric flask. Enough distilled water was added to make the solution up to 1000 ml. 

 The two solutions (A and B) were mixed in a 2000 ml volumetric flask to get mix 

reagent. The volume of the mix reagent was made up to 2000 ml by adding distilled 

water. 

 0.739 g of ascorbic acid was mixed with 140 ml of the mix reagent in a beaker and left 

until dissolved to make color reagent. 

 One milliliter of wet digested fish sample was taken in a plastic bottle and 4.0ml distilled 

water was added to make a diluted volume of 5.0ml. Five milliliters (5.0ml) of color 
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reagent was added to this volume and the total volume of this mixture (final solution) was 

made up to 25.0 ml. After some time, the color of this final solution turned blue.The 

dilution factor of this solution was 2500 (100 × 25). 

Phosphorus analysis: Sample from final blue solution was taken in a cuvette and introduced to 

spectrophotometer. The readings of the phosphorus were recorded in ppm. 

Determination of Iron (Fe), Zinc (Zn), Calcium (Ca), Copper (Cu) and Magnesium (Mg) 

Procedure:  

The digested sample was analyzed for mineral contents by Atomic Absorption 

Spectrophotometer (Hitachi model 170-10). 

Different electrode lamps were used for each mineral. The equipment was tested for standard 

solutions of each mineral before and during determination. Dilution factor for phosphorus is 

2500, for magnesium10000, and for other minerals including calcium (Ca), Iron (Fe), zinc (Zn),  

copper (Cu) and magnesium (Mg) is100. For determination of Mg, further dilution of the original 

solution was done by using 0.5 ml original solution and enough distilled water was added to it to 

make the volume up to 100 ml. Also for the determination of Ca, 1.0 ml lithium oxide solution 

was added to the original solution to unmask Ca from Mg. The concentrations of minerals were 

recorded in “ppm”.  

Statistical analysis  

One way Analysis of variance (Factorial ANOVA) followed by Duncan Multiple Range test was 

used to evaluate the statistical significance of differences among the species using SAS software 

version 9.1, however, factorial ANOVA was applied for the comparison of treated and controlled 

fish parameters. Differences between the means of different parameters were considered 

significant at p<0.05. Pearson correlation was done between Physico-chemical parameters. 
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RESULTS 

Bio-chemical analysis  

Proximate analysis of healthy (non infected) fish revealed that there was significant difference 

between body constituents of experimental species except  ash contents. Dry mater was the 

lowest in  C. idella (16.33±0.07%) followed by C. catla (17.07±0.8%) while it was the  highest 

in  C. mrigala (23.39±4.34%). Highest value for crude protein was observed in L. rohita 

(26.00±4.24%) which differed significantly from rest of the species in treated group. Crude fat 

significantly varied in C. catla and C. mrigala (7.30±0.28 & 10.55±0.92%) whereas values of 

crude fat remained the same in remaining species (Table 3).  

Table 3.Proximate Analysis of fishes from treated group  

Parameters 
Dry 

(%) 

Moisture 

(%) 

C. Fat 

(%) 

C. Protein 

(%) 

Ash 

(%) 

C. catla 17.07±0.8
b 

73.75±0.63
b 

7.30±0.28
 b 

12.65±0.49
 b 

5.47±2.44
 a 

C. mrigala 23.39±4.34
 a 

66.75±2.33
 c 

10.55±0.92
 a 

13.13±0.00
 b 

3.28±1.24
 a 

L. rohita 24.17±1.48
a 

77.74±1.22
ab 

8.1±1.41
ab 

26.00±4.24
 a 

5.80±0.85
 a 

C. idella 16.33±0.07
 ab 

78.75±0.63
 a 

9.50±2.26
ab 

13.16±0.05
 b 

3.80±0.28
 a 

H. molitrix 18.89±1.26
 b 

69.15±1.34
 c 

7.55±0.64
ab 

15.00±1.41
 b 

5.28±0.45
 a 

C. carpio 23.75±2.88
 a 

76.35±2.88
ab 

9.35±0.77
ab 

14.00±1.41
 b 

3.1±0.14
 a 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 

 

In control (infected fishes) group there was considerable increase in moisture, and ash contents 

with proportionate decrease in dry matter, protein and fat (Table 4).  The various chemical 

constituents varied significantly from that of treated group (Table 5). C. carpio was totally free 

of Lernaea attack hence composition remained the same both in control and treated group. 
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Table 4.Proximate Analysis of fishes from control group with  L. cyprinacea infestation 

Species 
Dry Matter 

(%) 

Moisture 

(%) 

C. Fat 

(%) 

C. Protein 

(%) 

Ash 

(%) 

C. catla 11.7±0.28
 b
 82.9±0.82

 a
 5.35±0.21

b
 7.75±0.78

 c
 12.85±0.49

 a
 

C. mrigala 20.80±3.25
a 

76.61±4.34
ab

 6.9±0.99
 a
 9.95±0.35

 b
 8.80±0.42

 b
 

L. rohita 19.95±0.35
 a
 79.20±1.41

ab
 5.9±0.28

ab
 23.10±1.4

 a
 8.20±0.99

 b
 

C. idella 13.90±0.57
 b
 83.67±0.08

 a
 5.10±0.57

b
 8.75±0.35

bc
 9.80±0.85

 b
 

H. molitrix 13.75±0.78
 b
 81.10±1.26

ab
 5.00±0.14

b
 9.70±0.28

bc
 13.95±1.06

 a
 

C.  carpio 23.75±2.88
 a
 76.35±2.88

ab
 9.35±0.77

ab
 14.00±1.41

 b
 3.1±0.14

 a
 

 

Table 5. Comparison of macronutrients in fishes from treated and control group 

Species 
Treatm

-ent 
Dry Matter 

% 

Moisture 

% 

Fat 

% 

Protein 

% 

Ash 

% 

C. catla 
Treated 17.07±0.8

Ba 
73.75±0.63

Ba 
7.30±0.28

Ba 
12.65±0.49

Ba 
5.47±2.44

Aa 

Control 
11.7±0.28

Bb
 82.9±0.82

Ab
 5.35±0.21

Bb
 7.75±0.78

Cb
 12.85±0.49

Ab
 

C. 

mrigala 

Treated 23.39±4.34
Aa 

66.75±2.33
Ca 

10.55±0.92
Aa 

13.13±0.0
Ba 

3.28±1.24
Aa 

Control 
20.80±3.25

Ab 
76.61±4.34

ABb
 6.9±0.99

Ab
 9.95±0.35

Bb
 8.80±0.42

B b
 

L. rohita 
Treated 24.17±1.48

Aa 
77.74±1.22

ABa 
8.1±1.41

ABa 
26.00±4.24

Aa 
5.80±0.85

Aa 

Control 
19.95±0.35

Ab
 79.20±1.41

ABb
 5.9±0.28

AB b
 23.10±1.4

Ab
 8.20±0.99

Bb
 

C. idella 
Treated 16.33±0.07

ABa 
78.75±0.63

Aa 
9.50±2.26

ABa 
13.16±0.05

B a 
3.80±0.28

Aa 

Control 
13.90±0.57

Bb
 83.67±0.08

Ab
 5.10±0.57

Bb
 8.75±0.35

BCb
 9.80±0.85

Bb
 

H. 

molitrix 

Treated 18.89±1.26
Ba 

69.15±1.34
Ca 

7.55±0.64
ABa 

15.00±1.41
Ba 

5.28±0.45
Aa 

Control 
13.75±0.78

Bb
 81.10±1.26

ABb
 5.00±0.14

Bb
 9.70±0.28

BCb
 13.95±1.06

Ab
 

C. 

Carpio 

Treated + 

control 
23.75±2.88

Aa 
76.35±2.88A

B 
9.35±0.77

ABa 
14.00±1.41

Ba 
3.1±0.14

Aa 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 
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Mineral analysis 

When mineral composition was compared between control and treated fishes, all minerals tested 

varied significantly (P<0.05). Variations were quite evident within as well as between groups. 

Differences were more prominent between C. catla (heavily infected) and C. carpio (with no 

infection) for Na, K, Ca, Fe, Zn and P (Table 6). Similar differences were also observed among 

other species too (Table 6 & 7). There was decrease in mineral contents in fishes from control 

group infected with Lernaea from that of treated healthy fishes (Table 8). C. carpio was free of 

such ailments during these studies. 

Table 6. Mineral contents of fishes from treated group 

 

Miner

als 
C. catla C. mrigala L. rohita C. idella H.molitrix C. carpio 

Na 37.96± 0.56a 25.480±0.665cd 34.25±0.424b 24.585±0..869d 34.610±1.329b 27.095±0.346c 

K 48.125±0.530 a 34.225± 0.459d 44.415±0.615b 41.020± 0.962c 31.850±0.919e 45.300±0.283b 

Ca 16.185± 0.40a 13.700±0.000c 15.83± 0.615ab 15.285±0.545abc 16.850±1.061a 14.200±0.989c 

Mg 2.825± 0.063c 3.070± 0.014b 2.970± 0.042b 3.000±0.028b 3.050± 0.085b 3.205± 0.007a 

Fe 1.450± 0.014a 1.420±0.042a 1.285± 0.078b 1.040±0.014c 1.225± 0.021b 1.040±0.000c 

Zn 1.345± 0.064a 0.490± 0.042d 1.015± 0.021b 0.705± 0.106c 0.520± 0.028d 0.910±0.056b 

Cu 0.011± 0.00bc 0.051± 0.001a 0.020±0.000b 0.000±0.000c 0.010± 0.01bc 0.005±0.006bc 

P 0.791± 0.037a 0.417± 0.007c 0.451±0.040c 0.413± 0.019c 0.663± 0.005b 0.072± 0.008d 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 
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Table 7. Mineral contents of fishes from control group infected with L. cyprinacea. 

 

Minerals C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

Na 29.600±0.877
a
 22.200±0.566

c
 22.985±0.304

b
 20.110±0.0141

d
 21.815±0.544

c
 27.095±0.346

c
 

K 37.880±0.452
b
 27.125±1.520

c
 41.825±2.298

a
 27.750±0.636

c
 25.505±0.205

d
 45.300±0.283

b
 

Ca 11.070±0.184
c
 11.985±0.445

b
 14.810±0.693

a
 13.850±0.919

 b
 10.100±0.000

d
 14.200±0.989

c
 

Mg 1.000±0.000
 b
 2.450±0.212

 a
 1.310±0.014

b
 2.750±0.212

 a
 1.200±0.000

 b
 3.205± 0.007

a
 

Fe 0.995±0.007
 c
 1.445±0.007

 a
 1.320±0.000

b
 1.000±0.000

 c
 0.995±0.007

 c
 1.040±0.000

c
 

Zn 0.785±0.120
 b
 0.460±0.056

 c
 1.010±0.014

a
 0.445±0.035

 c
 0.265± 0.049

 d
 0.910±0.056

b
 

Cu 0.002±0.001
bc

 0.001±0.000
 b
 0.003±0.001

a
 0.000±0.000

 c
 0.001±0.000

 b
 0.005±0.006

bc
 

P 0.815±0.086
 a
 0.409±0.030

 c
 0.505±0.021

 b
 0.455±0.006

 c
 0.522± 0.001

 b
 0.072± 0.008

d
 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 
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Table 8. Comparison of minerals (ppm) concentrations in treated and control group. 

Species 
Health 

Status 

Na 

(ppm) 

K  

(ppm) 
Ca(ppm) 

Mg 

(ppm) 
Fe (ppm) 

Zn 

(ppm) 

Cu 

(ppm) 
P   (ppm) 

C. catla 

 

Treated  37.955       

0.559
Aa 

48.125       

0.530
Aa

 

16.185       

0.40
Aa

 

2.825       

0.063
C a

 

1.450       

0.014
Aa

 

1.345       

0.064
Aa

 

0.011       

0.001
BCa

 

0.791       

0.037
Aa

 

Control  29.600       

0.877
Ab 

37.880       

0.4525
Bb

 

11.070       

0.184
C b

 

1.000               

0.000
Bb

 

0.995       

0.007
Cb

 

0.785       

0.120
Bb

 

0.002     

0.001
BC b

 

0.815       

0.086
A b

 

C. 

mrigala 

 

Treated  25.480       

0.665
Da

 

34.225       

0.459
Da

 

13.700               

0.000
Ca

 

3.070       

0.014
Ba

 

1.420       

0.042
Aa

 

0.490       

0.042
Da

 

0.051     

0.001
Aa

 

0.417       

0.007
Ca

 

Control  22.200       

0.566
C b

 

27.125       

1.520
C b

 

11.985       

0.445
B b

 

2.450       

0.212
Ab

 

1.445       

0.007
A b

 

0.460       

0.056
Cb

 

0.001               

0.000
Bb

 

0.409       

0.030
Cb

 

L. rohita 
Treated  34.250       

0.424
B a

 

44.415       

0.615
Ba

 

15.835       

0.615A
Bab

 

2.970       

0.042
Bb

 

1.285       

0.078
Bb

 

1.015       

0.021
Bb

 

0.020               

0.000
Bb

 

0.451       

0.040
Cc

 

 

Control  22.985       

0.304
Bb

 

41.825       

2.298
Ab

 

14.810       

0.693
Aa

 

1.310       

0.014
Bc

 

1.320              

0.000
Bb

 

1.010       

0.014
Aa

 

0.003     

0.001
Ab

 

0.505       

0.021
Bbc

 

C. idella               

 

Treated  24.585       

0.869
D a

 

41.020       

0.962
Ca

 

15.285       

0.545A
BCa

 

3.000       

0.028
Ba

 

1.040       

0.014
Ca

 

0.705       

0.106
Ca

 

0.000               

0.000
C a

 

0.413       

0.019
Cc

 

Control  20.110       

0.014
Db

 

27.750       

0.636
Cb

 

13.850       

0.919
Ba

 

2.750       

0.212
Aa

 

1.000               

0.000
Cc

 

0.445       

0.035
Cc

 

0.000               

0.000
Ca

 

0.455     

0.006
Cbc

 

H. 

molitrix 

 

Treated  34.610       

1.329
Ba

 

31.850       

0.919
E a

 

16.850       

1.061
Aa

 

3.050       

0.085
Bb

 

1.225       

0.021
Bb

 

0.520       

0.028
Dd

 

0.010       

0.014
BCbc

 

0.663      

0.005
Bb

 

Control  21.815       

0.544
Cb

 

25.505       

0.205
Db

 

10.100               

0.000
Dc

 

1.200               

0.000
Bc

 

0.995       

0.007
Cc

 

0.265       

0.049
Dd

 

0.001               

0.000
Bb

 

0.522       

0.001
Bb

 

C. Carpio  
Treated 

control 
27.095       

0.346
C a

 

45.300       

0.283
Ba

 

14.200       

0.989
C a

 

3.205       

0.007
Aa

 

1.040               

0.000
Cc

 

0.910       

0.056
Bb

 

0.005       

0.006
BCbc

 

0.072     

0.008
Dd

 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 

 

Water Quality Parameters 

Water quality parameters remained within acceptable ranges and were uniform in ponds from 

both groups (Table 9). Positive correlation was observed between dissolved oxygen (DO), pH, 

and total dissolved solids (TDS). Similarly temperature, salinity & electrical conductivity were 

positively correlated. Correlation of different parameters is given in Table 10. Phosphate showed 

positive correlation with chlorine and phytoplankton productivity. Similarly nitrates and light 

penetration has positive but weak correlation with plankton production (Table 11).  
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Table 9. Mean values for Water quality parameters during the course of study.                               

Parameters Mean±Stdv. Minimum Maximum 

DO (ppm) 5.9±0.8 3.5 6.7 

pH 8.3±0.4 7 8.9 

TDS (ppm) 1421.0±337.5 805 1813 

Salinity (ppt) 0.8±0.1 0.8 1.1 

Temp.(°C) 31.6±1.9 27.5 35.5 

EC  (µS/cm) 2.1±0.1 1.9 2.5 

PO4
-2 

(ppm) 0.5±0.5 0 1 

NO3  (µg/L) 0.7±0.2 0.2 1 

Cl
-1  

 (ppm) 311.4±43.8 220 437 

Secchi Disk Visibility 

(cm) 
25.6±9.4 11 28 

Zooplanktons (mL
-1

) 664.7±389.2 156 1875 

Phytoplankton (mL
-1

) 1291.0±807.0 156 1375 

 

Table 10. Pearson correlation between the parameters (weekly basis) during the course of 

study. 

Pearson 

Correlation             

DO 

(ppm) 

pH 

 

TDS 

(ppm) 

Salinity 

(ppt) 

Temp.                  

(°C) 

 

EC 

(µS/cm) 

DO (ppm) 1 
0.36671 

<.0001 

-0.0691 

0.4536 

-0.1366 

0.137 

-0.2462 

0.0067 

-0.2109 

0.0208 

pH 
0.36671 

<.0001 
1 

-0.1932 

0.0345 

-0.0229 

0.8039 

-0.1332 

0.1469 

-0.0627 

0.4962 

TDS (ppm) 
-0.0691 

0.4536 

-0.1932 

0.0345 
1 

0.44942 

<.0001 

-0.1718 

0.0607 

0.56606 

<.0001 

Salinity (ppt) 
-0.1366 

0.137 

-0.0229 

0.8039 

0.44942 

<.0001 
1 

0.20588 

0.0241 

0.84288 

<.0001 

Temp. (°C) 
-0.2462 

0.0067 

-0.1332 

0.1469 

-0.1718 

0.0607 

0.20588 

0.0241 
1 

0.30853 

0.0006 

EC (µS/cm) 
-0.2109 

0.0208 

-0.0627 

0.4962 

0.56606 

<.0001 

0.84288 

<.0001 

0.30853 

0.0006 
1 
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Table 11. Pearson correlation between the parameters (fortnightly basis) during the study 

period. 

Pearson 

Correlation             
PO4

-2
 

(ppm)
 

NO3 
-

2
(µg/L) 

Cl
-
 (ppm) 

Light 

Penetration 

(cm) 

Zoo-

planktons 

(mL
-1

) 

Phyto-    

planktons 

(mL
-1

) 

PO4
-2 

(ppm) 
1 

 

-0.07 

0.54 

0.05 

0.66 

-0.09 

0.45 

-0.15 

0.19 

0.10 

0.39 

NO3 
-2 

(µg/L) 
-0.074 

0.54 
1 

-0.02 

0.85 

-0.05 

0.62 

0.31 

0.01 

0.12 

0.32 

Cl
-   

(ppm)
 0.05 

0.66 

-0.02 

0.86 
1 

-0.01 

0.96 

-0.02 

0.84 

-0.09 

0.45 

Secchi Disk 

Visibility 

(cm) 

-0.09 

0.45 

-0.06 

0.62 

-0.01 

0.96 
1 

-0.03 

0.81 

0.13 

0.29 

Zoo- 

Planktons 

(mL
-1

) 

-0.15 

0.19 

0.31 

0.01 

-0.02 

0.84 

-0.02 

0.80 

1 

 

0.26 

0.03 

Phyto- 

Planktons 

(mL
-1

)
 

0.10 

0.39 

0.12 

0.32 

-0.09 

0.46 

0.12 

0.29 

0.26 

0.03 
1 

 

DISCUSSION  

Proximate Analysis  

Protein, fats, carbohydrates, vitamins and minerals are the main constituents of fish feed as well 

as of body. After consumption these nutrients are processed and then finally become part of the 

body. Fish body is hence a true representative of fish feed. Changes in feed or environmental 

perturbations changes fish behavior and body processes which ultimately jeopardize nutrient 

balance of the body and its composition. Nutrient level in muscle and blood tissue is therefore, 

an important indicator of its functional normality and health status. This issue was 

comprehensively addressed in current studies and it was investigated how whole fish bio-

chemical profile differs in healthy and infected fish and how this state of affairs can be controlled 

to obviate heavy production and economic losses.  
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 Moisture, dry matter, ash, crude fat and protein contents of healthy fish were very close to the 

previous findings (Zelepuchin, 2007; Love, 1970; Hadjinikolova, 2008; Ali et al., 2005; 

Natarajan & Sreenivasan 1961; Klejmenov, 1962; Salam and Janjua 1992; Salam and Mahmood, 

1993; Salam and Davies 1994; Salam 1983; Kalita et al., 2008) and were significantly higher 

than infected fishes except C. carpio which did not show any difference whether normal or 

infected at the termination of experiment.  It is very obvious from our studies that there is drastic 

reduction of nutrient levels in infected fish which might be due to several reasons, prevention of 

fish from feeding, mobilization of nutrients to the site of infection and development and 

strengthening of immune system to defend against attack. Our findings were in accordance with 

the conclusions of Dörücü (2000) who observed similar trend of nutrient decrease in prawn  (C. 

lavaretus) infected by D. bothrium species (Cestoda). Findings of Love (1970), Medford and 

Mackay (1978) corroborate our studies.  

Meakins (1974), Tierney (1991), Milinski (1984), Pennycuick (1971), Walkey and Meakins 

(1970) reported that parasitic worms of fish endeavor for energy sources with their respective 

host and cause severe impairment to their body parts. Meakins (1974) reported that infected 

stickleback female‟s gonadosomatic index depressed around half of the healthy ones may be due 

to the competition of parasite for energy with sticklebacks. Tierney (1991) further investigated 

that infected fish eat less than that of healthy ones irrespective of season and have great effect on 

the composition of fish as observed in our studies but also on their gonadal development, may be 

due to the parasite competition for nutrient reserves. 

Like other nutrients fats also have direct relationship with percentage of water present in the 

body and fluctuate with changes in environment as well as in body (Sinclair and Duncan 1972). 

These relationships exist in various fish species (Brett et al., 1969; Iles and Wood 1965, Salam et 
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al., 1993) and were also present in our studies in both healthy and infected species.  Ash contents 

and moisture increased in infected fish while protein, fats and dry matter of fish body thus 

reducing its flesh quality. Our findings contradicts to those of  Floreto et al, (2000) who while 

working with healthy and shell-diseased lobsters reported that protein, lipid and ash levels in 

muscles were not significantly different between the two groups but quite significant differences 

were present when we compared protein and  fats between two groups . Protein and fat contents, 

however, decreased in hepatopancreas, and hemolymph of diseased lobster which favorably 

supports our findings that disease has significant bearing on the nutrient level too.  Changes in 

liver nutrient levels (Floreto et al, 2000) may be due partly its function as nutrient synthesis and 

reservoir (Factor, 1995; Torreblanca et al, 1993) but unlike them we observed all these nutrients 

in whole body with quite tangible differences between both healthy and diseased fish. Leung et 

al., (1990) was of the view that animal uses them during poor feeding and/or when a disease 

ensues. In a similar study on American lobster larvae, Anger et al., (1985) reported that loss of 

lipid-storing capacity of the R-cells of the hepato-pancreas was induced by starvation and the 

larvae eventually died even if feeding was successfully resumed. Direct or indirect consequences 

of disease may have caused similar damage to the hepato-pancreas of affected fish. Also, if 

reduction in the hepato-somatic index were due to reduced feed intake, then there would have 

been a corresponding reduction in the protein content. Prince (1997) noted lower levels of serum 

protein and lower numbers of circulating hemocytes in the hemolymph of affected lobsters and 

postulated that blood cells are destroyed through phagocytosis and lysis to ward off the infection. 

Minerals 

In fish, minerals perform important roles in osmoregulation, intermediary metabolism, and in 

formation of the skeleton and scales (Lall, 1981). Mineral requirements of fish are difficult to 
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measure because many minerals are required in only trace amounts which fish can absorb 

through feed consumption and normal respiration. It is also very difficult to obtain mineral-free 

feed ingredients for experimental diets. Most practical diets provide the major mineral 

requirements through fish meal which is also a major source of protein. However, diets which 

rely heavily on plant protein sources must be supplemented with carefully balanced mineral 

premixes. The minerals required in finfish diets include calcium, zinc, manganese, cobalt, 

selenium, iodine and fluorine. The functions of some of these have been described in detail by 

NRC 1977 and 1981. The potential for toxicity of minerals must also be carefully assessed since 

fish are very sensitive to excess amounts of minerals which cause toxicity, weakens fish immune 

system and ultimately invite variety of infections that may lead to parasitic diseases.   

Paterson et al., (1981) demonstrated that an imbalance of dietary minerals in certain diets 

predisposes Atlantic salmon to bacterial kidney disease under specific environmental conditions. 

They fed Atlantic salmon on a diet containing high levels of iodine (4.5 mg/kg feed) and fluorine 

(4.5 mg/kg feed) and observed a low incidence of symptomatic bacterial kidney disease than the 

fish fed with low levels. 

Kirchgessner and Schwarz (1986) studied the effect of varied protein and energy supply on the 

retention of major elements (Ca, P, K, Na, Mg) and trace elements (Fe, Cu, Zn, Mn). They 

observed that composition of nutrients (crude protein, crude fat, crude ash) determine mineral 

(Ca, P) contents in carp carcass. With increasing energy supply the Ca and P values diminished. 

On average, 1 kg of carcass contained 6.1 g Ca, 5.0 g P, 2.1 g K, 0.85 g Na, 0.25 g Mg, 20 mg 

Fe, 1.1 mg Cu, 63 mg Zn and 0.70 mg Mn. Pirestani et al., (2009) reported comparatively higher 

mineral values than ours which might be due to different source of fishes i.e. Caspian sea.  

Gökoğlu (2002) reported similar values for Na (60 mg g
-1

) in both fresh and marine water fish. 
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Özyurt (2009) also observed Na contents of pike perch (66.51 mg/100 g) and common carp 

(61.25 mg/100 g) in the same ranges. Na content of European catfish (130.10 mg/kg) was 

significantly higher than the others (P < 0.05), but had similarities with blue whiting (136 

mg/100 g) (Martínez-Valverde et al., 2000). 

In general, K level is usually higher than sodium in both C. catla and C. carpio. K levels were 

also lower than the findings of Otitologbon et al., (1997) for fresh water fish species. Magnesium 

is needed for bone, protein, and fatty acid formation, formation of new cells, B vitamin 

activation, muscle relaxation, blood clot formation, and energy metabolism. Aquatic food 

products, like other animal products, are poor sources of magnesium (Lall, 1995). The 

magnesium content of freshwater fish species was reported as 18–36 mg/100g by Otitologbon et 

al., (1997) and Lall (1981) reported 18-36 mg 100 g
-1

 and 16-113 mg 100 g
-1 

respectively. 

Copper contents remained between 0.08 and 0.13 mg 100 g
-1

 that were comparatively lower than 

previous studies. The high intakes of Cu could cause health problems such as liver and kidney 

damage. Food and Agricultural Organization permits Cu for human consumption up to 0.3 

mg/100 g in fish and fishery products (FAO. 1983). Cu contents of experimental fishes were 

found to be lower than the legal limit of FAO (1983) that further decreased in the diseased 

condition that makes the fish deficient in certain minerals.   

Fish requires Zn in low concentrations if it exceeds required limits then it causes toxicity. Özyurt 

(2009) observed Zn contents of 1.25-1.32 mg g
-1

   in pike perch, common carp and European 

catfish which were comparatively higher than ours. According to Turkish Food Codex (2002/63), 

Anonymous suggests permitted Zn levels for fish are 5 mg 100 g
-1

. It is well known that that 

species, size, age, sex, developmental stage food source, environment (water chemistry, salinity, 

temperature, and contaminants), and method of food processing (Lall & Parazo, 1995 and 
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Otitologbon et al., 1997) influence level of minerals and requirements in fish. Diseased fish not 

only disturbs the nutrient balance in fish body but also make it unfit for human consumption both 

nutritionally and pathologically.  

These studies have shown a slightly lower level of protein (12.65±0.49%) and fat (7.30±0.28%)   

in C. catla than rest of the species. The protein was the highest (26.00±4.24%) in L. rohita while 

the fats were the highest (10.55±0.92%) in C. mrigala and C. carpio the second highest. 

Similarly looking at mineral profile there is not much difference so it is hard to say that level and 

type of nutrients are solely responsible for Lernaea attack. Pathogenicity is a complex of so 

many factors, which encompass environmental, biological, and physiological factors so still lot 

remains to be explored before suggesting any concrete recommendation that which factor is 

more active and critical in inviting and attracting this parasite. 
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CHAPTER-5 

EXPERIMENT NO.3 

 

COMPARISON OF VARIOUS BLOOD INDICES AMONG CHINESE AND INDIAN 

MAJOR CARPS FROM THE PERSPECTIVES OF THEIR RESISTANCE 

AGAINST LERNAEAOSIS 

 

INTRODUCTION 

Though Pakistan has blessed with tremendous wild water resources both fresh and saline waters, 

which sustain wide variety of fish species but due to indiscriminate fishing, interrupted and 

untimely rains has considerably reduced fish production and severely affected agriculture 

activities. Ultimately people had to resort to inland resources and to start fish culture in more 

controlled conditions with less dependence on natural water resources and more control on 

anthropogenic activities. Five fish species two Chinese and two Indian major carps, very low in 

the food chain,  have been successfully polycultured in ponds on natural food produced by 

frequent applications of organic and inorganic fertilizers (Iqbal et al., 2001a).. These fishes can 

comfortably live in the same pond due to their different trophic niches utilizing all the feeding 

zones quite efficiently. With gradual intensification of fish culture for enhanced production, 

water quality started to deteriorate which was immediately followed by various diseases. Though 

there are varieties of known diseases present in the pond with variable intensity but Lernaeosis is 

the most common and really creates havoc in fish farm if it intrudes.  
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Lernaea (copepod, family lernaeidae) (Piasecki et al., 2004) is the causative agent of this disease 

and poor pond management is presumably considered the reason of its attack (Post, 1987). 

Lernaea is widely distributed in Africa, Asia, North America and Europe and recently has been 

reported from Brazil (DeMagalhaes, 2006) and Western Australia (Hassan et al., 2008). Lernied 

infection in freshwater fish is attributed to water temperature, host fish species and presence of 

infective stages of the parasites present in the pond. It lacks host specificity to an extent that it 

can infect all freshwater fish and have serious pathogenic effects on the skin and fins of the fish 

or may leads to death in young fish (Kabata, 1985). 

The prevalence of L. cyprinacea varies in different species of carps, severe in C. catla and very 

low if present at all in common carp (C. carpio). Iqbal et al., (2001c), Shafiq et al., (2001) and 

Tasawar et al., (2007) in their independent studies have reported its heavy   prevalence in C. 

catla. Tasawar et al., (1999, 2001, 2007), ; Iqbal et al.,(2001 b),  Shafiq et al.,(2001) reported its 

heavy prevalence in  C. idella, H. molitrix and  L. rohita and C. idella but very low or not at all 

in  C. carpio which might be due to its internal defense system which deterred Lernaea to attack.   

Like other vertebrates defense system of fish consists of central organs, cellular and humoral 

immune responses with some differences from mammals in combating pathogenic organisms 

(Cabezas, 2006; Nelson, 2006; Tort, 2003; Zapata et al., 2006). Basically fish and mammalian 

defense resemble in cellular defense systems which consist of phagocytic cells that are analogous 

to the macrophages, neutrophils, and natural killer (NK) cells, as well as T and B-lymphocytes 

present in mammals. Humoral defense components include lysozyme, natural hemolysin, 

complement (classical and alternative pathways), C-reactive protein (CRP) and transferring 

which are more or less similar in both fish and mammals. Nevertheless mechanisms of defense 

system differ in fish from mammals due to lack of bone marrow, lymph nodes and presence of 
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head kidneys (Press & Evensen, 1999). Presence of gut associated lymphoid tissues in carp 

Joosten et al., 1996) and a lymphatic system in Plaice, have been challenged in other teleosts 

(Hølvold, 2007).  

Non-specific responses of fish consist of lymphoid and myeloid cells include the phagocytic 

cells monocytes/macrophages, non-specific cytotoxic cells (or NK cells), thrombocytes, 

granulocytes (or neutrophils) and lymphocytes (Buonocore & Scapigliati, 2009; Hølvold, 2007; 

Magnadóttir, 2010; Jimeno, 2008; Shoemaker et al., 2001). Presence of these specialized 

hematological indices composes immune system and poses a physiological defense against 

pathogen attack (Jimeno, 2008).  Macrophages and monocytes are the most important cells in 

relation to immune response in fish as they control production of cytokines. These are the 

primary cells which are involved in phagocytosis and the killing of pathogens after recognition 

and subsequent infection (Buonocore & Scapigliati, 2009; Cabezas, 2006; Clem et al., 1984; 

Garcia-Ayala & Chaves-Pozo, 2005; Shoemarker et al., 2001). Macrophages also create a link 

between non-specific and acquired immune response being the primary antigen-presenting cell in 

teleosts (Balfry & Higgs, 2001; Galindo-Villegas & Hosokowa, 2004; Jimeno, 2008;Shoemaker 

et al., 2001; Vallejo et al., 1992). 

 Fish blood represents 1.3–7 % of body mass and is characterized as one of the most active 

component with hematopoetic organs. Physiological status of fish can be evaluated by using 

haematological indices (cellular immune responses) and any change in these parameters vary 

with type of fish  age, sexual maturity and health status of fish (Golovina & Trombicky 1989; 

Golovina 1996; Vinodhini & Narayanan 2009). Therefore, various hematological indices can be 

used to detect and diagnose metabolic disturbances and wellbeing of fish (Aldrin et al., 1982; 
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Jamalzadeh et al., 2009) and levels of haemoglobin, hematocrit value, red blood cell counts, etc. 

play a decisive role in diagnosis of any abnormality in fish body.  

Due to continuously mounting pressure on this resource farmers are forced to adopt new 

technologies to bridge the gap between demand and supply. Introduction of more fish in pond 

demands substantial quantity of additional inputs which invite variety of diseases. Fish utilize 

both primary and secondary defense mechanisms to repel invading pathogens but when this limit 

exceeds fish succumb to death. Until and unless these factors are not fully explored and how 

their interactive mechanism with defense system is not completely grasped it is hard to identify 

and eradicate the problem before it inflicts heavy losses and jeopardizes the business. Therefore 

comprehensive understanding of the fish defense system helps in its rational utilization and 

benefiting fish disease prophylaxis and helping fish protective mechanisms to their optimal 

functioning (Lamers, 1985; Stosik and Deptula, 1990; Prost, 1991; van Muiswinkel, 1992; 

Kodama et al., 1993; Myszkowski, 1993). Until and unless there is not complete knowledge 

about resistance, its role and importance at individual level it is hard to prepare fish and its 

culture media against present, emerging and growing health hazards. 

Haematological parameters of freshwater fishes have been and are being widely used as an 

indicator of physiological status of fish and the influence of various environmental factors on it 

(Ramaway and Reddy, 1978; Bhaskar and Rao, 1985).  Several researchers have explored the 

relationship between changes in blood and various environmental factors (Orun et al., 2003; 

Aldrin et al., 1982; Hickey, 1982; Gbore et al., 2006); species specificity,  (Collazos et al., 1998); 

size (Garcia, 1992), season of the year (Orun et al., 2003) and onset of  breeding (Cech and 

Wohlschlag, 1981). However, information is lacking on the establishment of definite relationship 

between hematological and biological indices and onset of lernaeaosis to monitor the health 
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status of fish in culture systems. To our knowledge, no other data are available in the literature 

with regard to the blood indices as the defensive tool in Chinese and Indian major carps. The 

present study was aimed to compare the various blood indices among Chinese and Indian major 

carps from the perspectives of their resistance against lernaeaosis that included probable role of 

blood and its components in  reception of L. cyprinacea  in some commercially important locally 

culturable herbivorous fish varieties  while  repulsion  in others living under similar 

environment.   

MATERIALS AND METHODS 

Experimental site 

Study trial was organized in fish pond complex of the department of Fisheries and Aquaculture, 

UVAS, Ravi Campus, Pattoki.  

Experimental animal  

Parasite free grass carp (C. idellus), silver carp (H. molitrix), rohu (L. rohita), mrigal (C. 

mrigala), thaila (C. catla) and common carp (C. carpio) with an average  weight of  830 ± 316 

gm each, were  collected from grow out ponds provided with all basic necessities for ideal fish 

culture. Healthy samples of each fish species were selected and then segregated into various 

representative species groups following their subgrouping in either male or female. Blood was 

immediately drawn by puncturing gill lamellae, caudal vein and heart of both male and female of 

each representative species and preserved following standard procedure for further analytical 

tests.  

Blood Hematology 

Collected fish stock was divided into 6 groups. Each group represented single independent fish 

species and contained 10 individual with equal proportion of both sexes. The total blood 
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collected from each sex of each species as mentioned above, was further subdivided equally in 

three parts in independent vials with different preservatives.  Part 1 with EDTA as an 

anticoagulant was reserved for cell study, part 2 was allowed to clot serum preparation and was 

without EDTA was stored for determination of biochemical constituents, and part 3 was 

centrifuged for serum separation and refrigerated at 4 
0
C till use. . Standard hematological 

procedure (Blaxhall and Daisley, 1973) was applied for experimental analysis. Red Blood Cells 

(RBC, 10 
-6

/µL), White Blood Cells (WBC, 10
-3

/µL) and Platelets (10
-3

/µL) in blood from 

experimental fish species were counted by placing sample on haemocytometer grids. RBC (2 ml 

of RBC‟s reagent per 10μL blood) and WBC reagents (950μL WBC‟s reagent per 50μL of 

blood) were used for counting of both cells in blood samples. . Differential leucocyte count 

(DLC) was determined following the methodology of Welchselbam (1946).  

On the basis of the values of the above parameters, erythrocyte indices – mean corpuscular 

volume (MCV), mean corpuscular hemoglobin (MCH), packed cell volume (PCV) and mean 

hemoglobin concentration in the cell (MCHC) were then computed following mathematical 

formulae of Penev & Dukova-Peneva (2007).  

Hematocrit (HCT) or packed cell volume (PCV) = % volume of RBCs in the blood
 

Or PCV = Length of red cell column (mm) / length of total column (mm) 

Mean corpuscular volume (MCV) = PCV (L/L)/RBCs x 10
12

 (fl)
 *
 

*
A femtolitre (fl) is 10

-15 
of a litre. 

 

Mean corpuscular hemoglobin (MCH) = Hb(g/l) /RBCs x 10
12

 (Pg)
 *
 

*
A pictogram (pg) is 10

-12
 of a gram. 

Mean corpuscular hemoglobin concentration (MCHC) = Hb (g/L)/ PCV (L/L) (g/L)
 *

 

*
For g/dL divide the output of g/L by 10. 
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Some other less important  parameters of blood were like platelets distribution width (PDW), 

mean platelet volume (MPV), Platelets large cell ratio (P-LCR), red cell distribution width co-

efficient variation (RDW-CV) and red cell distribution width standard deviation (RDW-SD) 

were also examined which might help in concluding our findings.  

Blood chemistry 

Clinical Chemistry Analyser Metro Lab (1600-DR) was used for determination of hemoglobin 

(Hb, g/dl), total protein (g/dl), and albumin (g/dl) whereas globulin (g/dl) was computed by 

subtracting values of albumin from total protein. Erythrocyte sedimentation rate (ESR) was 

determined in mm/hr by using ESR tubes containing 50 mm sodium citrate in 200 mm of blood.    

Ig M determination 

The total IgM level was determined by precipitating it with zinc sulphate (0.7 mM 

ZnSO4.7H2O, pH = 5.8) (McEwan et al., 1970). The concentration of IgM in the sample (in g/l) 

was calculated as the difference between total proteins (commercial kit, Bio-Rad, USA) and 

proteins in the supernatant after centrifugation and precipitation. 

Statistical Analysis: 

Data obtained from various sources were subjected to two way ANOVA by using SAS software 

(9.1 Version) to determine the significance of the values among various experimental groups at 

P<0.05.  Means of the treatment groups were compared by Duncan‟s Multiple Range Test to 

determine nature and level of variation among various treatments and sub treatments.  
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RESULTS  

Blood Hematology 

Statistical analysis of blood hematology revealed that WBCs, RBCs, HCT, MCV and MCH 

count of C. carpio significantly differed (P<0.05) when compared with other fish species 

however, differences remained non-significant between gender of the same species. Highest 

values of WBCs, MCV, MCHC, MCH, lymphocytes and basophils were observed in C. carpio 

but in case of RBCs, haemoglobin, HCT and neutrophils it displayed the lowest value. ESR 

values remained non-significant (P>0.05) among species as well as between gender of the same 

species. Different species showed significant differences in RBCs, Hb, lymphocytes and RDW-

SD values. WBCs counts differed significantly (P<0.05) in both males and females of C. catla 

and C. mrigala which might be due to timely status of fish health and level invisible parasitism 

(Table 1 & 2).   

Table 1. Comparison of blood parameters related to red blood cells among experimental 

fish species  

Variable C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

RBC 

(10
6
/µL) 

1.76± 0.69ab 1.63 ± 0.34ab 1.50 ± 0.47b 2.08 ± 0.22a 1.99± 0.28a 0.43± 0.25c 

HB 

(g/dL) 
7.70± 2.68a 7.23 ±1.20 a 7.03± 1.93 a 6.83 ± 0.75 a 8.10±1.25 a 6.11± 2.73 a 

HCT (%) 24.69 ± 8.38 b 29.6 ±6.04ab 28.55 ±7.23 ab 33.03± 3.39 a 34.87 ±6.12 a 17.98± 1.99c 

MCV 

(fL) 
85.46 ± 63.26c 182.33±12.45b 175.10 ±35.39b 160.54±9.51 b 176.29 ±11.3b 216.26± 7.12 a 

MCH 

(Pg) 
45.10  ± 8.68 b 44.98 ± 5.88 b 49.43 ± 18.65 b 33.20 ± 2.05a 41.09 ± 3.09 b 165.08± 54.53 a 

MCHC 

(g/dL) 
74.48  ± 1.78a 24.62 ± 2.05b 29.23 ±11.27b 20.60 ± 0.36 b 23.31 ± 1.06 b 69.87± 25.16 a 

ESR              

(mm/Hr) 
0.44 ± 0.53 a 0.33±0.50 a 0.38 ± 0.52 a 0.11 ±0.33 a 0.00 ± 0.00 a 0.00 ± 0.00 a 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 
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Differential leucocytes studies revealed that C. carpio has the lowest number of neutrophils and 

the highest values of basophils and lymphocytes. Monocytes remained non-significant within 

and between the species. There was non-significant difference in the differential leucocytes 

between the genders as well. C. catla and C. idella differed significantly from that of L. rohita, 

C. mrigala and H. molitrix in differential leucocyte count. C. idella has the highest number of 

neutrophils and lymphocytes whereas C. catla has the highest values of MCHC, PLT and RDW-

CV (Table 2). Blood cell indices RDW-CV and RDW-SD showed significant differences 

(P<0.05) among experimental fish species whereas PWD, MPV, PLCR and PTC remained non-

significant when compared with experimental fish species and between gender (Table 3). 

C. carpio female blood revealed significant differences in case of erythrocyte indices, WBCs, 

lymphocytes and MPV when compared with other females from experimental fish species (Table 

4). Highest values for WBCs, MCV, MCH and lymphocytes were observed in blood of female 

C. carpio. WBCs, RBCs, Hb, MCV, MCH and MCHC values differed significantly (P<0.05) 

between C. carpio and C. catla (Table 4).  

Table 2. Comparison of differential leukocyte count in experimental fish species  

Variabl

e 
C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

WBC 

(10
3
/µL) 

38.77± 43.65
 b
 36.11± 28.11

 b
 24.52± 11.33

b
 19.40±9.43

b 
28.56± 7.08

 b
 70.93± 32.79

a 

NEUTR 

(%) 
55.76 ±39.39

 ab
 66.03 ± 19.35

ab 
68.49 ± 15.42

 ab
 69.93 ±11.79

a 
64.96 ± 26.38

 ab
 42.50 ± 16.35

b 

LYMPH 

(%) 
37.0 ± 33.23

 ab
 30.54 ± 19.51

b 
28.15 ±14.93

b 
26.79 ±10.71

b 
33.27 ± 27.21

 ab
 54.90 ± 16.87

a 

MONO 

(%) 
6.04 ± 11.01

 a
 2.69 ± 1.53

 a
 3.20 ±2.16

 a
 3.16 ± 2.21

 a
 2.09 ± 1.29

 a
 1.40 ± 1.79

 a
 

EO (%) 0.74 ± 1.62
 a
 0.58 ± 1.26

 a
 0.15 ±0.24

 a
 0.22± 0.44

 a
 0.01 ± 0.03

 a
 0.33 ± 0.52

 a
 

BASO 

(%) 
0.18 ±0.33

 b
 0.16 ± 0.17 0.013 ±0.04

 b
 0.01±0.03

 b
 0.01±0.03

 b
 0.87 ± 1.54

 a
 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 
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Table 3.  Comparison of less important blood parameters in experimental fish species 

Variable C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

PLT 

(10
6
/µL) 

63.33 ±49.98
a 

28.33±23.73
 b
 19.88 ±10.52

 b
 33.0 ±22.86

 b
 

16.44 ± 13.29
 

b
 

25.67±13.87
 b
 

RDW_C

V (%) 
27.511 ±8.09

a 
17.44 ± 3.17

b 
16.13 ± 2.81

b 
11.16 ± 1.84

c 
9.31 ± 1.01

c 
11.80 ± 2.39

c 

RDW_S

D (fL) 
93.25±64.7

 ab
 127.90±0.00

 a
 83.90 ±25.31

 b
 60.14 ± 8.68

 b
 57.76 ± 8.39

 b
 - 

PDW 

(fL) 
12.00 ± 4.10

 a
 11.39 ± 2.99

 a
 11.01±1.39

 a
 12.21± 3.45

 a
 11.90 ± 2.86

 a
 12.4 ±2.37

 a
 

MPV 

(fL) 
11.65 ±0.50

 a
 10.78 ± 0.91

 a
 10.51 ± 1.10

 a
 10.63± 0.77

 a
 10.79 ±0.94

 a
 10.43 ±0.85

 a
 

P_LCR 

(%) 
34.25 ±0.49

 a
 30.83 ± 6.61

 a
 28.15 ± 6.68

 a
 31.04  ± 5.51

 a
 31.68 ± 6.64

 a
 31.03 ±5.49

 a
 

PCT 

(%) 
0.05 ± 0.07

a
 0.00 ± 0.00

 a
 0.00 ± 0.00

 a
 0.05±0.05

 a
 0.01 ± 0.03

 a
 0.02 ± 0.04

 a
 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 

 

When compared male blood from experimental fish species male C. carpio differed significantly 

(P<0.05) from all its counterparts.  However, remarkable differences were observed between all 

species in case of erythrocyte indices whereas, leukocytes differential count and other parameters 

remained non-significant (P>0.05) (Table 5).   Evaluation of blood parameters within the species 

(male and female of same species) indicated that some differences were found between males 

and females of C. idella (MCV, MCH, PLT, PCT), C. mrigala (PCT), L. rohoita (MCH), H. 

molitrix  (MPV), C. catla (RBC) and C. carpio (WBC, Hb and MCH) however, major blood 

parameters remained uniform (Table 6-7). 
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Table 4. Comparison of blood parameters of experimental fish species females 

 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 

 

 

Variable

s 
C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

WBC 

(10
3
/µL) 

32.62±13.26 b 18.47 ± 2.07 b 24.84± 14.23 b 27.5 ±15.05 b 26.66 ±5.53 b 55.64 ± 3.06a 

RBC 

(10
6
/µL) 

2.18±0.66 a 1.65 ± 0.47 a 1.65 ± 0.48 a 1.93 ± 0.18 a 2.02 ± 0.33 a 0.24 ± 0.03 b 

HB 

(g/dL) 
9.16±2.80a 7.25 ± 1.64 ab 6.46 ± 2.27 ab 6.72 ± 0.84 ab 8.63 ± 1.59a 4.83 ± 0.98 b 

HCT (%) 27.74±10.01ab 29.80 ± 7.036a 27.92 ± 8.66ab 32.50 ± 4.18 a 37.18± 7.22a 16.63 ± 1.98 b 

MCV 

(fL) 
171.02±16.56c 183.17 ±14.72bc 190.52 ± 3.11b 168.23± 7.06c 183.5±12.44bc 217.1 ±10.45a 

MCH 

(Pg) 
41.92±2.55bc 44.90 ± 7.77 b 38.52 ± 4.87bc 34.83 ± 1.53 c 42.68 ± 4.14bc 200.13±13.11a 

MCHC 

(g/dL) 
33.95±8.03a 24.39 ± 2.22bc 23.26 ± 6.23bc 20.70 ± 0.42 c 23.23 ± 0.99bc 29.76 ± 8.84 ab 

PLT 

(10
6
/µL) 

57.40±29.95a 23.25 ± 10.24 bc 25.00 ± 12.21bc 51.50±13.40 ab 22.25 ± 16.86c 24.00 ± 7.21 bc 

 

RDW_C

V (%) 
29.52±9.46a 19.35 ± 2.89b 16.82 ± 2.46bc 11.05 ± 1.12 c 9.35 ± 1.36c 12.33 ± 1.25bc 

RDW_S

D (fL) 
- 11.87 ± 4.29a - 63.43 ± 9.00 b 60.63 ±11.07b - 

PDW 

(fL) 
- 10.35 ± 1.08 a 10.60 ± 0.81 a 13.52 ± 1.07 a 13.73 ± 2.93 a 

12.10 ± 1.61 a 

 

MPV (fL) - 28.50 ± 8.81a 10.40 ± 1.41 ab 10.83 ± 0.48 ab 11.48 ± 0.92 ab 9.90 ± 0.52 ab 

P_LCR 

(%) 
- 76.00 ± 15.75 a 27.26 ± 8.39 a 32.42 ± 2.63 a 36.30 ± 5.85 a 27.40 ± 3.65 a 

NEUTR 

(%) 
54.24±46.81 a 20.35 ±13.57 b 64.70 ± 13.79 a 69.77 ± 11.84 a 71.25± 24.62 a 35.00 ±18.02 b 

LYMPH 

(%) 
35.52±38.05ab 20.40 ± 2.05b 32.58 ± 13.28ab 27.82 ±10.74 ab 26.25 ±5.51b 64.13 ± 18.19a 

MONO 

(%) 
8.86±14.67 a 1.10 ± 1.88 b 2.62 ± 0.95 b 2.15 ± 1.30 b 2.50 ± 1.73 b 0.63 ± 0.46 c 

EO (%) 1.24±2.12 a 0.15 ± 0.12ba 0.08 ± 0.11 a 0.25 ± 0.50 b 0.00 ± 0.00 b 0.00 ± 0.00b 

BASO 

(%) 
0.16±0.30 a 0.02 ± 0.01 c 0.02 ± 0.04 c 0.00 ± 0.00 d 0.00 ± 0.00 d 0.23 ± 0.23 b 

PCT (%) 0.00 ± 0.00 c 0.25 ± 0.50 a 0.02 ± 0.01 b 0.05 ± 0.01 b 0.03 ± 0.02 b 0.01 ± 0.01 b 

ESR  

(mm/hr) 
0.40±0.55 a 0.00 ± 0.00 b 0.40 ± 0.54 a 0.00 ± 0.00 b 0.00 ± 0.00ba 0.00 ± 0.00 b 
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Table 5. Comparison of blood parameters between males of experimental fish species. 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 

 

 

Variable

s 
C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

WBC 

(10
3
/µL) 

18.98 ± 3.56b 50.20±31.9a 20.53 ± 3.95b 16.89±2.72 b 32.08 ± 1.80ab 45.90 ± 2.90a 

RBC 

(10
6
/µL) 

1.24 ± 0.32c 1.62 ± 0.25bc 1.27 ±0.49c 2.16 ± 0.19 a 1.94 ± 0.28 ab 0.58 ± 0.28d 

HB 

(g/dL) 
5.88 ± 0.85c 7.22 ± 0.94b 8.00 ±0.70b 6.92 ± 0.75 bc 7.68 ± 0.85b 9.40 ± 0.36a 

HCT (%) 20.88 ± 4.32cd 29.44±5.99ab 26.27 ± 0.55bc 33.46 ± 3.08 a 33.04 ± 5.14a 19.33 ± 0.72d 

MCV 

(fL) 
149.75±12.5c 181.7±12.1b 182.73 ± 11.88b 154.40 ±6.11c 170.00 ± 6.49b 215.47± 3.96a 

MCH 

(Pg) 
49.08±12.4c 45.04±4.89cd 67.60 ± 19.42b 31.90 ± 1.37 d 39.82 ± 1.32cd 103.4±17.06a 

MCHC 

(g/dL) 
28.48±2.54bc 4.80 ± 2.15cd 30.43 ± 2.77b 20.64 ± 0.34 e 23.38 ± 1.23de 44.83 ± 5.48a 

PLT 

(10
6
/µL) 

33.25±10.1 a 34.40±29.9 a 18.00 ± 1.00 a 18.20 ±17.16 a 11.80 ± 8.93 a 27.33± 20.50 a 

RDW_C

V (%) 
25.00± 6.35a 15.92± 2.68b 14.97 ±3.51b 11.24 ±2.41 bc 9.28 ± 0.82c 11.27 ± 3.44bc 

RDW_S

D (fL) 
- - - 57.52 ± 8.41 a 55.46 ± 5.86 a - 

PDW 

(fL) 
- 11.00±1.88 a 11.70 ± 2.07 a 11.16 ± 4.45 a 10.44 ± 1.99 a 12.77 ± 3.35 a 

MPV 

(fL) 
- 11.12±0.67 a 10.70 ± 0.40 a 10.48 ± 0.97 a 10.24 ± 0.55 a 10.97 ± 0.83 a 

P_LCR 

(%) 
- 32.70±4.41 a 29.63 ± 3.18 a 29.94 ± 7.21 a 27.98 ± 4.91 a 34.67 ± 4.75 a 

NEUTR 

(%) 
57.65±34.8 a 58.06±19.6a 74.80 ± 18.90 a 70.06 ±13.14 a 59.92 ± 29.44 a 50.0 ± 13.22 a 

LYMPH 

(%) 
38.85±31.7 a 38.70±20.9 a 20.77 ±17.24 a 25.96 ±11.86 a 38.88 ± 30.07 a 45.67± 11.15 a 

MONO 

(%) 
2.53 ± 2.59 a 2.92 ± 1.15 a 4.17 ± 3.51 a 3.96 ± 2.58 a 1.76 ± 0.89 a 2.17 ± 2.45 a 

EO (%) 0.13 ± 0.25 ab 0.16 ±0.23 ab 0.27 ± 0.38 ab 0.20 ± 0.44 ab 0.02 ± 0.04 b 0.67 ± 0.57 a 

BASO 

(%) 
0.20 ± 0.40a 0.16 ± 0.21b 0.00 ± 0.00ab 0.02 ± 0.04 ab 0.02 ± 0.04ab 1.50 ± 2.16 ab 

PCT (%) 0.00 ± 0.00 a 0.00 ± 0.00 a 0.02 ± 0.00 b 0.01 ± 0.02 b 0.01 ± 0.01 b 0.02 ± 0.02 b 

ESR 

(mm/hr) 
0.50 ± 0.58 a 0.40 ± 0.54 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 
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Table 6. Comparison of blood parameters of males and females of Indian major carps 

Variables 

C. catla C. mrigala L. rohita 

Female Male Female Male Female Male 

WBC 

(10
3
/µL) 

32.62 ±13.26 a 18.98 ± 3.56b 18.47 ± 2.07 a 50.20±31.93a 24.84±14.23 a 20.53 ± 3.95a 

RBC 

(10
6
/µL) 

2.18±0.66 a 1.24 ± 0.32a 1.65 ± 0.47 a 1.62± 0.25a 1.65 ± 0.48 a 1.27 ±0.49a 

HB (g/dL) 9.16±2.80a 5.88 ± 0.85a 7.25 ± 1.64 a 7.22 ± 0.94a 6.46 ± 2.27 a 8.00 ±0.70a 

HCT (%) 27.74±10.01a 20.88 ± 4.32a 29.8±7.036a 29.44 ± 5.99a 27.92± 8.66a 26.27 ±0.55a 

MCV (fL) 171.02±16.56a 149.75 ± 12.53a 183.2±14.72a 181.7±12.09a 190.52±3.11a 182.73±11.88a 

MCH (Pg) 41.92±2.55a 49.08 ± 12.43a 44.90 ± 7.77 a 45.04 ± 4.89a 38.52 ±4.87a 67.60 ±19.42b 

MCHC 

(g/dL) 
33.95±8.03a 28.48 ± 2.54a 24.39 ± 2.22a 4.80 ± 2.15a 23.26 ± 6.23a 30.43 ±2.77a 

PLT 

(10
6
/µL) 

57.40±29.95a 33.25 ± 10.05 a 23.25±10.24 a 34.4±29.99 a 25.0 ± 12.21a 18.00 ±1.00 a 

RDW_CV 

(%) 
29.52±9.46a 25.00 ± 6.35 a 19.35 ± 2.89a 15.92 ± 2.68a 16.82± 2.46a 14.97 ±3.51a 

RDW_SD 

(fL) 
- - 11.87 ± 4.29a - - - 

PDW (fL) - - 10.35 ± 1.08 a 11.0 ± 1.88 a 10.60 ± 0.81 a 11.70 ± 2.07 a 

MPV (fL) - - 28.50 ± 8.81a 11.12±0.67 a 10.40 ± 1.41 a 10.70 ±0.40 a 

P_LCR (%) - - 76.00 ± 15.75 a 32.70±4.41 a 27.26 ± 8.39 a 29.63 ±3.18 a 

NEUTR 

(%) 
54.24±46.81 a 57.65 ± 34.76 a 20.35±13.57 a 58.06±19.6 a 64.7 ±13.79 a 74.80 ±18.90 a 

LYMPH 

(%) 
35.52±38.05a 38.85 ± 31.7 a 20.40 ± 2.05a 38.7±20.87 a 32.58±13.28a 20.77 ±17.24 a 

MONO (%) 8.86±14.67 a 2.53 ± 2.59 a 1.10 ± 1.88 a 2.92 ± 1.15 a 2.62 ± 0.95 a 4.17 ±3.51 a 

EO (%) 1.24±2.12 a 0.13 ± 0.25 a 0.15 ± 0.12 a 0.16 ± 0.23 a 0.08 ± 0.11 a 0.27 ±0.38 a 

BASO (%) 0.16±0.30 a 0.20 ± 0.40a 0.02 ± 0.01 a 0.16 ± 0.21a 0.02 ± 0.04 a 0.00 ±0.00a 

PCT (%) 0.00 ± 0.00 a 0.00 ± 0.00 a 0.25 ± 0.50 a 0.00 ± 0.00b 0.02 ± 0.01 a 0.02 ±0.00a 

ESR 

(mm/hr) 
0.40±0.55 a 0.50 ± 0.58 a 0.00 ± 0.00 a 0.40 ± 0.54 a 0.40 ± 0.54 a 0.00 ±0.00 a 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 
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Table  7. Comparison of blood parameters of males and females of Chinese carps 

 C. idella H. molitrix C. carpio 

Variables Female  Male  Female  Male  Female  Male  

WBC 

(10
3
/µL) 

27.5 ±15.05 a 16.89 ± 2.719a 26.66 ± 5.53
 a
 32.08±1.80

a 
55.64 ± 3.06

a 
45.90±2.90

b 

RBC 

(10
6
/µL) 

1.93 ± 0.18 a 2.16 ± 0.19 a 2.02 ± 0.33
 a
 1.94 ± 0.28

 a
 0.24 ± 0.03

 a
 0.58±0.28

a 

HB (g/dL) 6.72 ± 0.84 a 6.92 ± 0.75 a 8.63 ± 1.59
a 

7.68 ± 0.85
a 

4.83 ± 0.98
 a
 9.40±0.36

b 

HCT (%) 32.50 ± 4.18 a 33.46 ± 3.08 a 37.18 ± 7.22
a 

33.04±5.14
a 

16.63 ± 1.98
 a
 19.33±0.72

d 

MCV (fL) 168.23±7.06a 154.40±6.11b 183.58±12.44
a 

170.0±6.49
a 

217.07±10.45
a 

215.47±3.96
a 

MCH (Pg) 34.83 ± 1.53 a 31.90 ± 1.37 b 42.68 ± 4.14
a 

39.82±1.32
a 

200.13±13.11
a 

103.40±17.06
b 

MCHC 

(g/dL) 
20.70 ± 0.42 a 20.64 ± 0.34 a 23.23 ± 0.99

a 
23.38±1.23

a 
29.76±8.84

 a
 44.83 ±5.48

a 

PLT 

(10
6
/µL) 

51.50±13.40 a 18.20 ± 17.16 b 22.25 ± 16.86
a 

11.80±8.93
 a
 24.00 ±7.21

 a
 27.33±20.50

 a
 

RDW_CV 

(%) 
11.05 ± 1.12 a 11.24 ± 2.41 b 9.35 ± 1.36

a 
9.28 ± 0.82

a 
12.33 ±1.25

a 
11.27± 3.44

a 

RDW_SD 

(fL) 
63.43 ± 9.00 a 57.52 ± 8.41 a 60.63 ± 11.07

a 
55.46±5.86

 a
 - - 

PDW (fL) 13.52 ± 1.07 a 11.16 ± 4.45 a 13.73 ± 2.93
 a
 10.44±1.99

 a
 12.10 ± 1.61

 a
 12.77 ± 3.35

 a
 

MPV (fL) 10.83 ± 0.48 a 10.48 ± 0.97 a 11.48 ± 0.92
 a
 10.24±0.55

 b
 9.90 ± 0.52

 a
 10.97 ± 0.83

 a
 

P_LCR (%) 32.42 ± 2.63 a 29.94 ± 7.21 a 36.30 ± 5.85
 a
 27.98±4.91

 a
 27.40±3.65

 a
 34.67 ± 4.75

 a
 

NEUTR 

(%) 
69.77±11.84 a 70.06 ± 13.14 a 71.25±24.62

 a
 59.92±29.4

 a
 35.0±18.02

 a
 50.00 ±13.22

 a
 

LYMPH 

(%) 
27.82±10.74 a 25.96 ± 11.86 a 26.25 ± 25.51

a 
38.9±30.07

 a
 64.13±18.19

a 
45.67±11.15

 a
 

MONO (%) 2.15 ± 1.30 a 3.96 ± 2.58 a 2.50 ± 1.73
 a
 1.76 ± 0.89

 a
 0.63±0.46

 a
 2.17 ± 2.45

 a
 

EO (%) 0.25 ± 0.50 a 0.20 ± 0.44 a 0.00 ± 0.00
 a
 0.02 ± 0.04

 b
 0.00 ±0.00

 a
 0.67 ± 0.57

 a
 

BASO (%) 0.00 ± 0.00 a 0.02 ± 0.04 a 0.00 ± 0.00
 a
 0.02 ± 0.04

a 
0.23±0.23

 a
 1.50 ± 2.16

 a
 

PCT (%) 0.05 ± 0.01 a 0.01 ± 0.02 b 0.03 ± 0.02
 a
 0.01 ± 0.01 0.01 ± 0.01

 a
 0.02 ± 0.02

a 

ESR 

(mm/hr) 
0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00

 a
 0.00 ± 0.00

 a
 0.00 ± 0.00

 a
 0.00 ± 0.00

 a
 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 
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Blood Chemistry 

Total protein, albumin, globulin and IgM were studied within and between the experimental 

species. Statistical analysis of females blood showed highest values for total protein and albumin 

in  C. catla (9.62 ± 0.62& 6.78 ± 0.04) followed by H. molitrix, C. carpio,  C. mrigala and least 

in the C. idella (5.02 ± 1.52 g/dl & 2.80 ± 1.11 g/dl). Globulin had highest values in the L. rohita 

(3.36 ± 0.92 g/dl) and least in the C. mrigala (1.92 ± 0.67 g/dl). There was significant difference 

between each species for the albumin as compared to the total protein and globulin contents. C. 

carpio showed highest value for Ig M (0.75 ± 0.20 g/dl) (Table 8). Blood of male members of 

each species when compared showed highest diversity in case of albumin again. Values for total 

protein, albumin, globulin and Ig M for males of experimental species are given in the table 9. Ig 

M values for males were uniform among all the species except C. catla. 

Findings among the species also disclosed significant differences especially for albumin and total 

protein. Small fluctuations were observed in globulin values and Ig M between experimental 

species (Table 10). However, the comparison of males and females for blood chemistry revealed 

that they differed significantly in term of total protein, globulin and Ig M only (Table 11). In the 

last assessment of blood chemical parameters within the species showed that C. carpio male and 

females differed in case of total protein and albumin and C. catla for the Ig M contents. All other 

species showed non-significant relation for total protein, albumin, globulin and Ig M (Table 11, 

12). 
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Table 8. Total protein, albumin and globulin in females of experimental fish species 

Species 
Total Protein 

(g/dl) 

Albumin 

(g/dl) 

 

Globulin 

(g/dl) 

Ig M 

(g/dl) 

C. catla 9.62±0.62
a
 6.78±0.04

a
 2.84±0.58

ab
 0.59 ± 0.12

ab
 

C. mrigala 5.20±1.41
b
 3.28±0.93

dc
 1.92±0.67

b
 0.59 ± 0.18

 ab
 

L. rohita 7.54±1.50
a
 4.18±0.84

bcd
 3.36±0.92

a
 0.69 ± 0.20

 ab
 

C. idella 5.02±1.52
b
 2.80±1.11

d
 2.22±0.49

ab
 0.57 ± 0.08

 ab
 

H. molitrix 8.30±2.42
a
 4.96±2.09

b
 3.33±0.66

a
 0.47 ± 0.38

 b
 

C. carpio 7.40±1.95
a
 4.50±1.32

bc
 2.90±1.34

ab
 0.75 ± 0.20

 a
 

 

Table 9. Total protein, albumin and globulin in males of experimental fish species 

Species 
Total Protein 

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

Ig M 

(g/dl) 

C. catla 7.26±1.34
a 

4.70±0.79
ab 

2.56±0.72
ab 

0.33 ± 0.16
 b
 

C.  mrigala 4.85±0.46
b 

3.15±0.31
cd 

1.70±0.16
c 

0.58 ± 0.11
 a
 

L.  rohita 6.95±0.85
a 

3.95±1.02
bc 

3.00±0.63
a 

0.65± 0.10
 a
 

C. idella 4.86±1.03
b 

2.92±0.95
cd

 1.94±0.21
bc

 0.44 ± 0.14
 a
 

H. molitrix 8.03±0.71
a 

5.53±0.63
a 

2.50±0.33
ab 

0.43 ± 0.35
 a
 

C.  carpio 4.03±0.75
b 

2.56±0.25
d 

1.46±0.55
c 

0.49 ± 0.45
 a
 

 

Table 10. Total protein, albumin and globulin between genders of experimental fish species 

Gender 
Total Protein 

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

Ig M  

(g/dl) 

Female 7.25 ± 2.24
a
 4.44 ± 1.71

a
 2.81 ± 0.99

a
 0.63 ± 0.19

a
 

Male 6.08 ± 1.68
b
 3.85 ± 1.24

a
 2.23 ± 0.68

b
 0.48 ± 0.22

b
 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05.
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Table 11. Total protein, albumin and globulin between species of experimental fish species  

 

Table 12. Total protein, albumin and globulin between males and females of experimental fish specie 

Species 

Total Protein 

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

Ig M 

(g/dl) 

Male Female Male Female Male Female Male Female 

C. catla 7.26±1.34
a 

9.62±0.62
a
 4.70±0.79

a 
6.78±0.04

a
 2.56±0.72

a 
2.84±0.58

a
 0.59 ± 0.12

a 
0.33 ± 0.16

 b
 

C. mrigala 4.85±0.46
a 

5.20±1.41
a
 3.15±0.31

a 
3.28±0.93

a
 1.70±0.16

a 
1.92±0.67

a
 0.59 ± 0.18

 a
 0.58 ± 0.11

 a
 

L. rohita 6.95±0.85
a 

8.30±2.42
a
 3.95±1.02

a 
4.18±0.84

a
 3.00±0.63

a 
3.36±0.92

a
 0.69 ± 0.20

 a
 0.65 ± 0.10

 a
 

C. idella 4.86±1.03
a 

5.02±1.52
a
 2.92±0.95

a
 2.80±1.11

a
 1.94±0.21

a
 2.22±0.49

a
 0.57 ± 0.08

 a
 0.44 ± 0.14

 a
 

H. molitrix 8.03±0.71
a 

8.30±2.42
a
 5.53±0.63

a 
4.96±2.09

a
 2.50±0.33

a 
3.33±0.66

a
 0.47 ± 0.38

 a
 0.43 ± 0.35

 a
 

C. carpio 4.03±0.75
a 

7.40±1.95
b
 2.56±0.25

a 
4.50±1.32

b
 1.46±0.55

a 
2.90±1.34

a
 0.75 ± 0.20

 a
 0.49 ± 0.45

 a
 

Note: Figures with different superscript letters are significantly different from each other at p<0.05. 

Species 
Total Protein 

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

Ig M 

(g/dl) 

C. catla 8.12 ± 1.83
a 

5.50 ± 1.61
a 

2.61 ± 0.63
b 

0.45 ± 0.19
b
 

C. mrigala 6.30 ± 2.31
bc

 3.96 ± 1.55
cd 

2.33 ± 1.04
b 

0.59 ± 0.16
ab

 

L. rohita 7.58 ± 1.55
ab 

4.18 ± 1.04
bc 

3.40 ± 0.86
a 

0.68 ± 0.16
a
 

C.  idella 4.98 ± 1.17
c 

2.85 ± 0.93
d 

2.12 ± 0.40
b 

0.51 ± 0.12
ab

 

H. molitrix 8.14  ± 1.49
a 

5.28 ± 1.32
ab 

2.86 ± 0.63
ab

 0.45 ± 0.32
b
 

C.  carpio 6.21 ± 2.18
bc

 3.84 ± 1.34
cd 

2.36 ± 1.21
b 

0.66 ± 0.31
a
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DISCUSSION  

The environments and conditions, in which fish live, influence the metabolites in the blood 

(Bullis, 1993). Internal environment of the organism can be evaluated by using biochemical 

profile of blood (Masopust, 2000; Anver, 2004; Wagner and Congleton, 2004). Accordingly, 

haematology and serum bio-chemistry data are of immense importance in monitoring the health 

in fisheries management. Blood parameters have been used as valuable tools to analyze the 

health status of fish as they provide reliable information on metabolic disorders, deficiencies and 

chronic stress status before clinical symptoms appear (Bahmani et al., 2001).  A number of 

researchers has worked  on the relationship of blood parameters to  different stressful factors 

(Sala-Rabanal et al., 2003; Cnaani et al., 2004), management (Svobodova et al., 2006), diseases 

(Chen et al., 2003; Rehulka and Minarık, 2007), inadequate feeding regimes (Coz-Rakovac et al., 

2005; Bello-Olusoji et al., 2007), and toxicant exposure (Garg et al., 1989; Misra and Behera, 

1992; Jung et al., 2003). However the co-relation of blood parameters among different fishes in 

fish  immunity primarily remained ignored.   

Blood cells and plasma constituents works in complex ways to deliberate immunity against 

infectious pathogens, to produce inflammatory response, to resist or destroy invading organisms, 

and to destroy and remove dead cells and foreign materials. Primary role in immunity is played 

by the leukocytes. Granulocytes and monocytes migrate to the infectious or inflammatory site 

and phagocytize bacteria and other invading agents by enzymatic break down. Lymphocytes are 

concerned with the development of immunity. Acquired resistance to specific microorganisms is 

in part attributable to antibodies, proteins that are formed in response to the entry into the body 

of a foreign substance (antigen). Antibodies that have been induced by microorganisms not only 

participate in eliminating the microbes but also prevent re-infection by the same organism. Cells 
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and antibodies may cooperate in the destruction of invading bacteria; the antibody may attach to 

the organism, thereby rendering it susceptible to phagocytosis. C. carpio has a greator number of 

WBCs and exhibit highest resistance against the pathogens whereas C. catla has least number of 

WBCs and showed less resistance. Other experimental species have values between these two 

extremes. C. idella males have less number of WBCs and showed high infestation after the C. 

catla. C. carpio has the greatest number of eosinophil, basophils and lymphocytes in males and 

females that are important for parasitic infection as they activate the production of 

immunoglobulins to enhance the immunity.  C. catla and Ctnopharyngodon idella had the lowest 

values so suffered more from parasitic infections than their counterparts. High number of 

Lymphocytes (CD4+CD8, B lymphocytes) as compared to the other species makes the C. carpio 

more resistant to the parasite as it activates the antibody- mediated immunity (Cheesbrough, 

2005). 

The red blood cells (erythrocytes), are highly differentiated cells  that have a basic role in the 

maintenance of respiratory pigment functionality–haemoglobin. Depending on species, the 

erythrocytes number of fish is 2–3 times smaller than human blood, oscillating after some 

authors between 0.76 and 2.28 ×10 
6
µl and our readings falls within the given range. In fish, 

variations in normal values of erythrocyte number represent the appearance of some functional 

disturbances, this sanguine parameter being used as an instrument for diagnostic and 

appreciation of gravity of these disturbances.  According to Ghitino, (1983), the erythrocyte 

number of C. carpio varies among 1.10–2.20×10
6
µl, with 41–66.5 % haemoglobin, and Parvu & 

Caprarin (1984), describe as normal the interval included among 8.3–15.7 g/100 ml of blood. 

The normal values to Ghitino (1983) of main haematological parameters on C. carpio as regards 

the normality level of erythrocytes from fish blood, the scientist regards, are divergent. Thus 
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Phillips cited by Reichenbach-Klinke (1965), consider that values that fall  under 0.8×10
6
 

erythrocytes/µL define the anemia condition of fish, and fish having lesser than 0.71×10
6
 

erythrocytes/µL do not survive.  The mean value for haemoglobin concentration in  P.  obscura 

was 5.70 g/dL  falls within the ranges reported for other fishes like L. rohita, 6.0 g/dl for males 

and 6.3 g/dl for females (Seddiqui and Mishra, 1979) and H. molitrix, 6.11 g/dl (Pieterse et 

al.,1981). In fish blood, oxygen is carried in physical solution and also in combination with 

haemoglobin, so physiologically, haemoglobin is crucial for the survival of fish as its role is 

directly related to the oxygen binding capacity of blood. Despite this importance as regards the 

erythrocyte constants MCV, MCH and MCHC offer relationships on the size, form and 

hemoglobin content of erythrocytes. They allow the determination of morphological (normocyte, 

macrocyte and microcyte anemia) and chromic type (normochrom, hyperchrom and hypochrom 

anemia) of anemia, offering valuable indications regarding the etiological diagnosis, evolution 

and efficiency of attendance. Thereby MCHC – mean corpuscular hemoglobin concentration of 

erythrocyte hemoglobin is the most faithful erythrocyte constant and gives the smallest error, as 

long as for calculation are used the most accurate determined values of sanguine constants 

namely  hemoglobin and hematocrit value (Manolescu et al, 1978; Manolescu N.and col. 1999).   

It can be said that the higher level of HCT indicate a good physiological condition which is 

found on the superiority of body mass comparatively with other races. The low value of MCH in 

Japanese ornamental carp (31.8±5.5pg) comparatively with registered values on carp races 

(85.06±21.00 pg of Ineu, 95.70±19.03 pg, Frasinet and 91.30±12.85 of Ropsa); indicate the 

presence of a hypocrom anemia as described by the Radu et al, (2009). In our studies C. carpio 

has the greatest value of MCH as compared to the other experimental fishes and showed least 

prevalence against parasite. Females of fish exhibit higher values for the blood cell indices as 
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compared to the male members of species and may  act as strong and more resistant to the 

parasite. 

Baxhall and Daisely (1973) have reported the possibility of using haematocrit as a tool in 

aquaculture and fishery management for checking anemic condition. Reported values for fish 

haematocrit are usually between 20-35% and scarcely attain values greater than 50% (Clark et 

al., 1976) and these values co-relate to the values found in our experimentation.  Haematological 

parameters of our studies are close to the value given by John et al., (1948), Tomova et al., 

(2008), Arnaudov et al., (2009) and Arnaudov et al., (2008) but the values for total protein, 

albumin and globulin were higher.  

Immunoglobulin M (IgM), is the major component of fish specific humoral defense however, Ig 

D (Harding, 1990), Ig Z and Ig T (Danilová et al, 2005; Hansen et al 2005) have also been 

recently described.  Specific antibodies play an essential role in cytolytic or cytotoxic 

mechanisms, such as in the activation of the complement system (classical pathway) or helping 

leukocytes to adhere to the parasite surface, presumably through Fc-like receptors (Griffin 1983).  

IgM concentration levels falls within the range given by the Rohlenova et al (2011) for common 

carp. IgM level depend on season (low IgM in winter and spring) and sex in C. carpio according 

to the Rohlenová et al (2011) or probably related to water temperature, in rain-bow trout O. 

mykiss (Sánchez et al., 1993) and goldfish C. auratus, reported by Suzuki et al., (1996) Avtalion 

(1969) and Stolen et al., (1984).  Suzuki et al., (1997) examined level of IgM in strains of 

rainbow trout under constant water temperature and natural day length, and reported that the IgM 

concentration level varied due to the immunosuppression effect induced by sex hormones. 

Rohlenová et al (2011) also did not find any clear association between seasonal changes 
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(potentially related to water temperature) but find a relationship with the host sex, with a 

significantly lower IgM concentration in males that is contradictory to our studies where females 

have low level of IgM concentration. Highest level of IgM in C. carpio as compared to other 

experimental fishes made it more resistant against the pathogens. Immunosuppressive effect of 

host sex and sex hormones on IgM also has been demonstrated in rainbow trout (Hou et al., 

1999a) and salmonid fish (Hou et al., 1999b). The production of specific immunoglobulin 

against gill monogeneans (Buchmann and Lindenstrøm, 2002) or other helminths pathogens 

(Secombes and Chappell 1996) was also observed. IgM secretions in case of resistance against 

Lernaea in Chinese and Indian major carps were not studied before our work. 
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CHAPTER-6 

 

EXPERIMENT-4 

 

FISH MUCUS; A PHYSICAL BARRIER TO PATHOGENS 

 

INTRODUCTION  

Fish depends upon its innate or non-specific immune mechanisms against variety of pathogens 

(Subramanian et. al., 2008). Fish mucus layer helps in osmo-regulation, reduction of friction and 

disease resistance (Shephard 1994). It provides mechanical, chemical and innate immunity 

against the pathogen attack.  It reduces pathogen access due to its constant downward movement 

along lateral sides of the fish and its various sprawling edges and sides. Presence of 

immunoglobulins, enzymes and lytic agents ensure the neutralization of microorganisms (Ellis, 

2001 and Palaksha et. al., 2008) when they invade. Number of experiments has been performed 

on fish skin immunity and skin bacterial infections (Aranishi et. al., 1998, Lemaitre et al., 1996 

and Ebran et al., 2000) however, little information is available on the role of skin mucus as a first 

line of defense against various pathogens.  

Fish are vulnerable to many ecotoparasites present in living aquatic environment but family  

Lernaeidae has been and is a common family causing parasitic infestation in freshwater fish all 

over the world (Tasawar et.al., 2009). Members of Cyprinidae fish family have been observed 

the most common hosts of Learnaea -a persistent threat to fish and fish culture. Although 

considerable work has been done in various parts of the world and Pakistan (Bjorn et al., 2006; 

Boxaspen, 2006; Jalali and Barzegar, 2006; Jones et al., 2006; Kir, 2007; Koyun et al., 2007; 

Oktener et al., 2007; Revie et al., 2007; Tasawar et al.,1999; Tasawar et al.,1999; Tasawar et al., 
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2000; Tasawar et al., 2000; Tasawar et al., 2001; Tasawar et al., 2007a; Tasawar et al., 2007b) on 

level and intensity of its attack and its variability from  species to species (Kabata, 1985; 

Tasawar et al., 2007b) the causes of this selective attack have not yet been fully implicit.  Earlier 

studies show that Leranaea remained ineffective till copepodid-I stage, and prior stages continue 

their further development off the fish host. This could be due to some degree of innate resistance 

or an immune mechanism in fishes against the parasitic copepodid-I, the basis for which may be 

morphological, biochemical or immunological or a combination of all.  Identification and 

exploitation of this putative mechanism(s) can pave the way for its application to control its 

attack and subsequent infections in susceptible species of fish. Jones (2001) opined that the 

physicochemical characteristics of the skin mucus, the presence of bio-reactive substances 

including lysozyme, complement, C-reactive protein, haemolysins and lectins and the epidermal 

migration of inflammatory cells and their secretions may affect establishment and proliferation 

of ecto-parasitic copepods. However investigation of the possible causes  for variability in the  

susceptibility to Lernaea in different carp species in the present experiments require further 

explorations to ensure that whether it is due to the biochemical, immunological, morphological 

and genetic characteristics of the host. 

The present study was, therefore, planned to explore the conceivable reasons and factors or bio-

active molecules in the epidermal mucus of Indian and Chinese major carps which attract or 

repel this menace from attack. Mechanism of this host-parasite relationship and physiological 

role of mucus in this complex will also be explored. 
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MATERIALS AND METHODS 

Experimental site 

Studies were conducted in fish pond complex of Fisheries and Aquaculture Department at Ravi 

campus Pattoki.  

Experimental animal 

Grass carp (C. idellus), silver carp (H. moiltrix), rohu (L. rohita), mrigal (C. mrigala), thaila (C. 

catla) and common carp (C. carpio) were selected as experimental fish species for planned 

studies.  

Experimental procedure  

Healthy fishes belonging to the above varieties were cultured under semi-intensive fish culture 

system on their preferred food under similar environmental conditions. Following completion of 

growth period fishes were collected simultaneously from culture ponds and transported alive in 

same water to the fish hatchery for further commissioning the subsequent experimental steps.  

Each fish weighed 830 ± 316 g on the average. Prior to initiation of mucus collection all the 

fishes were bathed in Potassium permanganate (KMnO4) solution (8.0 ppm) to remove any 

microbial or fungal infection/infestation to alleviate the possibility of any type of contamination 

in mucus sample. Then fishes were acclimatized in cemented circular tanks in hatchery building 

under stress free environment for 24 hours for normalizing bodily functions of fishes.  

Mucus collection 

Fishes were anesthetized with MS-222 (100 mg L
-1

) and laid on smooth surface of table with 

towel support for safe handling. Well immersed plastic spatula was gently wiped on dorsoventral 

surface of fish which scrapped off mucus from the skin surface.  During collection of mucus 

maximum precautions were adopted to keep it free of common contaminants like blood, scales or 
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intestinal fluids. Samples were centrifuged at 12000×g at 4 ˚C for 10 minutes and stored at -40 

˚C in biomedical freezer. Prior to analysis, mucus samples were thawed at room temperature for 

smooth and hassle free operation of the equipment.  

Total Protein Contents 

Bradford Micro Assay technique was applied to determine protein contents using Bovine Serum 

Albumin (BSA) as standard. BSA solution and mucus dilutions were made in de-ionized water in 

flat-bottom microtiter plate. Bradford protein solution (50 μL) was added to each well and 

absorbance was recorded at 595 nm. Standard curve was drawn from various but consecutive 

dilutions of BSA solution and protein concentrations in different samples were then calculated 

and determined by comparing their readings with standard curve of BSA solution (Bradford, 

1976; Zaika, 1988). 

Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

Electrophoresis was carried out as described by Laemmli (1970) with slight modifications. 15% 

separating and 4% staking buffer were used to run the SDS- PAGE under constant voltage of 

120. Fermentas PageRuler™ protein ladder was used as the standard marker for non reducing 

protein. The gel was stained with PageBlue™ (Fermentas) stain for identification of protein 

bands for molecular weight determination.  

Lectin Activity 

Lectin activity was determined according to Ewart et al., (2001) method. 50 uL mucus was 

diluted in two-fold serial dilutions in 50 uL phosphate buffer (PBS) (0.05 M, pH 6.2) in U 

bottom microtiter plate. Fifty uL rabbit RBCs solution (1%) was mixed in the dilutions and 

incubated at room temperature for one hour. RBCs in PBS were used as control. Plate surface 

was read to determine hemagglutination (HI) titer.  The HI titer, defined as the reciprocal of the 
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highest dilution exhibiting hemagglutination, was computed as one hemagglutination unit. 

(Specific activity is the number of heamagglutination unit‟s mg
-1

 lectin (Wang et al., 2001)). 

Alkaline Phosphatase Test  

Mucus was incubated with 4 mM p-nitrophenyl phosphate in ammonium bicarbonate buffer (100 

mM) with 1 mM MgC12 (pH 7.8) at 30°C. The increase in optical density (OD) was measured 

continuously for 2 to 3 hours at 405 nm using a micro plate reader. The initial rate of the reaction 

was used to calculate the activity (One unit (U) of activity is defined as the amount of enzyme 

required to release 1µmol of p- nitrophenol product in 1 min (Fletcher, 1986)).  

Statistical Analysis: 

Statistical analysis was performed by using SAS software (9.1 Version).  Data were analyzed 

using ANOVA statistical test. Significance level was fixed as p<0.05. Treatment means of 

different treatments were compared by Duncan‟s Multiple Range Test.   

RESULTS 

Protein concentration  

Protein concentration varied among experimental fish species and was the highest in C. idella 

(3.29 ± 0.13 mg mL
-1

) and C. catla (3.02 ± 0.57 mg mL
-1

) which was significantly higher than 

their counterparts. Significantly (p<0.05) the lowest protein concentration was observed in   C. 

carpio (Table 1). The protein concentration values in mucus of C. mrigala, L. rohita and H. 

molitrix fell in-between these two extremes and were quite similar with each other but different 

from other experimental fish species (Table 1).  

 

 



131 
 

Table 1. Protein concentration HA titer and alkaline phosphatase activity in mucus of 

experimental fish species  

Fish species 

Protein 

Concentration 

(mg mL
-1

) 

HA Titer 

value 
ALP (U/L) 

C. catla 3.02 ± 0.57
b
 2

6b
 184.6±0.1

c
 

C. mrigala 2.88 ± 0.07
a
 2

7a
 61.3± 0.4

b
 

L. rohita 2.63 ± 0.48
a
 2

8a
 87.5 ± 0.7

a 

C. idella 3.29 ± 0.13
b
 2

9a
 152.5± 0.7

d
 

H. molitrix 2.87 ± 0.18
a
 2

1c
 35.8 ± 0.4

e
 

C. carpio 1.80 ± 0.09
c
 2

7a
 31.1 ± 0.1

f
 

Note: Figures with different superscript letters are significantly different from each other at 

p<0.05. 

 

Protein profile of mucus 

The protein profile of mucus extracts of all the fish species was conducted on SDS-PAGE gel 

(Fig. 2). PAGE showed molecular weight ranges of various proteins from 12.59 to 100 kDa.  L. 

rohita has the diverse group of proteins (12.59 to 89.13 kDa) whereas C. mrigala has the lowest 

number of bands (89.13-31 kDa) marking less protein diversity than L. rohita. Proteins below 

50 kDa were very common in all the fish species tested. High molecular proteins were more 

dominant in C. catla and were primarily of 100 kDa size.  
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Table 2. Molecular weight (kDa) of protein found in the skin mucus of experimental fish 

species (SDS-Page analysis). 

 

Sp. 

 

Sr. 

No. 

C. catla C. mrigala L. rohita C. idella H. molitrix C.carpio 

1 100.00 89.13 89.13 89.13 84.14 89.13 

2 84.14 57.54 84.14 74.13 74.13 74.13 

3 74.13 39.81 74.13 58.88 58.88 58.88 

4 58.88 31.62 58.88 50.12 43.65 39.81 

5 50.12  50.12 29.51 31.62 15.85 

6 25.12  31.62 25.12 16.60 14.13 

7 15.85  26.92    

8   25.12    

9   23.44    

10   20.42    

11   17.38    

12   12.59    

 

Lectin Activity 

Lectin activity is the measure of the heamagglutination titer (HA). The C. idella showed 

maximum HA value (2
9
) or the lectin activity hence it may be suggested that this fish had the 

lowest resistance and the highest susceptibility to pathogen attack. H. molitrix showed the lowest 

titer value (2
1
) may indicate that fish was healthy with no or minimum pathogen infestation. The 

HA value for C. mrigala and C. carpio was recorded as 2
7
. L. rohita showed the 2

8
 HA value 

(Table-1). C. mrigala and L. rohita showed very little infestation by the pathogen however, C. 
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carpio did not show any type of infestation throughout the whole study period. However, lectin 

has not been correlated to infection level and hence whatever will be concluded on the basis of 

this parameter will be mere speculation.  

 

 

 

 

 

 

 

 

 

Figure 3. SDS-PAGE of mucus extracts; Molecular mass (kDa) (1) protein marker (2) L. 

rohita, (3) C. mrigala, (4) C. catla, (5) C. idella, (6  H. molitrix and (7) C. carpio. 

Alkaline Phosphatase Activity 

Alkaline phosphatase activity is another stress indicator and varies with level of stress and type 

of fish species exposed.  C. catla has the highest activity (184.6 U/L) and C. carpio the lowest 

(Table 1). Alkaline phosphatase activity increased with intensity of Lernaea infestation. Totally 

free of parasite infestation C. carpio showed the minimum ALP value and C. catla with highest 

infestation displayed the highest value for ALP and proved to be the preferred host of Lernaea. 

ALP values (35.8 ± 0.4) in the skin mucus of H. molitrix were very close to C. carpio hence 

depicted no parasite infestation. 
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DISCUSSION 

Living organisms have strong defense mechanisms against invading microorganisms as survival 

strategies. One of the defense mechanisms is the complement system, composed of more than 30 

serum and cell surface components. This system collaborates in recognition and elimination of 

pathogens as a part of both the innate and acquired immune systems (Yano, 1996). Mucus of fish 

skin is a dynamic biological interface between fish and their environment and is composed of 

biochemically-diverse secretions from epidermal goblet and epithelial clavate (immune) cells 

(Pickering, 1974; Powell 2000; Ellis, 1990). These cells secrete water and mucins like gel 

forming macromolecules (Negus, 1963; Shephard, 1994) ultimately transforming into mucus. 

This epithelial mucus has to face potential pathogen attacks and it retreats and deters possible 

parasitic attacks. It prevents colonization of various parasites. 

Many members of fish family Cyprinidae are the intermediate and definitive hosts of this 

bacteria and fungi (Ebran et. al, 2000) due to inherently presence of certain enzymes, lytics and 

immunoglobins parasite. Baur (1962) and Hoffman, (1967) reported that L. cyprinacea 

parasitizes   C. auratus, A. japonica, C. vulgaris, G. fluviatilis and C. carpio. They further 

claimed that parasite lacks host specificity to an extent that it can infect all freshwater fish and 

even frog tadpoles and salamanders. Our studies contradict the previous findings and confirm 

that this parasite does have host specificity during infestation. 

Probable reasons of this specific attack were explored on two Indian and three Chinese major 

carps. Primarily we used three indicators- an important factor in host defense mechanism. During 

current studies protein concentration was the highest in C. idella (3.29±0.13 mg ml
-1

) and then 

came C. catla with protein value of 3.02±0.57 mg ml
-1

. Lowest protein value was observed in C. 

carpio (1.80 ± 0.09 mg mL
-1

) while values of other three species fell in between these extremes. 
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Comparing the protein concentrations with level of Lernaea infestations it appears that higher 

protein concentration might have attracted Lernaea due to its convenient food and drastically 

proliferated its population.  Arifa et al., (2011) reported protein contents in L. rohita (0.55 mg 

ml
1
) which is lower than the values observed in our studies. Stosik (2001) observed protein 

concentration values (3.06 mg mL
-1

) in C. carpio which are comparatively higher than ours 

which may be due to environmental differences and methods of collection of mucus. 

Contradictory to previous as well as our studies Mozumder (2005) observed quite higher values 

of mucus proteins in cod (38.28 mg mL
-1

)
 
and salmon (9.84 mg mL

-1
). These broader variations 

can be due to species differences and treatment protocols. Nevertheless these observations can 

hardly be compared with our current species which are herbivorous while former are carnivorous 

in nature. Moreover carnivorous species do not face such parasitic challenges at least in our 

environment which demands further investigation to resolve these contradictory observations.  

When various proteins were resolved on Polyacrylamide Gel Electrophoresis (SDS-PAGE), C. 

catla was the only fish species which showed the protein band with the highest molecular weight 

(100 kDa)  (Table 2) which was not present in any other species. Contradictory to all other 

species C. carpio showed a distinct protein band of 14.13 kDa size which is quite close to 

lysozyme which has antibacterial property against pathogens (Fleming, 1922). It contributes in 

innate immune system and is a natural form of protection from pathogens. The enzyme functions 

by attacking peptidoglycans (found in the cell walls of bacteria, especially Gram-positive 

bacteria) and hydrolyzing the glycosidic bond that connects N-acetylmuramic acid with the 

fourth carbon atom of N-acetylglucosamine. The catalytic role of lysozyme to various pathogens 

in fish is  prominent except bacteria. So it can be claimed that 100 kDa protein in C. catla 

attracted Lernaea while 14.1 kDa proteins in C. carpio completely deterred Lernaea attack. 
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However, determination of lyzozyme level in mucus have to be determined to state this as 

molecular weight is not a characteristic. The cat fish skin mucus also contained peptide of 13.3 

kDa and 13.9 kDa band suggesting that it played role in the innate immune system against 

bacteria because fish remained bacteria free during studies (Ramasamy, 2011). Band with 

molecular weight of 31.62 kDa was present in  L. rohita, C. mrigala and H. molitrix whereas 

29.51 kDa in C. idella may indicate the presence of carbonic anhydrase that has molecular 

weight of 31.0 kDa (Broad Range BioRad SDS-PAGE Molecular Weight Standards, Catalog 

Number 161-0317). 

Lectins are the proteins present in all living organisms. They recognize and bind to specific 

carbohydrates of cell surface (glycoproteins and glycoconjugates) and agglutinate them (Lis and 

Sharon, 1998). Lectins play a variety of physiological roles especially in innate immune system 

as a means of defense against invading pathogens (Hoffmann, 1999). Ng (2003) observed lower 

lectin activity (2
7
) in C. idellus than we did (2

9
). Sahoo (2005) determined haemagglutination 

titer (lectin activity) in three Indian major carps to investigate normal physiological non-specific 

immune response under culturable conditions. Haemagglutination titre values for C. mrigala (64 

or 2
6
), and L. rohita (512 or 2

9
) which are in line with the present studies but for C. catla (512 or 

2
9
) values are significantly higher than ours (2

6
). Dash et al., (1993) also observed 

haemagglutination titre variation (32 to 512) in two catfish species, viz. H. fossilis and Clarias 

batrachus in different seasons. Manihar et al., (1991) reported similar trend   in HA activities in 

different species of family Channidae. Higher values for agglutination titer can be used as an 

indicator of either a previous exposure to disease or contact with pathogen contaminated water 

(Troast, 1975). As the fish utilized in present study were from the same culture environment, the 
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variation in agglutination titre observed during currents studies may be due to variation in their 

immune responses.  

Ross (2000) recognized alkaline phosphatase (ALP) as a potential stress indicator in Atlantic 

salmon, S. salar that plays a protective role in wound healing. Iger & Abraham (1997) were 

unable to know the cause of ALP activity differences in the mucus of rainbow trout however; 

they suggested that this variation may be related to stressors including acidity, thermal elevation, 

polluted water and the species response to these stressors. Ross (2000) reported that parasitic 

infestations initiate the secretions of sufficient alkaline phosphatase from Atlantic salmon skin 

which increased with increase in intensity of infestation. Other than fish saliva of other arthropod 

parasites too exhibit phosphatase activity (Kerlin & Hughes, 1992) might be indicator of any sort 

and level of infestation. Sanchooli (2012) and Kumar et al., (2010) reported ALP values in 

common carp blood serum (69.57 ± 11.16 and 85b ± 25.1 U/L, respectively) that is quite high 

than that of the values in the skin mucus of fish in the present studies due to the difference of 

studied medium. However, ALP increased with the increase of infestation that is consistent with 

our studies.   
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CHAPTER-7 

EXPERIMENT-5 

 

ESSENTIAL AND NON-ESSENTIAL AMINO ACID COMPOSITION OF INDIAN AND 

CHINESE MAJOR CARPS FROM THE PERSPECTIVES OF FISH IMMUNITY 

AGAINST LERNAEOSIS 

 

INTRODUCTION 

Three Indian major carps, Catla (C. catla), rohu (L. rohita) mrigal (C. mrigala), two Chinese 

carps grass carp (C. idellus), silver carp (H. molitrix) and one European carp (C. carpio) are 

widely cultured in the Indian sub-continent under semi-intensive and intensive polyculture 

conditions. Gradual intensification of fish culture for higher production deteriorates water quality 

that enhance incidences of various parasitic and non-parasitic diseases in cultured species 

especially Lernaeosis- the most common and deadly disease of carps in present situations. 

Lernaea cyprinacea (copepod, family lernaeidae) - the causative agent of this disease.is  widely 

distributed in Africa, Asia, North America and Europe (Piasecki et al., 2004) and recently has 

been reported from Brazil (DeMagalhaes, 2006) and Western Australia (Hassan et al., 2008). 

Due to lack of host specificity, it can infect all freshwater fishes even it does not spare frog 

tadpoles. Severe infections debilitate fish ultimately succumbs if not treated in time (Kabata, 

1985) however, prevalence of L. cyprinacea varies in different species as it is severe in C. catla 

and very low  if present at all in common carp (C. carpio) which might be due to its internal 

defense system which deterred lernaea from attack (Iqbal et al., 2001a, 2001b and 2001c; Shafiq 

et al., 2001; Tasawar et al., 1999, 2001, 2007 and 2009). 
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Essential nutrients intake have great impact on the several indexes of immune response i.e. 

production of cytokine, antibodies, white blood cells subgroups and proliferation of 

lymphocytes. Consumption of micro and macronutrients altered the immune responses of 

organisms. It not only recognizes pathogen‟s associated molecular patterns (bacterial and fungal 

glycoproteins and lipopolysaccharides) but also release intracellular components through injury 

or infection. The innate immune system of fish regulates the acquired immune responses which 

are directly affected by the food type and the environment in which fish is living (Magnadóttir, 

2006). Immunomodulating properties of certain diets containing ω-3 fatty acids and 

“conditionally essential" amino acids (arginine, glutamine, cysteine, and taurine) have been 

known to improve immune system in pathetic patients (Li et al., 2007).  

Every living body is supported by protein directly or indirectly and its deficiency may lead to 

weaken immune responses and increase the susceptibility of animals and humans to infectious 

disease. Recent studies enlighten importance of amino acids in immune responses as they 

regulate activation of B lymphocytes, T lymphocytes, macrophages  and natural killer cells.  

They also help in regulating gene expression, redox state of cell, lymphocyte proliferation, 

production of antibodies and cytokines. Balanced amount of all amino acids in the body of host 

is necessary for sustaining normal immune-competency and protection from the pathogen and 

variety of diseases in all animal species. However, imbalance and antagonism on nutrient intake 

can be harmful to the immune systemas there is a scarcity of information related to the molecular 

pathway that involve in regulation of amino acids function in immune responses (Li et al., 2007). 

Numbers of studies have been carried out to find out the amino acid profiling of different fish 

species to estimate their gross dietary protein requirements (Sen et al., 1978; Singh and Bhanot, 

1988; Swamy et al., 1988; Mohanty et al., 1989; Cowey and Tacon, 1983; Wilson and Poe, 1985; 
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Wilson and Cowey, 1985; Gatlin, 1987; Arai, 1981) for the development of purified diets.  

However, there is no data that relate the amino acid contents with the fish immune systm so that 

the present study was aimed to find out the amino acid profile to find out the role of amino acids 

in defense system by comparing type and concentration of amino acids in Chinese, Indian and 

common carps. 

MATERIALS AND METHODS 

Location 

Study trial was organized in fish pond complex of the department of Fisheries and Aquaculture, 

UVAS, Ravi Campus, Pattoki.  

Experimental animals 

Parasite free grass carp (C. idellus), silver carp (H. molitrix), rohu (L. rohita), mrigal (C. 

mrigala), thaila (C. catla) and common carp (C. carpio) with an average weight of 830 ± 316 g 

each, were collected from fish ponds for whole-body amino acid composition. Al1 fishes were 

grown under semi-intensive conditions in grow out ponds with natural temperature (28-32°C), 

abundance natural food and regular supply of 40 % protein containing artificial feed. 

Parasitic infestation 

In the month of June, July and August lernaeied infestation was observed in all experimental 

fishes except that in C. carpio. After appearance of infestation fishes were treated with Thunder 

(DDVP- an organophasphate) to eliminate the parasite.  

Amino acid analysis 

Experimental fishes with an average weight of 830 ± 316 g each were used for studies on whole-

body amino acid composition after complete parasite eradication. Triplicate samples of each 

species were over dried after evacuating their gut contents (AOAC, 2003). Dried samples were 
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then finely powdered, sieved and vacuum hydrolyzed in 2 ml of 6 N HCl at 1lO°C for 24 hours 

(Ng & Pascaud, 1987). Total amino acid composition was determined by o-phthaldialdehyde 

(OPA) method (Frister et al., 1988) using an Agilent chromatograph, reverse phase  high 

performance liquid chromatography (HPLC) (O'Hare et al., 1987).  

Statistical analysis 

Data on parasitic infestation and amino acid profiles was subjected to factorial ANOVA using 

SAS (9.2 version) followed by Duncan‟s Multiple Range test  to evaluate the statistical 

significance of mean differences among the species (SAS, 1985). Differences between the means 

of different species were considered significant at p<0.05. 

RESULTS 

Parasitic Prevalence  

Statistical analysis revealed that the highest L, cyprinacea infestation was observed in C. catla 

whereas, not a single parasite was recorded on C. carpio in the month of June and July. C. 

mrigala, H. molitrix and C. idella also showed significant infestation between them. L. rohita 

however, has very low level of infestation. Abdomen and caudal fin were the most attractive 

sites for the parasitic infestation followed by the dorsal fin, head and gills, respectively (Table 1). 

After repeated medication, parasite was completely eradicated from the ponds in the month of 

August, 2011. 



148 
 

 

Table 1. Number of Lernaea and its %age on different body parts of experimental fish in treated ponds (DDVP) during the 

course of study.  

Species 

Total 

No. of 

Fish 

No. of 

Lernaea 

No. of 

Parasite 

/Fish 

No. of 

Lernaea& 

% age 

Dorsal  

Fin 
Gills 

Caudal 

Fin 
Abdomen Head 

C. catla 50 134 3 
Numbers 4 2 29 88 11 

% 3 1 22 66 8 

C. mrigala 14 36 3 
Numbers - - 13 23 - 

% - - 36 64 - 

L. rohita 69 2 0 
Numbers - - 1 1 - 

% - - 50 50 - 

C  idella 66 96 1 
Numbers 11 - 19 65 1 

% 11 - 20 68 1 

H.  molitrix 75 176 2 
Numbers 6 - 5 164 1 

% 3 - 3 93 1 

C. carpio 59 0 0 Numbers - - - - - 

    % - - - - - 
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Amino acid profiling 

Statistical analysis for essential amino acids of Indian and Chinese carps is given in table 2. 

There was consistent trend of decrease in amino acid values from C. carpio to C. mrigala, L. 

rohita, H. molitrix, C. idella and C. catla, respectively.  C. carpio has the highest values for all 

amino acids except the cysteine and methionine. Arginine and valine were the highest in C. 

carpio and the lowest in C. catla. Trend and level of significance was the same in lysine, leucine, 

isoleucine and threonine when compared among experimental species. Tryptophan was the only 

amino acid detected in C. carpio and was absent in all other fish species (Table 2). 

Statistical analysis of non-essential amino acids (alanine, aspartic acid, glutamic acid, glycine, 

proline and serine) showed significant differences among the experimental species. C. carpio 

possessed the highest values for all non-essential amino acids and the lowest in C. catla (table 3). 

Values of aspartic acid and proline significantly varied among species but values of glutamic 

acid and alanine remained the same for C. catla and C. idella. Glycine concentration remained 

same in C. carpio and C. mrigala and serine levels were the same when compared among L. 

rohita, H. molitrix and C. catla and C. idella (Table 3). 
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Table 2: Essential amino acid composition of the whole body tissues of experimental fishes.  

 

Essential amino 

acids 

(mg/g of protein) 

Indian major Carps Chinese  major Carps 

C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

Arginine 3.27±0.02
 e
 3.60±0.03

 b
 3.50±0.02

 c
 3.38±0.01

 d
 3.46±0.01

 c
 4.25±0.02

 a
 

Lysine 5.17±0.01
 f
 6.26±0.10

 b
 6.13±0.03

 c
 5.46±0.01

 e
 5.82±0.02

 d
 6.98±0.03

 a
 

Phenylalanine 5.42±0.01
 e
 7.26±0.02

 a
 7.10±0.02

 b
 6.91±0.04

 d
 7.04±0.02

 c
 7.21±0.04

 a
 

Tyrosine 4.46±0.03
 e
 6.87±0.02

 a
 5.82±0.02

 b
 4.50±0.01

 d
 4.62±0.01

 c
 6.90±0.01

 a
 

Histidine 3.42±0.04
 d
 3.70±0.01

 a
 3.65±0.01

 b
 3.55±0.03

 c
 3.57±0.02

 c
 3.72±0.03

 a
 

Leucine 5.12±0.02
 f
 6.93±0.01

 b
 6.48±0.01

 c
 5.20±0.02

 e
 6.32±0.01

 d
 7.2±0.01

 a
 

Isoleucine 3.62±0.01
 f
 7.02±0.01

 b
 6.82±0.02

 c
 6.35±0.10

 e
 6.60±0.03

d
 7.09±0.02

 a
 

Methionine 3.83±0.01
d
 4.55±0.01

 b
 5.30±0.01

 a
 4.37±0.02

 c
 5.28±0.01

 a
 4.32±0.02

 c
 

Cystine 3.03±0.01
 e
 3.55±0.02

d
 4.32±0.01

 a
 3.55±0.01

d
 3.59±0.01

 c
 3.99±0.02

 b
 

Threonine 4.06±0.01
 f
 4.95±0.03

 b
 4.90±0.00

 c
 4.20±0.02

 e
 4.53±0.01

d
 5.11±0.01

 a
 

Valine 2.55±0.02
 e
 4.30±0.02

 b
 4.15±0.01

 c
 4.00±0.02

 d
 4.10±0.02

 c
 4.50±0.01

 a
 

Tryptophan ND ND ND ND ND 1.90±0.00
 a
 

Note: Figures with different superscript letters are significantly different from each other at p<0.05.  
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Table 3: Non-essential amino acid composition of the whole body tissues of experimantal fishes. 

 

Non essential 

amino acids 

(mg/g) 

Major Carps 
Exotic Carps 

C. catla C. mrigala L. rohita C. idella H. molitrix C. carpio 

Alanine 6.14±0.01
 e
 7.40±0.01

b 
6.60±0.02

 c
 6.15±0.02

 e
 6.55±0.03

 d
 7.53±0.02

a 

Aspartic acid 6.17±0.02
 f
 9.70±0.007

b
 9.02±0.02

 c
 7.03±0.03

 e
 8.34±0.02

 d
 10.02±0.03

a
 

Glutamic acid 4.53±0.007
e
 13.70±0.14

 b
 12.31±0.01

 c
 4.62±0.02

e
 11.64±0.01

 d
 14.18±0.01

 a
 

Glycine 5.05±0.01
e
 7.68±0.02

 a
 6.23±0.03

 b
 5.85±0.01

 d
 6.01±0.01

 c
 7.73±0.1

 a
 

Proline 2.28±0.02
 f
 4.89±0.02

 b
 4.77±0.02

 c
 2.71±0.01

 e
 4.25±0.04

 d
 5.7±0.02

 a
 

Serine 3.88±0.02
 c
 3.82±0.01

d
 4.03±0.04

 b
 3.92±0.01

 c
 4.00±0.01

 b
 4.3±0.03

 a
 

Note: Figures with different superscript letters are significantly different from each other at p<0.05.  
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DISCUSSION  

Recent studies revealed that amino acids and their metabolites are important regulators of key 

metabolic pathways that are necessary for maintenance, growth, feed intake, nutrient utilization, 

immunity, behavior, larval metamorphosis, reproduction, as well as resistance to environmental 

stressors and pathogenic organisms in various fishes (Li et al, 2008). Studies on aquatic and 

terrestrial animals showed that many amino acids regulate key metabolic pathways that are 

crucial to maintenance, growth, reproduction, and immune responses hence named as 

„„functional AA‟‟. One of the most important of them is the arginine that has growth and health 

promoting effect in some fishes. Buentello and Gatlin (2001) found that increased dietary 

arginine level enhanced the survival of channel catfish affected by E. ictaluri, bacteria by killing 

parasite. Our studies were in accordance with Buentello and Gatlin (2001) as it showed higher 

levels of arginine in C. carpio may indicat its resistance against the parasitic infection as 

compared to the C. catla with lowest values and least resistance. Similarly, in case of leucine 

higher in the most resistant species but it may depend upon leucine metabolic pathway that 

determines growth and immunity in the fish especially in cold water fishes ((including tilapia and 

hybrid striped bass, Li and Gatlin, 2007) but this effect was not observed in the warm water 

fishes. 

 In mammals, glutamine initiates protein synthesis (Wu et al., 2007), but there was not any 

information in this regard for fishes. Fishes use this amino acid as a major energy substrate for 

leukocytes key modulator of cytokine and NO production making it crucial to the immune 

response in fish (Buentello and Gatlin1999; Li et al., 2007). Arginine, glutamine, dopamine, 

tryptophan, serotonin, branched-chain AA and glutamine all are important for immunity and 
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under stress conditions (Li et al., 2008). Our studies showed a decreasing trend in these amino 

acids highest in the C. carpio followed by C. mrigala, L. rohita, H. molitrix, C. idella and C. 

catla. Concentration of amino acids in fish body may indicate strength of their health and 

immune system. Number of studies revealed that the amino acids and their products are 

important for reactions involved in immune responses. Creatine for example, is the product of 

arginine, metheonine and glycine that act as an antioxidant in Arctic charr (Bystriansky et al., 

2007) similarly, glutathione (production of Cys, Glu, and Gly) behave as antioxidant and cell 

signaling in all animals (Wu et al., (2004). In shrimps phenylalanine and tyrosine produce 

dopamine that control Down-regulated immunity (Chang et al., 2007). 

Findings of Mnhanty and Kaushik (1991) revealed that the Indian major carps and common carp 

did not have significant difference between their amino acid compositions although fishes feed 

on different feeding niches. However, significant correlations were observed between the 

essential amino acids profiles of these fishes. Similar results were observed in studies of Gatlin 

(1987) and Wilson and Cowey (1985) for EAA profiles of several species of fish. Present study 

was also in close agreement with that of Cowey and Tacon (1983) for carps and Wilson and Poe 

(1985) for channel cat fish. Cowey and Luquet (1983) and Wilson and Poe (1985) stated muscles 

as the quantitatively major tissue of most teleosts and their amino acid composition based on the 

species and its physiological status. Amino acid values for C. idellus and H. molitrix were also in 

accordance with values given by Ashraf et al., (2011) to determine the nutritional values of 

farmed and wild fish. They observed significantly higher values of phenylalanine, valine, 

arginine, lysine and tyrosine in farmed fish than wild fish. Similarly, alanine, glutamic acid, 

phenylalanine and valine were higher in farmed H. molitrix than wild indicating good health; 
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high nutrition values means strengthening of fish immune system and hence high resistance and 

low susceptibility to pathogens.      

However, new discoveries on this aspect  may be facilitated through the integrative applications 

of modern high-throughput and high-efficient technologies, including genomics, transcriptomics, 

metabolomics, proteomics, bio-informatics, systems biology and epigenetics (Wu et al., 2004a; 

Mathers, 2006; J. Wang et al., 2006). Given the increasing commercial availability of food- and 

feed-grade amino acids for dietary supplementation, we enthusiastically predict that amino acids 

will widely become cost-effective neutraceuticals for improving health and preventing infectious 

disease in both humans and animals. 
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COLLECTIVE SUMMARY 

 

The present study was managed to investigate the possible causes of selective Lernaea attack in 

different fish species. Planned studies were conducted in five trials. During the first trial lernaea 

susceptibility and infestation were observed in indigenous major and exotic Chinese carps. 

Studies were conducted in 4 earthen ponds with two ponds per experimental group. Fishes in the 

both groups were fed isonitrogenous diet containing 40% crude protein formulated with different 

feed ingredients. Fishes were identified and examined for the presence of Lernaea species. The 

parasites were removed and preserved in vials containing 5% formalin. Other growth parameters 

i.e. average weight gain, average increase in length while physico-chemical analysis including 

dissolved oxygen, pH, electrical conductivity, water temperature, salinity and total dissolved 

solids, Chlorides, Phosphates ions (PO4
-2

), nitrates (NO3) and secchi disk visibility were 

recorded. The fishes were treated with Tender, an organophasphate (DDVP (Dichlorvos) or 2, 2-

dichlorovinyl dimethyl phosphate) for the control of lernaea. 

The results showed that C. catla is the most susceptible fish to L. cyprinacea infestation and its 

appropriate control for conservation of this precious and declining fish is of extreme importance. 

Thunder is biologically safe as it is biodegradable and degenerated after 36 h without causing 

any negative effect on the water quality parameters and other water flora and 

fauna. Treatment of L. cyprinace with „Thunder‟ (0.10-0.25ppm) gives promising results without 

adverse effect on fish life. Though DDVP worked well in its control but its heavy infestation 

really weaken fish incapacitating its feeding and competing abilities with its counterparts.  
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In the 2
nd

 trial, comparison of bio-chemical profile was observed on healthy and infected Indian 

and Chinese major carps. The experiment was managed in four earthen rearing ponds (59m x 

30.5m x 1.8m). There were two-groups, one group without any treatment served as control and 

the second as treatment. At the outset of trial all the fish species were weighed, measured and 

comprehensively examined for presence of L. cyprinacea and general health condition. Fishes 

from both groups were dealt uniformly except administration of regular applications of DDVP 

(0.25ppm in treatment group while no any medication in control group. Water quality parameters 

DO, pH, electrical conductivity, water temperature, salinity and total dissolved solids, chloride 

ion (Cl
-1

), phosphate ions (PO4
-2

) nitrates (NO
-3

) and light penetration were recorded. Samples of 

healthy and infected fishes of each species were collected for proximate composition (moisture, 

ash, crude protein, crude fat) and minerals (Iron, Zinc, Calcium, Copper and Magnesium) and 

phosphorous analysis.  

The results showed that dry matter, fat and crude protein percentages were significantly 

decreased in lernaeid fishes. Moisture and ash contents of fishes increased in infected fishes as 

compared to healthy and treated fish. A slightly lower level of protein (12.65±0.49) and fat 

(7.30±0.28) in C. catla was observed than rest of the species. The protein was the highest 

(26.00±4.24) in L. rohita while the fats were the highest (10.55±0.92) in C. mrigala and C. 

carpio the second highest. Similarly looking at mineral profile there is not much difference, so it 

is hard to say that level and type of nutrients are solely responsible for L. cyprinacea attack. 

Mineral composition of infected fish indicated that minerals balance upsets during disease 

condition. Pathogenicity is a complex of so many factors, which encompass environmental, 

biological, and physiological so still lot remains to be explored before issuance of any concrete 
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conclusion and recommendation that which factor is more active and critical in inviting and 

attracting this parasite. 

In the third experiment, various blood indices were compared among Chinese and Indian major 

carps from the perspectives of their resistance against lernaeaosis that included probable role of 

blood and its components in  reception of L. cyprinacea  in some commercially important locally 

culturable herbivorous fish varieties  while  repulsion  in others living under similar 

environment. 

Healthy samples of each fish species were selected and blood was immediately drawn by 

puncturing gill lamellae, caudal vein and heart of both male and female of each representative 

experimental species. Blood parameters including Red Blood Cells (RBC, 10 
-6

/µL), White 

Blood Cells (WBC, 10
-3

/µL) and Platelets (10
-3

/µL) in blood from experimental fish species 

were counted by placing sample on haemocytometer grids. Differential Leucocyte Count (DLC), 

red blood indices, blood chemistry and ESR were determined for males and females of 

experimental fishes. 

The results revealed that females of each species have relatively higher values for blood indices 

as compared to males. C. carpio has maximum number of granulocytes that may support the fish 

against the parasitic attack. C. catla has the lowest values for the immunoglobulin Ig M as 

compared to the species which showed less susceptibility. 

In the 4
th

 trial, healthy fishes of major and Chinese carps were collected from commercial rearing 

and grow out ponds. Each fish weighed 830 ± 316 g on the average. For mucus collection, fishes 

were bathed in Potassium permanganate (KMnO4) solution (8.0 ppm) to remove microbial or 

fungal infection/infestation. Samples were centrifuged at 12000×g at 4 ˚C for 10 minutes and 

stored at -40˚C in biomedical freezer. Bradford Micro Assay technique was applied to determine 
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protein contents. Bradford protein solution (50 μL) was added to each well and absorbance was 

recorded at 595nm. Standard curve was drawn from various but consecutive dilutions of BSA 

solution and protein concentrations in different samples were calculated. Electrophoresis was 

carried out with slight modifications. 15% separating and 4% staking buffer were used to run the 

SDS- PAGE under constant voltage of 120. Fermentas PageRuler™ protein ladder was used as 

the standard marker for non reducing protein. The gel was stained with PageBlue™ (Fermentas) 

stain for identification of protein bands for molecular weight determination. Lectin activity and 

Alkaline Phosphatase test were determined. Mucus was incubated with 4 mM p-nitrophenyl 

phosphate in ammonium bicarbonate buffer (100 mM) with 1 mM MgC12 (pH 7.8) at 30°C. The 

increase in optical density (OD) was measured continuously for 2 to 3 hours at 405 nm using a 

micro plate reader.  

The results showed that lectin activity was the highest in C. idellus (10
9
) indicative of low 

resistance while it was the lowest (2
1
) in H.molitrix which was completely parasite free. Alkaline 

phosphatase level was the highest in C. catla, C.idella was the second highest and was the lowest 

in C. carpio. Protein concentrations were the highest in C. idella (3.29 ± 0.13 mg/ml) and C. 

catla (3.02 ± 0.57 mg/ml) while it was the lowest in C. carpio (1.80 ± 0.09). C. catla contained 

the highest molecular weight proteins (100 kDa) while C. carpio has one unique protein band of 

14.13 kDa not present in any other species in current setup. 

 In the 5
th

 experiment, the lernaea were observed in the month of June to August. Lernaeied 

infestation was observed in all experimental fishes except in C. carpio. After appearance of 

infestation fishes were treated with Thunder (DDVP- an organophasphate) to eliminate the 

parasite. Parasite free C. idellus, H. molitrix, L. rohita, C. mrigala, C. catla and C. carpio were 

collected with an average weight of 830 ± 316 g each were used for studies on whole-body 
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amino acid composition. Triplicate samples of each species were over dried after evacuating 

their gut contents. Dried samples were then finely powdered, sieved and vacuum hydrolyzed in 2 

ml of 6 N HCl at 1lO°C for 24 hours. Total amino acid composition was determined by o-

phthaldialdehyde (OPA) method using an Agilent chromatograph, revers-phase high 

performance liquid chromatography (HPLC).  The results showed that the essential amino acids 

(arginine, lysine, phenylalanine, tyrosine, histidine and leucine) play a major role in the immune 

system. It is revealed that amino acids will widely become cost-effective neutraceuticals for 

improving health and preventing infectious disease in animals. C. carpio have no infestation due 

to increased numbers and concentrations of essential amino acids when compared to other 

species of Indian and Chinese major carps. C. catla, C. idella and H. molitrix have the lowest 

number and concentration of essential amino acids and hence appeared more susceptible to 

lernaea attack.  

Finally it was concluded from the entire study that C. carpio may have high resistance for the L. 

cyprinaceaea as compared to the other experimental fishes. It possesses higher values for Ig M-

immunoglobulin as compared to C. catla that indicated its high immunity against the parasite. 

Similarly C. carpio has maximum number of granulocytes (WBCs, esinophils, basophils and 

lymphocytes) that may support the fish against the parasitic attack. SDS-PAGE analysis of 

mucus revealed that C. carpio has one unique protein band of 14.13 kDa not present in any other 

species in current setup.  This protein band may indicate the presence of lysozyme enzyme that 

actively participates against the invading pathogen. Essential and non-essential amino acids 

concentrations were also higher in the C. carpio that play a vital role in immunity especially 

arginine, lysine, phenylalanine, tyrosine, histidine, leucine, glutamic acid and aspartic acids. 
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