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Abstract�

Diploid (2n) and cold-shocked triploid (3n) Asian catfish Clarias macrocephalus at eight 
months of age were comparatively studied by initially examining the cytological 
appearances of erythrocytes under a light microscope, an Epifluorescence microscope, 
and a scanning electron microscope (SEM). It was found that while the size of 
erythrocytes from triploids including their nuclei were larger than the diploids, cell 
density in the triploids was lower than cell density in diploids having the values of 1.57 ± 
0.05 x 107 cells/ml blood and 1.03 ± 0.04 x 107 cells/ml blood, respectively. 

When lipid contents were assessed it was found that flesh of triploids contained 6.26 � 
0.52 g lipid/100g tissue which was significantly higher than the value of 5.37 � 0.47 g 
lipid/100g tissue in diploids (p<0.01). Analysis of protein content showed that triploid 
catfish contained 18.93 � 0.88 g protein/100g tissue which was about the same level as 
the value of 18.58 � 0.31 g protein/100g tissue in diploid catfish (p>0.05). When the 
average amount of lipid and protein were considered per individual fish it was evident 
that triploids had significantly more lipid, as well as more protein than diploids. This was 
in agreement with the fact that the triploid fish were significantly bigger than the diploid 
fish. Analysis of proteins by SDS-PAGE revealed that triploids and diploids contained 
the same pattern of proteins, having molecular weights ranging from 18.6 – 120.2 kD. 
Also, both triploid and diploid Asian catfish did not exhibit the 12.5 kD protein band, the 
well-known Gad cI allergen protein of codfish. This finding would assure consumer 
confidence in taking Asian catfish as part of the protein source. 
 
Detailed investigation of fatty acid composition showed that both diploids and triploids 
contained substantial amount of the two important omega-3 fatty acids, the 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). The values for EPA and 
DHA were 14.5 ± 4.5 and 130.5 ± 48.2 mg/100g tissue in diploids, and 38.5 ±  
12.4 and 134.8 ± 50.1 mg/100g tissue in triploids, respectively. These finding implicates 
the Asian catfish as an important and economical source for omega-3 fatty acids. 
 
When lactate dehydrogenase (LDH) activities in fillet, kynurenine (a tryptophan 
metabolite) in plasma, and variable number tandem repeat (VNTR) specific for 
apolipoprotein B in DNA isolated from nuclei of blood cells were analyzed, it was found 
that there were no differences in those parameters between diploid and triploid Asian 
catfish. 
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The Analysis of Muscle Proteins, Plasma Proteins, and 

VNTR Specific for Apolipoprotein in Diploid and Triploid 

Asian Catfish Clarias macrocephalus 

 

Introduction 

 

Rationale behind the induction of triploidy in fish has been for the purpose of 

controlling population of certain types of fish species, for increasing growth in 

juveniles, and for extending survival and improving growth in mature fish. Triploid 

fish have three sets of chromosomes instead of the two sets naturally occurs in diploid 

fish. Triploid fish are generally sterile due to irregular meiotic division of 

chromosomes resulting in reduced gonad development. Therefore, in such fish the 

energy consumption for sexual maturation may be avoided and more biological effort 

may be directed towards improving flesh quality and somatic growth (Thorgaard 

1983a, 1986; Johnstone et al. 1991; Fast et al. 1995; Greenlee et al. 1995b). Induction 

of triploidy has been achieved in many species of fish by treatment designed to block 

the second meiotic division or to prevent extrusion of the second polar body from the 

fertilized egg. Occasionally, the retention of second polar body of the fertilized egg 

may happen in nature without special treatment. This would result in the natural 

occurrence of triploids in fish populations (Thorgaard and Gall 1979). However, in 

order to achieve high percentage of triploidy it becomes necessary to manipulate the 

process of fertilization to prevent the extrusion of the second polar body from the 

fertilized egg. This has been generally achieved through temperature, pressure or 

chemical treatment of the fertilized egg.  

 

Methods of Induction of Triploid Fish 

 

Triploidy has been successfully induced in fish by inhibiting the release of the second 

polar body after fertilization. This is achieved through physical means such as 

pressure or temperature shocks (Thorgaard 1983b; Chourrout 1984; Solar et al. 1984; 

Thorgaard 1986; Henken et al. 1987; Benfey et al. 1989; Thorgaard 1990; Tiwary et 

al. 2004) or by chemical means such as the use of cytochalasin B (Refstie 1981). For 

large scale production of triploid fish pressure chambers are also available 
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commercially (Abiado et al. 2007). However, induction through physical methods is 

more popular since it is relatively simple, less expensive, and free from potential side 

effects of chemicals. Triploid fish are referred to as autotriploids when fish of the 

same species are crossed, and as allotriploids when fish from different species are 

used in crossing. All together the two types of triploidy have been induced in more 

than 85 fish species (Benfey et al. 1989; Benfey 1999).   

 

Triploid Fish Survival and Growth Rate 

 

The method for induction of triploidy described above results in triploid fish which 

are widely known as meiotic triploidy. Since the method is traumatic in nature one 

would, therefore, expect certain impacts on fertilized eggs. Malison et al (1993) 

studied the effect of heat and pressure shocks on yellow perch Perca flavescens and 

concluded that heat and pressure shocks exerted negative influence on growth that 

was independent of changes in ploidy. Attempts have been made to produce another 

type of triploids called interploid triploids by first creating tetraploid (4n) fish. 

Subsequent mating between tetraploid and normal diploid (2n) fish should 

automatically result in the production of triploid (3n) offspring. This method would 

ensure 100% triploidy, thus, bypassing the cost of having to verify ploidy status. 

Besides, the interploid triploids would not have to experience the traumatic period of 

shocks as in the case of meiotic triploids. Myers and Hersberger (1991) found that the 

interploid triploid rainbow trout Oncorhynchus mykiss derived from tetraploid male x 

diploid female experienced a low level of fertilization success (55.9%) compared to 

heat-shocked triploids (94%). The interploid triploids showed a much better growth 

during the first 63 days but heat-shocked triploids subsequently caught up, and at the 

end of the experiment there was no difference in weights. More studies are needed 

before we can judge the benefit of interploid triploids fully. In the meantime, meiotic 

triploidy induction is still the method of choice for researchers and aquaculturists. 

 

Triploids are commonly assumed to be sterile as a result of the extra set (1n) of 

chromosomes (Lincoln 1981; Lincoln and Scott 1984). Triploidy induction can, 

therefore, be a useful means of improving fish growth, particularly when sexual 

maturity normally occurs before the fish reach market size (Purdom 1972; Fast et al. 

1995). However, the benefit on improved growth rate is not universal and seems to be 
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species specific (Purdom 1972; Fast et al. 1995; Qin et al. 1998). Mixed results on the 

effect of triploidy on growth have been reported. Triploid channel catfish Ictalurus 

punctatus had a higher average weight than diploid fish beyond the age of eight 

months (Wolters et al. 1982; Wolters et al. 1991). Faster growth of triploid Asian 

catfish Clarias macrocephalus and Chinese catfish Clarias fuscus had also been 

observed (Fast et al. 1995; Qin et al. 1998). Triploid loach Misgurnus 

anguillicaudatus and rainbow trout Oncorhynchus mykiss grew faster after sexual 

maturation (Suzuki et al. 1985; Thorgaard 1986). Research work on another species 

revealed that heat-shocked triploid rohu Labeo rohita grew better when raised to 18 

months (Islam et al. 1994). Some studies on Atlantic salmon Salmo solar, on the other 

hand, showed that triploids exhibited only comparable growth rate as diploids 

(Johnstone et al. 1991; Carter et al. 1994). A few reports exist, however, showing that 

tripliody resulted in inferior growth. For example, it was reported by Cherfas et al. 

(1994) that mean body weight of triploid common carp Cyprinus carpio, although 

appeared to be functionally sterile, was only about 85% of the weight of diploid 

controls. Galbreath et al (1994) observed that when triploid Atlantic salmons were 

reared together with diploid fish in fresh water the former had lower growth rate. 

 

Cytological Characteristics of Triploid Fish 

 

Since triploid fish have an extra set of chromosomes (3n) one would anticipate that 

each cell would be larger than the diploid (2n) counterpart. Our earlier studies 

(Vejaratpimol and Pewnim 1990; Fast et al. 1995; Thititananukij et al. 1996) showed 

that all erythrocytes from triploid Asian catfish (Clarias macrocephalus) were larger 

than the diploids. In the latter study erythrocyte nuclei from normal diploid (2n) and 

cold-shocked triploid (3n) Asian catfish Clarias macrocephalus were comparatively 

stained with a fluorescent dye, ethidium bromide and with a bright-field stain, Giemsa 

(Thititananukij et al. 1996). Both stains produced comparable quality for visual 

comparisons. There were significant differences between nuclear dimensions of 2n 

and 3n cells. Triploid nuclei were larger and more elongate than diploid nuclei. 
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Biochemical and Behavioral Characteristics of Triploid Fish 

 

Since each cell of triploids has an extra set of chromosomes, it is apparent that triploid 

individual has an increased gene dosage. The effect of the increased gene dosage on 

gene expression in triploids is still not well understood. De Almeida-Toledo et al 

(1998) used 5-methylcytosine monoclonal antibody to evaluate chromosome 

methylation profiles of diploid and triploid pacu fish Piaractus mesopotamicus but 

found no significant difference between the two groups. Attempts have also been 

made to compare triploids and diploids at different levels. Deeley and Benfey (1995) 

in their study on the learning ability of brook trout Salvelinus fontalis, found that 

triploids did not differ from diploids in their initial directional Y-maze, electric shock 

response threshold, or learning ability. Greenlee et al (1995) studied effects of 

triploidy on rainbow trout myogenesis and showed that muscle of diploids contained 

more mononuclear cells/g tissue than triploids. However, diploid and triploid 

myogenic cells differentiated similarly when compared under identical in vitro 

conditions. Parsons (1993) compared white crappies Pomoxis annularis and 

demonstrated that triploids had significantly lower concentration of circulating 

erythrocytes than diploids. There were no differences in the percentage of heart 

weight or in metabolic rate. Lincoln and Scott (1984) found no significant differences 

in the levels of testosterone and 11-ketotestosterone in triploid and diploid male 

rainbow trout Salmo gairdneri.  However, female diploids had substantially higher 

levels of testosterone and estradiol than triploid females. Beck et al (1983) carried out 

electrophoresis analysis of the protein systems of Ctenopharyngodon idella, 

Hypothalmicthys nobilis and their F1 triploid hybrid showed that the genome of both 

parental species were active in the triploid hybrid. They concluded that genes for 

enzymes were co-dominantly expressed. 

 

A number of attentions have been paid to determining protein and lipid contents in 

triploids and diploids for the obvious reason that their levels would reflect nutritional 

values of the fish. Oliva-Teles and Kaushik (1990) showed that triploid and diploid 

rainbow trout Oncorhynchus mykiss contained about the same levels of protein and 

lipid. Hussain et al (1995) found no difference in percent crude protein and percent 

crude lipid between triploid and diploid tilapia Oreochromis niloticus. Suresh and 

Sheehan (1998) studied white muscle tissues of diploid and triploid all-female 
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rainbow trout Oncorhynchus mykiss and found no difference in protein and RNA 

contents. Works on other species provided slightly different pictures, however. Saito 

et al (1997) showed that during a period of grow out triploid amago fish had lipid 

contents 2-3 times higher than the diploid fish while protein, minerals, and free amino 

acid did not differ significantly. Henken et al (1987) raised triploids and diploids 

African catfish Clarias gariepinus together at different proportions and found that 

triploids deposited more of fat but less protein. Qin et al (1998) raised triploid and 

diploid Chinese catfish Clarias fuscus separately and found that triploids accumulated 

significantly higher fatty acids than diploids.  

 

Since triploidy induction can be achieved quite readily the resulted triploid fish would 

serve as a good model to study the effect of an extra set of chromosome on the fish. 

This notion was well supported by Maxime (2008). On this genetic model issue 

Mizgireuv et al (2004), for example, looked at the diploid and triploid genetic model 

to test the effect of carcinogen on organisms with and extra set of chromosome. It was 

found that diploid and triploid zebrafish (Danio rerio) showed differential sensitivity 

to N-nitrosodimethylamine (NDMA) in inducing hepatocarcinogenesis. It was 

concluded that triploid zebrafish demonstrated an overall increase in latency period in 

the development of hepatic tumors, a finding that can be interpreted as an increased 

resistance of triploid fish to the carcinogenic effect of NDMA. 

 

Our study is an extension to earlier works on induction of triploidy in Clarias 

macrocephalus (Vejaratpimol and Pewnim 1990) and the assessment of grow-out 

performance in this species (Fast et al 1995). This study aimed at evaluating 

cytochemical as well as biochemical parameters associated with diploid and triploid 

Asian catfish. Firstly, cytological study on erythrocytes of diploids and triploids Asian 

catfish was carried out in more details using a light microscope, an Epifluorescence 

microscope, and a scanning electron microscope (SEM). Secondly, evaluation 

regarding lipid and protein levels in both diploids and triploids was carried out with a 

special attention to the analysis on types of protein in fish fillet using sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Thirdly, an enzyme of 

anaerobic respiration namely lactate dehydrogenase was examined in both genetic 

types. Fourthly, a metabolic product of tryptophan metabolism, namely, kynurenine 

was evaluated in both diploids and triploids Asian catfish. Finally, the variable 
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number tandem repeat VNTR specific for apolipoprotein B in diploid and triploid 

Asian catfish was investigated. 

 

Materials and Methods 

Fish 

 

The induction of triploidy in Clarias macrocephalus was carried out in a similar 

manner to those described by Vejaratpimol and Pewnim (1990) and Fast et al (1995) 

with some modifications. We replaced HCG with GnRH analog (Buserelin acetate 

Hoechst AG) at a dose of 5 mg/kg broodstock in combination with Motilium-M at a 

dose of 5mg/kg broodstock. With the new hormone we needed to inject the 

broodstock only once before both female and male fish were ready for artificial 

fertilization at about 16 h. Three broodstock females and two males were spawned 

manually. Broodstock’s weights ranged from 250-400 g, and females always had 

higher weights than males. We also experienced that those males with slender bodies 

usually yielded better sperm quality than male broodstock with high fat. The method 

of triploidy induction is similar to the one described previously (Vejaratpimol and 

Pewnim 1990). Briefly, this involved induced ovulation, manual fertilization, and 

within 2 min after fertilization began, subjecting a portion of the eggs to a 30-min 

cold shock at 5 ˚C. Remaining eggs (control) and treated eggs (shocked) were then 

incubated at 26-28 ˚C. Both diploid and triploid Clarias macrocephalus were initially 

fed with fresh Moina macropopa up to the age of 25 days before transferring to four 

two-ton fiberglass tanks. We stocked diploids in two tanks and triploids in another 

two tanks, all with equal density of 55 fish/m2. Fish were fed commercial catfish 

pellets and were raised up to eight months with continuous water flow. Triploid 

Clarias macrocephalus at this age were noticeably larger and weighed more than 

diploids, similar to those observed in the grow-out study previously reported (Fast et 

al 1995). Blood samples were collected from caudal veins before fish were sacrificed. 

At the time of sacrifice, fish were checked for ploidy status using ethidium bromide 

nuclear staining of erythrocytes (Thititananukij et al 1996). Both diploids and triploids 

were gutted and had their heads removed before keeping at -70�C for further analysis. 

Figure 1 and Figure 2 summarizes photographic-wise the artificial fertilization of 

Asian catfish leading to mature fish used in this study. 



�

�

7 

�

 

A live female Asian catfish broodstock with 

swelling abdomen full of eggs ready to 

spawn 

 

 A sacrificed male Asian catfish    

  broodstock showing a pair of testes  

 

 

 

Mature unfertilized eggs could be readily 

emptied into a dry bowl with gentle 

squeezing 

 

 

 

Testes were removed from male 

broodstocks  

 

 

Artificially fertilized eggs were layered on a 

fine net submerged in flowing water 

 

 

 

Spermatozoa from Asian catfish 

broodstock under a phase contrast 

microscope 
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Fertilized eggs resting on blue nylon net 
submerged under flowing water 
 
 

 

 
An Asian catfish fingerling four days after 
hatching. Yolk was still attached to the 
animal and served as original nutrient for 
the young. 

An Asian catfish fingerling one day after 
hatching examined under a scanning 
electron microscope. The specimen was 
dehydrated and dried before coating 
with gold, then examined under SEI 
mode. 

 
 
 
Representative mature diploid (top) and 
triploid (bottom) Asian catfish used in this 
study. 

 

Figure 1 & 2 Steps involved in the production of diploid and triploid Asian catfish. 

The top figure details steps used for artificial fertilization. The bottom figure follows 

the development of fish from embryos until becoming the grown out fish. 

 



�

�

9 

�

 

 
Examination of Erythrocytes from Diploid and Triploid Asian Catfish 
 
(1) Examination of erythrocytes under light microscope and Epifluorescence 

microscope. 

  

Blood was withdrawn from caudal vein of fish using a 1 ml syringe coated with 0.5 % 

(w/v) sodium citrate. After placing a drop of blood on a clean glass slide, a smear was 

made by placing a short edge of another glass slide in contact with the blood, then 

applied a slight pressure and dragged the slide across the surface of the former slide. 

After air drying briefly the smeared slide was immersed in methanol for 5 min before 

staining with Giemsa stain for 15 min. Slides were then rinsed in distilled water, 

blotted dry, air dried, and examined microscopically. 

 

In the case of the examination under the Epifluorescence microscope, the methanol 

fixed blood smear was immersed in ethidium bromide solution (0.5 pg/ml; Fluka 

46065; Fluka Chemie AG, Buchs, Switzerland), for 2 min. After air dried the 

ethidium bromide stained slides were examined with an Epifluorescence microscope 

at 1000 X magnification. 

 

Density of erythrocytes from diploid and triploid fish was also assessed by counting 

number of erythrocytes in a volume of blood using hemacytometer under a phase 

contrast light microscope. 

 

(2) Examination of erythrocytes under a scanning electron microscope (SEM). 

 

Gently let drops of blood go through a solution of 1% (v/v) glutaraldehyde in PBS in 

a test tube, having a traveling distance of about 10 cm. Erythrocytes would gradually 

settling down at the bottom of the tube and had a dark brown jelly like appearance. 

Placed a Pasture pipette through the solution and gently withdrawn the bottom layer 

of erythrocytes and cells. Placed drops of the cells on a glass slide previously coated 

with 1% (w/v) gelatin.  After washing with PBS for 5 times and a series of increasing 

concentration of ethanol ranging from 35% (v/v) to 100% (v/v) the slide was kept in a 
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dessicator. The samples were coated with gold before being examined under a 

Camscan Maxim 2500 SEM using a BEI mode and acquiring image at 20 keV. 

 

Elemental Analysis of Bones from Diploid and Triploid Asian Catfish Using 

Scanning Electron Microscope and X-Ray Microanalysis 

 

Flesh was removed from bones as much as possible by gently scrapping out flesh 

using a sharp scalpel. The adhering tissue was removed by immersing the bones in a 

solution of 1% (w/v) trypsin and left at room temperature for 4hr before washing the 

bones with water. The bones were placed in 1% (v/v) glutaraldehyde in PBS for 15 

min before being dehydrated in a series of increasing concentration of ethanol. After 

drying in a dessicator the samples were coated with carbon and analyzed with SEM 

equipped with X-Ray microanalysis attachment. The X-Ray probe was fitted with a 

beryllium window and the detector cooled under liquid nitrogen.   

  
 
 

Analysis of protein and lipid 
 

Twenty diploids and twenty triploids were individually analyzed for protein and lipid 

contents. Protein was determined by Kjeldahl method similar to that described by 

Munro and Fleck (1969). All fillets from individual fish were minced and mixed 

thoroughly to obtain a homogenous sample. A portion of 10.00 g was lyophilized and 

used for lipid determination. Another portion of 1.00g was digested with 20.0 ml of 

concentrated H2SO4 in the presence of 16.7g K2SO4, 0.3g CuSO4.5 H2O and 0.6g 

TiO2 for 1 h. Ammonia was distilled in the presence of 40% (w/v) NaOH and trapped 

in 4% (w/v) boric acid then titrated with 0.2 M HCl. Protein is calculated from N x 

6.25 and expressed as g protein/100g tissue weight. 

 

Lipid was determined using a method similar to the one described by Folch et al 

(1957). Lyophilized samples (10.00 g each) were Soxhlet extracted for 5 h in CHCl3/ 

C3HOH (2:1, v/v). After rotatory evaporated at 40 �C to dryness, total lipid was 

determined and expressed as g lipid/100g tissue weight. 
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Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) of 

Proteins in Diploid and Triploid Asian Catfish 

 

Fillet fish extracts were prepared by homogenizing 2.0g sample in 4.0 ml of 0.1 M 

phosphate buffer saline, pH 7.4 using Ultratorax homogenizer. The homegate was 

centrifuged at 5,000 x g for 20 min using Beckman Avanti J25 refrigerated centrifuge. 

Proteins in supernatant were heated in sample buffer containing SDS and 

mercaptoethanol to denature proteins. Protein samples as well as molecular weight 

standards (BioRad, Hercules, CA) were separated by SDS-PAGE according to the 

method described by Laemmli et al (1976). The polyacrylamide gel, consisted of a 

3% stacking gel above a 10% separating gel, were run at 10 mA/gel until 

bromophenol blue reached the bottom of the gel. Individual protein bands were 

stained with Coomassie Brilliant Blue R (Sigma Chemical Co, St. Louis, MO) and 

molecular weights of fish proteins were determined from standard curve of standard 

proteins run concurrently. 

 

Analysis of Omega-3 Fatty Acids from Diploid and Triploid Asian Catfish 

 

The methylation of the fatty acid component of the Soxhlet extracted lipids were 

carried out by adding 5 ml of 0.5 M NaOH in methanol into 200 mg of  lipids. Methyl 

heptadecanoate (C17:0) was added as an internal standard. The solution was refluxed 

for 20 min before 7 ml of boron trifluoride (BF3) was added and the reflux was 

continued for another 30 min. Fatty acids were extracted into 10 ml heptane and 

subjected to analysis using capillary gas chromatograph equipped with capillary AT-

SILAR column (30 m x 0.32 mm x 0.25  �m). The injector was set at 200 �C and the 

detector was at 240 �C. The experiment was run under a program temperature ramp 

starting from 160 �C for 2 min, then ramping at 1 �C/min to a final temperature of 190 

�C and kept at this temperature for 5 min.  
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Analysis of lactate dehydrogenase 

 

An enzyme extract was prepared by homogenizing flesh from diploid and triploid fish 

in 0.1 M TEB (Tris-EDTA-Borate) buffer, pH 9.5 before subjecting the homogenate 

to centrifugation at 10,000 x g for 20 min. The assay was carried out under a time 

scan mode using a Shimadzu UV-VIS spectrophotometer. The reaction was started by 

adding 25 �l of enzyme extract to 3.0 ml incubation mixture consisting of 1mM 

sodium lactate, 0.3 mM NAD, and 0.2 M hydrazine sulfate in 0.5 M glycine, pH 9.5. 

The reaction was followed spectrophotometrically by measuring the continuous 

decrease of absorbance at 340 nm as NAD+ was transformed to NADH + H+ while the 

reaction proceeded. Enzyme activity was expressed as change in absorbance at 340 

nm/min. 

 

Analysis of Kynurenine from Plasma of Diploid and Triploid Fish before and 

after Injecting with Lipopolysaccharide (LPS) 

 

Ten diploid and triploid fish were used in this study. Blood samples were taken form 

each fish prior to intramuscular injection of 0.2 ml LPS (5mg/ ml) to each fish. Blood 

samples were taken again from those fish after 2 days for the analysis of kynurenine.  

Plasma was deproteinized by adding trichloroacetic acid (TCA) then fractionated on 

C18 Sep-Pak columns (Waters Chromatography Division, USA). Kynurenine was 

then determined at 360 nm by HPLC on CR Pecosphere reversed-phase C18 column 

(Perkin-Elmer, USA) using 5% CH3CN in 0.001 M sodium phosphate buffer, pH 2.3 

as a mobile phase similar to the method described previously (Pewnim and Seifert 

1993). The amount of kynurenine present in the plasma was quantified by comparing 

the area of the peak counts with the standard kynurenine. 

 

Analysis of VNTR Specific for Apolipoprotein B in Diploid and Triploid Asian 

Catfish 

 
(1) Sample Preparation 

 

Blood (1.0 ml) was taken from caudal vein of fish as described previously and washed 

three times with 5.0 ml each for 0.8% (w/v) NaCl. Blood cells were then suspended in 
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1.0 ml 0.8% (w/v) NaCl before 6.0 ml of 0.14 M NaCl in 0.02 M sodium citrate 

buffer, pH 7.4 was added. After centrifugation at 3,000 x g to pellet the blood cells, a 

6.0 ml solution of 0.01 M Tris-HCl buffer, pH 8.0 containing 50 mM sodium 

bisulfite, 20 mM EDTA, and 1.0% (v/v) detergent was added to lyse cell membranes. 

After centrifugation at 4,500 x g to collect cell nuclei, 2.0 ml of 0.14 M NaCl in 0.02 

M sodium citrate buffer, pH 7.4 was added, then followed by 0.3 ml 10% (w/v) SDS. 

After incubating at 60 �C for 10 min to denature protein, 0.25 ml of 2.0 M NaCl was 

added. The DNA was extracted into an aqueous phase using chloroform/amyl alcohol 

mixture (24:1, v/v). Denatured proteins were separated as a distinct band between the 

top aqueous phase and the bottom chloroform organic phase. DNA from the aqueous 

phase was precipitated by the addition of 95% (v/v) ethanol. After washing the 

precipitated  DNA with 75% (v/v) ethanol and dried with ether. The DNA sample 

from fish blood cells was dissloved in 0.01 M NaCl and subjected the sample to PCR 

for the analysis of VNTR specific for  apolipoprotein B. 

 

(2) PCR Amplification of VNTR Specific for Apolipoprotein B  

 

A PCR Amplification of VNTR specific for apolipoprotein B was performed using a 

DNA Engine (MJ research) .  Final concentrations of the following components were 

present in the reaction mixture:  2 mM MgCl2, 200 �M of each nucleotide 

(Amersham, UK), 5.0 units of Taq polymerase (Amersham, UK), 25 ng of each 

primer, 67 mM Tris-HCl, pH 8.8, 17 mM (NH4) SO4, 200 �g/ml gelatin and 0.45% 

Triton X-100.  The sequence of primer 1 was 5'-ATGGAAACGGAGAAATTATG-3'.  

The sequence of primer 2 was 5'-CCTTCTCACTTGGCAAATAC-3'.  After adding 5 

�l of sample to the reaction mixture, final total volume of each tube was 25 �l.  The 

thermocycling conditions were set at five minutes for initial denaturation at 94 �C  

followed by 35 cycles of one minute denaturation at 94 �C, five minutes annealing at 

58 �C, and three minutes extension at 72 �C.  A final extension of 10 minutes at 72 �C 

was used before the DNA Engine enter the 4 �C mode.   

 

 

 

 



�

�

14 

�

(3) Agarose Gel Electrophoresis 

 

Agarose gels (2 %, w/v) were loaded with 10 �l of PCR product mixed with 2 �l of 

loading dye (0.04% bromophenol blue, and 5% glycerol). Phage SSP-1 DNA markers 

was used as standard to identify base pairs of VNTR. Electrophoresis was performed 

at 3 volts/cm for 16 hr. After stainging with ethidium bromide, the DNA bands were 

visualized on UV illumination box and photographs taken.   

 

Results and Discussion 

 

Cytological Characteristics of Diploid and Triploid Catfish 

 

Since triploid (3n) Asian catfish contains and extra set of chromosome in addition to 

the diploid (2n) Asian catfish, it is anticipated that the nuclei of each cell would be 

larger than the diploid counterpart. Erythrocytes became a convenient cell model for 

comparing cytological characteristics between the diploid fish and the triploid fish. 

Using Giemsa stain with the examination under a light microscope as well as using 

the ethidium bromide stain with subsequent viewing under and Epifluorescence 

microscope, we confirmed our previous studies (Vejaratpimol and Pewnim 1990; 

Thititananukij et al. 1996) that erythrocytes as well as the nuclei from triploid Asian 

catfish were significantly larger than those from diploid Asian catfish as shown in 

Figure 3. 
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Figure 3  Erythrocytes from diploid (2n) and triploid (3n) Asian catfish as examined 

under light microscope after Giemsa stain (top row) and under Epifluorescence 

microscope after staining with ethidium bromide (bottom row). All pictures were 

taken at X1000 magnification. 
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When erythrocytes were examined in more details under a scanning electron 

microscope (SEM) it became evident that the presence of an extra set of chromosome 

in triploid Asian catfish resulted in cells becoming more elongated as shown in Figure 

4 at low magnification and in Figure 5 at a higher magnification, respectively. Even 

though evaluation regarding the size of the nuclei is more difficult to make in this 

case of examination under SEM due to the fact that they are enclosed within the 

enveloping membranes, but it is relatively clear from the protruding portion observed 

that the nuclei of triploid fish are larger than those of the diploid fish. 

 

It is interesting to note that the extra set of chromosome does force the cell to adopt 

the ellipsoidal shape. This may be essential in allowing these larger cells to migrate 

efficiently throughout the blood circulating system of the fish. 

 

 

 

Diploids (2n) 
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Triploids (3n) 

 

 

Figure 4 Scanning Electron Micrographs at low magnification showing erythrocytes 

obtained from diploids (2n) and triploids (3n) Asian catfish. Secondary electron image 

(SEI) mode was employed in this analysis. Bar indicated length in 10 �m. 
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Diploids (2n) 

 

Triploids (3n) 

 

Figure 5 Scanning Electron Micrographs at a higher magnification showing 

erythrocytes obtained from diploids (2n) and triploids (3n) Asian catfish. Secondary 

electron image (SEI) mode was employed in this analysis. The top bar is 10 �m and 

the bottom bar is 5 �m. 
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When populations of erythrocytes in both the diploids and the triploid fish are 

compared as shown in Figure 6, it was interesting to note that the density of cells in 

the blood from diploid fish was higher than the density of cells in the blood from the 

triploid fish. The values being 1.57 ± 0.05 x 107 cells/ml blood and 1.03 ± 0.04 x 107 

cells/ml blood, respectively. 

 

 

 

Figure 6 Determination of erythrocyte density (cells/mL blood) using hemocytometer 

as examined under phase contrast microscope. Left panel shows an appearance of 

diploid blood cells and right panel shows triploid blood cells.  

 

This finding regarding the density of erythrocytes agreed well with the recent finding 

by Dorafshan et al (2008) when they studied the effects of triploidy on the Caspian 

salmon Salmo trutta caspius haematology and found that triploid salmon had lower 

numbers of red blood cells than diploid salmon. The density being 700,000 cells/ ml 

in triploids as compared to 1,120,000 cells/ ml in diploids, respectively. Another work 

also appeared (Gao et al 2007) reported the decreasing density of erythrocytes in 

triploid and tetraploid loach (Misgurnus anguillicaudatus) as compared to diploid fish. 

Seol et al (2008) looked at haematological parameters and respiratory function in 

diploid and triploid Far Eastern catfish, Silurus asotus and found that triploids also 

characteristically had lower concentration of circulating blood cells. Study on 

Haematological and physiological characteristics of diploid and triploid sea bass, 

Dicentrarchus labrax (Peruzzi et al. 2005) also showed that while triploidisation led  
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 to an increase in erythrocyte size with 32% increase in cytoplasm surface area, and 

50% increase in size of the  nucleus, there was a decrease in erythrocyte number by 

34%.  

 

Elemental Analysis of Bones from Diploid and Triploid Asian Catfish Using 

Scanning Electron Microscope and X-Ray Microanalysis 

 

Another attempt in searching for differences between diploid and triploid Asian 

catfish is to look at the elemental compositions of bones. The appearance of tissues 

prepared for the analysis using scanning electron microscope and X-Ray 

microanalysis is shown in Figure 7. It can be seen that the bones were practically free 

from any adhering tissues, particularly proteins, since the proteins were well digested 

with trypsin. Dried bones were glued to an aluminum stub using carbon paste as 

appeared as a black background in Figure 7. This carbon is an important conducting 

material which would lead the electrons that arrived from an electron gun to the bones 

to reach ground, thus preventing the accumulation of charges on the samples. 

 

The spectra of characteristics X-ray generated by hitting the samples with primary 

electrons are shown in Figure 8. The spectra revealed, as shown through the K� lines, 

that bones from diploid and triploid fish contained mostly calcium and phosphorus. 

This finding reflected well on the generally known composition of bones that they 

largely composed of calcium phosphate. However, there seemed to be no differences 

in elemental compositions between the two genetic groups of fish.  
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Figure 7 A representative of bone tissues from diploid (2n) and triploid (3n) Asian  

Catfish. The bones were subjected to elemental analysis using SEM and X-Ray 

microanalysis. 
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Figure 8 X-Ray Microanalysis on bone from diploid (2n) and triploid (3n) Asian  

catfish. The characteristics X-ray revealed calcium and phosphorus as the major  

components. 
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Lipids and Protein Content in Diploid and Triploid Asian Catfish 

 

Lipid content in Asian catfish Clarias macrocephalus is shown in Figure 9 (top). 

Triploids contained 6.26 � 0.52 (mean � S.D.) g lipid/100g tissue which was 

significantly higher than diploid fish, 5.37 � 0.47 g lipid/100g tissue (p<0.01). When 

total lipid per individual fish was analyzed as shown in Figure 9 (bottom) the 

difference between triploids and diploids became even more pronounced (4.16 � 0.56 

vs 2.31 � 0.53 g lipid/fish, p<0.01). 

 

 

Figure 9 Lipid levels in diploid and triploid Asian catfish Clarias macrocephalus. 

Results are expressed as mean � S.D. of 20 fish. Differences in lipid levels both  

expressed as g lipid/100g tissue and as total lipid/gutted fish were both statistically  

significant (p<0.01, Student’s t-test). 
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Levels of protein in diploid and triploid Asian catfish are shown in Figure 10.  

 

 

Figure 10 Protein levels in diploid and triploid Asian catfish Clarias  

macrocephalus. Results are expressed as mean � S.D. of 20 fish. The difference in 

protein levels shown on the top (g protein/100g fresh tissue) was not statistically 

significant (p>0.05, Student’s t-test), while the values on the bottom (total 

protein/gutted fish) showed a difference which was statistically significant (p<0.01, 

Student’s t-test). 

 

Result in Figure 10 showed that triploid Clarias macrocephalus contained 18.93 � 

0.88 g protein/ 100g fresh tissue while diploids contained 18.58 � 0.31 g protein/ 

100g fresh tissue. Protein levels in the two groups were approximately the same 

(Figure 10 top) and the difference was therefore not statistically significant (p>0.05). 
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When total protein per individual fish was considered as shown in Fig 10 (bottom) 

triploids contained significantly higher amount of protein than diploids (12.57 � 0.61 

vs 8.01 � 0.52 g protein/fish, p<0.01). 

 

The finding that triploid Clarias macrocephalus accumulated significantly higher 

amount of lipid than diploids (g lipid/100g tissue and g lipid/fish) was in line with our 

previous finding that triploids grew faster than diploids when the fish attained sexual 

maturation (Fast et al 1995). Our finding on lipid contents agreed with results 

obtained from other species, particularly the results from the Clariidae family. Henken 

et al (1987) showed that triploids Clarias gariepinus had significantly higher percent 

fat gain than diploids. They raised diploids and triploids together at different 

proportions ranging from an aquarium containing all diploids to an aquarium 

containing 95.8 % triploids. One set of fish received low feeding level while a 

duplicated set received high feeding level. Both sets of feeding level showed triploids 

having higher percent fat gain than diploids (5.82 vs 3.78 % for low feeding level and 

7.31 vs 6.49 % for high feeding level, respectively). Qin et al (1998) raised triploid 

and diploid Chinese catfish (Clarias fuscus) separately, one group comparing diploids 

and triploids at low temperature and another duplicated group comparing them at high 

temperature. Triploids from both groups contained significantly higher level of total 

fatty acids (g/ 100g dry weight) than diploids (12.56 vs 8.85 for low temperature and 

11.61 vs 8.59 for high temperature, respectively). Saito et al (1997) working on 

amago found that during a period of growth in October triploids had lipid contents 2-3 

times higher than diploids. Work on rainbow trout also showed that triploid fish had 

16-17 % higher lipid content than diploid fish (Fauconneau et al. 1990).  

 

Our results with Clarias macrocephalus supports the notion that triploids were sterile 

and did not have to spend much nutrients on the development of gonads thus enable 

them to divert their resources more in the form of lipid reserves. Different findings, 

however, were also reported regarding the lipid content. Hussain et al (1995) showed 

that there was no difference in lipid content between triploid and diploid tilapia 

Oreochromos niloticus. Also, Oliva-teles and Kaushik (1990) studied rainbow trout 

juveniles Oncorhynchus mykiss and found that there were no differences in lipid 

levels between triploid and diploid fish. The differences in lipid contents thus seem to 
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be species specific among fish. It is worth noting also that lipid levels in rainbow trout 

juveniles in one group of the experiment ranged from 8.3 to 9.7 g/ 100g dry weight. 

These values are in comparable range to total fatty acids reported in Clarias fuscus by 

Qin et al (1998) and to total lipid in Clarias macrocephalus reported in this study. 

 

Our finding that there was no significant difference in protein levels between triploid 

and diploid Clarias macrocephalus (18.93 � 0.88 vs 18.58 � 0.31 g/ 100g tissue) 

tends to support the general trend observed in other species. Suresh and Sheehan 

(1998) found no differences in protein levels in white muscle tissue of triploid and 

diploid all-female rainbow trout Oncorhynchus mykiss. In another study Hussain et al 

(1990) showed that there was no significant difference in protein levels of triploid and 

diploid tilapia Oreochromis niloticus. Saito et al (1997) while finding an increase in 

lipid levels in triploid amago over the diploids demonstrated that there was no 

difference in the protein levels of the two groups of fish. Oliva-teles and Kaushik 

(1990) also found no difference in protein levels in triploid and diploid rainbow trout 

juveniles. It was found that levels of protein in one set of that experiment ranged from 

14.6 to 15.4 g/ 100g tissue. This is again in a comparable range with protein levels 

found in Clarias macrocephalus presented in this study. 

 

 

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) of 

Proteins in Diploid and Triploid Asian Catfish 

 

Attempts were also carried out to compare proteins from flesh of the two genetic 

groups by separating individual protein on sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE). The result is shown alongside standard marker proteins 

in Figure 11. 
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Figure 11 SDS-PAGE of proteins from fillets of diploid and triploid Asian catfish  

Clarias macrocephalus. Two representative samples from each group were run  

concurrently with six standard proteins. Bromophenol blue was used as the tracking  

dye. Labels 2n and 3n represent diploid and triploid respectively, numbers 1 and 2  

indicated that they were from different fish. 

 

Analysis for the types of protein from flesh of diploid and triploid Asian catfish by 

SDS-PAGE (Figure 11) revealed that both diploids and triploids contained proteins 

having molecular weights ranging from 18.6-120.2 kD. There were no differences in 

the types of proteins in both groups of the fish. Protein having MW of 39.8 kD was 

present the highest in amount followed by proteins having MW of 72.4, 46.8 and 52.4 

kD, respectively. Other proteins were present at relatively lower levels. There was no 

protein with MW of 12.5 kD present in Asian catfish. The absence of this low 

molecular weight protein of 12.5 kD may have significant meaning in nutritional 

terms regarding to the allergen-free nature of the Asian catfish fillet. 

 

Apart from the no differences in types of protein presented, SDS-PAGE analysis of 

proteins in fillet of Clarias macrocephalus also showed that there was no difference 

in band patterns between diploids and triploids. Among those proteins having a wide 

range of molecular weights starting from 18.6 – 120.2 kD, it is important to 



�

�

28 

�

emphasize that Clarias macrocephalus did not show a protein band at 12.5 kD. James 

et al (1997) while working on adult IgE antibody binding to fish proteins, 

demonstrated by SDS-PAGE that channel catfish, cod, and snapper contained 

predominant amounts of 12.5 kD protein. This protein was immunochemically similar 

to the Gad cI protein, the well-known allergen originally detected in cod. The authors 

used the results to explain why some people are allergic to those fish. Since no 

allergic effects has ever been reported regarding the consumption of Asian catfish 

Clarias macrocephalus, our finding as to the absence of this infamous 12.5 kD 

allergen should add comfort to those who love this delicious fish. 

 

Omega-3 Fatty Acids from Diploid and Triploid Asian Catfish 

 

The finding that triploid Asian catfish contained significantly higher amount of lipid 

than diploid Asian catfish (Figure 9) led us to investigate further and look into the 

fatty acid compositions, paying a particular attention to the level of omega-3 fatty 

acids. Despite being a freshwater fish, Asian catfish does have substantial amounts of 

the two well known omega3- fatty acids, the eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) as shown in Figure12.The amounts present are in 

comparable ranges with the two marine organisms, namely the banana prawn and the 

squid (Table 1).  

 

It is worth noting that the amount of DHA was always higher than the amount of EPA 

in both diploid and triploid Asian catfish. The ratio of DHA/EPA in diploid Asian 

catfish was 9.00 while the ratio of DHA/EPA in triploid Asian catfish was 3.50. The 

higher ratio of DHA/EPA could also be deduced from the study on fatty acids 

composition in Chinese catfish (Clarias fuscus) by Qin et al (1998). It could be 

calculated that diploid and triploid fish raised at low and high temperatures had the 

DHA/EPA of 1.67, 1.76, 1.61, and 1.61 in the case of diploid fish at low temperature 

(DL), diploid fish at high temperature (DH), Triploid fish at low temperature (TL), 

and triploid fish at high temperature (TH), respectively.  
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Figure 12 A typical capillary GC trace of fatty acids from an Asian catfish showing 

two important omega-3 fatty acids, eicosapentaenoic acid (C20:5, EPA) and 

docosahexaenoic acid (C22:6, DHA) 

 

 

 

It is worth noting that the ratios of DHA/EPA in the case of the Chinese catfish were 

much lower than those in the Asian catfish. One would anticipate that the species of 

the fish as well as the environmental conditions, including the diets, would play major 

roles in contributing to these differences. The existence of high levels of EPA and 

DHA in Asian catfish has a positive implication in terms of nutrition, particularly for 

general publics. Since Asian catfish can be raised practically in most region of the 

country we should encourage this practice so that more cohort of our population will 

have a good access to these important nutrients. Those areas far away from marine 

foods would not be at disadvantageous position any more in terms of obtaining these 

omega-3 fatty acids to nourish their bodies, particularly the eyes and the brains. 
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Food Source 

(Flesh) 

 

EPA 

(mg/100g tissue) 

 

DHA 

(mg/100g tissue) 

 

Diploid (2n) Asian catfish 

 

14.5 ± 4.5 

 

130.5 ± 48.2 

 

Triploid (3n) Asian catfish 

 

38.5 ± 12.4 

 

134.8 ± 50.1 

 

 

Banana shrimp (P.merguensis) 

 

38.4 ± 5.4 

 

33.2 ± 4.3 

 

 

Squid 

 

12.4 ± 4.8 

 

43.3 ± 6.7 

 

Table 1 Eicosapentaenoic acid (C20:5, EPA) and docosahexaenoic acid (C22:6, 

DHA) compositions of diploid and triploid Asian catfish as compared to two marine 

organisms, namely, the banana shrimp and the squid. 

 

Lactate dehydrogenase activities in diploid and triploid Asian catfish 

 

Apart from investigating the cytological aspects as well as the composition of the 

basic biomolecules such as proteins and lipids in diploid and triploid Asian catfish, it 

became logical to examine enzymes present in the animal tissues. Lactate 

dehydrogenase (LDH) was selected for the reason that it is known to be present in 

abundance in most of the tissues since it is one of the key enzymes involved in energy 

metabolism. The presence of LDH in muscle is well established and one would expect 

the flesh of the fish to contain an abundant amount of this enzyme. The activities of 
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LDH in triploid fish were found to be higher than the diploid fish (Figure 13). 

However, this difference is not statistically difference (p>0.05). 
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Figure 13 Lactate dehydrogenase activities in diploid (2n) and triploid (3n) Asian 

catfish. Activities were expressed as Unit per mg protein. The values are averages 

from 10 fish each. 

 

Even though there were no reports to date on comparing LDH activities in diploid and 

triploid fish, other enzymes had been studied (Biswas et al. 2006). It was reported that 

triploid Heteropneustes fossilis showed sterility and higher growth potential than the 

normal diploid fish. Activities of some metabolic enzymes such as cytosolic NADP-

malate dehydrogenase (NADP-MDH), mitochondrial NAD-malate dehydrogenase 

(NAD-MDH) and glutamate pyruvate transaminase (GPT) were evaluated in liver, 

brain and kidney along with glucose-6-phosphate dehydrogenase (G-6-P D) in ovary 

of female triploid catfish. Activities of these enzymes showed distinct seasonal 

periodicity, mostly with highest activities in prespawning and spawning periods, in 

both diploid and triploid catfish but differed in magnitude. In triploid liver, GPT 

showed higher activity than the diploid counterpart in prespawning and spawning 

periods. 
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Kynurenine from Plasma of Diploid and Triploid Asian Catfish before and after 

Injection with Lipopolysaccharide (LPS) 

 

Apart from the investigation on lipids, proteins, and an enzyme from diploid and 

triploid Asian catfish, an attempt was made in the investigation on an amino acid 

metabolism. This was the examination of kynurenine, one of the metabolite 

originating from tryptophan metabolism. Since it was reported earlier in mouse that 

lipopolysaccharide (LPS) did have influence on the synthesis of kynurenine (Pewnim 

et al. 1992; Seifert and Pewnim 1992; Pewnim and Seifert 1993) we therefore decided 

to investigate the effect of LPS on these two different genetic fish as well. Figure 14 

showed a typical HPLC profile of kynurenine present in a deproteinized blood sample. 

 

 

 

Figure 14 A representative HPLC profile showing the presence of kynurenine in 

plasma of an Asian Catfish. 

 

The levels of kynurenine in plasma of diploid and triploid Asian catfish are shown in 

Figure 15. The levels of kynurenine appeared slightly lower in triploid fish compared 
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to the diploid fish in both control and the LPS treated fish. However, these differences 

are not statistically significant (p > 0.05). The high values of standard deviation (SD), 

which reflected the high variability among samples, would most likely account for the 

no significant differences in this case. 
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Figure 15 Levels of kynurenine in plasma from diploid (2n) and triploid (3n) Asian 

catfish in control group (no LPS) and in lipopolysaccharide treated group (LPS) 

 

 

VNTR Specific for Apolipoprotein B in Diploid and Triploid Asian Catfish 

 

The analysis of variable number tandem repeat (VNTR) specific for apolipoprotein B 

was carried out using the known forward and reverse primers as described in the 

materials and methods section. A representative result of PCR products on agarose gel 

electrophoresis is shown in Figure 16. It was found that while some diploid Asian 

catfish contained 860 bp band, the other diploid Asian catfish contained 2,810 bp 

band (lane 1, 3, and 2, repsevtively in Figure 15). The same observation applied in the 

case of triploid Asian catfish as well (lane 5, then 4 and 6, respectively in Figure 15) 

in which one could only see the 860 bp and the 2,810 bands. 
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Figure 15 Agarose gel electrophoresis of VNTR specific for apolipoprotein B from 

diploid Asian catfish (lane 1, 2, and 3) and triploid Asian catfish (lane 4, 5, and 6). 

The right lane M was phage SPP-1 DNA markers. 

 

It should be noted that most of the works on VNTR specific for apolipoprotein B were 

carried out on human population. For example Giorgetti et al (1991) assessed the 

suitability of the analysis of the apolipoprotein B VNTR system in an Italian 

population as a method for forensic investigation. On an Asian population study Das 

and Mastana (2003) looked at genetic variation at three VNTR loci in three tribal 

populations of Orissa, India which included apolipoprotein B VNTR in the 

investigation. On the study of genetic markers in human bone Lee et al (1991) also 

included apolipoprotein B VNTR as one of the markers. Verbenko et al (2003) on the 

other hand showed a detailed investigation on the apolipoprotein B VNTR 

polymorphism in Eastern European populations. 
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Since no reports appeared so far on the study of VNTR specific for apolipoprotein B 

in fish, this study is the first report showing that there were the 860 bp and the 2,810 

bp bands present. We should keep in mind however that the population of diploid and 

triploid Asian catfish artificially fertilized for used in this study, even though involved 

a few thousands fingerlings, did originate from a few females and males broodstocks 

only. Further work should be carried out on this topic, particularly on expanding the 

work to include other closely related fish species. 
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