
ABSTRACT

Objective: The aim of this study was to study the pathophysiological effects on Channa punctatus due to the nematode parasite Eustrongylides sp.
Methods: A total of 250 fish were examined during the period January 2012–2014. Hematological, serum biochemical, histological, and 
scanning electron microscopic studies were performed on normal and infected hosts to study the effects caused by the nematode.
Results: The mean values of red blood corpuscle [RBC] count, hematocrit, and hemoglobin were significantly higher (P<0.01) in noninfected fish, 
while the values of  white blood corpuscle [WBC] count, mean corpuscular volume [MCV], and mean corpuscular hemoglobin [MCH] were signifi-
cantly higher (P<0.01) in infected fish. In infected fish, the average values of aspartate amminotransferase [AST] (416 UL-1), alanine amminotrans-
ferase [ALT] (73.35 UL-1), alkaline phosphatase [ALP] (161.6 mg dl-1), and cholesterol (154.82 mg dl-1) were significantly higher (P<0.01) than those 
in noninfected fish. Significant differences were also observed in total protein and glucose levels between the infected and noninfected fish. 
Histological and scanning electron microscopic studies of the host tissues revealed a series of pathological changes and mechanical damage.
Conclusion: It can be concluded that Eustrongylides sp. has a significant impact on its host and thus the parameters outlined in the present 
paper may be employed as tools in monitoring the health status of fish in culture practices. (Turkiye Parazitol Derg 2016; 40: 42-7)
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ÖZ

Amaç: Bu çalışmanın amacı nematod parazit Eustrongylides sp.’nin Channa punctatus üzerine patofizyolojik etkilerini araştırmaktır.
Yöntemler: Toplam 250 balık Ocak 2012-2014 süresi boyunca araştırılmıştır. Nematodun sebep olduğu etkiyi araştırmak için, normal ve enfekte ko-
naklar üzerine hematolojik, serum biyokimyasal, histolojik ve taramalı elektron mikroskop (scanning electron microscope) çalışmaları uygulanmıştır.
Bulgular: Parazitle enfekte balıklarda WBC (beyaz kan hücresi) sayımı, MCV (ortalama hücre yoğunluğu), MCH (ortalama hücre hemog-
lobini)’nin değerleri anlamlı şekilde daha yüksek (P<0,01) iken, enfekte olmayan balıklarda RBC (kırmızı kan hücresi) sayımı, hematokrit ve 
hemoglobinin ortalama değerleri anlamlı şekilde daha yüksektir (P<0,01). Enfekte balıklarda, aspartat aminotransferaz [AST] (416 UL-1), alanin 
aminotransferaz [ALT] (73,35 UL-1), alkalin fosfataz [ALP] (161,6 mg dl-1) ve kolesterol (154,82 mg dl-1)’ün ortalama değerleri enfekte olmayan 
balıklarınkinden anlamlı olarak daha yüksektir (P<0,01). Anlamlı farklılıklar enfekte ve enfekte olmayan balıklar arasında toplam protein ve 
glukoz seviyelerinde de gözlenmiştir. Konak dokuların histolojik ve taramalı elektron mikroskobu çalışmaları bir seri mekanik zarar ve pato-
lojik değişiklikleri açığa çıkarmıştır.
Sonuç: Bu çalışmadan Eustrongylides sp.’nin konağı üzerine anlamlı etkiye sahip olduğu sonucu çıkarılabilir ve, bu bulgular, yetiştiriciliği 
yapılan balıkların sağlık durumlarını izlemede araç olarak kullanılabilir. (Turkiye Parazitol Derg 2016; 40: 42-7)
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INTRODUCTION

The snake-headed freshwater fish Channa punctatus of the fam-
ily Channidae has a wide geographical distribution and a high 
growth rate and contributes significantly to the fishery sector in 
India. It usually inhabits swamps, pools, and rice fields and is 
known for its nutritive and invigorating qualities (1). The 
air-breathing teleost, being carnivorous in nature, acts as an 
intermediate or final host of many helminth parasites. Potentially, 
all freshwater and brackish water fish may be affected by nema-
todes, with heavier infections likely in predatory fish, particularly 
for species utilizing fish as an intermediate or transient host (2). 
Parasitic infection in fish results in heavy mucous secretion and 
discoloration and in severe cases causes high mortalities, which 
results in huge economic losses to fisheries.

The nematodes cause damage to the hosts by depriving them 
of digested food and by feeding on host tissues, sera, or blood. 
In some cases, direct mechanical damage results from them fix-
ing to host tissues and developing or migrating in them (3-5).

Among fish nematodes, Eustrongylides infection has attracted 
considerable attention as it has been reported in various regions 
of the world and these nematodes exhibit a great potential for 
transmission and pathogenicity (6-9).

Eustrongylides sp are pathogenic parasites of piscivorous birds 
transmitted through two intermediate hosts: aquatic oligo-
chaetes and fish (10-12). In fish, these parasites are conspicuous 
as long, red, coiled individuals located in the body cavity or 
embedded in the muscle (13, 14). Unencysted larvae of these 
parasites migrate under the skin and in the muscles, causing 
extensive inflammation and necrosis. Encystation occurring in 
the viscera, namely liver, spleen, or gonads causes severe patho-
logic changes in the adjacent tissue (6). Hence, to maximize 
productivity and to reduce fish mortality due to diseases and 
parasites, continuous evaluation of the physiological status of 
the fish is essential in the fishery sector.

Blood parameter analyses have proven to be valuable tools for 
diagnosing the health status of fish as these indices provide 
reliable information on metabolic disorders, deficiencies, and 
the chronic stress status before clinical symptoms appear (15). 
Thus, hematological tests and the analysis of serum constituents 
have proven useful in the detection and diagnosis of metabolic 
disturbances and disease processes (16, 17). In response to eco-
logical and physiological conditions, major changes occur in fish 
blood composition, such as fluctuations in the levels of red and 
white blood cells (RBC and WBCs, respectively), hormones, 
hematocrit, hemoglobin concentration, leukocytes counts, and 
other basic components. No significant report is available on the 
effects of Eustrongylides infection on hematology and the serum 
biochemical profiles of the host Channa punctatus.

Therefore, the aim of this study was (i) to characterize the hema-
tological and serum biochemical indices of normal and infected 
fish and to establish a correlation between the studied blood 
parameters and (ii) to assess the pathological changes and 
mechanical damage caused in visceral organs using histological 
and scanning electron microscopic studies, respectively.

MATERIAL AND METHODS

Collection of fish specimens and helminth parasites
A total of 250 host fish, i.e. Channa punctatus (17–21 cm in 
length) weighing 50–75 g, were collected from fish farms in 
Naihati and Kalyani, West Bengal during the period of January 
2012–2014 and were brought alive to the parasitology laboratory 
for examination. They were acclimatized and maintained in glass 
aquaria (100×60×50 cm) following standard procedures (1). 
Adult fish specimens of nearly similar weight and length were 
dissected in physiological saline (0.75% NaCl solution) for col-
lecting helminth parasites. Collected nematodes were fixed in 
hot 70% ethanol after being washed thoroughly in normal saline, 
and then stored in labeled glass vials containing glycerine alco-
hol (1:3). For light microscopic examination, each nematode was 
cleared in lactophenol for morphological observation and iden-
tification. The relative parameters were measured and identifica-
tion was performed using selected identification keys (5, 18, 19). 
The approval of Institutional Animal Ethics Committee, University 
of Kalyani was not taken since the experiment were made on 
commonly available edible fishes.

Scanning electron microscopic study of tissues infected with 
nematodes
The tissues and helminth parasites from infected fish were col-
lected and fixed in 2.5% glutaraldehyde solution prepared in 0.1 
M sodium cacodylate buffer (pH 7.4) at 4°C. The samples were 
then dehydrated through with a series of alcoholic grades, fol-
lowed by washing with absolute alcohol and amyl acetate mix-
ture in 3:1, 2:2, and 1:3 ratios, and finally in 100% amyl acetate. 
The tissues were finally critical point dried using CO2 in a HCP:2 
Critical Point Dryer (Hitachi, Tokyo, Japan) coated with metallic 
gold in an IB-2 ion coater and examined in a Hitachi S-530 
Scanning Electron Microscope at accelerating voltages of 15 and 
20 KV (20).

Histological studies
Samples of visceral organs, such as the liver, spleen, and intes-
tine, collected from both normal and infected fish were fixed in 
Bouin’s fixative for 24 h, and then dehydrated using ascending 
grades of alcohol, cleared in xylene, and finally embedded in 
paraffin wax. Processed tissue samples were serially sectioned at 
about 5 μm on a rotary microtome, and stained with hematoxy-
lin-eosin (21). The sections were examined using a light micro-
scope and photographed by a phase-contrast microscopic 
camera (Olympus CX 41).

Hematology analysis
Blood samples were collected by the caudal puncture method 
were immediately transferred into EDTA-containing assay tubes at 
an approximate concentration of 5 mg/mL of blood (22). The 
blood samples were diluted with the appropriate diluting fluids 
for red blood corpuscle (RBC) and white blood corpuscle (WBC) 
counts and the counts were determined using an improved 
Neubauer hemocytometer and then calculated (22, 23). The 
packed cell volume (PCV) was determined by using a microhema-
tocrit capillary tube (24). The hemoglobin content in erythrocytes 
was determined by using Sahli’s hemoglobinometer. Absolute 
values, like mean corpuscular volume (MCV), mean corpuscular 
hemoglobin concentration (MCHC), and mean corpuscular hemo-
globin (MCH), were calculated using standard formulas (25).
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Biochemical analysis
The blood samples were collected in a clean, dry sample con-
tainer (without anticoagulant) and were centrifuged at 2000 rpm 
for 5-6 min at 4°C. The supernatant containing the serum was 
collected and stored at −20°C prior to analysis. Biochemical 
tests were performed for determination of the serum glucose, 
cholesterol, total protein, albumin, aspartate amminotransferase 
(AST, E.C.2.6.1.1), alanine aminotransferase (ALT, E.C.2.6.1.2), 
and alkaline phosphatase (ALP, E.C.3.1.2.3.1). The total protein 
concentration in serum was estimated by the Biuret method (26). 
Albumin was determined by the bromocresol green method 
(27). Serum globulin was calculated by subtracting the concen-
tration of albumin from that of the total protein, and the albu-
min/globulin ratio (A/G ratio) was calculated by dividing the 
albumin concentration over that of globulin (28).

AST and ALT activity were measured using a spectrophotometer 
with the 2.4 dinitrophenylhydrazine (2.4-DNPH) method (29). Al-
kaline phosphatase (ALP) was estimated by Kind and King’s spec-
trophotometric method (30, 31). Serum cholesterol and glucose 
concentration were measured by a spectrophotometric method 
according to procedures described by Tietz (32) and Mendel 
et.al. (33), respectively.

Statistical analysis
The experiments were conducted in triplicates. All the values are 
given as the mean ± standard error of the mean (S.E.M). The 
values of the hematological and biochemical data between the 
control and infected groups of fish blood were compared statis-
tically by using student’s t test (2-tailed). The mean values were 
compared at the 1% level of significance (P<0.01).

RESULTS

Macroscopic and microscopic observation
 A total number of 250 fish were examined from January 2012 to 
January 2014, i.e., during the spawning and post-spawning sea-
son. Nematodes were recovered from the abdominal cavity, 

musculature, lumen of the stomach, and in the stomach wall. 
They were then identified as Eustrongylides sp based on larval 
anatomical characteristics, and most of them were encysted. The 
nematodes measured 17-20 mm in length and 0.19-0.23 mm in 
width.

Scanning electron microscopic observations
SEM studies revealed the extent of the damage caused by the 
nematode in the visceral organs of the host Channa punctatus. 
Figure 1.A shows the attachment of the nematodes in the liver 
tissues that resulted in hemorrhage. Studies show the increase in 
number of RBC cells in liver tissue infected with Eustrongylides 
sp larvae Figure 1.B. Moreover, damage caused in the intestine 
of the host due to mechanical attachment and penetration of 
the nematode are illustrated in Figure 1.C and D. Furthermore, 
the scanning electron microscopic images of the nematode 
were used for taxonomic identification of the parasite.

Figure 1. a-d. a: Nematode (Eustrongylides sp.) attached with 
the liver of the host Channa punctatus. b: Liver tissue damage 
indicated by the increase in number of RBCs in liver tissue 
infected with Eustrongylides sp. larvae. c and d: Attachment of 
the nematode with the intestine of the host.

a

c

b

d

Figure 2. a-f. a: Histological section of liver from noninfected 
fish. b: Erythrocytes were observed in the hepatic tissue section, 
and part of the hepatic tissue was necrotic; numerous 
melanomacrophagic centers were also observed in the liver 
section of infected fish. c: Histological section of the spleen from 
noninfected fish. d: Spleen of infected fish mainly showing 
swelling in the thickened trabeculae and hemorrhage. e: 
Histological section of the intestine from a noninfected fish. f: 
Nematode occurrence in the intestine resulted in rupture of the 
villi, mucosa, submucosa, and even muscularis layers. Hypertropic 
and hyperplastic changes were also detected in the epithelial 
cells of mucosa.
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Histological findings
Marked histopathological changes were recorded in the tissues 
of the liver, spleen, and intestine of the affected hosts. 
Inflammatory reaction, tissue necrosis, and circulatory distur-
bance were the main symptoms observed in the infected tissue 
sections. Hepatocytes were of irregular outline with abundant 
vacuolar space and the nucleus hardly visible. Penetration of the 
nematode disrupted the regular arrangement of the hepato-
cytes, which resulted in necrosis and hemorrhage, see Figure 
2.B. Frequent and dispersed melanomacrophagic centers were 
observed in the sections of the infected fish.

The spleen of the infected fish mainly shows inflammation of the 
capillaries and hemorrhages, and numerous melanomacro-
phagic centers were observed, see Figure 2.D.

Nematode occurrence in the intestine resulted in the rupture of 
villi, mucosa, submucosa, and even muscularis layers. Hypertropic 
and hyperplastic changes were also detected in the epithelial cells 
of mucosa, see Figure 2.F, while the tissue sections from noninfect-
ed groups are normal in appearance and structure.

Hematological analysis
The RBC count in the infected fish was significantly lower 
(P<0.01) than in noninfected fish. Conversely, the WBC count in 
infected fish was significantly higher (P<0.01) than in noninfected 
fish. Statistical analysis reveals that affected fish had significantly 
lower (P<0.01) hemoglobin and PCV levels, while the mean val-
ues of MCV and MCH were significantly higher (P<0.01). The 
mean values of MCHC showed nonsignificant differences in the 
studied fish. Values (mean, standard error, and ranges) of RBC 
and WBC counts, hemoglobin concentration, PCV, MCV, MCH, 
and MCHC of infected and normal fish are given in Table 1.

Serum biochemical analysis
The mean values, standard error, and ranges of the serum bio-
chemical parameters for both infected and noninfected fishes 
are summarized in Table 2. Significantly higher values were 
observed for ALT, AST, cholesterol, and ALP in infected fish than 
in noninfected fish (P<0.01). The total protein A/G ratio and glu-
cose values were significantly lower (P<0.01) in infected fish in 
comparison to noninfected fish.

Table 1. Effect of Eustrongylides sp. on some hematological parameters of Channa puntatus in comparison with noninfected and 
infected fish (Mean±SE). Values are expressed as the mean±standard deviation (SD) of 10 replicates. Student’s ‘t’ tests were performed 
noninfected and infected groups. The mean values were found to be significantly different at a 1% level of significance (P<0.01).

Sl. No  Blood Parameters           Noninfected Fishes         Infected Fishes

  Range Mean±SD Range Mean±SD

1. RBC count(106 μL-1) 3.2-4.8 4.133±0.622 1.2-2.2 1.838±1.159

2. WBC count (103 μL-1) 7.0-10.8 8.18±1.074 10.2-14 10.80±1.180

3. Hg (g dl-1) 12.7-14.5 13.19±1.12 9.6-11.5 10.55±2.66

4. PCV (%) 41-46 43.458±4.00 22-33 32.195±5.57

5. MCV (Ft) 90.8-145 107.27±19.5 94.28-232.5 178.196±75.68

6. MCH (pg) 28.5-43.15 35.35±6.708 28.57-71.6 56.70±21.33

7. MCHC (%) 30.0-31.5 30.46±0.5217 28.2-29.5 29.4±1.059

RBC - Red blood corpuscle; WBC - White blood corpuscle;Hg- Hemoglobin; PCV - Packed cell volume; MCV - mean corpuscular volume; MCH - mean 
corpuscular haemoglobin; MCHC - mean corpuscular haemoglobin concentration.

Table 2. Effect of Eustrongylides sp. on some serum biochemical parameters of Channa puntatus in comparison with noninfected 
and infected fish (Mean±SE). Values are expressed as the mean±standard deviation (SD) of 10 replicates. Student’s ‘t’ tests were 
performed between noninfected and infected groups. The mean values were found to be significantly different at a 1% level of 
significance (P<0.01).

Sl. No  Blood Parameters           Noninfected Fishes         Infected Fishes

  Range Mean±SD Range Mean±SD

1. Total protein (g dl-1,mg dl-1,UL-1) 2.5-6.0 4.473 ±1.31 1.2-3.09 2.279±0.8123

2. Serum albumin (g dl-1) 2.5- 4.2 3 ±1.24186 0.4-2.5 1.44±1.203

3. A/G 1.4-1.9 1.572±0.139 0.33-1.3 0.819±0.429

4. SGOT/AST(UL-1) 140-315 190.9±89.019 213±640 416±172.55

5. SGPT/ALT (UL-1) 30.2-36.42 34.167±1.067 65-85.5 71.8±13.71

6. Alkaline phosphatase (mg dl-1) 125.47-145.35 130.60±2.91 150.56-170.65 165.8±32.43

7. Glucose (mg dl-1) 49.6-87.07 66.10±21.5423 24.42-42.5 35.024±7.93

8. Cholesterol (mg dl-1) 120.78-140 130.93±1.97 150-165.5 158.82±5.55

A/G ratio - albumin/globulin ratio; AST - aspartate amminotransferase; ALT - alanine aminotransferase; SGPT - Serum Glutamate Pyruvate Transferase; 
SGOT - Serum Glutamic Oxaloacetic Transaminase.
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DISCUSSION

This study reveals that Eustrongylides sp causes a series of bio-
chemical, hematological, and pathological changes in the host 
fish. Glucopyruvic intoxication leads to a marked decrease in the 
glucose level of serum due to the consumption of an abundant 
amount of glucose content from the host by the nematode (34).

The liver acts as the main metabolic center for detoxification, 
biosynthesis, and excretion of cholesterol. Thus, increased levels 
of ALT, AST, and ALP in infected fish, as observed during the 
study, indicate impaired liver function (35) and extensive liver 
damage. Elevated levels of cholesterol indicate disorders of the 
lipid and lipoprotein metabolism, especially liver-impaired phys-
iology (36).

In this study, hypoproteinemia with decreased levels of total 
serum protein (TSP) and albumin without marked changes in 
globulin level were observed. Parasitic infestation causes prote-
olysis of TSP, which results in the liberation of free amino acids 
and their utilization in numerous metabolic processes, like the 
tricarboxylic acid cycle (TCA), to meet the enhanced energy 
demand. The necrosis of hepatocytes results in a decline in the 
total protein level in serum, which may be due to the decrease 
in protein synthesis. The reason for the loss of protein from 
serum may also be attributed to the increased level of transam-
inase activity, indicating the rapid utilization of reserve foods like 
protein and carbohydrate under stress conditions (37, 38).

Blood acts as a pathophysiological reflector of the whole body 
(39, 40). Hence, hematological parameters are important in diag-
nosing the functional status of the fish infected with helminth 
parasites (41) and also to evaluate the physiological condition 
and nutritional status of the fish (42).

The RBC count, hemoglobin value, and packed cell volume were 
found to be significantly reduced in infected fish, which occurs 
as a result of the parasitic infestation that often leads to anemia 
(43). Furthermore, the parasites act as a stressor and during pri-
mary stages of stress, PCV changes due to the release of cate-
cholamine, which can mobilize RBCs from the spleen (44) or 
induce RBC swelling as a result of fluid shift into the intracellular 
compartment (45).

The WBC count was found to be enhanced due to parasitic 
infestation, as WBCs are key components of innate immune 
defense and leukocytes are involved in the regulation of immu-
nological function in the organism (46-48).

The MCV and MCH values recorded in infected fish were 
enhanced, which confirmed the pathological occurrence of per-
nicious anemia. The MCHC values showed a nonsignificant 
decline in infected fish in comparison with noninfected fish.

The histological changes appearing in visceral organs, such as the 
liver, spleen, and intestine, may be due to toxic substances 
released by the larvae, resulting in hydropic degeneration and the 
necrosis of normal cells. Such responses evoke inflammation and 
leukocytosis in the affected host. The severity of histopathological 
changes caused by this nematode is correlated with the depth of 
penetration within the host tissues along with the parasite burden.

The brown black pigments found in the vicinity of the parasites 
result from the activity of macrophages involved in the resorp-
tion and removal of foreign material. The pigment present in the 
melanomacrophagic centers consists mainly of lipofuscin and 
hemosiderin. In new hemorrhagic sites occurring due to the 
penetration and migration of helminths, hemosiderin-containing 
macrophages are usually found, while in chronic cases, darker 
pigment-containing macrophages are frequently encountered 
(49).

CONCLUSION

The results of this study provide information regarding the char-
acteristic features of hematological, biochemical, and histo-
pathological changes in Channa punctatus due to Eustrongylides 
sp infection, suggesting that blood parameters and serum bio-
chemical studies may be effective in monitoring the effects of 
nematode infestation in fish; this knowledge would be effective 
in fishery management programs.
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