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Abstract
This study investigates the impact of the nematode parasite Philometra pellucida on the biochemical composition and
antioxidant levels in various tissues of Cyprinus carpio, a common freshwater fish species. The study focuses
specifically on how the nematode parasite Philometra pellucida affects different tissues (muscle, gut, liver, and gill)
of the Cyprinus carpio fish. The results reveal significant changes in the infected fish's biochemical composition, with
noticeable reductions in carbohydrates, proteins, and lipids. Additionally, the research provides strong evidence of
distinct differences in blood-related parameters between fish infected with the parasite and those that are not. The
infected fish show decreased counts of red blood cells (RBC), lower hemoglobin (Hb) levels, and reduced packed cell
volume (PCV), all indicative of a condition known as anemia, which aligns with consistent findings from previous
studies. The presence of parasites acts as a stressor, leading to changes in PCV due to the release of catecholamine,
which impacts the RBCs. The observed anemia in infected fish is linked to the suppression of erythrogenesis, the
process of red blood cell formation, and is associated with chronic liver inflammation. Conversely, infected fish
exhibit a significant increase in the count of white blood cells (WBC), a pathological response crucial for fighting
parasitic infestations. The elevated WBC count stimulates hemopoietic tissues and the immune system to produce
antibodies and chemical substances, acting as defense agents against infections. The study also finds elevated enzyme
activities of aspartate aminotransaminase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP),
along with higher creatinine and urea values in the parasite-infected fish.Overall, this study sheds light on how
Philometra pellucida infestation impacts the biochemical profiles and blood-related parameters of Cyprinus carpio.
The observed changes in various tissues and blood parameters contribute to a better understanding of how infected
fish respond physiologically. This knowledge is crucial for assessing fish health and has implications for managing
fisheries and conservation efforts.
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Introduction

Parasites can profoundly impact fish health,
affecting both wild populations and those reared
in aquaculture. The specific consequences vary
based on factors such as the parasite type, fish
species, and the individual fish's overall well-
being. External parasites like ectoparasites latch
onto the fish's skin, fins, or gills, causing physical
harm, irritation, inflammation, and wounds. These
injuries can create openings for infections,
jeopardizing the fish's overall health.
Additionally, parasites consume the fish's
resources like blood, mucus, and tissues, leading
to nutritional stress, and hindering the fish's
ability to obtain adequate nutrients for optimal
health and growth. Moreover, the presence of
parasites can weaken the fish's immune system,
rendering them more susceptible to secondary
infections caused by bacteria, viruses, or other
harmful microorganisms. Parasites pose a major
threat to both freshwater and marine fishes
worldwide, and they are particularly concerning
in tropical regions. These parasites have a
profound impact on the fish, affecting various
aspects of their lives. This includes changes in
their biology, behavior, nutrient absorption,
immune system functionality, vision impairment,
and overall health. Depending on the type and
quantity of parasites infesting the fish, they may
also suffer from decreased growth, reduced ability
to reproduce (fecundity), and even physical
injuries caused by the parasites. Several studies
(Iyaji, 2008; Bichi et al., 2010; Nmor et al., 2004;
Echi et al., 2009) have highlighted the significant
consequences of parasitic infections on fish
populations. When fish are infected with
parasites, they may exhibit changes in their
behavior, such as increased lethargy, reduced

appetite, or irregular swimming patterns, as they
try to cope with the parasite's presence. The
parasites can impede the fish's growth and
development, resulting in stunted growth and
reduced reproductive success. Certain parasites,
like some monogenean worms that feed on blood,
can cause anemia in fish by depleting their blood
supply, leading to weakness and decreased
vitality. In more severe cases, parasite infestations
can lead to significant mortality among fish
populations, especially in individuals that are
highly stressed or have compromised immune
systems. In the context of aquaculture, outbreaks
of parasites can result in economic losses due to
decreased growth rates, elevated mortality rates,
and the need for expensive treatments and
interventions.

Parasites can significantly impact commercially
important fish species, leading to disruptions in
their physiological and biochemical processes,
which can ultimately harm their overall health.
These parasites are widespread in water bodies,
particularly in areas that receive wastewater
containing harmful chemicals and pathogens,
which are already known to have detrimental
effects on aquatic life (Cazenave et al., 2014).
The interactions between parasites, pathogens,
and chemicals can result in the accumulation of
adverse effects or even create synergistic impacts,
compounding the risks to fish populations.
Understanding the roles, functions, and lifestyles
of parasites is crucial for characterizing the
dynamics of an ecosystem (Iwanowicz et al.,
2011; Costa et al., 2012).

In challenging environmental conditions, hemato-
biochemical indices have emerged as valuable
tools for effectively monitoring the impact of
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stressors on fish health. These indices play a vital
role in assessing how organisms respond to
various stress factors and offer valuable insights
into their overall well-being, especially in adverse
situations. In general, hematological tests serve
two primary purposes: first, they help establish
the normal health status of the organisms, and
second, they aid in diagnosing diseases caused by
a range of factors, including parasitic infections,
nutritional imbalances, pollution, genotoxic
effects of pollutants, environmental stress, and
heavy metal exposure. These tests are commonly
used in human and veterinary sciences (Fedato et
al., 2010). By studying the changes in
biochemical parameters associated with various
parasites recorded in a database, these tests can
assist in diagnosing diseases and guide the
application of appropriate treatments or
preventive measures (Yajiet al., 2007). This
valuable information can significantly contribute
to the management and conservation of fish
populations, safeguarding their health and
resilience against the challenges posed by
parasites and other stressors.

Cyprinus carpio, commonly known as freshwater
garfish, is a needlefish species inhabiting
freshwater and brackish environments in South
and Southeast Asia. This fish is notably abundant
in vitamin-A content, which plays a crucial role in
preventing blindness, particularly in children.
With its distribution in significant regions of
South Asia, it holds global importance due to its
appealing taste and high nutritional value (Talwar
et al., 1991; Frose et al., 2012).

Philometrid nematodes are commonly found in
various aquatic environments, including
freshwater, brackish water, and marine habitats,
and they are known to infect both wild and
cultured fish species of commercial importance.
The females of these nematodes are typically
larger in size, owing to certain morphological and
biological characteristics (Moravec et al., 2006).
Most of these nematode species tend to infect the
intestinal tract of the fish (Moravec et al., 2002).
As a result of the parasitic infection, the fish
experience a loss of intestinal contents and
essential nutrients, caused by the damage inflicted

on their tissues by the parasites. In cases where
the number of parasites is substantial, the
intestinal mucosa of the fish can be completely
destroyed, leading to the death of the host. Fluid-
filled spaces may also form on the inner surface
of the fish's body due to the infection.
Consequently, the parasitic presence triggers
biochemical and enzymatic changes within the
host fish.

Materials and Methods

Collection of fish samples

In the months of May to June 2023, a group of
freshwater fish known as Cyprinus carpio was
collected from the Rapti River in Balrampur,
India, for research purposes. Among the 60 fish
that were captured, some were found to be
infected with an internal nematode parasite called
Philometra pellucida. To investigate the impact of
this parasitic infection, the researchers examined
and evaluated potential biochemical changes in
the fish. In the study, the gills, liver, gut, and
muscle of each fish were carefully dissected and
their individual weights were measured. This
allowed the researchers to assess the specific
effects of the parasite on different organs and
tissues of the fish. By analyzing the biochemical
changes and comparing the organ weights
between infected and uninfected fish, the
researchers can gain valuable insights into the
physiological consequences of the parasitic
infection.

Parasitological examination

A thorough parasitological examination was
conducted to identify and detect the presence of
the parasite Philometra pellucida within the body
cavity and internal organs of the fish.

Biochemical analysis

Biochemical analyses were conducted to assess
the carbohydrate, total protein, and lipid levels in
various organs of the fish Cyprinus carpio. The
carbohydrate content was determined using the
method described by Carrol et al. (1956), while
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the total protein concentration was estimated
using Lowry's method (1951). For measuring the
lipid content, the Frings et al. (1972) procedure
was followed. These tests provided valuable data
on the nutritional composition of the fish's
different organs.

Haemato-biochemical assay

Blood was drawn from 60 live fish through the
caudal peduncle (tail area) and heart using a 2ml
plastic syringe and needle treated with an anti-
coagulant, following the procedure described by
Lucky (1977). The collected blood samples for
hematological studies were preserved in bottles
containing EDTA, while bottles with heparin
were used for analyzing enzymes (Aspartate
aminotransaminase - AST, Alanine
aminotransferase - ALT, alkaline phosphatase -
ALP, Creatinine, and Urea).After the blood
collection, each fish was euthanized by a blow to
the head, and the liver was removed and weighed
for organ indices assessment. The Packed Cell
Volume (PCV) was determined by using Hawsley
microcapillary tubes, which were then centrifuged
for 5 minutes, following the method by Abudu
and Sofola (1994).For the analysis of Red Blood
Cells (RBC), White Blood Cells (WBC),
Hemoglobin (Hb), and Packed Cell Volume
(PCV), the methods of Blaxhall and Diasley
(1973) were employed. The heparinized blood
samples were centrifuged at 300 rpm for 10
minutes to collect the serum for further analysis
of AST and ALT (Blaxhall and Diasley, 1973),
ALP (Bessey, Lowry & Brock, 1946), urea
(Jenkins, 2004), and creatinine (Bessey, Lowry &
Brock, 1946).Organ indices were calculated using
the methods described by Jenkins (2004). The
collected data were subjected to statistical
analysis using a one-way analysis of variance at a
95% confidence level, and the means were

compared using Fisher's Least Significant
Difference test at a 95% confidence level.

Results and Discussion

Biochemical in freshwater fish Cyprinus carpio

Assessing the health of wild fish populations
requires the identification of biological markers
that can indicate their status at various levels of
their biological organization. The ability of
wildlife to respond to different stressors depends
on a multitude of external and internal factors.
One crucial aspect determining their sensitivity or
resistance to stress is the condition of defense
mechanisms within their bodies. These defense
mechanisms play a vital role in safeguarding
organisms against diseases and environmental
pollution resulting from human activities and
other anthropogenic impacts. Therefore,
understanding and monitoring these biological
markers are essential for evaluating the overall
health and well-being of wild fish populations.

In the assessment of fish health, a range of
biochemical is commonly employed. These
parameters serve as indicators of the fish's
physiological condition and provide insights into
the influence of various biotic factors (such as
pathogens, parasites, and disease state) and
abiotic factors (including anthropogenic pollution
and habitat degradation) on the fish's well-being
(Martinez et al., 2005; Van der Oosе et al., 2003).
Out of these parameters, biochemical
characteristics are particularly valuable as they
are widely used as early warning indicators of any
changes in the health status of the fish.
Monitoring these biochemical markers allows
researchers to detect potential issues and address
them early on, thus aiding in the effective
management and conservation of fish populations.
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Table: 1 Biochemical parameter of freshwater fish, Cyprinus carpio

Biochemical Tests
Organs Protein (mg/g) Lipid (mg/g) Carbohydrate (mg/g)

Muscles
Uninfected fish 63.4±0.48 5.5±0.48 39.2±0.51

Infected fish 24.9±10.0 3.3±1.15 36.1±0.48

Gut
Uninfected fish 46.5±0.33 6.3± 0.88 41.4±0.73

Infected fish 28.5±0.14 4.5±0.37* 35.7±1.20

Liver
Uninfected fish 29.5±0.14 2.4±0.64 36.6±1.27

Infected fish 20.4±0.28 5.1±0.14 29.4±0.37

Gill
Uninfected fish 29.4±0.14 3.6±0.35 31.2±0.36

Infected fish 21.21±0.36 8.7±0.88* 28.5 ±0.35
Each value is mean ± SD of observations, * Indicates significant

Table 1 and Figure 1 present the quantitative
values of biochemical estimation in Cyprinus
carpio, a freshwater fish species. The study

compared the carbohydrate, protein, and lipid
content in different organs (gut, liver, gill, and
muscle) of infected and uninfected fish.

Figure: 1 Biochemical parameter of freshwater fish, Cyprinus carpio

In uninfected fish, both carbohydrate and protein
content were higher in all examined organs
(muscle, gut, liver, and gill) compared to infected
fish. For instance, the carbohydrate content was
lower in infected muscle (36.1±0.48), gut
(35.7±1.20), liver (29.4±0.37), and gill
(28.5±0.35) when compared to uninfected fish
organs (39.2±0.51, 41.4±0.73, 36.6±1.27, and
31.2±0.36) respectively. Similarly, protein
content was significantly higher in uninfected
muscle, gut, liver, and gill (63.4±0.48, 46.5±0.33,
29.5±0.14, and 29.4±0.14) compared to infected

fish organs (24.9±10.0, 28.5±0.14, 20.4±0.28, and
21.21±0.36) respectively. However, the lipid
content showed an interesting pattern. The
infected fish had higher lipid content in their liver
(5.1±0.14) and gill (8.7±0.88) compared to the
uninfected fish liver (2.4±0.64) and gill
(3.6±0.35). This finding indicates a significant
difference between the biochemical profiles of
infected and uninfected fish, suggesting the
potential impact of the parasite on lipid
metabolism.
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Interestingly, we also noticed a significant
increase in lipid levels in the liver and gill of
infected fish, which aligns with Tanaka et al.
(2002) who observed higher hydroxyl lipid levels
in the liver of diseased fish compared to healthy
fish.

Overall, the study demonstrates that the presence
of the parasite Philometra pellucida influences
the biochemical composition of the fish organs,
particularly affecting carbohydrate, protein, and
lipid levels in different tissues.

In our current investigation, we observed a
decline in biochemical parameters, specifically
carbohydrate, protein, and lipid content, in
freshwater fish Cyprinus carpio that were infected
with the internal nematode parasite P. pellucida.
These findings are consistent with previous
studies. For instance, Hassan et al. (2010)
reported a reduction in total protein and
carbohydrate levels in the liver and muscle of fish
species Epinephelus summana infected with
helminths. Similarly, Rajaram et al. (2018) found
lower carbohydrate and lipid content in fish
infected with the crustacean parasite Cymothoid
isopods.Parasites can have significant effects on
the health of fish, impacting both wild
populations and those raised in aquaculture
settings. These effects can vary depending on the
type of parasite, the fish species, and the overall
health of the individual fish.  External parasites,

such as ectoparasites, attach themselves to the
fish's skin, fins, or gills, leading to physical
damage. This can cause irritation, inflammation,
and wounds, making the fish more susceptible to
infections and compromising their overall health.
Parasites feed off the host's resources, including
blood, mucus, and tissues. This can lead to
nutritional stress, where the fish may struggle to
obtain enough nutrients to maintain optimal
health and growth. Parasite infestations can
weaken the fish's immune system, making them
more vulnerable to secondary infections by
bacteria, viruses, or other pathogens.

Infected fish may display altered behavior, such
as increased lethargy, reduced feeding activity, or
abnormal swimming patterns, as they try to cope
with the presence of parasites. Parasites can
hinder the growth and development of fish,
leading to stunted growth and reduced
reproductive success. Blood-feeding parasites,
like some monogenean worms, can cause anemia
in fish by depleting their blood supply, leading to
weakness and decreased vitality. In severe cases,
parasite infestations can cause significant
mortality in fish populations, particularly in
highly stressed or immunocompromised
individuals. In aquaculture, parasite outbreaks can
lead to economic losses due to decreased growth
rates, increased mortality, and the need for costly
treatments and interventions.

Table: 2 Effect of parasites on the hematological profile of the infected Cyprinus carpio parasitized by
Philometra pellucida

Cyprinus carpio

S.No. Parameters Infected Uninfected P- values
1. RBC(cells/mm3) 1.99 ±1.18 3.51 ±0.01 0.0001*

2. WBC (cells/mm3) 6.51 ±0.02 3.31±0.36 0.0001*

3. Hb (g/dl) 6.50 ±0.23 10.01 ±0.02 0.0001*

4. PCV (%) 17. 01 ±0.01 29.69± 0.02 0.0001*

5. Creatinine (U/L) 1.69 ±0.02 1.01 ±0.01 0.001*
6. Urea (U/L) 38.21±0.23 25.20 ±0.28 0.001*
7. AST (U/L) 96.69±0.36 74.09 ±0.38 0.001*

8. ALP (U/L) 78.92±0.15 51.03±0.31 0.001*

9. ALT (U/L) 131.0±1.01 90.69 ±0.11 0.001*
**P<0.01 level of significance
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In simpler terms, blood serves as a reliable
indicator of an organism's overall health and can
provide valuable information about its well-being.
For instance, in the case of fish infested with
parasites, analyzing their blood's hematological

parameters helps in understanding the fish's
functional condition. Additionally, by examining
the blood, scientists can assess the fish's
physiological state and nutritional health.

Philometra pellucida

In this study, all the blood-related parameters
analyzed showed significant differences (p<0.05)
(Table :2 )between the fishes that were infected
and those that were not infected with parasites.
These findings align with the research conducted
by several other scientists. For instance, previous
studies have indicated that Heteroponeutus fossils
infected with Lucknowiaindica displayed an
increased count of lymphocytes (Sexenaet al.,
1993). In Clarias batrachus carrying helminth
infections, a higher level of eosinophils was
observed (Sinha et al., 2010), while fishes
infected with hemoparasites showed reduced
levels of RBC, Hb, and PCV, as reported by
Shahi et al. (2013).

The reduction in RBC count, hemoglobin (Hb)
value, and packed cell volume (PCV) in infected
fishes may be a result of the parasitic infestation
that often leads to anemia(Martins,et al.2004).
Furthermore, the parasites simply acted as
stressors, and during the primary stages of stress,
the PCV is altered due to the release of
catecholamine (an enzyme) which mobilizes
RBCs to swell as a result of fluid entry into the
intracellular compartment (Chocchia, et al. 1989).
Similar results were recorded by Hassen
(2002)and Ismail (2003) in Clarias gariepinus
that are naturally infected with T. mukasai.

Lofty (2003) and Omran et al. (2003) conducted
studies that also highlighted the severe anemia
seen in infected fish. This anemia is characterized
by a reduction in the levels of red blood cells
(RBC), packed cell volume (PCV), and
hemoglobin (Hb). The underlying cause of this
condition was identified as chronic liver
inflammation, which leads to a suppression of
erythrogenesis, the process of red blood cell
formation.In contrast, the infected fishes showed
a significant increase in white blood cell (WBC)
count compared to their uninfected counterparts.
On the other hand, the infected fish exhibited a
notable elevation in their white blood cell (WBC)
count when compared to the fish that were not
infected. According to the studies conducted by
Lebola et al. (2001) and Hassen (2002), this
increase in WBCs is considered a pathological
response. During parasitic infestations, WBCs
play a crucial role by stimulating hemopoietic
tissues and the immune system to produce
antibodies and chemical substances, functioning
as defense mechanisms against infections. Similar
findings supporting this process were also
reported by Pinky et al. (2012) in their own
related research.



Int. J. Adv. Res. Biol. Sci. (2023). 10(7): 71-81

78

Alanine aminotransferase is remarkably specific
for liverfunction since aspartate aminotransferase
is mostly present in the kidney. The activities of
AST and ALT were significantly higher (P<0.05)
in the infected fishes when compared to the
uninfected fishes. AST, ALT, and Urea showed a
significant increase in infection with parasites.
Blood serum AST,ALT enzyme activities,
creatinine, and Urea values were increased in
infected Cyprinus carpio. The increase in the
activity of AST and ALT in theserum of the
infected fishes revealed that the parasites hadan
effect on the parenchymous tissues and skeletal
musculature, which probably may have altered the
permeability and integrity of cell organelles. The
pattern of ALT and AST activities observed in
this study are biochemical symptoms tending
towards liver cytolysis, indicating a disturbance in
the structure and integrity of cell organelles like
the endoplasmic reticulum and membrane
transport system. Alterations in their activities
may have adverse effects on the amino acid
metabolism of the tissues and consequently, the
intermediates needed for gluconeogenesis. Serum
urea and creatinine levels were observed to be
elevatedin the present study due to parasitic
infestation of fishes. Creatinine leaves the
muscles and enters the blood where it is a waste
product largely from the muscle breakdown. It is
removed by filtration through the glomeruli of the
kidney and excreted as urine. The increase in the
level of creatinine in the infected fishes may be a
result of the alteration of the muscle structure of
the infected fishes by parasites. Elevated levels of
creatinine and urea in fishes infected with
protozoan parasites. Urea is a principal end
product of protein catabolism. It is awaste product
metabolized in the liver and excreted by the
kidney. The increases in the urea values in the
infected fishes may be due to gill dysfunction
(caused by Philometra pellucida parasite mainly
found in the gills) as urea is mainly excreted
through the gill. These collective results highlight
the consistent impact of parasitic infections on the
biochemical composition of fish organs,
particularly affecting carbohydrate, protein, and
lipid levels. Such studies play a crucial role in
understanding the effects of parasitic infections
on fish health and metabolism.

Conclusion

In conclusion, this study provides valuable
insights into the impact of Philometra pellucida
parasite infestation on the biochemical
composition and blood-related parameters of
Cyprinus carpio. The infected fish demonstrated
significant alterations in their biochemical
profiles, including reduced carbohydrates,
proteins, and lipids. Moreover, clear distinctions
were observed in blood-related parameters, with
infected fish showing lower RBC counts, Hb
levels, and PCV, indicating anemia, while
exhibiting an elevated WBC count as a defense
mechanism against the parasitic infestation. The
study highlights the physiological responses of
infected fish, emphasizing the importance of
understanding and managing fish health for
fisheries and conservation efforts.

The combined findings underscore the consistent
influence of parasitic infections on the
biochemical composition of fish organs, with
notable effects on carbohydrates, proteins, and
lipids. These studies are essential for
comprehending the repercussions of parasitic
infections on fish health and metabolism. Further
research in this area can unveil underlying
mechanisms and potential strategies to mitigate
the effects of parasitic infections on aquatic
ecosystems
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