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Biochemical study of some metabolic indicators
of fish Mastacembelus mastacembelus (Banks &
Solander, 1794) and its parasite tapeworm Senga
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Abstract

This study is the first global attempt to evaluate the influence of the parasitic tapeworm Senga mastacembeli on its fish host,
Mastacembelus mastacembelus, using tissue biomolecules to bridge the informational void regarding this fish. Forty-six alive
and mature fish were gathered from a fish market in Mosul, Iraq. We removed and extracted tapeworms from the fish’s intestine.
Also, an extract of the liver and intestinal tissues of both infected and uninfected fish was made for estimation of proteins,
carbohydrates, aspartate transaminase, alanine transaminase, alkaline phosphatase, and lactate dehydrogenase activities
using colorimetric techniques. The findings at p < 0.05 showed that the intestine of infected fish had concentrations of total
proteins of 178.6 and carbohydrates of 122.1 mg/g wet weight that were significantly lower than those of uninfected fish,
which had concentrations of 232.2 and 183.3 mg/g wet weight, respectively. On the other hand, the protein and carbohydrate
concentrations of the tapeworm tissues were 106.9 and 94.5 mg/g wet weight, respectively, which were significantly lower than
those of infected and uninfected fish. Regarding liver enzyme activities, the infected fish's alanine transaminase and alkaline
phosphatase, measuring 83.3 and 63.0 IU/L, respectively, were significantly lower than the uninfected fish's 109.1 and 125.0 IU/
L, while the infected fish's lactate dehydrogenase activity was higher at 223.6 IU/L compared to the uninfected fish’s 198.4 IU/L.
However, the aspartate transaminase activity of infected and uninfected fish did not differ significantly. Furthermore, the most
sensitive ratio to parasite infection was the aspartate transaminase/alkaline phosphatase, which was followed by the aspartate
transaminase/alanine transaminase and lactate dehydrogenase/aspartate transaminase ratios. The study concludes that the
studied biomolecules can be used as reliable biomarkers of the severity of fish infection with parasitic tapeworms.
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Introduction

The Mesopotamian spiny eel, Mastacembelus mastacembelus, is
a member of the Mastacembelidae family, characterized by its
elongated body. It inhabits freshwater environments in the Ti-
gris and Euphrates rivers and surrounding regions in the Mid-
dle East. As a carnivore, this species plays a crucial ecological
role in controlling the populations of smaller aquatic organisms,
such as fish and crustaceans. Additionally, its sediment-burrow-
ing behavior contributes to improving water quality and habitat
diversity for other species, providing insights into ecological
dynamics and helping maintain ecosystem balance (Alit et al,,
2023). Economically, the spiny eel is a valuable source of pro-
tein; reports indicate that spiny eel meat contains a high calorie
content, reaching up to 303 calories per 100 grams (Jahan et al,,
2020). However, like other aquatic animals, Spiny eel is suscep-
tible to parasitic infections. One such parasite is the tapeworm
Senga mastacembeli, which commonly infects M. mastacem-
belus. This parasite has been reported in Iraq with a high prev-
alence of up to 73.77% (Bilal et al., 2017). As an endoparasite,
S. mastacembeli settles in the alimentary canal of its host and
obtains its nutrients through its highly specialized tegument
and potentially alters the host’s nutritional status (Banerjee et
al.,, 2017).

Parasites are responsible for approximately 70% of fish dis-
eases, and about half of them are due to the tapeworms, signifi-
cantly impacting host biochemistry and physiology by slowing
growth, reproduction, flesh quality, and survival; therefore, the
severity of tapeworm infections is often assessed by analyzing
biomolecules related to the infection (Oliveira et al., 2024). Nu-
merous investigations have confirmed that tapeworm infections
alter protein and carbohydrate quantities in fish tissues. For
example, fish Clarias batrachus is parasitized by tapeworm Lyto-
cestus sp. (Jawale, 2023), Barbus grypus is parasitized by Khawia
armeniaca (Al-Niaeemi & Dawood, 2021), and Siluris glanis is
parasitized by Postgangesia armata (Al-Niaeemi et al., 2019).
Protein contents of the tapeworms Lytocestus sp. (Jawale, 2023)
and P, armata (Al-Niaeemi et al., 2019) were 44.0 and 9.26 mg/
g of wet weight, respectively.

Parasitic infections can also induce changes in enzyme
activities in hosts. Estimations of enzyme activity in tapeworms
and fish are reported by various authors (Al-Niaeemi et al.,
2020; Frolova et al., 2023). Enzymes play crucial roles in meta-
bolic pathways, including proteins and carbohydrates, providing
basic molecules and energy demands, and enzyme activity is a
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good indicator of tissue injury (Shukla, 2024). Alanine trans-
aminase (ALT), aspartate transaminase (AST), lactate dehydro-
genase (LDH), and alkaline phosphatase (ALP) are commonly
used as indicators of liver and tissue health (Anuprasanna et al.,
2024). Transaminases and LDH represent metabolic links be-
tween carbohydrate and protein biochemical pathways through
gluconeogenesis (Gupta & Sharma, 2023). ALT interchanges
alanine - pyruvate in the Cahill cycle and regenerates glucose
in an aerobic condition. LDH transforms lactate into pyruvate
through the Cori cycle and regenerates glucose in an anaerobic
condition. For aerobic glycolysis, AST is more important and
facilitates the transfer of NADH from the cytoplasm to the
mitochondria through the malate-aspartate shuttle (Holecek,
2024). The ratios of these enzymes provide valuable insights
into the extent of tissue damage and metabolic stress caused by
parasitic infections, including the AST/ALT ratio (De Ritis ra-
tio) in fish Totoaba macdonaldi (Trejo-Escamilla et al., 2021).

Given the environmental and economic importance of the
present spiny eel fish and the impact of S. mastacembeli infec-
tions, there is a need for comprehensive investigations on the
biochemical effects of such infections. To our knowledge, global
research has primarily focused on blood biomolecules, leaving
a knowledge gap regarding the role of tissue enzymes as met-
abolic biomarkers for assessing the pathophysiological conse-
quences of S. mastacembeli infections. This study could serve as
a first report that aims to address this gap by exploring the role
of tissue enzymes as biomarkers, which could have implications
for nutrition, health, and economics.

Materials and methods

Specimen collection

Forty-six alive and mature M. mastacembelus fish were gath-
ered in an isothermal box containing crushed ice from Mosul’s
fish market in Iraq and transferred to the Biology Department
Laboratory. The period of collecting was May to June 2024. The
fish’s length ranged from 52 to 63 cm, with an average of 56.4
cm, and their weight ranged from 315 to 485 g, with an average
of 391.3 g. The fish were taxonomized according to Dwivedi &
De (2024). Twenty-one (45.7%) of the fish were uninfected with
any parasite, and twenty-five (54.3%) were infected, resulting in
a 1:1.19 uninfected/infected ratio. The tapeworm S. mastacem-
blei was identified according to Bilal et al. (2017). Nine of the
total fish were found to be only infected with S. mastacemblei,
whereas sixteen were found to be infected with other parasites,
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sometimes including S. mastacemblei, and these fish were ig-
nored from the study. Fish immersed in crushed ice were dis-
sected immediately at Mosul University’s Biology Department
Science College research lab. After the tools and dissection area
had been cleaned, blunt-tipped scissors were used to make a
tiny incision in front of the anus and extending along the fish’s
ventral midline to the middle of the lower jaw, then a cut from
the tiny incision in front of the anus upward, across the fishs
body, and towards the head was done to remove the flap of skin
covering the abdominal cavity. The intestine and liver were
then carefully cut out, and no unusual signs or indications were
observed in their morphology during the dissection, being
careful to clean and rinse the tools between each step. The fishs
small intestine was the source of the adult tapeworm S. masta-
cemblei. After being collected, the tapeworms were placed in a
Petri dish, cleaned five times using a pH 7.4 phosphate-buffered
saline (PBS; Invitrogen, Waltham, MA , USA), and inspected
using a dissecting microscope (Hamilton, Ontario, Canada).
Each tapeworm had a predetermined wet weight. Then frozen
at a temperature of ~20°C in a deep freezer (Haier, Pune, India).
The tapeworms were dehydrated, clarified, and mounted with
dibutyl phthalate polystyrene xylene (Sinopic, Beijing, China)
in order to prepare them for taxonomication. Additionally, the
small intestine and liver of ten uninfected and nine infected M.
mastacembelus fish were chopped, scrubbed, and rinsed with
PBS pH 7.8. Each sample’s fresh weight was then estimated, and
it was frozen at —~20°C for the ensuing biochemical analyses.

Extract preparation of worms and fish intestine and liver
Ten grams of wet weight of worms were suspended in 100 ml
of 0.05 M Tris-HCI buffer pH 7.8 (Medicago AB, Uppsala,
Sweden), and this was done for intestine or liver tissues of each
uninfected and infected fish. The suspensions were then ho-
mogenized in a grinder (Harvest Hi-Tech, Coimbatore, India).

To disrupt cell membranes, an ultrasonic disintegrator
(Crest Ultrasonics, Ewing Township, NJ, USA) was used at 12
kHz for 30 s in an ice bath. The suspensions were subjected to
four sonication cycles. The cooled ultracentrifuge (Beckman
Coulter, Brea, CA, USA) was used to do ultracentrifugation at
15,000 g for 30 min. Biochemical investigations were conducted
using the supernatant fraction (Al-Naftachi, 2006).

Total protein determination

The concentration of total proteins in the extracts from the
worms and fish’s gut and liver was determined by the colorimet-
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ric method according to Lowry et al. (1951). Wavelength 750
nm was used to measure absorbance using a spectrophotometer
(Shimadzu, Kyoto, Japan). Based on the standard curve of pro-
tein, the protein content was estimated.

Total carbohydrate determination

The concentration of total carbohydrates in the extracts from
the worms and fish guts was determined according to the
Gottschalk technique (Gottschalk, 1985). Wavelength 488 nm
was used to measure absorbance. Based on the carbohydrate
standard curve, the content of carbohydrates was estimated.

Enzyme activity determinations

AST, ALT, LDH, and ALP were estimated in tapeworm tissue
Senga mastacemblei and liver extract of the uninfected and in-
fected fish M. mastacembelus by using specific analysis kits (Bi-
olabo, Maizy, France) as follows: Activity of the ALT assay was
estimated utilizing the Reitman and Frankel method (Reitman
& Frankel, 1957). The ALT enzyme converts alanine to pyru-
vate, then pyruvate reacts with the indicator 2, 4-dinitrophenyl
hydrazine (2, 4 DNPH) to generate a reddish-brown complex
of 2,4 DNPH , which is absorbed with a spectrophotometer at
505 nm in alkaline solution. ALT activity was estimated using
the standard curve as a guide. Activity of the AST assay was
estimated utilizing the Reitman and Frankel method (Reitman
& Frankel, 1957). The AST enzyme converts aspartate to ox-
aloacetate, then oxalate reacts with the indicator 2, 4 DNPH
to generate a reddish-brown complex of 2, 4 DNPH, which is
absorbed with a spectrophotometer at 505 nm in alkaline solu-
tion. AST activity was estimated using the standard curve as
a guide. Activity of the LDH assay was estimated utilizing the
Morgenstern et al. approach (Morgenstern et al., 1965). LDH
converts pyruvate into lactate when the coenzyme NADH is
present. The determination of LDH activity depends on the
decrease in absorbance of NADH due to the conversion of it to
NAD". Absorption was measured at 340 nm, and LDH activity
was estimated using the standard curve as a guide.

Activity of the ALP assay was estimated according to the
Kind and King method (Kind & King, 1954). ALP converts
phenylphosphate to phenol and phosphate. Determination
of ALP activity depends on the reaction of free phenol with
4-amino-antipyrine to form a red complex in alkaline solution.
Absorption was measured at 510 nm, and ALP activity was esti-
mated using the following equation.

ALP activity (IU/L) = [(sample absorbance - specimen
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blank absorbance) / standard absorbance] x 141.8.

Statistical analysis

The SPSS Statistics program version 23.0 was used to analyze
the data. The mean values of tapeworm tissue, uninfected and
infected fish liver, and intestine were compared statistically us-
ing ANOVA and Duncan’s test. A mean + SD is presented for
every data point. At p < 0.05, all differences were considered
significant.

Results

The total protein and carbohydrate levels in the intestinal tissue
of infected fish, M. mastacembelus, were significantly lower
than that of uninfected ones (p < 0.05). Also, the concentration
of proteins in the infected fishs liver tissue was significantly
lower than that of uninfected ones (p < 0.05). In addition, we
analyzed the major biochemical constituents of the tapeworm
S. mastacembeli; a significant decrease was revealed in the
protein and carbohydrate levels in the tissues of the tapeworm
compared with those in the intestine and liver tissues of the
uninfected and infected fish. In addition, all studied specimens
contain more proteins than carbohydrates. As well as the car-
bohydrate-to-protein ratio of the tapeworm tissues was higher

Metabolic indicators of Mastacembelus mastacembelus and its parasite Senga mastacembeli

than those in the uninfected and infected fish (Table 1).

The carbohydrate levels reduced more than proteins in in-
fected fish (Table 2).

Regarding the enzyme activities in the liver of fish M. mas-
tacembelus infested with the tapeworm S. mastacembeli. The ac-
tivities of ALT and ALP of infected fish were significantly lower
(p < 0.05) than those of uninfected ones. Conversely, the liver
of infected fish had significantly greater (p < 0.05) LDH activity
than that of uninfected fish. No significant difference was ob-
served in the AST activity in both infected and uninfected fish.
Regarding the activities of the four enzymes ALT, AST, ALP,
and LDH in the tapeworm tissues, they were significantly lower
(p < 0.05) than those found in the infected and uninfected fish.
Moreover, the enzyme ratios AST/ALT, AST/ALP, and LDH/
AST were also studied, and they all demonstrated that infected
fish had significantly (p < 0.05) higher ratios (Table 3).

The most affected enzymes were ALP, followed by ALT,
then LDH, and finally the AST enzyme is almost unaffected.
Regarding the enzymatic ratios, the AST/ALP ratio in infected
fish was exceeding the value of the uninfected ones by 1.031;
thus, it was the most sensitive ratio to infection with the par-
asite, followed by the AST/ALT ratio (De Ritis ratio) by 0.339,
then the ratio LDH/AST by 0.250 (Table 4).

Table 1. Total biomolecule concentrations in the tissues of fish Mastacembelus mastacembelus and tapeworm tissues Senga

mastacembeli
Biomolecules Tissues of tapeworm Uninfected fish Infected fish
(mg/g wet weight) Mean +SD" V(%) Mean=SD" CV(%) Mean+SD" CV (%)
Worm and fish intestinal proteins 106.9 £0.92° 0.86 232.2+091° 0.39 1786+0.91° 0.51
Worm and fish intestinal carbohydrates 945+1.13° 1.20 1833+337° 1.84 122.1+281° 230
Worm and fish intestinal carbohydrates / proteins ratio 0.888+0.01° 1.35 0.789+0.04° 4.69 0.682 +0.03° 455
Fish liver proteins - - 185.2+£0.23° 0.12 153.1+047° 031

"Each value represents the mean of three replicates + SD.

““Letters that differ horizontally signify a significant difference at the probability level (p < 0.05), according to Duncan's test.

CV, coefficient of variation.

Table 2. The percentage of changing values of biochemical parameters in the infected fish compared to uninfected fish

Biochemical parameters Uninfected fish Infected fish Changing (%)
(mg/g wet weight) Mean Parameter (%) Mean Parameter (%)

Intestinal proteins 2322 100 178.6 76.9 -23.1"
Intestinal carbohydrates 1833 100 122.1 66.6 -334"

Liver proteins 185.2 100 153.1 82.7 -17.3"

Changing (%) refers to changing values of infected fish in contrast to uninfected fish.
"Refers to decrease.
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Table 3. Activity of enzymes and their ratios in the liver of fish Mastacembelus mastacembelus and tapeworm tissues Senga
mastacembeli

Parameters Tissues of tapeworm Uninfected fish Infected fish

() Mean + SD” v (%) Mean = SD" v (%) Mean + D" Qv (%)
Alanine transaminase 34.5+0.08° 0.23 109.1 £2.5° 2.29 83.3+187° 224
Aspartate transaminase 434+1.02° 235 1427418 1.26 137.0+241° 176
Lactate dehydrogenase 95.1+1.9° 2.00 1984+1.01° 0.51 2236+201° 0.90
Alkaline phosphatase 273+2.1° 7.69 1250+ 1.2° 0.96 63.0+0.25 0.40
AST/ALT 1.229+0.016° 1.30 1.312+£0.023° 1.75 1.651+0.033° 2.00
AST/ALP 1593 £0.078° 4.90 1.144+0.013° 1.14 2.175+0.023° 1.06
LDH/AST 2.209 +0.048° 217 1.385+0.012° 0.87 1.635+0.022° 1.35

VEach value represents the mean of three replicates + SD.

“ Letters that differ horizontally signify a significant difference at the probability level (p < 0.05), according to Duncan's test.
CV, coefficient of variation; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; IU, international unit ; LDH, lactate dehydrogenase.

Table 4. The percentage of changing values of liver enzymes and their ratios in the infected fish Mastacembelus masta-

cembelus compared to uninfected ones

Biochemical parameters Uninfected fish Infected fish Changing (%)
(U Mean Parameter (%) Mean Parameter (%)

Liver alanine transaminase (ALT) 109.1 100 833 76.4 -236"

Liver aspartate transaminase (AST) 1427 100 137.0 96.0 -40"

Liver lactate dehydrogenase (LDH) 1984 100 2236 1127 +12.7%

Liver alkaline phosphatase (ALP) 125.0 100 63.0 504 -496"
AST/ALT 1312 100 1.651 125.8 +258”
AST/ALP 1.144 100 2.175 190.1 +90.17
LDH/AST 1.385 100 1.635 118.1 +18.17

% changing refers to changing values of infected fish in contrast to uninfected fish.
"Refers to decrease.
?Refers to increase.

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; IU, international unit; LDH, lactate dehydrogenase.

Discussion

This study is the first worldwide report through which we have
tried to offer details on evaluating the effect of the parasitic
tapeworm S. mastacembeli on its fish host M. mastacembelus us-
ing tissue biomolecular components such as total proteins and
carbohydrates, as well as some enzymes like ALT, AST, LDH,
and ALP as biomarkers of the fish’s overall metabolism.

Our study’s findings regarding the total protein and car-
bohydrate levels in the tissue of the tapeworm S. mastacembeli
and its host fish M. mastacembelus align with several previous
reports. Al-Niaeemi et al. (2019) documented lower concentra-
tions of carbohydrates and proteins in the infected fish Siluris
glanis compared to those uninfected with cestode P. armata,
also referred to as the lowest concentrations found in the cesto-
de; Nabi et al. (2021) examined the effects of various helminth
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parasites (Pomphorhynchus kashmirensis, Diplozoon kashmiren-
sis, and Adenoscolex oreini) on transaminases, lipids, and pro-
tein in different organs of fish Schizothorax plagiostomus.

The depletion of carbohydrates and proteins in the infected
host can occur due to the tapeworm’s consumption of essential
nutrients. Also, this depletion can result from damage to the in-
testinal mucosa and villi, which are crucial for nutrient absorp-
tion (Abdel-Hakeem et al., 2024).

On the other hand, our results contradict those of Hudha et
al. (2021), who reported a significant increase in globulin con-
tent in parasitized carps and Schizothorax fishes. This increase
can be attributed to immunological reactions that lead to the
release of more globulins as a defensive strategy or adaptation of
the host to their parasites (Kumar, 2014).

Regarding the fact that the tissues of tapeworms have low-
er levels of protein and carbohydrates than the tissues of their
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hosts. Our findings are consistent with Jawale (2023), who
observed lower levels of protein and glycogen in the intestines
of infected and uninfected fish C. batrachus compared to the
cestode Lytocestus sp. Similar results were mentioned by Bhure
et al. (2015), showing lower fat, protein, and carbohydrate con-
tents in six Senga species compared to their host fish, Masta-
cembelus armatus. In contrast, Pawar (2020) found that protein
and glycogen levels in the parasite tissue Lytocestus vyasaei were
higher than those of infected and uninfected intestinal tissue of
host fish C. batrachus, suggesting that tapeworms may compete
with the host’s nutritional needs or affect the host's macromole-
cule metabolism (Jeon & Eom, 2024).

The tapeworm S. mastacembeli had a greater impact on
intestinal carbohydrate than protein levels in the fish’s intestine
and liver. This result is corroborated by Al-Niaeemi et al. (2019),
who found higher protein concentrations than carbohydrates in
the intestines of both infected and uninfected Siluris glanis fish
and tapeworm Postgangesia armata. Wahab (2019) noted that
the Mastacembelidae family, being carnivorous, may have high-
er protein concentrations in the tapeworm S. mastacembeli due
to their preference for predation over herb-based food. Howev-
er, some studies are quite contrary to our results; for example,
Pawar (2020) reported higher glycogen content than protein in
the parasite L. vyasaei of C. batrachus.

In general, it is crucial to consider the type of sample used
for enzyme estimation, whether in blood or tissue. An increase
in blood enzyme activities may indicate leakage from damaged
tissues, leading to decreased tissue enzyme activities. Our find-
ings align with Hudha et al. (2021), who showed elevated serum
AST and ALP levels in Schizothorax and Carps fishes infected
with helminth parasites Adenoscolex, Neoechinorhyncus, and
Pomphorhyncus compared to uninfected ones. Similar results
were found in serum Schizothorax plagiostomus infected either
with helminthic parasites A. oreini or Pomphorhynchus kashmi-
rensis or both of them (Nabi et al., 2021).

Previous studies have shown consistent results in serum en-
zyme estimation compared to our tissue enzyme findings. Liver
necrosis can lead to enzyme leakage into the bloodstream, caus-
ing a decrease in tissue levels and increased blood levels (EI-Sei-
fy et al,, 2011). Regarding tissue enzymes, our results differ from
those of Vinatha et al. (2013), who demonstrated increased ALT
and AST in the muscle of parasitized fish Channa punctatus
with the Callodistomum diaphanum and Genarchopsis goppo.
These alterations led to the hosts’ biochemical adaptations to
counteract the parasitic effect. The present infected fish showed
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higher LDH activity than normal ones, similar to results in the
gut and liver of parasitized fish B. grypus with tapeworm K.
armeniaca (Al-Niaeemi & Dawood, 2021). LDH is a crucial
enzyme for connecting both glycolysis and the Krebs cycle with
alanine and lactate serving as key precursors for gluconeogene-
sis. However, our infected fish showed increasing LDH activity,
and shifting its equilibrium to lactate resulted in less pyruvate,
impaired gluconeogenesis, low carbohydrate concentrations,
and low ALT activity. In addition, in hypoxic environments
(intestinal lumen), tapeworms prioritize anaerobic glycolysis,
leading to increased LDH activity and decreased carbohydrate
and ALT levels (Bao et al., 2019).

In our study, the most affected enzymes were ALP, followed
by ALT, then LDH, and the AST/ALP ratio was the most sensi-
tive ratio to parasite infection. These findings align with those
in Clarius catfish (Rudneva et al., 2021). The AST/ALT ratio in
infected M. mastacembelus fish was higher than in uninfected
fish, which helps assess organ damage severity (Bao et al., 2019).
According to the current report and other research, the bio-
molecule contents of tapeworms and their hosts vary based on
factors such as the type of worm, host, and food consumed, as
well as environmental pollution (Kantal et al., 2024; Mustafa et
al,, 2024).

This study clearly demonstrates that the tapeworm S. mas-
tacembeli significantly impacts the biochemical composition of
fish M. mastacembelus. Further research is necessary to gain a
deeper comprehension of the effects of parasites on fish biomol-
ecules. It is recommended to conduct histological investigations
on fish organs to confirm damage from parasitic infections.

Conclusion

From this study, it is concluded that parasitic tapeworm reveals
a considerable influence on the biomolecule contents of the in-
testine and liver tissues of the fish host. Notably, the estimations
of total carbohydrates and activities of ALT, ALP, and AST/ALP
ratio emerge as powerful and crucial biomarkers for evaluating
the severity of parasitic tapeworm infections in fish and the
adaptive responses within the host-parasite system. Conse-
quently, controlling parasitic infections is an urgent necessity at
the health, nutrition, and economic levels.

Competing interests

No potential conflict of interest relevant to this article was re-
ported.

https://doi.org/10.47853/FAS.2025.e55



Mohammad Hussein Mikael, et al.

Funding sources
Not applicable.

Acknowledgements

The authors are very grateful to the Biology Department, Sci-
ence College at the University of Mosul, for providing necessary
laboratory facilities in carrying out this work.

Availability of data and materials
Upon reasonable request, the datasets of this study can be avail-
able from the corresponding author.

Ethics approval and consent to participate

This research has been approved by the Institutional Animal
Care and Use Committee (IACUC) of Mosul University, Iraq
(UM.VET. -TACUC-2024-001).

ORCID

Mohammad Hussein Mikael
https://orcid.org/0000-0001-9385-6681

Najwa Mahfoodh Ahmed
https://orcid.org/0000-0002-1426-8927

Bushra Hasan AL-Niaeemi
https://orcid.org/0000-0002-2834-2251

References

Abdel-Hakeem SS, Fadladdin YAJ, Khormi MA, Abd-El-Hafeez
HH. Modulation of the intestinal mucosal and cell-mediat-
ed response against natural helminth infection in the Afri-
can catfish Clarias gariepinus. BMC Vet Res. 2024;20:335.

Al-Naftachi MM. Histological and biochemical studies of some
cestode tapeworms from different vertebrate hosts [Ph.D.
dissertation]. Mosul, Iraq: University of Mosul; 2006.

Al-Niaeemi BH, Al-Kallak SN, Mikael MH. Determination of
total concentration of proteins and carbohydrates in tape-
worm Postgangesia armata and intestines of infected and
non-infected fish host Silurus glanis. World ] Pharm Pharm
Sci. 2019;8:13024.

Al-Niaeemi BH, Dawood MH. Biomarkering metabolic activ-
ities of the tapeworm Khawia armeniaca (Cholodkovsky,
1915) in association to its fish host Barbus grypus (Hekle,
1843). Iraqi ] Vet Sci. 2021;35:169-76.

Al-Niaeemi BH, Mikael MH, Al-Kallak SN. Biochemical study
of acetylcholinesterase and deoxyribonucleic acid (DNA)

https://doi.org/10.47853/FAS.2025.e55

Fisheries and Aquatic Sciences FA S

in tape worm, Postgangesia armata in European catfish, Si-
lurus glanis. Biochem Cell Arch. 2020;20:3591-6.

Alit MA, Salam MA, Alam MS, Mazumder SK, Rahman ML.
Domestication process influencing the growth, gonadal
development and haematology of the endangered spiny
eel (Mastacembelus armatus). Egypt ] Aquat Biol Fish.
2023;27:319-43.

Anuprasanna V, Riazunnisa K, Vijaya Lakshmi D, Chan-
drasekhar T. Biomonitoring of metals in fish and their par-
asites: an update. Toxicol Environ Chem. 2024;106:1-23.

Banerjee S, Manna B, Sanyal AK. Description of four new spe-
cies of Senga (Platyhelminthes: Cestoidea) from freshwater
fishes of India. Flora Fauna. 2017;23:189-214.

Bao J, Li X, Xing Y, Feng C, Jiang H. Respiratory metabolism
and antioxidant response in Chinese mitten crab Eriocheir
sinensis during air exposure and subsequent reimmersion.
Front Physiol. 2019;10:907.

Bhure DB, Nanware SS, Deshmukh VS. Biochemical contents of
pisicean cestode genus Senga and its host intestinal tissue.
Flora Fauna. 2015;21:230-4.

Bilal SJ, Abdullah SMA, Rahemo ZIE Further histological and
ultrastructural observations on the cestode, Senga masta-
cembeli Sp. N. with the revision of genus species. Eurasian |
Sci Eng. 2017;3:27-37.

Dwivedi AK, De K. Role of morphometrics in fish diversity as-
sessment: status, challenges and future prospects. Natl Acad
Sci Lett. 2024;47:123-6.

El-Seify MA, Zaki MS, Abdel Desouky RY, Abbas HH, Abdel
Hady OK, Abou Zaid AA. Study on clinopathological and
biochemical changes in some freshwater fishes infected
with external parasites and subjected to heavy metals pollu-
tion in Egypt. Life Sci J. 2011;8:401-5.

Frolova TV, Izvekov EI, Izvekova GL. First insights into the ac-
tivity of major digestive enzymes in the intestine of the Eu-
ropean catfish Silurus glanis and protective anti-enzymatic
potential of its gut parasite Silurotaenia siluri. ] Fish Biol.
2023;103:985-93.

Gottschalk G. Methods in microbiology. 1st ed. London: Aca-
demic Press; 1985.

Gupta A, Sharma B. A study on transaminases in lindane
exposed fish C. punctatus. ] Biomed Res Environ Sci.
2023;4:1100-7.

Holec¢ek M. Origin and roles of alanine and glutamine in gluco-
neogenesis in the liver, kidneys, and small intestine under
physiological and pathological conditions. Int J Mol Sci.

https://www.e-fas.org | 665



FA S Fisheries and Aquatic Sciences

2024;25:7037.

Hudha J, Ur Rehman M, Qayoom [, Bashir S, Ali A. Indigenous
Schizthoracine fishes as bioindicators of parasitic infections
in Kashmir. Biol Forum Int J. 2021;13:254-9.

Jahan N, Salam MA, Ahsan A, Rahman ML, Paul SI, Das SK,
et al. Domestication technique of commercially important
freshwater mud eel, Monopterus cuchia (Hamilton, 1822).
Malays Appl Biol. 2020;49:95-104.

Jawale SS. Biochemical study of freshwater fish Clarias batra-
chus (L.) infected with cestode parasite, Lytocestus sp. from
district Jalgaon, India. Int J Biol Innov. 2023 ;5:50-4.

Jeon HK, Eom KS. Chapter 149: cestodes and cestodiasis. In:
Tang YW, Hindiyeh MY, Liu D, Sails A, Spearman P, Zhang
JR, editors. Molecular medical microbiology. Cambridge:
Academic Press; 2024. p. 2941-63.

Kantal D, Kumar S, Shukla SP, Karmakar S, Jha AK, Singh
AB, et al. Chronic toxicity of sediment-bound triclosan
on freshwater walking catfish Clarias magur: organ level
accumulation and selected enzyme biomarker responses.
Environ Pollut. 2024;351:124108.

Kind PRN, King E. Estimation of plasma phosphatase by de-
termination of hydrolysed phenol with amino-antipyrine. J
Clin Pathol. 1954;7:322.

Kumar PA. Biochemical effects on protein and free amino acid
metabolism in Catla catla and Labeo rohita due to Pallisen-
tis nagpurensis infection. Am Int ] Res Form Appl Nat Sci.
2014;6:82-5.

Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with the Folin phenol reagent. ] Biol Chem.
1951;193:265-75.

Morgenstern S, Flor R, Kessler G, Klein B. Automated determi-
nation of NAD-coupled enzymes. Determination of lactic
dehydrogenase. Anal Biochem. 1965;13:149-61. https://doi.
0rg/10.1016/0003-2697(65)90129-6

Mustafa RA, Rather SA, Kousar R, Ashraf MV, Shah AA, Ah-
mad S, et al. Comprehensive review on parasitic infections
reported in the common fish found in UT of Jammu and
Kashmir, India. J Parasit Dis. 2024;48:736-61.

Nabi S, Tanveer S, Ganie SA. Analysis of some biochemical
parameters in Schizothorax plagiostomus naturally infected
with helminth parasites. Mun Ent Zool. 2021;16:823-9.

Oliveira ], Oliva-Teles A, Couto A. Tracking biomarkers for the
health and welfare of aquaculture fish. Fishes. 2024;9:289.

Pawar RT. Biochemical studies of the freshwater catfish (Clarias
batrachus) infected with cestode parasite: Lytocestus vyasaei

666 | https://www.e-fas.org

Metabolic indicators of Mastacembelus mastacembelus and its parasite Senga mastacembeli

(Pawar, 2011). Asian ] Adv Res. 2020;3:11-4.

Reitman S, Frankel S. A calorimetric method for the determi-
nation of serum glutamic oxalacetic and glutamic pyruvic
transaminases. Am J Clin Pathol. 1957;28:56-63.

Rudneva ON, Vasiliev AA, Kudinov AV, Korobov AP. Influence
of developments in the field of high-energy physics on
the biochemical parameters of the blood serum of Clarius
catfish grown in RAS. IOP Conf Ser Earth Environ Sci.
2021;723:032068.

Shukla G. A review on liver enzymes as useful biomarker to
evaluate the effects of pesticides on freshwater fish. World |
Biol Pharm Health Sci. 2024;19:171-6.

Trejo-Escamilla I, Léopez LM, Gisbert E, Sanchez S,
Rodarte-Venegas D, Alvarez CA, et al. Soybean protein
concentrate as a protein source for totoaba (Totoaba mac-
donaldi) juveniles: effect on intermediary metabolism and
liver histological organization. Comp Biochem Physiol A
Mol Integr Physiol. 2021;262:111062.

Vinatha N, Bikshapathi V, Babu SR. Post helminthes infection
changes in AAT and AIAT activity in the myotomal mus-
cles of Channa punctatus. Sci Res Rep. 2013;3:167-70.

Wahab N. Biological and morphological aspects of spiny eel
Mastacembelus mastacembelus (Banks and Solander, 1794)
inhabiting Al-Tharthar canal/Samarra, Iraq. Tikrit ] Agric
Sci. 2019;19:1-8.

https://doi.org/10.47853/FAS.2025.e55



