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Abstract

Aquaculture is the biggest fish production sector that meets the demands of fish globally. Lead
(Pb) pollution from various human activities poses a significant threat to aquatic life. The present
study explored the adverse effects of lead-based toxicity in Catla catla (C. catla) and the
ameliorative role of Nigella sativa (N. sativa) supplementation. There were four treatments in
which forty-eight fish were equally distributed. To was the control group fed with a basal diet. T
was fed with N. sativa (10 g/kg). T> was fed with 7 mg/L lead and T3 was fed with lead (7 mg/L)
and N. Sativa (10g/kg). The growth of Catla catla was assessed weekly to evaluate the impact of
different treatments on weight gain and length. Lead and N. sativa Group (T3) showed improved
growth (27.05£1.09) as compared to the lead group (20.90+1.18) which indicated that N. sativa
supplementation mitigated some of the adverse effects of lead toxicity. Length gain was maximum
in T1 (12.08+1.12) as compared to other groups. Hematology parameters like white blood cell
(WBC), hematocrit, red blood cell (RBC), concentration of hemoglobin and platelets were
measured through a hematology analyzer. RBC Count (1.33+0.09), hematocrit (23.81 £2.62) and
hemoglobin (5.12+0.05) decreased in the lead group. WBC count (47.834+0.86) increased in the
exposed group as compared to other treatments. Biochemical tests for the liver which contain
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) was performed through assay Kkits to assess liver toxicity. ALT (31.3 £2.78), AST (57£2.70)
and ALP Levels (27.2+2.48) increased in the lead group (T2) indicating significant liver damage
due to lead toxicity. The T3 group showed lower enzyme levels ALP(23.6+1) ALT(28.5+£2.06)and
AST (53.3£1.74) compared to other treatments demonstrating the hepatoprotective effect of N.
sativa. Statistical analysis showed that the results are significant (p<0.05).
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Introduction

Fish is a vital source of nutrition and food security in developing nations of the world
(Cojocaru et al., 2022). C. catla is one of the most cultivated freshwater fish as a result of its good
taste, protein content, size and omega-3 fatty acids which are very important for the function of
the brain. C. catla is the fastest-growing fish native to the riverine system in Pakistan, Nepal,
Northern India, Myanmar and Bangladesh. It is a cost-effective choice for aquaculture and has the
best market demand (Brraich and Kaur, 2022).
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Aquaculture is the fastest-growing sector which plays a very important role in our
economy. It is a source of animal protein so it is a need of time to increase the production of
aquaculture to fulfill the demands of the overpopulation (Harikrishnan et al., 2022). Aquaculture
is recognized as a critical solution to global challenges including food security, malnutrition and
poverty (Aloo et al., 2017).

Heavy metal pollution is a severe threat to the aquatic environment and has devastating
effects on aquatic life. Anthropogenic activities such as agriculture, landfills and wastewater are
the primary sources of heavy metal accumulation in water bodies. Immediate actions should be
taken to prevent further contamination and protect the aquatic ecosystems from irreversible
damage (Shahjahan ef al., 2022). Contamination by heavy metals can cause damage to the liver,
dysfunction of the kidney, metabolic disturbances and even death in extreme cases (Al-Busaidi et
al.,2011).

Lead is known as a toxic heavy metal which occurs naturally in the environment. It is
discharged from various industries, lead dust, street runoff, agricultural fields and municipal
wastewater which can directly enter the aquatic environment causing lead toxicity for aquatic
organisms (Garai et al.,2021). Lead poisoning in fish can cause an imbalance between antioxidants
and pro-oxidants resulting in oxidative stress. Lead exposure can also harm the immune system
causing various toxic effects. The research is crucial to determine the extent of lead exposure in
fish (Ishaque et al., 2020).

Lead poisoning can cause severe damage to white and red blood cells, leading to significant
changes in blood parameters. This condition can also have harmful effects on the nervous system.
Prolonged exposure to heavy metals like cadmium and lead has been categorized as toxic due to
their ability to cause harm even at low levels. The physiological and biochemical characteristics
of aquatic organisms living under pollution stress are essential in controlling the aquatic ecosystem
and these characteristics serve as vital biomarkers (Abdel-Warith et al., 2020).

Medicinal plants in animal feed have been used to increase the growth of animals
significantly (Chen et al., 2016). They are a valuable source of natural and synthetic drugs,
containing unique active compounds that can affect biological processes (Schuhladen et al., 2019).
Aquaculture has shifted towards plant-based supplements because of low cost and minimal
negative effects on fish health and the promotion of sustainable practices. Plant-based diets with
bioactive components increase growth, improve immunity and increase resistance to diseases
(Reverter et al., 2014). Medicinal plants can provide an alternative to synthetic drugs in
aquaculture (Gabriel et al., 2015).

Nigella sativa is a member of the Ranunculaceae family which contains several bioactive
molecules including p-cymene, thymoquinone and carvacrol (Shahid et al., 2017). Ancient
herbalists referred to black cumin as the ‘herb from heaven’ acknowledging it as a miracle herb
(Ahmad et al., 2013). Thymoquinone is a phytochemical found in N.sativa with various medicinal
properties contributing to the plant's overall health benefits (Woo et al., 2012).

Hematological parameters like hematocrit value, RBC count and hemoglobin
concentration are often used to evaluate the toxicity of lead in aquatic environments. Exposure to
lead in fish can cause changes in these parameters by inhibiting the enzyme activities involved in
heme biosynthesis. The exposure to high lead concentration is directly linked to a decrease in
hematological parameters. This effect is observed among different species of cells (Kim and Kang,
2015).

The liver is the main organ to performs important functions such as biotransformation
reactions, digestion, storage and energy metabolism. It is also the primary organ for removing
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toxic substances from the body making it a useful biomarker for evaluating toxicity. Because of
its role in eliminating contaminants, the liver is often a target for the accumulation of toxins
(Sharma and Jindal, 2020). Nigella sativa promotes growth, antioxidants and hepatoprotective
and hematoprotective effects. Medicinal plants possess pharmacological properties and may be
used in fish feed. Bioactive components promote health benefits, natural growth and
immunostimulation. The study shows that few plants were tested in fish models against
xenobiotic-induced toxicity (Latif et al., 2021).
Objectives
The aims of this study were as followed:

e Investigation of the efficacy of N. sativa seed extract on the growth of C. catla.

e Analysis of the effect of lead on the liver enzymes of C. catla.

e Examination of the hematological variations of C. catla exposed to lead.

e Studying the impact of Nigella sativa as a hepatoprotective and hematoprotective agent.
Review of Literature

Khalesi et al. (2017) examined the impact of exposing Common carp to cadmium
concentrations of 8.4 mg/L and lead concentrations of 6.2 mg/L for 15 days with a special focus
on biochemical and hematological effects. The following parameters were checked: mean
corpuscular volume (MCV) hemoglobin, hematocrit, lymphocytes, total protein, neutrophils,
white blood cell (WBC), immunoglobulin M, glucose, red blood cells (RBC) and mean
corpuscular hemoglobin concentration (MCHC). The results indicated significant reductions in
WBC and MCHC levels (P <0.05) with both metals. MCV decreased after Pb exposure (P <0.05)
but remained the same with Cd. MCH levels increased with both metals (P <0.05) while other
parameters remained similar to the control. IgM levels were elevated in Pb and Cd-exposed fish
(P <0.05). Gill histology showed lamellae fusion, vessel dilation, hyperemia and epithelial cell
hyperplasia with unchanged muscle histology. The findings suggested that stress reactions are
induced by low concentrations of heavy metals in the fish.

Abouelezz et al. (2020) examined the impact of feeding Nile tilapia fish with Nigella sativa
on both their blood constituents and growth by observing three separate treatment groups: T1 and
T2 were given N. sativa 1% and 2% respectively while The group that was used as the control
received a basic diet. Each treatment group was further divided into 3 subgroups. Over 12 weeks,
measurements of body weight, length and blood samples were taken fortnightly. The results have
indicated a remarkable increase in both body weight and length increase in T2. Hemoglobin levels
are high in T> compared to the control. Serum albumin improved in Ty and T2 compared to control.
Serum alkaline phosphatase increased notably in N. sativa-treated fish whereas serum glucose
decreased as compared to normal. The inclusion of 1% and 2% dietary N. sativa had minor impacts
on growth performance but the highest effects on constituents of blood in O. niloticus.

Latif and Faheem (2020) examined the outcomes of dietary supplementation with black
seeds on the antioxidant activity and growth of Labeo rohita. Fingerlings were given diets
comprising either 0.0%, 1.0%, or 2.5% N. sativa for twenty-eight days. The findings indicated that
this fish fed on diets supplemented with black seed experienced improved growth rates. The black
seed improved muscle protein and antioxidant activity. As a result, lipid peroxidation decreased
and antioxidant enzyme levels increased in the gills, kidneys, liver and brain of rohu. The
consumption of black seeds by Rohu fish resulted in a reduction of hepatic and nephric marker
enzymes. The liver and kidney histo-architecture remained the same with the supplementation of
black seed. The addition of 2.5% of this feed to the diet of rohu resulted in improved growth and
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reduced losses related to oxidative stress. The findings provided valuable insights for
aquaculturists, nutritionists and researchers in formulating aquafeeds.

Abdel-Warith et al. (2020) conducted an experiment where Clarias gariepinus were
subjected to varying concentrations of lead nitrate representing treatments of 0% (control), 20%,
40%, and 60% of the LC50 over 10 and 20 days. The accumulation of lead nitrate in gills increased
after 10 days. After 20 days, these values further increased for the respective treatments. Liver
accumulation of lead nitrate also increased with exposure duration and concentration, ranging from
3.32+0.91 to 4.42 + 0.78 mg/100 g of wet weight after 10 days. Skin and white muscles showed
lower bioaccumulation initially but increased after 20 days. Hematological parameters like RBCs,
Hb and Hct decreased significantly with increased Pb(NO3)2 concentration while WBCs decreased
as well. Liver enzyme activities of ALT and AST increased with both concentration and exposure
time.

Yousefi et al. (2021) emphasized the importance of sustainable aquaculture in addressing
global food production challenges. They investigated the impact of glyphosate on common carp
fingerlings, a crucial cultured species, and explored the potential of dietary black seed
supplementation (0.25%, 0.5%, 1%) to counteract toxicity. The study revealed that a 14-day
glyphosate exposure induced oxidative stress, compromised antioxidant defenses and triggered
immune depression in Cyprinus carpio. Fish supplemented with black seed-enriched diets for 60
days exhibited enhanced resilience to glyphosate, maintaining stable biochemical parameters,
heightened immune defenses and increased antioxidant enzymes compared to control fish. The
results suggested that incorporating black seed into the diet serves as a bio-remediation strategy
which is very effective to mitigate the glyphosate toxicity in fish.

Latif ef al. (2021) explored the potential protective impacts of N. sativa seeds against
growth inhibition induced by diethyl-phthalate, changes in histo-biochemical parameters and
oxidative stress in Labeo rohita. The experimental groups included Control, DEP alone, DEP
combined with 1% N. sativa and DEP combined with 2.5% N. sativa. The experimental groups
included Control, DEP alone, DEP combined with 1% N. sativa, and DEP combined with 2.5% N.
sativa. The experimental groups included Control, DEP alone, DEP combined with 1% of M.
sativa and DEP combined with 2.5% of N. sativa. It was incorporated into three diets at different
levels and fish were treated with a sub-lethal concentration of DEP. The results revealed that DEP
exposure led to decreased growth rates and disrupted protein contents in rohu, along with inhibition
of antioxidant enzyme activities and increased lipid peroxidation. N. sativa supplementation
mitigated these effects, promoting improved growth rates, restoring antioxidant enzyme activities
and alleviating histopathological changes in the gills, kidney and liver. The study demonstrated
the potential ameliorative role of seeds of N. sativa in protecting rohu against DEP toxicity.

Zulfahmi et al. (2021) examined the exposure impact of lead nitrate on the growth and
hematology of female Milkfish fingerlings for 40 days. Lead nitrate was tested at four different
concentrations: 0 mg/L, 42.64 mg/L, 63.97 mg/L and 85.29 mg/L. The results showed distinct
changes in growth and hematology. The specific growth rate, feed conversion ratio, feed efficiency
and weight gain of fish declined effectively. Lead nitrate exposure also reduced RBC count,
hematocrit, hemoglobin levels and concentration of mean corpuscular hemoglobin while
increasing MCV and MCH. Various malformations of erythrocytes were observed including
deformation, swelling, doubling, binucleation, hemolysis, membrane laceration and vacuolation.

Hamed et al. (2022) experimented with the protective effects of cinnamon powder on
tilapia (Oreochromis niloticus) fingerlings against prolonged lead (Pb) exposure. Fish were fed
containing control, 10 g/kg CzP and 7.94 mg/L Pb diets for 60 days. Pb exposure adversely
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affected growth, WBC, RBC counts, hematocrit, hemoglobin levels and various biochemical
parameters. The study suggested that lead caused toxicity in Nile tilapia.

Oz et al. (2024) investigated the effect of dietary N. sativa on the growth, hematology,
biochemical profile and histopathology of Nile tilapia against cypermethrin toxicity. Fish were
exposed to cypermethrin-contaminated water for 42 days. One percent N. sativa oil was
supplemented into the diet to test its protective potential. The group receiving one percent black
cumin oil exhibited the best growth while the group exposed to cypermethrin without black cumin
oil showed the poorest growth. The study showed that adding black cumin to feed counteracted
the adverse effects of cypermethrin, resulting in positive changes in growth, hematology,
biochemistry and histopathology in Nile tilapia.

Materials and Methods

Heavy metals are excessively present in our environment and affect every single living
organism all over the world. Fish are aquatic organisms that have direct exposure to heavy metals
through water. The present research was performed to investigate the possible curative effects of
N. sativa against lead.

Experimental Animals

Forty-eight fishes of normal weight and normal size of C. catla kept at the Department of
Zoology, Wildlife and Fisheries in the University of Agriculture Faisalabad, (PARS) laboratory.
They were purchased from Punjab Fish Hatchery, Satyana Road, Faisalabad. The fingerlings were
acclimatized in a lab environment for one week.

Chemical Used:

N. sativa seed extract (10 g/kg) and lead (7 mg/L) were purchased from Sigma Aldrich,
Germany.

Experimental design

Forty-eight fingerlings of C. catla were distributed into four treatments. T- received a basal
diet and was considered as a control. T1 was supplemented with lead (7 mg/L). T> was fed with V.
sativa (10 g/kg). T3 was fed with N. sativa (10 g/kg) and lead (7 mg/L). After 28 days of trial, fish
were dissected and samples were collected from all treatments of fish for analysis.
Determination of growth performance and feed utilization

Growth performance was estimated through weekly gross weights of fingerlings from each
experimental group. Feed utilization and growth performance were analyzed in terms of absolute
weight gain (WGQG), specific growth rate (SGR), weight gain %, survival rate (%) as well as feed
conversion ratio (FCR).

Weight gain (%)
The weight gain of fish was measured by following the formula
_ Final weight —Initial weight><

Weight Gain (%) = 100

Initial weight
Absolute weight gain (AWG)
The following formula was applied for the estimation of AWG in grams.
Absolute weight gain(g)= Final weight(g) -Initial weight(g)
Specific growth rate (SGR)

SGR=

Initial weight(g)— Final weight(g)>< 100

Experimental duration (days)

Survival rate (%)
__ Final number of fingerlings

Survival rate (%) = X 100

Initial weight of fingerlings

Feed conversion ratio (FCR)
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Total dry feed intake (g)
FCR = Weight gain (g)

Hematological evaluation

The evaluation of hematological parameters was carried out with the help of an automated
hematology analyzer.
Biochemical analysis

The levels of the liver enzymes ALT, ALP and AST were determined using ELISA kits.
Statistical analysis of data

Results of this study were displayed in the form of Mean + SEM and it were computed by
one-way ANOVA through SPSS software. The level of significance would be set at p <0.05
(Inkielewicz-Stepniak et al., 2012).
Results and discussion

The experiment was conducted to assess the effect of N.sativa on growth performance,
liver enzymes and hematlogical parameters in Catla catla. Fourty eight fish were taken and
allowed to acclimatize for a week and then randomly distributed in four treatments ( TO,T1,T2
and T3) the total fish density was kept same as twelve fish per aquarium. All fish were fed on the
same type of commercial food pellets twice a day at 10% body weight. Catla catla was exposed
to N.sativa and lead. TO was treated as control group while T1,T2 and T3 were exposed to N.sativa,
lead and binary combination for four weeks. Growth performance was determined in terms of
weight gain and length gain of fish on weekly basis while hematological parameters were
estimated by Complete blood count test at the end of trial.

Assessment of growth performance

Growth rate was determined in terms of weight gain and total length gain on weekly basis.
The assessment of growth in fish is a crucial aspect of aquaculture and biological research. This
study aimed to evaluate the growth performance of fish through weekly measurements offering a
comprehensive understanding of their development and informing best practices for sustainable
fish farming and management.

Assessment of hematological parameters

The hematological parameters that is red blood cells, white blood cells, platelets,
hematocrit and hemoglobin concentrations were assessed through CBS test. The measured
hematology parameters were compared against known reference ranges for healthy fish.
Hemoglobin and hematocrit levels within the normal range indicated adequate oxygen-carrying
capacity and red blood cell production. The RBC and WBC counts provided insights into the fish
overall health and immune status. Any deviations from the normal range were analyzed in relation
to potential stress factors.

Assessment of liver enzymes

ALP, ALT and AST of liver were analyzed through biochemical analysis. Elevated levels
of ALT and AST are indicative of liver cell damage or increased permeability of liver cell
membranes. The observed enzyme activities were within the normal range for healthy fish
suggested that the liver function was not adversely affected under the experimental conditions.
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Table 4.1.Growth rate in different treatments of C.catla.

Groups Weight gain (g) Length gain (cm)
TO 27.12+1.16 10.47+0.88

T1 28.33+1.48 12.08+1.12

T2 20.90+1.18 6.85+1.16

T3 27.05+1.09 11.05+1.09

This table indicated that weight gain and length gain were minimum in lead exposed group as
compared to other treatments.

Table 4.2 Comparison of different treatments on liver enzymes in C. catla

Liver enzymes | TO T1 T2 T3

ALP 23.5+1 24.5+2 27.242.48 23.6 £1
ALT 25.6£1.13 26.5+1.74 31.3£2.78 28.5+2.06
AST 53.2+1.75 54.142 57+£2.70 53.3+1.74

This table indicated that there was an elevated levels of ALP, ALT and AST in lead exposed
group as compared to other treatments

Table 3 : Hematological parameters of C. catla exposed to different treatments for four
weeks.

Parameters Treatments

TO T1 T2 T3
Red blood cells | 2.06+0.04 2.09+0.04 1.334+0.09 2.08+0.03
Hemoglobin 7.23+0.01 8.2+0.14 5.12+0.05 7.35+0.004
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Hematocrit 31.78+0.56 30.76+0.54 23.81+2.62 31.53+0.45
White blood 42.87+0.21 42.74+0.19 47.83+0.86 43+0.30
cells
Platelets 314.21+0.35 313.76+0.20 290.93+0.39 310.93+0.23

This table indicating that the mean comparison of different treatments in which red blood cells,
platelets , hemoglobin and hematocrit decreased while white blood cells increased in T2 as
compared to other treatments.

Discussion

The experiment aimed to evaluate the effects of Nigella sativa (black seed) supplementation on
growth performance, liver enzymes and hematological parameters in Catla catla exposed to lead.
Medicinal plants such as N. sativa are increasingly used in aquaculture for their cost-effectiveness
and dual roles as growth enhancers (Chen et al., 2016). Studies have demonstrated the benefits of
adding medicinal herbs to fish diets with improvements noted in growth, immunity, digestion and
disease resistance (Yousefi et al., 2021a).

In this study, growth performance was assessed weekly in terms of weight gain while
hematological parameters were measured using a Complete Blood Count (CBC) test at the end of
the trial. The results showed that fish fed N. sativa-supplemented diets exhibited a higher growth
rate (28.33+1.48) compared to fish exposed to lead (20.90£1.18). This improvement is likely due
to thymoquinone, the main growth-promoting component of N. sativa. These findings are
consistent with previous studies that found improved growth in fish fed black seed supplements,
such as in Oreochromis niloticus (Diab et al., 2008), Cyprinus carpio (Al-Dubakel et al., 2012),
and Anabas testudineus (Khatun et al., 2015). Lead exposure significantly reduced growth rates
aligning with findings from Hayat et al. (2007) who reported decreased weight gain in Labeo
rohita, Catla catla and Cirrhina mrigala due to heavy metal exposure.

Nigella sativa supplementation also demonstrated hepatoprotective effects by reducing the levels
of the liver enzyme AST in the treated fish (54.1+2) compared to the lead-exposed group
(5742.70). This reduction is attributed to the antioxidant properties of thymoquinone which
protects the liver through mechanisms such as increasing antioxidant enzyme activity inhibiting
lipid peroxidation and reducing lipogenesis in hepatocytes. Naeiji et al. (2013) similarly reported
a decrease in AST levels with Allium sativum supplementation in Cyprinus carpio. The
hepatoprotective effects of V. sativa are supported by Sarkar et al. (2021) who emphasized its high
content of thymoquinone and other bioactive compounds such as alkaloids and vitamins.

Increased ALP enzyme levels were noted in the lead-exposed group (27.2+2.48) compared to the
N. sativa treated groups (24.5+£2 and 23.6+1). Elevated ALP levels indicated liver damage and
stress as confirmed by studies on Cirrhinus mrigala exposed to cypermethrin (Prashanth and
Neelagund, 2008) and Labeo rohita exposed to cypermethrin (Tiwari et al., 2012). Similarly, ALT
enzyme levels were higher in the lead-exposed group (31.3£2.78) compared to N. sativa treated
groups (26.5+1.74 and 28.5+£2.06) indicating liver toxicity. These results are aligned with findings
by Faheem et al. (2019) and Poopal et al. (2017) who noted elevated ALT levels in fish under
toxic stress.
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Hematological parameters revealed that lead exposure significantly reduced RBC levels
(1.33+£0.09) compared to the control group (2.06+0.04). Lead interferes with enzymes crucial for
heme synthesis such as d-aminolevulinic acid dehydratase (ALAD) and ferrochelatase which
disrupted RBC production. Similar findings were reported by Mekkawy et al. (2011) and Hedayati
and Ghaffari (2013) in Oreochromis niloticus and freshwater fish exposed to heavy metals. WBC
levels increased in the lead-exposed group (47.83+0.86) compared to the control (42.87+0.21).
This may be attributed due to stress-induced cortisol release and enhancing immune responses.
This is supported by studies from Alak ez al. (2018) and Rauta et al. (2022), who reported increased
WBC counts in fish under stress or disease conditions.

Hematocrit levels also decreased in the lead-exposed group (23.81£2.62) compared to the control
(31.78+0.56) which is a common effect of heavy metal toxicity on erythropoiesis leading to
reduced RBC production and increased destruction. These results are consistent with Mekkawy et
al. (2011) and Hedayati and Ghaffari (2013), who observed similar hematocrit reductions in fish
exposed to cadmium and nickel. Hemoglobin levels were similarly reduced in the lead-exposed
group (5.12+0.05) compared to the N. sativa treated group (8.2+0.14). It may be attributed due to
lead which disrupts bone marrow function and inhibits hemoglobin synthesis. This is in line with
the findings of Mekkawy et al. (2011).

Lead exposure significantly reduced platelet levels (290+93) compared to the control group
(314.21+0.25). It may be attributed due to lead interference with megakaryocyte maturation and
platelet production. Similar reductions in platelet counts were reported by Ahmed ef al. (2022) and
Qadir et al. (2021) in fish exposed to heavy metals. In conclusion, lead exposure adversely affects
growth, hematological parameters and liver function in Catla catla. However, dietary
supplementation with Nigella sativa at 10 g/kg mitigates these effects of improving growth
performance, stabilizing hematological parameters and reducing liver enzyme levels. While the
study demonstrated the short-term protective effects of N. sativa further research is required to
elucidate the underlying biochemical mechanisms.
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