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ABSTRACT

Agquaculture is the fastest fish-growing sector that meets the rising demands of food security
worldwide. Chromium toxicity from human activities exerts significant threats to aquatic life. The
present study was conducted to evaluate growth performance, hematological, liver and kidney
enzymes and histological harms because of chromium accumulation in Catla. It also showed the
ameliorative effects of cumin against chromium toxicity. The fifty-two juveniles were split equally
into four treatments. TO was the control treatment (commercial feed). T1 was treated with chromium
(8mg/L). T2 was treated with Cumin seed extract (10g/kg). T3 was co-treated with Chromium
(8mg/L) and Cumin seed extract (10g/kg). Highest weight gain, absolute weight gain, Specific growth
rate, feed conversion ratio and feed intake were observed in treatment T2 with mean values of
98.124+52.06, 388.06+1.022, 1290+0.843, 0.92+0.492 and 344.00+0.592 respectively while the
minimum values were observed in treatment T1 with the mean values of 75.136+42.10868,
318.27+0.984, 1070+1.954, 0.060156, 1.79+0.492 and251.43+0.00365 respectively. RBCs,
hemoglobin, hematocrit, MCV, MCH and MCHC were significantly increased in T2 with the mean
values of 2.99+0.643, 15.80+0.843, 38.07+0.15, 119.3+0.66, 50.03£0.11 and 41.70£0.16 respectively
while minimum values in T1 with the mean values of 2.57+0.01, 12.40+0.11, 31.01+0.09,
113.3+0.66, 45.95+0.11 and 38.89+0.16 respectively were recorded. Results of biochemical analysis
showed that significant increment in the activity of alkaline phosphatase (ALP) 258.27+0.37, alanine
transaminase (ALT) 8.03+0.11 and aspartate aminotransferase (AST) 232.43+0.33 in T1 was
observed while minimum mean values alkaline phosphatase 200.71+0.33, alanine transaminase
5.67+0.12 and aspartate aminotransferase 212.01+0.52 were observed in T2. Maximum creatinine
and urea with mean values of 2.02+0.01 and 49.25+0.29 respectively were recorded in T1 while
minimum mean values of 0.62+0.01 and 30.78+0.03 respectively were observed in T2. More
histological damages were also observed in T1 as compared to T2. However administration of Cumin
significantly (P < 0.05) restored all the above-mentioned damages instigated by Chromium. So the
findings of the current study proved that Cumin may be used as a therapeutic compound against heavy
metal Chromium-induced toxicity in fish.
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INTRODUCTION

Fish is the richest source of important fatty acids particularly long-chain polyunsaturated fatty acids
(LCPUFA) and micronutrients. Fish has significantly more micronutrients compared to the diets
derived from terrestrial animals. Eating fish flesh promotes an individual’s rapid development and
growth. Certain quantities particularly fatty fish reduce the chances of stroke and coronary heart
diseases (Beveridge et al., 2013). Fish is the best source of nutrition because it has low-calorie content
and an excellent combination of proteins, vitamins, fats, lipids and minerals (Balami et al., 2019).
Fish flesh contains high-quality necessary amino acids, docosahexaenoic and eicosapentaenoic
omega-3 fatty acids. It also contains minerals particularly iron, zinc and vitamins which are often in
highly assimilative forms (Beveridge et al., 2013; Golden et al., 2016; Obiero et al., 2019).

Plant extracts have been linked with growth stimulants in aquatic organisms (Citarasu et al., 2002).
When C. catla is fed with diets supplemented with medicinal herbs the immunological response and
growth performance are improved dramatically (P<0.05)(Nobakht and Mehmannavaz, 2010). It has
been recognized that medicinal plants stimulate appetite by encouraging the daily consumption of
feed. Fish-fed medicinal plants show high weight increase, high body weight, growth percentage,
high SGR and high GCE when their FCR values were low. Medicinal herbs improve nutrition
digestibility and appropriate consumption which in turn promotes protein synthesis and ultimately
affects growth performance (Bhatnagar and Saluja, 2019). Adding medicinal plants to the diet greatly
enhances growth performance, feed utilization and weight gain (Harikrishnan et al., 2022).

Heavy metal contamination has become a major issue nowadays about the aquatic ecology (Kedia et
al., 2014; Al-Snafi, 2016; Sheikh Asadi et al., 2018).Heavy metals have a high density much greater
than water. These are the most dangerous environmental toxicants. They are extensively toxic, easily
accumulated and very harmful. Rapid urbanization and widespread industries have been excreting
their wastes and sewage water containing heavy metals and dangerous pollutants into water bodies
without any treatment. These are contaminating water channels and making aquatic life difficult
(Olubukola and Victor, 2012; Merola et al., 2021; Chaudhary et al., 2023). Heavy metals are
exceedingly dangerous to living beings even at tiny concentrations. Once they enter their bodies they
cause permanent harms (Abedi et al., 2013). Waste from several industries containing Chromium
enters aquatic systems and introduces Chromium toxicity (Muthukumaravel and Rajaraman, 2013).
Chromium is one of the common heavy metals. Human activities bring Chromium in different forms
in the aquatic ecosystems where it poses dangerous impacts on aquatic life resulting in Chromium
toxicity (Mulware, 2013). Chromium poisoning in fish can cause an imbalance between antioxidants
and pro-oxidants that produce oxidative stress (Abedi et al., 2013). Chromium accumulates in
exposed species and becomes lethal (Liao et al., 2004). Chromium is the most hazardous and typically
interacts with thiol groups of proteins and inhibits metabolism (Das et al., 2004; Ahmed et al., 2013;
He et al., 2014). When Cr binds to essential thiols. It blocks important metabolic processes that result
in Chromium toxicity (Delnomdedieu et al., 1994; Hughes et al., 2011).

Medicinal herbs are employed in aquaculture not only as chemotherapeutics but also as feed
supplements (Wang et al., 2015) because they contain a wide range of minerals and chemicals
(Chang, 2000). Numerous biological effects of medicinal plants on growth promotion, enhancing
appetite, boosting immunity, acting as an antibiotic and reducing stress in fish are studied (Citarasu,
2010; Chakraborty and Hancz, 2011). The natural flora is very beneficial in enhancing health and
treating a wide range of ailments (Awad and Awaad, 2017; Mustafa et al., 2017).

Cumin and its derivatives provide therapeutic benefits to fish. It has several positive qualities
including hepatoprotective, immunostimulant, antibacterial, growth-promoting and antioxidant
effects. Cumin or its derivatives added to fish diets improve fish blood biochemical profiles, boost
immune responses, guard against pathogenic bacteria invasion and lessen fish oxidative stress against
heavy metal toxicity (Dorucu et al., 2009). It is antiseptic, anti-inflammatory, analgesic and cancer-
preventive (Al-Snafi, 2016; Sheikh Asadi et al., 2018). It also shows inhibitory effects on aldose
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reductase, alpha-glucosidase and tyrosinase (Kedia et al., 2014; Al-Snafi, 2016; Sheikh Asadi et al.,
2018).

Hematological and biochemical blood biomarkers are frequently used in the identification and
diagnosis of sublethal effects metals toxicity. Blood's high sensitivity to environmental changes
makes it a valuable indication of environmental toxicity marker. Chromium negatively impacts the
hematological and biochemical properties of fish (Zaki et al., 2008; Oner et al., 2009). Exposure to
Chromium results in significant increases in transaminases, acid phosphatase (ACP) and alkaline
phosphatase (ALP). Reduced hematocrit and erythrocyte numbers are two red blood cell
abnormalities associated with Chromium toxicity (Firat and Kargmn, 2010). Hypercholesterolemia
and hypoglycemia are also linked with Chromium toxicity. Changes in blood cell indices depend on
the length and intensity of exposure (Steinhagen et al., 2004; Prabakaran et al., 2007; Vinodhini and
Narayanan, 2009; Shaheen and Akhtar, 2012).

Fish is the major fatty acids and protein source. Medicinal plants mainly cumin are linked to a variety
of parameters including growth, hematology and liver enzymes (Beveridge et al., 2013). Cumin
ameliorates the toxicity provoked by heavy metals. Hematology studies the mitigative effects of
cumin on Chromium intoxicated Catla catla (Sheikh Asadi et al., 2018).Cumin cures a lot of ilInesses
associated with metabolism (Al-Snafi, 2016). The liver is responsible for many important functions
such as biotransformation, digestion, metabolism and storage. It is the main organ in charge of
transforming harmful compounds into non-toxic ones that serve as helpful biomarkers for toxicity
assessment. Growth performance, antioxidant activity, hepatoprotective properties and
hematoprotective properties are all enhanced by cumin. Medicinal herbs are utilized in feed and have
pharmacological properties (Chakraborty et al., 2022).

Heavy metals are accumulated day by day in the environment by human activities. Chromium is lethal
on continuous exposure. Chromium toxicity cause gills lesions, create oxidative stress, imbalance
enzymes and hormones and mortality. Chromium negatively impacts the nervous system. It causes
toxicity and harm even at low concentrations after prolonged exposure. To manage aquatic
ecosystems fish living under pollution stress have biochemical and clinical characteristics that serve
as indicators (Staniek et al., 2020).

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 goal of the current study is to examine cumin potential therapeutic benefits against Chromium
toxicity.

Animals

Fifty-two Catla catla juveniles of normal weight and size will be kept in glass aquaria of 70 litres
capacity at the University of Agriculture, Faisalabad Department of Zoology, Wildlife and Fisheries
UAF Community College PARS for twenty-eight days. Prior to the start of the trial all of the fish
juveniles were acclimatized. Juveniles were housed in glass aquaria with 12 hours of light and dark
cycles, regular feed intake and a temperature of 25 to 28 degrees Celsius. The protocol as specified
by the University of Agriculture's ethics council Faisalabad Pakistan was followed in experimenting.

Chemical used
Cumin seed extract(10g/kg) and Chromium(Cr) (8mg/kg) a well-known heavy metal were used in
the conduction of experiments.

Experimental Design

C. catla juveniles were purchased from the Government Fish biodiversity hatchery in Faisalabad.
Juveniles were of normal size and weight. Four treatments were established for juveniles. To was
regarded as the control treatment and fed with basal commercial feed along with tap water. T1 was
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treated with Chromium (8mg/L). Cumin seed extract (10g/kg) was treated with T». Chromium and
cumin seed extract (8mg/L and 10g/kg respectively) were co-treated to Ts. Juveniles were dissected
after the experiment lasted for 28 days. Blood and organ samples were taken from each group of
juveniles for additional examination.

Determination of growth performance and feed utilization

Juveniles' weekly gross weights from each experimental group were used to estimate growth
performance. Analysis of feed utilization and growth performance were done in terms of feed
conversion ratio (FCR), specific growth rate (SGR), weight gain percentage, absolute weight gain
(WG) and survival rate (%).

Weight gain (%0)
WG (%) :Final weitgf.lt—lni%“ial weight
Initial Weight

x 100

Absolute weight gain (AWG)
Absolute weight gain (AWG) =Final weight (g) — Initial weight(g)

Specific growth rate (SGR)
SGR :Initial weight(g)—Final Weight(g)

Experimental period(Days)

x 100

Survival rate (%)
__Final number of juveniles

Survival rate (%) =— ——— 100
Initial numberof juveniles

Feed conversion ratio (FCR)

FCR :Total dry feed intake(g) % 100

Weight gain (g)

Hematology
The automated hematology analyzer was used to assist in the examination of hematological
parameters.

Liver and kidney enzyme analysis

The ALT, AST and ALP values indicators of liver function was measured using an ELISA kit. ELISA
kits were used to measure total bilirubin and albumin levels. Additionally renal function markers
including urea and creatinine clearance will be estimated using standard diagnostic kits. Every assay
was conducted under the supplier's guidelines.

Histology

The liver and kidney tissues were preserved in 10% buffered formalin. Following the typical
procedure for lack of water in increasing ethanol levels, clearing in xylene and staining with eosin
and hematoxylin approximately 4-5 micro-meter thick slices were prepared using a Richert
microtome machine and placed on slides for histopathological investigation. Slides were analyzed
using a light microscope (Nikon, Japan). ImageJ software was utilized to analyze the images.

Statistical analysis

The current study's findings were presented as Mean + SEM and calculated using One-way ANOVA
(analysis of variance) with Tukey's test. The treatment groups were scrutinized with the graph pad
Prism 5 software. A significance threshold of p<0.05 was applied (Inkielewicz-Stepniak et al., 2012)
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RESULTS

Growth Parameters

In the present study, different concentrations of Cumin significantly affected the growth performance
and survival of C. catla. Considering the mean of weight gain (WG), feed conversion ratio (FCR),
specific growth rate (SGR) of C. catla, there was a significant difference among all the treatments.

Growth Parameters TO T1 T2 T3
weight gain 80.937 75.136 98.124 81.735
Absolute weight gain 330.81 318.27 388.07 331.97
Feed Intake 296.18 251.43 344.00 321.28
specific growth rate 1118 1070 1290 1121
feed conversion ratio 1.18 1.79 0.92 1.29
Survival Rate 84.61 69.2 100 92.3

Table 1. Effects of Cumin extract on weight gain, absolute weight gain, feed intake, specific growth
rate, feed conversion ratio and survival rate in Chromium intoxicated C. catla.

GROWTH INDICES

HTO mT1 mT2 =T

1290 w

1118

1070
1121

80.937
75.136
98.124
81.735
330.81
318.27
388.07
331.97
296.18
251.43
344
321.28
1.18
1.79
0.92
1.29
84.61
69.2
100
92.3

|
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Graph 1. Graphical representation of effects of cumin extract on weight gain, absolute weight gain,
feed intake, specific growth rate, feed conversion ratio and survival rate in Chromium intoxicated
C. catla.

Hematology parameters

Following exposure of heavy metal, a significant decrease was observed in hematological profile in
T1 juveniles as compared to T». While a significant restoration of these parameters was noticed in T3
as compared to T1. Besides this, To and Tz did not express any significant difference.

Hematology Indices T0 T1 T2 T3
erythrocyte counts (x106/ul) 2.83 2.57 2.99 2.85
Hemoglobin concentration (mg/100 mL) 14.41 12.40 15.80 14.40
Hematocrit (%) 34.79 31.01 38.07 34.81
Mean Corpuscular Volume (um®) 117.6 113.7 119.3 118.2
Mean Corpuscular Hemoglobin (g/dl) 48.63 45.96 50.03 48.79
Mean Corpuscular Hemoglobin concentration (g/dL) 40.37 38.89 41.70 40.70

Table 2. Effects of Cumin extract on erythrocyte counts, Hemoglobin concentration, Hematocrit,
Corpuscular Volume, Mean Corpuscular Hemoglobin and Mean Corpuscular Hemoglobin
concentration in Chromium intoxicated C. catla.
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Graph 2. Graphical expression of effects of Cumin extract on erythrocyte counts, Hemoglobin
concentration, Hematocrit, Corpuscular Volume, Mean Corpuscular Hemoglobin and Mean
Corpuscular Hemoglobin concentration in Chromium intoxicated C. catla.

Effect of Chromium and Cumin supplementation on the liver function markers

Liver function markers were significantly increased following the exposure to heavy metals T1 as
compared to T». T3 restored the level of liver function markers as compared to T1. While no significant
difference was observed between T3 and control treatment.

Liver function marker T0 T1 T2 T3

ALT (U/L) 6.65 8.03 5.67 7.28

ALP (U/L) 202.75 258.27 200.71 211.26

AST (U/L) 214.19 232.43 212.01 221.15

Table 3 Effect of Chromium and Cumin supplementation on the liver function markers ALT, ALP
and AST.
BIOCHEMICAL ANALYSIS OF LIVER
ENZYMES
BTO mTL T2 =T3
ALT (U/L) ALP (U/L) AST (U/L)

Graph 3. Effect of Chromium and Cumin supplementation on the liver function markers ALT, ALP
and AST.
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Effect of Chromium and Cumin supplementation on the kidney function markers

It was observed that T significantly increased the level of creatinine and urea as compared to To. T3
normalize their level as compared to To. While it was noticed that T3 expressed the values similar to
To.

Kidney Function Marker TO T1 T2 T3
creatinine (mg/dL) 0.70 2.02 0.62 0.99
Urea (mmol/L) 32.22 49.25 30.78 33.34n

Table 4. Effect of Chromium and Cumin supplementation on the kidney function markers
creatinine and Urea

KIDNEY FUNCTION MARKERS

ET0 mT1 mT2 =T3

32.22
49.25

30.78

2.02
0.62

(o2}
~ o
o (=} o

CREATININE (MG/DL) UREA (MMOL/L)

Graph 4. Graphical representation effect of Chromium and Cumin supplementation on the kidney
function markers creatinine and Urea

Discussion

The aquaculture sector plays a vital role in addressing various global challenges, making it of utmost
importance for both economic and nutritional reasons. Aquaculture holds a significant position as a
primary source of animal protein on an international scale. Its importance stems from its widespread
availability and efficient production methods, making it a key player in addressing global malnutrition
and food security challenges.

The result of the present study showed that maximum weight gain was observed in T2 (98.124+0.909)
which was exposed to cumin (10g/kg) and minimum weight gain observed in T1 (75.136+0.311)
which was treated with 8mg/L Chromium. The results showed the significant (P<0.05) result in terms
of weight gain, absolute weight gain and specific growth rate. This may be attributed that Chromium
ingestion block digestive tracts, diminish the urge to eat and alter feeding behavior all of which reduce
growth. (Wright et al., 2013). This is due to fish have redirect energy usually used for growth towards
maintenance of vital functions such as the removal of heavy metals particles and their additives.
Coping with other stresses such as inflammation Moos et al. (2012) and a compromised endocrine
can reduce the energy available for optimal growth (Rochman et al., 2014). These results are related
to the study of Cedervall et al. (2012) who reported the negative effect of Chromium on the growth
of the Indian major carps. Similar results were reported by Besseling et al. (2014) showed that growth
would be adversely affected by the addition of Chromium to the fish's diet. Fish growth during the
acute exposure phase of the experiment showed the lowest growth in the higher Chromium
treatments.

In the present study Chromium treatment (T1) significantly decreased the level of erythrocyte
count (2.57 £ 0.01), hemoglobin (12.40 + 0.07), Hematocrit (31.01 + 0.19), mean corpuscular
hemoglobin (45.95 £ 0.27), mean corpuscular volume (113.3 = 0.91), mean corpuscular hemoglobin
concentration (42.14 +0.14) as compared to control (T2) erythrocyte count (2.99 + 0.01), hemoglobin
(15.80 = 0.07), Hematocrit (38.07 £ 0.15), mean corpuscular hemoglobin (50.03 £+ 0.11), mean
corpuscular volume (119.3 +0.66), mean corpuscular hemoglobin concentration (41.70 £0.16). It was
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detected that T> (only Cumin) showed the results of hematological parameters significantly similar to
that of To. The decrease in hematological parameters is due to Chromium exposure suppress the
activity of hematopoietic stem cells which are responsible for generating various types of blood cells,
including red blood cells, white blood cells, and platelets. Chromium inhibits an enzyme called d-
aminolaevulinic acid dehydratase (ALAD), which is critical for heme synthesis. As a result, the
production of heme, a molecule that contains iron and is essential for hemoglobin formation in red
blood cells is impaired. Insufficient heme synthesis leads to decreased hemoglobin levels and can
cause anemia. The decrease in erythrocyte indices could be due to acute hemorrhages or
hemolysis(Hung et al., 2008), showing the rapid decrease in all hematological parameters leading to
anemia. Similar findings have been reported by(Ghaffar et al., 2015). Chromium exposure causes the
breakdown of red blood cells, resulting in a decrease in their overall count in the bloodstream
(Moradizadeh et al., 2020). Chromium instigates abnormal changes in MCH, mean corpuscular
hemoglobin volume (MCHYV), and mean corpuscular hemoglobin concentration (MCHC), reflecting
changes in the average hemoglobin content of red blood cells.

Results of present research demonstrated that T1 (Chromium-treated group) significantly increased
the level of alanine transaminase (8.03 £ 0.22), aspartate transaminase (232.43 = 0.34) and alkaline
phosphatase (258.27 £ 0.25) as compared to T» alanine transaminase (5.67 = 0.12) and aspartate
transaminase (212.01 + 0.52) and alkaline phosphatase (200.71 = 0.33 Increased levels of these
enzymes is due to Chromium exposure led to the destruction of liver cell membranes and cellular
structures. As a result, the content of liver enzymes normally contained within the cells is released
into the bloodstream. Chromium exposure impairs mitochondrial function contributes to liver cell
damage and elevates liver enzyme levels. Chromium exposure induces inflammation and cellular
stress in the liver. This leads to an activation of the immune system, which further contributes to the
release of liver enzymes into the bloodstream. These results were in line with previous findings in
Indian carp (Vutukuru et al., 2007), rats (Kalyani et al., 2008), cattle (Mohanpuria et al., 2008)and
birds (Halder et al., 2008). Increased levels of ALT and AST are indicator of As-hepatotoxicity (Roy
and Bhattacharya, 2006). It has been considered that increase in ALT and AST could be due to the
cellular damage or increased plasma membrane permeability, so alteration of cell metabolism due to
As-intoxication could increase the enzymic activity (Ramazzotto and Carlin, 1978). The increased
levels of these enzymes indicate the disordered state of hepatic tissues and subsequent hepatic
dysfunction (Kandemir et al., 2020).

Results of present research assessed that Chromium exposure (T1) induced a significant increase in
the level of urea (49.25 + 0.03) and creatinine (2.02 £ 0.01) when compared to (T2) urea (30.78
0.29) and creatinine (0.69 + 0.01). Major reason behind increase level of urea and creatinine in kidney
is due to Chromium exposure decrease the rate of glomerular filtration which means fewer waste
products removed from kidney. Dysfunction lead to increased excretion of essential substances and
accumulation of waste product like urea and creatinine and Chromium also reduced blood flow to
kidney. (Ahn et al., 2017) previously described the renal toxicity induced by Chromium, highlighting
the considerable reduction in kidney functions, as indicated by elevated blood urea and serum
creatinine levels. various pathological lesions of As-toxicity have been reported. Increased urea level
can be attributed to the kidneys failure to remove metabolic products (Haase-Fielitz et al., 2009).
Increased absorption of urea from renal tubules could be due to failure of the selective reabsorption
property of kidney tubules. Elevated level of creatinine indicated the signs of renal failure (Padmaja
et al., 2009).

Histological investigation of fish kidneys subjected to Chromium treatment (T1) revealed a significant
induction of histopathological damage. This damage included tubular dilation and destruction of
epithelial cells in the cortex, as well as chronic cytolysis of epithelial cells in the outer medulla, along
with the presence of pyknotic nuclei. In comparison, To (control group) showed minimal
histopathological abnormalities. However, T3 (Chromium +Cumin) exhibited a significant restoration
of the histopathologic abnormalities when compared to T1. Chromium exposure leads to the formation
of lesions or abnormal growths in the kidney tissues. According to (Roy et al., 2020) kidneys are
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organ more vulnerable to Chromium toxicity where it induces lethal effects on renal tubular
epithelium in dose dependent manner in the cockerels (Sajan et al., 2022). Chromium exposure can
cause histological changes of kidney, such as tubular degeneration and so on (Cimen et al., 2016;
Zhou et al., 2017).These renal tissue damages, were consistent with previous studies conducted by
(Saifi et al., 2018). Upon ingestion or exposure, Chromium accumulates in renal tissues and disrupts
cellular function. It disrupts cellular metabolism, impairs the function of vital enzymes, leading to
oxidative stress and the generation of reactive oxygen species, causing damage to renal cells (Abdel
Hamid et al., 2020).

Histological investigation revealed that Chromium treatment (T1) significantly (P < 0.05) induced
Histopathological damage in liver of fish including hepatocytic degeneration and hepatic necrosis in
the liver as compared to To(control group). Contrary to this T, exhibited significant (P < 0.05)
restoration of the histopathologic abnormalities as compared to T1. It was observed that T3 results
demonstrated significantly (P < 0.05) similar structural configuration as compared to To. These
changes indicated the detrimental impact of Chromium on liver tissues (Santra et al., 2023).
Chromium-induced hepatoxicity arises from increased OS, antioxidant defense system and
disturbance in mitochondrial function (Bell et al., 2022). These mechanisms contribute to hepatocytic
degeneration, characterized by the accumulation of lipids in the liver cells and hepatic necrosis,
resulting in cell death due to severe damage (Farouk et al., 2020). Cumin reverses these alterations in
the liver due presence of hydroxyl group in its structural configuration which enable Cumin to reduce
OS by sharing of electrons to reactive oxygen species (ROS). This sharing of electrons fulfills the
need of these reactive species and normalizes into their optimum state ultimately protecting against
histopathological damage caused by Chromium (Ramadan, 2020).

Cumin shows potential in mitigating the above-discussed changes induced by Chromium exposure.
Cumin, a powerful antioxidant has been found to counteract the decrease in hematological parameters
and liver function markers caused by Chromium. Furthermore, Cumin's protective properties have
demonstrated the ability to preserve the histological integrity of the liver and kidneys, safeguarding
against the detrimental effects of Chromium. The administration of Cumin exerts various health-
promoting activities in aquaculture, such as improved performance, meat quality and immuno-
modulation.
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