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Abstract: Minerals such as zinc (Zn) are abundant in the Earth's crust, serving as cofactors for a
variety of proteins and modulating immune functions, however, in high doses, it might cause
toxic effects on the body. This study examined the effects of excessive Zn concentrations on fish
hematological parameters. The authors employed fresh water fishes Clarias batrachus as an
experimental model and treated them with three different concentrations of Zn. The treatment
with Zn was done for total 28 days and hematological parameters were assessed at different time
intervals. As compared to control, Zn treated fishes showed considerable changes in
hematological parameters such as, Haemoglobin (Hb), total erythrocyte counts (TEC), total
leucocytes count (TLC), erythrocyte sedimentation rate (ESR), packed cell volume (PCV), mean
corpuscular haemoglobin (MCH) and mean corpuscular volume (MCV). The present study showed
that exposure to Zn could be linked to chronic and acute hematological toxicity in fishes in time
and dose-dependent manner.
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INTRODUCTION

Heavy metal contamination of drinking water,
such as arsenic, cadmium, nickel, mercury,
chromium, zinc, and lead, has become a serious
health concern (Rehman et al, 2018). Heavy
metals are present in essential and nonessential
forms with relatively high density compared to
water (Ferugusson, 1990). Every organism
exposed to it through the air, water, or soil,
experiences different effects (Jan et al., 2015;

Araujo and Cedeno-Macious, 2016). All living
organisms require essential elements like Zn, Fe,
Mn, Co, Cu etc. to grow and develop properly and
their deficiency is also harmful to them.
Nevertheless, due to their non-biodegradable
nature, these metals are accumulating in an
uncontrolled manner, which has made them
toxic to organic life (Arruti et al., 2010; Sani,
2011). Bhat et al. (2019) reviewed those heavy
metals that may cause grievous changes in the
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future and told that several health risks are
associated with heavy metal toxicity. They affect
the metabolism of organisms, even though they
function as virtual components of the body.

All the fishes live in water, which makes them
vulnerable to oppressive conditions because they
breathe, eat, reproduce, and survive there. As a
result of their high tolerance, these can escape the
harmful effects of unwanted environments
(Yarsan and Yipel, 2013; Saleh and Marie, 2014).
The haematological parameters are important
indicators also used to diagnose physiological
disorders (Satheeshkumar et al., 2011). With the
help of heavy metals, morphological
abnormalities, osmoregulation anomalies,
genetic anomalies, physiological abnormalities,
and transfigurations of the blood profile such as
Hb, TEC, TLC, ESR, PCV, MCH, MCYV, glucose,
cholesterol, etc. are observed (Srivastava and
Prakash, 2019).

The zinc plays an essential role in human growth
and development. Zn is found in the body in
amounts ranging from 1.4 -2.3 grams in adults
(Bhomik et al., 2010). There are many uses of this
metal, including solar panels, paints,
semiconductors, and waste water treatment
plants (Zimmermann et al., 2012). A small
amount or up to permissible limit of this element
is required for structural components of many
enzymes, metabolism, and normal development.
Nevertheless, when zinc concentrations exceed
the physiological requirements of fish bodies, it
becomes toxic (Shukla et al., 2002). Zn has been
found to cause toxic effects in aquatic organisms,
including fish (Ryan et al., 2009; Mottin et al.,
2010).

Zn can also cause several fatal diseases hence it is
imperative to understand how heavy metals, like
Zn affect fish health and how to mitigate them
(Saxena et al., 2009). Previously, Celik et al.
(2013), El-Sayed and Shokr (2015) evaluated how
zinc altered the haematological and biochemical
profiles of tilpia exposed to different
concentrations. Therefore, the present study was
conducted to determine the effect of sub-lethal
doses of Zn on haematological parameters of
fresh water teleost C. batrachus under controlled
laboratory conditions.

MATERIALS AND METHODS

Fish collection and groups

Fresh water fishes Clarias batrachus were
purchased from different fish markets of Bareilly,
Uttar Pradesh, India, and randomized into four
groups. The fishes were acclimatized for about 7-
10 days in laboratory conditions. The groups
were as follows:

Group 'A'- Control, fishes were kept in fresh
water.

Group 'B'-Fishes were exposed to 1.0 ppm of Zn.
Group 'C'- Fishes were exposed to 3.0 ppm of Zn.
Group 'D'-Fishes were exposed to 6.0 ppm of Zn.

A total of 16 fishes weighed from 30-40 grams
were included in each of the above groups.

Treatment of Zinc in fishes: Different zinc
toxicants were prepared in laboratory by using 1 g
pure Zn metal which was dissolved in H,SO, and
diluted to 1000 ml stock solution by using
distilled water. Stock solution 1.0 ml had 1.0 mg
of lead in concentration. Fishes were exposed to
1ppm, 3ppm and 6ppm of zinc for 15 days.

Collection of blood and hematological analysis:
Blood was collected from the caudal vein of
experimental fishes with the help of
anticoagulated syringes. The collected blood
from each group was used to assess Hb, TEC, TLC,
ESR, PCV, MCH and mean MCV as reported
earlier (Wintrobe 1981).

Statistical analysis: The data was analyzed by
using one-way Anova test using GraphPad prism
9.5.0.

RESULTS AND DISCUSSION

Studies were conducted to determine the blood
parameters like Hb, TEC, TLC, ESR, PCV, MCH
and MCV in blood samples collected from
experimental fishes from each group.
Throughout the four-week period, different
parameters were accessed on each fish from zinc-
treated different groups.

Hb: The control group showed of Hb was 13.60%,
and the maximum reduction in the haemoglobin
was recorded at 10.50% with 22.6% decreased in
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group D during maximum time exposure and
concentration (6.0 ppm of zinc after 28 days

exposure period) (Table-1, Fig.-1).
TEC: Zinc exposure resulted insignificant

Table 1: Haematological parameters of C. batrachus exposed to various concentration of zinc.

SL. Parameters Group A Group A Group A Group A
No (Control) (Control) (Control) (Control)
7 14 21 28 7 14 21 28 7 14 21 28
Days | Days | Days | Days | Days | Days | Days | Days | Days | Days | Days | Days
1. Hb % 13.60 1250 | 12,50 | 11.80 | 11.50 | 12.50 | 12.00 | 11.50 | 11.00 | 12.00 | 11.00 | 11.00 | 10.50
2. TECx106/Cumm 3.17 290 | 2.85 3.00 [ 290 | 3.00 | 2.70 250 | 240 | 2.69 | 250 | 2.60 2.40
3. TLC /Cumm 13100 15600 | 15800 | 16300 | 18300 | 15000 | 16400 | 16100 | 19500 | 16100 | 17100 |18200 | 19900
4, ESR (mm/h) 2.13 2.80 | 2.70 3.00 | 3.15 | 240 | 295 295 | 3.00 | 230 | 2.70 | 2.80 3.20
5. PCV % 43.00 42.00 | 38.00 | 34.00 | 31.00 | 42.00 | 36.00 | 33.00 | 30.00 | 40.00 | 34.00 |31.00 |29.00
6 MCV (3) 135.64 [144.82 |133.33 | 113.30| 106.89 | 140.00|133.30 | 132.00 | 125.00 | 148.69 | 136.00 (119.23 |120.83
7 MCH (Pg) 42.90 43,10 | 43.85 | 39.33 | 39.65 | 41.66 | 44.44 | 46.00 | 45.83 | 44.60 | 44.00 | 4230 |43.75
A B C D
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Figure-1

Fig. 1: Line graph shows the changes in (A) heamoglobin, (B) total erythrocyte counts, (C) total
leucocytes count, (D) erythrocyte sedimentation rate (ESR), (E) packed total erythrocyte counts cell
volume (PCV), (F) mean corpuscular haemoglobin (MCH), and (G) mean corpuscular volume in 1ppm,
3ppm, and 6ppm Zinc-treated Clarias batrachus groups each week for a total of four weeks.

decrease in the total erythrocytes. The maximum
change in the TEC value was 2.40x10°/Cu mm.
(28 Days: 3.0 ppm and 6.0 ppm). Maximum
decrease was observed to 24.2% (Table-1, Fig.-2).

TLC: C. batrachus showed approximately the
same negative response when compared with the
control values. The highest increase was 19,900/
mm’ (28 days at 6.0 ppm) and minimum was
15,000 (7 days: 3.00 ppm). 51.9% increase
observed at the maximum concentration and

time exposure (Table-1, Fig.- 3).

ESR: The value of ESR in C. batrachus when
exposed to sublethal concentration of Zn
indicated maximum value of ESR (3.20 mm/h) at
28 days (6.0 ppm Zn) and minimum (2.40 mm/h)
at 7 days (3.0 ppm) of exposure period. The
maximum increased observed was 50.2% in
Group D during 28 days exposure period. These
observations indicate that the sublethal
concentration of both the heavy metals produced
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pronounced effects on ESR of all the
experimental group of fishes (Table-1, Fig.- 4).

PCV: In PCV, the maximum effect was indicated
by the values of 29% at maximum concentration
during maximum exposure period. (28 days: 6.0
ppm of Zn) and minimum reduction was
apparent from the values of 42% (7 days: 1.0 ppm
and 3.0 ppm of Zn. The 32.5 percentage
decreased were observed after 28 days exposure
in Group D (Table-1, Fig.- 5).

MCV: The MCV values were 148.69 u’ during 7

days exposure period at 6.0 ppm Zn (Group D)
whereas minimum value of MCV was 106.89 u’
during 28 days exposure period (Group B). The
maximum percentage decrease was -16.4% in
Group B during 21-day exposure period while the
maximum increased recorded was 9.62% during
7 days in Group D (Table-1, Fig.- 6).

MCV: In case of MCH values, C. batrachus,
reached its peak at 46.0 (pg) after 21 days
exposure (Group C). Whereas minimum value of
MCH was 39.33 (pg) during 1.00 ppm of zinc
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Fig. 2: Bar and scatter plot shows the changes in (A) Hb% (B) TEC (C) TEC (D) ESR (E) PCV) (F) MCH)
and (G) MCV at 28" day in 6 ppm Zinc-treated Clarias batrachus groups. *P<0.05, ***P<0.0005-
versus 3 ppm zinc; #P<0.05, ##P<0.005, ###P<0.0005-versus 3 ppm zinc; ~ ~ ~ P<0.0005-versus

1 ppm zinc; data analyzed.

during 21 days post treatment with -8.32%
changes (Table-1, Fig.- 7).

Table-2 depicts the results of Hb, TEC, TLC, ESR,
PCV, MCH and MCV in fishes after 28 days
exposure to Zn (6.0 ppm).

When heavy metals accumulate biologically in
undesirable amounts, they can cause serious
complications in living organisms and even lead
to death (Bhat et al., 2019). A severe alteration in

the values of the experimental fishes as compared
to the control fish occurred when they were
exposed to various sublethal concentrations of
zinc (1ppm, 3ppm, and 6ppm) at different time
intervals (7, 14, 21 and 28 days). Physiological
status of animals exposed to toxicants can be
diagnosed by measuring blood parameters. The
present study evaluated the functional status of
C. batrachus exposed to zinc at various
concentrations over a period of time. According
toJoshietal. (2002), heavy metal toxicity can lead
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to anaemia in fish exposed to these metals. The
results of this study were in agreement with those
of Tyagi and Srivastava (2005), who tested
Channa punctatus and Olurin et al. (2012), who
examined Clarias gariepinus when treated with
zinc chloride. Hoq and Haque (2014) found the
correlation between zinc concentrations and
blood glucose level in the blood of fish
Heteropneustes fossilis. They precisely observed
that Zn amount was increased and the blood
glucose was significantly decreased. Ganesan
and Karrupasami (2015) found that zinc toxicity
induced alteration in the haematological values
of channa punctatus with decrease in RBC, MCV
and MCH and Increase in WBC and MCHC due to
disturbance in metabolic and haemopoitic
activities in fish. Rani et al. (2015) observed
significant decrease in RBS, PCV% and HB%.
However, the DLC, Platelets count and blood
clotting time of the fish did not change
significantly with reference to Zn and Cd. El-
Sayed and Shokr (2015) evaluated reflection in
haematological values of nile tilapia to sub lethal
concentration of zinc sulphate (15, 30 and 45
ppm) during different exposure period (24, 48
and 72 hours). They concluded that zinc related
stress in fish as shown by haematological
parameters can be a good indicator.

A comparative study of Zn, Cd and Cu treatment
with fresh water fish Clarias batrachus resulted
the Zn and cadmium exposure decreased the TEC
haemoglobin percentage and morphological
changes in red blood cells while the Cu shows the
slightly changes (Kumar and Ram, 2016).
Thuraiswami (2020) observed the zinc toxicity
affects the blood parameters of Mystus mantanus,
which can be reduced by adding probiotics. The
heavy metals such aslead and zinc can induce the
biochemical changes in the blood of fresh water
fishes Heteropneustes fossilis and Clarias
batrachus (Verma et al., 2020a, 2020b, 2020c,
2020d, 2021).

The results of the present work conclusively
demonstrate that the experimental fish are
sensitive to any forbidding changes in their
aquatic environment. Although Zn is an essential
element, it can have adverse effects on the blood
physiology of an organism when it is in an
undesirable condition. In the biosphere, this
metal is regularly accumulating and magnifying
due to human activities. Therefore, studying the
haematological characteristics of Clarias

batrachus can serve as an early warning sign of
zinc pollution in aquatic systems.
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