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ABSTRACT

The ever increasing anthropogenic activities all over the world that usually lead to the release of myriads of pollutants such as
cadmium call for concern. In the present study, the effects of cadmium chloride on the haematology of C. gariepinus and how
such effects can be mitigated through the administration of vitamins were investigated. C. gariepinus fingerlings (whose initial
weight ranged from 3-11g, standard length ranged from 7.9-9.4cm and total length ranged from 8.9-10.9cm) were exposed to
sub-lethal concentrations of Cd (00, 12mg/L, 16mg/L, 20mg/L and 24mg/L) with replicate in each case. 12mg/L each of the
vitamins were administered across all the bud. Fresh concentrations of both toxicants and vitamins were administered every 72
hours for a period of 12 weeks every time the water medium was changed. The various treatments group include Cd (Cd only),
CdVA (Cd+vitamin A), CdVC (Cd+vitamin C) and CdVE (Cd+vitamin E) with T1-T4 and replicate in each case. 3 samples of
the fish were randomly selected and sacrificed from each aquarium tank every 4™ week of the exposure period. The blood
collected were analyzed for White Blood Cell count (WBC), Red Blood Cells (RBC), Haemoglobin Concentration (HGB), Pack
Cell Volume (PCV), Mean Corpuscular Haemoglobin (MCH), Mean Corpuscular Volume (MCV), Mean Corpuscular
Haemoglobin Concentration (MCHC) and Platelet Count (PLT). The data generated were subject to one way analysis of variance
at P<0.05. The results indicate that in samples exposed to Cd only treatments for a period of four weeks, there were increased
values of production of WBC in all treatments when compared to the control. There were decreases in the production values of
PLT in all treatments when compared to higher values obtained in the control samples. The RBC, PCV and PLT mean values in
the control are significantly higher than other treatments. After the 8™ week of exposure, the WBC, RBC, and PCV mean values
in the control are significantly higher than other treatments. MCHC and PLT mean values in the control are significantly different
from other treatments. After the 12th week of exposure, RBC, Hb, PCV, MCV, MCH, MCHC and PLT mean values in T1 are
significantly lower than other treatments. In CdVA treatments in the 4th week of exposure indicated an increased production of
WBC in all treatments; increased values of PLT were obtained in all treatments. The PCV and MCHC mean values in T1 are
significantly different from other treatments. The mean values of the blood PLT are all significant with higher significance in T1
and T3. After the 8™ week of exposure, all the parameters are not significantly different from each other. Similarly, at the 12t
week of exposure there is no significant difference in all treatments. Level of production of blood parameters was generally low
in all treatments. In the case of samples exposed to CdVC for a period of four weeks, there were increases in WBC and PLT
values in all treatments. After the 8" week of exposure, mean values of all the parameters have no significant differences. At the
12th week of exposure, there were also no significant differences in the mean values of all the parameters. Samples exposed to
CdVE treatments after four weeks, displayed higher values of WBC, slightly lower values of RBC, Hb and PCV in all treatments.
There were marked increases in the production values of blood PLT in all treatments. The MCH and PCV mean values in T2
were significantly higher than in other treatments. After 8 weeks of exposure, the WBC mean values in T4 were significantly
higher than other treatments. At the end of the 12" week, WBC and RBC mean values in T2 and T1, respectively were
significantly higher than other treatments. The vitamins supplemented treatments displayed varying levels of ameliorations far
better than the Cd only group. Amongst these, the CdVC and CdVE treatment groups fared better than others. The outcome of
this research has shown the impacts of vitamins A, C and E in mitigating the effects of the toxicant and can serve as remedy in
heavy metal toxication when appropriate concentrations are administered.
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1.0 INTRODUCTION

Fish is a rich source of animal protein throughout the world. Due to its nutritional value (Tingman ef al.,
2010), the demand for fish food has been on the increase with the increasing human population (FAO 2010, 2012).
African catfish, Clarias gariepinus is an important commercial fish due to its high growth rate, high consumer
acceptability, and ability to withstand poor water quality, and oxygen depletion (Adewolu et al., 2008; Karami et al.,
2010). Fishes serve as early warning indicators of pollution in the aquatic systems and can be considered to be the
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most standard choice as test organisms because they are the best understood organism in the aquatic environment
and its importance to man (and other organisms) as a source of protein (Murtala et al., 2012). The presence of
toxicants in the environment of organisms has myriads of effects on fish physiology. The haematological profile of a
species is a good indicator of the levels of environmental stress and, consequently, changes in blood parameters have
been used to assess the effects of environmental pollution (Vinodhini and Narayanan, 2009).

The presence of pollutants in the environment of an aquatic organism such as fish can lead to the
production of reactive oxygen species and consequently, oxidative stress. Heavy metals could be essential or non-
essential. Heavy metals such as Fe, Cu, Zn, Ni, Co, Cr, and Mn are vital to humans only at lower concentrations, but
they become more toxic when they are taken up more than the bio-recommended limits (Shilpi et al., 2015). It is
also known that even essential metals may be toxic to the biological activities of organisms above certain
concentrations (Merciai et al., 2014). Heavy metals such as lead, mercury, cadmium, etc., naturally occur in the deep
layers of the earth and are present in the soils, rocks and sediments with high concentrations (Waheed ef al., 2020).
The ability of heavy metals to bioaccumulate and biomagnifying and difficult to be eliminated from the body by the
ordinary metabolic activities make them one of the most dangerous sources of chemical water pollution to fish,
causing big losses to fish and effects on the fish consumers (Mirghaed et al., 2018). Heavy metals are known to
elicit oxidative stress in organisms when the threshold is exceeded. Heavy metals are also known to promote
oxidative damage by increasing the cellular concentration of reactive oxygen species (ROS) in fish, consequently, a
response of antioxidative defences (Monteiro et al., 2010). Cadmium, which is a non-essential element with no
biological role, is toxic even at low levels. Heavy metals induce significant damage to the physiologic and
biochemical processes of the fish and subsequently to fish consumers (Mehana et al., 2020). Unlike essential
elements that are required in the diet for optimal growth, functioning and sustenance of the internal environment
(Isibor and Imoobe, 2017); the presence of Cd is entirely deleterious. Among all the heavy metals, Cd, arsenic,
mercury and lead pose the highest degree of toxicity and that is of great concern to plants and human health (Athar
etal.,2018). They can also be classified as carcinogens (Chung ef al., 2016).

Vitamins C and E supplementations have been reported to play a positive role in detoxification of mercury
toxicity especially at lower concentrations (Thakur and Kanshere, 2014). Likewise, it has also been demonstrated
that Cd-induced changes were significantly improved with supplementation of vitamin E as well as tomato paste
(Mekkawy et al., 2013). Ascorbic acid is well known for its antioxidant activity, acting as a reducing agent to
reverse oxidation in liquids (McGregor and Biesalski, 2006). The main biological function of vitamin E is its direct
influence on cellular responses to oxidative stress through modulation of signal transduction pathway (Pratt ef al.,
2010). Vitamins E and C supplementation can induce protective effects on certain conditions after free radical-
mediated cellular damage or disruption (Yolanda and Maria, 2012). CdCl; increases TLC (Total leukocytes count)
and decreases Hb content as compared to control; and the exposure of heavy metal with ascorbic acid led to a
decrease in the TLC and increase in Hb contents as compared to those of heavy metal intoxicated fishes (Borane,
2013). In addition, Vitamin C has potent antioxidant activity against cadmium and mercury sensitive haematological
parameters (Hounkpatin et al., 2012). The blood parameters are usually affected in one way or the other in the
presence of toxicants. For instance, Hounpaktin ef al. (2012) demonstrated a significant decrease in white and red
blood cell count, reduced hemoglobin and mean corpuscular concentrations when high concentrations of mercury
and the combination of high concentrations of cadmium and mercury were administered. However, co-
administration of mercury, cadmium and mercury and vitamin C had a protective effect on the harmful metals. The
values of the haematological parameters were also increased due to treatment with vitamin C.

Changes in the haematological and genotoxic components of cat fishes have been reported from the field
and laboratory researches (Guedenon et al.,, 2012; Bolognesi and Cirillo., 2014; Singh et al., 2017) but there is
paucity of information on the effects of specific toxicants such as Cd and what happens when supplemented with
vitamins. This is why this study attempted to bridge the gap in knowledge on the haematological effects of sub-
lethal concentrations of cadmium toxicant and how vitamins A, C and E supplements can ameliorate such effects on
C. gariepinus fingerlings.

2.0 MATERIALS AND METHODS

2.1 Samples/materials collection and Acclimatization

A total number of four hundred (400) fingerlings of C. gariepinus were purchased from a commercial fish
farmer and transported in 50L containers filled with water to the Old Farm Research Unit of the Department of
Water, Aquaculture and Fisheries Technology, Bosso Campus, Federal University of Technology, Minna, Nigeria.
The fishes were placed in fish ponds with water for acclimatization. The fishes were fed twice daily (morning and
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evening) with Blue Crown feed (3mm) for 14 days (2 weeks) for acclimatization. The holding water was changed
every 3 days during the period.

The vitamins A, C and E granules or pellets were purchased from commercial chemical stores. About 500g
units of the granules in each case were used as the supplements in percentages corresponding to the sub-lethal
concentrations of the treatments. The toxicant, Cd (2pieces of 100g) analar grades were purchased from commercial
chemical stores and stored in a cool dry condition throughout the period of the experiment. These toxicants were
administered according to the concentrations and the sub-lethal concentrations corresponding to the sub-lethal
concentrations of the treatments during the chronic phase of the exposure.

2.2 Experimental Set up

Five (5) treatments including control with two replicates in each treatment were set up for the Cd, Vitamins
A, C and E; and the sub-lethal exposures were run for a period of twelve (12) weeks. Sampling was made from each
trough randomly by picking out 3 samples every four (4) weeks for the haematological parameters. Sub-lethal
concentrations of cadmium chloride (CdCL, ) used for the chronic exposure were 12mg/L, 16mg/L, 20mg/L and
24mg/L as T1-T4 respectively; each treatment was in two replicates containing 12 fish in 20L plastic aquaria for the
Cd, Vitamins A, C and E supplemented exposures. The minimum concentration of the toxicant serves the same
concentration of the vitamins. The water was changed and fresh toxicants and vitamins with the same set of
concentrations were added every 72 hours according to Organization for Economic Co-operation and Development
(OECD, 2007) standards.

2.3 Determination of Haematological Parameters of C. gariepinus exposed to sub-lethal concentration of
cadmium

Blood samples were collected three times on a monthly basis (once every 4 weeks) from each sample and
replicated. The blood was collected by inserting the sterile syringe between the operculum and the pectoral fin on
the ventral side of the fish; and then drawn by creating suction pressure that allowed easy flow of the blood into the
syringe. This method gave more blood with ease than drawing them from the caudal vein of the fish. White Blood
Cell count (WBC), Red Blood Cells (RBC), Haemoglobin Concentration (HGB), Pack Cell Volume (PCV), Mean
Corpuscular Haemoglobin (MCH), Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin
Concentration (MCHC) and the Platelet Count (PLT) of the blood collected from the samples of each treatment and
replicate with 1ml heparinized sterile syringe into EDTA test tubes containing little quantity of anti-coagulant
(Abdulkareem et al., 2017; Usman et al., 2019), were determined in the Medical Laboratory Services of Minna
General Hospital, Niger State. These parameters were determined using Mindray (BC-5300) Auto Hematology
Analyzer for full blood count. This works on the principle of laser scatter, flow cytometry and chemical dye to
provide reliable and accurate 5-part differentiation on blood cells.

2.4 Data Analysis

The blood parameters of the samples exposed to sub-lethal concentrations of the toxicants as well as those
treatments supplemented with vitamins were analyzed using One Way Analysis of Variance followed by Duncan
Multiple Range Test to separate the means where significant at P<0.05 level of significance using SPSS Statistical
Package (version 20.0 for Windows).

3.0 RESULTS AND DISCUSSIONS

3.1 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd toxicants and the
respective supplemented treatments with Vitamins A, C and E for a period of four, eight and twelve weeks

In samples exposed to Cd only treatments for a period of four weeks, there were increased values of
production of white blood cells counts (WBC) in all treatments when compared to the control. There were decreases
in the production values of blood platelets (PLT) in all treatments when compared to higher values obtained in the
control samples. In like manner, after the eight weeks of exposure, there were increased values (higher than what
were obtained after four weeks of exposure) of WBC in all treatments when compared to the control. There were
also decreased values of RBC, Hb and PCV, MCHC in all treatments when compared to the control group. Drastic
reductions in values of PLT in all treatments when compared to the control were also obtained. Furthermore, there
were increased values of WBC after twelve weeks of exposure in samples that survive till the end. Decreased values
of RBC, Hb, PCV, MCV, MCH, MCHC and PLT were also recorded in samples that survive to the end when
compared to the control. From the statistical analysis, the WBC mean values in T1-T4 after the 4™ week of exposure
are significantly higher than the control. While the Hb mean values of the T1-T4 are significantly lower than the
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control. On the other hand, the RBC, PCV and PLT mean values in the control are significantly higher than those of
T1-T4. MCV mean values in T2 are significantly higher than in other treatments. Likewise, the MCHC mean values
in control and T1 are significantly higher than T2, T3 and T4 values. However, after the 8® week of exposure, the
WBC, RBC, and PCV mean values in the control are significantly higher than T1-T4 mean values. MCHC and PLT
mean values in the control are significantly different from other treatments. Meanwhile, after the 12th week of
exposure, RBC, Hb, PCV, MCV, MCH, MCHC and PLT mean values in other treatments are significantly higher
than T1. After the 8" week there were high mortality rates especially in the higher concentrations (Tables 3.1- 3.3).

Table 3.1 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd for a period
of four weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 9.80+0.12* 18.00+0.58° 18.50+0.29¢ 17.00+0.58° 18.00+0.58°
(10°cells/L)
RBC 3.60+0.06° 2.80+0.00° 2.45+0.03* 2.7540.03° 2.80+0.03°
(Mil/mm?)
Hb (g/dl) 10.05+0.14° 7.60+0.46° 7.65+0.26" 7.40+0.35° 7.30£0.17°
PCV (%) 29.50+0.29° 22.50+1.15% 22.50+£0.87%° 22.00+1.15° 21.50+0.29°
MCYV (Fl) 81.50+2.02% 78.00+4.04* 92.00+4.62° 79.50+4.91%® 77.00+2.89°
MCH(Pg) 27.00+0.58* 27.00+1.73* 30.50+1.44° 26.50+1.44° 26.00+1.15°
MCHC (g/dl) 33.50+£0.29° 34.50+0.29° 29.50+0.29° 29.50+0.29° 29.00+0.58°
PLT (Cmm) 206.00+1.15° 112.00+2.89° 111.50+0.87° 114.00+2.89° 110.50+2.02°

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly different
at P<0.05.

Table 3.2 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd for
a period of eight weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 9.40+0.40° 18.50+0.50 18.00+1.00° 17.00+1.00° 20.00+1.00¢
(10°cells/L)
RBC 3.60+0.20° 2.60+0.30° 2.30+0.50° 2.65+0.15* 2.60+0.20°
(Mil/mm?)
Hb (g/dl) 10.45+0.05°¢ 8.00+0.70° 6.75+1.05* 7.35+0.25% 6.65+0.85*
PCV (%) 31.00+0.00° 23.50+£2.50 20.00+3.00* 22.00+1.00° 19.50+2.50°
MCYV (F]) 86.50+4.50°¢ 92.50+20.50¢ 88.00+6.00° 83.00+1.00° 74.50+3.50°
MCH (Pg) 28.50+2.50° 31.00+6.00° 29.00+2.00 27.50+0.50° 25.00+1.00°
MCHC (g/dl) 32.60+3.00¢ 29.00+1.00° 29.00+0.00* 30.00+0.00* 29.50+0.50®
PLT (Cmm) 227.50+£7.79¢ 110.50+6.50° 117.50+10.50% 127.00+1.00° 124.00+1.00%

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly different
at P<0.05.

Table 3.3 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd for a period
of twelve weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 8.00+0.00° 12.00+12.40° 0.00+0.00 0.00+0.00 0.00+0.00
(10°cells/L)

RBC 3.45+0.26° 1.47+1.28* 0.00+0.00 0.00+0.00 0.00+0.00
(Mil/mm?®)

Hb (g/dl) 11.50+0.60° 3.87+3.35% 0.00+0.00 0.00+0.00 0.00+0.00
PCV (%) 34.50+1.60° 11.30+9.82° 0.00+0.00 0.00+0.00 0.00+0.00
MCYV (F)) 100.50£11.60° 51.33+44.46° 0.00+0.00 0.00+0.00 0.00+0.00
MCH (Pg) 34.50+5.60° 17.33+£15.03* 0.00+0.00 0.00+0.00 0.00+0.00
MCHC (g/dl) 30.00+0.00° 17.33+£15.02* 0.00+0.00 0.00+0.00 0.00+0.00
PLT (Cmm) 247.00+7.79° 77.33+£66.98* 0.00+0.00 0.00+0.00 0.00+0.00

Values are presented as mean=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are
significantly different at P<0.05.

In another development, CdVA treatments in the first four weeks of exposure indicated an increased

production of WBC in all treatments. Similarly, increased values of PLT were obtained in all treatments. On the
other hand, samples exposed for eight weeks indicated that there were increased production values of WBC, MCV
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and MCHC; lower values of RBC in samples that survived to this stage. Moreover, samples exposed for a period of
twelve weeks also displayed increased values of WBC but decreased values of RBC, Hb, PCV, MCV, MCH,
MCHC and PLT in samples that survived to the end. From the statistical analysis in CdVA mean values after the 4®
week of exposure, the PCV mean values are significantly different in descending order from T1-T4. MCV and MCH
mean values are significantly higher in T2 than in other treatments. The MCHC mean values are significantly higher
in T1 than in other treatments. The mean values of the blood PLT are all significant with higher significance in T1
and T3. In addition to these, after the 8 week of exposure, all the parameters were not significantly different from
each other. Similarly, at the 12" week of exposure there is no significant difference in all treatments. The level of
production of blood parameters was generally low in all treatments. (Tables 3.4 - 3.6).

Table 3.4 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd
supplemented with vitamin A for a period of four weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 9.80+0.12° 13.00+0.00% 14.00+0.58° 12.00+0.58° 14.00+1.15°¢
(10°cells/L)
RBC 3.60+0.06° 3.00+0.00* 2.95+0.09° 3.05+0.03* 3.05+0.03*
(Mil/mm?®)
Hb (g/dl) 10.05+0.14¢ 8.00+0.06 9.10+0.06° 8.65+0.14° 8.20+0.12*
PCV (%) 29.50+0.29° 23.50+0.29° 27.00£0.00¢ 25.50+0.29¢ 24.50+0.29°
MCYV (F)) 81.50+2.02° 78.00+1.15° 91.50+2.60¢ 83.00+0.00° 81.50+0.87°
MCH (Pg) 27.00+0.58° 26.50+0.29° 30.50+0.87° 28.00+0.00? 27.00+0.58?
MCHC (g/dl) 33.50+£0.29° 34.00+0.00° 29.00+0.00° 29.00+0.00? 29.50+0.29°
PLT (Cmm) 206.00+1.15° 228.00+3.46¢ 216.00+0.58° 239.00+4.62° 224.50+1.44°

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly different
at P<0.05.

Table 3.5 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd
supplemented with vitamin A for a period of eight weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 9.40+0.23° 0.00+0.00 6.67+3.33° 8.67+4.33° 8.67+4.33°
(10°cells/L)
RBC 3.60+0.12¢ 0.00+0.00 2.13+£1.07° 2.07+1.03° 1.67+0.83*
(Mil/mm?®)
Hb (g/dl) 10.45+0.03° 0.00+0.00 7.00+3.50° 6.67+3.33* 6.47+£3.23°
PCV (%) 31.00+0.00° 0.00+0.00 20.67+10.33° 20.00+10.00* 19.33+9.67°
MCYV (F)) 86.50+2.60¢ 0.00+0.00 64.00+32.00° 66.67+33.33° 77.33+£38.67°
MCH (Pg) 28.50+1.44° 0.00+0.00 22.00+11.00° 22.00+11.00* 25.33+12.67°
MCHC (g/dl) 32.00+1.73¢ 0.00+0.00 19.33+9.67° 20.00+10.00° 19.33+£9.67°
PLT (Cmm) 227.50+7.79¢ 0.00+0.00 162.67+81.33° 162.00+81.00° 142.67+71.33%

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly different
at P<0.05.

Table 3.6 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd
supplemented with vitamin A for a period of twelve weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 8.00+0.00° 8.67+4.33° 8.00+4.00* 0.00+0.00 0.00+0.00
(10°cells/L)

RBC 3.45+0.14° 1.87+0.94* 2.00+£1.00° 0.00+0.00 0.00+0.00
(Mil/mm?)

Hb (g/dl) 11.50+0.29° 5.80+2.91° 5.93+2.97* 0.00+0.00 0.00+0.00
PCV (%) 34.50+0.87° 17.33+8.67° 17.33+8.67° 0.00+0.00 0.00+0.00
MCYV (Fl) 100.50+6.64¢ 61.33+30.67° 53.33+28.67° 0.00+0.00 0.00+0.00
MCH (Pg) 34.50+3.18° 20.66+10.34* 19.33+0.00° 0.00+0.00 0.00+0.00
MCHC (g/dl) 30.00+0.00° 20.66+10.34° 19.33+9.67° 0.00+0.00 0.00+0.00
PLT (Cmm) 247.00+£5.20¢ 147.33+73.67° 142.66+71.34° 0.00+0.00 0.00+0.00

Values are presented as meantSEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly
different at P< 0.05.
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In the case of samples exposed to CAdVC for a period of four weeks, there were slight increases in WBC
values. Increased values of PLT were also recorded in all treatments (similar to values of CAVA treatments). After
eight weeks of exposure, there were increased productions in values of WBC, lower values of RBC, Hb and PCV in
all treatments. With the exception of T1 and T2, there were drastic decreases in PLT values in all treatments.
Furthermore, after twelve weeks of exposure, there were increased values of WBC, decreased values of RBC, Hb,
PCV, MCV and MCH; and lower PLT values in samples that survived till the end. From the statistical analysis, at
week 4 of the exposure, the WBC mean values in T2 and T4 were significantly higher than T1, T3. Likewise, the T2
and T3 Hb mean values were significantly higher than T1 and T4. Meanwhile after the 8" week of exposure, the
WBC, RBC, Hb, PCV, MCV, MCH and PLT mean values had no significance differences. Furthermore, after the
12th week of exposure, there were also no significant differences in the mean values of WBC, Hb, PCV, MCV,
MCH and MCHC. (Tables 3.7- 3.9).

Table 3.7 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd
supplemented with vitamin C for a period of four weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 9.80+0.12* 11.00+£0.00® 11.50+£0.29° 10.50+0.29® 11.50+0.87°
(10°cells/L)

RBC 3.60+0.06* 3.35+0.09* 3.40+0.00* 3.55+0.09° 3.45+0.03°
(Mil/mm®)

Hb (g/dl) 10.05+0.14¢ 9.00+0.05* 9.65+0.03° 9.55+0.03° 9.20+0.17°
PCV (%) 29.50+0.29¢ 27.00+0.00° 28.50+0.29° 28.00+0.00® 27.00+0.58°
MCYV (F]) 81.50+2.02° 80.50+2.02% 83.50+0.87¢ 78.50+2.02° 78.00+2.31°
MCH (Pg) 27.00+0.58% 27.00+0.58® 28.00+0.00° 26.50+£0.29® 26.00+0.58°
MCHC (g/dl) 33.50+0.29° 35.00+0.58¢ 28.50+0.29° 29.00+0.00° 28.00+0.58°
PLT (Cmm) 206.00+1.15° 239.00+12.70¢ 227.00£1.73° 227.50+6.06° 230.00+0.00¢

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly different

at P<0.05.

Table 3.8 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd

Parameters Treatments
CR T1 T2 T3 T4

WBC 9.40+0.23° 11.50+0.87¢ 6.53+3.27° 11.00+0.00% 7.33+£3.67°
(10°cells/L)

RBC 3.60+0.12° 3.60+0.06° 2.13£1.07* 3.00+0.00° 2.00+£1.00°
(Mil/mm®)

Hb (g/dl) 10.45+0.03¢ 9.95+0.29° 6.87+3.43° 10.70+0.35°¢ 6.40+0.30°
PCV (%) 31.00+0.00% 29.50+0.29° 20.00+10.00* 30.00+0.00° 19.33+9.67*
MCYV (F]) 86.50+2.60° 82.00+2.31° 62.00+31.00° 105.00+2.89¢ 62.00+31.00°
MCH (Pg) 28.50+1.44°¢ 27.50+£0.29° 20.67+10.33* 34.50+0.87¢ 21.33+£10.67°
MCHC (g/dl) 32.00+1.73¢ 29.50+0.29° 20.00+10.00%° 30.00+0.00° 19.33+9.67*
PLT (Cmm) 227.50+7.79°¢ 235.50+0.87° 152.00+£76.00° 229.50+7.22¢ 150.00+75.00*

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly different

at P<0.05.

supplemented with vitamin C for a period of eight weeks

Table 3.9 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd

supplemented with vitamin C for a period of twelve weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 8.00+0.00° 6.67+3.34* 6.67+3.34* 0.00+0.00 0.00+0.00
(10°cells/L)

RBC 3.45+0.15° 2.13+0.17* 2.00+1.01* 0.00+0.00 0.00+0.00
(Mil/mm?®)

Hb (g/dl) 11.50+0.29° 6.53+3.27% 6.53+3.27% 0.00+0.00 0.00+0.00
PCV (%) 34.50+0.87° 19.33+0.97° 19.33+£0.97 0.00+0.00 0.00+0.00
MCYV (FI) 100.50+0.67° 64.00+32.00* 64.00+32.00* 0.00+0.00 0.00+0.00
MCH (Pg) 34.50+3.18° 21.33+£10.67* 21.33+10.67* 0.00+0.00 0.00+0.00
MCHC (g/dl) 30.00+0.00° 20.00+10.00* 20.00+10.00* 0.00+0.00 0.00+0.00
PLT (Cmm) 247.00+5.20¢ 158.66+79.43° 69.33+£34.67* 0.00+0.00 0.00+0.00

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly
different at P< 0.05.
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In samples exposed to CAVE treatments after four weeks, displayed higher values of WBC, slightly lower
values of RBC, Hb and PCV in all treatments. There were marked increases in the production values of blood PLT
in all treatments. After eight weeks of exposure, there were increased values of WBC, slightly lower values of RBC,
Hb and PCV in all treatments. The increased values of MCV were recorded in T2 to T4. Moreover, after the 12th
week, there were also increased values of WBC, decreased values of RBC, Hb, PCV, MCV, MCH, MCHC and PLT
in the sample that survived till the end. From the statistical analysis, after 4 weeks of exposure, the WBC mean
values in T2 and T4 were significantly higher than in other treatments. PCV mean values in T2 were significantly
higher than other treatments. Also, the MCH mean values were significantly higher in T2. MCHC mean values in T1
were significantly higher than other treatments. After § weeks of exposure, the WBC mean values in T4 are
significantly higher than other treatments. MCV mean values in T2 and T3 were significantly higher than other
treatments. MCH mean values in T3 were significantly higher than other treatments. In addition, at the end of the
12" week, WBC mean values in T2 were significantly higher than other treatments. The RBC mean values in T1
were significantly higher than other treatments. (Tables 3.10- 3.12).

Table 3.10 Haematological parameters of C. gariepinus exposed to sub-lethal concentrations of Cd
supplemented with vitamin E for a period of four weeks

Parameter Treatment
CR T1 T2 T3 T4

WBC 9.80+0.12° 11.00+0.00* 11.50+0.29° 10.50+£0.29% 11.50+0.87°
(10°cells/L)
RBC 3.60+0.06" 3.35+0.09* 3.40+0.00* 3.55+0.09* 3.45+0.03*
(Mil/mm?®)
Hb (g/dl) 10.05+0.14° 9.00+0.06* 9.65+0.03° 9.55+0.03* 9.20+0.17*
PCV (%) 29.50+0.29¢ 27.00+0.00° 28.50+0.29° 28.00+0.00%° 27.00+0.58°
MCYV (F]) 81.50+2.02° 80.50+2.02% 83.50+0.87¢ 78.50+2.02° 78.00+2.31°
MCH (Pg) 27.00+0.58% 27.00+0.58% 28.00+0.00° 26.50+£0.29% 26.00+0.58°
MCHC (g/dl) 33.50+0.29° 35.00+0.58¢ 28.50+0.29° 29.00+0.00° 28.00+0.58°
PLT (Cmm) 206.00+1.15° 239.00+12.704 227.00+1.73° 227.50+6.06° 230.00+0.00¢

Values are presented as mean+=SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly different
at P<0.05.

Table 3.11 Haematological parameters of C. gariepinus exposed to sub-lethal concentration of Cd
supplemented with vitamin E for a period of eight weeks

Parameters Treatments
CR T1 T2 T3 T4

WBC 9.40+0.23* 14.50+0.87¢ 12.50+0.29° 13.00+0.00° 16.00+0.00"
(10°cells/L)

RBC 3.60+0.12° 3.25+0.14% 3.00+0.00%® 2.85+0.03* 2.90+0.06"
(Mil/mm?)

Hb (g/dl) 10.45+0.03¢ 8.85+0.26° 9.80+0.00° 9.60+0.12° 8.80+0.06°
PCV (%) 31.00+0.00¢ 25.00+0.87° 29.00+0.00° 28.50+0.29° 26.00+0.00°
MCYV (Fl) 86.50+2.60° 78.50+0.87° 96.00+0.00¢ 100.00+0.00°¢ 89.00+1.73¢
MCH (Pg) 28.50+1.44° 27.00+0.58* 32.00+0.00¢ 33.00+0.00° 30.00+0.58°
MCHC (g/dl) 32.00+1.73° 28.50+0.29° 29.00+0.00* 29.00+0.00° 29.50+0.29%
PLT (Cmm) 227.50+7.79°¢ 221.50+5.48° 238.50+14.14° 232.00+0.58¢ 214.70+3.66*

Values are presented as mean+=SEM (Standard error of mean). Values with different alphabets as superscripts in a row are significantly different
at P<0.05.

Table 3.12 Haematological parameters of C. gariepinus exposed to sub-lethal concentration of Cd
supplemented with vitamin E for a period of twelve weeks

Parameters Treatments
CR Tl T2 T3 T4

WBC 8.00+0.00* 9.33+4.67° 15.00+0.00¢ 0.00+0.00 0.00+0.00
(10°cells/L)

RBC 3.45+0.14¢ 1.87+0.93* 2.80+0.00° 0.00+0.00 0.00+0.00
(Mil/mm?®)

Hb (g/dl) 11.50+0.29¢ 6.33+3.17* 7.90+0.81° 0.00+0.00 0.00+0.00
PCV (%) 34.50+0.87¢ 18.67+9.33° 23.00+£2.31° 0.00+0.00 0.00+0.00
MCYV (F)) 100.50+0.64¢ 66.67+33.33% 82.00+8.08° 0.00+0.00 0.00+0.00
MCH (Pg) 34.50+3.18° 22.67+11.332 28.00+£2.87° 0.00+0.00 0.00+0.00
MCHC (g/dl) 30.00+0.00¢ 19.33+£9.667* 29.00+0.00° 0.00+0.00 0.00+0.00
PLT (Cmm) 247.00+5.20¢ 142.67+71.33* 213.50+0.29° 0.00+0.00 0.00+0.00

Values are presented as mean+SEM (Standard error of mean) .Values with different alphabets as superscripts in a row are significantly
different at P< 0.05.
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3.2 DISCUSSIONS

Fish blood has two major types of cells as RBC and WBC. In fish blood erythrocytes are the most abundant
cells as these contain haemoglobin that facilitates the transport of oxygen from the gills to different parts and shows
pink colour when stained with Giemsa staining solution (Satish et al., 2018). At the initial stage (4 weeks) when
samples were exposed to sub-lethal concentrations of Cd there were increased productions or generations of white
blood cells (WBC) in all treatments; which further increased in both the 8" and 12th week of exposure of the
samples more than the values obtained in the control. The WBC mean values in T1-T4 were significantly higher
than that of the control after the 4™ week of exposure. This is probably because the fishes in such unpleasant
situation had to up-regulate their defence mechanism to counter the effects of the toxicant and ensure survival. The
white blood cells were probably engaged in the fight against the xenobiotics in their immediate environment. This is
in line with the findings of Nwali et al. (2018) when they reported that, white blood cell (WBC), neutrophil,
lymphocyte, eosinophil, monocyte, and basophil counts, mean corpuscular volume (MCV), mean corpuscular
haemoglobin concentration (MCHC) and levels of platelets were significantly (p<0.05) higher in C. gariepinus
collected from rivers close to mining sites when compared with the control.

There was a reduced production in the values of RBC, Hb, PCV and MCHC which were concentration and
duration dependent. The blood platelets also towed the same line and became more drastically reduced in the 8" and
12 weeks of exposure. This is probably due to their usage in the presence of the toxicant to combat the oxidative
stress elicited by it. Reduction in cellular blood iron resulting in the reduced oxygen carrying capacity of blood and
ultimately stimulating erythropoiesis can probably determine the amount of RBC availability with increasing
concentration of toxicant. Adebayo and Fapohunda (2016) demonstrated how haematological changes reflected a
highly significant reduction in Red Blood Cell counts from T 1 (3.78+ 0.46/ul) to T4 (2.68 + 0.18/ul); and also
recorded a significant decrease in haemoglobin (Hb) from 12.25+0.5g/L in control (Oml/70L of water) to
7.83+0.99g/L in T4 (65ml/70L). This is also in conformity with the findings of Khan et al. (2019) when they
reported a significant decline in mean haemoglobin, corpuscular haemoglobin and packed cell volume in treatments
exposed to Cd and Hg. Other findings have also linked the reduction of these parameters to the presence of one
toxicant or the other. For instance, anomalies in blood cell parameters including cell membrane damage and nucleus
shrinkage in RBCs confirmed the toxicity of BaCO3; on Channa punctatus (Zorawar et al., 2017); and exposure of
platichthys stellatus to varying concentrations of chromium led to decreased hepatosomatic index, RBC, Ht and Hb
decreased significantly after exposure to 400ppb for 2 weeks (Ko et al., 2019).

In samples exposed to CdVA treatments there was an increased generation of WBC and PLT in all
treatments in the first 4 weeks of exposure. The increases in WBC continued in the 8" and 12" weeks of exposure
with higher significance difference in T1-T4. There was probably a constant need for up-regulating of the defence
mechanisms in order to maintain a constant physiological balance that ensured the tolerance of the organism to the
presence of the xenobiotic. This is probably because haematological parameters have been considered good
indicators of the physiological changes and health status in fish (Burgos-Aceves ef al., 2019). And these parameters
can be altered by metal exposure (Fazio et al., 2014). Also, the presence of vitamin A was probably not felt in
attenuating the effects posed by the xenobiotic. MCV and MCHC values were also increased during the 4™ week of
exposure. However, at the 12" week of exposure the RBC, Hb, PCV, MCV, MCH, MCHC and PLT values were all
reduced. It was also evident that, the higher the concentration of the toxicant the lower the production level or
amount of the PCV after the 4% week of exposure. At the 12" week there was no significant difference in the
production levels of all the parameters. Similar findings were reported by Kaoud et al. (2011) on exposure of Nile
Tilapia to Cd which resulted in a significant reduction of erythrocyte count (RBC), haemoglobin content (Hb) and
haematocrit value (Hct). A significant decrease in RBC, Hb, PCV, MCHC and MCH was also reported in fish
exposed to different concentrations of ambient inorganic mercury (Pratap, 2016). Growth and hematological
parameters measured decreased with increasing arsenic concentration, while the concentration of plasma
components measured increased (Han et al., 2019). The results obtained indicated significant (P<0.05) reductions
with increased concentrations of the chemical in haemoglobin (Hb), Red blood Cell (RBC), packed cell volume
(PCV), lymphocytes, platelets and mean corpuscular volume (MCV). The similar findings indicated that the white
blood cell (WBC), neutrophils, monocytes, mean corpuscular haemoglobin (MCH) and mean corpuscular
haemoglobin concentrations (MCHC) in fish exposed to the pesticides were significantly (P<0.05) higher than that
of the control (George et al., 2017).

From the results of the analysis of the samples exposed to sub-lethal concentrations of Cd and
supplemented with vitamin C there was a slight increase in the values of WBC and PLT in all the treatments after 4
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weeks. This is probably because of the presence of vitamin C such that immediate mass production of body defence
mechanisms in the form of white blood cells was not necessitated. There were however, increased levels of
production of WBC in the 8" and 12" weeks of exposure. There were also reduced values of RBC, Hb, PCV, MCV
and PLT (more drastic in T3 and T4). The RBC, PLT, MCHC and Hb mean values were significantly higher than in
T1-T4. At these stages of exposure the body’s defence mechanisms may have been overwhelmed; hence, the need
for up-regulation of the physiological status of the fish to ensure survival by increasing the production of WBC and
utilization of RBC (and other parameters) in order to upset oxygen deficit occasioned by the presence of the toxicant
especially at higher concentrations. Bell ef al. (2013) posited that reduction in haem synthesis occurs due to the
effects of pollutants that lead to inhibition of RBCs and reductions in haemoglobin levels due to the presence of the
pollutants. These findings from this research are in conformity with Khan et al. (2019) when they reported a
significant decline in mean haemoglobin, corpuscular haemoglobin and packed cell volume in treatments exposed to
Cd and Hg; and that chemo-treatment with vitamin C reduced the effects of Cd and Hg, and their co-administration
indicative of the probable shielding effects of the vitamin C on metal toxicity. In like manner, Maurya ef al. (2019)
reported elevated levels of WBCs and decreases in RBCs, MCH, haemoglobin levels, PCV, MCV (except in 10%
treatment). In addition to these, studies have shown that antioxidative vitamins such as C and E, which are
widespread in many food products, have been shown to have a mitigation effect in heavy metals toxicity (Mehrpak
etal.,2015; Asaikkuttia ef al., 2016 and Sahiti ez al., 2018).

In samples exposed to sub-lethal concentrations of Cd and supplemented with vitamin E, there was
increased production of WBC, reduced RBC, Hb, PCV and marked increases in PLT levels in all treatments after the
4™ week of exposure. As the duration and concentration increased there were increased WBC, reduced RBC, Hb,
PCV, and increased MCV in T2-T4, MCH, MCHC and PLT after 8" and 12" weeks of exposure. The WBCs were
also significantly higher in T2 and T4 at week 8 and significantly higher in T2 only at week 12. T2 seems to be the
optimal elicitation point of the toxicant. The body’s defence mechanisms were probably up-regulated from the
beginning to deal with the deleterious effects of the toxicant. The red bood cells and other parameters were also
utilized in the defence of the system. The marked or elevated production of the platelets at the initial stage may have
been occasioned by the need for urgent repair and clotting of the injury or damage inflicted on the fish by the
toxicant in order to restore physiological balance and ensure survival since, haematology is an indicator of
immunological status and can provide a definitive diagnosis of fish during toxicant exposure (Nte e al., 2011). Also
in line with the findings of this research, Madhusudan et al. (2015) reported that an increased level of platelets was a
response to the need to repair damaged organs by the toxicant and increased values of WBC could be due to
generalized immune response and protective response to the toxicant stress. In addition to this, Tezcan et al. (2012)
have reported that vitamin E and vitamin C together may prevent cytotoxic damage of erythrocytes at low and
moderate Cd concentrations; and that the changes in haematological, biochemical and antioxidant parameters were
restored in the fish fed with vitamin E supplemented feeds (Azeez and Braimah, 2020). Likewise, Vitamin E
reversed the anemia triggered by a decrease in erythrocyte count, haematocrit and haemoglobin level of lead-
exposed Rattus norvegicus, and that administration of both vitamins E and C together proved more efficient than
either of the two singly (Xhyrel et al., 2016). Furthermore, a similar finding was reported by Gupta et al. (2013)
when they recorded a significant decrease in RBC, MCHC, Hb and PCV, an increase in WBC, MCV and MCH
values of minor carp, P. sophore exposed to CuS0a.

CONCLUSIONS AND RECOMMENDATION

The samples of C. gariepinus exposed to sub-lethal concentrations of CdCl, displayed varying levels of
amelioration of the effects elicited by the presence of the xenobiotic with increased values of production of WBC
and PLT in all treatments with increasing duration of exposure. The effects of the vitamins were evident in lower
concentrations than in higher concentrations.

In the case of samples exposed to CdVC there were slight increases in WBC and PLT values in all
treatments. Samples exposed to CdVE treatments after four weeks, displayed higher values of WBC, and marked
increases in the production values of blood PLT in all treatments. The RBC and associated parameters also
decreased significantly especially in higher concentrations in the presence of the vitamins. The vitamins
supplemented treatments displayed varying levels of ameliorations far better than the Cd only group. Amongst these,
the CdVC and CdVE treatment groups fared better than others.

The outcome of this research has shown the impacts of vitamins A, C and E in mitigating the effects of the
toxicant and can serve as a remedy in heavy metal toxication when appropriate concentrations are administered.
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