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Abstract

Environmental pollution in the form of Cd is a major environmental problem arising mostly from anthropogenic activities all over the
world causing both health and economic loses either in the short- or long-run. The roles of vitamins in mitigating the effects of Cd
toxicant in term of morphological differentiation were investigated. Clarias 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. Minimum concentration of the toxicant was taken as
the concentration for each of the vitamins and administered to all treatments. The morphometric parameters measured on weekly
basis for a period of 12 weeks were standard lengths (SL), total lengths (TL) and weight from 2 randomly selected samples from each
treatment and replicate. Fresh concentrations of the toxicant and vitamins were prepared and administered every 72 hours follow-
ing standard procedures when the water was changed. The various treatments group include Cd (Cd only with T1-T4 and replicates),
CdVA (Cd+vitamin A with T1-T4 and replicates), CdVC ((Cd+vitamin C with T1-T4 and replicates) and CdVE (Cd+vitamin E with T1-T4
and replicates). The weight derivatives such as specific growth rate (SGR), weight gain (WG) and % weight gain (% WG) were also
calculated at the end of the exposure periods. Length-weight regression analysis as well as one way ANOVA was used to establish
relationships. From the results: The highest SL in Cd only treatments was recorded in T1 at the 5" week with 10.50cm. The samples
exposed to CdVA exhibited slow growth through-out the exposure period. The highest SL in CdVC treatments was recorded at week
8 in T1 with 10.60cm. There were sight general improvements in growth in this case. The maximum SL in CdVE were obtained in T2
with 10.70cm at the 7™ and 8™ week of exposure. The highest TL in samples exposed to Cd treatments was recorded at the 5" week in
T2 with 11.80cm.There was general poor performance in the total TL when compared with the control samples. In CdVA the highest
was also recorded in T1 with 10.90cm at the 1st week after exposure.The maximum TL in samples subjected to CdVC was 12.30cm in
T1 at the 1t week. CAVE treatments recorded 12.40cm as the highestin T2 at the 7" week. Samples exposed to Cd treatments had the
highest weight of 13.81g in T1 at the 5" week of exposure. There was also general decline in weight especially at the later stages. The
highest weight obtained in samples exposed to CdVA treatments was 9.54g in T2 at the 3™ week of exposure. The samples exposed to
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CdVC treatments indicated that the highest weight was recorded in T3 at the 7" week with 13.13g. The maximum weight obtained
in samples exposed to CAVE treatments was 15.43g in T2 at the 7™ week of exposure; negative %WG and low values of SGR were
also recorded. The relationships between length and weight of C. gariepinus were linear throughout the period of exposure in all Cd
treatment groups. T2 samples in all Cd treatment groups had the highest R2 values (0.6796) with the exception of CdVE treatments.
The outcome of this research suggests that CdCI2 is very deleterious and higher concentrations of the vitamins may be required in

attenuating the effects of the toxicant given that there were sight improvements in treatments with vitamins.
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Introduction

The African cat fish, Clarias gariepinus is a tropical hardy species
belonging to the Phylum Chordata, class Actinopterygii and fam-
ily Clariidae. Clarias species is a widely distributed fish in Asia and
Africa. In these areas, the fish is extremely popular on account of
its tasty flesh, its unparalleled hardness, its rapid growth and its
somewhat acceptable market price (FAO, 2003). In Nigeria, Clarias
species is an indigenous fish occurring in freshwater throughout
the country. It is suspected that apart from tilapia, Clarias (cat fish)
is the most abundant cultivated fish species in Nigeria (FAO, 2003).
The common species found are Clarias gariepinus, Clarias anguil-

laris, Clarias buthupogon and Clarias lazera.

Heavy metals could be essential or non-essential. Heavy metals
such as Fe, Cu, Zn, Ni, Co, Cr, and Mn are vital to human 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 on the biologi-
cal activities of organisms above certain concentrations (Merciai et
al, 2014).

Fish are particularly vulnerable and heavily exposed to pollutants
due to feeding and living in aquatic ecosystems, because they can-
not avoid pollutant harmful effects (Ahmed et al, 2020). Heavy
metals enter fish by direct absorption from water through their
gills and skin, or by ingestion of contaminated food (Ayyat et al,
2020).

Little is known about the influence or effects of Cd as well as the
supplemented treatments with vitamins on the growth parameters
of Clarias gariepinus as morphological manifestations of the physi-
ological changes taking place in the organism due to the presence

of the toxicants and vitamins. Osfor et al. (2010) demonstrated that

vitamin E could improve daily food intake, body weight gain and
feed efficiency ratio. Also, bioaccumulation pattern of cadmium
and lead in the head capsule and body muscle of Clarias gariepinus
exposed to paint emulsion effluents indicated that fish can bioaccu-
mulate these metals from a polluted environment which can culmi-
nate in the reduction or impaiment of natural population size; and
could be sources of these metals to man (Dahunsi et al., 2012) with
deleterious effects over a long period of time since among all the
heavy metals, Cd, arsenic, mercury and lead pose highest degree
of toxicity and that is of great concern to plants and human health
(Athar et al., 2018). In addition, Witeska et al. (2014) studied the
effects of Cd (100 pg/L) on the embryonic, larval or both stages
of the ide (Leuciscus idus). Their results showed that metal toxica-
tion affected mortality, body size, various body morphometrics and
deformities (vertebral curvatures and yolk sac deformities). This
study therefore, attempted to determine the effects of the specific
toxicants of interest on the growth parameters of C. gariepinus and
to what extent such effects can be abated or reduced in the pres-

ence of vitamin supplements.

Materials and Methods

Samples/materials collection and Acclimatization

A total number of six hundred and fifty (650) fingerlings of Clar-
ias 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 Fish-
eries 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 eve-
ning) with Blue Crown feed (3mm) for 14 days (2 weeks) for the
acclimatization. The holding water was changed every three days

during the period.
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The vitamins A, C and E granules or pellets were purchased from
commercial chemical stores. The toxicant, Cd (100g) analar grades
were purchased from commercial chemical stores and stored in a
cool dry condition throughout the period of the experiment. This
toxicant was administered according to the sub-lethal concentra-

tions of the treatments during the chronic phases of the exposure.

Experimental Set-up

Five treatments including control with replicate in each treatment
were set-up for the Cd, Vitamin A, C and E; and the sub-lethal ex-
posures (00 as control, 12mg/L as T1, 16mg/L as T2, 20mg/L as
T3 and 24mg/L asT4 representing 15, 20, 25 and 30% LC, of Cd,
respectively) were run for a period of twelve (12) weeks. Sam-
pling was made from each trough randomly on a weekly basis for
the twelve weeks. The vitamin supplements (in each case) were
taken same as the lowest concentration of the toxicant and admin-
istered uniformly in every treatment. The first group of treatments
was tagged Cd (Cd only with T1-T4 and replicates), second CdVA
(Cd+vitamin A with T1-T4 and replicates), third CdVC (Cd+vitamin
C with T1-T4 and replicates) and fourth CdVE (Cd+vitamin E with
T1-T4 and replicates).

Determination of Growth Parameters of Clarias gariepinus ex-
posed to sub-lethal concentration of lead and cadmium

Standard length

At every sampling day 2 randomly selected specimens were taken
from each of the sub-lethal concentration exposure and replicate in-
cluding the control for the determination of the standard length in
centimeters. The standard length was measured from the tip of the
snout (face bone) to the tail lobe (caudal peduncle) using a metre

rule graduated in centimetres.

Total length

The total length of two randomly selected fish samples from each
treatment and replicate including the control were taken at each
sampling day of the chronic exposure. The total length was mea-
sured from the tip of snout to the end of the tail fin using metre rule

graduated in centimetres.

Weight

The weight of the fish was recorded using the electronic battery
powered weighing balance (Digital Pocket Scale, 2*PCS, 3V AAA
batteries). The fish was weighed in gram by placing them inside

a basket whose weight has been taped to zero in order to get the

actual weight of the fishes. The weight of the fish sample was deter-
mined from two randomly selected specimens from each treatment
and replicate including the control. The specimen was weighed
separately and the average taken to represent each treatment and
replicate at each sampling day. From the measurements the follow-

ing parameters were determined:

Weight gain

The fish weight gain (WG) was calculated as the difference between
the final weight of fish at the end of the experiment and the initial
weight in grams (Ahmed, 2012).

Percentage weight gain (%)

The Percentage weight gain was calculated as described by Ahmed
(2012) thus:

Final body weight - initial body weight

Weight gain (%) = X100

Initial body weight

Specific growth rate
The specific Growth Rate (SGR) was calculated using the formula;

(InW2-InW1)
(T,-T

271

SGR = X100

Where W1 = initial weight, W2 = Final weight, T, T, = Number of
days of exposure.

Data Analysis
Length-Weight Relationship was determined using regression
analysis and one way analysis of variance (represented graphi-

cally) using SPSS, version 20.

Results and Discussions

Growth parameters of C. gariepinus exposed to sub-lethal con-
centrations of Cd toxicant and their respective supplemented
treatments with Vitamins A, C and E

Standard Length of C. gariepinus exposed to sub-lethal concentra-
tions of Cd toxicant and their respective supplemented treatments
with Vitamins A, C and E

The standard length of samples exposed to Cd treatments displayed
general decline in growth of the fish. The highest standard length
was recorded in T1 at the 5" week with 10.50cm while the lowest

was also recorded in T1 with 7.10 cm at the 12*" week. (Figure 1).
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The samples exposed to CdVA exhibited slow growth. The highest
standard length was recorded in T1 with 9.60cm after the 15t week

7" and 8" in T2 and T3, respectively with 7.50cm. There were slight

general improvements in growth when compared to what were ob-

of exposure; while the lowest were recorded in T4 and T3 at the 7% tainable in CdVA treatments. (Figure 3).

and 8th week, respectively with 7.00cm. (Figure 2).
The maximum standard lengths in CdVE were obtained in T2 with

10.70cm at the 7 and 8" week of exposure; while the lowest was
recorded in T4 at the 6th week with 7.00cm. (Figure 4).

The highest standard length in CdVC treatments was recorded at
week 8 in T1 with 10.60cm while the lowest were recorded at the
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Figure 1: Mean values of standard lengths of C. gariepinus exposed
to sub-lethal concentrations of Cd for a period of 12 weeks.
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Figure 2: Mean values of standard lengths of C. gariepinus exposed to sub-lethal

concentrations of Cd supplemented with vitamin A for a period of 12 weeks.
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Figure 3: Mean values of standard lengths of C. gariepinus exposed to sub-lethal
concentrations of Cd supplemented with vitamin C for a period of 12 weeks.
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Figure 4: Mean values of standard lengths of C. gariepinus exposed to sub-lethal
concentrations of Cd supplemented with vitamin E for a period of 12 weeks.
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Total Length of C. gariepinus exposed to sub-lethal concentra-
tions of Cd toxicants and their respective supplemented treat-
ments with Vitamins A, C and E

The highest total length in samples exposed to Cd treatments was
recorded at the 5™ week in T2 with 11.80cm; while the lowest was
recorded in T1 at the 12" week with 8.20cm. There was general
poor performance in the total length when compared with the con-

trol samples. (Figure 5).
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The lowest total length in samples exposed to CdVA was 7.40cm in
T1 at the 2" week after exposure while the highest was also record-
ed in T1 with 10.90cm at the 1% week after exposure. (Figure 6).

The maximum total length in samples subjected to CdVC was
12.30cm in T1 at the 1%t week, while the lowest was obtained in T4

after the 2" week of exposure with 8.40cm. (Figure 7).

CdVE treatments recorded 12.40cm as the highest in T2 at the 7®
week, while the lowest was recorded in T4 at the 6th week of expo-

sure with 8.00cm. (Figure 8).
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Figure 5: Mean values of total lengths of C. gariepinus exposed to

sub-lethal concentrations of Cd for a period of 12 weeks.

Weight parameters of C. gariepinus exposed to sub-lethal con-
centrations of Cd toxicant and their respective supplemented
treatments with Vitamins A, C and E

On the other hand, samples exposed to Cd treatments had the high-
est weight of 13.81g in T1 at the 5" week of exposure; while the
lowest weight gain was 3.61g in T1 at the 12" week after exposure.
Also, at this point (12" week) the samples appeared emaciated, and
lethargic in swimming because majority displayed loss of appetite
as from the 8th week of exposure. There was also general decline in
weight especially at the later stages. The highest SGR in this group
was obtained in T2. (Table 1 and Figure 9).

The highest weight obtained in samples exposed to CdVA treat-
ments was 9.54g in T2 at the 3 week of exposure; while the lowest
was obtained in T3 at the 8" week of exposure with 3.27g. There
was also general decline in weight when compared to the control.
There were also negative %WG and low values of SGR in all the
treatments. (Table 2 and Figure 10).

The results of the samples exposed to CdVC treatments indicated
that the highest weight was recorded in T3 at the 7" week with
13.13g, while the lowest was recorded at the 8" week in T3 with
3.89g. Likewise, low values of % WG and SGR with the exception of
T4 were obtained. (Table 3 and Figure 11).
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Figure 6: Mean values of total lengths of C. gariepinus exposed to sub-lethal
concentrations of Cd supplemented with vitamin A for a period of 12 weeks.
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Figure 7: Mean values of total lengths of C. gariepinus exposed to sub-lethal
concentrations of Cd supplemented with vitamin C for a period of 12 weeks.

The maximum weight obtained in samples exposed to CAVE treat- Negative %WG and low values of SGR were also recorded. (Table 4
ments was 15.43g in T2 at the 7" week of exposure; while the low-  and Figure 12).

est weight of 3.65g was recorded in T4 at the 6" week of exposure.
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Figure 8: Mean values of total lengths of C. gariepinus exposed to sub-lethal

concentrations of Cd supplemented with vitamin E for a period of 12 weeks.
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Figure 9: Mean values of weight of C. gariepinus exposed to sub-lethal

concentrations of Cd for a period of 12 weeks.
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Figure 10: Mean values of weight of C. gariepinus exposed to sub-lethal concentrations

of Cd supplemented with vitamin A for a period of 12 weeks.
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Figure 11: Mean values of weight of C. gariepinus exposed to sub-lethal concentrations

of Cd supplemented with vitamin C for a period of 12 weeks.
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Figure 12: Mean values of weight of C. gariepinus exposed to sub-lethal concentrations
of Cd supplemented with vitamin E for a period of 12 weeks.
Treatments | Final Weight | Initial Weight | Weight gain | %Weight gain | Specific Growth Rate
C 17.33 9.10 8.23 90 3.23
T1 3.61 8.21 -4.6 -56 0.486
T2 8.67 7.54 1.13 15 3.38
T3 7.25 8.22 -0.97 -12 2.92
T4 6.05 8.95 -2.9 -32 241
Table 1: Weight derivatives of samples of C. gariepinus exposed to sub-lethal
concentrations of cadmium chloride for a period of 12 weeks.
Treatments | Final Weight | Initial Weight | Weight gain | % Weight gain | Specific Growth Rate
C 17.33 9.10 8.23 90 3.23
T1 5.02 6.97 -1.96 -28 2.01
T2 5.24 8.21 -2.97 -36 2.04
T3 3.97 6.26 -2.29 -37 1.36
T4 4.54 7.27 -2.73 -38 1.68

Table 2: Weight derivatives of samples of C. gariepinus exposed to sub-lethal concentrations

of cadmium chloride supplemented with vitamin A for a period of 12 weeks.
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Treatments | Final Weight | Initial Weight | Weight gain | %Weight gain | Specific Growth Rate
C 17.33 9.10 8.23 90 3.23
T1 10.13 7.99 2.14 27 2.48
T2 6.44 7.19 -0.75 -10 1.78
T3 9.53 9.07 0.47 5 2.84
T4 8.42 6.64 1.78 27 3.34

Table 3: Weight derivatives of samples of C. gariepinus exposed to sub-lethal concentrations

of cadmium chloride supplemented with vitamin C for a period of 12 weeks.

Treatments | Final Weight | Initial Weight | Weight gain | %Weight gain | Specific Growth Rate
C 17.33 9.10 8.23 90 3.23
T1 5.16 7.01 -1.86 -26 1.39
T2 5.18 7.23 -2.05 -28 1.39
T3 6.37 8.22 -1.85 -23 2.59
T4 4.88 6.66 -1.78 -27 1.95

Table 4: Weight derivatives of samples of C. gariepinus exposed to sub-lethal concentrations

of cadmium chloride supplemented with vitamin E for a period of 12 weeks.

Length-Weight Relatioships of Clarias gariepinus exposed
to sub-lethal concentrations of Cd toxicant for a period of 12
weeks

The relationships between length and weight of C. gariepinus were
linear throughout the period of exposure in all Cd treatment groups.
T2 samples in all Cd treatment groups had the highest R2 values
(0.6796) with the exception of CAVE treatments. (Figs. 4.25- 4.32).

Discussions

Growth parameters of C. gariepinus exposed to sub-lethal con-
centrations of Cd toxicants and their respective supplemented
treatments with Vitamins A, C and E

There were constant decreases in the standard lengths of samples
exposed to CdVA with very slight improvement in samples exposed
to CdVC and CdVE in comparison with the control. This probably
brings to bear the deleterious nature of the toxicant such that tan-
gible effects of the vitamins were not evident. The severity of the
effects was manifested in higher concentrations of the toxicant such
that there were mortalities especially at later stages of the exposure.
Similar findings were reported by Rahman et al. (2018) where they
found the highest length (27.92 # 3.2 cm) in control samples where
as in T-VI (the highest concentration with 3mg/L) the length gain
was the lowest (16.14 + 1.2 cm); and that the length gain was found

to decrease gradually with increase in Cd concentration. Fish
growth was also found to be higher in control compared to other
treatments with Cd concentrations; and highest Cd accumulation
was found in the liver as the major organ of detoxification (Rah-
man et al., 2018). Also, exposure of platichthys stellatus to varying
concentrations of chromium led to decreased daily length gain,
daily weight gain and condition factor after exposure to 400ppb
for 2 weeks (Ko et al,, 2019). In like manner, growth performance
was significantly reduced with increasing Zn concentrations in
comparison with the control which fared better; and the optimum
feed intake and feed conversion ratio at day 56 were better in the
control groups (Abdel-Tawwab et al., 2013). It was evident in this
research that, unlike essential elements that are required in diet
for optimal growth, functioning and sustenance of the internal
environment (Isibor and Imoobe, 2017); the presence of Cd is en-

tirely deleterious.

Improved growth trends were established in treatments with cad-
mium toxicant supplemented with vitamin E (higher than other
treatment groups); with the maximum weight of 15.43g in T2 at
the 7th week of exposure. Trace elements (especially cadmium)
are naturally deleterious and are capable of eliciting myriads of

physiological effects which are sometimes manifested physically.
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Figure 13: Length-Weight regression analysis of C. gariepinus exposed to sub-lethal

concentration of cadmium for a period of 12 weeks.
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Figure 14: Length-Weight regression analysis of C. gariepinus exposed to sub-lethal

concentration of cadmium supplemented with vitamin A for a period of 12 weeks.
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Figure 15: Length-Weight regression analysis of C. gariepinus exposed to sub-lethal

concentration of cadmium supplemented with vitamin C for a period of 12 weeks.
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Figure 16: Length-Weight regression analysis of C. gariepinus exposed to sub-lethal

concentration of cadmium supplemented with vitamin E for a period of 12 weeks.
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For instance, Witeska et al. (2014) studied the effects of Cd (100
ug/L) on the embryonic, larval or both stages of the ide (Leuciscus
idus). Their results showed that metal toxication affected mortality,
body size, various body morphometrics and deformities (vertebral
curvatures and yolk sac deformities). And that the highest weight
gain was found in control whereas the lowest weight gain was ob-
served at the highest concentration of Cd. In like manner, there was
reduced fish growth when Nile Tilapia was exposed to various con-
centrations of Cd (Rahman et al,, 2018). In another development,
Han et al. (2019) found that growth and hematological parameters
measured decreased with increasing arsenic concentration, while
the concentration of plasma components measured increased.
Also, fish exposed to 10, 50 and 100pgHg/L showed a significant
decrease in growth rates as from days 14 to 35 (Pratap, 2016). He
attributed this to utilization of energy to overcome physiological
stress induced by the toxicant, thus affecting fish growth. As the
duration increases, there was lethargy and loss of appetite. This
probably account in part the lack of weight gain in the later stages
of the experiment as emaciation of the samples set in after utilizing
the available energy to overcome stress. In line with this, Puvane-
swari and Karuppasamy (2007) posited that exposure duration
evidently affected sensitivity of fish larvae and influence the weight
gain in Heteropneutes fossilis. This could also be due to the fact that,
growth reduction under metal contamination increased the energy
costs due to increased metabolism (Sherwood et al., 2000); and it
is known that growth inhibition is a prominent effect of metal ac-

cumulation following chronic exposure (Zebral et al., 2018).

Conclusions and Recommendations

The exposure of Cgariepinus to the sub-lethal concentrations of
CdCI2 elicited varying responses in the different treatment groups.
The treatment groups that were supplemented with the vitamins
displayed different levels of ameliorations of the effects of the
toxicant especially in the lower concentrations at the end of the 12
weeks of exposure in terms of the standard and total lengths as well

as the weight of the samples.

The samples exposed to CdVA exhibited slow growth through-out
the exposure period. The CdVC treatments recorded slight general
improvements in growth. The maximum weight was obtained in

samples exposed to CAVE treatments.

The out-come of the research establishes the impacts of the vita-
mins in ameliorating the effects of the toxicant in the immediate en-

vironment of the fish. Therefore, the administration of the vitamins

in appropriate concentrations (dose) in relation to the toxicant
can improve upon the defensive mechanisms of fish (living things)
against the onslaughts of the toxicant given that cadmium is very

deleterious.
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