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Abstract

Background: Pollution arising from the noxiousness of palm oil mill effluent (POME) has become a serious threat to
aquatic biotas. However, a paucity of information exists on fish response to POME-mediated oxidative stress, lipid per-
oxidation, haemato-biochemical, enzymatic and ionic changes. This study, therefore, evaluates the effects of 28-day
exposure of Heteroclarias, a hybrid catfish, to POME. Juvenile Heteroclarias (n =350, average weight: 11.90£0.70 g
and average length: 9.04 £0.71 cm) were exposed to sublethal concentrations (0-control, 4.00, 8.00 and 12.00 mg/I)
of POME to determine its effects on red blood cells (RBC), haemoglobin (HB), packed cell volume (PCV), white blood
cells (WBC), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC) and mean cell volume
(MCV). The activities of alanine aminotransaminase (ALT), aspartate aminotransaminase (AST), lactate dehydrogenase
(LDH), catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx) and the levels of malondialdehyde
(MDA), calcium (Ca™), potassium (K), magnesium (Mg?*) and sodium (Na™) ions were also assayed in the gill and
liver.

Results: Exposure to POME caused significant (p < 0.05) concentration-dependent decrease in RBC, HB, PCV, MCV,
MCH and MCHC values, whereas a significant (p < 0.05) concentration-dependent increase in WBC was observed in
POME-exposed fish compared to the control. ALT, AST, LDH, GPx, SOD and CAT activities in the gill and liver signifi-
cantly (p<0.05) increased in a concentration-dependent manner. MDA level significantly (p <0.05) increased in the gill
relative to control, while in the liver it was insignificantly different. Both tissues exhibited an increase in Ca™, KT, Mg?*
and Na* levels at the highest toxicant concentration with a rise of 77.93, 38.46, 109.54 and 41.99% recorded for the
electrolytes in the gill and 79.17, 26.92, 55.48 and 38.78% in the liver above the control value, respectively. The levels
of all the electrolytes except K™ were higher in the gill than the liver and were in the order: Na™>K* >Mg*>Ca*" in
both tissues.

Conclusions: These results may be used as a suitable tool for pollution assessment and policy formulation to miti-
gate the discharge of untreated POME into aquatic ecosystems and their impacts on resident organisms.
Keywords: Chronic toxicity, Haematology, Enzymatic changes, Malondialdehyde, lonic changes, Untreated palm oil
mill effluent
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where oil palm is grown. It provides income for farm-
ers and their dependants and has contributed to the
Nigerian gross domestic product (GDP). Besides, palm
oil is used in Nigerian traditional medicine as an anti-
dote for cough, food poisoning, allergies and other ail-
ments. Nigeria, according to United States Department
of Agriculture, is presently the fifth leading producer of
palm oil in the world, with 1.5% or 1.03 million metric
tonnes (MT) of global total output (World Bank 2018).
Nigeria has been reported to be the largest consumer of
palm oil in Africa (World Bank 2018). It has also been
estimated that about 3 million MT of fats and oil was
consumed in 2018, with palm oil contributing 44.7% or
1.34 MT (World Bank 2018). Presently, Nigeria is expe-
riencing a shortfall of about 0.32 MT below its produc-
tion capacity. Nigeria’s quest to maintain its market
dominance in the palm oil industry would, therefore,
means more cultivation and processing of palm oil and
generation of more wastes that could be discharged into
water bodies. Thus, while palm oil production could be
of benefit to man, on the one hand, the environmen-
tal impacts of the wastes generated on aquatic biota,
on the other, should not be overlooked. The process-
ing of palm oil involves a large volume of water used
for oil extraction; hence, large- or medium-scale palm
oil industries are sited close to water bodies. Studies
have shown that during oil extraction, 5-7.5 tonnes
of water could end up as effluent for every one tonne
of palm oil extracted (Okwute and Isu 2007; Wu et al.
2009). Most of these palm oil mill effluents (POME),
particularly those produced from the small-scale indus-
tries, are channelled from the production units, directly
without prior treatment, into the aquatic ecosystems.
The POME, due to its high concentration of organic
matter, heavy metals, fatty acids, protein and carbohy-
drates (Chan and Chooi 1984), could alter the quality
of the recipient water (Okwute and Isu 2007). POME,
when discharged into water bodies, may cause fouling,
smelling, sliming and hypoxic condition (Vithana et al.
2019), resulting into fish kills and may also hinder the
accessibility of the riparian communities to safe and
clean water for domestic (Ezemonye et al. 2007), fish-
ing, livestock and irrigation purposes. In Nigeria, there
is presently lack of information on specific management
guidelines for POME, and hence, the safety concerns of
the effluents in aquatic systems are not properly under-
stood. Considering the likely impacts POME may have
on fish species, livestock and humans upon being dis-
charged into water bodies, in which hitherto there are
no toxicological guidelines concerning its exposure; the
need to document vital information that may be use-
ful in mitigating environmental challenges arising from
POME is pertinent.
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Heteroclarias, an inter-generic hybrid of 3 Clarias ang-
ullaris x @ Heterobranchus bidorsalis, is a hardy food fish
that is very popular in Nigeria. The pure lines, Clarias
angullaris and Heterobranchus bidorsalis, are two most
popular African Clariid catfishes commercially grown in
freshwater ponds, lakes and rivers in Nigeria. They are
highly relished as they serve as delicacies among many
tribes. In practical aquaculture, hybrid production is
undertaken against the backdrop of enhancing faster
growth, survival and genetic traits improvement. Stud-
ies have shown that Heteroclarias is very hardy as much
as its pure lines (Diyaware et al. 2013). It is, therefore,
a good piscine model for ecotoxicological assessment
because of its resilience and adaptation to laboratory
condition, thus informing its selection for this study.
Fish health is a function of water quality; hence, the
study of the effects of POME on some aspects of the
catfish physiology is pertinent to the understanding of
its requirement for survival and sustainable manage-
ment. Literature is inundated with the reports of several
authors describing the impacts of palm oil mill effluents
(POME) on aquatic ecosystem and its resident biota,
particularly fish. Okwute and Isu (2007) reported that
POME can deleteriously alter the physicochemical prop-
erties of water, which could lead to habitat loss and thus
affect other biological components therein. Exposure to
POME resulted in the disruption of phytoplankton diver-
sity (Muliari and Zulfahmi 2016), hepatic alterations
causing dysfunction (Zulfahmi et al. 2017), a decline in
the reproductive index (GSI) and shrinkage of oocyte
diameter (Zulfahmi et al. 2018). Furthermore, exposure
to POME has been reported to cause a reduction in the
concentration of reproductive hormones (Muliari et al.
2019), thus compromising the functionality of the fish
reproductive system with a far-reaching implication on
conservation, sustainable exploitation and management
of fisheries resources. Muliari et al. (2020) also revealed
that increased malformations, decreased hatching, and
survival rate of fish larvae occurred following POME
exposure. Despite the various impacts of POME reported
by these authors, a paucity of information still exists on
how the underlying physiological and biochemical fac-
tors responsible for the different toxicity endpoints ear-
lier reported by these authors are mediated. Specifically,
the use of haematological and biochemical parameters
as biomarkers in the assessment of POME toxicity in fish
is yet to be explored. Haematological and biochemical
parameters have been useful in biomonitoring as possible
biomarkers of physiological and pathological changes in
animals subjected to environmental perturbations. The
induction or inhibition of these parameters in fish is a
rapid approach to evaluating the potentially debilitating
effects of xenobiotics on aquatic biota as warning signs
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of impending health risks. Since biochemical responses
directly related to the processes of gas exchange, bio-
transformation or detoxification and osmoregulation typ-
ically occur in fish gill and liver, and these organs are the
target sites for optimal radical generation and numerous
oxidative reactions (Alimba et al. 2013), the gill and liver
were chosen for this study. This study is, therefore, aimed
at providing more information relevant to fish response
during POME-mediated oxidative stress, lipid peroxida-
tion, haemato-biochemical, enzymatic and electrolytic
changes. In general, this would serve as a valuable sup-
plement to the earlier records of a fish general response
to POME intoxication for management and planning
purposes.

Methods

Effluent collection and physicochemical parameters
characterisation

Samples of raw eftfluent emanating directly from palm oil
mill were collected at a point of discharge into Okeawon
River situated in Okeawon village (N 7° 54/ 0”, E 4° 25’ 0")
in Surulere Local Government Area of Oyo State nearby
Ogbomoso (N 8° 7/ 59.9988", E 4° 15’ 0”), South west,
Nigeria. Collection of the raw effluent sample was done in
a stoppered-20-L container which had earlier been steri-
lised prior use. In the laboratory, the metal content and
physicochemical parameters of POME were determined
before the experiment commenced. Physical param-
eters (total dissolved solids (TDS), pH, and conductiv-
ity) were estimated using the multi-meter probe (HQ40,
Hach Lange GmbH, Germany), while chemical param-
eters (biological oxygen demand (BOD), chemical oxygen
demand (COD), nitrate (NO3 ™) and sulphates (SO,*7) of
effluent samples were characterised in line with the local
(National Environmental Standard Regulation Enforce-
ment Agency [NESREA]) and international (the United
States Environmental protection Agency [USEPA]) reg-
ulatory stipulations using the American Public Health
Association (APHA) (2005) procedure. These regulatory
bodies (NESREA and USEPA) set the maximum thresh-
olds for contaminants levels in wastewater and other
xenobiotics. The acidification of the effluent was done
using 5HNO,, after which it was stored at 4 °C prior
analysis (Tsarpali and Dailianis 2012). The concentration
of heavy metals (copper (Cu), cadmium (Cd), iron (Fe),
lead (Pb), and zinc (Zn)) were evaluated using the Perki-
nElmer Analyst atomic absorption spectrometer (AAS).
A known concentration of each of the metal investigated
was used to authenticate the analysis of metals.

Fish collection, maintenance and experimental procedure
Juvenile Heteroclarias specimens (n=350, average
weight: 11.90+0.70 g and average length 9.04+0.71 cm)
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from the same pure lines were procured from a com-
mercial fish hatchery in Ilorin (10° 53’ 0" N, 4° 1’ 0" E),
Kwara State, Nigeria, and conveyed in plastic aquaria
containing water from the hatchery to the Fisheries and
Hydrobiology Laboratory, Department of Zoology, Uni-
versity of Ilorin, Nigeria. To reduce stress-induced mor-
tality to the barest minimum, the fish were starved of
food before transportation commenced and upon arrival
at the laboratory until the next day. The fish were accli-
matised to laboratory conditions in a 150-L capacity
holding tank containing aerated borehole water (temper-
ature: 23.25+1.68 °C, pH: 7.31£0.83, dissolved oxygen:
7.46+0.98 mg/l) for 14 days before the experiment, and
were fed with conventional feed pellet at 3% body weight
twice daily. Water renewal was done on daily basis to
prevent fish mortality which may arise due to pollution
caused by unconsumed feed pellets, and a 12-h diurnal
and 12-h nocturnal cycle was maintained. After a 2-week
acclimation, the concentration of POME for the experi-
ment was chosen following an earlier study conducted.
A preliminary acute toxicity test was carried out follow-
ing the OECD (OECD 1992) protocols to determine the
value of 96-h LC,, after a presumptive or range-finding
test had been undertaken. For sub-chronic toxicity assay,
concentrations in each test media were modestly main-
tained below the 96 h LC,, value obtained as 40.34 mg/1.
Based on this value, three different concentrations: 0.00
(control), 4.00, 8.00 and 12.00 mg/I1 equivalent to approxi-
mately 10, 20 and 30% of the 96 h LC, value, respectively,
were selected. To each of these concentrations, three
replicates of ten acclimated fish of equal weight and size
were introduced spanning 28 days. Each of the experi-
mental media was renewed every 24 h with fresh POME,
and fish were fed with conventional pellets twice a day at
3% body weight. The pH, temperature and dissolved oxy-
gen of the media were checked daily using a digital probe
instrument CS-C933T Electrochemistry multimetre
(Topac Instrument, Inc., USA), while conductivity was
estimated using a conductivity metre (Eutech EC Tester
11 Pocket-tester) and biological oxygen demand (BOD)
using a BOD metre (Aqualytic Sensor System, AL606).

Haematological sampling and analysis

Blood samples from both the control and the treatment
groups were collected following the procedure described
by Owolabi (2011). Blood was divided into two equal
parts: the first part was immediately used in haemato-
logical parameters estimation, while the second part
was centrifuged at 3000 rpm at 4 °C for 15 min after
clotting to obtain the serum utilised in the determina-
tion of biochemical parameters. RBCs and WBCs were
evaluated with the use of Neubauer haemocytometer as
described by Dacie and Lewis (2001). Haemoglobin (HB)
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was estimated by cyanmethemoglobin procedure (Blax-
hall and Daisley 1973), while packed cell volume (PCV)
was evaluated using the microhaematocrit method (Jain
2000). Erythrocyte indices: mean cell volume (MCV),
mean cell haemoglobin (MCH) and mean cell haemoglo-
bin concentration (MCHC) were assessed via Dacie and
Lewis’s (2001) formulae.

Determination of biochemical parameters

Fish samples from the control and the treatment groups
were carefully dissected using dissecting kit, and one
gram each of the gill and liver samples was excised,
weighed and homogenised with 5 ml 0.1 M phosphate
buffer saline in ice-cold condition using Glass/PTFE pot-
ter Elvehjem tissue homogeniser (Omni International,
Kennesaw, GA). The homogenates were filtered and cen-
trifuged at 1600 rpm at 4 °C for 15 min. The supernatants
thus obtained were stored at —20 °C prior examination.
Serum and tissue ALT and AST activities were evalu-
ated according to the procedures of Reitman and Fran-
kel (1957). LDH was estimated following the methods of
Vassault and Bergmeyer (1983). The procedure of Aebi
(1984) was used for the determination of catalase (CAT),
while superoxide dismutase (SOD) was assayed by the
methods of Misra and Fridovish (1972). Glutathione per-
oxidase (GPx) activity was measured using the methods
described by Paglia and Valentine (1967). Thiobarbituric
(MDA) levels were estimated following the method of
Mihara and Uchiyama (1978). For the determination of
the electrolytes (Cat, K*, Mg*" and Na™) in the tissue
samples, approximately 0.5 g each of the gill and liver was
macerated using pestle and mortar and 5 ml perchloric
acid added. Samples were then centrifuged at 3000 rpm
for 15 min, and the supernatant for each sample was
transferred into separate EDTA-containing bottles prior
analysis. All the electrolytes were determined using
Logaswamy et al. (2007) procedures.

Statistical analysis

Data were presented as mean +standard error. One-way
analysis of variance (ANOVA) on SPSS (Version 20.0)
software (IBM SPSS Inc., USA) was used for data analy-
sis. Normality of data distribution was determined using
the Shapiro—Wilk test, and this was followed by paramet-
ric one-way analysis of variance (ANOVA) with Tukey
multiple-range test to detect, if any, any significant differ-
ences among the experimental groups at probability lev-
els below 0.05 (i.e. p<0.05).

Results

Table 1 shows the physicochemical parameters and
heavy metal content of the raw POME sampled from
Okeawon River near Ogbomoso, South west, Nigeria.
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The pH of POME sample was acidic (5.78 £0.32) and
high TDS (2.036.02+186.23), BOD (236.9+26.50),
COD (1.992.04+71.18), total alkalinity (512.76 & 31.44),
nitrates (68.23+7.81), sulphates (169.20416.43), chlo-
ride (626.09+23.10) levels. All the heavy metals inves-
tigated were relatively high. In comparison with the
standards of both the local and the international regula-
tory bodies, these parameters deviated from the allow-
able benchmarks. Compared to the control, Heteroclarias
exposure to varying concentrations of POME prompted
significantly (p<0.05) declined RBC, HB, PCV, MCV,
MCH and MCHC levels in the serum with an increase
in POME concentration. The percentage increase above
the control value was also concentration-dependent
with the lowest elevation at the highest concentra-
tion (12.00 mg/l). In contrast, WBC exhibited a signifi-
cant (p<0.05) concentration-dependent increase in the
POME-exposed fish compared to the control groups
(Fig. 1).

The activities of all the enzymes investigated and the
level of lipid peroxidation measured as malondialdehyde
(MDA) are as shown in the gill (Fig. 2) and liver (Fig. 3)
of Heteroclarias exposed to varying concentrations of
POME. In comparison with the control, activities of each
of the alanine aminotransferase (ALT), aspartate ami-
notransferase (AST) and lactate dehydrogenase (LDH) in
the gill and liver were found to be significantly (p <0.05)
higher in all the concentrations, with the highest activ-
ity of each enzyme recorded at the highest (12.00 mg/l)
concentration of toxicant. The amplitude of increase
over the control for each of ALT, AST and LDH in the
gill (Fig. 2) ranged from 21.64 to 67.21%, 10.29 to 33.67%
and 6.57 to 42.99%, respectively, while in the liver (Fig. 3),
the amplitude of increase over the control was 16.05 to
48.90%, 4.91 to 19.82% and 6.42 to 20.60% for ALT, AST
and LDH, respectively. The highest amplitude of increase
was observed at the highest exposure concentration.
A similar significant ascending trend in the activities of
the antioxidants [glutathione peroxidase (GPx), super-
oxide dismutase (SOD) and catalase (CAT)] in the gill
and liver with an increase in toxicant concentration was
also observed (Figs. 2, 3). The amplitude of increase over
the control in the activity of each of the antioxidant and
MDA was also found to be at peak at the highest POME
treatment (Figs. 2, 3). Exposure to varying concentra-
tions of POME provoked a significant (p <0.05) upsurge
in MDA level in the gill relative to the control, but in the
liver MDA level was insignificantly (p>0.05) different
compared to the control in all the treatments (Figs. 2, 3).

Exposure of Heteroclarias to sublethal concentrations
of POME for 28 days slightly altered the levels of all the
electrolytes examined in both the gill and liver compared
to the control (Table 2). Generally, the concentration of
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Table 1 Physico-chemical characteristics of palm oil effluents to which Heteroclarias were exposed for 28 days

Value Local regulatory limit International regulatory limit

NSDWQ (2005)  NIS(2007)  NESREA (2011) TDIW (1997)  USEPA (2011)  WHO (2011)

Physico-chemical parameter
Temperature (°C) 36.58+7.90 30-32 N/A N/A N/A 30-32
pH 578+£0.32 6.50-8.50 6.50-9.50 6.00-9.00 5.00-9.00 6.50-8.50 6.50-8.50
EC (uS/cm) 823.254+70.31 N/A 1000 N/A N/A N/A 1,000
TDS (mg/l) 2,036.02+186.23 500 500 500 N/A 500 <1000
BOD (mg/) 256.90126.50 N/A N/A 50 <100 250 N/A
COD (mg/l) 1.992.04+71.18 N/A N/A 90 <1000 410 N/A
Total alkalinity (mg/l) 51276 +£31.44 N/A NA 150 N/A 20 N/A
Nitrates (NO;~ mg/l) 68.23+7.81 N/A 50 10 N/A 10 50
Sulphate (50,2 mg/l) 169204 1643 N/A 100 N/A N/A N/A 500
Chloride (mg/1) 626.09423.10 >1.50 250 N/A N/A 250 N/A
Metal content (mg/l)
Copper (Cu) 1424022 N/A 1000 0.5 N/A 1.3 2000
Cadmium (Cd) 0.9140.03 N/A 0.003 0.2 N/A 0.01 0.003
Chromium (Cr) 0.68+0.21 N/A N/A
Iron (Fe) 0.3940.01 N/A 0.300 N/A N/A 03 N/A
Lead (Pb) 0.18+£0.02 0.01 0.01 0.05 N/A 0.02 0.01
Zinc (Zn) 4.0340.05 N/A 3000 N/A 5 N/A

EC electrical conductivity, TDS total dissolved solids, BOD biological oxygen demand, COD chemical oxygen demand, NSDWQ Nigeria Standard drinking water quality,
NIS Nigeria Industrial Standard, NESREA National Environmental Standard Regulation Enforcement Agency, TDIW Thai Department of Industrial Works, USEPA United
States Environmental Protection Agency, WHO World Health Organization, N/A not available

the electrolytes in the gill and liver appeared to be sta-
ble. However, the gill exhibited an increase in Ca™, K%,
Mg*" and Na™ levels at the highest toxicant concentra-
tion (12.00 mg/l) with a rise of 77.93, 38.46, 109.54 and
41.99% recorded for the electrolytes above the control
value, respectively. The concentrations of the Ca™ ions
in the gill at 4.00 and 8.00 mg/I of the toxicant recorded
insignificant (p>0.05) values compared to the control,
though higher values above the control were recorded.
In the liver, the trend of electrolytes concentrations was
somewhat similar, with the highest percentage increase of
79.17, 26.92, 55.48 and 38.78% above control recorded for
each electrolyte at the maximum concentration of POME
(Table 2). The concentrations of all the electrolytes except
K* were higher in the gill compared to the liver and were
in the order: Na* >K*>Mg* > Ca?" in each tissue.

Discussion

The characterised water quality parameters were more
than the maximum desirable thresholds recommended
by both the local (NSDWQ 2005; NIS (Nigerian Indus-
trial Standard) 2007; NESREA 2011) and international
(TDIW 1997; USEPA (United States Environmental pro-
tection Agency) 2011; WHO (World Health Organisa-
tion) 2011) regulatory bodies, thus indicating the extent
of POME toxicity. The BOD value is also higher than the

European Union’s recommended maximum threshold
(3.0-6.0 mg/l) for good quality water that could sup-
port a blooming fisheries; since uncontaminated water
typically have a BOD value equal to or less than 2 mg/],
while that of polluted water could be equal to 10 mg/] or
more. Similarly, the COD value in this study surpassed
the EU benchmark (<20 mg/l) for unpolluted water and
the 20-200 mg/l value recommended for contaminated
waters by Chapman (1996). The greater concentration of
all the metal contents of the POME than the NIS (2007)
and (WHO (World Health Organisation) 2011) recom-
mended benchmarks for surface waters is an indication
that wastes containing such metals are being deposited
around the oil mill area. The deposition of wastes con-
taining such metals in the oil mill area is inimical to the
aquatic ecosystems as it could deteriorate the quality of
water by depleting the dissolved oxygen and biomagni-
fied in the food chain when released into water bodies.
The acidity of the effluents could also negatively affect the
fish. The acidic nature of POME could result in the loss of
biologically active oxygen in water bodies (Donald 2004),
which could in turn lead to oxygen depletion and loss
of aquatic lives. Ali et al. (2012) reported that the acidic
condition of POME can impinge on the quality of water
and the general well-being of resident aquatic organ-
isms. The lack of proper and adequate waste disposal
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system coupled with inadequate treatment facilities
may be attributable to the presence of wastes containing
metals and other chemicals in the POME, thereby put-
ting aquatic organisms at a serious health risk. Several
studies have shown that wastes produced from palm oil
industries are rich in high concentrations of organic and
inorganic substances and are characterised by high BOD,
COD, TDS, alkalinity and pH, and can deleteriously
impact aquatic ecosystem and its organisms (Muliari
and Zulfahmi 2016; Muliari et al. 2019, 2020; Awotoye
et al. 2011). Excessively high dissolved solids can disrupt
the osmotic balance of organisms as they are exposed to
changes in osmotic pressure which may result in swelling
or dehydration.

Physiological evaluation by way of haematological
responses in xenobiotic-exposed fish provides an insight
into the devastating impacts of xenobiotics (Kavitha et al.

2010) and has been used as sensitive biomarkers in envi-
ronmental pollution and health assessment of aquatic
biotas (Ayandiran and Dahunsi 2016). The significant
reduction in the levels of RBC, HB, PCV and erythro-
cyte indices (MCV, MCH and MCHC) than the control
might have been a fall-out from the effluent haemolytic
action unleashed on the RBCs membranes, which could
have inhibited the pathways of haemoglobin synthe-
sis. The reduction of these parameters is indicative of
microcystic hypochromic anaemic condition emanating
from the increasing rate of erythrocytes breakdown at
the expense of its formation. This trend of haematologi-
cal alterations corresponds to the findings of Akinrotimi
et al. (2013) on Tilapia guineensis exposed to industrial
effluents, Dahunsi and Oranusi (2013) and Alimba et al.
(2019) on Clarias gariepinus upon exposure to rubber
processing and pharmaceutical effluents, respectively
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Fig. 2 Biochemical changes in the gill of Heteroclarias exposed to different concentrations of POME for 28 days. a ALT (alanine transaminase), b AST
(aspartate transaminase), ¢ LDH (lactate dehydrogenase), d GPx (glutathione peroxidase), e SOD (superoxide dismutase), f CAT (catalase), g MDA
(malondialdehyde)

and that of Juginu et al. (2017) on Labeo rohita exposed
to plywood effluent. It has also been reported that there
was a progressive decrease in the RBC counts of Labeo
rohita in response to an increasing concentration of ply-
wood effluent after 96-h exposure (Juginu et al. 2017).
The significant decrease in MCHC with a rise in toxicant
concentration in this study confirms the impairment of
haemoglobin synthesis. The decrease in haemoglobin
content of the fish blood signifies the constraint in pro-
viding enough oxygen to the tissues during hypoxic stress
and prolong decrease could lead to weak physical activ-
ity such as swimming, thereby making an escape from
their predators difficult in the wild. The reduction of
these parameters in fish during xenobiotic exposure has
been attributed to homeostatic or adaptive responses

to structural damage of the blood cells culminating into
haemolysis and severe anaemia (Alimba et al. 2019; Ari-
yomo et al. 2017). The major non-specific immune cells
used in evaluating the health status of fish and biomoni-
toring of aquatic ecosystem are WBC and its differen-
tials (Silva Correa et al. 2017). In this study, the increase
in leucocyte numbers (leucocytosis) may be linked to
immune-mediated protection from POME toxic effects.
Similar observations on leucocytosis have also been
made in free-ranging Labeo rohita from Bangalore lake
waters contaminated with paint, dye and petroleum
effluents (Zutshi et al. 2010), Clarias gariepinus inhabit-
ing industrial, domestic and agricultural waste-polluted
El-Rahawy delta, River Nile (Hanan et al. 2013); Channa
punctatus from canal receiving effluents from thermal
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Table 2 Changes in electrolytes levels in the gill and liver of Heteroclarias exposed to varying concentrations of POME for 28 days

Concentration Tissue
(mg/1) of POME

Gill Liver

Electrolyte (mmol/l)

Ca** K+ Mg** Na* Ca** K+ Mg** Na*
0.00 2224045 65040197 3774047 66674+1017 0484005  1003+0.16°  13740.13° 550042367
400 334007 7004019 547+£024° 8233+067° 071+£002° 1063+£025 1784015  58334+1.79°
8.00 3614£007° 7374019°  633+045°  850041.00° 080+003°  11.034+026°  193+0.14%® 72004603
12.00 395+£005° 9004083  790+060° 94674100 086+£002° 1273+£063® 213+0.14°  7633+646%°

Values are means + SD of 3 replicates. Values along the same column with different superscript are significantly (P <0.05) different

Ca?* calcium, K+ potassium, Mg?* magnesium, Na™ sodium

power plant (Javed et al. 2016) and several other fish spe-
cies exposed to different xenobiotics under laboratory

conditions (Akinrotimi et al. 2013; Alimba et al. 2019;
Juginu et al. 2017).
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The concentration-dependent increase in WBCs shows
the increasing attempt by the fish to eliminate the toxicity
of the effluent from the body and this validates the earlier
observations of Zutshi et al. (2010) and Javed and Usmani
(2012) that increase in WBCs during xenobiotic expo-
sure directly correspond to the extent of damage caused
by the stressor. Lymphocytes, type of white blood cells
which are fundamentally concerned with immune reac-
tions, are necessary for body defence against xenobiotic
injury. The dissolved solids and other particulate matter
contained in the effluent are capable of clogging the gill
apparatus of fish (FAO 1991). The adhesion of POME
to the gill surfaces, in this case, might have resulted in
severe injuries and oxidative stress, thus stimulating the
immune defence system. In this study, the reduction in
lymphocyte counts could be consequent of redeployment
or redistribution of these cells from blood circulation to
other tissues as a result of the stimulation of the immune
system. The probable redistribution of these cells towards
the gill and other possible sites of injury due to POME
toxicity may be a coping strategy to enhance the fish
immune system in response to POME-induced stress,
and to prevent the fish from the destructive inflamma-
tory action of POME on the tissues; as a result of which
the number of lymphocytes in the blood circulation
declined. Monocytes, a typical agranulocyte blood cells
like the lymphocytes, have been reported to be capable of
migration to peripheral tissues for the absorption of for-
eign materials in response to inflammation (Silva Correa
et al. 2017). The decrease in the number of lymphocytes
(lymphocytopenia) is consistent with previous obser-
vations (Chen et al. 2002) and has been associated with
chronic xenobiotic-mediated stress in fish (Akinrotimi
et al. 2013).

ALT and AST are the copious transferase enzymes
in fish and they play a considerable role in protein and
amino-acid metabolism (Singh and Reddy 1990) and are
used as biomarkers of environmental contaminants, tis-
sue injuries and the health status of fish. In the present
study, the significant ascending trend shown by ALT and
AST activities with an increase in POME concentration
is indicative of compensatory mechanisms against tissue
damage (Ramesh et al. 2014). The gill and liver are rich in
ALT and AST. In this study, the probable damage to the
branchial and hepatic tissues may be attributable to the
significant increases in these enzymes. Following dam-
age to these tissues, they are released into the general
blood circulation, hence increase in their activities is sug-
gestive of water contamination (Vaglio and Landriscina
1999). Previous studies have reported similar increases
in ALT and AST after fish exposure to acute or chronic
concentrations of toxicants (Ogueji et al. 2020). LDH
is an enzyme of the anaerobic metabolic pathway that
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catalyses the reversible conversion of lactate to pyruvate
with the reduction of NAD" to NADH and vice versa. It
is usually expressed during tissue damage and so it is a
useful diagnostic biomarker of injuries and diseases. An
increase in the anaerobic or hypoxic conditions in the
fish tissues following POME-induced stress may directly
be associated with the significant rise in the activity of
LDH. This is because POME exposure might have dis-
rupted energy or ATP production via oxidative phospho-
rylation, hence the tissues have to produce energy using
alternative metabolism, probably through the anaerobic
pathway. Another probable reason for the increased LDH
activity could be linked to POME inhibitory effects on
the mechanisms of oxygen and carbon dioxide exchange
in the gills, with resultant use of substitute (anaerobic)
pathways in the tissues to survive the POME-imposed
stress (Valerio-Garcial et al. 2017; Zeumar et al. 2020).
Increased LDH activity has been reported in the gill and
liver of fish exposed to various toxicants (Mirghaed et al.
2018).

POME is potentially an inhibitor of aerobic metabo-
lism as it causes oxidative stress and this is reflected in
the elevated MDA levels in the gill of Heteroclarias. The
breakdown of polyunsaturated fatty acids results into the
production of MDA and it is considered an important
index of the extent of lipid peroxidation determination
(Li et al. 2016). Induction of peroxidation by oxygen radi-
cals has been implicated as the origin of several debilitat-
ing disorders and diseases such as haemolysis (Kawatsu
1969), dietary muscular dystrophy (Murai and Andrew
1974) and jaundice (Sakai et al. 1998) in fish. The signifi-
cant rise in the levels of MDA in the gill of experimental
fish is indicative of increased oxidation of molecular oxy-
gen (O,) for the production of superoxide radicals. This
process might have been responsible for the production
of hydrogen peroxide (H,0,), which initiated the peroxi-
dation of unsaturated fatty acids in the membrane lead-
ing to the production of MDA (Sreejal and Jaya 2010),
causing oxidative damage to the gill. Increased MDA
levels have been detected in the tissues of fish inhabiting
contaminated waters (Kaptaner et al. 2016).

Environmental contaminants are known to cause dis-
equilibrium between ROS and antioxidant defence sys-
tem of fish. This defence system, mediated by cascades of
antioxidant enzymes, is known to play a key role in ROS
sequestration and subsequent conversion to less toxic
substances. These enzymes comprise SOD, CAT and
GPx, which have been used as biomarkers of oxidative
stress in aquatic biotas such as fish (Ogueji et al. 2020;
Kaptaner et al. 2016). The SOD-CAT system is regarded
as the first line of the defence system against oxidative
damage. SOD, a metalloenzyme, offers protection against
endogenous superoxide anion by catalysing the reaction
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in which superoxide radicals (O,”) are transformed into
water (H,0), hydrogen peroxide (H,0O,) and molecu-
lar oxygen (O,), while CAT and GPx detoxify the H,O,
produced during the activity of SOD against superoxide
anion radical. The concentration-dependent activation of
SOD activity is suggestive of increased deleterious effects
of superoxide radicals emanating from a higher concen-
tration of POME. The increased activation of SOD activ-
ity is to render less toxic the deleterious effects of radicals
and prevents the integrity of cellular membranes from
being compromised. Chang et al. (2019) also reported
that induction of SOD activity in municipal sewage treat-
ment plant effluent (MSTPE)-exposed crucian carp (Car-
assius auratus) may be due to the formation of a certain
amount of oxygen radicals (O,”), and thus enhanced
SOD activity became inevitable to catalyse O,~ to H,O,.
This result is also comparable to the reports of previous
authors (Kaptaner et al. 2016; Ekaete 2014) who reported
a significant increase in SOD activity in the gill and liver
of fishes inhabiting polluted waters.

CAT is a heme-containing enzyme that facilitates the
degradation of H,0O, to oxygen (O,) and water (H,0),
thus inhibiting the free radical-imposed stress (Bertrand
et al. 2016). The elevated levels of CAT in the gill and
liver with increasing concentration of POME may also be
attributed to the increased toxic effects of H,O, arising
from the degradation of superoxide anions via the activ-
ity of SOD. The elevation may be an attempt by the tis-
sues to be reprieved from the toxic oxyradicals. Previous
scientific observations demonstrating increased activity
of CAT in field and laboratory studies on fish exposed to
xenobiotics have been made (Kaptaner et al. 2016; Chang
et al. 2019; Novoa-Luna et al. 2016). GPx, a selenoen-
zyme antioxidant, plays an active part in the reduction
of H,O, to water and lipid hydroperoxides and thus pro-
tects cells from oxyradical-induced damage. The present
results also show an increasing pattern of GPx as POME
concentration increases. Environmental contaminants
are widely recognised as inducers of increased activities
of GPx in response to oxyradicals (Kaptaner et al. 2016).
Increased activities of GPx in fish gill, liver and other
tissues were also observed after xenobiotic exposure
(Kaptaner et al. 2016). The observations from this study
revealed that sublethal concentrations of POME induced
the activity of SOD in a pattern parallel with CAT and
GPx activities. This may not be strange as they operate in
tandem with each other to offset the hazardous effects of
free radicals (Chang et al. 2019). Vlahogianni et al. (2007)
reported that SOD may act as a signal of oxidative stress,
through which the antioxidant enzymes such as CAT or
GPx concerned with the elimination of stress can be trig-
gered to action. The participation of lipid peroxidation in
the regulation of some antioxidant enzymes (Bagnyukova
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et al. 2006) and its progressive increase as observed in
this study and other previous works (Novoa-Luna et al.
2016) have been used to explain the tripartite increase in
SOD, CAT and GPx activities. The increase in SOD activ-
ity similarly triggers the increase in H,O, formation that
was compensated by the induction of CAT and GPx in a
bid to obviate the lipid peroxidation and oxidative injury
caused by POME. The significant elevation in their activi-
ties accentuates their role as key enzymes involved in
the protection of biological membranes from hazardous
products of free radical reactions and this is a reflection
of the normal activity of antioxidant enzymes in response
to increased oxidative stress.

In animal tissues, electrolytes are distributed in the
body fluids and are involved in buffer systems mainte-
nance to facilitate a proper intra- and extracellular acido-
basic equilibrium (Tella 2005). They maintain osmotic
pressure of body fluids, regulate the proper functioning
of the heart and muscle, act as co-factors for enzymes
and also play a key role in redox processes (Mohanty and
Mishra 1983). In fish, these highlighted functions may be
compromised considering the challenges of maintaining
water and electrolyte balance in the face of water-borne
contaminants. Hence, one of the mechanisms by which
fish and other aquatic biotas could surmount osmotic
stress is to maintain electrolyte balance in their tissues.
Blood electrolytes are in equilibrium with that of the
tissues, so deviation from the equilibrium either below
(hypo) or above (hyper) may be due to interference in the
blood and tissues ionic equilibrium (Suvetha et al. 2010).
Prasad and Reddy (1994) reported that serum electro-
lytes (K*, ClI~ and Na™) elevation in atrazine-exposed
Tilapia mossambicus may be due to their concomitant
reduction in the tissues. Conversely, in the present study,
it is not strange to hypothesise that the elevations of
Ca™, K*, Mg?>" and Na™ ions in the POME-exposed fish
gill and liver may be consequent to their decrease in the
serum/plasma, thus indicating electrolytes disequilib-
rium and osmoregulatory dysfunction (Prasad and Reddy
1994). Fish gills are known for transportation of respira-
tory gases and regulation of osmotic and ionic balances.
Besides, the gill is the prime organ with which connec-
tion is made to the surrounding water and blood for
gaseous exchange and osmoregulation. The liver, on the
other hand, is responsible for the uptake, biotransforma-
tion and elimination of xenobiotics. The individualistic
and/or synergistic roles played by these tissues could cul-
minate into a balanced osmoregulatory activity. In fish,
damage to the gill and hepatic membranes architecture
may result from xenobiotic exposure leading to inhibi-
tion of osmoregulatory potential. In this study, exposure
to POME demonstrated electrolytes derangement given
the significant elevations observed at the highest toxicant
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concentration. This is suggestive of a possible impedi-
ment to the structural and functional integrity of the gill
and liver membranes as ionic regulatory tissues. Further-
more, the oxidative stress and increased lipid peroxida-
tion measured as MDA observed in the branchial and
hepatic tissues might have interfered with the tissue’s
epithelial membranes and blood membrane homeosta-
sis leading to tissue impairment and electrolytes imbal-
ance. Lipid peroxidation, according to Zaidi et al. (2009),
alters tissue membrane organisation and functionality
in fish and could result in osmoregulatory dysfunction
and/or alterations in electrolytes levels (Lavanya et al.
2011). This condition was earlier validated by Ksheerasa-
gar et al. (2011) who stated that lipid peroxidative injury
disrupted the structural and functional integrity of the
membrane. Ita and Edagha (2016) also attributed serum
potassium and calcium elevations to lipid peroxidation.
The marked increase of Ca*, K™, Mg?* and Na™ ions in
the tissues at the highest toxicant concentration might
have also resulted from dehydration due to osmotic efflux
of water from the tissues with the retention of the ions
therein, thereby contributing to the high rise of tissue
electrolytes in POME-exposed fish.

The heavy metal constituents (Cd, Cu, Fe, Pb and Zn)
of POME as revealed in this study have been reported to
significantly induced electrolytes levels (Ca*, K*, Mg*"
and Na™) in the plasma of mice at sublethal exposure
(Osuala et al. 2013). Sodium (Na™) is one of the chief
cations of the extracellular fluid, while potassium (K)
is an important cation of both the intra-and extracellu-
lar fluids. Increased Nat (hypernatremia) as shown in
this study have been reported to be dangerous to animals
(Gabriel et al. 2009) and this could be due to fish failure to
actively eliminate any excess Na™ through the gill, liver or
kidney. The established induction of a significant increase
of K™ ions (hyperkalemia) in the tissues of exposed
fish might have occurred due to the haemolytic action
unleashed by POME on the erythrocytes, which probably
resulted from the formation of ROS and partly accounted
for the release of K ions to the tissues. Hyperkalemia
has been known to have arisen from the destruction of
cells with the consequent redistribution of K from the
intracellular to extracellular compartment (Guyton and
Hall 2000) or vice-versa. For comparison purposes, only
a few reports exist on the electrolyte levels in fish tissues
following toxicants exposure. Elevated Ca**, Mg?" and
K levels have been recorded in the liver, muscle and kid-
ney of textile effluents-exposed Mastacembelus armatus
(Karthikeyan et al. 2006). Increased Na* and K* levels
were observed in the liver of Clarias gariepinus exposed
to fluazifop-p-butyl (Inyang et al. 2016) and linear alky-
Ibenzene sulfonate, a detergent (George and Uedeme-
Naa 2020). These observations agree with the present
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findings. The hydrogen ion concentration (pH) of the
body is strictly under the control of the gill and the kid-
ney. According to Gabriel et al. (2012), a reduction in pH
could result in acidosis, an anomaly of the body. Acidosis,
an increase in H" concentration, causes the influx of H*
and efflux of K* across the cells (Ultsch et al. 1981). Such
abnormality might have occurred in the gill and liver tis-
sues of fish exposed to POME leading to the exchange
of HT and K% cations, thereby inducing the excitability
of the skeletal muscles, causing cell lysis and resultant
hyperkalemia. Hyperkalemia in fish has also been attrib-
uted to a reduction of extracellular spaces (Mathan et al.
2010).

The increase in the concentration of Ca* and Mg?" in
the branchial and hepatic tissues of the POME-exposed
fish as observed in this study might be an indication that
POME promotes the influx of Ca®™ and Mg*" in the gills
and liver of fish, respectively. Another reason may also be
due to the interference of the toxicant with the activity of
the enzyme responsible for the elimination of excess K*.

Conclusions

The present study showed that the varying chemical con-
stituents of POME (metals, nitrates, chlorides, etc.) were
of different concentrations above the allowable limits.
Thus, exposure to sub-lethal concentrations of POME
potentiated various adverse effects on the antioxidant
activities, haemato-biochemical and ionic regulation
in the hybrid catfish, Heteroclarias. There is, therefore,
the need to prevent the entry of such hazardous effluent
into any aquatic medium. The results of this study may
be used as a valuable tool in the evaluation of POME-
induced stress in fish and in the formulation of policies
and strategies that could be deployed towards preventing
the discharge of POME in water bodies in particular and
the mitigation of pollution in tropical aquatic ecosystems
in general.
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