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The study assessed the acute and sub chronic toxicity of Microcystisaeruginosa on Haematology
and Biochemical responses in the Kidney, Liver and gills of Nile tilapia (Oreochromis niloticus)
from Thomas reservoir, Kano, Nigeria between September and December, 2018. Field and
laboratory investigations were performed using standard protocols. A total of 144 samples of
Oreochromis niloticus with mean weight range of 26.5 + 0.25 -37.5 £ 0.31g, mean length 15.0 +
0.41 -17.3 + 0.82cm were exposed to different concentrations of the cyanobacterial extract (0.0
mg/1-control, 50.0, 100.0 and 150.0mg/kg) for 28 days. The oral LC50 of the extract was
6.14pg/ml. The results obtained indicated significant reductions (P<0.05) with increased
concentrations of the extract in; haemoglobin (Hb), Red blood Cell (RBC) and packed cell
volume (PCV). The white blood cell (WBC) mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentrations (MCHC), Erythrocyte Sedimentation Rate (ESR) and
mean corpuscular volume (MCV in fish were significantly (P<0.05) higher than that of the
control. Antioxidant biomarkers activities revealed that Glutathione Reductase (GSH) and
Glutathione S-transferase (GST) increase significantly (P<0.05) in the fish tissues. There was
significant decrease (P<0.05) in Catalase (CAT) and Superoxide dismutase (SOD) activities. It
can be deduced that alteration in the antioxidant enzymes reflects cyanobacterial effect in the fish
tissues. Uncontrolled discharge from human activities should be controlled in order to curtail
degradation of the reservoir in the long run.
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INTRODUCTION

of fish from toxic substances such as cyanotoxins, tannery
effluents among other pollutants (Ural, 2013). This is due to
the mutual coexistence between the circulatory system and the

Algae are group of aquatic organisms regarded as beneficial
for their roles as primary producers, food for humans and
indicators of water quality (Mustapha, 2008). Cyanobacteria as
a taxonomic division of algae produce blooms which portray a
public health attention in sources of drinking and recreational
water bodies by producing toxins, causing taste and odour
problems and reduce water clarity (Ferrdo-Filho et al., 2009).
Toxins from cyanobacteria are transferred through the tropic
food chain/ food web in the aquatic ecosystem and eventually
to humans (Montagnolli et al., 2004). These toxins have been
reported to cause livestock, wildlife and pet mortalities and
primary cancer in humans especially liver cancer (Molica et
al., 2005). Haematological parameters have been used as
indicators of environmental stress and physiological response

external environment (Fiore, 2009). Enzymatic assay is among
the biomakers used for detection of toxins in aquatic
ecosystem (Dutta and Areids, 2003). Changes have been
observed in the activity of alkaline phosphatase, Aspartate
amino transferases (AST), Alanine Aminotransferase (ALAT)
in tissues, organs and blood of fish exposed to cyanotoxins
(Montagnolli et al., 2004). Studies have shown alterations in
enzymes activity in the body and blood of fish when exposed
to toxins (Dai et al., 2009).These enzymes are essential amino
acids which plays vital role in the body's tissues for
carbohydrates and proteins metabolism (Burtis and Ashwood,
2001). Aspartate amino transferases (AST) for instance are
naturally found in the cytoplasm and mitochondria of cells in
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different types of tissue such as liver, heart, muscle and brain.
Therefore, AST level increases, if the tissues are injured (Dai
et al., 2009). Prieto et al. (2006) studied the response of the
antioxidant enzymes superoxide dismutase (SOD), catalase
(CAT), GST and glutathione reductase (GSH) as well as lipid
peroxidation (LPO) as a biomarker of oxygen-mediated
toxicity in liver, kidney and gill of Oreochromis sp. In Kano
State, Nigeria, there is no effective monitoring programme or
legislation to enhance proper management and utilization of
water resource with regards to cyanotoxins. Besides, the
establishment of such a programme is dependent on the
availability of based line information on the occurrence and
the distribution of cyanobacteria toxins; which also depend on
the availability of adequate facilities or resources for the
detection and quantification of cyanotoxins (Nafiu et al. 2017).
Existing water quality assessment and monitoring strategies
that employ microbial and physicochemical criteria are
inadequate for comprehensive assessment of water quality
especially in water bodies showing evidence of progressive
eutrophication (Mustapha, 2008). In view of the foregoing this
research aimed at investigating the Toxicological study of
cyanobacteria (Microcystisaeruginosa) on Haematological and
Biochemical Assay on O. niloticus (L) from Thomas
Reservoir, Kano, Nigeria

MATERIALS AND METHODS

Study Area: Thomas Reservoir is located within Sudan
savannah zone of Nigeria (12° 16 44” N - 21° 18’35N and
8°30°5°E - 8° 31’34”’E) with distinct wet and dry seasons.
The rainy season lasts from May to October and dry season
spans from November to April. The Reservoir is about 585
square meters, while its mean depth is 30m. The Reservoir is
sited near Danmarke village of Dambatta Local Government
area of Kano State, 30km away from the ancient Kano City
(Kutama et al., 2013). The agro-metrological station nearest to
the area shows the estimated average rainfall as 385 mm
during months of July and August. The total annual free water
evaporation was calculated as 248 mm from the station, and
monthly evaporation varies from 171m in December to 270 m
in May. During dry season intensive irrigation activities are
carried out within the vicinity of the reservoir with a capacity
to irrigate 8,000 acres of land; besides, commercial fishing is
carried out by fishers on routine basis. The reservoir provides
drinking water to the communities at a point where Kano State
Water Works (Dambatta zone) is located.
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Figure 1. Thomas Reservoir Kano State with Marked Sampling
Sites (Source: Cartography Lab., Bayero University, Kano, 2018)

Collection and Identification of Cyanobacterial Samples:
Cyanobacterial samples were collected using plankton net of
15cm diameter and mesh size 70um according to the
procedure described by Verlencar and Desai (2004). They
were collected at depth of 20cm between 7:00am-8:00am
fortnightly from September- December, 2018. Three sampling
sites (Figure 1) were chosen for the purpose of this study and
designated as upstream (A), midstream (B) and downstream
(C) on the water course of the Reservoir. The choice of the
sites was based on the ecological setting of the sampling areas.
The samples were maintained at 4°C in ice box and
immediately transported to hydrobiology Laboratory for
further analysis. The collected samples were condensed
tolOml and 1ml of the cyanobacteria subsample which was
withdrawn for sorting and counting using camera microscope
(LEICA DM 2500 model). Identification of the phytoplankton
to species level was done using keys described by Suther and
Rissik (2009).

Isolation and Culturing Microsysitisaeruginosa in BG 11
Medium: Isolation of cyanobacteria (Microsysitisaeroginasa)
was done using Capillary Pipette Isolation method as adopted
by Ibrahim and Raneen (2018). It involved putting small
droplets containing M.aeroginasa on a sterile glass slide. They
were examined under the microscope and the one with a single
algal cell was removed with a sterile capillary pipette and
transferred in to a freshly prepared BG 11 medium and
incubated at 24°C. The culture was transferred in to 90 ml of
medium in a 100ml conical flask and then transferred in to
three replicates of 1000ml flask containing 900ml of BG 11
medium each, which was subjected into modified model Photo
Bioreactor to obtained pure line biomass. The culture was
maintained at 15-20°C under 37.5pumol-1m2s-1 intensity with
16:8 hours’ photoperiod for 2 weeks as adopted by Ilavarasi et
al. (2011). Pure cultures of M. aeroginasa were purified
against contaminants using a combination of antibiotics
containing Chloramphenicol 25mg/l and Penicillin 10mg/I.
Daily reading of Optical Density was made at 540nm using a
Beckman Coulter DU 720 General Purpose UV/Visible
Spectrophotometer as described by Monad (2012).

Harvesting and Lyophilisation of Pure M. aeruginosa: The
pure culture was harvested using filtration method as adopted
by Akin-Oriola et al. (2006). The pH was adjusted from a
range of 7.0 to 9.8- 9.9 using 1M NaOH. With aid of 80 um
sieve, 1000ml of cultured sample was harvested and
freeze/dried at specimen chamber (SB4 Model) at Central
Laboratory, Bayero University Kano. To maintain its viability
and purity, the dried cells were kept in its fresh appearance and
chemical composition at -20°.

Fourier Transform InfraRed Spectroscopy: Samples of the
cyanobacterial ~extracts were identified for chemical
compounds, molecular bonds and functional groups by
infrared radiation using Fourier Transform Infrared
Spectrophotometer using procedure adopted by Mukundet al.
(2014).

Cyanobacterial Toxins Extraction and Hatching of Brine
Shrimp Eggs (Artimia salina): Cyanobacterial toxins were
extracted according to the procedure adopted by Akin-Oriola
et al. (2006). Samples extraction was carried out for 24 h in
80% aqueous methanol at a concentration of 50 mg dry weight
of cells per ml using glass rod and magnetic stirrer. Methanol
was removed from the filtrate by evaporation at 42.0°C. The
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extract was used to prepare a stock solution of 1000mg/I. Brine
shrimp (Artimiasalina) eggs were obtained from Biochemistry
Laboratory, Bayero University, Kano, Nigeria. They were
hatched in artificial sea water prepared by dissolving 38 g
sodium chloride in 1 liter of distilled water under constant
aeration and light source of 32°C for 48 h. The hatched larvae
(active nauplii) were pipette by siphoning with a plastic tube.
Ten (10) nauplii were collected through a glass capillary and
transferred into 250cm’ conical flasks. Fourty five (45.0ml) of
artificial sea water solution and 5.0 ml ofthe diluted
cyanobacterial extract (100-0.07 mg/ml) was added and
maintained at room temperature for 24 h under constant
aeration and light source as adopted by Akin-Oriola et
al.(20006).

Brine shrimp Lethality Assay: Brine Shrimp Lethality Assay
was carried out using the procedure described by
Jegathambigai et al. (2014). Exactly 75mg of M. aeruginosa
extracts was dissolved in 300ul of filtered artificial sea water
to give a concentration of 300pug/ml in terms of dry masses
equivalent. This was then diluted with sea water to obtain
concentrations of 60ug/ml, 40pg/ml, 20pg/ml and 0.00pg/ml
as control respectively. Ten (10) Brine Shrimp larvae were
introduced into test tube; 9ml of the sample was added and
maintained under florescent light.  After 96hrs, camera
microscope (LEICA DM 2500 model) were used to identify
number of dead larvae.

Determination of Lethal Concentration (LCsy): Lethality
was calculated from the mean survival of larvae in extract-
treated tubes and that of control. Mean percentage mortality
for cyanobacterial toxin for 24, 48, 72 and 96hrs was plotted
against the logarithm of concentrations in triplicate using
probit analysis as adopted by Leena (2012). A concentration
that kills 50 % of the larvae (LC50) was calculated from the
linear equation by taking the antilogarithm.

Ethical Statement : In the present research, test fishes were
procured from Kano State Polytechnic fish farm. Standard
procedure for handling the test organism (fishes) has been
followed. Although, there is no any formal institutional animal
care and use committee is available in Kano state, Nigeria.

Experimental Design for Acute and sub chronic Toxicity
Evaluation of M. aeruginosa Extract on O. niloticus

The experimental male O. niloticus were subjected to
Completely Randomized Design (CRD) with three exposure
concentrations to M. aeruginosa extracts (50.0, 100.0 and
150.0mg/kg) in triplicate. A total of 216 samples of
Clariasgaripinus mean weight range of 26.5 + 0.25 -37.5 +
0.31g, mean length 15.0 = 0.41 -17.3 + 0.82cm were used for
the research. They were procured and maintained in aquarium
from fish farm wunit of Kano State Polytechnic
Entrepreneurship Study Center Jaafar Mahmud road, Kano,
Nigeria. They were acclimated for a week and fed twice with
pellet diet (35% crude proteins). During the treatment period,
the aquarium water was renewed daily. They were divided into
three groups as follows: group 1(n=72) Biochemical analysis
and group 2 (n=72) haematological investigations. Fish
captured were stored in ice block and immediately transported
to the laboratory for further analysis. They were counted,
weighted to the nearest 0.1g using weighing balance (TF220
Model). The standard lengths and total lengths were measured
to the nearest 0.1cm on a measuring board. The biometric

features such as type of mouth, position of the mouth, fin
count, spine count, barbell counts and position, kind of teeth,
dorsal and anal fin rays count, gill raker count, body shape,
size, colour and shape of the caudal fin were examined on the
fish species using identification key by Olaosebikan and Raji
(1998).

Acute Toxicity Test: A stock solution of the cyanobacterial
extract was prepared in a sterile flask at a concentration of
1000 mg/ml. The volume of the stock solution to be
administered to the fishes was calculated using the formula as
adopted by John et al. (2014).

(ﬁ—g)x weight of experimenta fish

Standard Dose =
Number of Algae (ml)

This was conducted out on the experimental and control fish,
in which control were fed orally with normal fish feed while
experimental were given the doses of 0.0ml, and 1.5ml
equivalent to 0.0mg/ml and 1.5mg/ml from the stock solution
containing 1000mg/ml prepared in distilled water and
observed after 96hrs as described by OECD (2008).
Cyanobacterial extract doses were formulated from 1/4th,
1/8th, 1/16th of the limit test dose of 500 mg/kg as adopted by
John et al. (2014). Means values of water parameters such as
temperature, pH, DO were measured and maintained daily at
29°C+0.81, 7.9+0.39 and 6.2+0.32mg/L.

Sub-chronic Toxicity Test: The juveniles of O. niloticus were
divided into plastic aquarium 30liters containing 20 litres of
water each and acclimated to laboratory conditions for 28
days, aerated and covered with mosquito nets to prevent the
fish from jumping out. Fish feed (35% crude protein) was
orally given to five (5) experimental fishes concurrently with
cyanobacterial extract doses of 0.5, 1.0, 1.5 ml corresponding
to 0.5, 1.0, 1. 5ml from the stock solution containing
1000mg/ml prepared in distilled water during the treatment.
Observation on the Morphological and behavioral parameters
of the fishes for 30 minutes was carried out after renewal of
the water and extracts which include: number of buccal
movement per minute, number of feeding attempt/minute,
breathing activity/minute and number of mortality.

Biochemical Analyses of Fish Tissue: Enzymes activity of
CAT, SOD, GST and GSH in the fish tissues (n=72) was
carried out in Biochemistry Laboratory, Ahmadu Bello
University Zaria, according to the procedure described by
Nahed (2011). The fishes were kept in declorinated water
before the commencement of the experiment. The liver, kidney
and gills of the fish were removed, washed in ice cold buffer.
The tissues were rinsed clear of blood with cold isolation
buffer containing 100 mM Tris-HCl and pH of 7.20 and
homogenized on ice in homogenizing vessel with a motar and
a pestle. The homogenate was centrifuged at 10000 g for 8
minutes to produce the post mitochondrial fraction which was
used for biochemical analysis.

Catalase Activity: The catalase (CAT) activity was
determined using the method adopted by Haque et al. (2003).
Exactly 100ul of tissues (liver, gill and kidney) homogenate
was added to a 10ml test tube containing 3.0ml of 50mM
potassium phosphate buffer (pH 7.0). The reaction was
initiated by adding Iml of 30mM H,0O, and results in
absorbance was recorded after every 30 seconds at 240 nm in a
double beam spectrophotometer.
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Glutathione Reductase Activity Assay: Reduced glutathione
(GSH) was measured in the post mitochondrial fraction of the
liver, gills and kidney tissue of O. niloticus according to the
method described by Habig er al. (1974). To 150ul of tissues
homogenate (in phosphate — saline buffer pH 7.4), 1.5ml of
10% TCA was added and centrifuge at 1500g for 5 minute.
Iml of the supernatant was treated with 0.5ml of Ellman’s
reagent (39.6 mg of 5, 5-dithio-bis-2- nitrobenzoic acid
(DTNB) in 10 ml of 1% sodium citrate) and 3ml of phosphate
buffer (0.2M, pH 8.0). The absorbance was obtained at 412nm.
The amount of GSH was obtained from the graph of the GSH
standard curve. The activity of GSH was calculated based on
tissue protein concentration.

Glutathione S-transferase (GST) : Glutathione S-transferase
(GST) activity was measured at 340nm wavelength as
described by Habig et al. (1974) adopted by Oluwatosin ef al.
(2016) using 1 -chloro 2, 4- dinitrobenzene as substrate.

Superoxide Dismutase (SOD): Activity Superoxide
dismutase activity was measured as described by Magwere et
al. (1997). During the reaction SOD inhibit auto-oxidation of
epinephrine. Three (3ml) of the reaction mixture containing
2.95ml 0.05 M Sodium Carbonate buffer pH 10.2, then 0.02ml
of sample tissues and 0.03ml of epinephrine, 0.005M HCI was
used to initiate the reaction. Activity of the enzymes was
determined by observing change in absorbance at 480nm for 5
minutes.

Haematological Studies: Haematological examination was
carried out at the expiration of 28 days as described by
Dahunsi and Oranusi (2013). Blood samples were collected
from a total of 72 fish (three fish/ treatment) with heparinized
plastic syringe, fitted with 21gauge hypodermic needle of
plastic syringe from the liver behind the anal fins and stored in
labeled ethylene diamine tetra-acetic acid (EDTA) bottles. The
blood samples collected were analysed for packed cell volume
(PCV), haemoglobin, (Hb) Red Blood Cells (RBCs), red blood
indices such as mean Corpuscular Haemoglobin Concentration
(MCHC), Mean Cell Volume (MCV), Erythrocyte
Sedimentation Rate (ESR) and Mean Corpuscular
Haemoglobin (MCH). The values of haematological indices
were calculated Brown (1980).

Hb(g/d1)x100
MCHC (g/dl) = "L
= Hb(G/dl)x10
MCH (pg/eell) = Fr e tin million mm—s
MCV (fl/cell) = PCV (%)x10

RBC count in million mm-6

Statistical Analysis: Statistical analysis was conducted using
Open Stat Statistical Software (Version 08. 12.14). Data from
the 3 replicates of the experiment was subjected to one-way
Analysis of Variances of (ANOVA). Treatment means was
separated using Least Significant Differences (LSD) at 5%
probability level. Probit analysis will be conducted and used to
determine the LC50 of the different extracts

RESULTS

FT-IR Transmittance for Microcystis aeruginosa Extract :
Figure 2 revealed the Fourier Transform Infrared spectroscopy
of Microcystis aeruginosa. The peaks of functional groups at

2994, 3430, 1764 and 1534 wavelengths cm' of Amides,
Alkenes, Alcohol comprising of Proteins, Pectin and
Polysaccharides were identified.

Lethal Concentration (LCsy) of Algal Extracts: Result of
Probit analysis revealed the values for the LCspat 5% level of
confidence for the Microcystis aeruginosa extracts
was6.14pg/ml.

Biochemical Assay: The present findings revealed that all the
enzymes under investigation (GSH, GST, CAT, SOD) where
higher in the Oreochromis niloticus with exception of SOD
which decrease significantly (P<0.05) in all the tissues
examined when compared with control (Table 1). However,
variation based on the exposure period between treatment and
control did not differ significantly (P>0.05). GSH
concentration was significantly higher (P<0.05) in the liver
tissue of Reservoir fish with 69.3+2.43 nmol/min/mg prot
when compared with kidney (46.4+1.43nmol/min/mg prot) and
gills (59.0£2.83nmol/min/mg prot) (Table 1). Similarly, GST
activity was significantly higher (P< 0.05) in the kidney tissues
with 17.241.48 nmol/min/mg prot while the lowest was
11.1£1.10 nmol/min/mg prot in the gills tissue. CAT
concentration decrease significantly (p<0.05) in its activity in
the examined tissues in the following order: gills 81.40 £1.61
> liver 46.30 + 1.93> kidney 40.13 £ 1.34 Unit/mg prot.
However, the above values obtained were significantly higher
when compared with control which had the following pattern:
gills > liver >kidney with 34.13+1.41> 32.30+1.40 > 31.04
+1.08 respectively (Table 1). SOD. There was a significant
decrease in antioxidant activity (P<0.05) in SOD activity in the
liver and kidney tissue under investigation with 2.88 +0.17
Unit/mg prot, 2.80.0+0.10 Unit/mg prot and 1.34+0.03Unit/mg
prot when compared with control with 2.93.1+0.31, 2.40+0.21
and 4.19+1.01 Unit/mg prot respectively Table 2 illustrates the
haematological changes examined in the control group and
those exposed to M. aeruginosa extract for 28 days.
Significant decrease (P<0.05) with increasing concentrations
of the extract was observed in PCV, Hb and RBCs values in
O.niloticusexposed to the extract in a dose dependent manner
when compared to control. Based on exposure duration (28
days) and the highest concentration (150.0mg/kg), the PCV,
Hb and RBCs values decreased from 5.30+0.90 to
2.01+0.23%, 20.66+1.21 to 13.03+0.31g/dl and 1.80+0.50 to
1.01+0.44 10" cells respectively. The interactions between
28days exposure duration and different concentrations
revealed no significant effect on the variables examined
(P>0.05).However, there was consistent significant increase
(P< 0.05) relative to the control in the values of ESR, WBC,
MCH, MCV and MCHC in the fish species when exposed to
M. aeruginosa extract during the study period (Table 3). ESR
increased from 1.66+0.41 to 3.71£1.02mm/hr, WBC
(19.41£1.10 to 32.73£0.51 x10° cells), MCH (35.501.51to
58.01+0.79 pg), MCV (79.93+£1.99to 91.22+ 91.22+1.97 fl)
and MCHC ranges from 44.03+1.30to 51.39+2.06 %.

DISCUSSION

Fourier-Transform  Infrared Spectroscopy ~ of  the
Cyanobacterial extracts revealed strong and sharp peaks with
broad bonds that could be used to characterize algal toxins as
described by George (2004). The transmittance ranges identified
of670-710, 750-800, 1200-1400, 1580-1750,2110-2165, 2190-
2260, 2800-3350 and 3400-3900nw " revealed the presence of
functional groups O-H, C=0, C-N, N-H, C-H, CYN and-C=C-
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Table 1. Oxidative Stress Enzymes Activities in Tissues of Oreochromis niloticus in Thomas Reservoir and Control

after 28 days of Exposure

Tissue Cyano. extr. Oxidative stress enzymes
mg/kg GSH GST CAT SOD
(nmol/ mg protein) (nmol/min/mg prot.) (Unit/mg prot.) (unit/ mg prot.)
control 62.3£1.12° 13.3£0.91* 32.3+1.40a 2.93+0.30°
Liver 50.00 68.5+2.49™ 14.8+1.30° 31.3+1.41° 1.63+0.10°
100.0 69.342.43" 16.6+1.35 43.3+2.01 1.71+0.14°
150.0 76.0+2.93* 14.1£1.20* 46.3£1.02* 2.88+0.17*
control 46.4+1.94 10.3£1.10* 34.3+1.41° 4.19£0.10"
Gills 50.00 51.3+1.13° 14.9+1.10° 18.03+1.22° 0.91+0.01°
100.0 52.4+2.30° 11.1£1.10™ 74.0+£5.31° 1.34+0.31°
150.0 59.0+2.83° 13.5£0.02% 81.4x1.61° 1.03£0.01*
control 38.7£2.31° 14.1£1.04° 31.0+2.81° 2.40+£0.21*
50.00 40.3+2.33% 11.3+1.10° 33442 48" 2.21+0.13°
Kidney 100.0 46.4+1.43" 14.3£1.13% 41.0£1.79* 2.20+0.10°
150.0 46.3+1.08" 17.2+£1.48" 40.1£1.34* 2.31£0.13*

Values are mean+ standard deviation. Superscript with same letters in a column revealed no significant differences (P >0.0 5), F. crit value = 5.14.

Table 2. Effect of Different Concentration of M. aeruginosa on Haematological Parameters of

O. niloticus after 28 days of Exposure

Cynobacterial PCV Hb RBCs WBC MCH MCV MCHC ESR
extr. mdﬂ (%) (g/dl) (10 x 12 cells) (109 cells) (p&) (f1) (%) (mm/hr)
7 days
0.00 21.53+0.31"  8.74+0.81° 3.13£0.94° 14.61£0.43*  33.71£1.80°  62.45+2.90*°  25.53+5.30° 1.12+0.01*
50.00 212120.73°  6.43£0.41°  1.96£0.81°  16.13x1.08"  31.20£1.06  84.09+1.90"  30.95+2.00°  1.46=0.03"
100.0 20.94+0.91°  6.49+0.29° 1.80+0.10° 16.39+£0.81*  34.10+£2.01*°  80.05+2.39*  35.19+£2.50  1.67+0.12°
150.0 20.66+1.21*¢  5.30+0.90° 1.80+0.50° 19.41+1.10°  35.50+1.51°  79.93+1.99"  44.03+1.30°  1.66+0.41°
14 days
0.00 20.93+0.31°  6.71+0.87° 2.98+0.79° 11.05£1.00*  29.80+1.36°  69.67+2.58"  32.36+3.02*°  1.80+0.86"
50.00 20.90+0.31°  6.03+0.91° 1.41+0.90° 15.43+£0.24>  38.63+1.04*  77.34+0.98°  39.53+1.74° 2.37+1.37°
100.0 20.51+0.31*  5.71+£0.29° 1.36+0.67° 18.13£0.16"  42.24+0.87°  85.43+1.88"  45.13+£13.24* 2.37+1.37°
150.0 20.03+0.31*  5.81+0.23" 1.30+£0.91% 19.01£1.09*  48.19+0.09°  85.18+1.96"  50.13+£13.24* 2.37+1.37*
21 days
0.00 20.90+0.31*  6.73+0.23% 2.96+0.81° 13.93+1.24*  32.78+1.94™  67.76+1.91°  29.20+1.62°  1.41+0.10°
50.00 19.73+0.31"  5.4940.23° 1.53+0.23° 16.11£0.54*  47.10+£0.49°  74.28+1.94*  37.90£1.56"  1.37+1.37"
100.0 18.61+0.31"  5.3140.23" 1.3320.81° 17.16£1.70*  56.87+0.29°  81.13x1.27*° 36.87£1.90*°  1.29+0.12%
150.0 18.13+£0.31*  5.30+0.23% 1.27+0.74° 18.10+13.24*  60.65+0.94°  94.91+1.90° 41.35+1.78*° 1.51+0.12%
28 days
0.00 21.21+0.31*  6.61+0.23" 2.60+0.91° 24.07+1.70*  30.70+1.37°  58.81+6.31*  30.16+1.59°  1.98+0.47°
50.00 16.04+0.31*  3.34+0.23" 2.36+0.19° 28.1240.27°  36.13+0.84°  62.41+6.21*  37.91+1.68°  2.50+0.92"
100.0 15.41+£0.31*  3.33+£0.23% 2.01+0.92° 32.56+1.14*  50.19+0.08"  71.89+6.95"  43.11+0.66™  2.67+0.16
150.0 13.03+0.31"  2.0140.23" 1.01+0.44% 32.73+£0.51*  58.01x0.79°  91.22+1.97"°  51.39+£2.06"  3.71+£1.02*
Means with the same superscript in a column are not significantly different (P>0.05)
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Fig 1. FT-IR Transmittance of Microcystis aeruginosa Extract Obtained from Thomas Reservoir, Kano, Nigeria
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belonging to alcohols and phenols, carboxyl, amines, esters
and cyanides in the extracts. The peaks of functional groups
obtained when compares with the standard evidently proved
the presence of Microcystins as reported by Yang (2007). The
LCs, values for the lethal concentration examined indicated the
level of toxicity of the M. aeruginosa extracts indicates its
toxicity on the fish species under investigation. Camilla et al.
(2012) reported that the higher the LCs, value the lower the
toxicity of algal extract. The value recorded in the present
study perhaps may be due to the type of response to nutrient
levels in the aquatic habitat as reported by Indabawa (2009).

Biochemical Assay: Assessment of oxidative stress
biomarkers carried out in liver, kidney and gills of O.niloticus
was compared with control. The present finding revealed
significant higher concentration of GSH in all the tissues
examined when compared with control which corroborates
with the findings of Prieto er al. (2006). GSH has been
considered as a cofactor of many enzymes catalysing the
detoxification of many toxic compounds. It is an important
antioxidant agentwhich covers and secure cell membranes
from lipid peroxidation by scavenging oxygen radicals
yielding glutathione disulphide (Prieto et al, 2006). The
increased in GSH activity recorded in the fish tissues when
compared with control might be due to cyanobacterial toxicity
as reported by Nahed (2011) and Ogugu et al. (2012). It may
perhaps be due to the increase in the protective role of the
enzymes against lipid peroxidation as reported by Oluwatosin
et al.(2016). Similarly, the range of GSH values examine are
in consistent with other fresh water fishes from the same
ecological zone by Abdulkareem and Owolabi (2014) and
Akinwande et al. (2016). Antioxidant enzymes like GST, SOD
and CAT help to neutralize toxic effect of ROS in fish just like
in other organisms. GST in conjugation with GSH act as
defense against ROS and protect cells against oxidative
injuries (Xie et al.,, 2005). In the present findings, the activity
of GST increased in the liver, gills and kidney when compared
with control. This might be due to the presence of toxicants in
the water body which facilitate GST activity as a result of
anthropogenic input along the water course of the reservoir
among other factors. This is consistent with the findings of
Magalhdes et al. (2001) and Abdulkareem and Owolabi
(2014). Toxic stress has been reported to alter activity of
antioxidant enzymes in the vital tissues of Oreochromis
mossambicus (Jabeen and Chaudhry, 2010).

Therefore, regulating levels of these antioxidant enzymes is
essential to prevent oxyradical-mediated lipid peroxidation
Arojojoye and Adeosun (2016). Fish among other aquatic
biotahas been prone to environmental pollutant and are widely
used as bioindicators for aquatic ecosystem assessment
(Abdulkareem and Owolabi (2014). Among the widely used
bioindicators are Catalase (CAT) and superoxide dismutase
(SOD). In the present study CAT activity decrease
significantly in the examined tissues (liver, kidney and gills)
when compared with control which suggests oxidative stress
response due to Reactive Oxygen Species production (ROS)
by cyanotoxins as reported by Yunes et al. (2005). This
observation corroborates with the finding of Farombi er al.
(2007) in kidney and gills of Clarias gariepinus. Catalase is
an antioxidant enzyme, found in almost all living organisms
exposed to oxygen where it mitigates the toxic effects of
hydrogen peroxide by converting it to water and molecular
oxygen (Lehmanet al, 2005) The observed decrease in
catalase activity in the treated fish tissue during the exposure

and the control is an indicator that the fish survive under
oxidative stress probably due to induced stress as a results of
alterations in the enzyme system among other organic
pollutants brought by natural and or anthropogenic activities.
Similar observation was reported by John ef al., (2014).
Pollution induced decrease in the activity of catalase had been
reported earlier by Pricto et al. (2006) in tilapia fish
(Oreochromis sp. exposed to Microcsytin LR and RR.
Decrease in CAT activity in the present study might be due to
frequent superoxide anion radical production as observed by
Odjegba and Fasidi (2007). In the present study, higher SOD
activity was obtained in the control samples of gills liver and
when compared with experimental samples which had lower
activity. Decrease in SOD activity significantly in the
examined sample tissues indicates oxidative stress response.
This could be due to due to SOD’s effort to combats oxidative
stress or during scavenging reactive superoxide radicals.
Similar observation was reported by Oluwatosin et al. (2016).
Decrease in SOD activity recorded in the fish tissue under
investigation could also be attributed to its inability to guard
the cells against one of the most dangerous of free radicals
(superoxide radicals) or due to denaturation of SOD proteins
structure by the superoxide radicals. This is in tandem with
findings of Akhiromen and Ogbonne (2018).

Haematological Parameters: The result obtained in the
exposure of Oreochromis niloticus to different concentrations
of cyanobacterial extracts revealed that there was significant
decrease (P<0.05) with increasing concentrations of the extract
in PCV, Hb and RBCs values. The decrease in RBCs, Hb and
PCV could be due to with increasing concentration and
exposure period of O. niloticus, which results to haemolysis
and impaired osmoregulation within the delicate tissues of the
fish as reported by Papadimitriou ef al. (2010). It could also be
due to the disruption of iron synthesis and inhibitory effect of
the toxins on the enzyme metabolism responsible for
haemoglobin synthesis as a results of exposure to the
cyanobacterial extract (Ferrdo-Filho et al., 2007). Decrease in
PCV, Hb and RBC count illustrates kidney functions
impairment (Gabriel and Marwe, 2013). Toxic cyanobacteria
have been known to exert adverse effects on fish, including
damage to delicate organs such as liver, gills and kidneys
(Ferrdo-Filho et al., 2009). Moreover, the white blood cells
reflect protection against infectious agent caused by microbial
and toxicants (Prieto et al, 2006). In the present study
consistent significant increase relative to the control in the
values of ESR, WBC, MCH, MCV and MCHC in the fish
exposed to the extract might be be related to the immune
response to the toxicants. This is in tandem with work of
Vasconcelos et al. (2001) and Deore and Bansal (2013). The
pattern of response of leucocyte (WBC) might be associated
with the presence of toxin induced tissue damage and severe
disruption of the non-specific immune system leading to
increased WBC (Ferrdo-Filho et al., 2007). Besides, increase
in WBC have been reported in fish species exposed to
cyanotoxins (Prieto et al., 2006). Keshavanath er al. (1994)
observed a time and dose dependent increase in MCV, and
MCH, with a decrease in Hb, hematocrits, RBC and WBC
count when the toxicity of Microcystis aeruginosa was
assessed Oreochromis niloticus. Camella et al. (2012) reported
alterations in haematological parameters of fish caused by
toxins and their responses differed depending on the fish
species, concentration of the toxins and exposure period. These
factors might lead to alterations in the haematological
parameters of the fish.Krienitz et al. (2003) reported
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intoxication of icthyfauna and other animals by cyanobacterial
toxins in which the blooms of cyanobacteria were enriched by
phosphates and nitrates in the water. Many of thesenutrients
are generated via human wastes like sewage disposal,
detergents applications, industrial pollution, run-off from
fertilizers applications among other means (Baker, 2002) and
Prieto ef al. (2006).

Conclusion

From the present finding it revealed that there is relatively
moderate damage in the liver, kidney and gills of the fish
under investigation due to exposure to the cyanobacterial
extracts. Toxicity of a cyanobacterial on O. niloticusincreased
with increasing concentration of the extract. In the aquatic
domain this has direct impact on the ecosystem. This perhaps
has direct relationship with observed level biomarkers of
oxidative stress in the fish tissues. Besides, it can be deduced
from the present finding that the fish tissues with
cyanobacterial bioaccumulation, has altered oxidative enzymes
and haematological parameters significantly when compared
with control. It is therefore recommended that uncontrolled
discharge of agrochemicals around the reservoir through
irrigation and other human activities should be controlled in
order to curtail degradation of the aquatic biota over a period
of time.
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