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Abstract
The study evaluates the effects of Microcystis aeruginosa extract on Histology and Biochemical
responses in the Kidney, Liver and gills of Clarias gariepinus from Watari Reservoir, Kano, Nigeria.
Field and laboratory investigations were performed using standard protocols for Histopathology
examination, Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), and Aspartate
Aminotransferase (AST) activities. A total of 144 samples of juvenile fishes with mean weight range
of 22.7 ± 0.75 -26.8 ± 0.61g, mean length 11.9 ± 0.67 -14.3 ± 0.76cm were exposed to different
concentrations of the cyanobacterial extract (control 0.0 mg/ml 115.6 mg/ml, 231.5 mg/ml and
462.5mg/ml) for 28 days. The oral LC50 of the extract was 1850mg/ml. The results indicated
significant histological alterations in the liver tissues with mild generation of hepatocytes, vacuolation
and congestion of blood vessels and cellular infiltration. Kidney tissue had vacuolation in glomerulus
and lipid granules. Distortion of secondary lamellae and epithelial hyperplasia were observed in the
gill. Evaluation of liver enzymes of the treatment groups on 7, 14, 21, and 28 on exposure to
cyanobacterial extracts led to significant increases (P<0.05) in ALT, AST and ALP activity during
the study period of 231.5 mg/ml and 462.5mg/ml doses compared to the control group. It can be
deduced that alteration in the fish physiology reflects cyanobacterial effect in the fish tissues.
Therefore, anthropogenic activities that facilitate algal bloom in the reservoir should be discouraged in
order to curtail their proliferation and long term effect to other aquatic and terrestrial organisms
exposed to the water.
Keywords: Biochemical responses, Clarias gariepinus, Histopathology, Microcystis aeruginosa,
Toxicity, Kano, Nigeria
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INTRODUCTION
Histopathological studies of fish tissue provide immediate potential information about
diseases in aquatic environment. It helps in understanding the nature of stress responses
(Dane and Sisman, 2017). Fish organs such as gills, liver, kidney and skin are often the target
organs among many xenobiotics metabolism because of their proximity to aquatic domain
(Dane and Sisman, 2017). Therefore, alterations in their structure and function serve as bioindicator to environmental contaminants (John et al., 2014).
Enzymatic assay is among the biomakers used for detection of toxins in aquatic ecosystem
(Annett et al., 2014). Changes have been observed in the activity of alkaline phosphatase
(ALP), Aspartate amino transferases (AST), Alanine Aminotransferase (ALT) in organs and
blood of fish exposed to cyanotoxins (Montagnolli et al., 2004). Besides, activities of
antioxidant enzymes like ALT, AST and ALP have been used as biomakers to assess the
influence of aquatic pollution on the biochemical pathway and enzymatic function in fish
(Correia et al., 2007). 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 carbohydrate and protein metabolism
(Burtis and Ashwood, 2001). Aspartate amino transferases for instance are naturally found
in the cytoplasm and mitochondria of cells in different types of tissue such as liver, heart,
muscle and brain. Therefore, AST level increases, if the tissues are injured (Dai et al., 2009).
There is no effective monitoring programme to enhance proper management and utilization
of water resource with regards to cyanotoxins in Kano State, Nigeria (Mukhtar et al., 2010).
Besides, the establishment of such a programme is dependent on the availability of base 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 (Kawo et al., 2008). 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 effects of microcystin producing cyanobacterium
(Microcystis aeruginosa) on histopathology and biochemical assay on C. gariepinus from
Watari Reservoir, Kano, Nigeria
MATERIALS AND METHODS
Study Area
Watari Reservoir impounded in 1977 is situated about 47 km away from Kano city along old
Bichi-Gwarzo road in Bagwai and Bichi Local Governments Area of Kano 2 km from Bagwai
town and 8km south west of Bichi, Kano, Nigeria. It has 1,959 hectares surface area and
active storage capacity of 92.74million litres. The reservoir is located between latitude
12°9'24"N and 8°8'12"E with two distinct seasons (wet and dry). The rainy season which last
from May to October and the dry season last from November to April. The mean annual
temperature is between 16 – 410Cand the mean annual rainfall range from 700 – 813mm
(Adamu et al., 2014).
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Fig. 1: Map of Watari Reservoir Showing the Sampling Sites (Source: Cartography Lab. Geography Dept. Bayero
University Kano, 2019)

Ethical Statement
In the present research, experimental fishes were procured from Kano State Polytechnic fish
farm. Standard procedure for handling the organism (fishes) has been followed.
Collection and Identification of Cyanobacterial Samples
Cyanobacterial samples were collected using plankton net of 15cm diameter and mesh size
70μm 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 to10mI
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 Microcystis aeruginosa in BG 11 Medium
Isolation of cyanobacteria (M.aeruginosa) was done using Capillary Pipette Isolation method
as adopted by Ibrahim and Raneen (2018). It involved putting small droplets containing
M.aeruginosa on a sterile glass slide. They were examined under the microscope and 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 transferred into modified model Photo
Bioreactor to obtain pure line algal biomass. The culture was maintained at 15-20°C under
37.5μmol-1m2s-1 intensity with 16:8 light hours’ photoperiod for 2 weeks at Central
Laboratory, Bayero University Kano as adopted by Ilavarasi et al. (2011). Pure cultures of M.
aeruginosa were purified against contaminants using a combination of antibiotics containing
chloramphenicol 25mg/l and Penicillin 10mg/l. Daily reading of Optical Density was
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conducted at 540nm with the aid of UV-Visible Spectrophotometer (752S model) as
described by Monad (2012).
The pure culture was harvested using filtration method as adopted by Akin-Oriola et al.
(2006). The pH was adjusted to 9.9 using 1M NaOH. With aid of 80 µm 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°.
Samples of M.aeruginosa extracts were identified for chemical compounds, molecular bonds
and functional groups by infrared radiation using Fourier Transform Infrared
Spectrophotometer at Biochemistry Department, Bayero University Kano using the
procedure adopted by Mukund et al. (2014).
Cyanobacterial Toxins Extraction
Cyanobacterial toxins were extracted according to the procedure adopted by Akin-Oriola et
al. (2006). Sample 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
(Corning PC-620D Model). Methanol was removed from the filtrate by evaporation at
42.0˚C. The extract was used to prepare a stock solution of 2000mg/l.
Source of Experimental Fishes
The experimental juveniles male fishes C. gariepinus were subjected to Completely
Randomized Design (CRD) with 3-levels of exposure concentrations of M. aeruginosa
extracts. A total of 144 samples with mean weight range of 22.7 ± 0.75 -26.8 ± 0.61g, mean
length 11.9 ± 0.67 -14.3 ± 0.76cm were used for the research. They were procured and
maintained in aquarium from fish farm unit 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 experiment period, the aquarium
water was renewed daily.
Acute Toxicity Test
A stock solution of the cyanobacterial extract was prepared in a sterile flask at a
concentration of 2000 mg/ml. The volume of the stock solution administered to the fishes
was calculated using the formula as adopted by John et al. (2014).
Standard Dose =

(

No
)x weight of experimental fish
kg

volume of water (ml)

Determination of Lethal Concentration (LC50)
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) of 1850 mg/ml was
calculated from the linear equation by taking the antilogarithm.
This was conducted on the experimental and control fishes, in which control were fed orally
with normal fish feed while experimental were administered with 0.00, 1000, 1500, 2000 and
2500 mg/ml) equivalent to 0.00, 1000, 1500, 2000 and 2500mg/ml from the stock solution
containing 2000mg/ml distilled water and observed after 96hrs as described by OECD
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(2008) No. 206. Cyanobacterial extract doses for sub chronic toxicity were generated from
1/4th, 1/8th, 1/16th of the LC50 of 1850ml/ml as adopted by John et al. (2014). Mean 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 respectively.
Sub-chronic Toxicity Test
The juveniles of C. gariepinus were sorted into a thirty –liter plastic aquarium, each
containing 20 litres of water aerated and covered with mosquito nets to prevent escape of
fishes and maintained for 28 days. Fish feed (35% crude protein) was orally administered to
five (10) experimental fishes concurrently with cyanobacterial extract doses of 0.00, 115.6,
231.5 and 462.5mg/ml from the stock solution containing 2000mg/ml of distilled water.
Observation on the Morphological and behavioral parameters of the fishes after renewal of
the water and extracts was carried out after 30 minutes which includeː number of buccal
movement per minute, number of feeding attempt/minute, breathing activity/minute and
number of mortality.
Histopathological Studies of C. gariepinus
The biopsies of fish tissues (gills, liver and kidney) were conducted at Histopathology
Laboratory, Aminu Kano Teaching Hospital, Kano-Nigeria using the method described by
Ochei and Kolhatkar (2008). The fish was euthanized with 40% ethyl alcohol before
individually excising their gills, liver and kidney for histopathological investigation. Fish
tissues were fixed with 10% formal saline dehydrated with ascending grade of alcohol,
cleared with toluene, infiltrated with molten paraffin wax. Microtome sections (5μm) were
stained with Haematoxylin and Eosin stains and examined with microscope (LEICA DM 750
model) and photomicrographed with HD camera (LEICA ICE 50 model).
Biochemical Analyses
At the end of the 28 days exposure period, blood samples from fish were collected from
experimental and control fish using heparinized plastic syringe, fitted with 21gauge
hypodermic needle from the liver behind the anal fins and stored in labelled container. The
aspartate aminotransferase (AST), Alkaline phosphatase (ALP) and alanine
aminotransferase (ALT) activities were determined at Biochemistry Department, Bayero
University Kano, with the aid of Randox kits as adopted by Ezenwaji et al. (2013).
Statistical Analysis
Statistical analysis was conducted using SPSS (Version 23.0). Data from the 3 replicates of
the experiment was subjected to one-way Analysis of Variances of (ANOVA). Treatment
means were separated using DMRT at 5% probability level. Probit analysis was conducted
and used to determine the LC50 of the extract.

RESULTS AND DISCUSSION
Microcystisa eruginosa Extract FT-IR Transmittance
Figure 2 revealed the Fourier Transform Infrared spectroscopy of Microcystis aeruginosa. The
peaks of functional groups at 2994, 3430, 1764 and 1534nm/cm of Amides, Alkenes, Alcohol
comprising of Proteins, Pectin and Polysaccharides were identified.
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Fig 2: FT-IR Transmittance of Microcystis aeruginosa Extract Obtained from Watari Reservoir, Kano,
Nigeria

Lethal Concentration (LC50) of the Cyanobacterial Extract
Result of Probit analysis revealed the values for the LC50at 5% level of confidence for the
Microcystis aeruginosa extracts as1850 mg/ml.
Sub-chronic toxicity effect of Microcystis aeruginosa extract revealed treatment-related tissue
changes which intensified with increase dose of the crude cyanobacterial extract. Liver tissue
had normal appearance with normal hepatocytes, morphology, vacuolation and hepatic
cord arrangement in the control samples without any discernible changes (Plate 1a). 21% of
the experimental fishes revealed alterations which include: mild degeneration of
hepatocyctes (Plate 1b), congestion of blood vessels (Plate 1c), vacuolation (Plate 1d) fatty
degeneration and cellular infiltration (Plate 1e). Liver tissues alterations did not differ
significantly between sampling sites (P>0.05).
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1(a)

1(c)

1(b)

1(d)

1(e)

Liver: Photomicrograph of normal liver tissue structure of C. gariepinus (control plate 1a).
Mild degeneration of hepatocyctes (Plate1b), congestion of blood vessels (Plate 1c),
vacuolation (Plate 1d) fatty degeneration and cellular infiltration (Plate 1e). (H&E, mag x
400).
Results are expressed based on percentage alterations per tissue section.
Kidney
Microscopic section of kidney tissues of the control samples revealed normal morphology
without any visible lesion (Plate 2a). Glomerulus distortion (Plate 2b), Vacuolation in
glomerulus (Plate 2c) and blood congestion (Plate 2d) in 14% of the tissue were the changes
identified in the kidney tissues under investigation. Statistically there is no significant
difference (P>0.05) between experimental samples.
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2(a)

2(b)

2(c)

2(d)

Kidney: Photomicrograph of normal kidney tissue structure of C. gariepinus(control plate
2a). Glomerulus distortion (Plate 2b), vacuolation in glomerulus (Plate 2c) and blood
congestion (Plate 2d) (H&E mag x 400). Results are expressed based on percentage alterations per
tissue section
Gills
The control fish samples and 77% of the examined C. gariepinus gills had no observed
pathological alterations (Plate 3a). The identified alterations recorded in 23% of the gills
include: distortion of secondary lamellae (Plate 3b), epithelial hyperplasia (Plate 3c) and
degeneration of the gill filament (Plate 3d). Alterations in gills architecture did not differ
significantly among the sampling sites (P<0.05).
3(a)

3(b)
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3(c)

3(d)

Gills: Photomicrograph of normal gill tissue structure of C. gariepinus (control plate 3a).
Degeneration of gill filaments (Plate 3b), distortion of secondary lamellae (Plate 3c) and
epithelial hyperplasia (Plate 3d). H&E mag x 400) Results are expressed based on percentage
alterations per tissue section
Pakistan J. Zool.
Table 1: Percentage of Histopathological alterations identified in the Gills, Liver and Kidney of C. gariepinus
obtained from Watari Reservoir, Kano-Nigeria
Tissues
Histopathological alterations
Percentage of fishes with alterations
Liver
Mild degeneration of hepatocytes
15%
(21%)
vacuolation
18%
fatty degeneration and cellular infilteration
congestion of blood vessels

6%
8%

Kidney
(14%)

Vacuolation in glomerulus
lipid granules

11.5%
24.7%

Gills
(23%)

Epithelial hyperplasia
Distortion of secondary lamellae
Degeneration of gill filament

33.6%
32.9%
28.1%

Biochemical Assay
The mean liver AST of C. gariepinus increased on a dose -dependent manner at 7 days when
exposed to cyanobacterial extract (Table 2). Lowest activity was obtained in the control
group of 22.57± 0.93IU/L while the highest at 462.5mg/L was obtained from 33.51 ± 1.78
IU/L. the AST level between control and treatment did not differ significantly (P>0.05). At
28 days exposure there was slight increase in AST activity from 20.73 ± 1.71 IU/L to 24.08 ±
0.82 IU/L. ALP activity increased from lowest concentrations of 17.60 ± 1.04 IU/L at 7 days
as against the highest activity at 462.5mg/L of 19.77 ± 0.02 IU/L. Similar pattern was
obtained in the other ALP activities at 14, 21 and 28 days. Statistically there were significant
differences in the enzymes activities between the control and experimental group (P<0.05).
The mean ALT activity of the control group after 28 days exposure period to cyanobacterial
extract was significantly lower (P<0.05) than the treatment group from 34.80 ± 1.90 IU/Lto
49.51 ± 1.73 IU/L at 462.5mg/L (Table 2).
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Table 2: Effect of Different Concentration of M. aeruginosa Extract on Liver Enzymes of C. gariepinus after Twenty
eight days of Exposure
Cyanobacterial extract
AST (IU/L)
ALP (IU/L)
ALT (IU/L)
(mg/l)
7 days
0.00
22.57± 0.93a
17.60 ± 1.04a
43.01 ± 1.63a
115.6
21.10 ± 1.00a
18.90 ± 0.17ac
48.80 ± 1.01b
231.5
23.70 ± 1.40b
19.30 ± 1.60ab
45.57 ± 1.86b
a
b
462.6
33.51 ± 1.78
19.77 ± 0.02
51.13 ± 1.42a
14 days
0.00
23.10 ± 0.80ac
19.67 ± 0.84ab
46.73 ± 1.64a
115.6
26.40 ± 0.70b
21.71 ± 0.01a
58.00 ± 1.57ab
231.5
27.76 ± 1.89bc
23.90 ± 0.91a
64.77 ± 0.79a
b
ab
462.6
31.21 ± 0.93
35.00 ± 1.01
69.51 ± 1.64a
21 days
0.00
20.53 ± 0.71c
19.17 ± 0.81a
41.43 ± 0.8a
115.6
27.32 ± 0.86a
21.83 ± 1.33a
42.33 ± 0.56ac
231.5
29.41 ± 0.53ab
29.90 ± 1.10bc
43.07 ± 1.92a
a
a
462.6
29.87 ± 1.60
31.31 ± 0.49
46.13 ± 0.81bc
28 days
0.00
20.73 ± 1.71a
21.40± 1.50ab
34.80 ± 1.90a
115.6
22.50 ± 0.87a
21.56 ± 0.31a
48.78 ± 0.18ab
231.5
23.60 ± 0.41ab
25.12 ± 0.47a
49.01 ± 0.82a
a
a
462.6
24.08 ± 0.82
26.18 ± 0.37
49.51 ± 1.73a
Note: IU/L= international unit per liter, Alkaline Phosphatase (ALP), Aspartate amino transferases (AST),
Alanine Aminotransferase (ALT)
Values are mean± standard deviation. Superscript with same letters in a column revealed no significant
differences (P >0.0 5), F. crit value = 4.23

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) and Gabriel and Marwe (2013). The transmittance ranges identified of 28003350 nm/cm revealed the presence of functional groups O-H, C=O, CYN, N-H, C-N, C-H,
and-C=C- belonging to alcohols, alkene cyanides, amines and esters 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 LC50 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 LC50 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 different metabolites in the
cyanobacteria under investigation as reported by Indabawa (2009) and Nafiu and Ibrahim
(2019).
Histological alterations examined in the liver tissues inferred that the fish is surviving in
aquatic ecosystem contaminated with toxic compounds as reported by Justina and Udotong
(2015). Mild degeneration of hepatocytes could impair liver functions such as detoxification
and deamination as observed in C. gariepinus by Kauod and El-Dahshan (2010). Liver of
aquatic biota has been known to be sensitive to environmental contaminants due to the
tendency of bioaccumulation in liver thereby subjecting it to significant level than in the
environment or other organs (Hamed, 2015). In the present study the hepatic cellular
infilteration examined in C. gariepinus could be attributed to the inflammatory reaction in the
liver cells as reported by Deore and Bansal (2013). Cyanotoxins such microcystins have been
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reported to cause hepatotoxicity during exposure which resulted in an elevated serum levels
of liver enzymes (Deore and Bansal, 2013). Blood vessels congestion observed in the liver
tissues might be attributed to the distortion caused by exposure of the experimental fish to
cyanotoxin as reported by Gupta et al. (2003).
Tremendous increase of granular masses (lipid granules) observed in the kidney tissue in
addition to vacoulation of glomerulus could indicates the effect of cyanobacterial extract
being excreted by the kidney as reported by Zhang et al. (2002). This could also indicate that
highest cyanobacterial extract of 462.5mg/ml induces glomerulus vacuolation examined in
the kidney tissues under investigation. This may perhaps revealed degeneration of fat as a
result of alteration in metabolic activities within the tissues. Similar observation was
reported by Falconer (2008).
Distortion of secondary lamellae examined in the fish samples might be attributed to the
alterations of protective defence responses to cover absorptive layers and may probably be
due increased mucous secretion on the lamellae as reported by Molina et al. (2005). Epithelial
hyperplasia and degeneration of gill filament observed might be due to unidentified
responses of the gills to toxic irritants. Histopathological alterations may impair the wellbeing of the fishes and possibly productivity (Nasri et al., 2004).
The present study revealed that during the exposure period (28 days) there was significant
increase in liver enzymes (ALT, AST and ALP) of the fish under investigation compared
with control group. ALT, AST and ALP alterations have been reported as indicator of
hepatocellular damage in C. gariepinus at Gwagwalada fish ponds by Dorcas and Solomon
(2014). The elevated level of AST activity examined in the present study based on dose –
dependent manner could be due to myocardial infarction, liver disorder or hepatocyte
injury as reported by Julian (2000). It might also be due to the presence of cyanotoxin in
M.aeruginosa that possibly interfere with catalytic interconversion of amino acids and αketoacids by amino group in ALT as reported by Molina et al. (2005). Similar observation
was also reported by John et al. (2014). Increased in AST has been reported to produce more
energy during stressful situation as a result of high demand and carbohydrates precursors to
preserve the glycolytic pathway in TCA cycle for energy maintenance (Gupta et al., 2013).
Activity of ALP increased in the treatment group compared with control. Increase in the
ALP activity may be associated with biliary obstruction of the fish liver by cyanobacterial
toxins or due to primary hyperparathyroidism as reported by Julian (2000). It can be
attributed to the high phosphate ingestion by the fish in the aquatic environment; which
might result in the production of high amount of phosphate bound esters that disrupt
transport of metabolites across cell membrane (Fialova and Vejrazka, 2013).
Elevation of AST activity in fish liver enzymes in the present study is an indication of
hepatic disease or muscular dystrophy as reported by Julian (2000). It could be due to
transamination of liver enzymes during energy maintenance (Deore and Bansal, 2013). This
is consistent with the findings of Shen et al. (2003). Sukenik et al. (2006) reported that
increased in AST in fish tissue was due to metabolic activity distortion caused by
cyanotoxin. Alteration in biochemical and physiological processes in mouse lungs exposed
to cyanobacteria was reported by Picanco et al. (2004). During the study period the value of
the liver enzymes examined were above the normal range of <12IU/L reported by Sood
(2006).
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CONCLUSION
The present findings revealed that the M. aeruginosa extract from Watari Reservoir, KanoNigeria has portray toxicity implication on the experimental fish tissue, as shown by
deleterious effects on the delicate organs (liver, kidney and gills) on continuous exposure.
This perhaps has direct relationship with observed histopathological and biochemical
alterations examined. 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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