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Abstract
This study was conducted to ascertain the toxicity effect of Indigofera tinctoria on haematology and
oxidative stress biomarker on the liver, kidney, gills, and tissue of Nile tilapia (Oreochromis niloticus)
juveniles. Matured leaves of Indigofera tinctoria were collected, dried, and pulverized. Graded levels of
the Indigofera tinctoria leaf powder were weighed and dissolved in 250 ml of water. Fish specimens
were exposed to sub-acute concentrations of Indigofera tinctoria for 21 days. Significant changes and
dose-dependent decreases in red blood cells, packed cell volume, hemoglobin values, and progressive
increase in white blood cells were observed in Indigofera tinctoria exposed fish. There was an elevation
in the activities of oxidative, in the liver, kidney, gill and tissue of the fish. The present findings show
that disposal of leaves, effluent from Indigofera tinctoria should be done with extreme caution as it could
threaten the life and existence of the aquatic organism.
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1. Introduction
Freshwater fishes are frequently susceptible to pollution from industrial effluents, according to
Oladele et al. [1] Industries find it more cost-effective to release their waste into streams and
rivers that run into larger bodies of water and pollute the water. High quantities of several trace
metals were found in local freshwater systems, particularly rivers, according to Omoregie et al.
[2]
Toxicants introduced into an aquatic environment cause physiological problems in aquatic
creatures [3]. Metals are present in most industrial effluents, some of which are hazardous to
living species, including fish [4]. The Nile Tilapia, Oreochromis niloticus, is a member of the
Cichlidae family. Oreochromis niloticus, a squat-shaped tilapia, is described as the finest
species for culture among the tilapia family. According to Fagbenro [5], tilapia species are
important economically in tropical and sub-tropical nations around the world, particularly in
Africa, where mixed-sex tilapia are used in production ponds. For a long time, animal toxicity
tests have been used to determine the potential danger posed by toxicants to humans [4]. The
use of Indigofera tinctoria (local dye) is commonly used by the textile industry to dye fabrics
(adire), after which the dye bath (effluent) is discharged especially into the drainage canals
leading to streams and rivers, endangering aquatic life. It is known to contain some piscicidal
compounds that can be lethal to freshwater fish. Therefore, it is of utmost importance to
conduct toxicity tests to determine the extent of harm and adverse effects to fish species and
other aquatic life when the extracts of Indigofera tinctoria are discharged into the aquatic
environment.
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2. Materials and Method
2.1 Extraction and preparation of the plant extract (Indigofera tinctoria)
The mature leaves of Indigofera tinctoria were collected from the top of the plant. The
collected Indigofera tinctoria leaves were air dried at room temperature (25 °C) for 2 weeks.
The dried leaves were pulverized using a sterile hand mill (Binatoe UK) and then sieved using
a 100-micron sieve to obtain a fine powder. Graded amounts (1.0 g, 2.0 g, 3.0 g, 4.0 g, and 5.0
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g) of Indigofera tinctoria was dissolved in 250 ml of water

Determination
AChE activity was determined with an ultraviolet
spectrophotometer from the absorbance changes at 412 nm for
3.0 min at 25 °C as described by a modified colorimetric
method of Perry et al. (2000) [6]. Superoxide dismutase
activity was determined by its ability to inhibit the autooxidation of epinephrine by the increase in absorbance at 480
nm. The activity of SOD in the homogenates was determined
according to the method described by Misra and Fridovich [7].
Catalase activity was determined according to the method
described by Mahmoud [8]. The method of Beutler et al. [9],
and Rotruck et al. [10] was adopted in the estimation of the
level of glutathione (GSH) and Glutathione perioxidase
(GPx).

2.2 Test fish
Three hundred and seventy apparently healthy juvenile
Oreochromis niloticus fish with an average weight of
16.4±0.29 were used for this study. Fish were acclimated in
DE chlorinated water for 14 days and were fed a commercial
floating diet (Ala Aqua) (40% CP) at 3% of their body weight
twice daily at 0800 and 1600 h as a maintenance ration. The
water was changed every 48 hours to prevent accumulation of
toxic waste.
2.3 Sub lethal concentration
Sub lethal or safe concentrations were derived to observe
different responses of the test fish during prolonged exposure
to Indigofera tinctoria. In the present study, (0.2, 0.4, 0.6, 0.8,
1.0 g) were selected as sub lethal concentrations for
Oreochromis niloticus. Fish were exposed to these different
concentrations for a period of 21 days. A control batch
corresponding to the test group was studied simultaneously to
compare the toxic effect of Indigofera tinctoria.

2.7 Determination of Transaminase Enzymes Responses
Alanine transaminase (ALT) levels was determined following
the methods of Reitman and Frankel [11]
2.8 Data/Statistical Analysis
The results of the experiment were expressed as Means and
standard deviation (means ± SD), Kolmogorov–Smirnov test
was used to test the hypothesis of normality and homogeneity
respectively, one-way ANOVA method was used to analyse
the significant differences between groups. All statistical
analysis was carried out with SPSS software (SPSS 22.0,
Chicago, IL, United States) and a significance level of p <
0.05 was used for all tests.

2.4 Experimental design
The experiment was completely randomized. Eighteen (18)
plastics tanks (40 liters) were used. One hundred and eighty
(180) Oreochromis niloticus juveniles were weighed and
randomly distributed into the control and treatment bioassay
tanks separately at a stocking rate of ten fish per tank. Each
experimental treatment was replicated. Water quality of the
test media was monitored and sampled daily while remnants
of the unconsumed feed and the excreta were also siphoned.
The exposed solution was renewed every 48 hours. The fish
were fed twice daily (8:00h – 16:00 h) at 3% body weight
with commercial fish feed containing 45% crude protein.

2.9 Ethical Statement
The experiment was carried out according to the guidelines
for animal welfare and ethics as prescribed by the Federal
University of Technology, Akure Nigeria Animal Ethics
Committee.

2.5 Blood profile Examination
2.5.1 Fish Blood Collection and Analysis
Fish specimens were anaesthetized with clove oil and a 2ml
heparinized syringe was used to collect blood through caudal
puncture and dispensed into Ethylenediamine tetraacetic acid
(EDTA) bottle to prevent coagulation of blood. Blood
samples were transferred to the laboratory for haematological
analysis. Haemoglobin, red blood cell, white blood cell,
packed cell volume were examined. The absolute values made
up of mean corpuscular haemoglobin concentration (MCHC),
mean corpuscular haemoglobin (MCH), and mean
corpuscular volume (MCV) were calculated from the results
of Erythrocyte/RBC, haemoglobin (Hb), and PCV/ (Ht)
2.6 Oxidative stress enzymes and Lipid Peroxides

3. Results
3.1. Water quality parameters of Oreochromis niloticus
exposure to Indigofera tinctoria aqueous extract
The result revealed that there was no significant difference
(p>0.05) in the values obtained for temperature and pH
among the various treatment as well as the control. The total
dissolved solids (TDS) and Electrical conductivity (EC),
Dissolved Oxygen (DO) increased with increasing
concentration of Indigofera tinctoria aqueous extract. The
ammonia, nitrate, and nitrite showed an increasing trend with
increasing concentration of the Indigofera tinctoria leaf
extract. Significant difference was observed in the values
obtained among treatments (p<0.05) (Table 1)

Table 1: Water quality parameter during 21 days exposure of Oreochromis niloticus juvenile to Indigofera tinctoria
Concentration mg L-1
Control
13
27
40
Temp (oc)
25.27±0.03 a
25.33±0.09 a
25.37±0.03 a
25.37±0.03 a
pH
6.87±0.02 a
6.66±0.03 a
6.64±0.03 a
6.60±0.01 a
DO (mg l-1)
8.30±0.44 d
8.10±0.20 d
7.30±0.12 c
7.50±0.06 c
Cond(µcm-1)
0.17±0.00 a
0.20±0.00 b
0.29±0.00 b
0.31±0.00 b
TDS (mg l-1)
116.67±3.33a
133.67±3.33b
133.33±3.33b
136.67±3.33c
-1
a
b
c
Ammonia (mg l )
0.00±0.00
0.20±0.00
0.50±0.02
0.50±0.00 c
Nitrite (mg l-1)
0.25±0.02 a
0.25±0.02 a
0.50±0.02 b
1.00±0.01 c
Nitrate (mg l-1)
2.50±0.17 a
5.00±0.17 b
10.00±0.17 c
10.00±0.09 c
*Values in the same row with different superscript are significantly different (p<0.05)
Temp- Temperature DO- Dissolved Oxygen COND- Conductivity TDS- Total dissolved solid
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53
25.30±0.00 a
6.57±0.02 a
6.90±0.00 b
0.39±0.00 c
136.33±3.33c
1.00±0.00 d
2.00±0.00 d
20.00±0.04 d

67
25.20±0.06 a
6.54±0.01 a
5.80±0.06 a
0.41±0.00 c
143.33±3.33d
2.00±0.00 e
4.00±0.00 e
40.00±0.02 e
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3.2. Blood profile of Oreochromis niloticus juveniles
during 21 days exposure to Indigofera tinctoria
aqueous extract
The red blood cell, haemoglobin and packed cell volume
showed a decreasing trend with increasing concentration of
Indigofera tinctoria, an increasing trend was observed in the
white blood cell value observed with the increasing
concentration. Significant difference was observed in the

various treatment at p<0.05 when compared with the control.
The control had the highest HB, PCV, RBC (4.90g/dl,
14.50%, 1.65×1012) respectively and the highest treatment had
the lowest values (3.20g/dl, 11.00%, 1.03×1012) respectively.
The WBC of the control (0.00 mg/l) had the lowest values
6.15×103/L and it increased with increasing concentration
with the highest concentration (170 mg/l) value to be
9.60×103/L (Table 2).

Table 2: Hamatological parameters of Oreochromis niloticus juvenile exposed to Indigofera tinctoria aqueous extract
Concentration mg/l
Treatments
Control
13
27
40
53
67
HB
4.90±0.12 d
4.20±0.29 c
4.10±0.58 c
3.75±0.09 b
3.60±0.29 b
3.20±0.17 a
PCV
14.50±0.29 e
13.50±0.87 e
13.00±1.73 d
12.90±0.29 c
12.20±0.29 b
11.00±0.58 a
a
b
b
c
c
WBC
6.15±0.14
8.00±0.07
8.05±0.89
8.20±0.35
8.25±0.20
9.60±0.12 d
RBC
1.65±0.03 d
1.43±0.10 c
1.40±0.19 c
1.30±0.04 b
1.20±0.06 a
1.15±0.07 a
a
ab
a
c
c
MCV
87.87±0.21
94.40±0.14
92.86±0.56
99.23±0.64
101.67±1.63
95.65±0.56 b
b
b
b
a
bc
MCH
29.69±0.18
29.37±0.07
29.29±0.22
28.84±0.28
30.00±3.50
36.80±0.38 c
MCHC
33.79±0.12 c
31.11±0.02 b
31.54±0.04 b
29.07±0.07 a
29.51±3.20 a
29.09±0.22 a
*Values in the same row with different superscript are significantly different (P<0.05)
HB-haemoglobin, PCV-packed cell volume, RBC-red blood cell, WBC- white blood cell, MCV-mean corpuscular volume, MCH- mean
corpuscular haemoglobin, MCHC- mean cell haemoglobin concentration

3.3 Oxidative stress enzyme response in the gill of
Oreochromis
niloticus
exposed
to
varying
concentrations of Indigofera tinctoria aqueous extract
In the treated group the ALT activity was elevated above the
control in all the concentrations, fish exposed to the highest
concentration 67 mg/l, the elevation was 69.50% (16.46 ±
0.04 UI/L) above the control (5.02 ± 0.01 IU/L). The
Indigofera tinctoria aqueous extract caused an increase in
CAT activity with the lowest value, 1.39±0.00 IU/L recorded
at 13 mg/l compared with the control, 0.51±0.00 IU/L. SOD
activity was elevated from 30.55±0.07 IU/L in the control
(0.00 mg/l) to 74.19±0.16 IU/L at 67 mg/l of Indigofera

tinctoria aqueous extract. LDH activity was elevated by
4.00%, and 35.14% in fish exposed to 13 mg/l and 67 mg/l of
Indigofera tinctoria aqueous extract respectively, above the
control, 195.01±0.42 IU/L. GPX activity in the gill was
elevated in all the exposed concentrations and the highest
246.34±0.54 was observed in 67 mg/l, above the control,
241.86±0.53 IU/L. Significant increase in GSH was observed
in all treatment with 8.46% at the highest concentration 67
mg/l above the control. Elevation was also recorded for AChE
with 57.7% excitation at 67 mg/l above the control,
25.38±0.06 IU/L (Table 3)

Table 3: Biochemical indices in the gill of Oreochromis niloticus during 21 days exposure to Indigofera tinctoria aqueous extract
Concentrations mg L-1
Treatments
Control
13
27
40
53
67
CAT
0.51±0.00a
1.39±0.00 b
1.88±0.00 c
2.11±0.00 d
2.11±0.00 d
5.86±0.01e
LDH
195.01±0.42a 203.14±0.44b 260.02±0.57c 284.40±0.62d 300.65±0.65e
373.78±0.81 f
SOD
30.55±0.07 a
39.28±0.09 b
56.74±0.12 c
56.74±0.12 c
74.19±0.16 d
74.19±0.16 d
a
b
c
d
e
ALT
5.02±0.01
5.42±0.01
8.83±0.02
10.24±0.02
16.46±0.04
17.47±0.04 f
a
b
b
b
c
GPX
241.86±0.53
243.78±0.53
244.21±0.53
244.85±0.53
246.34±0.54
246.55±0.54 c
GSH
16.23±0.04 a
17.09±0.04 b
17.94±0.04 c
17.51±0.04 d
17.73±0.04 e
18.15±0.04 f
a
b
c
d
e
AChE
25.38±0.06
46.15±0.10
50.19±0.11
53.07±0.12
60.00±0.13
61.15±0.13 f
*Values in the same row with different superscript are significantly different (p<0.05)*CAT-Catalase LDH-Lactate dehydrogenase SODSuperoxide dismutase ALT-Alanine transaminase GPX-Gluthatione peroxidase GSH-Gluthatione AChE- Acetylcholinesterase

3.4. Oxidative stress enzyme response in the kidney of
Oreochromis
niloticus
exposed
to
varying
concentrations of Indigofera tinctoria aqueous extract
In the treated group the ALT activity was elevated above the
control, 2.01±0.04 IU/L in all the concentration. Indigofera
tinctoria aqueous extract caused an increase in CAT activity
with the lowest value, 5.86±0.01 IU/L recorded at 13 mg/l
and the highest 8.79±0.02 IU/L at 67 mg/l. SOD activity was
elevated from 21.82±0.05 IU/L in the control to
65.46±0.14IU/L at 67 mg/l of Indigofera tinctoria aqueous

extract. LDH activity was excited by 10.72%, and 21.88% in
fish exposed to 13 mg/l and 67 mg/l of Indigofera tinctoria
aqueous extract respectively, above the control, 203.14±0.44
IU/L. GPX activity in the kidney was elevated at in all the
exposed concentration and the highest 246.34±0.54 was
observed in 67 mg/l, above the control, 241.86±0.53 IU/L.
Significant increase in GSH was observed by 5.76% at the
highest concentration 67 mg/l above the control. Elevation
was also recorded for AChE with 57.38% excitation at 67
mg/l above the control, 28.27±0.06 IU/L (Table 4).
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Table 4: Biochemical indices in the kidney of Oreochromis niloticus during 21 days exposure to Indigofera tinctoria aqueous extract
Concentration mg L-1
Treatments
Control
13
27
40
53
67
CAT
5.86±0.01 a
5.86±0.01 a
6.59±0.01 b
6.59±0.01 b
8.79±0.02 c
32.64±0.08 d
LDH
203.14±0.44 a
227.52±0.49 b
227.52±0.49 c
251.89±0.55 c
260.02±0.57 d
300.65±0.65 e
a
a
b
c
d
SOD
21.82±0.05
21.82±0.05
30.55±0.07
56.74±0.12
65.46±0.14
91.65±0.20 e
ALT
2.01±0.04 a
2.81±0.01 b
3.61±0.01 c
4.82±0.01 d
5.62±0.01 e
7.83±0.02 f
GPX
243.78±0.53 a
244.85±0.53ab
245.06±0.53ab
245.34±0.54 b
245.70±0.53 b
245.70±0.53 b
GSH
17.51±0.04 a
17.73±0.04 b
18.15±0.04 c
18.37±0.04 d
18.58±0.04 e
19.00±0.04 f
a
b
c
d
e
AChE
28.27±0.06
59.42±0.13
61.73±0.13
65.18±0.14
66.34±0.14
69.80±0.15 f
*Values in the same row with different superscript are significantly different (P<0.05)*CAT- Catalase LDH-Lactate dehydrogenase SODSuperoxide dismutase
ALT-Alanine transaminase GPX-Gluthatione peroxidase GSH- Glutathione AChE- Acetyl cholinesterase

3.5. Oxidative stress enzyme response in the liver of
Oreochromis
niloticus
exposed
to
varying
concentration of Indigofera tictoria aqueous extract is
shown in Table 5
Significant increase (p>0.05) in the activity of all the enzymes
in the liver as the concentration of Indigofera tinctoria
aqueous extract was increased. In the treated group the ALT
activity was elevated above the control, 2.81±0.01 IU/L in all
the concentration. However, in fish exposed to the highest
concentration 67 mg/l, the elevation was 80.28% 14.25±0.03
UI/L above the control (2.81±0.01 IU/L). Indigofera tinctoria
aqueous extract caused an increase in CAT activity with the
lowest value, 3.77±0.01 IU/L recorded at 13 mg/l and the

highest 10.54±0.02 IU/L at 67 mg/l. SOD activity was
elevated from 30.55±0.07IU/L in the control to 91.65±0.20 at
67 mg/l of Indigofera tinctoria aqueous extract. LDH activity
was excited by 8.33%, and 26.67% in fish exposed to 13 mg/l
and 67 mg/l aqueous extract respectively, above the control,
178.76±0.38 IU/L. GPX activity in the liver was elevated in
all the exposed concentration and the highest 246.56±0.54
was observed in 67 mg/l, above the control, 204.27±0.44
IU/L. Significant increase in GSH was observed in all
concentrations with a 15.29% at 67 mg/l above the control.
Elevation was also recorded for AChE with 48.73% excitation
at 67 mg/l above the control, 34.61±0.08 IU/L (Table 5).

Table 5: Biochemical indices in the liver of Oreochromis niloticus during 21 days exposure to Indigofera tinctoria aqueous extract
Concentrations mg L-1
Treatments
Control
13
27
40
53
67
CAT
2.93±0.01 a
3.77±0.01 b
4.39±0.01 c
4.39±0.01 c
8.79±0.02 d
10.54±0.02 e
LDH
178.76±0.38 a
195.01±0.42 b
195.01±0.42 b
203.14±0.44 c
211.27±0.46 d
243.77±0.53 e
a
b
c
d
d
SOD
30.55±0.07
48.01±0.10
56.74±0.12
65.46±0.14
65.46±0.14
91.65±0.20 e
ALT
2.81±0.01 a
3.81±0.01 b
4.01±0.01 c
5.02±0.01 d
8.43±0.01 e
14.25±0.03 f
a
a
a
a
a
GPX
204.27±0.44
245.27±0.53
246.13±0.53
246.34±0.54
246.56±0.54
246.56±0.54 a
a
b
c
d
d
GSH
17.73±0.04
17.94±0.04
18.15±0.04
19.43±0.04
19.43±0.04
20.93±0.05 e
AChE
34.61±0.08 a
61.15±0.13 b
64.03±0.14 c
64.61±0.14 d
51.34±0.11 e
67.50±0.15 f
*Values in the same row with different superscript are significantly different (P<0.05)*CAT- Catalase LDH-Lactate dehydrogenase SODSuperoxide dismutase ALT-Alanine transaminase GPX-Gluthatione peroxidase GSH- Gluthatione AChE- Acetylcholinesterase

3.6. Discussion
Variations in the physiological status of fish are determined
by changes in water quality parameters such as temperature,
pH, and dissolved oxygen [12, 13]. The concentrations of
dissolved oxygen, pH, and temperature observed here match
those reported by Mbah et al. [14]. The test solutions'
physicochemical parameters revealed that the water
temperature and pH varied slightly. There were some
differences in dissolved oxygen, conductivity, and total
dissolved solids. The concentration of dissolved oxygen
decreased as the concentration increased, resulting in the
death of the test fish. This is consistent with the findings of
Idowu et al. [15] who found that when Oreochromis niloticus
was exposed to Kigeliaafricana extract, dissolved oxygen in
the water decreased. Akpa et al. [16] reported a decrease in
dissolved oxygen with increasing concentration when Tilapia
zillli was treated with Tephrosia vogelii leaf extract.
Under stressful conditions, such as exposure to pollutants, and
harmful substances, haematological exams are frequently
performed to establish health status and detect physiological
abnormalities. Red blood cells, packed cell volume, and
haemoglobin levels all decreased significantly. Etim et al. [17]
found that the PCV level of Oreochromis niloticus fish
exposed to Indigofera tinctoria (acute and chronic
concentrations) was lower than the reference value for healthy

fish. This could be owing to the poisonous potential of
Indigofera tinctoria aqueous extract on the blood of O.
niloticus as the concentration of the extract rises. This is
consistent with Adakole [18] who discovered a similar
tendency in fish exposed to metal finishing effluents.
Furthermore, the lower haemoglobin level in the exposed fish
compared to the control indicates that the fish's ability to give
appropriate oxygen to the tissues is greatly diminished,
resulting in a drop in physical activity [19]. Omoniyi et al. and
Adewoye [20, 21] who subjected Clarias gariepinus juveniles to
sublethal quantities of Nicotiana tobaccum and Tephrosia
Vogeli extract, found a substantial drop in haemoglobin (Hb)
concentration. The decrease in haemoglobin is due to a
decrease in cellular iron, which causes a decrease in blood
oxygen uptake capacity and eventually induces
erythropoiesis, the state of anaemia. The number of white
blood cells (WBCs) in Oreochromis niloticus treated to
Indigofera tinctoria aqueous extract exhibited a substantial
variation. The increasing trend of WBC could be attributed to
the extract's immune-defense role against the effect of the
extract's toxic potential, which is consistent with studies by
Ayuba and Ofojekwu [22] on the toxicity of Datura innoxia
(datura) to Clarias gariepinus fingerlings.
Increased ALT activity in the livers of exposed fish indicates
hepatic cell destruction, which leads to their leaking into the
~ 53 ~
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circulation [23]. Increased ALT activity in fish exposed to
Indigofera tinctoria could be due to cholestasis and/or
parenchymatous precursors linked to bile duct constriction at
higher doses and full hepatocellular injury at moderate
exposures. These findings coincide with Al-Attar [24] who
showed an increase in ALT and ALP in Oreochromis
niloticus after exposure to cadmium but contradict Das and
Mukharjee [25], who identified a decrease in ALP activity in
Labeo rohita after exposure to cypermetrin. The discrepancy
in results may be related to the species of fish, toxicant used
and duration of exposure. Lactate dehydrogenase (LDH) is an
important enzyme often used as a biomarker of tissue
breakdown and/or damage. The result of this study showed a
significant increase in LDH in the liver, kidneys, and gills of
Oreochromis niloticus, indicating that the tissues were
damaged by the increasing concentration of Indigofera
tinctora. This is consistent with the work of Audu et al. [26]
who examined the effect of a differentially concentrated
Cannabis staiva leaf extract on biochemical changes and the
degree of change in the gills, liver, and serum of Cyprinus
carpio during the 56-day experiment. This could be attributed
to the assertion that toxins cause disturbances in the
physiological state of animals that unintentionally affect
enzyme activities, resulting in an increase or inhibition of
enzyme activities [27]. Sunmonu and Oloyode [28] observed a
similar trend in LDH activities in serum and gills of C.
gariepinus fingerlings upon increasing sub lethal
concentrations of crude oil compared to control. The increase
in LDH observed in all experimental groups in this study may
be due to necrosis of liver hepatocytes [29] and not necessarily
to an increase in anaerobic carbohydrate metabolism [27].
Exposure to environmental pollutants can induce oxidative
stress in an organism [30, 31, 32].
The catalase activity (CAT) determined in this study indicated
some changes in liver, gill, kidney and muscle of
Oreochromis niloticus exposed to Indigofera tinctoria. CAT
is a sensitive antioxidant and its protein function can be
affected by the products of lipid peroxidation, modulating the
level of enzymatic activity [33]. The result obtained in the
study is in agreement with the result obtained by Ibrahim [34],
who found a significant increase in CAT activity in
Oreochromis niloticus exposed to malathion for 30 days. The
observed increase could be due to the animal scavenging
H2O2, mainly due to the increased production of free radicals
by Indigofera tinctoria. Nwani et al. [35] reported a significant
increase in CAT activity of Clarias gariepinus exposed to
Psychotria microphylla leaf extract for 15 days and stated that
the significant increase observed shows that the leaf extract
causes oxidative stress in the exposed fish, which is consistent
with the result of this study. Superoxide dismutase (SOD)
plays an important role in cellular antioxidant defence
mechanism. The significant increase in SOD activity observed
in this study in Oreochromis niloticus exposed to different
concentrations of Indigofera tinctoria in liver, gills and
kidneys is in agreement with the work of Ekeh et al. [36] who
reported a significant increase in SOD activity of Clarias
gariepinus exposed to sub-lethal concentration of potassium
dichromate. The increase in SOD activity may indicate that
O2 formation is occurring in the organism's tissues.
Variations in SOD activity were also reported by Oruc [37]
who exposed Oreochromis niloticus to chemical pollutant.
The initial increase in SOD activity and gradual decrease at
the 30th of 60 days of exposure is in contrast to the results of
this study. This discrepancy could be due to the exposure

period and the toxin used. The altered SOD activities
observed in this study could be due to cellular oxidative stress
caused by exposure to Indigofera tinctoria. Similar findings
were made on the effects of pesticides on other fishes
Carassius auratus exposed to Round Up [38] Oreochromis
niloticus exposed to chlorpyrifos [37] Cyprinus carpio exposed
to terbutyrin [39]. GSH is a low molecular weight sulfhydyl
compound that acts as a cellular reducing and protective
reagent against a wide range of pollutants through the SHgroup [40]. It directly acts as a scavenger of oxyradical and
also as an antioxidant enzyme-substrate [41]. In this study, a
significant increase in GSH was observed in the tissue
specimen of Oreochromis niloticus is in contrast with the
work of Ozoagudike and Bawa-Allah [42] who reported a
decrease in GSH activity in Clarias gariepinus exposed to a
sub-acute concentration of Carica papaya seed and
Anacardium occidentale bark for 28 days. Mowuogwu and
George [43] reported increased GSH level in Clarias
gariepinus exposed to Hibiscus sabdariffa extract for 21 days
and Lima et al. [44] indicated that increased GSH levels in
Oreochromis niloticus exposed to a contaminated effluent
appear to be an antioxidant adaptation to chronic exposure.
An increase in the GSH activity in the various tissues
observed could also be attributed to phytochemical
constituents of the aqueous extract used which possess
antioxidant activity thereby having a sparing effect on GSH.
4. Conclusion and Recommendation
The present findings have established that sub-acute
concentrations of Indigofera tinctoria induce oxidative stress
and hepatotoxicology in Nile tilapia and this gives an insight
on the impact of Indigofera tinctoria effluents on fish (fin and
shell fish) health as they are the sole inhabitant of the aquatic
environment which receives these effluents. There is the need
to make proper policy and laws that makes it mandatory for
industries to treat their effluents effectively before
discharging they are discharged into the environment. The
effect of Indigofera tinctoria effluents on aquatic organisms
can be monitored by oxidative stress and transaminase
enzymes’ activities as in this study.
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