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ABSTRACT
The study was designed to investigate the ameliorative effect of the ethanolic extract of bitter leaf and utazi leaf on the antioxidant properties of African catfish (Clarias gariepinus) fingerlings exposed to diclofenac. The fingerlings were exposed to 0.4 DCF and 6% body weight BLE and ULE. Liver tissues of the experimental fishes were collected on day 14th and 28th for the assessment of antioxidant properties. MDA, hydroxyl radical, catalase, nitric oxide and pH increased significantly in fishes treated with BLE (6.30±0.14 to 91.50±2.12), as compared to their control. MDA (30.53±0.44 to 43.35±3.47) and catalase (29.17±0.55 to 40.60±0.14) decreased in the fishes exposed to diclofenac.  It can be deduced that the given concentration of BLE and ULE can cause significant alteration in the antioxidant parameter of C. gariepinus. This may suggest that they have antioxidant activity and / or free radical scavenging activity.
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INTRODUCTION
Aquaculture has become a significant component of global food production, contributing substantially to the world's protein supply. Among the various species cultivated, Clarias gariepinus, commonly known as African catfish, stands out due to its resilience, fast growth rate, and high market value. However, the intensification of aquaculture practices frequently leads to increased exposure of fish to various environmental stressors, including pharmaceuticals like Diclofenac, which can significantly affect fish health. Diclofenac is a phenylacetic acid derivative  and  a non-steroidal anti-inflammatory drug (NSAID) that is used for the treatment of rheumatic diseases, minor and medium pain, and post surgery analgesia in medicine and to reduce inflammation or as a pain reliever in diseased  conditions, such as arthritis or acute injury (1). It is used commonly to treat mild to moderate post-operative or post-traumatic pain, particularly when inflammation is also present (2).
The imbalance between the production of reactive oxygen species (ROS) and the fish's antioxidant defenses leads to oxidative stress in fish. ROS are highly reactive molecules that can cause damage to proteins, lipids, and DNA, leading to impaired cellular function and overall health deterioration (3, 4). Factors such as high-density stocking, suboptimal water quality, and fluctuating environmental conditions, increases stress in aquatic environment (5).
Antioxidants are essential in controlling oxidative stress. They neutralize ROS and protect cells from oxidative damage. Fish health and growth performance can be improved with manufactured antioxidants, which have potential adverse effects on human health and the environment (6). However, there is growing interest in natural antioxidants derived from plants as safer and more sustainable alternatives (7).
Bitter leaf (Vernonia amygdalina) and utazi leaf (Gongronema latifolium) are commonly used in ethno medicine for their various health benefits, including their antioxidant properties. Bitter leaf and utazi leaf are medicinal plant known for their antimicrobial, antioxidant, anti-diabetic, anti-inflammatory (8, 9). Studies have shown that extracts from bitter leaf exhibit significant antioxidant activity, which could be beneficial in reducing oxidative stress in fish (10). Utazi leaf is rich in phytochemicals such as saponins, tannins, and flavonoids, which contribute to its antioxidant effects. 
Free radical-scavenging abilities of medicinal plants have been employed in order to moderate the actions of electron-deficient molecules like free radicals in the body. Free radicals otherwise known as reactive oxygen species like the hydroxyl (OH) radical, superoxide (O2), nitric oxide (NO), nitrogen dioxide (NO2), and hydrogen peroxide (H2O2) are molecules with an electron shortage and in their search for electrons, can easily assault bodily cells leading to the development of illnesses (11). The occurrence of several pathological conditions like cell damage due to lipid peroxidation, DNA damage, and cellular degeneration have all been liked to these compounds (12). Free radicals can be combated by molecules known as antioxidants and these antioxidants are compounds with sufficient electrons which are ready to donate to the free radicals.
 This study aims at evaluating the protective effect of bitter leaf and utazi leaf ethanolic extracts on the antioxidant properties of Clarias gariepinus fingerlings.
MATERIALS AND METHODS
Experimental Chemical: For the present study, Dichlofenac Potassium Tablets USP 100 mg with the brand name Chloflam 50, manufactured by McCoy Pharma Pvt. Ltd -12, MIDC, Tarapur, Dist. Palghar, Maharashtra-401506 India, with the Batch No: MP9574, Serial No: OMCPL5AA6040 and NAFDAC Reg No: 04-5388, was purchased from a pharmacy at Enugu and was used for the study.
Range finding test: A range finding test was carried out prior to determine the concentration of the test solution for the definitive test. It was determined by subjecting fingerling of C. gariepinus to different concentrations of dichlofenac. The experiment was conducted in plastic aquaria containing 10 litres of water. The percentage mortality of 0% and 100% lie between 0.1 to 1.0 mg/l. However, one concentration within this range was selected for the definitive test. 
The leaf extract was administered to the fishes using the method reported by Dandi et al. (13) with little modification. 
Experimental Plant Material and Preparation of Leaf Extract: The experiment was carried out at the Applied Biology Special Laboratory, Enugu State University of Science and Technology (ESUT), Agbani, Enugu, Enugu State. Fresh bitter leaves and utazi leaves were obtained from a local farm and were identified (14) and authenticated by a taxonomist in the Applied Biology and Biotechnology Department, Enugu State University of Science and Technology,  Enugu. The voucher specimen of bitter leaves and utazi leaves (ESUT Herbarium CAB 2/Number 53 and ESUT Herbarium CAB 2/Number 52 respectively) were kept in the Departmental herbarium for referral purposes. The leaves were washed with distilled water and air dried for two weeks under shade, then ground into fine powder using a sterile pestle and mortar, and stored in an air-tight container for further use. The ethanolic bitter leaf extract (BLE) and utazi leaf extract (ULE) were prepared according to Abdel-Shafi et al. (15) and Omar et al. (16). Bitter leaf and utazi leaf powder (100 g) were extracted with 70% v/v aqueous ethanol for two hours. One hundred grams of bitter leaf and utazi leaf powder yielded 20 g ethanolic extract.
Experimental Fish: One hundred and fifty (150) 8- week-old healthy C. gariepinus fingerlings with a mean weight of 1.31 ± 0.14 g were purchased from Sacen Fish Farm, Enugu, Nigeria and transported in a well-aerated 50-litre capacity aquarium tank to the Applied Biology Special Laboratory, Enugu State University of Science and Technology, Agbani, Enugu State, Nigeria. The fish were acclimatized to laboratory conditions for two weeks using well water and were fed 3% of their body weight in divided rations, twice daily (8:30 am and 5:00 pm) with Skretting Catfish Starter Feed (45% crude protein and 2000 kcal/kg metabolisable energy), Skretting Nigeria, Ibadan, Nigeria.
Experimental Diets and Design: The feed was mixed with distilled water, bitter leaf extract (BLE) or utazi leaf extract (ULE) according to Dandi et al. (13) with little modification. One kilogram of the commercial feed was measured each into three different bowls. One of the basins held the control (CT) feed, to which 100 mL of distilled water was added and mixed thoroughly; the feeds were pelletized and dried under shade, and later stored. The experimental diets were made indoors by adding to the commercial feed 6% (60 ml; high dose) BLE/ULE. The experimental diets were similarly pelletized and dried under shade, and stored in plastic bags in a refrigerator for later use.
After acclimatization, fish were randomly divided into six groups; A, B, C, D, E and F, and replicated thrice (10 fishes/replicate). The treatments were; A (control) (0 ml), B (0.4 DCF), C (6% BLE), D (6% ULE), E (6% BLE + 0.4 DCF) and F (6% ULE + 0.4 DCF). Group A and B were fed with the control diet (CT) without and with exposure to 0.4 mg/L of DCF, respectively. Groups C and E were fed with 6% BLE-supplemented diets without and with exposure to 0.4 mg/L of DCF, respectively. Groups D and F were fed with 6% ULE-supplemented diets without and with exposure to 0.4 mg/L of DCF, respectively. Test fish were monitored at regular time intervals during the experimental period (28 days) and liver samples were taken on the 14th and 28th days for antioxidant analysis
Assay of Antioxidant Enzymes	
Determination of catalase activity
The activity of catalase was assayed following the method described by Pari and Latha (17). The percentage inhibition was evaluated following decrease in absorbance at 620nm. The liver was homogenized in 0.01M phosphate buffer PH 7.0 and centrifuge at 5000rpm. The reaction mixture consisted of 0.4ml of hydrogen peroxide 0.2M and 1ml of 0.01M phosphate buffer PH 7.0 and 0.1ml of liver homogenate 10%w/v.  The reaction of the mixture was stopped by adding 2ml of dichromate acetic acid reagent 5% K2CR2O7 prepared in glacial acid. The changes in the absorbance was measured at 620nm and recorded. Percentage inhibition was calculated using the equation: 
% Catalase inhibition = (normal activity – inhibited activity) 
(normal activity) × 100% 

Where:	
Normal activity =hydrogen peroxide + phosphate buffer;
Inhibited activity =hydrogen peroxide + phosphate buffer + liver homogenate
Estimation of lipid peroxidation
Lipid peroxidation in the liver was estimated colorimeterically by thiobarbituric acid reactive substances (TBARS) using the modification method of Niehius and Samuelsson (18). In brief, 0.1ml of liver homogenate (10%w/v) was treated with 2ml of (1:1:1ratio) TBA-TCA-HCL reagents (thiobarbituric acid 0.37%, 15%, trichloroacetic acid and 0.25 N HCL). All the tubes were placed in a boiling water bath for 30min and cooled. The amount of malondialdehyde (MDA) formed in each of samples was assessed by measuring the absorbance of clear supernatant at 535nm against reference blank. Concentration of MDA was calculated using the equation: C =A/ E × L
Where A is the absorbance of the sample, E is the extinction coefficient (1.56 × 105 M -1 CM-) and L is the length of the light path (1cm)
Nitric oxide radical (no.) scavenging assay
0.2g of  sodium nitroprusside (SNP) was measured according to the method of Marcocci et al. (19). Briefly, the reaction mixture (5.0 ml) containing SNP (5 mM) in phosphate buffered saline (pH 7.3), with or without the plant extract at different concentrations, was incubated at 25°C for 180 min in front of a visible polychromatic light source (25W tungsten lamp). The NO. radical thus generated interacted with oxygen to produce the nitrite ion (NO. ) which was assayed at 30 min intervals by mixing 1.0 ml of incubation mixture with an equal amount of Griess reagent (1% sulfanilamide in 5% phosphoric acid and 0.1% naphthylethylenediaminedihydrochloride). The absorbance of the chromophore (purple azo dye) formed during the diazotisation of nitrite ions with sulphanilamide and subsequent coupling with naphthylethylenediaminedihydrochloride was measured at 546 nm. The nitrite generated in the presence or absence of the plant extract was estimated using a standard curve based on sodium nitrite solutions of known concentrations. Each experiment was carried out at least three times and the data presented as an average of three independent determinations.
Hydroxylradical (.OH)-scavenging assay 
The 2-deoxyribose assay was used to determine the scavenging effect of the extract on the .OH radical, as reported by Halliwell et al. (20) with minor modifications (21). Each reaction mixture contained, the following final concentrations of reagents in a final volume of 1.0 ml: 2-deoxyribose (2.5 μM), potassium phosphate buffer (pH 7.4, 20 mM), FeCl3 (100 μM), EDTA (104 μM), H2O2 (1 mM), and L-ascorbic acid (100 μM). The mixtures were incubated for 1 h at 37°C, followed by addition of 1.0 ml of 1% (w/v) TBA in 0.05 M NaOH and 1.0 ml of 2.8% (w/v) TCA. The resulting mixture was heated for 15 min at 100°C. After cooling  on ice, absorbance was measured at 532 nm. Inhibition of 2-deoxyribose degradation expressed in percentage was calculated as per the equation:
%  hydroxyl radical  =  (A0 – A1) × 100
                                                     A0
A0 - Absorbance of control
A1 - Absorbance in the presence of sample
Data Analysis
Biological data from the feeding trial was subjected to one-way analysis of variance (ANOVA) using statistical package for social sciences (SPSS) version 21. Where significant difference were observed, the means were compared further using Duncan New Multiple test range at 5% level of significance.
RESULTS
Antioxidant Properties
The effect of BLE and ULE on the antioxidant properties of C. gariepinus exposed to diclofenac are presented in Table 1. Malondialdehyde (MDA), on day 14 had the lowest value in 6% ULE (20.65±0.21) and the highest value in DCF (43.35±3.47). On day 28, its lowest value was in 6% ULE+ 0.4 DCF (29.00±0.93) and it highest value in 6% BLE + 0.4 DCF (66.50±3.54). Hydroxyl radical on day 14 had the lowest value in 6% BLE (17.64±0.11) and the highest value in 0.4 DCF (34.46±0.79). On day 28, its lowest value was in 6% ULE (39.51±0.54) and it highest value in 6% BLE (91.50±2.12). Catalase on day 14 had the lowest value in 6% ULE (19.40±0.71) and the highest value in 6% BLE + 0.4 DCF (45.67±0.07). On day 28, its lowest value was in 0.4 DCF(29.17±0.55 ) and it highest value in 6% BLE+ 0.4 DCF  (66.50±0.70). Nitric   Oxide on day 14 had the lowest value 6% BLE + 0.4 DCF (12.44±0.02) and the highest value in 0.4 DCF (50.59±0.12). On day 28, its lowest value was in 6% ULE + 0.4 DCF (40.62±0.23) and it highest value in 6% BLE+ 0.4 DCF (95.50±3.54).  pH on day 14 had the lowest value 6% BLE+ 0.4 DCF  (6.85±0.06) and the highest value in 0.4 DCF (8.93±0.04). On day 28, its lowest value was in control (5.32±0.03) and it highest value in 6% BLE+ 0.4 DCF (6.60±0.14).
Table 2: The Effect of the Ethanolic Extract of Bitter Leaf (Vernonia amygalina) and Utazi Leaf (Gongronema  latifolium) on the Antioxidant Property of Clarias gariepinus (African Catfish) treated dichlofenac
	parameter
	Exposure time
	control
	0.4 DCF
	6% BLE
	6% ULE
	6% BLE  +  0.4 DCF
	6% ULE  +  0.4 DCF

	MDA
	14 days
28 days
	32.46±3.31e
32.54±0.33c*
	43.35±3.47f*
30.53±0.44b
	23.39±0.24b
53.50±2.12d*
	20.65±0.21a
30.27±0.10b*
	26.50±0.38c
66.50±3.54e
	29.65±0.35d*
29.00±0.93a

	hydroxyl radical
	14 days
28 days
	32.30±0.71d
47.44±2.05c*
	34.46±0.79e
52.50±0.23d*
	17.64±0.11a
91.50±2.12f*
	18.48±0.04b
39.51±0.54a*
	30.56±0.16c
75.50±0.71e
	30.60±0.42c
44.56±0.31b*

	Catalase
	14 days
28 days
	27.80±1.56b
30.29±0.23b*
	40.60±0.14d*
29.17±0.55a
	37.42±0.03c
64.00±1.4e*
	19.40±0.71a
34.85±0.06c*
	45.67±0.07e
66.50±0.70f
	25.35±2.05b
40.62±0.08d*

	Nitric   oxide
	14 days
28 days
	48.51±0.55d
55.17±2.43c*
	50.59±0.12e
60.54±0.03d*
	14.17±0.09b
76.50±2.12e*
	34.90±0.01c
43.29±3.68b*
	12.44±0.02a
95.50±3.54f
	43.01±4.09d
40.62±0.23a

	pH
	14 days
28 days
	8.92±0.04f*
5.32±0.03a
	8.93±0.04g*
6.09±0.44c
	7.28±0.24b*
6.30±0.14d
	7.76±0.04c*
5.61±0.53b
	6.85±0.06a
6.60±0.14e
	8.42±0.02d*
5.79±0.16b


Means with different letters superscript within each row respectively are significantly different (p ≤ 0.05). Data are presented as mean ± SE
* = higher value between day 14 and 28

DISCUSSION
From the result, MDA, hydroxyl radical, catalase, nitric oxide and pH increased significantly across the fishes treated with BLE as compared to their control. Catalase and pH increased significantly across the fishes treated with ULE as compared to their control. The significant increase in catalase is similar to the report of Imaga and Bamigbetan (22). This may imply that there is no lipid peroxidation, which is a direct indicator that cell membrane damage had not occurred in the tissue (23). The increase in catalase activity may be in response to the damaging effects of H2O2 which results from the degradation of anion superoxide by the enzyme superoxide dismutase. This is similar to the report of Kehinde et al. (23). MDA and catalase decreased while hydroxyl radical, nitric oxide and pH increased significantly in the fishes exposed to diclofenac when compared to their control. This is similar to the report of Nwani et al. (24). Kehinde et al. (23) observed decrease in MDA levels in a dose dependent manner while CAT increased. The inability of the antioxidants to neutralize the effects of ROS in the liver can affect the functioning of the liver (25). 
MDA, hydroxyl radical, catalase, nitric oxide and pH increased significantly across the fishes treated with BLE + DCF when compared to the fishes treated with DCF. While catalase, increased significantly across the fishes treated with ULE + DCF when compared to the fishes treated with DCF. The significant increase in MDA may imply that there is no lipid peroxidation which is a direct indicator that cell membrane damage had not occurred in the tissue (23). This may be as a result of the damaging effects of H2O2 I the liver by the enzyme superoxide dismutase (26)
In conclusion, BLE and ULE, within a short time of exposure may affect the antioxidant activities of C. gariepinus. Thus, it can be deduced that bitter leaf and utazi leaf are commonly used medicinal plants, which have antioxidant activity and / or free radical scavenging activity. However, the great antioxidant potential will be of great benefit from its consumption. This supports the view that medicinal plants are promising sources of potential antioxidant and may be efficient as preventive agent in some diseases. Hence, this study has shown the protective potential of bitter leaf and utazi leaf against the adverse effect of diclofenac in C. gariepinus. However, more research is required to determine the possible effect of BLE and ULE on other parameters such as biochemical parameters and metabolism.
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