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1  | INTRODUC TION

Oil spillage into the marine ecosystem is a major environmental prob‐
lem that hampers fish production and could induce environmental, 
economic and social defects (Osuagwu & Olaifa, 2018). Several meth‐
ods include the release of crude oil into marine ecosystems such as 
offshore platforms, oil tankers and offshore drilling rigs and wells and 
petroleum refinery products (Asadi, Iranawati, & Rinani, 2017). These 
crude oil toxicants find their way into the body systems of aquatic 
animals (fishes) during oil spills or leaks through the gills, digestive 
tract and general body surface, causing significant damage to the in‐
ternal organs and tissues(Pathan, Thete, Shine, Sonawane, & Khillare, 

2010). Crude oil is a harmful chemical compound that is dangerous 
to the health of exposed animals (National Research Council (NRC) 
2003).The health impact of crude oil has been centred on its abil‐
ity to induce oxidative stress (Achuba, Ubogu, & Ekute, 2016).Nile 
tilapia (Oreochromis niloticus) are widely distributed freshwater fish 
that can persist in a highly polluted habitat and can be used as a po‐
tential bio indicator for aquatic environmental contaminants, includ‐
ing crude oil (Carvalho, Bernusso, de Araujo, Espindola, & Fernades, 
2012). The activities and expression levels of antioxidant enzymes 
are used as biomarkers to evaluate the influence of pollution on 
the biochemical pathways and enzymatic functions in fish (Correia, 
Goncalves, Scholze, Ferreira, & Henrigues, 2007) and for monitoring 
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Abstract
The present study was performed to evaluate the effect of vitamin C on the perfor‐
mance of Nile tilapia (Oreochromis niloticus) affected by the usage of engine oil. A total 
of 120 tilapia fish were randomly divided into four equal groups according to dietary 
treatments applied for 3 weeks: group I (control); group II was exposed to engine oil; 
group III was exposed to engine oil and supplemented with vitamin C: and group IV 
was fed only a diet supplemented with vitamin C. According to our results, the group 
exposed to engine oil (II) showed an induced elevation of kidney function parameters, 
an upregulation of CYP1A1 mRNA expression level, a reduction in antioxidant status 
(SOD, GSH) and severe abnormal histological and ultra‐structural changes in the head 
kidney, trunk kidney and muscle tissue. Supplementation of group III with vitamin C 
ameliorated the toxic effect induced by engine oil through improvement of kidney 
function parameters, elevation of the antioxidant status of tissue and improvement 
of the histological images of renal and muscle tissues. In conclusion, vitamin C has the 
ability to ameliorate engine oil oxidative stress toxicity in Nile tilapia.
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unacceptable levels of environmental contamination. Generally, most 
of the chemical constituents of crude oil are known to be lipophilic 
and the toxicity of a petroleum fraction has been reported to be re‐
lated to its hydrophobicity (Ufot, Luke, Uboh, & Eyong, 2018). Among 
the toxic components that are present in crude oil are xylene, naph‐
thalene, benzene and toluene. These chemical components are ab‐
sorbed into living cells and metabolized into reactive metabolites (Ali 
& Mai, 2007).The toxic components of oil effluent are considered to 
be	substrates	of	cytochrome	P4501A	(CYP1A1),	the	major	detoxifica‐
tion enzyme for crude oil (Incardona, 2017). Petroleum hydrocarbons 
or carbon‐containing compounds are converted into free radicals or 
activated	metabolites	during	 their	oxidation	 in	cells	 (Ogara,	Joshua,	
Omeje, & Onwurah, 2016). These activated metabolites react with 
some cellular components, such as membrane lipids, and produce 
lipid peroxidation products, which may lead to membrane damage 
(Odo et al., 2012). Histopathological changes are considered an ef‐
fective toxicity indicator for environmental stressors (Malik, Raval, & 
Ahmed khali H.K., 2012). Antioxidant supplementation to the fish diet 
could help in controlling reactive oxygen species, which in turn helps 
improve growth performance, resistance to stress and disease and 
survival	of	cultivated	fish	(Hamre	et	al.,	2004).	Dawood	et	al.,	2017	
mentioned that there are several functional feed additives come from 
natural sources, and possess immunostimulant properties, make the 
consumer more confident of the farmed fish. One of these feed ad‐
ditives is vitamin C which enhances the growth, antioxidant capac‐
ity and immune response (Dawood, Omar, & Dein, 2017). Darias, 
Mazurais, Koumoundouros, Cahu, and Zambonino‐Infante (2011) re‐
ported that most fishes are deficient in the L‐gulonolactone oxidase 
enzyme that plays a role in the synthesis of vitamin C from glucose 
or other simple precursors which is why we used vitamin C as a feed 
additive. Vitamin C protects bio‐membranes from peroxide damage 
as it scavenges singlet oxygen, superoxide, hydroxyl, water‐soluble 
peroxyl radicals and hypochlorous acid. Therefore, it is considered 
one of the most effective free radical scavengers in extracellular flu‐
ids (Sminorff & Wheeler, 2000). Abdel Rahman Khalil Abdallah and 
ElHady (2018) reported that vitamin C could be used as a feed addi‐
tive as it improves the structure of the intestinal mucosal epithelium 
and immune response in tilapia fish. The exposure to crude oil in fish 
might exert changes in biological responses at different levels of bio‐
chemical parameters, oxidative stress, histopathology and alterations 
in gene expression of biotransformation enzymes (CYP). The present 
study was carried out to investigate these parameters in head and 
trunk kidney and muscle tissue of Nile tilapia exposed to used en‐
gine oil and to evaluate the protective influence of vitamin C as an 
antioxidant.

2  | MATERIAL S AND METHODS

2.1 | Chemicals

Used engine oil was obtained from commercial suppliers. Vitamin 
C (C6H8O6, reduced powder form), 99.8% concentration, obtained 
from AVI‐CHEM Laboratories Company, India.

2.2 | Fish maintenance and experimental protocol

A total of 150 tilapia fish (O. niloticus),	weighing	approximately	40‐50g	
were purchased from a private fish farm in Al Zagazig, El Sharqaya, 
Egypt. Fish were transported to the Department of Fish Diseases 
and Management, Cairo University, and kept for acclimatization for 
two weeks before the beginning of the experiment. The institutional 
Animal Care and Use Committee (IACUC) of Cairo University approved 
the protocol of the experiment (IACUC protocol No.CU‐II‐F‐6–19).

After acclimatization, (30) fish were randomly exposed to 1.25, 2.5 
and	5	ml/L	of	used	engine	oil	for	24,	48	and	96	hr	to	determine	the	
lethal concentration that causes 50% mortality (LC50), and the fish 
were not fed on the day before or during the experimental period to 
minimize the basal metabolic rate. The oil was vigorously mixed with 
the aquarium water. Mortality was observed in each treatment group 
and analysed using a basic EPA computer program that implemented 
the Finney probit analysis method (Mishra & Mohanty, 2009). One‐
tenth of the LC50 value (0.25 ml/L) was used for sub lethal studies 
for 21 days as described by Sprague (1973).Then, the remaining (120) 
fish were divided into four equal groups (15 fish per aquarium). Fish 
were housed in glass aquaria with dimensions of 100 × 50 × 30 cm. 
Dechlorinated water with continuous oxygen aeration using electric 
air pump compressors was kept at 25°C using Hydro Italy and the 
dissolved oxygen level was monitored daily throughout the duration 
using a waterproof portable dissolved oxygen and BOD metre (HI 
98193 ‐Hanna Instruments Inc).The water was regularly tested and 
changed every week. Fish were fed once daily on a basal commer‐
cial diet containing 25% protein. Fish were randomly divided into four 
equal groups according to dietary treatments applied for 3 weeks: fish 
from group I (control) were fed the basal commercial diet; fish from 
group II were fed the basal commercial diet, and their water contained 
used engine oil; fish from group III were fed the basal commercial diet 
with the addition of vitamin C (1,000 mg/kg diet) and their water con‐
tained used engine oil; and fish from group IV were fed the basal com‐
mercial diet with the addition of vitamin C (1,000 mg/kg diet) and their 
water did not contain used engine oil. The fish were observed daily 
for signs of toxicity throughout the experimental period. The dose of 
vitamin C used was based on Tewary and Patra, (2008).

2.3 | Preparation of experimental feed

Vitamin C, as a feed additive, mixed with standard commercial pel‐
letized fish ration using gelatin as binding material and appetizer.

TA B L E  1   Modulation of vitamin C supplementation on kidney 
function tests in Nile tilapia fish exposed to used engine oil

groups Urea(mg\dl) Creatinine (mg\dl)

Group I 5.20 ± 0.12a 0.41	±	0.4a

Group II 17.25 ± 0.2b 1.94	±	0.11b

Group III 13.52 ± 0.1c 1.2 ± 0.1c

Group IV 5.60	±	0.4da 0.42	±	0.6da

Note: Values are presented as mean ± SD. Means within the same col‐
umn carrying different letters are significantly different at p	≤	.05.
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2.4 | Sample collection and preparation

At the end of the experiment, blood samples were collected from the 
caudal vessels in tubes without anticoagulant and then centrifuged at 
2,000 g for 15 min to obtain serum for biochemical analysis (urea and 
creatinine) for kidney function tests, which were determined calori‐
metrically according to the instructions provided by the manufacturer 
of the kits using a spectrophotometer Sunostik, SBA 733 Plus. After 
blood collection, the fish from different groups were euthanized by 
cervical sectioning, and the head kidney, trunk kidney and muscle 

tissues were immediately removed for subsequent analysis. Muscles 
were obtained from the dorsal side of the fish.

2.5 | Measurement of antioxidant parameters

Superoxide dismutase (SOD) activity and reduced glutathione (GSH) 
content were determined in kidney tissue homogenates according to 
the	method	of	Kakkar	Das	and	Visvanathan	(1984)	and	Ellman	(1959)	
respectively.

 Group I Group II Group III Group IV

GSH (µmol/gm 
tissue)

145	±	4.04a 85 ± 2.8b 142.9	±	1.4ca 123.5	±	4.2d

SOD (unit/gm 
tissue)

11,758 ± 5.7a 6,530 ± 2.9b 11,753.3 ± 6.0ca 9,769.6	±	4.5d

Note: Values are presented as mean ± SD. Means within the same row carrying different letters are 
significantly different at p	≤	.05.

TA B L E  2   Modulation of vitamin 
C supplementation on antioxidant 
parameters in Nile tilapia fish exposed to 
ued engine oil

F I G U R E  1   Photomicrograph of tilapia HK in different groups. (A) Normal melanomacrophage centres (M) in group I. (B) Normal endocrine 
cells (e) of group I. (C) depletion in MMCs (M) and vacuolation in endocrine cells (e) in group II. (D) Normal endocrine cells (e) in group III. (E) 
Increase	in	MMCs	(M)	in	group	III.	(F)	Normal	endocrine	cells	(e)	in	group	IV.	H&E	×	400	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.
com]

(A) (B) (C)

(D) (E) (F)
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2.6 | Histopathological examination

2.6.1 | Light microscopy

The head kidney, trunk kidney and muscle tissue were rapidly ob‐
tained from different groups and fixed immediately in 10% NBF for 
24‐48	hr.	The	samples	were	dehydrated	in	ascending	grades	of	alco‐
hol. Samples were cleared in xylene, embedded in paraffin and then 
cut	 at	 4	μm to obtain paraffin sections. De‐waxed serial sections 
were subjected to haematoxylin and eosin staining for histopatho‐
logical examination (Bancroft & Gamble, 2008).

2.6.2 | Electron microscopy

Tissues from each of the three organs from each group were im‐
mediately placed in 3% glutaraldehyde in 0.1 M phosphate buffer 
for a few hours and post‐fixed in 1% osmium tetroxide for one hour. 
Semithin sections (1 μm) were prepared and stained with toluidine 
blue. Ultra‐thin sections of 50 nm were cut by an ultra‐microtome 
from selected areas, contrasted with uranyl acetate and lead citrate 
and	 photographed	 with	 transmission	 electron	 microscope	 (JEOL	
1010) at the Faculty of Agriculture, Cairo University.

2.7 | Quantitative real‐time PCR analysis of gene 
expression for CYP1A1

The relative trunk kidney Cyp1A1 mRNA abundance was deter‐
mined by PCR amplification of cDNA samples, using GAPDH as a 
housekeeping gene. Approximately, 100 mg of kidney tissue was 
used for total RNA extraction using an RNeasy Mini Kit (Qiagen). 
RNA concentration and purity were assessed using a Nanodrop. 
One microgram of total RNA was used for the production of cDNA 
using a Qiagen LongRange two‐step RT‐PCR Kit. Quantitative as‐
sessment of DNA amplification of the CYP1A1 gene was performed 
relative to GAPDH by a fluorescence‐based real‐time detection 
method with Thermo Scientific Maxima SYBR Green. The gene‐spe‐
cific PCR primer pairs were designed using Primer3 Software Input 
(version	0.4.0).	The	 following	primer	sequences	were	used	 to	am‐
plify the CYP1A1 gene: Forward TAAACTGCAGAGCGAGAGCA, re‐
verse CTTTCGACCCCAGATAACCA; while the primer sequence for 
GAPDH were the following: Forward GCTGTACATGCACTCCAAGG, 
reverse ACTCAAACACACTGCTGCTG. The real‐time PCR condi‐
tions were as follows: 95°C for 5 min (initial denaturation) and then 
40	cycles	of	95°C	for	45	s,	60°C	for	45	s,	72°C	for	45	s.	Negative	con‐
trols that were free of template were included in each experiment. 

F I G U R E  2   Electron micrograph 
of endocrine cells in tilapia head 
kidney	[Colour	figure	can	be	viewed	at	
wileyonlinelibrary.com]

(A) (B)

(C) (D)
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Each qRT‐ PCR was performed with three biological replicates, and 
each biological replicate was assessed three times. The comparative 
2−∆∆CT method was used to calculate the relative transcript levels 
according to Livak and Schmittgen (2001).

2.8 | Statistical analysis

The results were analysed using SPSS version 18.0 for Windows. 
Data are represented as the mean ± SE. Comparison among 
groups was performed using one‐way analysis of variance 
(ANOVA) followed by the LSD test. Statistical significance was 
set at p	≤	.05.

3  | RESULTS

3.1 | Biochemical analysis

According to the obtained results in Table 1, group II, which 
was exposed to used engine oil exhibited a significant elevation 
in kidney function parameters, including serum urea and creati‐
nine concentrations, compared to the control group (p	 ≤	 .05).	
Group III which was supplemented with vitamin C, displayed a 

significant reduction in the urea and creatinine concentration 
in comparison with group II, which indicating enhanced kidney 
function.

3.2 | Antioxidant parameters

The alterations in SOD enzyme activity and reduced GSH concen‐
tration in the kidney tissue of Nile tilapia fish exposed to used engine 
oil and vitamin C are presented in Table 2. A significant decrease in 
SOD and GSH was found in the engine oil exposed group II com‐
pared to the control group (p	≤	 .05).Group	 III,	 supplemented	with	
vitamin C showed significant improvement of the antioxidant status 
of kidney tissue through significant elevation of SOD enzyme activ‐
ity and reduced GSH concentration (p ≤	.05)	compared	to	group	II.

3.3 | Histological results

3.3.1 | Light microscopic and ultra‐structural 
examination of kidney tissue

Histological observation of head kidney (HK) in group I (Figures 1A, 
2A,	 3A,	 4A)	 revealed	 normal	 melano	 macrophage	 centres	 (MMCs)	

F I G U R E  3   Electron micrograph of 
granulopoietic and haematopoietic cells in 
tilapia	head	kidney	[Colour	figure	can	be	
viewed at wileyonlinelibrary.com]

(A) (B)

(C) (D)
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and normal endocrine cells around blood vessels (Figure 1B). Group 
II revealed vacuolation in endocrine cell and a decrease in MMCs 
(Figure 1C).In contrast, group III revealed restoration of endocrine 
cell integrity and an increase in MMCs (Figure 1D, 1E). At the ultra‐
structural level, group II revealed cytoplasmic vacuolations in the en‐
docrine cells (Figure 2B) in addition to degeneration in lymphoblasts, 
promonocytes and haematoblasts (Figure 3B). Moreover, granulocytic 
myelocytes	 appeared	 with	 pyknotic	 nuclei	 (Figure	 4B).	 In	 contrast,	
group III revealed some preservation of histological structure, but 
some	 granulocytic	 myelocytes	 still	 contained	 vacuoles	 (Figure	 4C).	
Light microscopic examination of the trunk kidney (TK) not performed 
for the cortex and medulla and showed normal renal corpuscles, renal 
tubules and MMCs in th control group (Figures 5A, 6A, 8A). In group 
II, collapsed renal corpuscle, increase in urinary space, depletion of 
MMCs, necrosis and vacuolation in renal tubules, congestion in blood 
vessels and oedema in interstitial tissue were observed (Figure 5B, 
5C). However, most renal corpuscles and renal tubules appeared to 
be normal in group III (Figure 5D). In addition, transmission electron 
microscopy revealed pyknotic nuclei, degenerated mitochondria and 
cytoplasmic vacuoles in the renal tubules of group II (Figure 6B). In 
contrast, group III revealed enhancement of renal tubules and persis‐
tence of few cytoplasmic vacuoles (Figure 6C).

3.3.2 | Light microscopic and ultra‐structural 
examination of muscle tissue

The light microscopic examination of showed straight and 
uniform thickness in the muscle fibre of group I (Figure 7A). 
However, shortening, necrosis, splitting and vacuolar degenera‐
tion occurred in group II (Figure 7B, 7C, 7D). Most muscle fibres 
exhibited restored integrity in group III (Figure 7E). Moreover, 
ultra‐structural observation of group II revealed corrugation 
in the Z‐line and vacuolation in myofibril (Figure 8B). Group III 
showed thinning in the Z‐line (Figure 8C).Histological and ultra‐
structural observations of the HK, TK and skeletal muscle of 
group IV resembled those of the control group (Figures 1F, 2D, 
3D,	4D,	5E,	6D,	7F,	8D).

3.4 | mRNA expression level of CYP1A1

The change in CYP1A1 expression in fish tissues is frequently used 
as an indicator of exposure to crude oil contaminants. As shown 
in Figure 9, CYP1A1 expression was significantly increased over 
threefold in the kidney tissue of tilapia fish exposed to engine oil 
over 3 weeks of the experimental period compared to controls. The 

F I G U R E  4   Electron micrograph of 
granulocytic myelocyte in tilapia head 
kidney	[Colour	figure	can	be	viewed	at	
wileyonlinelibrary.com]

(A)

(C)

(B)

(D)
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mRNA expression of CYP1A1 was markedly reduced after co‐treat‐
ment with vitamin C in group III compared to group II. The protec‐
tive percentage of vitamin C against used engine oil was 26.9%.

4  | DISCUSSION

Crude oil can be lethal in acute or chronic levels and can lead to high 
mortality of aquatic communities due to toxic chemicals and water‐
soluble fractions (Briggs, 2010). It can cause loss of equilibrium, in‐
creased biological activities, irregular movement and eventually 
death in fish. The kidney tissue plays the dominant role in body ho‐
meostasis and works synergistically with the liver to complete the 
process of detoxification (Ujowundu, Nwokedinobi, Kalu, 
Nwaoguikpe, & Okechukwu, 2011).Therefore, the toxicity of crude 
oil on living organisms could be investigated by evaluating of bio‐
chemical and/or functional changes in the liver and kidney tissues. 
According to our results, there was a significant (p	≤	.05)	elevation	of	
serum urea and creatinine in the crude oil contaminated group. The 

increased levels of urea and creatinine in this study could be a result 
of impaired kidney function(Zaki, Moustafa, Fawzi, Khafagy, & 
Bayumi, 2009).Nonetheless, augmentation of a diet with vitamin C in 
fish exposed to crude oil significantly improved the values of kidney 
function markers and the results agree with the results of (Achuba et 
al., 2016). Several studies revealed that exposure to contaminants in 
aquatic ecosystems can enhance the intracellular formation of ROS, 
which could cause oxidative damage to biological systems (Ahmed, 
Bashir, Abdel‐moneam, Azouz, & Galal, 2019; Ercal, Gurer‐ Orhan, & 
Aykin‐	Burns,	2001;	Ibrahem	&	Ibrahim,	2014).	The	antioxidant	en‐
zymes have been shown to work in a cooperative or synergistic man‐
ner to protect against oxidative stress and tissue‐specific damage. 
These enzyme systems have been proposed as biomarkers of ROS in 
mediating contaminant exposure and as a potential tool in environ‐
mental risk assessment (Ibrahem, Khairy, & Ibrahim, 2012; Kim et al., 
2014;	Kohen	&	Nyska,	2002).The	present	study	revealed	that	SOD	
activity and GSH content in the kidneys of Nile tilapia fish exposed to 
crude oil were reduced significantly (p	≤	.05)	in	group	II	intoxicated	
with used engine oil. These results are in agreement with results 

F I G U R E  5  Photomicrograph	of	tilapia	trunk	kidney	in	different	experimental	groups	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.
com]

(A) (B)

(D) (E)

(C)
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reported	by	Kayode	Chidimma	and	Alwell	(2014).	A	crude	oil‐tainted	
diet stimulated lipid peroxidation and caused a decline in reduced 
glutathione levels, superoxide dismutase and catalase activities 
(Achuba, 2018). Alisi, Ojiako, Osuagwu, and Onyeze (2011) reported 
that oxidative stress is the primary mode of action of crude oil‐in‐
duced renal dysfunction. According to the obtained data, vitamin C 
could enhance the antioxidant capacity for kidney tissue through el‐
evation of SOD and GSH content. Dietary vitamin C is efficient in the 
reducing the crude oil effect. It is an effective antioxidant against 
restraint stress‐induced pro‐oxidant status and increases antioxidant 
enzyme	activity	(EL‐Gazzar	et	al.,	2014;	Narra,	Rajender,	Reddy,	Rao,	
& Begum, 2015; Dawood et al., 2016). Moreover, it was reported that 
high levels of vitamin C have been reported to be efficient in reduc‐
ing toxicity, preventing disease and enhancing fish tolerance to envi‐
ronmental stress (Abdel‐Tawwab, Shalaby, Ahmed, & Khattab, 2001). 
Our histopathological studies were very effective in detecting the 
harmful effect of the used engine oil on Nile tilapia fish. The TK of 
Nile tilapia is considered one of the excretory systems, which might 
be helpful in investigating the effect of the used engine oil. According 
to Silva and Martinez (2007), xenobiotic compounds can cause histo‐
pathological changes in Bowman's capsule as they pass with blood 
through the glomeruli for filtration. The cells of the renal tubules 

showed vacuolated, which cytoplasm agrees with Ebonwu and Ugwu 
(2016).Vacuolated cytoplasm may be due to glycolysis, which leads to 
microsomal and mitochondrial dysfunction explained by Ayoola 
(2011). Moreover, the TK tissue showed congestion similar to that 
described by Ayoola and Alajabo (2012). Our ultra‐structural results 
revealed degenerated mitochondria and cytoplasmic vacuoles in 
cells of renal tubules from group II. These results agree with those of 
Bravo, Medina, Marcano, Fino, and Boada‐Sucre (2005). Manrique et 
al.	 (2014)	mentioned	 that	MMCs	 are	 used	 as	 indicators	 for	 stress,	
aquatic pollution and chronic inflammation. Therefore, we studied 
MMCs in kidney tissue. In our study, we recorded a decrease in 
MMCs in group II, and these results were in accordance with those of 
Jovanović	 Whitley	 Kayoko	 Crumpton	 and	 Palić	 (2015).	 Danion	
Lamour Quentel Le Floch and Guyomarch (2011) mentioned that 
polyhydrocarbons from crude oil directly affect the immune perfor‐
mance of fish. In group III supplemented with vitamin C, there was an 
increase in MMCs, which play a role in the immune response. This 
finding was explained by Gammanpila Yakupitiy and Bart (2007), who 
found that vitamin C has a positive effect on immune performance. 
Moreover, Mela et al. (2007) suggested that an increase in MMC will 
lead to an increase in the phagocytic activities of the head kidney. 
The HK from group II showed cytoplasmic vacuolation in endocrine 

F I G U R E  6   Electron micrograph of 
tilapia renal tubules of the trunk kidney 
in	different	experimental	groups	[Colour	
figure can be viewed at wileyonlinelibrary.
com]

(A) (B)

(C) (D)
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cells surrounding the blood vessels, which is in accordance with re‐
sults reported by Silva and Martinez (2007).Moreover, there was de‐
generation in lymphoid tissue cells, and Mela et al. (2007) observed 
necrotic areas in HK of (Hoplias malabaricus). Fish live in polluted 
water, and their muscles are susceptible to pathological lesions; thus, 
they may be susceptible to infection by microorganisms leading to 
muscular degeneration (Saad, El‐Deeb, Tayel, Al‐Shehri, & Ahmed, 
2012).According to the present study, muscle fibres in group II 
showed shortening, necrosis, splitting and vacuolar degeneration. 
Mohamed and Gad (2008) detected the effect of different pesticides 
on Oreochromis niloticus, Ismail, El‐Shebly, El‐Berri, and El‐Morshedi 
(2009); Kaur, Khera, and Kondal (2018) reported the effect of heavy 
metals pollutants on the muscle fibres of different fish species. 
Henrique, Gomes, Gouillou‐Coustans, Oliva‐Teles, and Davies, 
(1998) mentioned that the addition of vitamin C is essential as it con‐
fers resistance to stress, and improves renal function and wound‐
healing. Moreover, National Research Council (NRC) (2011) reported 
that vitamin C is important in growth, collagen formation, iron me‐
tabolism and haematology, reproduction, response to stressors, 
wound healing and immune response. Also, Dawood, (2016) 

mentioned that most aquatic animals need vitamin C for their normal 
growth and physiological functions. In the present study, we re‐
corded improvement in group III in which vitamin C was supple‐
mented. This finding was explained by Sealey and Gatlin (2002) who 
reported the positive effects of vitamin C on protecting of tissue 
from oxidation and increasing the immune response. To verify the 
observed responses of kidney tissue following exposure to hydrocar‐
bons, we quantified the gene expression of CYP1A1 as a common 
biomarker of hydrocarbon exposure (Chen & Chan, 2018). Although 
the liver is considered the main organ for CYP1A1‐mediated bio‐
transformation in fishes (Chen & Chan, 2018), CYP1A1 induction has 
been measured in other tissues including the kidney. Notably the 
high induction of CYP1A1 in the fish kidney was reported in previous 
studies (Ardeshir, Zolgharnein, Movahedinia, Salamat, & Zabihi, 
2018), suggesting that the kidney may possibly be involved in con‐
taminant‐related induction of CYP1A1. The immunohistochemical 
localization of CYP1A1 in the fish kidney showed that the largest 
distribution of this enzyme is in the renal tubular epithelium (Ardeshir 
et al., 2018).The role of the kidney as an extra‐hepatic tissue in xeno‐
biotic metabolism might contribute to the biotransformation of 

F I G U R E  7  Photomicrograph	of	tilapia	skeletal	muscle	in	different	experimental	groups	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.
com]
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polycyclic aromatic hydrocarbons (Van Veld, Vogelbein, Cochran, 
Goksoyr, & Stegeman, 1997). Oil exposure strongly upregulated the 
expression of CYP1A1 in kidney tissue (Figure 9). This result is in ac‐
cordance with that reported by Wang et al. (2009). Crude petroleum 
oil has been reported as a mediator in oxidative stress (Achuba et al., 
2016).The use of antioxidants to ameliorate the deleterious effect of 
free radicals has been the subject of previous investigations (Morgan 

et al., 2018). Vitamin C is considered one of the essential nutrients 
required for growth and immunity in fish (Asaikkutti, Bhavan, Vimala, 
Karthik, & Cheruparambath, 2016; Xu et al., 2016). According to our 
data, vitamin C downregulates the expression level of the CYP1A1 
gene.

5  | CONCLUSION

Supplementation of vitamin C in the diet of Oreochrmis niloticus tended to 
stimulate antioxidant status and immunity, improves kidney function and 
ameliorates the histopathological alterations induced by the exposure of 
renal and muscle tissue of aquatic animals than the usage of engine oil.
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