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ABSTRACT
The purpose of the current study was to evaluate whether neem (Azadirachta indica) seeds oil (NO)
induced changes on some oxidative indicators and histopathological alterations in tissues of Oreochromis
niloticus fish and the possible protective effects of copper nicotinate (CN) and vitamin E on neem oil-induced
changes. Fish were divided into 8 groups and treated with NO alone or in combination with CN, vitamin E and
clean water. NO interfered with the antioxidant defense system of O. niloticus, as there was a decrease in GST,
CAT and SOD activities in all studied organs as compared to control group. These alterations in antioxidants
activities were accompanied with the occurrence of histological lesions and damage in gills, liver and posterior
kidney tissues. The addition of CN and Vitamin E in fish diets could protect the fish O. niloticus against NOinduced oxidative damage and histopathological changes showing recovery of fish organs. It was concluded
that although botanical pesticides are being considered as less toxic/safe, but it may provoke deleterious
changes in vital organs of the fish. Hence, precautions must be taken into account when botanicals are being
used in fish production facilities.
Keywords: Oreochromis niloticus, Neem seed oil, Oxidative stress, Histopathology changes, Copper nicotinate,
Vitamin E.
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INTRODUCTION
In view of the environmental problems caused by the use of synthetic pesticides and other chemicals
and the growing need for alternative methods of pest control that minimize this damage, also, to produce fish
free from any chemicals of public health hazards, there has been extensive research on pest control by
substances from plants as alternatives to synthetic chemical pesticides (Winkaler et al., 2007; Mousa et al.,
2008).
One of the most promising medicinal plants is Neem (Azadirachta indica A. Juss) having a wide
spectrum of biological activity (Mousa et al., 2008). Neem tree is a large evergreen tree with edible fruits and
aromatic leaves, found in most tropical countries (Talpur and Ikhwanuddin, 2013). Every part of neem tree
have been known to possess a wide range of pharmacological properties, especially as antibacterial,
antifungal, antiviral, antiulcer, antifeedant, repellent, pesticidal, molluscicidal, ecdysone inhibitor and sterilant
and is thus commercially exploitable (Biswas et al., 2002).
Neem has been used successfully in aquaculture systems to control fish predators (Dunkel and
Richards, 1998; Kumar et al. (2010). Martinez (2002) stated that aqueous extract of neem leaves and other
neem-based products have been extensively used in fish-farms as alternative for the control of fish parasites
and fish fry predators such as dragon-fly larvae. Although neem extract is considered target specific and of low
toxicity towards non-target aquatic life (Oti and Ukpabi, 2005), water extracts of the bark of the neem plant
caused respiratory problems in redbelly tilapia, Tilapia zilli (Gervais) (Omoregie and Okpanachi, 1997), while
long exposure to low concentrations of the crude extract of A. indica delayed the growth of this cichlid fish
(Omoregie and Okpanachi, 1992). Recently, it was observed that the neem-based pesticide, Achook, was toxic
to zebrafish (Ansari and Sharma 2009).
Exposure to xenobiotics (i.e. pesticides) or toxic chemical pollutants may produce an imbalance
between the endogenous and exogenous reactive oxygen species (ROS) and can subsequently induce a
decrease in antioxidant defenses or cause oxidative damage outright in organisms (Valavanidis et al., 2006;
Özkan et al., 2012). ROS induce damage on most biomolecules, namely lipids, proteins and DNA (Ballesteros et
al., 2009). Endogenous enzymatic and non-enzymatic antioxidants are essential for the conversion of ROS to
harmless metabolites as well as to protect and restore normal cellular metabolism and functions (Bebe and
Panemangalore, 2003). Defence systems that tend to inhibit ROS formation include the antioxidant enzymes
such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and glutathione-Stransferase (GST), in vivo could clear ROS, thereby preventing oxidative stress (Ahmad et al., 2000). Like other
organisms, fish combat elevated levels of ROS with protective ROS scavenging enzymes (Craig et al., 2007).
Thus, the induction of these enzymes is considered beneficial and provides useful indicator of exposure to
oxidative stress-inducing chemical contaminants in fish (van der Oost et al., 2003; Pereira et al., 2013).
From the last decade until now, little studies used chelating agents as copper nicotinate (CN) and
copper glycinate (CG) complexes on recovery of some diseases, which accompanied with severe propagation
of reactive oxygen species (ROS). Copper complex is antiapoptotic, control cellular differentiation and
proliferation, superoxide dismutase (SOD)-mimetic free radical scavengers (Al-Salahy, 2011). In mammals, it is
found that copper complexes were anti-inflammatory, healing promoter, analgesic, antipyretic,
radioprotectant, anticonvulsant, antiasthmatic, antimicrobial, anticancer, anti-carcinogenetic, angiogenic and
antimutagenic agents (Hu, 1998). It was found that the addition of copper nicotinate (CN) in fish diets could
improve the metabolic disturbances in Clarias gariepinus fish and protect the treated fish against mercuric
chloride-induced oxidative damage (Al-Salahy, 2011).
Vitamin E (α-tocopherol) is important for many physiological processes in animals. Vitamin E is a
natural biological antioxidant component of the membrane lipid bilayer (Kan et al., 2012) which prevents toxic
peroxides from accumulating and protects cells from damaging effects of free radicals generated following
pesticides exposure (Cengiz et al., 2012). Vitamin E also ensures the stability and integrity of biological
membranes (Méndez et al., 2002).
To the best of our knowledge, the literature on the toxic effects of neem seeds oil extract on fish is
scanty (Hassanein and Okail, 2008) and there is no existing report on its alterations on the organs and healthy
status of Nile tilapia (Oreochromis niloticus). We preferred to use O. niloticus fish as a test model species,
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mainly because tilapia is the most important aquaculture fish in Egypt (Abbas et al., 2007) and O. niloticus is
ecologically and commercially important and the most popularly delicacy relished consumed fish in Africa and
Egypt (Authman et al., 2012). Also, O. niloticus belongs to one of the most important groups of fish, being
recognized as good biological models, due to its easy handling, culture, and maintenance in the laboratory,
and for studying possible adaptations to pollutants in toxicological studies (Garcia- Santos et al., 2006; Cengiz
et al., 2012).
The aim of the present study was (a) to evaluate whether neem seeds oil induced changes on some
oxidative indicators (enzymatic [superoxide dismutase (SOD) and catalase (CAT)] and non-enzymatic (GSH)
antioxidants) and histopathological alterations in tissues of O. niloticus and (b) to investigate the possible
protective effects of copper nicotinate (CN) and vitamin E on neem oil-induced changes.
MATERIALS AND METHODS
Fish specimen collection and maintenance
Healthy fish Tilapia (Oreochromis niloticus) of both sexes were collected from the nursery ponds of ElJomoom Fish Farm, Jeddah, Kingdom of Saudi Arabia in month of June 2012. On arrival at the laboratory, the
fish was selected and the fishes with external abnormalities such as damaged fins and/or swelling body,
unnatural colors and wounded fish were avoided. Nile tilapia fish (O. niloticus) used in this study was with a
mean weight of 32.5±4.2 g and a mean length of 12.4±1.6 cm. The experimental fishes were reared in well
aerated; air compressor was used for oxygenation of water; four glasses tanks (50x85x70 cm) containing dechlorinated tap water and acclimatized for 7 days, before being used in the experimental study. Feeding was
done twice daily using commercial dry pelleted diet pellets of 2.5 mm at rate of 3% of the fish body weight.
Food ratio of dry weight composed of 60% protein, 18% fat, 6% carbohydrates and 11% ashes. The water in
aquaria was changed daily to avoid metabolite accumulations.
The water temperature and pH values were measured using Hanna Instrument HI 2210 Benchtop pH
meter W/Temperature compensation meter (USA), whereas dissolved oxygen (DO) concentrations were
measured using Portable oxygen meter (DO–980) (Henan Wheat Import And Export Co. Ltd, China). Detailed
routine water quality parameters monitored daily during the present study were as follows: dissolved oxygen
-1
°
concentrations ranged from 6.3 to 6.8 mg l , the ambient water temperature range was 21- 23 C and pH
range was (7.1- 7.4).
TEST CHEMICALS
Neem seed oil (NO)
Neem seed oil was purchased from Trifolio-m GmbH Company, Germany. The recorded LC50 of neem
oil for the tilapia was 1124.6 ppm (Jacobson, 1995). Therefore, the neem oil dose used in this experiment were
1/10 LC50 (112.5 ppm; i.e. 112.5 mg/l). Before use, the neem oil was emulsified by using emulsifier agent (SiSi6) and the emulsifiable concentrate was 50%.
Copper nicotinate (CN)
The copper (I)-Cl-(nicotinic acid)2 complex was prepared as described by Goher (1987). Copper
nicotinate (Cu-N complex) doses used in this experiment were: the low CN1 (15 mg/100 g wet food) and high
CN2 (25 mg/100 g wet food) doses were prepared by mixing CN with wet food.
Vitamin E
Vitamin E (α-tocopherol acetate) was supplied by Sigma-Aldrichs. In order to prepare the vitamin Esupplemented diet (α-tocopherol content 100mg/kg wet wt), the commercial pellet diet was milled by a feed
producer, the vitamin-E added and the diets repelletized in a pellet mill.
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Experimental design and treatments
The study was performed in duplicate to verify accurate results. Fish were randomly divided into eight
groups in eight glass aquaria (100 L each). Design of the experiment was conducted in table (1) as follows:
* Group I (n: 15), the control group, which had no exposure. This group was fed with control diet.
* Group II (n: 15), this group was treated with Neem oil (NO) (1/10 LC 50= 112.5 mg/l) for 3 weeks and then fish
were sacrificed and dissected. This group was fed with control diet.
* Group III (n: 15), following 3 weeks of normal ambient water exposure, this group was fed for 1 week only
with CN1 (15 mg/100gm wet food).
* Group IV (n: 15), following 3 weeks of normal ambient water exposure, this group was fed for 1 week only
with CN2 (25 mg/100gm wet food).
* Group V (n: 15), this group was treated with Neem oil (NO) (1/10 LC 50= 112.5 mg/l) for 3 weeks and then fed
for 1 week only with CN1 (15 mg/100gm wet food).
* Group VI (n: 15), this group was treated with Neem oil (NO) (1/10 LC50= 112.5 mg/l) for 3 weeks and then fed
for 1 week only with CN2 (25 mg/100gm wet food).
* Group VII (n: 15), this group was treated with Neem oil (NO) (1/10 LC 50= 112.5 mg/l) for 3 weeks and then
fed for 1 week only with vitamin E-supplemented diet (100 mg/kg wet food). Vitamin E was used as
standard antioxidant drug.
* Group VIII (n: 15), this group was treated with Neem oil (NO) (1/10 LC 50= 112.5 mg/l) for 3 weeks and then
followed by normal clean water for 1 week. This group was fed with control diet.
At the end of the experiment, from each treatment, 5 fish were taken, sacrificed and dissected. The
gills, liver, ovaries, posterior kidney and muscle (under the dorsal fin) were excised.
Oxidative stress parameters activities
For oxidative stress parameters activities analysis, parts of gill, liver, ovaries and muscle tissues were
immediately kept at –30 °C prior to analysis. At the beginning of each analysis, the samples were allowed to
equilibrate to room temperature and samples of each tissue for each treatment group were pooled. Known
weight of the each pooled tissue was homogenized in phosphate buffer (pH 7.4) using glass homogenizer. The
homogenates were then centrifuged at 5,000 rpm for 15 min to separate the homogenate and all samples
were aliquoted into Eppendorf tubes. All activities were measured spectrophotometrically by using 1203 UV,
Shimadzu, Japan) at 25 °C. Glutathione S-transferase (GST) activity was determined using 1-chloro-2, 4dinitrobenzene (CDNB) as substrate as described by Habig et al. (1974). Catalase (CAT) activities of tissues
were determined according to the method of Aebi (1974). The enzymatic decomposition of H 2O2 was followed
directly by the decrease in absorbance at 240 nm. The difference in absorbance per unit time was used as a
measure of CAT activity. Superoxide dismutase (SOD) activity was determined using the method of Nishikimi et
al. (1972).
Histopathological examinations
Parts of gills, liver and posterior kidney tissues were taken and preserved in 10% formalin for 24 h,
then washed with tap water and dehydrated by a series of upgraded ethanol solution (70%, 80%, 90%, 95%
and 100%), cleared in xylene, embedded in paraffin wax and sectioned at 5 µm thick. Tissue sections were
routinely processed and stained with Hematoxylin and Eosin (H&E) (Humason, 1979) and then examined
histopathologically by light microscopy according to Roberts (2012).
Semiquantitative scoring for histopathology
The histopathological lesions in the tissues were examined in the randomly selected five sections
from each fish and 5 fish from each group per replicate. Histopathological alterations were assessed using a
score ranging from –ve to + + + depending on the degree and extent of the alteration: (-ve) none, (+) mild
occurrence, (+ +) moderate occurrence, (+ + +) severe occurrence (Bernet et al., 1999).
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Statistical analysis
All statistical calculations were estimated using the Microsoft Excel 2010 computer program.
RESULTS
Oxidative stress parameters activities
Table (2) shows a marked inhibition in GST, CAT and SOD antioxidants activities in studied organs of
NO-treated fish than in the controls. GST activity was deleted in muscle (13.35%), liver (24.11%), ovary
(25.10%) and gills (25.35%) in NO-treated fish. The highest activity of GST was in liver (12.980 U/g) in nontreated fish probably due to its characteristic powerful antioxidant system when comparing with other organs.
GST was not higher over the controls in fish exposed to CN1 but it slightly increased in liver, ovary and muscle
of fish exposed to CN2. CAT activity decreased in liver (30.51%), ovary (36.72%), gills (69.90%) and muscle
(71.89%) in NO-treated fish. CAT was not higher over the controls in fish exposed to CN1 but it increased in
liver of fish exposed to CN2. SOD activity dropped in ovary (12.92%), gills (22.68%), liver (30.69%) and muscle
(51.30%) in NO-treated fish. SOD activity was not higher over the controls in ovary and muscle but it increased
in gills and liver of fish exposed to both CN1 and CN2.
Among the therapeutic treatment groups of CN1, CN2, vitamin E and normal clean water on NOtreated fish, it showed that CN2 and vitamin E were the most restoring and enhancing effect against neem
seed oil toxicity in gills, liver, ovary and muscle. The result shows that CN1 (15 mg/100 g wet food) has failed to
normalize activities of GST in all studied tissues and CAT in gills and muscle of NO-treated fish. However, the
CN2 (25 mg/100 g wet food) restored and enhanced the activities of GST and CAT in liver, ovary and muscle of
NO-treated fish, while gills showed some recovery. Vitamin E, which used in this experiment as standard
antioxidant, restored and enhanced the activities of GST in liver, ovary and muscle and CAT in liver and ovary
of NO-treated fish, while GST in gills and CAT in gills and muscle showed some recovery. In addition, the result
shows that CN1 (15 mg/100 g wet food) has failed to normalize activities of SOD in gills and muscle of NOtreated fish. The CN2 (25 mg/100 g wet food) and Vitamin E restored and enhanced the activities of SOD in all
studied tissues.
Histopathological findings
The histological alterations found in the organs of O. niloticus fish in different experimental groups are
detailed in table (3) and figures (1-3). In the present study, the histopathological examination showed marked
deterioration in case of NO-treated fish organs than in the controls, on the other hand mild deteriorations than
in the controls were observed in NO plus CN2 as well as NO plus vitamin E, while in the other groups the
histopthological alterations were moderate in comparison.
At the end of recovery period (1 week in clean water), an improvement in the oxidative stress
parameters and histopathological changes could be observed. However, the fish did not show complete
recovery
DISCUSSION
Many studies have indicated that extracts of neem plant may possess significant antioxidant
properties that can boost the blood antioxidant status (Arivazhagan et al., 2004) and significantly protect the
animals against oxidative stress (Gupta et al., 2004). In fish, antioxidant enzymes have been shown to be either
induced or inhibited by pollutants, depending on the dose, the species and/or the route of exposure (Sanchez
et al., 2005).
Glutathione S-transferase (GST) plays a key role in protecting tissues from oxidative stress (Zhang et
al., 2004; Al-Salahy, 2011). The present study have shown that NO decreased GST activity in all studied organs.
The inhibition of GST activity in organs of NO-treated O. niloticus fish may reflect impairment in the detoxifying
capacity of the fish at levels above the used LC 50 (Winkaler et al., 2007). Similarly, Farombi et al. (2007) found a
significant decrease in GST activity in the gills of C. gariepinus in response to pollution with heavy metals. GST
activity was inhibited in gills, liver, intestine and muscle of J.
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multidentata fish exposed to endosulfan (Ballesteros et al., 2009). Al-Salahy (2011) observed a
significant decrease in GST activity in organs of C. gariepinus fish, exposed to mercuric chloride. On the other
hand, conversely, the present results disagree with those of Winkaler et al. (2007) who reported activation in
−1
hepatic GST activity of P. lineatus fish, following the exposure to 5.0 gL of neem leaf extract. The inhibition of
GST could be explained by different hypothesis. First biotransformation steps by cytochrome P450 enzymes
may produce a cocktail of different metabolites, competing with GST substrates for the active sites on the GST
enzyme. Second lower levels caused by a decrease in the synthesis of GST proteins at molecular levels
(Ballesteros et al., 2009).
Catalase (CAT) counteracts the toxicity of reactive oxygen species (ROS) and facilitates the removal of
hydrogen peroxide (H2O2) which is metabolized to molecular oxygen (O2) and water (Van der Oost et al. 2003;
Zhang et al., 2004). The present study showed obvious drop of CAT activity in gills, liver, ovary and muscle,
with highest decrease in gills and muscle in fish treated with NO. This drop may attribute to the excessive
production of H2O2 in response to toxicity of NO, which probably leading to the consumption of CAT enzyme in
these organs. In addition, the decreased CAT activity may be due to the flux of superoxide radicals, due to the
oxidative stress caused by pollutants exposure, which have been shown to inhibit CAT activity (Stanic et al.
2006). Our present results are in good agreement with those found by Sayeed et al. (2003), reporting that, the
exposure of C. punctatus to Deltamethrin produced a significant decrease in CAT activity in the liver, kidney
and gill tissues. Also, Winkaler et al. (2007) demonstrated significant reduction in hepatic CAT activity of P.
lineatus fish, following the exposure to different concentrations of neem leaf extract, which is likely to affect
the capacity of liver cells to defend themselves and respond to contaminant-induced oxidative stress. The
activity of CAT was significantly decreased in the liver of J. multidentata exposed to endosulfan (Ballesteros et
al., 2009). In addition, Al-Salahy (2011) observed a significant decrease in CAT activity in organs of C. gariepinus
fish, exposed to mercuric chloride. Xing et al. (2012) showed that the activity of CAT was reduced in the brain
and kidney of common carp after exposure to atrazine and chlorpyrifos pesticides.
Superoxide dismutase (SOD) catalyzes the transformation of superoxide radicals, as soon as liberated,
to H2O2 and O2, and is the first enzyme to deal with oxyradicals (Zhang et al., 2004). In this study, the
decreasing effect of NO on SOD activity in gills, liver, ovary and muscle accompanied with significant decrease
in CAT activity may reflect excessive production of ROS in response to NO dose in the fish. CAT and SOD
enzymes have related functions. SOD catalyzes the dismutation of the superoxide anion radical to H 2O and
H2O2, which is detoxified by CAT activities (Özkan et al., 2012). Similarly, to our study, Thomaz et al. (2009)
reported that SOD activity was decreased in liver of O. niloticus exposed to the insecticide trichlorfon. AlSalahy (2011) observed a significant decrease in SOD activity in organs of C. gariepinus fish, exposed to
mercuric chloride. SOD activity was reduced in the brain and kidney of common carp after exposure to atrazine
and chlorpyrifos (Xing et al., 2012). In addition, SOD activity was decreased in liver of O. niloticus fish after
exposure to chlorpyrifos concentrations (Özkan et al., 2012).
Many studies were conducted to test many antioxidants to protect fish against different pollutants by
either dissolving it in water or in food supplementation (Al-Salahy, 2011). Our present study showed that all
oxidative perturbations appeared in gills, liver, ovary and muscle were either abolished or attenuated in fish
treated with NO for 21 days followed by treatment with CN and vitamin E for 7 days. The increased levels of
studied antioxidants activities in the treatment groups might have occurred due to trigger of antioxidants by
CN and vitamin E and resulted in lower oxidative stress in the treated groups. This result may be attributed to
scavenging free radical effect of CN and vitamin E, increasing endogenous antioxidants, healing of gill lamellae
through enhancing angiogenesis, allowing to normal osmoregulation and respiration and consequently
prevent tissue anoxia. This interpretation is based on the findings of Sorenson (1989), Salama et al. (2007) and
Al-Salahy (2011). The efficacy of CN to counteract oxidative damaging effect of NO observed in the present
work was near to that of vitamin E that used in the same circumstance. Similarly, Al-Salahy (2011) found that
the addition of CN and vitamin E to diet decreased the oxidative stress in organs of C. gariepinus exposed to
mercuric chloride. Cengiz et al. (2012) demonstrated that administration of vitamin E decreases the
peroxidation of unsaturated fatty acids and protects the cell membranes in gill and liver tissues of O. niloticus
exposed to deltamethrin. The addition of vitamin E to diet decreased the frequencies of micronucleus in
peripheral erythrocytes of O. niloticus exposed to deltamethrin (Kan et al., 2012).
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Histopathological investigations can be used as sensitive biomonitoring tools for health in toxicity
studies to detect direct effects of chemical compounds within target organs of fish in laboratory experiments,
particularly for sub lethal and chronic effects (Bernet et al., 1999; Authman et al., 2012, 2013).
The liver is the primary organ for metabolism, detoxification of xenobiotics and excretion of harmful
substances (Van der Oost et al., 2003). It is also one of the organs most affected by contaminants in the water
(Camargo and Martinez, 2007). In present study, hepatocytic vacoulation was noticed in all groups in variable
degrees of intensity even in the control group with minimal pathological alterations in case of NO plus vitamin
E then with NO plus CN2, respectively. Vacoulation may be due to glycogen storage in hepatocytes or due to
hydropic degeneration due to chemical contamination. These histopathologies are consistent with those
reported by other workers. Liver of C. idellus exposed to fenvalerate expressed degeneration of hepatocytes,
necrosis and disappearance of hepatocyte wall (Tilak et al., 2001). Hyperplasia, disintegration of hepatic mass,
focal coagulative and necrosis were seen in liver of L. rohita exposed to cypermethrin (Sarkar et al., 2005).
Moderate fatty vacuolation of the hepatocytes in monosex Nile tilapia exposed to deltamethrin was observed
by El-Sayed and Saad (2008). Hypertrophy of hepatocytes, vacuolar degeneration, fatty degeneration, nuclear
pycnosis, focal necrosis and cells which have double nucleus were observed in the liver of O. niloticus exposed
to deltamethrin (Kan et al., 2012).
Table 1: Design of fish groups with different treatments of the experiment.
Fish
groups
I
II
III
IV
V
VI
VII
VIII

Fish exposed to
contaminated
water with NO (112.5 ppm)

Without contaminated water with NO ppm
Fish fed food contained CN
Fish fed food contained vit.
E (100 mg/kg wet wt)
CN1 (15 mg/100g)
CN2 (25 mg/100g)

Fish exposed to normal water
For the 4 weeks

For the first 3 weeks
For the fourth week only

For the first 3 weeks
For the first 3 weeks

For the fourth week only
For the first 3 weeks
For the fourth week only
For the first 3 weeks
For the first 3 weeks
For the first 3 weeks
CN= copper nicotinate, NO= neem oil, vit. E= vitamin E.

For the fourth week only
For the fourth week only
For the fourth week only

SOD

CAT

GST

Table 2: Effect of neem seed oil (NO), copper nicotinate (CN1), copper nicotinate (CN2), NO plus CN1, NO plus CN2, NO plus vitamin E
(vit. E) and NO plus normal clean water (W) on glutathione S-transferase (GST) (U/g tissue), catalase (CAT) (U/g tissue) and superoxide
dismutase (SOD) (U/g tissue) of gills, liver, ovaries and muscle in O. niloticus.
Tissue
Gills
liver
Ovary
Muscle
Gills
liver
Ovary
Muscle
Gills
liver
Ovary
Muscle

Control
2.130
12.980
0.478
0.427
742.9
1960.0
298.2
776.5
194
189
178
230

NO
1.590
9.850
0.358
0.370
223.6
1362.0
188.7
218.3
150
131
155
112

CN1
1.970
11.240
0.364
0.424
385.9
1857.0
241.9
463.9
232.0
208.0
162.0
216.2

CN2
2.070
13.140
0.503
0.554
437.6
2847.0
283.3
511.7
210
291
174
225

NO + CN1
1.950
12.640
0. 425
0.346
558.0
3632.0
306.0
632.5
186
242
186
209

NO + CN2
2.090
16.740
0.496
0.567
731.0
4864.0
376.7
808.0
271
302
202
244

NO + vit. E
2.040
14.280
0.478
1.056
714
4178
359
747
208
292
199
231

NO + W
1.690
12.640
0.447
0.432
673.0
4106.0
261.0
385.9
196
177
171
166

The kidney is a vital organ of body and proper kidney function is to maintain the homeostasis. Fish
kidney receives the major part of the blood coming from the gill and is one of the first organs to be affected by
contaminants in the water (Mekkawy et al., 2013). In the present study, it is apparent that in all fish groups
treated with neem oil, the posterior kidney was severely affected by degenerative and necrotic changes than
the control group, with minimal pathological alterations in case of NO plus vitamin E then with NO plus CN2,
respectively. Usually, the alterations in the posterior kidney of fish exposed to water contamination
correspond to changes in tubules, such as granular and hyaline degeneration and changes in the corpuscle,
such as dilatation of capillaries in the glomerulus and reduction of Bowman's space (Takashima and Hibiya,
1995). Many of these alterations are among the ones observed in the posterior kidney of O. niloticus exposed
to neem seed oil. The present results are in agreement with those observed in P. lineatus exposed to neem
leaf extract (Winkaler et al., 2007) which include glomerular expansion, resulting in reduction of Bowman's
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space, cytoplasmic vacuolation, granular degeneration and narrowing of tubular lumen. In addition, kidney
alterations were observed in L. rohita exposed to hexachlorocyclohexane (Das and Mukherjee, 2000).
Velmurugan et al. (2007) recorded sever changes in the kidney tissues of C. mrigala exposed to lambdacyhalothrin. While, Benli et al. (2008) reported displayed glomerulonephritis and hyperemia in the kidney of O.
niloticus exposed to ammonia. The kidney of common carp exposed to atrazine and chlorpyrifos displayed
different degrees of cloudy swelling of epithelial cells of renal tubules, necrosis in the tubular epithelium,
contraction of the glomerulus and expansion of Bowman’s space (Xing et al., 2012).
Table 3: Histolopathological alterations found in the liver (heptopancreas), posterior kidney and gills of O. niloticus fish in different
experimental groups and their respective degrees of damage to the tissue.
Group

Infiltrations

Degree

Necrosis

Degree

Detected Lesions
Proliferative Changes

Degree

Degenerative
Changes

Degree

Degree

Circulatory
Disturbances
Group I (Control)
Heptopancreas

-ve

(D) V

+*

-ve

-ve

-ve

Posterior kidney

-ve

(F) V

+

-ve

-ve

-ve

Gills

-ve

S

+

-ve

-ve

-ve
+++

-ve

+++

MMCs

++

Group II (NO)
Heptopancreas

C; H

+

(D) V

+++

-ve

Posterior kidney

C; H

++

(D) V

+++

-ve

Gills

C

++

(D) S

++

-ve

(D) Nec.
(M) Nec.Pan.Acin..
(D) Tub.Nec.
(F) Tub.Cast.
-ve

Heptopancreas

C

++

(D) V

++

-ve

(D) Nec.

Posterior kidney

-ve

(M) V

+

-ve

-ve

Gills

C

++

S

+

(D) Hyperp.

Heptopancreas

C

++

(D) V

+++

Posterior kidney

C

+

(M) V

++

Gills

C

++

S

++

(D) Hyperp.; clubbing.

Heptopancreas

C; H

+

(D) V

+++

-ve

Posterior kidney
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+
+
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+
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++
+
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+
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Group IV (CN2)

-ve
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+

-ve

Group VI (NO + CN2)

++

+

-ve

Group VII (NO + vit. E)
+

-ve

Group VIII (NO + W)

-ve

*Score value: -ve = none, + = mild, ++ = moderate, +++ = severe; (D) Diffuse, (M) Multifocal, (F) Focal, C Congestion. [H] Heamorrhages, [S]
Separation in-between the epithelial cell lining of the secondary gill lamellae and the underlying capillary bed, [V] vacuolar degeneration,
[N] necrosis, [MMCs] activation of melanomacrophage centers, [Tub.Nec.] tubular necrosis, [Dep.H.T.] Depletion of heamopoeitic tissue,
[Hyperp.] hyperplasia of the epithelial lining at the base of the secondary gill lamellae, [Spongiosis] necrotic changes in-between the
proliferated malpighian cells, [Hyal.] hyaline droplet deposition, [Tub.Cast.] tubular casts, [Pan.Acin.] pancreatic acinai.
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Fig. (1): Hepatopancreas (liver) of O. niloticus, (H&E), bar = 50 µm. (a) Group I (control), showing diffuse small intracytoplasmic vacuoles
may be due to glycogen deposition. (b) Group II, showing diffuse vacuolar degeneration and hepatocytic necrosis. (c) Group III, showing
congestion of main blood vessels and sinusoidal spaces with diffuse vacuolar degeneration associated with focal activation of
melanomacrophage centers near main blood vessels. (d) Group IV, showing congestion of main blood vessels and sinusoidal spaces and
diffuse vacuolar degeneration and hepatocytic necrosis. (e) Group V, showing congestion of main blood vessels, diffuse vacuolar
degeneration and diffuse hepatocytic necrosis. (f) Group VI, showing congestion of main blood vessels and sinusoidal spaces and diffuse
vacuolar degeneration. (g) Group VII, showing congestion of main blood vessels and sinusoidal spaces and diffuse vacuolar degeneration.
(h) Group VIII, showing congestion of sinusoidal spaces and diffuse vacuolar degeneration and hepatocytic necrosis.

Fig. (2): Posterior kidney of O. niloticus, (H&E), bar = 50 µm. (a) Group I (control), showing some separation of tubular epithelium from
basement membranes. (b) Group II, showing vacuolation of tubular epithelial cells and tubular cast formation. (c) Group III, vacuolation of
tubular epithelial cells and tubular cast formation. (d) Group IV, showing multifocal vacuolation of tubular epithelial cells with some
discrete tubular necrosis. (e) Group V, showing diffuse vacuolation of tubular epithelial cells and diffuse tubular necrosis leaving empty
spaces. (f) Group VI, showing multifocal vacuolation of tubular epithelial cells and multifocal tubular necrosis. (g) Group VII, showing
multifocal vacuolation of tubular epithelial cells. (h) Group VIII, showing multifocal vacuolation of tubular epithelial cells and multifocal
tubular necrosis.
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Fig. (3): Gills of O. niloticus, (H&E), bar = 50 µm. (a) Group I (control), showing mild separation in-between the epithelial cell lining of the
secondary gill lamellae and the underlying capillary bed. (b) Group II, showing diffuse separation in-between the epithelial cell lining of the
secondary gill lamellae and the underlying capillary bed. (c) Group III, showing separation in-between the epithelial cell lining of the
secondary gillamellae and the underlying capillary bed with hyperplasia and necrosis of malpighian cells. (d) Group IV, showing separation
in-between the epithelial cell lining of the secondary gill lamellae and the underlying capillary bed with hyperplasia and necrosis of
malpighian cells (Spongiosis). (e) Group V, showing congestion of the main lamellar blood vessels with diffuse separation in-between the
epithelial cell lining of the secondary gill lamellae and the underlying capillary bed and diffuse hyperplasia of malpighian cells associated
with lamellar clubbing. (f) Group VI, showing diffuse separation in-between the epithelial cell lining of the secondary gill lamellae and the
underlying capillary bed. (g) Group VII, showing mild separation in-between the epithelial cell lining of the secondary gill lamellae and the
underlying capillary bed. (h) Group VIII, showing congestion of the main lamellar blood vessels with mild separation in-between the
epithelial cell lining of the secondary gill lamellae and the underlying capillary bed.

Fish gills are multifunctional organs involved in respiration, ion transport, acid–base balance and
excretion of nitrogenous wastes in fish. They represent the greatest area in close contact with the external
environment, and particularly sensitive to changes in the quality of the water, so they are considered the
primary target of the contaminants (Heath, 1995; Fernandes and Mazon, 2003). In this study, the gills showed
marked signs of degeneration and hyperplasia than in the control group; this may be attributed to the contact
irritation of neem oil to the gills leading to epithelial necrosis. These alterations were minimal in case of NO
plus vitamin E. Gill hyperplasia has been suggested as a defensive mechanism resulting into a decrease in the
respiratory surface and increase the distance between external environment and the blood, thus forming a
barrier to the entrance of contaminants (Mallatt, 1985; Cengiz, 2006). Camargo and Martinez (2007) have
opined that as a consequence of the increased distance between water and blood caused by epithelial lifting
the oxygen uptake is impaired. The lesions observed in present study may result in decreased oxygen-uptake
capacity of the gill making the fish exposed to neem less able to get adequate oxygen for its total metabolic
activity. In this case a subsequent internal hypoxia would be expected to occur (Winkaler et al., 2007).
Alterations in NO-exposed O. niloticus gills were similar to that noticed in gills of P. lineatus, exposed to neem
leaf extract by Winkaler et al. (2007) which include hyperplasia, hpithelial lifting, fusion, lamellar aneurism and
rupture of the lamellar epithelium. The common gill alterations observed in H. fossilis fish exposed to purified
neem extract azadirachtin were over-secretion of mucous, hyperplasia and fusion of gill lamellae, epithelial
uplifting and necrosis of gill epithelial cells (Kumar et al., 2010). Epithelial hypertrophy, lifting of epithelia,
hypertrophy of mucus cells, mucus accumulation in seconder lamella, and fusion of secondary lamellae were
noted in the gills of O. niloticus exposed to deltamethrin pesticide (Kan et al., 2012).
All treated groups except control showed marked activation of melano macrophage centers (MMCs)
with exaggerated activation in case of neem oil treated groups, this may be indicative to exposure to water
chemical pollutant (Agius and Roberts, 2003).
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In comparison with the obtained results of the oxidative stress parameters activities, with the
histopathological picture, it can be concluded that the pathological picture is exponentially related to the
severity of the chemical oxidative stress, with minimal total pathology in case of using vitamin E then CN2,
respectively as antioxidants.
CONCLUSION
The current study indicated that NO had adverse effects on O. niloticus fish probably due to its
enhancing effect on ROS production and inducing histopathological alterations in fish organs. On the other
hand, it was observed that the addition of CN and vitamin E in fish diets repaired these effects and improved
the histopathological changes induced by NO in some degree. It can be concluded that CN and vitamin E, as
antioxidants, have protective effects against NO adverse effects by inactivating (scavenging) free radicals
generated following exposure and supplementation of CN and vitamin E might be beneficial for fish
populations exposed to NO. Finally, precautions must be taken into account when botanicals are being used in
fish production facilities, and extensive investigations should be established for the suitable methods of
application to be fully explored in future. Also, Environmental managers and government authorities
concerned with water quality standards should develop water quality criteria to regulate the use of these plant
extracts in the aquatic environment.
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