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ABSTRACT
Background and Aim: The present study aims to evaluate the ameliorative effect of mor-
inga extract and Vitamin E alone or their combination against Zinc Oxide (ZnO) Nanoparticles 
(NPs)-induced nephrotoxicity in rats. Methods: Eighty Male albino rats divided into eight 
groups. The 1st group (control) received distilled water. The 2rd group received Moring extract. 
The 3rd group was treated with Vitamin E. 4th group was administered ZnO Nps and group 
5 received ZnO Nps in combination with Moringa extract. 6 received ZnO Nps in combina-
tion of Vitamin E. 7th group was administered ZnO Nps, moringa extract and Vitamin E. The 
8th group was given ZnO Nps and Silymarin. After 45 days, blood and specimens were col-
lected and renal function test parameters [urea, creatinine, uric acid and Blood Urea Nitro-
gen (BUN)] and lipid profile parameters were measured. Results: The results showed that 
administration of ZnO Nps caused undesirable effects on studied biochemical parameters. 
The moringa and Vitamin E administration for 30 days subsequent to ZnO Nps exposure 
yielded significant ameliorative effects (decreased levels of renal function test parameters 
and lipid profile) on nearly all studied parameters and such effect found compatible with the 
effect caused by silymarin as a nephroprotective drug. Conclusion: The moringa extract in 
combination with Vitamin E had a significant ameliorative action on ZnO NPs induced oxida-
tive damage and toxicity in rats. ZnO (NPs) increased urea, uric acid and creatinine, BUN, as 
well as decreased the lipid profile parameters. Hepatic and renal protection was maximum 
in the combined treatment of moringa extract in combination with Vitamin E than the mor-
inga extract or Vitamin E alone in the ZnO NPs intoxicated rats. 
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INTRODUCTION
Nanotechnology is production of new materials, in-
struments and systems and taking their control in 
molecular and atomic level.[1] The rapid growth of 
the nanotechnology industry has led to wide-scale 
production and application of engineered Nanopar-
ticles (NPs). NPs are not only used in industry and 
medicine but are also increasingly used in various 
consumer products such as cosmetics, sunscreens 
and food products.[2] Furthermore, Zinc Oxide 
(ZnO) is generally considered to be a material with 
low toxicity, because Zinc (Zn) is an essential trace 
element in the human body and is commonly pres-
ent in foods added as a nutritional supplement, so Zn 
attracts little attention during assessment of toxicity 
of NPs.[3] ZnO is slightly soluble and can release Zn2+ 
ions in solution. Some researchers considered that 
dissolved Zn ions in the toxicity of ZnO NPs played 
an important role[4] inferred that toxic effects of ZnO 
NPs on cells may be attributed to the dissolution of 
Zn2+ ions.
Vitamins are ideal antioxidants to increase tissue 
protection from oxidative stress due to their easy, 
effective and safe dietary administration in a large 

range of concentrations.[5] One of the best vital Vi-
tamins for the body is Vitamin E. In nature, Vita-
min E includes eight natural fat-soluble compounds, 
including 4 tocopherols and 4 tocotrienols.[6] Mo-
ringa oleifera (M.O.) leaves is one of the herbal 
plants with a wide range of medicinal applicability.
[7] Moringa is an important tropical crop that is used 
as human food, medicine.[8] The leaves are a source 
of protein, β-carotene, Vitamins (A, B, C, E, ribo-
flavin), nicotinic acid, folic acid, pyridoxine, amino 
acids, minerals, various phenolic,[9] with a known 
powerful antioxidant property.[10] There are multi-
tudes of reports available on the protective effects of 
M.O. extract, Vitamin E individually against various 
xenobiotics induced oxidative stress in experimental 
animals. Still to date the reports are scanty regarding 
the combined alleviated efficacy of M.O. extract in 
mixture with Vitamin E on ZnO NPs induced toxic-
ity in rats. As well as there are some controversies 
over the combined administration of M.O. extract in 
combination with Vitamin E. In view of the above 
considerations, the present study was designed to 
evaluate the protective efficacy of M.O. extract in 
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combination with Vitamin E on ZnO NPs induced toxicity and oxidative 
damages in the liver of rats.

MATERIALS AND METHODS
Drugs
Zinc oxide NPs
Nanomaterials or nanostructures synthesized by a variety of techniques 
such as spray pyrolysis, thermal decomposition; molecular beam epitaxy, 
chemical vapor deposition and laser ablation purchased from sigma –Al-
drich (St. Louis MO, USA). The drug was given orally in a does level of 
(7.5mg/kg, b.wt) was selected on the basis of literature.[11]

Vitamin E
It purchased from the local pharmacy. PHARCO Company manufac-
tures it. Each 8 tablets were then dissolved in 100 ml twin 80 then the 
drug was given orally in a dose level of (100mg/kg b.wt) was selected on 
the basis of literature.[12]

Silymarin Preparation
Silymarin obtained from “Sedeco Pharmaceutical Co-6-october city. 
Egypt” silymarin was liquefied in distilled water and then gave by oral 
gavage at dose (150 mg/kg) (each 1 ml contains 5.6 mg of silymarin).[13] 

Plant Extract: Moringa Extract
M.O. collected from the pharmacognosy experimental farm- Pharmacy 
College-Zagazig University (5kg.) extracted by maceration in room tem-
perature -3 times each times 24 hr by 70% ethanol. The total extract was 
concentrated under reduce pressure. Out of the total extract (250g), 36g 
was dissolved in 900 ml of distilled water and the extract was given orally 
in a dose level of (150mg/kg b. wt.) as reported earlier.[14]

Experimental Animals
The present study carried out at Zoology Department, Faculty of Sci-
ence-Zagazig University, using (90) ninety clinically healthy mature 
adult male albino rats (Rattus norvegicus).The animals obtained from 
the Animal House of Faculty of Veterinary Medicine, Zagazig University, 
Their weights ranged from 200-250g each. The animals housed in stan-
dard conditions, where the animals housed in metal cages, bedded with 
wood shavings and kept under standard laboratory conditions of aera-
tion and room temperature at about 25°C. The animals allowed to free 
access of standard diet and water ad libitum. The animals accommodated 
to the laboratory conditions for two weeks before being experimented.
Experimental Design: The study was performed on 90 mature male rats 
(Rattus norvegicus), divided into 9 main groups; each group was con-
sisted of 10 rats.

Treatment Schedule
I) The 1st Normal control group: Served as control group in which rats 
received distilled water for (45days).
II) The 2nd M.O. extract treated group: Rats treated orally with aqueous 
suspension of M.O. extract in a dose of (150mg/kg. bw) daily for succes-
sive (30 days) using metallic stomach tube.
III) The 3rd Vitamin E treated group: Rats were treated orally with Vita-
min E at a dose of (100mg/kg. b.wt) daily for successive (30 days) using 
metallic stomach tube.
IV) The 4th ZnO NPs treated group: Rats were orally administered with 
aqueous suspension ZnO NPs in a dose of (7.5mg/kg. b.wt) daily for suc-
cessive 15 days using metallic stomach tube.
V) The 5th ZnO NPs plus M.O. extract treated group: Rats were orally 
administered with aqueous suspension ZnO NPs in a dose of (7.5mg/kg. 

b.wt) daily for successive 15 days then administered with aqueous M.O. 
extract in a dose of (150mg/kg. b.wt) daily for successive 30 days using 
metallic stomach tube.
VI) The 6th ZnO NPs plus Vitamin E treated group: Rats were orally 
administered with aqueous suspension ZnO NPs in a dose of (7.5mg/
kg. b.wt) daily for successive 15 days then administered with Vitamin E 
in a dose of (100mg/kg. b.wt) daily for successive 30 days using metallic 
stomach tube.
VII) The 7th ZnO NPs plus M.O. extract and Vitamin E treated group: 
Rats were orally administered with ZnO NPs for 15 days then treated 
with aqueous suspension of M.O. extract and Vitamin E daily for suc-
cessive 30 days.
VIII) The 8th ZnO NPs plus Silymarin treated group: Rats were orally 
administered for ZnO NPs in a dose of (7.5mg/kg. b.wt) for 15 days then 
treated with silymarin for 30 days.

Blood Sampling
Blood samples were collected at the end of the experiment (45 successive 
days) from the retro-orbital vein, which allows bleeding of the animal 
with minimal stress.[15]

After the last administration of the drug at the end of the experiment, 
individual blood samples were drawn by orbital puncture (from eye 
plexus) using microhematocrit capillary tubes (Lancer, Athy, County-
Kildare, Republic of Ireland). Serum extracted from blood without 
EDTA and then serum samples were transferred into Eppendorf tubes 
and subsequently used for renal function tests and lipid profile.

Determination of Serum Urea Concentration
Serum urea was determined calorimetrically using Diamond kit.[16]

Determination of Serum Creatinine Concentration
Creatinine in alkaline solution reacts with Picrate to form colored com-
plex.[17]

Determination of Serum Uric Acid Concentration
Serum uric was determined enzymatically using Biocon kit[18] enzymatic 
determination of uric acid was performed according to the following re-
action.

Determination of Serum Blood Urea Nitrogen
Blood urea nitrogen was determined in serum by modified urease-ber-
thelot method, using biodiagnostic kit, according to Fawcett and Soctt.[19]

Lipid Profile Parameters
Determination of Serum Triglycerides Concentration
Serum triglycerides were determined using Biocon kit (enzymatic colo-
rimetric determination), according to Fossati and Prencipe.[20]

Determination of Serum Total Cholesterol Concentration
Serum cholesterol was determined using Bicon Kit.[21]

Determination of Serum Total Lipid: Serum total lipids were deter-
mined using using Bicon Kit.[22]

Statistical Analysis of Data
Data were collected, arranged and reported as mean ± standard error of 
mean (S.E.M) of nine groups (each group was considered as one experi-
mental unit), summarized and then analyzed using the computer pro-
gram SPSS/ version 15.0). The statistical method was one way Analysis 
of Variance ANOVA test (F-test) and if significant differences between 
means were found, Duncan’s multiple range test whose significant level 
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was defined as (P<0.05) was used according to Snedecor and Cochran[23] 

to estimate the effect of different treated groups. 

RESULTS
Effect of ZnO Nanoparticles (7.5mg/kg), Moringa 
(150mg/kg), Vitamin E (100mg/kg) and their 
Combinations on Kidney Functions
(a) Effect of ZnO NPs, Moringa, Vitamin E and their combinations 
on Creatinine:
Table 1 showed that ZnO NPs treated group afforded highly significant 
increase in creatinine level as compared with normal control group. 
Meanwhile, ZnO NPs plus vitE and ZnO NPs plus sylimarin treated 
groups elucidates significant decrease in creatinine level as compared 
with ZnO NPs treated group only while they also afforded significant in-
crease in creatinine level as compared with normal control group, but the 
effect was much less intense as compared with ZnO NPs treated group. 
At the same time, ZnO (NPs) plus M.O. and Vitamin E treated group 
and ZnO NPs plus M.O. treated groups elucidate significant decrease in 
creatinine level as compared with normal control groups and ZnO (NPs) 
plus M.O. and Vitamin E treated group showed the best safer treatment.
(b) Effect of ZnO NPs, Moringa, Vitamin E and their combinations 
on serum uric acid:
ZnO NPs treated group elucidate a significant increase in uric acid level 
as compared with normal control group, Meanwhile ZnO NPs plus mo-
ringa, ZnO NPs plus Vitamin E, ZnO NPs plus moringa and Vitamin E 
and ZnO NPs plus sylimarin treated groups afforded decrease in uric 
acid level as compared with ZnO NPs treated group, meanwhile they in-
duced increase in uric acid level as compared with normal control group, 
but ZnO NPs plus M.O. show the best ameliorative effect as shown in 
Table 1.
(c) Effect of ZnO NPs, Moringa, Vitamin E and their combinations on 
serum Urea level:
Treatment of normal rats with ZnO NPs exhibited a highly significant 
increase (P<0.05) in serum urea after the end of the experiment when 
compared with control groups. Meanwhile, ZnO NPs plus M.O. and 
ZnO NPs plus sylimarin treated groups afforded significant decrease in 
uera level as compared with ZnO (NPs) treated group only while it af-
forded significant increase in urea level as compared with normal control 
group but the effect was much less intense as compared with ZnO (NPs) 
treated group. Whereas, the combination between ZnO (NPs) and M.O. 
in addition to Vitamin E treated group elucidate decrease in urea level 
compared with normal control groups and this was the best ameliorative 
effect as shown in Table 1.
(d) Effect of ZnO NPs, Moringa, Vitamin E and their combinations 
on serum BUN:
Table 1 illustrated that ZnO NPs treated group afforded highly signifi-
cant increase in BUN level as compared with normal control group. 
Meanwhile, ZnO NPs plus VitE, ZnO NPs plus M.O. treated groups and 
ZnO NPs plus sylimarin elucidate significant decrease in BUN level as 
compared with ZnO NPs treated group only while they also afforded sig-
nificant increase in BUN level as compared with normal control group, 
but the effect was much less intense as compared with ZnO NPs treated 
group. At the same time, ZnO (NPs) plus M.O. and Vitamin E treated 
group showed the best safer treatment.

Effect of ZnO Nanoparticles (7.5mg/kg), Moringa 
(150mg/kg), Vitamin E (100mg/kg) and their 
Combinations on Lipid Profile Picture
(a) Effect of ZnO NPs, Moringa, Vitamin E and their combinations on 
serum cholesterol level:

ZnO NPs treated group afforded significant increase in serum choles-
terol level as compared with normal control group. Meanwhile ZnO NPs 
plus M.O. and ZnO NPs plus Vitamin E treated groups elucidate sig-
nificant decrease in cholesterol level as compared with ZnO NPs treated 
group but ZnO NPs plus sylimarin elucidate a non-significant decrease 
in cholesterol level as compared with ZnO NPs treated only while they 
also, afforded significant increase in cholesterol level as compared with 
normal control group, but the effect was much less intense as compared 
with ZnO NPs treated group. At the same time ZnO NPs plus M.O. and 
Vitamin E treated group elucidate significant decrease in cholesterol 
level as compared with normal control group and this was the best safer 
treatment as shown in Table 2.
(b) Effect of ZnO NPs, Moringa, Vitamin E and their combinations on 
serum triglycerides level:
ZnO NPs treated group exhibited significant increase in serum triglyc-
erides level as compared with control group. Meanwhile, ZnO nanopar-
tices plus Vitamin E and ZnO NPs plus M.O. treated groups elucidated 
significant decrease in triglycerides level as compared with ZnO NPs 
treated group only while they also, afforded significant increase in tri-
glycerides level as compared with normal control group, but the effect 
was much ameliorated as compared with ZnO (NPs) treated group Table 
2. At the same time, ZnO nanoarticles plus M.O. and Vitamin E treated 
group elucidate non-significant increase in triglycerides level as com-
pared with normal control group and this was the best-recorded result.
(c) Effect of ZnO NPs, Moringa, Vitamin E and their combinations 
on total lipid:
ZnO NPs treated group exhibited significant increase in serum total lipid 
level as compared with control group. Meanwhile, ZnO (NPs) plus Vita-
min E and ZnO NPs plus M.O. treated groups elucidate significant de-
crease in total lipid level as compared with ZnO NPs treated group only 
while they also, afforded significant increase in total lipid level as com-
pared with normal control group, but the effect was much ameliorated 
as compared with ZnO NPs treated group Table 2. At the same time, 
ZnO nanoarticles plus M.O. and Vitamin E treated group elucidate non-
significant increase in total lipid level as compared with normal control 
group and this was the best-obtained result.

DISCUSSION
The present study was an attempt to evaluate toxicity of ZnO nanoparti-
cels on some physiological and biochemical parameters and the possible 
ameliorative role of Moringa oleifera extract and Vitamin E (VE) in al-
leviating the toxicity of ZnO nanoparticels when given to normal rats. 
The toxicological effects of Zinc Oxide NPs (ZnO-NPs) are attracting 
increasing concern as the field of nanotechnology progresses. Although 
the work proposes that toxicity of ZnO-NPs may be linked to their dis-
solution, the mechanism for ZnO (NPs) perturbation of cytosolic zinc 
concentration ([Zn2+]c) homeostasis remains unclear. There was a great 
toxicity of ZnO NPs by in-vitro studies on different biological system like 
bacteria and mammalian cells.[24]

M.O. leaves act as a good natural source of antioxidant vitamins/com-
pounds such as ascorbic acid, flavonoids, phenolics and carotenoids. 
The higher concentration of ascorbic acid, estrogenic substances and 
β-sitosterol, vitamins and particular essential amino acids such as me-
thionine, cysteine, tryptophan and lysine present in M.O. leaves and 
pods make it virtually an ideal nutritional supplement.[25] It possesses 
various biomedical properties such as anti-inflammatory, antioxidant, 
antimicrobial, antifertility, anticancer, antihepatotoxic and antiulcer ac-
tivities.[26] 

VE has a tocopherol structure. Naturally, there are various tocopherols 
such as alpha, beta, gamma, delta, eta and zeta. D-Alpha-tocopherol 
exhibits the widest natural distribution and greatest biological activity. 
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Tocopherol, which has the highest antioxidant activity, is also alpha to-
copherol. Alpha tocopherol is found in tissues at different concentrations 
and inhibits lipid peroxidation. It is also known as a chain breaker anti-
oxidant as it ends lipid peroxide chain reactions by breaking down lipid 
peroxide radicals.[27]

Data of the present study revealed that the administration of ZnO-NPs 
to the normal rats afforded a highly significant increase in serum cre-
atinine, urea, uric acid and BUN comparing with control group. These 
results agreed with Khorsandi et al. who stated that exposure of ZNP at 
low dose induced a significant elevation in blood concentration of BUN, 
Cr and uric acid.[28] Treatment with low dose of ZNP caused a signifi-
cant increase in histological changes and apoptotic index. ZNP at the 
high dose induced poor nephrotoxicity. The plasma measures of each 
of kidney markers are susceptible to any type of kidney disorder. When 
kidney damages, these biomarkers (which are inside the proximal cells of 
nephrons) release into the bloodstream. Hence, elevation concentration 
of them indicates proximal cells destruction.[29]

From the previous findings, we concluded that the elevation of creati-
nine, urea and uric acid level in serum after ZnO-NPs administration 
could be attributed to fall in glomerular filtration rate. On the same 
bases, increasing the dose of ZnO NPs, the renal toxicity became more 
obvious where, ZnO NPs caused severe necrosis in the renal corpuscles 
with severs dilatation of the renal tubules accompanied with sloughing 
and degeneration of its lining epithelium and some renal tubules lining 

epithelium showed sever vacuolations with variable size.[30] ZnO NPs in-
duce TNF-α production in tubular cells, which triggers a robust inflam-
matory response, further contributing to tubular cell injury and death. 
ZnO NPs also induce injury in renal vasculature, leading to ischemic 
tubular cell death and decreased Glomerular Filtration Rate (GFR). To-
gether, these pathological events culminate in acute renal failure.[31] In 
addition, many of the experimental studies demonstrated the depletion 
of renal GSH concentration and antioxidant activities in ZnO NPs-in-
duced renal damage.[32] 
Concerning the effect of Vitamin E, the present result showed that treat-
ment with vitamin E after ZnO NPs administration had a slightly ame-
liorative effect ZnO NPs nephrototoxic effect as, it slightly decreased the 
level of creatinine, urea, BUN and uric acid level in serum. These results 
supported by Hany et al. who reported that post treatment with Vitamin 
E significantly reduced the elevated serum creatinine and urea levels and 
improved kidney histopathological pictur.[33] Furthermore, the present 
study investigate that the treatment with moringa modulated the eleva-
tion of creatinine, urea, uric acid and BUN by ZnO NPs.
ZnO-NPs treated group afforded significant increase in serum choles-
terol, triglycerides and total lipids level as compared with normal control 
group. Meanwhile, ZnO-NPs plus M.O. and ZnO-NPs plus Vitamin E 
treated groups’ elicited significant decrease in cholesterol, triglycerides 
and total lipids level as compared with ZnO-NPs treated group only 
while they also afforded significant increase in cholesterol and triglyc-

Table 1: Effect of ZnO NPs (7.5mg/kg), M.O.(150mg/kg), Vitamin E (100mg/kg) and their combinations on kidney 
function parameters.

Groups Creatinine
mg/dl

Urea
mg/dl

Uric acid
mg/dl

BUN
mg/dl

Control .52±.086c 27.40±.678d 3.28±.457b 11.46±.285f

Vit. E .62±.096b,c 34.20±3.42c 4.48±.367a,b 15.28±.305c,d

Moringa .46±.120c 27.20±1.15d 4.08±.469a,b 12.66±.616e,f

ZnO(NPs) 1.64±.350a 52.80±2.92b 6.00±.301a 20.50±.707a

 ZnO(NPs)+moringa .880±.096b,c 34.40±1.91c 4.16±.484a,b 14.50±.502c,d

 ZnO(NPs) +vit.E 1.12±.159b 41.00±1.00b 5.40±.425a 15.00±.447c,d

 ZnO (NPs)+moringa+vit.E .84±.081b,c 32.80±1.82c,d 4.46±.317a,b 13.60±.334d,e

 ZnO(NPs)+sylimarin 1.12±086b 38.00±1.04b,c, 4.88±1.26a,b 15.80±.988b

Means within the same column in each category carrying different litters are significant at (P ≤ 0.05) using Duncan’s multiple 
range test, where the highest mean value has symbol (a) and decreasing in value were assigned alphabetically.

Table 2: Effect of ZnO NPs (7.5mg/kg), M.O.(150mg/kg), Vitamin E (100mg/kg)and their combinations on Lipid 
profile.

Groups Total lipid
mg/dl

Triglycerides
mg/dl

Cholesterol
mg/dl

Control 201.80±2.69d,e 88.80±5.05d 85.60±3.23c,d

Vit. E 204.60±6.35d,e 94.00±12.73d 93.00±6.99c,d

Moringa 191.40±7.94e 88.60±9.40d 79.80±5.63d

ZnO (NPs) 343.60±19.6a 139.80±3.76a 153.40±6.12a

ZnO (NPs)+moringa 219.00±3.31b,c 110.60±5.06b,c,d 98.80±3.02d

ZnO (NPs) + vit. E 220.40±3.41b,c 127.80±5.47a,b 101.00±1.97d

ZnO (NPs) +moringa+ vit.E 204.00±5.36d,e 102.00±7.81c,d 94.40±3.65c,d

ZnO(NPs)+sylimarin 239.20±8.21b 136.80±9.71a 121.80±10.06b

Means within the same column in each category carrying different litters are significant at (P ≤ 0.05) using Duncan’s multiple 
range test, where the highest mean value has symbol (a) and decreasing in value assigned alphabetically.
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erides level as compared with normal control group, but the effect was 
much less intense as compared with ZnO-NPs treated group. At the same 
time, ZnO-NPs plus M.O. and Vitamin E treated group elicited non-sig-
nificant increase in cholesterol, triglycerides and total lipids level as com-
pared with normal control groups and this was the best safer treatment. 
The elevation in cholesterol, triglycerides and total lipids levels, herewith 
observed after ZnO-NPs treatment period in full agreement with the re-
sult that obtained by Reza et al.[34]

The elevated serum cholesterol and triglycerides levels herein may be at-
tributed to one or more of the following explanations. It was stated that, 
intoxication with ZnO-NPs could cause centrilobular necrosis, which re-
sults in translocation and accumulation of fats from peripheral adipose 
tissue in the liver, increases hepatic synthesis of fatty acids, impaired the 
function of smooth endoplasmic reticulum and induce peroxisomes to 
catalyse β-oxidation of fatty acids converting them into Acetyl-CoA, 
the precursor of cholesterol biosynthesis and decreases the release of 
lipoproteins.[35] In the present study the treatment with Vitamin E af-
ter ZnO-NPs administration, reduce cholesterol and triglycerides level 
comparing with ZnO-NPs alone. Vitamin E, an important antioxidant 
in biological membrane, can neutralize free radicals. It appears that this 
effect is dose-dependent.[36] It scavenges all three important types of 
ROS, namely superoxide anion, H2O2 and hydroxyl radicals.[37] A major 
antioxidant function of Vitamin E is inhibition of lipid peroxidation.[38] 

Devaraj et al. (2007) showed that high-dose of alpha-tocopherol supple-
mentation decreases biomarkers of ROS, lipid peroxidation, inflamma-
tion and carotid atherosclerosis in patients with coronary artery disease.
[39] Also, It seems apparent from the present result that, treatment with 
M.O. after ZnO-NPs administration decrease cholesterol and triglyc-
erides level comparing with ZnO-NPs alone as silymarin. In addition, 
this result was in accordance with that reported by Ghasi et al.[40] They 
reported that M.O. significantly decreased cholesterol and triglycerides.
M.O. possess various therapeutic properties like hypo-cholesterolemic, 
hypolipidemic, anti-inflammatory, anti-cancer, etc.,.[41] The present study 
revealed that aqueous extract of M.O. has an ameliorative effect on lipid 
profile treatment with M.O. extract showed a decrease in the total cho-
lesterol level, triglyceride. This is in accordance with previous studies 
which showed that M.O. leaf extract has got a profound hypolipidemic 
activity mostly due to its potential to control the mechanisms involved 
in the elimination of lipids from the body.[42] The trends obtained in the 
total cholesterol and triacylglycerol concentrations in serum of male rats 
administered doses of the aqueous extract of M.O. might have resulted 
from the levels of alkaloids, saponins and flavonoids that were reported 
in the extract.[43] Saponins are known to inhibit the absorption of dietary 
lipid in the small intestine through the formation of complexes with 
cholesterol in the diet.[44] Furthermore, flavonoids are implicated in the 
inhibition of cholesterol biosynthesis in the liver[45] and/ or inhibiting the 
production of apo B, needed for LDL-C production, transport and bind-
ing, thereby enhance the liver functions by facilitating reverse cholesterol 
transport and bile acid excretion.[46] In addition, the reductions in the 
serum total cholesterol and triacylglycerol concentrations could be due 
also to ‘autointoxication’ or “leaky gut’[44] or the reported level of sapo-
nins in the aqueous leaf extract.[43] Renaud et al. reported that flavonoids 
enhanced the biosynthesis of HDL-C in the liver.[47] Therefore, more 
cholesterol would be transported from peripheral tissues to the liver for 
excretion and this could be the reason for the reported trends in the se-
rum cholesterol concentration in rats administered the M.O. extract. In 
addition, the trend obtained in serum LDL-C concentration is consistent 
with the serum cholesterol-lowering capability of the aqueous leaf ex-
tract of Moringa oleifera, which possibly enhanced reverse cholesterol 
transport and bile acid excretion, through the inhibition of production 
apo B, needed for LDL-C production, transport and binding.[46] It seems 
apparent from the present result that, treatment with Vitamin E after 
ZnO-NPs administration decrease cholesterol, triglycerides and total 

lipids level comparing with ZnO-NPs alone. And this result was also in 
accordance with that reported by Badiou et al.[48]

Vitamin E supplementation consider as a prophylactic agent for dyslipid-
emia in dialysis patients for the following reasons: it leads to (i) reduced 
ex vivo LDL oxidize ability.[48] (ii) reduced in vivo lipid peroxidation[49] 
(iii) is an effective antioxidant and has been proposed for the preven-
tion or treatment of numerous health conditions, often based on its an-
tioxidant properties[49] (iv) the antioxidant reserve in dialysis patients is 
significantly lower than in healthy subjects[49] (v) some studies suggested 
that abnormal lipoprotein metabolism and lipid oxidation are related to 
the cardiovascular disease in dialysis patients[50] and (vi) in a few experi-
mental and human studies it was shown that dietary Vitamin E supple-
mentation may have positive effect on lipid profile.[48] Atherosclerosis 
is an inflammatory process that is accelerated under circumstances of 
oxidative stress. It has been suggested that atherosclerosis might be de-
layed by an effective supplementation of the antioxidant system such as 
Vitamin E.[50] 

CONCLUSION
Therefore, the results of the present study demonstrated that the moringa 
extract in combination with Vitamin E had a significant ameliorative ac-
tion on ZnO NPs induced oxidative damage and toxicity in rats. ZnO 
(NPs) increased urea, uric acid and creatinine, BUN, as well as decreased 
the lipid profile parameters were increased. Further, the hepatic and 
renal protection was maximum in the combined treatment of moringa 
extract in combination with Vitamin E than the moringa extract or Vita-
min E alone in the ZnO NPs intoxicated rats. 
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