
Abstract. – OBJECTIVES: Potential health
hazard is associated with the wide use of
nanoparticles. The prophylactic role of either αα-
lipoic acid (αα-lip) or vitamin E (vit E) against the
toxic effect of zinc oxide nano-particles (ZnO-
NPs) induced metabolic disorder, inflammation
and DNA damage in rat livers was studied.

MATERIALS AND METHODS: ZnO-NPs were
administered orally using two doses (600 mg
and 1 g/kg body weight/day for 5 conscutive
days). Some biomarkers of tissue damage,
metabolic disorder, and DNA damage were in-
vestigated to explore the protective mecha-
nisms of αα-lip or vit E against ZnO-NPs induced
hepatotoxicity.

RESULTS: Co-administration of either αα-lip
(200 mg/kg body weight) or vit E (100 mg/kg
body weight) daily for three weeks to ZnO-NPs
intoxicated rats, significantly down-modulated
the marked increase in serum ALT (marker of liv-
er damage) and also serum glucose level (mark-
er of metabolic disorder) as well as the pro-in-
flammatory biomarkers including nitric oxide
(NO), tumor necrosis factor-αα (TNF-αα), inter-
leukin-6 (IL-6), C-reactive protein (CRP), and im-
munoglobin G (IGg). Reduced glutathione level
was decreased while caspase3 level was elevat-
ed in liver tissues of ZnO-NPs treated group
compared with intoxicated one. Moreover
histopathological examination of liver tissue
supported the previous biochemical markers.
Furthermore, ZnO-NPs induced hepatic oxidative
DNA damage.

CONCLUSIONS: Either αα-lip or vit E proved
to be hepatoprotective agents against ZnO-
NPs toxicity because they ameliorated meta-
bolic and immune disorders related to liver
damage and modulated the previous measured
parameters.
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Introduction

In the last decade, several epidemiological
studies have found high associations of ambient
ultrafine particles (d < 100 nm) with respiratory
and cardiovascular diseases of humans1,2. It has
demonstrated that nanoparticles, may cause more
inflammation than larger particles of the same
materials at a same mass dose delivery3-5.
Nanoparticles are conceived to stick to cell

membrane, get inside specific cells in the body,
and pass through cells. The surfaces of nanoparti-
cles are sometimes also modified to avoid being
recognized and eliminated by the immune
system6. Due to their small size, nanoparticles can
translocate from these entry portals into the circu-
latory and lymphatic systems, and ultimately to
body tissues and organs. Some nanoparticles, de-
pending on their composition and size, can pro-
duce irreversible damage to cells by oxidative
stress and/or organelle injury7,8. Translocation to
other organs, such as liver, spleen, brain, heart and
kidney may lead to disfunction of these organs.
Exposure to some nanoparticles is associated to
the occurrence of autoimmune diseases9. It also
has been proposed that the size of nanoparticles
surface area greatly increases their ability to pro-
duce reactive oxygen species (ROS)10,11. 
Inflammation is a complex, concerted group of

responses that, although defensive against infec-
tion, is harmful when induced chronically by en-
vi ronmental stimuli such as inhaled particles12,14.
Due to their unique properties and diverse nanos-
tructures, zinc oxide nano-particles (ZnO-NPs)
are widely applied in optoelectronics, cosmetics,
catalysts, ceramics, pigments, etc.15,16. However,
toxicological studies indicated that ZnO-NPs had
adverse impacts on human health and environ-
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mental species. The bio-safety of ZnO-NPs is
still a controversial issue. 
Recently, in vivo cell experiments showed that

exposure to ZnO-NPs resulted in oxidative dam-
age and inflammation response in vascular/lung
endothelial cells17,18. Animal experiments indicat-
ed that liver, spleen, heart, pancreas, and bone
were target organs of oral exposure to 20- and
120-nm ZnO19. Compared with the conventional
toxicology, the dose of ZnO-NPs is no longer a
sole factor in evaluating the toxicity of nanoparti-
cles, but the physicochemical properties of its
nanoparticles, such as size, shape, chemical com-
position, aggregation, high specific surface area
and its solubility may play a more important role
in its toxicity20-22.
A central feature of the pathophysiology of in-

flammation is the production of multiple proin-
flammatory mediators such as the proinflamma-
tory transcription nuclear factor-kappa B (NF-
kB). Specifically, reactive oxygen species (ROS),
reactive nitrogen species (RNS), cytokines and
chemokine’s23. Although these proinflammatory
mediators are required for an adequate host-de-
fense response, dysregulation of their production
can lead to cardiovascular hyporeactivity, in-
travascular coagulation, multiple organ failure,
and death24. The possible role of naturally occur-
ring antioxidants in protection against inflamma-
tory response and oxidative damage have been
describe25,26.
α-lipoic acid (α-lip) is a natural dithiol com-

pound which is known to be a co-factor in α-ke-
toacid dehydrogenase mitochondrial complex and
for its potent antioxidant properties. The antioxi-
dant effects of α-lip are attributed to direct radical
scavenging and metal chelation25. α-lip is an ef-
fective antidote against heavy metal toxicity27. α-
lip has high redox potential and can regenerate
antioxidants (such as vitamin E, vitamin C and
GSH) from their radical or inactive form. A sub-
stantial inhibition of hexavalent chromium, Cr
(6+), induced DNA damage by α-lip has been re-
ported28. α-lip prevents vascular endothelial
growth factor (VEGF) upregulation29. α-lip was
also, shown to inhibit linoleic acid-induced apop-
tosis in human aortic endothelial cells, and data
obtained in rats suggest that its beneficial effects
on vascular dysfunction in the aorta and retina
could relate to its antiapoptotic activity30. It also
found to be effective against oxidative tissue in-
jury26, including its possible role as a chemopre-
ventive agent in inflammation-associated tumori-
genesis and colitis26,31, and hepatic disorder32.

Based on its lipophilicity, vit E is considered to
be the major chain-breaking antioxidant prevent-
ing the propagation of oxidative stress, especially
in biological membranes33. Vit E specifically α-
tocopherol has been reported to be able to modu-
late signal transduction and gene expression via
its antioxidant and non-antioxidant properties34.
Also, previous study demonstrates the anti-in-
flammatory and anti-carcinogenic activities of vit
E in the lung and colon suggesting these activities
is associated with the reduction of oxidative dam-
age, trapping of reactive nitrogen species35. All to-
copherols are effective antioxidants, known to
trap reactive nitrogen species and is beneficial as
anti-inflammatory agents36. Additional studies are
shown its immuno-regulatory functions during In-
flammation37, reducing damaged DNA and sup-
port normal cell division38.
The aim of this work is to investigate the potential

hepatoprotective role of α-lip and vit E against the
metabolic disorder, inflammation and DNA damage
induced by toxicity of ZnO-NPs in rat liver.

Materials and methods

Chemicals
All chemicals used were of high analytical

grade, product of Sigma and Merck companies.
Kits used for the quantitative determination of
different parameters were purchased from Sigma
Aldrich Biogamma, Stanbio, Germany. 50-nm
ZnO powders were purchased from Sigma Co.,
St. Louis, MO, USA.

Animals and treatments
Fifty Wistar albino rats weighing 180-200 g were

used. The rats were obtained from Experimental
Animal Care Center, College of Pharmacy, King
Saud University. Animals have been kept in special
cages, and maintained on a constant 12-h light/12-h
dark cycle with air conditioning and temperature
ranging 20-22 °C and humidity (60%). Rats were
fed with standard rat pellet chow with free access to
tap water ad libitum for one week before the experi-
ment for acclimatization. Animal utilization proto-
cols were performed in accordance with the guide-
lines provided by the Experimental Animal Labora-
tory and approved by the Animal Care and Use
Committee of the King Saud University, College of
Pharmacy. After one week acclimation, the rats
were kept fasting over night before treatment and
randomly divided into two classes according to the
dose of ZnO-NPs administered to rats.
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Class I, consists of five groups (each of ten rats):
G1: Normal healthy animals
G2-G4 groups of animals administered orally
600 mg/kg body weight/day ZnO-NPs for 5
constitutive days39 and divided as follow

G2: ZnO-NPs-intoxicated animals with oral low
dose (600 mg/kg/day) daily for 5 constitutive
days.

G3: ZnO-NPs-intoxicated animals co-adminis-
tered α-lip (200 mg/kg) daily40

G4: ZnO-NPs-intoxicated animals co-adminis-
tered vit E (100 mg/kg) daily40

Class II consists of 4 groups (G5-G7), each of
ten rats, administered orally 1 g/kg body
weight/day ZnO-NPs for 5 constitutive days39

and divided as follow
G5: ZnO-NPs-treated animals with oral high
dose (1 g/kg/day) daily for 5 days

G6: ZnO-NPs-intoxicated animals co-adminis-
tered α lip (200 mg/kg) daily

G7: ZnO-NPs-intoxicated animals co-adminis-
tered vit E (100 mg/kg) daily
α-lip and vit E were orally administered daily

for three constitutive weeks from the beginning
of the experiment. Three weeks later, and after
24 hour of the last dose administration, rats were
fasted overnight then sacrificed and the blood
was collected. Serum was separated by centrifu-
gation at 3000 r.p.m. for 10 minutes and kept at –
80 °C for different biochemical estimations. Liv-
er were harvested rinsed in cold isotonic saline,
homogenized, and frozen at −80°C for COMET
assay. Three livers were put in 4% formalin for
histopathological examination.

Biochemical serum assay
ALT was estimated using Stanbio kit produced
by Stanbio Labs (Boerne, TX, USA). TNF-α
was quantified using a commercial ELISA kit
(Endogen, Woburn, MA, USA). 

Fasting blood glucose was measured according
to method adopted previously by41 using a glu-
cose kit (enzymatic method) (Wako Diagnos-
tics, Mountain View, CA, USA).

TNF-α in serum was determined using commer-
cially available ELISA assays following the in-
structions supplied by the manufacturer (DuoSet
kits, R&D Systems; Minneapolis, MN, USA).
The results are shown as pg of cytokine per mL.

IL-6 was measured by ultra-sensitive ELISA
(Quantikine HS Human IL-6 Immunoassay;
R&D Systems, Minneapolis, MN, USA) with
an analytical CV of 6.3% and a detection level
of 0.04 pg/mL

CRP was measured with latex-enhanced im-
munonephelometry on a Behring BN II Neph-
elometer (Dade Behring). In this assay, poly-
styrene beads coated with rat monoclonal an-
tibodies bind CRP present in the serum sam-
ple and form aggregates. The intensity of the
scattered light is proportional to the size of
the aggregates and thus reflects concentration
of CRP present in the sample. The intra-assay
and interassay coefficients of variation for
CRP were 3.3% and 3.2%, respectively. The
lower detection limit of the assay was 0.15
mg/L42.

IgG level was measured in serum using (ELISA).
1 µg/ml of goat anti-rat IgG (Kirkegaard & Per-
ry Laboratories, Inc., Gaithersberg, MD, USA)
was used as capture antibodies. Standards were
prepared from rat IgG (Sigma Chemical Co., St.
Louis, MO, USA) Goat anti-rat IgG peroxidase
conjugates diluted 1:250 in PBS/BSA (from
Kirkegaard & Perry Laboratories, Inc.,
Gaithersberg, MD, USA) were used as detect-
ing antibodies.

Biochemical assay of liver tissue 

Determination of hepatic reduced 
glutathione (GSH) level
Liver tissue levels of acid-soluble thiols and re-

duced GSH were determined colorimetrically at
412 nm43. Homogenates were precipitated with
trichloroacetic acid, and after centrifugation, su-
pernatants were used for the estimation of protein
thiols (Protein-SH) expressed as µmol/g tissue.

Determination of hepatic caspase 3 level
Caspase 3-like protease was assayed according

to the method described by Vaculova and Zhivo-
tovsky, 200844.

Comet analysis
The alkaline comet assay was performed ac-

cording to45 the parameters measured to analyze
the electrophoretic patterns were: tail length
measured from the middle of the head to the end
of the tail, relative DNA content in the tail. 

Histopathological examinate 
Samples of liver tissues were collected, and

were fixed in a 4% formaldehyde solution for 24
h. They were dehydrated in ascending grades of
ethyl alcohol, cleared in xylene, and embedded in
paraffin. Paraffin blocks were cut at 4-µm thick-
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Groups High dose ZnO-NPs Low dose ZnO-NPss

Normal 126.06 ±1.05a 126.06 ± 1.05a

ZnO- NPs 138.04 ± 0.8 139.8 ± 1.2
α-lip 126.2 ±1.3a,n,c 133.1 ± 0.7a,*,b

vit E 129.9 ± 0.6a,b 127.4 ± 0.9a,n
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ness, then fixed on glass slides. Sections were
stained with hematoxylin and eosin (H&E) by the
following method: they were hydrated using
washes with descending grades of alcohol, then

hematoxylin was added to stain the nuclei, and af-
terwards eosin was added to the cytoplasm. An-
other set of unstained slides were stained with
Masson’s trichrome after dewaxing and rehydra-
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Table I. Protective effect of α-lip and vit E on serum ALT of intoxicated rats with either low or high doses of ZnO-NPs.

Data are presented as mean ± SE of 6 rats, ap ≤ 0.001, compared with ZnO-NPs intoxicated group, nnon significance compared with
normal group, *p ≤ 0.01, compared with normal group, bp ≤ 0.05, compared with vit E group, cp ≤ 0.001, compared with vit E group.

Figure 1. Effect of α-lip or vit E treatments on
serum glucose (A), TNF-α, (B), IL-6 (C), CRP (D)
and IgG (E) levels in intoxicated rats with low dose
of ZnO-NPs. Values are expressed as mean ± SE. ap
< 0.001, bp < 0.01, cp < 0.05 compared to normal
control group, *p < 0.001,**p < 0.01 compared to
ZnO-NPs intoxicated group, ππp < 0.001 compared
with vit E group using ANOVA followed by Bonfer-
roni as a post-ANOVA test.

A

B C

D E



tion of unstained slides. Sections were immersed
in Weigert’s working hematoxylin for 10 min then
washed with water for 5 min, and was rinsed in
distilled water. They were then stained with
Biebrich scarlet for 5 min followed by rinsing in
distilled water. Slides were immersed in phospho-
tungstic/phosphomolybdic acid for 10 min. The
solution was discarded. After that sections were
transferred directly into Light Green for 5 min fol-
lowed by rinsing in distilled water. The sections
were immersed in 10.1% acetic acid solution for 1
min to visualize deposition of collagen fibers. This
usually makes the sample turn green46. The histo-
logical changes were estimated semi-quantitative-
ly, as being mild, moderate, or marked by micro-
scopic examination of histological sections.

Results

The level of serum ALT was significantly in-
creased in mice administered with either low or
high repeated doses of ZnO-NPs for 5 consecu-
tive days (Table I). Co-administration of either α-
lip or vit E significantly attenuated ZnO-NPs in-
duced elevation of serum ALT. 
The protective effect of either α-lip or vit E on

levels of serum glucose (marker of metabolic dis-
order) and some immunological pro-inflammato-
ry biomarkers in serum including, NO TNF-α,
IL-6, CRP, and IGg in different groups of ZnO-
NPs intoxicated rats with either the low or the
high repeated doses are illustrated in (Figures 1
and 2) respectively. It can be observed that these
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Figure 2. Effect of α-lip or vit E treatments on
serum glucose (A), TNF-α, (B), IL-6 (C), CRP (D)
and IgG (E) levels in intoxicated rats with high dose
of ZnO-NPs particles. Values are expressed as mean
± SE. ap < 0.001, bp < 0.01 compared to normal con-
trol group, *p < 0.001, **p < 0.01 compared to ZnO-
NPs intoxicated group, πp ≤ 0.05, ππp < 0.001 com-
pared with vit E group, respectively, using ANOVA
followed by Bonferroni as a post-ANOVA test.A

B C

D E
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biomarkers were elevated dramatically in rat sera
intoxicated with either two repeated doses of
ZnO-NPs in relation to normal group. The intake
of α-lip or vit E immediately along with ZnO-
NPs ingestion markedly reduced the elevated
glucose and inhibited the induced inflammatory
mediators versus intoxicated animals. Treatment
by either the antioxidant agents increased GSH
level which was decreased in ZnO-NPs group,
while caspase 3 level was decreased by the treat-
ment of these agents (Figure 3).
The effect of either α-lip or vit E against the

toxicity of either two doses of ZnO-NPs on he-
patic DNA of rats is shown in (Figures 4, 5 and
6). The result revealed a significant increase in
the tail length and DNA % (tail DNA contents) in
livers of rats intoxicated with either two doses of
ZnO-NPs. This effect was severe in rat livers in-
gested the high dose of the NPs. Co-administra-
tion of the current agents, α-lip or vit E, to ZnO-
NPs intoxicated rats with either the studied two

doses effectively protected their livers from DNA
damage indicated by a decrease in tail length and
DNA % compared with intoxicated rats.
The results of the biochemical markers were

supported by the histopathological examination
of liver tissues stained with HE. This examina-
tion revealed that the animals which received a
low dose of ZnO-NPs showed many hepatocytes
with karyolysis compared with control group
(Figure 7A). Vit E treatment showed minimal
protective effects on liver tissues of intoxicated
rats as examined liver sections showed moderate
number of hepatocytes with karyolysis (Figure 7
D). However, ZnO-NPs intoxicated animals
treated with α-lip showed a major improvement
in the histopathological injury observed in liver
tissues as shown by miniml hepatocytes with
karyolysis (Figure 7 C). On the other hand, the
livers of rats treated with a high dose of ZnO-
NPs showed numerous hepatocytes with karyoly-
sis and pyknotic nuclei in addition to inflamma-
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Figure 3. Effect of α-lip or vit E treatment on hepatic GSH (A, B) and caspase-3 activity (C, D) in intoxicated rats with low
and high dose of ZnO-NPs. Values are expressed as mean ± SE. ap < 0.001, bp < 0.01, cp < 0.05, compared to normal control
group, *p < 0.001, **p < 0.01, ***p < 0.05 compared to ZnO-NPs intoxicated group, πp < 0.001 compared to vit E group, re-
spectively, using ANOVA followed by Bonferroni as a post-ANOVA test.

A B

C D



tory cellular infiltration (Figure 8B). However,
the animals which received ZnO-NPs and vit E
showed moderate histopathological changes in
the liver tissue as compared to liver samples of
control group. Where, moderate number of hepa-
tocytes with karyolysis were observed upon ex-
amining liver tissues of vit E treated rats (Figure
8D). Meanwhile, the animals that received ZnO-
NPs and α-lip showed few hepatocytes with py-
knotic nuclei and karyolysis (Figure 8C). 
Liver tissues of animals intoxicated with ZnO-

NPs and stained with Masson’s trichrome
showed moderate with low and high dose of
ZnO-NPs and showed increase of collagen fiber
deposits in the portal area (Figures 9B and 10B)
compared with the normal control group (Figures
9A and 10A). However, either intoxicated ani-
mals with low and high dose of ZnO-NPs that re-
ceived α-lip or vit E showed minimum collagen
deposition similar to the control group (Figures
9C and D, 10C and D respectively).

Discussion 

Several studies have found high toxicity of ul-
trafine particles (d < 100 nm) was associated

with respiratory, cardiovascular and liver
diseases47-50. It was demonstrated that NPs, in-
cluding ZnO, may cause more inflammatory tis-
sue damage than larger particles of the same ma-
terials at a same mass dose delivery50-52.
The current study revealed either two doses

of ZnO-NPs (600 mg/kg/day and 1 g/kg/day for
5 days) induced liver damage documented by
the elevation of serum ALT compared to control
group, implying cellular leakage and loss of the
functional integrity of cell membranes in liver19.
This finding reflect that liver is one of the target
organs of such NPs toxicity. It has been reported
that liver damage could be induced by excess
oral zinc salt and zinc powder administration53-55

reported that high dietary zinc caused liver toxi-
city of mice and resulted in inhibiting the activi-
ty of GOT in liver homogenate of mice.
Co-administration of either α-lip or vit E to

ZnO-NPs intoxicated rats with either low or high
doses, significantly reduced serum ALT level
compared with intoxicated rats. This may indi-
cate that the used agents act as effective hepato-
protective against liver dysfunction caused by
nano materials toxicity. The hepato-protective ef-
fect of either α-lip or vit E against hepatic tissue
injury was documented56,57.
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Figure 4. Tail length and DNA percentage in tail of comets obtained from liver tissue of intoxicated rats with low (A, B respective-
ly) and high dose (C, D respectively) of ZnO-NPs particles, and the effect of α-lip or vit E treatment on reduction of DNA damage.
Values are means ±S.D (n=10). ap < 0.001, bp < 0.01, cp < 0.05 compared to normal control group, ***p < 0.001 compared to ZnO-NPs
intoxicated group, $p ≤ 0.05 compared with vit E treated group, using ANOVA followed by Bonferroni as post ANOVA test.

A B

C D
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Some reports have demonstrated that patho-
genic mechanisms initiated by NPs are dominat-
ed by inflammation-driven effects, including, ox-
idative stress, apoptosis and DNA damage50,58,59.
In the present study, it was found that a marked
increase in serum glucose level as well as im-
munological pro-inflammatory biomarkers in-
cluding TNF-α, IL-6, CRP, and IGg in rat sera
intoxicated with either two doses of ZnO-NPs in
relation to normal group implying metabolic and
immune disorder. 
TNF-α is one of the most commonly inflam-

matory injurous chemokine immunological
markers increased in response to different metal
oxide NPs-toxicity including ZnO60,61. The up-
regulation of this cytokine triggers the production

of other cytokines and IL-6, the chief stimulator
of the production of CRP inducing inflammatory
liver injury62. IL-6 triggers the activation of tran-
scription factors that bind to DNA elements and
stimulate increased transcription of CRP, result-
ing in a rise in its serum level62,63.
CRP is a member of the pentaxin protein

family involved in pattern recognition and in-
nate immunity; it is synthesized primarily by
the liver in response to inflammation62. It was
reported that up-regulation of CRP is closely as-
sociated with metabolic disturbances including,
insulin resistance and related complications
such as fatty liver disease and hyperglycemia63.
It also has a principle role in the activation of
proinflammatory pathways in various cell types64,65.
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Figure 6. DNA damage in the liver tis-
sue in intoxicated rats with high dose of
ZnO-NPs particles, and the effect of α-lip
or vit E treatment on the level of DNA
damage. COMET assay showing degree
of DNA damage in liver tissue of (A) nor-
mal control group, (B) group intoxicated
with high dose of ZnO-NPs particles, (C)
intoxicated group treated with α-lip and
(D) intoxicated group treated with vit E.

A B

C D

Figure 5. DNA damage in the liver tis-
sue in intoxicated rats with low dose of
ZnO-NPs particles, and the effect of α-lip
or vit E treatment on the level of DNA
damage. COMET assay showing degree
of DNA damage in liver tissue of (A) nor-
mal control group, (B) group intoxicated
with small dose of ZnO-NPs particles, (C)
intoxicated group treated with α-lip, and
(D) intoxicated group treated with vit E.
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Figure 7. Photomicrographs of liver sections, stained with H&E, from rats received low dose of ZnO. Scale bars = 50 µm. (A)
Liver section from control rat showing normal architecture of hepatocytes (arrow), separated by well-organized blood sinu-
soids (curved arrow). (B) Liver section from rat received low dose of ZnO showing many hepatocytes with karyolysis (hollow
arrow). (C) Liver section from rat received low dose of ZnO and lipoic acid showing few hepatocytes with karyolysis (hollow
arrow). (D) Liver section of rat received low dose of ZnO and vitamin E, showing moderate number of hepatocytes with kary-
olysis (hollow arrow). 

Figure 8. Photomicrographs of liver sections, stained with H&E, from rats received high dose of ZnO. Scale bars = 50 µm.
(A) Liver section from control rat showing normal architecture of hepatocytes (arrow), separated by blood sinusoids (curved
arrows). (B) Liver section from rat received high dose of ZnO showing pyknotic nuclei (arrow) or karyolysis (hollow arrow).
A mononuclear inflammatory cellular infiltrate was observed (arrowhead). (C) Liver section from rat received high dose of
ZnO and lipoic acid showing few hepatocytes with pyknotic nuclei (arrow) or karyolysis (hollow arrow). The portal area
shows mild mononuclear inflammatory infiltrate (arrowhead). (D) Liver section of rat received high dose of Zn O and vitamin
E, showing moderate number of hepatocytes with karyolysis (hollow arrow).
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So, the increase in serum glucose level in re-
sponse to ZnO-NPs toxicity may be related to
CRP up-regulation. The marked increase in the
ciculating IgG in rat sera intoxicated with either
doses of ZnO-NPs is another response to im-
mune disorder induced by this NPs toxicity. It
was suggested that the increase in the circulating
antibody production is the result of production of
different inflammatory cytokines including TNF-
α with potential impact on immunoglobulin pro-

duction during inflammation66. These result may
indicate that ZnO-NPs induced inflammatory liv-
er injury through production of the inflaamatory
maediators. Thus, a protective strategy attenuates
production of inflammatory mediators could pre-
dispose to both liver injury and remote organ
dysfunction 
The intake of α-lip or vit E immediately with

ZnO-NPs ingestion presented in this study was
beneficial in the prevention of this NPs induced
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Figure 9. Photomicrographs
of liver sections, stained with
Masson’s trichrome, from
rats received low dose of
ZnO. Scale bars = 50 µm. (A)
Liver section from control rat
showing few collagen fibers
in the portal area (arrow). (B)
Liver section from rat re-
ceived low dose of ZnO
showing few collagen fibers
distribution in the portal area
(arrow). (C) Liver section
from rat received low dose of
ZnO and lipoic acid, showing
also few deposition of colla-
gen fibers in the portal area
(arrow). (D) Liver section of
rat received low dose of ZnO
and vitamin E, showing few
collagen fibers deposition
(arrow).

Figure 10. Photomicro-
graphs of liver sections,
stained with Masson’s
trichrome, from rats received
high dose of ZnO. Scale bars
= 50 µm. (A) Liver section
from control rat showing few
collagen fibers in the portal
area (arrow). (B) Liver sec-
tion from rat received high
dose of ZnO showing few
collagen fibers distribution in
the portal area (arrow). (C)
Liver section from rat re-
ceived high dose of ZnO and
lipoic acid, showing also few
deposition of collagen fibers
in the portal area (arrow). (D)
Liver section of rat received
high dose of ZnO and vitamin
E, showing few collagen
fibers deposition (arrow).



serum glucos elevation as well as inflammatory
liver injury. The reduced in serum glucose by
treatment with either α-lip or vit E may attrib-
uted to both agents attenuate the metabolic dis-
turbance induced by ZnO-NPs. Previous pub-
lished data revealed the benficial effect of α-lip
in improving of insulin sensitivity in patients
with the metabolic syndrome67. Also some au-
thors revealed that vit E supplementation could
improve glycemic control and reduce blood sugar
in diabetic patients68.
The protective actions of these antioxidant

agents against ZnO-NPs toxicity induced inflam-
matory mediators in rats may attributed to their
abilities in the inhibition of these mediators ex-
pression. Previous studies showed that α-lip ex-
hibits strong anti-inflammatory activities in vitro
and in vivo by reducing inflammatory mediators
such as proinflammatory cytokine production
and CRP24,67,69. 
The anti-inflammatory role of vit E is associ-

ated with the amelioration of oxidative damage,
trapping of reactive nitrogen species35,37, as well
as down-regulating of other inflammatory mark-
ers as IL-6, CRP70,71. Furthermore, a decrease in
oxidative stress by either α-lip and vit E may al-
so be involved in their anti-inflammatory ef-
fects33.
Hepatic GSH levels were significantly reduced

after ZnO-NPs treatment, while treatment with
either α-lip or vit E increased GSH content in
liver cells when compared with ZnO-NPs intoxi-
cated rats. This was attributed to the antioxidant
properties of both agents. Previous investigations
reported that vit E supplementation protects
against oxidative damage caused by different
pathological conditions through inhibition of
ROS production72,73. Additionally, α-lip has the
ability to correct thiol deficiency within cells74

increase the de novo synthesis of glutathione75,
and enhance glutathione synthesis in normal ani-
mals76. Moreover, α-lip can maintain high levels
of vitamin C and participate in vitamin E recy-
cling, thus complementing some of the functions
of glutathione77. These data augment the current
results in which either of the used antioxidants
modalities significantly decreased liver damage
due to ZnO-NPs by synergistically increasing
cellular levels of GSH (Figure 3).
Apoptosis represents a key event after oxidative

DNA damage78. The data of the current work
showed a marked increased in activity of the apop-
totic biomarker, caspase 3, in liver tissue of rats in-
toxicated with either low or high dose of ZnO-NPs,

suggesting that apoptosis might contribute to this
NPs induced DNA damage. Administration of ei-
ther α-lip or vit E to ZnO-NPs intoxicated rats ben-
eficially down regulate the increase in liver caspase
3 activity. This can be attributed to the strong anti-
apoptotic effect of these compound79,80.

Penetration of NPs into the nucleus has been
shown in a number of studies81. Some authors82

have shown that 1.4 nm gold (Au55) particle
clusters interact with DNA in a way which may
be the reason for the strong toxicity of these tiny
particles towards human cancer, since it is gener-
ally known that DNA double-strand breaks may
cause cancer.
The comet assay is considered to be a rapid,

sensitive and a relative simple assay for decting
DNA damage at the level of individual cells45. In-
creased DNA migration results from the induc-
tion of DNA single-strand breaks, alkalilabile
sites, and incomplete excision repair sites at the
time of lysis. Increased DNA migration also ac-
companies the DNA fragmentation associated
with the cell death arising from a non-DNA-
mediated process or apoptosis83. With an increas-
ing number of breaks, DNA pieces migrate freely
into the tail of the comet, and in extreme cases
(the apoptofic cell) the head and the tail are well
separated. Tail length, percentage of total DNA
in the tail, reflect DNA damage, though the per-
centage of tail DNA generally seems to be the
most useful, as it is directly related to the fre-
quency of breaks over a wide range of damage84.
Use of the very sensitive single-cell elec-

trophoresis assay to detect DNA damage indicated
that ZnO-NPs induced liver DNA damage docu-
mented by a significant increase in the tail length
and DNA % in the tail in livers of rats intoxicated
with either two doses of ZnO-NPs. This effect was
severe in rat livers ingested the high dose of the
NPs. DNA damaging potential of ZnO-NPs was
ensured by experimental studies85,86.
Also, the present data is supported by a previ-

ous study conducted by Dufour et al87 who re-
ported a concentration increase in chromosome
aberrations upon ZnO-NPs exposure (< 100 nm)
in CHO cells although at a very high concentra-
tion (≥ 105 µg/ml). As there is a well document-
ed link between NPs and oxidative stress, one of
the possible modes that can be suggested for
ZnO-NPs induced DNA damage may be lipid
peroxidation and oxidative stress50. ROS are
known to react with DNAmolecule causing dam-
age to both purine and pyrimidine bases as well
as DNA backbone88. Another important outcome
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of ROS production is lipid peroxidation which
generates a variety of products reactive towards
cellular macromolecules including DNA. One of
the major products of lipid peroxidation malondi-
aldehyde, is a proven mutagen and carcinogenic
compound which reacts with DNA to form
adducts to deoxyguanosine, deoxyadenosine and
deoxycytidine89,90. DNAdamage resulting from
any of these probable mechanisms may trigger
signal transduction pathways leading to apoptosis
or cause interferences with normal cellular
processes thereby causing cell death. Co-admin-
istration of the current antioxidant agents, α-lip
and vit E to ZnO-NPs intoxicated rats with either
the studied two doses effectively protected their
livers from DNA damage.
The possible role of naturally occurring antioxi-

dants in protection against oxidative DNA damage
has been studied, vit E inhibited the increase in
liver DNA damage induced by the hepatocarcino-
gen 2-nitropropane in rats91. Also, in vitro studies
documented the ability of vit E to reduce the ox-
idative DNA damage38. The capacity of vit E to
decrease some target organ/cell specific induction
of oxidative DNA damage would explain on the
basis that vit E easily intercept the increases in
ROS generated further away (e.g. by metabolism
of xenobiotics in the cytoplasm) before it can dif-
fuse to the nucleus and damage the DNA92. On the
other hand, previous work demonstrate that vit E
deficiency also increases oxidative damage to
DNA and that basal levels can be subsequently re-
stored by reintroduction of vit E to the diet. Such
damage to DNA may produce mutations that
cause permanent alterations in the genetic mes-
sage when the cell replicates its DNA and, thus,
increases risk of carcinogenesis. These results,
therefore, support epidemiological studies impli-
cating low intakes or blood levels of vit E with the
subsequent risk of cancers at various sites93. α-lip
significantly reduced the metal toxicity-induce ox-
idative DNA in a dose dependent manner by re-
ducing the formation of 8-hydroxy-2-
deoxyguanosine (8-OH-dG) in DNA28,94. The pro-
tective effect of α-lip against DNA oxidative dam-
age related to its ability to decreases oxidative
stress and restores the normal levels of other an-
tioxidants in vivo under various physiological and
pathophysiological conditions95.
Our results were supported by the histopatho-

logical examination of liver tissues, which clari-
fied that animals received either low or high dos-
es of ZnO-NPs showed moderate to massive
numbers of hepatocytes with karyolysis and py-

knotic nuclei in addition to inflammatory cellular
infiltration. These hazardous effects were dose
dependent. Treatment of ZnO-NPs intoxicated
rats with either vit E or α-lip, significantly im-
proved most of the deviated histopathological al-
teration and nearly prevented the damaging effect
due to ZnO-NPs intoxication that was manifested
microscopically by extensive improvements in
the histological features of liver cells, as well as
marked reduction in the deposition of collagen
fibers in the portal area.

Conclusions

These findings suggest that vit E and α-lip
acid supplementation as prophylactic agents may
beneficial against inflammatory responses in-
duced liver injury and oxidative DNA damage
caused by toxic effect of metal oxide nano-parti-
cles.
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