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Abstract: The aim of this work is to explore the protective of B vitamins (B3, B¢ and B);) against the hepatotoxic
potency of either bulk zinc oxide (ZnO-bulk) or its nanoparticles (ZnO-NPs)-induced liver damage in rats. ZnO- bulk or
its NPs were administered orally (500 mg/kg b.w.) for 10 successive days. The results revealed that oral co-
administration of combination of B vitamins (250 mg B;, 60 mg B¢ and 0.6 mg By, /Kg body weight) daily for 3 weeks
to rats intoxicated by either ZnO- bulk or its NPs markedly ameliorated increases in serum of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and lactate dehdrogenase (LDH). The B vitamins also down-regulated
increases in serum glucose level as well as increases in immuno-inflammatory biomarkers, including tumor necrosis
factor-o. (TNF-a)) and C-reactive protein compared with intoxicated, untreated rats. Beside, the used agent successfully
modulated the alterations in serum vascular endothelial growth factor (VEGF), attenuated liver oxidative DNA damage
compared with ZnO intoxicated groups. We showed that the used B complex mitigated increased malondialdehyde
(MDA), decrease in glutathione peroxidase (GPx) and increase in the apoptosis marker caspase 3 of liver tissue in
response to either ZnO-bulk or its NP toxicity. In conclusion, early treatment with vitamin B complex may protect liver

tissue from deleterious damage induced by the toxic effects of ZnO- bulk or its NPs.
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INTRODUCTION

Nanoparticles (NPs), in comparison with bulk materials,
have unique and novel characteristics and thus provide
great chances for development of new industrial
applications (Borm et al., 2006). Many NPs are already
used in manufacture or have the capacity to be used
widespread in a range of applications (Nohynek et al.,
2007).

Manufactured NPs are inevitably released and present in
the environment during manufacturing, transport, use, and
disposal operations, suggesting that a fundamental
understanding of their mode and range of toxicity is
needed (Handy et al., 2008; Lin et al., 2010). Metal oxide
NPs are manufactured in large scale for both industrial
and household use. Some authors reported increasing
application of these NPs indifferent commercial products,
leading to environmental fate and potential toxicity
(Kahru et al., 2008).

The inflammation-driven effects are the prominent
pathological mechanisms induced by NPs toxicity,
including tissue fibrosis, oxidative tissue damage, and
DNA damage. This making inflammation as a target for
toxicological testing (Borm et al., 2006; Lu et al., 2009).
Inflammation is a complicated set of responses that is
dangerous when induced chronically by environmental
pollutant such as inhaled particles (Donaldson et al.,

*Corresponding author: e-mail: azzamohamed99@yahoo.com.

2006). The type, damages and outcome of inflammation
differ, depending on the nature of the toxicant initiating
the inflammation; the affected organ; the nature of the
cellular exudates; its chronicity, seriousness and ability to
resolve; and the genetic susceptibility of the individual

Zinc Oxide nanoparticles (ZnO-NPs) are typical metal
oxide NPs and they are noncombustible and odorless
white powders. They are produced abundantly and widely
applied in a range of products including sunscreens,
cosmetics, paint, paper, plastics and building materials
(EPA 2007; Wang 2004). Previous study suggests that
ZnO-NPs was bio-safe and biocompatible and could be
used in biomedical materials (Berube, 2008). However,
toxicological studies proved that ZnO-NPs had
deleterious effects on human health and environmental
animal species (Elder et al., 2006, Xiong et al., 2011).
The bio-safety of ZnO-NPs is still a controversial
question. ZnO-NPs was considered as a respiratory
toxicant which leadsto metal fume fever (myalgia, cough,
fatigue, etc.) (Beckett et al., 2005). Recently, in vivo
experimental studies showed that exposure to ZnO-NPs
resulted in oxidative stress and inflammatory damaging
effect in vascular/lung endothelial cells (Lin et al.,2009)
as well as apoptosis in renal tissue (Fadda et al., 2012).
Animal experiments also demonstrated that most organs
including liver, heart, kidney, pancreas, spleen and bone
were target of oral exposure to 20- and 120-nm ZnO
(Fadda et al., 2012). Compared with the conventional
toxicology, nano-particle materials are theoretically
expected to be more toxic than their bulk ones because of
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their greater surface reactivity and their capacity to
penetrate into and accumulate within cells and organisms
(Ispas et al., 2009; Mironava et al., 2010).

Recently, the effects of B vitamins that interfere directly
with inflammatory response and oxidative damage have
been described (Chen et al., 2008, Lappas and Permezel,
2011).

Nicotinamide, also known as niacin (vitamin Bj), is found
in nuts, dairy products, lean meats, fish, eggs, legumes
and cereals. Beside its nutritional roles, vitamin B; was
reported to have potential pharmacological activities. It
has an important role in energy production via its major
metabolite NAD'" (nicotinamide adenine dinucleotide
(Maiese et al., 2009). It has also anti-inflammatory,
antioxidant (Biedron et al., 2008, Lappas and Permezel,
2011), hepatoprotective (Chen et al., 2008) and antiulcer
(Abdallah 2010) properties. Previous study also revealed
that nicotinamide administration showed a marked
decrease of lipo-polysaccharides (LPS) induced gene
expression and release of the immuno-inflammatory
mediators including TNF-a, IL-6 and the chemokine, IL-
8. Additionally, nicotinamide administration resulted in
amelioration of LPS-induced oxidative stress, and
increasing gene expression of superoxide dismutase
(SOD), glutathione peroxidase (GPx) and catalase (CAT)
(Lappas and Permezel 2011).

Vitamin B6, (namely pyridoxine, pyridoxamine or
pyridoxal) and their phosphorylated derivatives, is an
essential co-enzyme for numerous enzymatic reactions. It
acts as a cofactor for enzymes involved in transamination,
deamination decarboxylation, racemization and trans-
sulfuration reactions (Depeint et al., 2006). It used as a
therapeutic agent in the treatment of cardiovascular
disease (Wierzbicki, 2007), diabetes (Jain, 2007) and
epilepsy (Gaby, 2007). The antioxidant and radical
scavenging activities of the Bgvitamin have been
previously documented. It has a strong role in attenuating
oxidative stress biomarkers related to homocysteinemia
(Mahfouz and Kummerow, 2004) or in preventing
reactive oxygen species (ROS) formation and lipid
peroxidation in a cellular model (Kannan and Jain, 2004).

Cobalamins (Cbl; vitamin B;, derivatives) are
micronutrients used as a co-factor for the synthesis of

methylcobalamin ~ (MeCbl) and adenosylcobalamin
(AdoCbl), the respective cofactors for cytosolic
methionine synthase (MS) and mitochondrial L-

methylmalonyl-CoA mutase (Solomon, 2007). It has
fundamental therapeutic roles in the treatment of different
pathological conditions. Cbl ingestion is potential in
treating many inflammatory diseases, prophylaxis against
oxidative stress-associated pathologies (Miller, 2002;
Wheatley, 2006) and modulating the immune response
(Scalabrino et al., 2008). Cbl therapy ameliorates levels

of TNF-a and epidermal growth factor in Cbl-deficient
patients (Scalabrino et al., 2008). It acts as a second-line
of defense when O, production exceed the ability of
superoxidedismutase (SOD) protection system (Moreira
et al., 2011). The reduced form of Cbl, cob (II) can
scavenge O,” which is a significant mechanism by which
Cbl can protect cells against oxidative damage (Moreira et
al., 2009).  Vitamin  supplements  containing
cyanocobalamin (CNCbl, vitamin B;;) reduced low-
density lipoprotein oxidation in both patients and healthy
persons as well as individuals with coronary artery
disease (Earnest et al., 2003) Clinical study illustrated that
high doses of Cbl have been used to treat pernicious
anemia for several years with no apparent toxicity
(Mangiarotti et al., 1986).

The current study was undertaken to study the
prophylactic beneficial action of vitamin B complex
(vitamins Bj, B and By,) against inflammation, oxidative
DNA damage and apoptosis induced by toxicity of either
ZnO-bulk or its NPs in rat livers

MATERIALS AND METHODS

Chemicals

ZnO-bulk and its NPs (<100 nm) powders were purchased
from Sigma Co. (USA). Vitamin B;, B¢ and Bjwere
purchased from Sigma-Aldrich Corporation. All other
chemicals used in the study were of high analytical grade
and products of the Sigma and Merck companies.

Animals and experimental design

Fifty healthy male albino rats (120-150g) of Sprague-
Dawley strain were obtained from the Experimental
Animal Center, King Fahad Medical Research Center,
Jeddah, King Abdelaziz University. Animal utilization
protocols were performed in accordance with the
guidelines provided by the Experimental Animal
Laboratory and approved by the Animal Care and Use
Committee of the College of Science, King Abdelaziz
University. Animals were housed in clean cages and
maintained under standard conditions (12-h light/12-h
dark cycle with air conditioning and a controlled
temperature of 20°C to 22°C and humidity of 60%). Rats
were fed a standard rat pellet diet with free access to tap
water ad libitum for 1 week for acclimatization. After 1
week of acclimation, the animals were divided into five
groups:

G1: Normal, healthy animals.

G2: ZnO- bulk intoxicated rats.

G3: ZnO-NPs intoxicated rats.

G4: ZnO- bulk intoxicated rats with co-administration of
vitamin B complex.

G5: ZnO-NPs intoxicated rats with co-administration of
vitamin B complex.
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ZnO-bulk and ZnO-NPs were administered to rats orally
(500mg/Kg body weight, Wang et al., 2008) for 10
consecutive days. They were suspended in 1% Tween 80
and dispersed by ultrasonic vibration for 15 min before
administration. The control group was given 1% Tween
80 solution instead. Vitamin B; (250 mg/Kg body weight,
Godin et al., 2012), B6 (60 mg/Kg body weight, Macédo
et al., 2011) and By, (0.6 mg/Kg body weight, Macédo et
al., 2011) were administered orally in combination daily
for three weeks. Three weeks later, therats of all groups
were kept fasting over night (12-14 h), the blood samples
were collected from each animal in different experimental
groups into sterilized tubes for serum separation. Serum
was separated by centrifugation at 3000 r.p.m. for 10
minutes and used for biochemical serum analysis. After
blood collection, rats of each group were sacrificed under
ether anesthesia and the liver samples were collected,
finely chopped and homogenized in ice-cold bid stilled
water to yield 10% homogenates. The homogenates were
centrifuged for 15 minutes at 10000g. at 4°C and the
supernatants were used for estimation of some
biochemical parameters.

Biochemical serum assay

Alanine aminotransferase (ALT) and Aspartate amino
transferase (AST) activities were determined according to
the method described by Bergmeyer et al., (1985). Lactate
dehydrogenase (LDH) activity was evaluated according to
Bergmeyer (1975). The concentration of inflammatory
cytokines such as tumor necrosis factor (TNF)-o was
determined using commercially available ELISA assays
following the instructions supplied by the manufacturer
(DuoSet kits; R&D Systems, Minneapolis, MN, USA). C-
reactive protein (CRP) was estimated with latex-enhanced
immunonephelometry on a Behring BN II Nephelometer
(Dade Behring). In this assay, polystyrene beads coated
with rat monoclonal antibodies bind CRP present in the
serum sample and form aggregates. The intensity of the
scattered light is proportional to the concentration of CRP
present in the sample. The level of vascular endothelial
growth factor (VEGF) was assayed by quantitative
colorimetric sandwich enzyme-linked immunosorbent
assay (ELISA; R&D Systems, UK) at 492 nm in
accordance with the manufacturer’s instructions.
Concentrations were calculated using a standard curve
generated with specific standards provided by the
manufacturer.

Biochemical assay of liver tissue

Lipid peroxidation wasestimated by measuring the formed
malondealdehyde (MDA) (index of lipid peroxidation) by
using thiobarbituric acid reactive substances (TBARS)
method (Buege and Aust, 1978). In this assay ared adduct
was formed in acidic medium between thiobarbituric acid
and MDA, the product of lipid peroxidation was
measured at 532 nm. MDA concentration was calculated
using extinction coefficient value (g) of MDA-
thiobarbituric acid complex (1.56 x10° /M/cm).
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Glutathione peroxidase assay

Glutathione peroxidase (GPx) activity was quantified by
the dithio-binitrobenzoic acid method (Rotruck et al.,
1973), based on the reaction between remaining
glutathione after the action of GPx and 5,59-dithio bis-(2-
nitro benzoic acid) to form a complex that absorbs
maximally at 412 nm.

Assay of caspase 3 activity
Caspase-3-like protease was assayed according to the
method described by Nath et al. (1996).

Comet assay

The comet assay, or single cell gel electrophoresis, is a
widely used technique for measuring and analyzing DNA
breakage in individual cells. The method of Singh et al.,
(1988), which involves the unwinding of DNA under
alkaline conditions, was used in this study. The
parameters measured to analyze the -electrophoretic
patterns were the tail length as measured from the middle
of the head to the end of the tail and the relative DNA
content in the tail. The tail moment was defined by the
percentage of DNA in the tail multiplied by the length
between the center of the head and tail which was defined
by Olive et al., (1990)

STATISTICAL ANALYSIS

The results were expressed as meant SE. Data are
analyzed by comparing values for different treatment
groups with the values for individual controls. Significant
differences among different groups were analyzed using
one-way analysis of variance (ANOVA) followed by
Bonferroni’s test

RESULTS

Serum liver damage markers, namely ALT, AST and
LDH in the normal and different experimental rat groups
intoxicated with either repeated doses of ZnO-bulk or its
NPs are shown in tablel. The two toxic forms of ZnO(G2
and G3 respectively) induced pronounced increases in
these biomarkers compared with normal animals (G1),
however the deviation in these biomarkers was sever in
rats intoxicated with ZnO-NPs (G3). The intake of
vitamin B complex to ZnO-bulk or its NPs (G4 and G5
respectively)  significantly =~ down-modulated  the
deterioration in these markers in relation to intoxicated
either rat group.

The level of serum glucose in normal and ZnO-bulk
intoxicated different rat groups is depicted in tablel. The
result showed marked increases in serum glucose level in
rats intoxicated with either ZnO form, which was
pronounced in rats ingested ZnO-NPs.
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Table 1: Effect of vitamin B complex on the levels of serum liver function biomarkers in normal and ZnO-intoxicated

rats
Parameters Normal ZnO-bulk ZnO-NPs Zn0-bulk+Vit ZnO-NPs+Vit
B- complex B-complex
ALT (U/L) 13,3£1.5 172.04+ 2.6° 139.34+1.2% 41.73+1.5" 46.5+1.7%
AST (UKL) 32.1+1.8 97.36 £7.2° 136.22+3.1% 53.143.1% 95.8+i4.05"
LDH (U/L) 1339.26+51.25 | 1904.96+53.11° | 2260.0+20.2% | 1516.8+757.051" 1943.3+40.4%
Glucose mg/dl 82.66+1.53 96.3+2.5° 129.06+3.5" 85.6+2.05" 106.6+2.17

Data are presented as mean + SD of 6 rats, ® P < 0.001, ® P < 0.01," Non significant compared with normal group, " P < 0.01, p <
0.001 compared with ZnO-Bulk -intoxicated group, “P < 0.001 compared with ZnO-NPs intoxicated group using ANOVA followed

by Bonferroni as a post-ANOVA test

Table 2: Effect of vitamin B complex on the levels of serum inflammatory biomarkers in normal and ZnO- intoxicated

rats
Parameters Normal ZnO-bulk ZnO-NPs Zn0-bulk+Vit L L
B- complex B-complex
TNF-a (pg/ml) 9,78 +1.4 33.65+1.5° 38.4+.2.3% 22.6+2.3" 24.8 +1.6"
CRP (ng/ml) 2.641.1 16.47+0.8° 19.4+1.4% 10.38+1.02* 8.541.12*
VEGF (pgfml) 174.4+4.7 204.6+3.68° 217.35+7.5% 126.1+£5.3" 136.6+2.9"

Data are presented as meant[1S.D. from 6 rats, *P<10.001, bPS.Ol, °P<0.05 compared with the normal group, “P<110.001,
$p0<0.001 , ®¥P1<0.01, **P1<0.05 compared with ZnO-bulk intoxicated group, “P<[10.001, compared with ZnO-NPs intoxicated
group using ANOVA followed by Bonferroni as a post-ANOVA test

Table 3: Effect of vitamin B complex on some liver tissue biomarkers in ZnO different experimental rat groups

Parameters Normal ZnO-bulk ZnO-NPs Zn0-bulk+Vit | ZnQ-NPs+Vit
B- complex B-complex
MDH (nmol/g) 12.13+0,58 | 16.7+0.75" 19.8+0.9° 13.140.61" 13.4+0.23"
GPX (nmol"min/mgprotcin) 26.65+1.12 20.1+0.53° 18,03+0.47% | 24.16+0.55" 24.46+0.51"
Caspase-3 217.842.4 | 325.76+5.05° | 370.8+2,6° | 255.6+4.06° | 295.26+5.05"
Tail-DNA length (um) 2.8+0.2 5.47+0.23* | 6.02+0.07° | 3.47+0.075" 4,2+10.10”
Tail-DNA% 3.240.01 4.6+0.10° 4,9+0.09% 3.1+0.11" 3.740.25%
Uni! Tail -DNA moment 10.3340.6 | 25.09+0.7%° | 28.7+1.05% 13.740.95" 15.1+0.83"

Data are presented as mean+JS.D. from 6 rats, *P<0.001, bPSO.OI,

°P<0.05," Non significant compared with the normal

group P<0.001, %p<0.01, *P<0.05 compared with ZnO-bulk intoxicated group, *P<0.001,compared with ZnO-NPs intoxicated
group using ANOVA followed by Bonferroni as a post-ANOVA test

The levels of some immunological pro-inflammatory
biomarkers, including TNF-a, and CRP, in the normal and
different experimental rat groups intoxicated with either
form of ZnO-bulk are illustrated in table 2. These
biomarkers were dramatically elevated in the serum of
rats intoxicated with either form of ZnO compared with
the normal group; however, the deviation in these
biomarkers was more evident in ZnO-NPs rat group. The
immediate intake of vitamin B complex with ZnO
ingestion markedly inhibited the induced inflammatory
mediators compared with animals intoxicated with either
ZnO-bulk or its NPs.

The level of VEGF (angiogenic factor) significantly
increased in the serum of rats intoxicated with either
ZnO-bulk or its NPs compared with normal animals
(table.2). Co-administration of vitamin B complex,
markedly reduced the dramatic increase in this factor in
sera of ZnO-intoxicated rats compared with either
intoxicated, untreated animal group.

The effect of the administration of either ZnO-bulk or its
NPs on liver DNA of rats is shown in table 3 and fig.1,
respectively. A significant increase in the tail length,
DNA % (tail DNA content) and tail-DNA moment was
shown in the liver tissues of rats intoxicated with either
ZnO- bulk or its NPs. This effect was pronounced in
ratlivers intoxicated with the repeated doses of ZnO-NPs.
Co-administration of the current agent, in ZnO-
intoxicated rats significantly protected their livers from
DNA damage as indicated by a decrease in tail length,
DNA % and tail -DNA moment compared with
intoxicated rats.

Table 3 shows the levels of MDA and GPx (antioxidant
biomarker) in normal and ZnO intoxicated different rat
groups. The data revealed that toxicity of this metal oxide
induced increased MDA with concomitant decrease in an
antioxidant enzyme, GPX, compared to normal animals.
This effect was severe in rat livers ingested ZnO-NPs. Co-
ingestion of vitamin B complex to rat groups intoxicated
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with either ZnO-bulk or its NPs effectively ameliorated
the alteration in these markers with respect to either
intoxicated untreated group.

(2)
(b) (<)
(d) (e)

Fig. 1: COMET assay showing the degree of DNA
damage in the liver tissue in intoxicated rats with either
bulk or ZnO-NPs, and the effect of vitamin B complex
treatment on the level of DNA damage. (a) normal control
group, (b) group intoxicated with bulk ZnO (c), group
intoxicated with ZnO-NPs, (d) group intoxicated with
bulk ZnO and co-administered with vitamin B complex,
(e) group intoxicated with ZnO-NPs and co-administered
with vitamin B complex

Table 3 shows that the liver apoptosis biomarker caspase
3 was significantly up-regulated in rats administered
either repeated doses of ZnO-bulk or its NPs. Co-
administration of the studied agents to either ZnO-
intoxicated rat group, beneficially down-modulated the
increase in liver caspase 3.

DISCUSSION

Some studies have reported that the toxicity of bulk metal
oxide and its NPs (d < 100 nm) were related to diseases of
body vital organs including liver (Wang et al., 2008,
Xiong et al., 2011). NPs are severely toxic than their bulk
ones due to their greater surface reactivity and their
capacity to penetrate into and accumulate within cells and
organisms (Ispas et al., 2009; Mironava et al., 2010).

In consistent with previous investigations, the current
study revealed that ingestion of repeated doses of either
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ZnO-bulk or its NPs (500mg/Kg for 10 consecutive days)
to rats for 10 consecutive days, induced liver damage as
documented by marked elevation of serum ALT, AST and
LDH in both intoxicated rat groups, indicating cellular
leakage and loss of the functional integrity of liver cell
membranes. These changes were more severe in rats
intoxicated with ZnO-NPs (Wang et al.,2008). It has
demonstrated that NPs, including ZnO, may cause more
inflammatory tissue damage than larger particles of the
same material at the same mass dose delivery (Rahman et
al., 2002, Wang et al.,2008, and Xiong et al., 2011).

Co-administration of vitamin B complex to either
intoxicated rat groups significantly reduced the serum
levels of liver function biomarkers compared with
intoxicated rat groups. This may indicate that the used
vitamins acts as effective hepatoprotective against ZnO
caused liver dysfunction. The positive response obtained
by the used vitamin B complex may attribute to their
ability to protect and stabilize cellular membranes by
manipulating the ZnO toxicity. The anti-toxic and the
hepato-protective effects of B vitamins were previously
reported (Wheatley, 2006, Chen et al., 2008, Mehta et al.,
2008, 2011).

Some studies have demonstrated that pathogenic
mechanisms initiated by bulk metal oxide and its NPs are
dominated by inflammation-driven effects, including,
oxidative stress, apoptosis and DNA damage (Borm et al.,
2006; Lu et al., 2009; Xiong et al., 2011).

In the present study, it was found that a marked increase
in serum glucose level as well as in the levels of
immunological pro-inflammatory biomarkers including
TNF-0 and CRP, in rat serum intoxicated with either
ZnO-bulk or its NPs in relation to normal group, implying
metabolic and immune disorder.

TNF-a is one of the most commonly inflammatory
injurious chemokine immunological markers increased in
response to different metal oxide toxicity including ZnO
(Sayes et al., 2007; Veranth et al., 2007). While CRP is a
member of the pentaxin protein family, synthesized by the
liver in response to inflammation (Pepys and Baltz, 1983).
The up-regulation of TNF-a has a principle role in the
activation of proinflammatory pathways in various cell
types (D’Alessandris et al., 2007). It triggers the
production of other inflammatory cytokines including IL-
6, the chief stimulator of CRP production, leading to
inflammatory tissue injury (Kerner et al., 2005). On the
other hand, it was reported that up-regulation of CRP is
closely associated with metabolic disturbances including,
insulin resistance and related complications such as fatty
liver disease and hyperglycemia (Xi et al., 2011).

Thus, a protective strategy attenuates production of
inflammatory mediators could protect against tissue injury
and remote organ dysfunction The intake of vitamin B
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complex immediately with either ZnO-bulk or its NPs
ingestion presented in this study, markedly attenuate the
increases in serum glucose and inflammatory biomarkers.
The anti-inflammatory of the used vitamins (B;, B¢ and
Bi,) was previously documented (Miller, 2002; Biedron et
al., 2008). Some studies showed that nicotinamide (vit
B;) administration resulted in a marked reduction of pro-
inflammatory cytokines including TNF-a, IL-6 induced
by LPS in human placenta (Lappas and Permezel, 2011).
VitaminB;, supplementation was also beneficial in
modulating the immune response and treating many
inflammatory diseases, (Miller, 2002; Scalabrino et al.,
2008). Vitamin By, therapy normalized levels of TNF-a
and epidermal growth factor in vitamin Bj,-deficient
patients (Scalabrino et al., 2008).

Liver injury leads to vascular deterioration and local
tissue hypoxia starting early in disease course. In this
case, hypoxia not only acts as an upsetting factor of cell
damage and inflammation, but also as suppressor of liver
regeneration, a major stimulus of angiogenesis (growth of
new blood vessels from pre-existing vessels),
fibrogenesis, and a promoter of liver carcinogenesis
(Rosmorduc and Housset, 2010; Paternostro et al., 2010).
The present study demonstrated significant increase in
serum VEGF (angiogenic factor) of rats intoxicated with
either ZnO-bulk or its NPs compared with normal ones.
This result is supported by previous study demonstrated
the expression of various tissue factors, cytokines, and
chemokines in response to inflammatory tissue injury
(Verheul et al., 2000; Lingen, 2001). Up-regulation of
VEGEF has been demonstrated to be a major contributor to
angiogenesis that stimulates vasculogenesis (Ding et al.,
2004). Angiogenesis is a part of the system that restores
the oxygen supply to tissues when blood circulation is
inadequate. VEGF has a principle role in the generation of
new blood vessels after injury, to bypass blocked vessels
(Prior et al., 2004). However, it was found that
stimulation of angiogenesis may lead to the transition
from acute to chronic inflammation. Previous study
demonstrated that neo-vessels can significantly contribute
to perpetuation of the inflammatory response by
expressing chemokines and adhesion molecules
promoting the activation of inflammatory cells (Jackson
et al., 1997). Some authors illustrated that a positive
correlation between the VEGF expression and progression
of fibrogenesis (Rosmorduc and Housset, 2010). VEGF
has been reported to be able to trigger hepatic stellate
cells (HSCs) proliferation (Olaso et al., 2003) increase
deposition of fibrogenic proteins, extra cellular matrix
protein (ECMP) components as collagen I (Corpechot et
al., 2002). In addition, Previous studies stated that TNF-o,
and VEGF expressions were significantly linked. Both
TNF- o and VEGF may promote a procoagulant state, by
increasing expression of tissue factor on endothelial cells
and/or monocytes (Clauss et al., 1996; Mechtcheriakova
et al., 2001). Increased tissue factor production is thought

to play the major cause of multi-organ system failure in
acute injury (Mechtcheriakova et al., 2001). This suggests
the possibility that TNF-o and VEGF might act
synergistically to potentiate liver injury and/or systemic
organ dysfunction (Gurkan et al., 2003).

The use of anti-angiogenic agents may then represent an
attractive alternative therapeutic tool to prevent or
significantly slow down fibrosis progression towards
cirrhosis, which also represents the main risk factor for
liver cancer development.

The protective ingestion of the used vitamin B complex
markedly reduced the dramatic increase in this angiogenic
biomarker in serum of ZnO intoxicated rats, suggesting its
anti-angiogenic beneficial action. Choi et al., (2011)
stated that nicotinamide (vit Bs) derivative inhibits
VEGF-mediated angiogenesis signaling in human
endothelial cells (Choi et al., 2011). N-phenyl
nicotinamides was potent anti-angiogenic through
inhibiting VEGF receptors (Dominguez et al., 2007).
Also, vitamin B6 mediated suppression of colon
angiogenesis was previously reviewed (Matsubara et al.,
2003). Furthermore, previous clinical study reported that
chronic vitamin B;, deficiency promoting the
angiogenesis in a young vegetarian woman, which was
reversible after treatment with By, (Aroni et al., 2008).

The damaging effect of metaloxide on DNA has been
shown in previous study (Gurr et al., 2005). The comet
assay is an accurate and a simple assay for evaluating
DNA damage at the level of individual cells (Singh et al.,
1988).

Apoptotic cell death due to fragmentation lead to
increased DNA migration (Tice and Strauss 1995). With
an increasing number of breaks, DNA pieces migrate
freely into the tail of the comet, and in the apoptotic cell;
the head and the tail are well separated. Tail length,
percentage of total DNA in the tail and tail -DNA
moment, reflect DNA damage (ColLins et al., 1996).

Use comet assay to detect DNA damage indicated that
either ZnO-bulk or its NPs intoxication induced liver
DNA damage documented by a significant increase in the
tail length, DNA % in the tail and tail -DNA moment in
livers of rats. The current result also showed that toxicity
of this metal oxide induced oxidative stress in rat livers as
showed by increased MDA (index of lipid peroxidation)
with concomitant decrease in an antioxidant enzyme,
GPx, compared to normal animals. This effect was severe
in rat livers ingested ZnO- NPs. Previous studies
suggested that ZnO induced DNA damage may be related
to lipid peroxidation and oxidative stress (Xiong et al.,
2011). ROS react with DNA, causing damage both purine
and pyrimidine bases as well as the DNA backbone
(Martinez et al., 2003). In addition, MDA, a major
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product of lipid peroxidation, is a mutagenic and
carcinogenic compound. This compound reacts with DNA
to form adducts to deoxyguanosine, deoxyadenosine, and
deoxycytidine (Marnett 2002; Niedernhofer et al., 2003).
DNA damage resulting from any of these mechanisms
may elicit signal transduction pathways leading to
apoptosis or interfere with normal cellular processes,
thereby causing cell death (Sharma et al., 2009).

Co-administration of vitamin B complex to rat groups
intoxicated with either ZnO-bulk or its NPs effectively
protected their liver tissues from DNA damage and
ameliorated the increase in lipid peroxidation as well as
the decrease in the antioxidant enzyme, GPx. This result
give a clue to the ability of the B vitamins to mitigate the
oxidative stress induced liver DNA damage which may
relate to their antioxidant effect (Kannan and Jain, 2004,
Moreira et al., 2011, Lappas and Permezel, 2011). This
indication is supported by Lappas and Permezel (2011)
who reported that nicotinamide administration was
beneficial in attenuating LPS- induced oxidative stress,
and stimulating gene expression of antioxidant enzymes
including GPx. Also, in vitro study reported that
nicotinamide has important role ingenomic stability,
repairing of DNA damage and protecting against
cytotoxic effects of DNA-damaging agents (Jacobson et
al., 1999). Jia et al. (2008) suggested that nutritional
supplementation of nicotinamide at high doses decreases
oxidative stress induced DNA damage in experimental
models. Bgvitamin was also effective in protecting
hepatocytes from iron-catalyzed lipid peroxidation,
protein oxidation and DNA damage (Mehta et al., 2009).
Vitamin B¢ has a potential role in reducing oxidative
stress markers associated with homocysteinemia
(Mahfouz and Kummerow, 2004) or in preventing ROS
formation and lipid peroxidation in a cellular model
(Kannan and Jain, 2004). In addition, previous published
data revealed that pretreatment of cultured lymphocytes
with vitamin B;, protected them from, oxidative DNA
damage caused by pioglitazone (Alzoubi et al., 2012).

Apoptosis represents a key event after liver injury and
oxidative DNA damage (Sharma et al., 2009). The data
generated in the current work showed markedly increased
activity of the apoptosis biomarker caspase3 in liver tissue
of rats intoxicated with either ZnO- bulk or its NPs,
suggesting that apoptosis might contribute to this metal
oxide-induced DNA damage.

Co-administration of the studied B vitamins to ZnO-
intoxicated rats beneficially down-modulated the increase
in liver caspase 3. This result may indicate that the used
vitamin B combination mediated protection against ZnO
induced liver tissue damage through its strong anti-
apoptotic effect. The mechanism of their anti-apoptotic
effect may be related to their ability to inhibit oxidative
DNA damage induced by ZnO. Nicotinamide was
reported to inhibit alkylating agent-induced apoptotic
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neuro-degeneration in the developing rat brain (Ullah et
al., 2011). Also, Endo et al., (2007) stated that vitamin
Bgsuppressed apoptosis of NM-1 bovine endothelial cells
induced by homocysteine and copper through its
antioxidant effect. Vitamin B12 was reported to have the
ability to counteract dexamethasone-induced apoptosis in
mesenchymal cell of mice during key periods of
palatogenesis (He et al., 2010).

CONCLUSION

The findings of the current study suggest that prophylactic
supplementation of vitamin B complex may be beneficial
against inflammation and apoptotic oxidative DNA
damage induced in rat livers by toxic effects of either
ZnO- bulk or its NPs.
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