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Abstract: The protective effect of B vitamins combination against zinc oxid bulk (ZnO-bulk) and its nanparticles
(ZnO-NPs) toxicity -induced kidney damage in rats was investigated. ZnO- bulk or its NPs were administered orally
(500 mg /kg body weight) for 10 consecutive days. The results revealed that oral co-ingestion of of B vitamins
combination (250 mg Bs, 60 mg Bs 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 markers of kidney function, including uric acid and
creatinine. Also the used vitamins in combination down-modulated ZnO caused dramatic increases in serum pro-
inflammatory biomarkers including, tumor necrosis factor- a (TNF-a), and C-reactive protein (CRP) as well as in
serum vascular endothelial growth factor (VEGF) (angiogenic factor) in intoxicated rats compared with intoxicated
untreated ones. In addition, the result showed that B vitamins effectively ameliorated the increased malondialdehyde
(MDA, a major product of lipid peroxidation), the decrease in antioxidant enzyme, glutathione peroxidase (GPx),
oxidative deoxyribonucleic acid (DNA) damage and the increase in the apoptosis marker caspase 3 in kidneys of
intoxicated rats with either ZnO- bulk or its NPs compared with intoxicated untreated.In conclusion, prophylactic
treatment with the current used B vitamins in combination may be beneficial in protecting kidney tissue from the
toxic impact of ZnO- bulk or its NPs.
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1. Introduction and accumulate within cells and organisms (Ispas et
With the increased application of nanomaterials, al., 2009; Mironava et al., 2010).
the discharge to environment through production, Protective strategies against the damaging
transportation, storage, and consumption process impact of metal oxide using agents with antioxidant
could be rapidly increased and it may exhibit adverse and anti-inflammatory properties may be effective in
effects to human health. When inhaled, nanoparticles interfering with tissue damage induced by toxicants.
are efficiently deposited into lung cells. Translocation Vitamin B; (nicotinamide) is essential to all
through epithelial and endothelial cells into the blood living cells. Vitamin B; is biosynthetically converted
and lymph circulation may be occurred to reach to nicotinamide adenine dinucleotide (NAD), the
potentially sensitive target sites including bone acceptor of hydride equivalents to form the reduced
marrow, lymph nodes, spleen, heart, liver and, kidneys dinucleotide, NADH which plays a vital role in
(Oberdorster et al., 2005; Wang et al., 2007, Liu et al., cellular energy metabolism. In addition to being
2009). nutrients, vitamin B; is clinically applied
ZnO nanoparticles (ZnO-NPs) are widely pharmacological agents. Ingestion of vitamin B; in
applied in optoelectronics, cosmetics, catalysts, large doses was found to be effective in lowering
ceramics, pigments, etc. (Wang, 2004). Some studies serum lipids and cholesterol (Schachter, 2005). It also
proposed the bio-safety of ZnO and could be used in used for prevention of type 1 diabetes (Gale et al.,
biomedical materials (Berube, 2008). However, other 2004), and neurotoxicity and for treatment of
studies proved its adverse toxic impacts on human ischemia. It has also anti-inflammatory, antioxidant
health and environmental species. Previous studies (Biedron et al., 2008; Lappas and Permezel, 2011),
demonstrated that exposure to nano-ZnO resulted in hepatoprotective (Chen et al., 2008), and antiulcer
oxidative stress, tissue damage and inflammatory (Abdallah, 2010) properties. Another study also
response in vascular/lung endothelial cells (Gojova et revealed that vitamin B; ingestion resulted in a
al., 2007; Lin et al., 2009). Also, experimental studies marked reduction of the pro-inflammatory mediators
indicated that the toxicity of ZnO-NPs affected the including TNF-o, IL-6 and the chemokine, IL-8 as
body vital organs including kidney (Wang et al., 2008; well as of oxidative stress induced by of lipo-
Fadda et al, 2012, 2013). Generally, it was polysaccharides (LPS) (Lappas and Permezel, 2011).
demonstrated that nano-particles are more toxic than The vitamin is benefit in increasing gene expression of
their bulk form due to their ability to penetrate into superoxide dismutase (SOD), glutathione peroxidase

729



Life Science Journal 2014;11(8)

http://www.lifesciencesite.com

(GPx) and catalase (CAT) (Lappas and Permezel,
2011). Vitamin B; deficiency was reported to be o
associated with an increased risk of cancer (Kirkland,
2003). Vitamin B; administration is associated with
increased NAD which has an important role in
genome stability (Kirkland, 2003).

Vitamin Bs (pyridoxal, pyridoxine and
pyridoxamine) is involved in a number of metabolic
reactions, most of which are involved in the
metabolism of amino acids and proteins, lipids,
carbohydrates, nucleotide, protein synthesis and
cellular proliferation (Depeint et al., 2006). The
vitamin has important role in the treatment of some
diseases including diabetes (Jain, 2007), epilepsy
(Gaby, 2007) and cardiovascular disease (Wierzbicki,
2007). Vitamin B¢ has antioxidant and radical
scavenging properties (Mahfouz and Kummerow,
2004). Vitamin B4 deficiency has been shown to lead
to fatty liver (Selvam and Ravichandran, 1991);
formation of calcium oxalate stones in the kidney
(Selvam and Ravichandran, 1991); carcinogenesis
(Reynolds, 1986) and ischaemic heart disease
(Vermaak et al., 1987).

Vitamin B, (cyanocobalamine) is required for
the synthesis of methionine and S-adenosyl thionine,
the common methyl donor require for the maintenance
of methylation patterns in DNA that determine gene
expression and DNA confirmation (Zingg and Jones
1997; Solomon, 2007). It has principle roles in the
treatment of different pathological conditions. Vitamin
B, has anti-inflammatory, immunomodulatory,
antioxidant and antioxidative stress potential actions
(Miller, 2002, Wheatley; 2006, Scalabrino et al.,
2008). Cbl therapy normalizes 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 overwhelms the
superoxide dismutase (SOD) protection system
(Moreira et al., 2011). The reduced form of Cbl, cob
(Il) can scavenge O,  which is an important
mechanism by which Cbl can protect cells against
oxidative stress (Moreira et al., 2009). Vitamin
supplements containing cyanocobalamin (CNCbl,
vitamin B,;;) decrease low-density lipoprotein
oxidation in both healthy individuals and patients with
coronary artery disease (Earnest et al., 2003). High
doses of Cbl have been used to treat pernicious
anemia for decades with no apparent toxicity
(Mangiarotti, 1986).

The objective of the present study is to explore
the potential prophylactic impact of combination of B
vitamins (vitamins B;, B¢ and Bj,) in attenuating
inflammation, oxidative DNA damage, oxidative
stress and apoptosis induced by either ZnO — bulk or
its NPs toxicity in rat kidney.
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2. Materials and methods
Chemicals:

ZnO — bulk and its NPs (<100 nm) powders
were purchased from Sigma Co. (USA). Vitamin Bs,
Bs and Bj, were 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 treatments:

Fifty healthy male albino rats (120-150 g) were
supplied by 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 kept in special cages and maintained on
a constant 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 chow with free access to tap water ad libitum
for 1 week before the experiment for acclimatization.
After 1 week of acclimation, the rats were randomly
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 combination B vitamins

G5: ZnO-NPs intoxicated rats with co-administration
of B vitamins

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 Bj
(250 mg Kg body weight, Godin et al. 2012), B4 (60
mg/ Kg body weight, Macédo et al., 2011) and B,
(0.6 mg / Kg body weight, Macédo et al., 2011) were
administered orally in combination daily for three
weeks. Three weeks later, the rats of all groups were
kept fasting over night (12-14 h), the blood samples
were collected from each animal in all 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 kidney
samples were collected, minced and homogenized in
ice cold bidistilled water to yield 10% homogenates
using a glass homogenizer. The homogenates were
centrifuged for 15 minutes at 10000 g. at 4°C and the
supernatants were used for biochemical tissue
analysis.



Life Science Journal 2014;11(8)

http://www.lifesciencesite.com

Biochemical serum assay:

Uric acid (Fossati et al., 1980) and creatinine
(Henry, 1974) were measured as indicators of kidney
function. The concentration of inflammatory cytokines
such as tumor necrosis factor (TNF)-a 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 measured 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 size of the aggregates and thus
reflects the concentration of CRP present in the
sample. The level of vascular endothelial growth
factor (VEGF) was assayed to be 492 nm by
quantitative colorimetric sandwich enzyme-linked
immunosorbent assay (ELISA; R&D Systems, UK) 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 kidney tissue:

Lipid peroxidation was estimated by measuring
the formed MDA (an end product of fatty acid
peroxidation) by using thiobarbituric acid reactive
substances (TBARS) method (Buege and Aust, 1978).
This assay is based on the formation of red adduct 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(e) of MDA -thiobarbituric
acid complex (1.56 x10° /M/cm).

Glutathione peroxidase assay:

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
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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:

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

3. Results

Serum kidney damage biomarkers including
creatinine and uric acid in the normal and different
experimental rat groups intoxicated with either
repeated doses of ZnO- bulk or its NPs are shown in
(Table 1). The two toxic forms of ZnO (G2 and G3
respectively) induced pronounced increases in these
biomarkers compared with normal animals (G1, P <
0.001), however the deviation in these biomarkers was
more pronounced in rats intoxicated with ZnO — NPs
(G3). The oral ingestion of combination of B vitamins
to rats intoxicated with either ZnO- bulk or its NPs
(G4 and G5 respectively) significantly down-
modulated the deterioration in these markers
compared with either intoxicated rat group.

The levels of some immunological pro-
inflammatory biomarkers, including TNF-o. and CRP
in different experimental rat groups are depicted in
(Tables 2). These biomarkers were dramatically
elevated in the sera of rats intoxicated with ZnO- bulk
or its NPs versus normal group, however, the
alteration in these biomarkers was more evident in
ZnO-NPs intoxicated rats rat group compared with
rats intoxicated with bulk ZnO. 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 sera of rats intoxicated
with either ZnO- bulk or its NPs compared with
normal animals (Table 2). Co- ingestion of B vitamins
combination, markedly reduced the up-regulation in
this factor in ZnO- intoxicated rats compared with
either intoxicated untreated animal group (P <0.001).

Table 3 shows the levels of MDA (marker of
lipid peroxidation and oxidative tissue damage) and
GPx (antioxidant biomarker) in rat kidneys of normal
and ZnO intoxicated rats. The data revealed that
toxicity of this metal oxide induced increased MDA
accompanied with a decrease in the antioxidant
enzyme, GPX, compared to normal animals. This
effect was severe in rat kidneys ingested ZnO- NPs.
Co —ingestion of B vitamins combination to rat groups
intoxicated with either ZnO-bulk or its NPs effectively
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ameliorated the alteration in these markers with
respect to either intoxicated untreated group.

Table 3 and Figure 1 illustrate the biomarkers of
DNA damage in kidneys of ZnO- intoxicated rats. A
significant increases in the tail length, DNA % (tail
DNA content) and tail -DNA moment were observed
in rats intoxicated with either ZnO- bulk or its NPs.
This effect was more evidenced in rat kidneys
intoxicated with the repeated doses of ZnO-NPs. Co-
administration of combination of the current vitamins,,
significantly protected their kidneys from DNA

damage as indicated by a decrease in tail length, DNA
% and tail -DNA moment in either ZnO intoxicated
group compared with intoxicated untreated rats.

The kidney apoptosis biomarker caspase 3 was
significantly up-regulated in rats administered either
repeated doses of ZnO- bulk or its NPs (Table 3). Co-
administration of the studied vitamins combination to
either ZnO- -intoxicated rat group, beneficially down-
modulated the increase in kidney caspase 3 compared
with either ZnO intoxicated untreated group.

Table 1. Impact of B-vitamins on serum renal function biomarkers in ZnO intoxicated rats

Groups Creat. mg/dl) Uric acid (mg/dl)
Normal 0.21+0.01 0.433£0.15
ZnO-bulk 0.36:0.01° 1.27+0.068°
ZnO-NPs 045+ 0.01°S 1.5+ 0.10%
ZnO-bulk+ B Vitamins 0.23+0.01°¢% 1.07+0.06™
ZnO-NPs+ B Vitamins 0.3+0.01*" 1.13+£0.057*

Data are presented as mean + SD of 6 rats, “ P < 0.001, “P < 0.05 compared with normal group,
*P<0.05,”P <0.01 compared with ZnO-Bulk —intoxicated group, “’P < 0.01compared with ZnO-NPs intoxicated group

Table 2. Effect of B-vitamins on some serum immuno-inflammatory biomarkers (TNF-a and CRP) and angiogenic

biomarker in ZnO intoxicated rats

Groups TNF-o (pg/ml) CRP(ng/ml) VEGF (Pg/ml)
Normal 9.78+1.4 2.6+1.1 174.4+4.7
ZnO-bulk 33.65+1.5 16.47+0.8" 204.6+3.68"
ZnO-NPs 38.4+2.3% 19.4+1.4™° 217.35+7.5%
ZnO-bulk+ B Vitamins 22.6£23™ 1038+ 1.02°° 126.1+5.3"%
ZnO-NPs+ B Vitamins 24 .8+1.6" 8.5+1.12* 136.6+£2.9*

Data are presented as mean+S.D. from 6 rats, * P<0.001 compared with the normal group, > P<0.001, *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

(a) (d) [ &

(k) lc)
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Figure 1. COMET assay showing the degree of DNA
damage in the renal tissue in intoxicated rats with
either bulk or ZnO-NPs, and the effect of treatment
with combination of B vitamins 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 B vitamins, (e) group
intoxicated with ZnO-NPs and co-administered with B
vitamins
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Table 3. Effect of treatment with combination of B vitamins on oxidative stress, apoptosis and oxidative DNA damage

biomarkers in ZnO different experimental rat groups

parameters Normal ZnO-bulk ZnO-NPs ZnO-bulk+ B vitamins | ZnO-NPs+ B vitamins
MDH(nmol/g) 424025 | 7.96£0.37° | 9.29+0.66™ 6.0+0.44™ 6.58+0.56"
GPX (nmol/min/mg (protein) | 20.5£0.53 | 15.9£0.65° | 13.4+0.47% 19.240.85°° 18.440.5"
Tail-DNA length (um) 2.42+0.14 | 4.8£0.06 | 5.9+0.07° 3.1+0.10%% 3.940.17
Tail-DNA% 224£0.05 | 4.4£0.03* | 5.19£0.04 " 3.0+0.05 ™% 3.88£0.07 7
Unit Tail -DNA moment | 11.4+0.011 | 21.6+0.85" | 27.14+0.98"% 10.43+.50™ 16.43+0.32"
Caspase-3 (ng/g) 96.6+5.8 | 120.3£8.00° | 140.46% 6.6 100.23+3.7™° 100.36+2.08™

Data are presented as mean=+S.D. from 6 rats, * P<0.001, ? P<0.01, © P<0.05,n, nonsignificant compared with the
normal group, *P<0.001, *P<0.01 compared with ZnO-bulk intoxicated group, " P<0.001, compared with ZnO-NPs

intoxicated group using ANOVA followed by Bonferroni.

4. Discussion

Previous studies has been documented the
renotoxicity of ZnO-NPs (Wang et al., 2008, Fadda et
al., 2012).

The present study demonstrated that
administration of either ZnO- bulk or its NPs (500mg
/Kg body weight/day) for ten consecutive days
induced nephrotoxicity in rats, as demonstrated by the
significantly increased levels of serum uric acid and
creatinine.The alteration in these kidney function
biomarkers was more evidence in rats exposed to
ZnO-NPs compared to its bulk counterpart. Our data
are similar to other previous study indicated
impairment of kidney functions with severe
inflammatory response in animals exposed to ZnO-
NPs (Fadda et al., 2012).

Administration of combination of B vitamins
simultaneously with either ZnO-bulk or its NPs
ingestion,  greatly alleviated ZnO  induced
nephrotoxicity. This beneficial impact obtained by the
used vitamins may attribute to their abilities to protect
and stabilize cellular membranes by manipulating the
ZnO toxicity. The anti-toxic and protective effects of
B vitamins was previously documented (Wheatley,
2006 ;Mehta et al., 2008, 2011 ).

Previous study demonstrated that promotion of
inflammatory cytokines expression by ZnO-NPs is
considered as mediators of its renotoxicity (Fadda et
al., 2012). This finding is coped with the present result
which revealed elevation in the levels of
immunological pro-inflammatory biomarkers
including, TNF- o, and CRP, in serum of rats
intoxicated with either ZnO- bulk or its NPs in
relation to normal group.

TNF-a and CRP are two immuno-inflammatory
injurious mediators increased in response to
inflammation induced by metal oxide toxicity
including ZnO (Sayes et al., 2007, Fadda et al., 2012,
2013). 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
stimulate the production of other inflammatory
cytokines including IL-6, the chief stimulator of CRP
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production, leading to inflammatory tissue injury
(Kerner et al., 2005).

Thus, attenuating inflammatory mediators
production using anti-inflammatory drugs may protect
against tissue injury and remote organ dysfunction

Oral ingestion of B vitamins along with either
ZnO- bulk or its NPs administration presented in this
study, markedly reduced the inflammatory biomarkers
indicating their anti-inflammatory and
immunomodulatory potential impacts. The anti-
inflammatory of the used vitamins (B3, B¢ and Byy)
was previously reported (Miller, 2002; Biedron et al.,
2008). Previous investigation demonstrated that
vitamin B3 has the ability to reduce the elevated pro-
inflammatory cytokines including TNF-a, IL-6
induced by LPS in human placenta. (Lappas and
Permezel, 2011). Also the immunomodulatory and
anti-inflammatory beneficial effects of vitamin B12 in
treating many inflammatory diseases  were
documented (Miller, 2002; Scalabrino et al., 2008).
Vitamin B,, therapy could normalize TNF-a and
epidermal growth factor levels in vitamin B, deficient
patients (Scalabrino et al., 2008).

The current study showed also renal injury
related to ZnO- bulk or its NPs toxicity stimulate the e
expression of VEGF in serum of ZnO intoxicated rats
versus normal ones. Clinical studies demonstrated that
renal injury was found associated with renal
peritubular capillaries (PTCs) losses which are
essential to maintain the normal structure and function
of renal tubules. The integrity of PTCs seems to be
regulated by growth factors. Loss of PTCs may result
in ischemia and these induce VEGF expression which
is a potent regulator of angiogenesis, vascular
survival, and vascular permeability (Choi et al., 2000).
Expression of various tissue factors, cytokines, and
chemokines in response to inflammatory tissue injury
stimulate VEGF synthesizing cells such as platelets,
immune cells, and inflammatory cells (Frank et al.,
1999, Tonnesen et al., 2000). It was found that
stimulation of angiogenesis may contribute to the
transition from acute to chronic inflammation. Recent
studies revealed that expression of this factor may
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increase the permeability of newly generated vessels.
High permeability may decrease the functionality of
these neovessels and may in turn facilitate renal injury
in chronic renovascular disease by allowing the
leakage of injurious cytokines to the extra-vascular
space. Beside, VEGF has been shown to promote
tumor growth and it has been suggested to play a role
in promoting atherosclerosis (Chade and Kelsen 2010;
Iliescu et al., 2010). Additionally, some investigations
demonstrated that TNF-a and VEGF expressions were
significantly linked. Both TNF- a 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 expression is
thought to play a significant role in the development
of multi-organ system failure in acute injury
(Mechtcheriakova et al., 2001). This suggests the
possibility that TNF- a and VEGF might act
synergistically to potentiate renal injury and/or
systemic organ dysfunction (Gurkan et al., 2003).

Co- ingestion of the wused B vitamins
combination, significantly reduced the dramatic
increase in this angiogenic biomarker in sera of ZnO
intoxicated rats, implying its anti-angiogenic potential
action. Choi et al., (2011) revealed that vitamin Bj
derivative inhibits VEGF-mediated angiogenesis
signaling in human endothelial cells (Choi et al.,
2011). N-phenyl nicotinamides is a potent inhibitor of
VEGF receptors (Dominguez et al., 2007). Also,
vitamin B6 mediated suppression of colon
angiogenesis was previously reviewed (Matsubara et
al., 2003). Furthermore, clinical study stated that
chronic vitamin B12 deficiency promoting the
angiogenesis in a young vegetarian woman, which
was reversible after treatment with B12(Aroni et al.,
2008).

The damaging effect of ZnO on DNA has been
previously studied (Fadda et al., 2012, 2013). The
comet assay is a sensitive and a simple assay for
detecting DNA damage at the level of individual cells
(Singh et al., 1988).

Cell death or apoptosis is associated with DNA
fragmentation (Tice and Strauss, 1995). With an
increasing number of breaks, DNA pieces migrate
freely into the tail of the comet, and in extreme cases
(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, as it
is directly related to the frequency of breaks over a
wide range of damage (ColLins et al., 1995).

By using comet assay to detect DNA damage,
the result indicated that either ZnO-bulk or its NPs
intoxication induced kidney DNA damage as shown
by significant increase in the tail length, DNA % in
the tail and tail -DNA moment in kidney of
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intoxicated rats compared with normal animals. The
present data also showed that toxicity of ZnO induced
oxidative stress in rat kidneys as observed by
increased MDA (index of lipid peroxidation) coupled
with a decrease in antioxidant enzyme, GPX,
compared to normal animals. This effect was severe in
rat kidneys intoxicated with ZnO- NPs. Previous
studies suggested that ZnO induced DNA damage
may be related to lipid peroxidation and oxidative
stress (Xiong et al., 2011). ROS are known to react
with DNA molecules, causing damage to both purine
and pyrimidine bases as well as the DNA backbone
(Martinez et al., 2003). In addition, MDA, a major
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 probable mechanisms may stimulate
signal transduction pathways and cause interferences
with normal cellular processes, thereby causing cell
death or apoptosis (Sharma et al., 2009).

Co-administration of combination of B vitamins
to rat groups intoxicated with either ZnO-bulk or its
NPs effectively protected their kidney tissues from
DNA damage and attenuated the increase in MDA as
well as the decrease in the antioxidant enzyme, GPx.
This result may indicate the antioxidant beneficial
ability of B vitamins to alleviate the oxidative stress
induced kidney DNA damage (Kannan and Jain, 2004;
Moreira et al., 2009, Lappas and Permezel, 2011).
Lappas and Permezel, (2011) reported that vitamin B;
ingestion mitigated oxidative stress, and increased
gene expression of antioxidant enzymes including
GPx in LPS- induced toxicity. Also, in vitro study
showed that vitamin B; has an important role in
genomic stability, repairing of DNA damage and
protecting against cytotoxic effects of DNA-damaging
agents (Jacobson et al. 1999). Also Jia et al., (2008)
suggested that nutritional supplementation of vitamin
B; at high doses decreases oxidative stress induced
DNA damage in experimental models. Bq vitamin was
also effective in protecting against lipid peroxidation,
protein oxidation, and DNA damage (Mehta et al.,
2011). Vitamin B6 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 tissue
injury and oxidative DNA damage (Sharma et al.,
2009). The data obtained in the present study revealed
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pronounced increased in the activity of biomarker of
apoptosis, caspase 3, in kidneys of rats intoxicated
with either ZnO- bulk or its NPs, suggesting that
apoptosis might contribute to this metal oxide-induced
DNA damage.

Intake of B vitamins combination to ZnO-
intoxicated rats effectively down-modulated the
increase in caspase 3 in their kidneys compared to
normal animals. This result may indicate that the used
vitamin B combination mediated protection against
ZnO induced kidney tissue damage through its strong
anti-apoptotic effect. The mechanism of their
antiapoptotic effect may be related to their ability to
inhibit oxidative DNA damage induced by ZnO.
Vitamin B3 was found to inhibit alkylating agent-
induced apoptotic neuro-degeneration in the
developing rat brain (Ullah et al., 2011). Also, Endo et
al., (2007) stated that vitamin Bg suppressed apoptosis
of NM-1 bovine endothelial cells induced by
homocysteine and copper through its antioxidant
effect. Vitamin B, was reported to have the ability to
reverse  dexamethasone-induced  apoptosis  in
mesenchymal cell of mice during key periods of
palatogenesis (He et al., 2010).

Conclusion:
The findings of the current study may suggest
that prophylactic treatment with the tested

combination of B vitamins Was beneficial in
attenuating inflammation and apoptotic oxidative
DNA damage induced in rat kidneys in response to the
toxic effects of either ZnO- bulk or its NPs.

Acknowledgements:
This paper was funded by the Deanship of
Scientific  Research (DSR), King Abdulaziz

University, Jeddah, under grant No. (429/ 004 z-18).
The authors, therefore, acknowledge with thanks DSR
technical and financial support, and thanks for Prof.
Azza Mostafa for helpful and reviewed this paper.

Corresponding Author:
Dr. Jehad Mustafa Yousef
Biochemistry Department
Sciences Faculty for Girl's
King Abdulaziz University
E-mail: jyousef@kau.edu.sa

References

1. Oberdorster G, Oberd;rster E, Oberd:grster J.
Nanotoxicology: an emerging discipline evolving
from studies of ultrafine particles. Environ.
Health Perspect 2005; 113 (7), 823—-839.

2. Wang JX, Zhou GQ, Chen CY, Yu HW, Wang
TC, Ma YM, Jia G, Gao YX, Li B, Sun J, Li YF,
Jia F, Zhao YL, Chai ZF. Acute toxicity and

735

10.

11.

12.

13.

14.

biodistribution of different sized titanium dioxide
particles in mice after oral administration,
Toxicol. Lett 2007 ; 168: 176—185.

Liu H, Ma L, Zhao J, Liu J, Yan J, Ruan J, Hong
F. Biochemical toxicity of nano-anatase TiO2
particles in mice. Biol Trace Elem Res. Summer
2009; 129(1-3):170-80.

Wang ZL. Zinc oxide nanostructures: growth,
properties and applications. J Phys Condens
Matter 2004; 16:829-858.

Berube DM. Rhetorical gamesmanship in the
nano debates over sunscreens and nanoparticles.
J Nanopart Res 2008; 10:23-37.

Gojova A, Guo B, Kota RS, Rutledge JC,
Kennedy IM, Barakat Al Induction of
inflammation in vascular endothelial cells by
metal oxide nanoparticles: effect of particle
composition. Environ Health Perspect 2007;
115(3):403-409.

Lin WS, Xu Y, Huang CC, Ma Y, Shannon KB,
Chen DR, Huang YW. Toxicity of nano- and
micro-sized ZnO particles in human lung
epithelial cells. J Nanopart Res 2009; 11:25-29.
Wang B, Feng WY, Wang M, Wang TC, Gu YQ,
Zhu MT, Ouyang H, Shi JW, Zhang F, Zhao YL,
Chai ZF, Wang HF, Wang J. Acute toxicological
impact of nano-and submicro-scaled zinc oxide
powder on healthy adult mice. J Nanopart Res
2008; 10(2):263-276.

Fadda LM, Abdel Baky NA, Al-Rasheed NM,
Al-rasheed NM, Fatani AJ, Atteya M. Role of
quercetin and arginine in ameliorating nano zinc
oxide-induced nephrotoxicity in rats. BMC
Complem Altern Med 2012 ; 12:60.

Faddah LM, Abdel Baky NA, Mohamed AM,
Al-Rasheed NM, Al-Rasheed NM. Protective
effect of quercetin and/or L-arginine against
nano-zinc oxide-induced cardiotoxicity in rats. J
Nanopart Res 2013; 15:1520.

Ispas C, Andreescu D, Patel A, Goia DV,
Andreescu S, Wallace KN. Toxicity and
developmental defects of different sizes and
shape nickel nanoparticles in Zebrafish. Environ
Sci Technol 2009; 43:6349-56.

Mironava T, Hadjiargyrou M, Simon M,
Jurukovski  V, Rafailovich MH. Gold
nanoparticles cellular toxicity and recovery:
effect of size, concentration and exposure time.
Nanotoxicology 2010; 4:120-37.

Schachter M. Strategies for modifying high-
density lipoprotein cholesterol: a role for
nicotinic acid. Cardiovasc Drugs Ther 2005;
19:415-422.

Gale EA, Bingley PJ, Emmett CL, Collier T.
European Nicotinamide Diabetes Intervention
Trial (ENDIT): a randomised controlled trial of



Life Science Journal 2014;11(8)

http://www.lifesciencesite.com

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

intervention before the onset of type 1 diabetes.
Lancet 2004; 363:925-931.
Biedron R, Ciszek M, Tokarczyk M, Bobek M,

Kurnyta M, Slominska EM. 1-
Methylnicotinamide and nicotinamide: two
related anti-inflammatory agents that

differentially affect the functions of activated
macrophages. Arch Immunol Ther Exp 2008;
56:127-34.

Lappas M, Permezel M. The anti-inflammatory
and antioxidative effects of nicotinamide, a
vitamin B3 derivative, are elicited by FoxO3 in
human gestational tissues: implications for
preterm birth. J Nutr Biochem 2011.; 22 1195-
1201.

Chen YH, Wang MF, Liao JW, Chang SP, Hu
ML. Beneficial effects of nicotinamide on
alcohol-induced liver injury in senescence-
accelerated mice. Biofactors 2008; 34:97-107.
Abdallah  DM.  Nicotinamide  alleviates
indomethacin-induced gastric ulcers: a novel
antiulcer agent. Eur J Pharmacol 2010; 627:276—
80.

Kirkland JB. Niacin and carcinogenesis. Nutr
Cancer 2003; 46:110-118.

Depeint, F., Bruce, W.R., Shangari, N., Mehta,
and R., O’Brien, P.J. Mitochondrial function and
toxicity: role of B vitamins on the one-carbon
transfer pathways. Chem. Biol. Interact 2006;
163, 113-132.

Jain, SK. Vitamin B6 (pyridoxamine)
supplementation and complications of diabetes.
Metabolism 2007; 56, 168—171.

Gaby AR. Natural approaches to epilepsy.
Altern. Med. Rev 2007; 12, 9-24.

Wierzbicki AS. Homocysteine and
cardiovascular disease: a review of the evidence.
Diab. Vasc Dis Res 2007; 4, 143—-150.

Mahfouz, MM., Kummerow, FA. Vitamin C or
Vitamin B6 supplementation prevent the
oxidative stress and decrease of prostacyclin
generation in homocysteinemic rats. Int. J.
Biochem. Cell Biol 2004; 36, 1919-1932.
Selvam R, Ravichandran V. Lipid peroxidation
in liver of vitamin B6 deficient rats. The Journal
of Nutritional Biochemistry1991; 2: 245 — 250.
Reynolds RD. Vitamin B6 defiency and
carcinogesis.  Advances in  Experimental
Medicine and Biology 1986; 206: 339 — 347.
Vermaak W J, Barnard HC, Potgicter GM,
Theron HD. Vitamin B6 and coronary artery
disease. Epidemiological observations and case
studies. Atherosclerosis 1987; 63: 235-238.
Zingg JM, Jones PA.Genetic and epigenetic
aspects of DNA methylation on genome
expression, evaluation, mutation and

736

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

carcinogenesis. Carcinogenesis 1997; 18: 869-
882.

Solomon LR. Disorders of cobalamin (vitamin
B12) metabolism: emerging concepts in
pathophysiology, diagnosis and treatment. Blood
Rev 2007; 21:113-130.

Miller JW. Vitamin B12 deficiency, tumor
necrosis factor-alpha, and epidermal growth
factor: a novel function for vitamin B12? Nutr.
Rev 2002; 60:142—144.

Wheatley CA. Scarlet pimpernel for the
resolution of inflammation? The role of supra-
therapeutic doses of cobalamin, in the treatment
of systemic inflammatory response syndrome
(SIRS), sepsis, severe sepsis, and septic or
traumatic shock. Med. Hypotheses 2006;
67:124-142.

Scalabrino G, Veber D, Mutti E. Experimental
and clinical evidence of the role of cytokines and
growth factors in the pathogenesis of acquired
cobalamin-deficient leukoneuropathy. Brain Res.
Rev 2008; 59:42-54.

Moreira ES, Brasch NE, Yun J. Vitamin B12
protects against superoxide-induced cell injury in
human aortic endothelial cells. Free Radical Biol
Med 2011; 51, 876-883.

Moreira ES, Yun J, Birch CS, Williams JH,
McCaddon A, Brasch NE. Vitamin B(12) and
redox homeostasis: cob(Il)alamin reacts with
superoxide at rates approaching superoxide
dismutase (SOD). ] Am Chem Soc 2009; 131:
15078-15079.

Earnest, CP, Wood, KA, Church, TS. Complex
multivitamin supplementation improves
homocysteine and resistance to LDL-C
oxidation. J. Am. Coll. Nutr 2003; 22: 400-407.

Mangiarotti G, Canavese C, Salomone M, Thea
A, Pacitti A, Gaido M, Calitri V, Pelizza D,
Canavero W, Vercellone A. Hypervitaminosis
B12 in maintenance hemodialysis patients
receiving massive supplementation of vitamin
B12. Int J Artif Organs 1986; 9:417-420.

Godin AM, Ferreira WC, Rocha LT, Ferreira
RG, Paiva AL, Merlo LA, Nascimento EB Jr,
Bastos LF, Coelho MM. Nicotinic acid induces
antinociceptive and anti-inflammatory effects in
different experimental models. Pharmacol
Biochem Behav 2012; 101(3):493-8.

Macédo DS, Oliveira GV, Gomes PX, Aratjo
FY, Souza CM, Vasconcelos SM, Viana GS,
Sousa FC, Carvalho AF. B vitamins attenuate
haloperidol-induced orofacial dyskinesia in rats:
possible involvement of antioxidant mechanisms.
Behav Pharmacol 2011; 22(7):674-80

Fossati, P, Prencipe L, Berti, G. Use of 3,5-
dichloro-2-hydroxybenzene sulfonic acid/4-



Life Science Journal 2014;11(8)

http://www.lifesciencesite.com

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

aminophenazone chromogenic system in direct
enzymic assay of uric acid in serum and urine.
Clin. Chem 1980; 26(2), 227-231.

Henry, RJ. In “Clinical Chemistry”, Principles
and Technices, 2nd ed, Harper and Row1974:
525.

Buege JA, Aust SD. Microsomal lipid
peroxidation. Methods Enzymol 1978; 52,302-
315.

Rotruck JT, Pope AL, Ganther HE, Swanson
AB, Hafeman DG. Selenium: biochemical role as

a component of glutathione peroxidase.
Sciencel973; 179: 588-590.
Nath R, Raser KJ, Sta€ord D,

Hajimohammadreza I, Posner A, Allen H,
Talanian RV, Yuen PW, Gilbertsen RB, Wang
KKW. Nonerythroid alpha-spectrin breakdown
by calpain and ICE-like protease(s) in apoptotic
cells: contribu- tory roles of both protease
families in neuronal apoptosis. Biochem J 1996;
319, 683-690.

Singh NP, McCoy MT, Tice RR, SchneiderEL.
A simple technique foe quantitation of low levels
of DNA damage in individaul cells. Exp Cell Res
1988; 175:184-191.

Olive PL, Banath JP, Durand RE. Heterogeneity
in radiation inducedDNAdamage and repair in
tumor and normal cells using the ‘““‘Comet’’
assay. Radiat. Res 1990; 122, 86-94.

Mehta R, Wong L, O’Brien PJ. Cytoprotective
mechanisms of carbonyl scavenging drugs in
isolated rat hepatocytes. Chem. Biol. Interact
2009; 178, 317—323.

Mehta R, Dedina L, O’Brien PJ. Rescuing
hepatocytes from iron-catalyzed oxidative stress
using vitamins B1 and B6. Toxicology in Vitro
2011; 25, 1114-1122.

Sayes CM, Reed KL, Warheit DB. Assessing
toxicity of fine and nanoparticles: comparing in
vitro measurements to in vivo pulmonary toxicity
profiles, Toxicol. Sci 2007; 97: 163—180.
D’Alessandris C, Lauro R, Presta I, Sesti G. C-
reactive protein induces phosphorylation of
insulin receptor substrate-1 on Ser307 and Ser
612 in L6 myocytes, thereby impairing the
insulin signalling pathway that promotes glucose
transport. Diabetologia2007; 50:840-849.

Kerner A, Avizohar O, Sella R, Bartha P, Zinder
O, Markiewicz W, Yishai L, Brook G J, Aronson
D. Association Between Elevated Liver Enzymes
and C-Reactive Protein Possible Hepatic
Contribution to Systemic Inflammation in the
Metabolic Syndrome. Arterioscler Thromb Vasc
Biol 2005; 25, 93-197.

Choi YJ, Chakraborty S, Nguyen V, Nguyen C,
Kim BK, Shim SI, Suki WN, Truong LD.

737

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Peritubular capillary loss is associated with
chronic tubulointerstitial injury in human kidney:
altered expression of vascular endothelial growth
factor. Hum Pathol 2000; 31, 1491-7.

Frank S, Stallmeyer B, Kampfer H, Schaffner C,
Pfeilschifter J. Differential regulation of vascular
endothelial growth factor and its receptor fms-
like-tyrosine kinase is mediated by nitric oxide in
rat renal mesangial cells. Biochem J 1999; 338:
367- 374.

Tonnesen MG, Feng X, Clark RA. Angiogenesis
in wound healing. J Invest Dermaol Symp Proc
2000; 5: 40-46.

Chade AR, Kelsen S. Renal microvascular
disease  determines  the  responses to
revascularization in experimental renovascular
disease. Circ Cardiovasc Interv 2010; 3:376-83.
Iliescu R, Fernandez SR, Kelsen S, Maric C,
Chade AR. Role of renal microcirculation in
experimental renovascular disease. Nephrol Dial
Transplant2010; 25:1079-87.

Clauss M, Grell M, Fangmann C, Fiers W,
Scheurich P, and Risau W. Synergistic induction
of endothelial tissue factor by tumor necrosis
factor and vascular endothelial growth factor:
functional analysis of the tumor necrosis factor
receptors. FEBS Lett 1996; 390: 334-338.
Mechtcheriakova D, Schabbauer G, Lucerna M,
Clauss M, De Martin R, Binder BR, Hofer E.
Specificity, diversity, and convergence in VEGF
and TNF-alpha signaling events leading to tissue
factor up-regulation via EGR-1 in endothelial
cells. FASEB J 2001; 15: 230-242.

Gurkan OU, O'Donnell C, Brower R,
Ruckdeschel E, Becker PM. Differential effects
of mechanical ventilatory strategy on lung injury
and systemic organ inflammation in mice. Am J
Physiol Lung Cell Mol Physiol 2003; 285: L710-
L718.

Choi HE, Yoo MS, Choi JH, Lee JY, Kim JH,
Kim JH, Lee JK, Kim GI, Park Y, Chi YH, Paik
SH, Lee JH, Lee KT. BRN-103, a novel
nicotinamide derivative, inhibits VEGF-induced
angiogenesis and proliferation in human
umbilical vein endothelial cells. Bioorg Med
Chem Lett 2011; 21(21):6236-41.

Dominguez C, Smith L, Huang Q, Yuan C,
Ouyang X, Cai L, Chen P, Kim J, Harvey T,
Syed R, Kim TS, Tasker A, Wang L, Zhang M,
Coxon A, Bready J, Starnes C, Chen D, Gan Y,
Neervannan S, Kumar G, Polverino A, Kendall
R. Discovery of N-phenyl nicotinamides as
potent inhibitors of Kdr. Bioorg Med Chem Lett
2007; 17(21):6003-8.

Matsubara K, Komatsu S, Oka T, Kato N.
Vitamin B6-mediated suppression of colon



Life Science Journal 2014;11(8)

http://www.lifesciencesite.com

62.

63.

64.

65.

66.

67.

68.

69.

tumorigenesis, cell proliferation, and
angiogenesis (review). J Nutr Biochem 2003;
14(5):246-50.

Aroni K, Anagnostopoulou K, Tsagroni E,
Ioannidis E. Skin hyperpigmentation and
increased angiogenesis secondary to vitamin B12
deficiency in a young vegetarian woman. Acta
Derm Venereol 2008; 88(2):191-2.

Tice RR, Strauss GHS. The single cell gel
e[ectrophoresis comet assay - a potential tool for
detecting radiation-induced DNA damage in
humans. Stem CelLs 1995; 13 (Suppl 1): 207-
214.

ColLins AR, Dusinska M, Gedik CM, Stetina R.
Oxidative damage to DNA: Do we have a
reLiabLe biomarker? Environ. HeaLth. Perspect
1996; 104:465-469.

Xiong D, Fang T, Yu L, Sima X, Zhu W. Effects
of nano-scale TiO2, ZnO and their bulk
counterparts on zebrafish: acute toxicity,
oxidative stress and oxidative damage. Sci Total
Environ 2011; 409(8):1444-52.

Martinez GR, Loureiro AP, Marques SA,
Miyamoto S, Yamaguchi LF, Onuk J, Almeida
EA, Garcia CC, Barbosa LF, Medeiros MH, Di
Mascio P. Oxidative and alkylating damage in
DNA. Mutat Res 2003; 544: 115-127.

Marnett LJ. Oxy radicals, lipid peroxidation and
DNA damage. Toxicol 2002; 181-182: 219-222.
Niedernhofer LJ, Daniels JS, Rouzer CA, Greene
RE, Marnett LJ. Malondialdehyde, a product of
lipid peroxidation, is mutagenic in human cells. J
Biol Chem 2003; 278: 31426-31433.

Sharma V, Shukla RK, Saxena N, Parmar D, Das
M, Dhawan A. DNA damaging potential of zinc

7/27/2014

738

70.

71.

72.

73.

74.

75.

76.

oxide nanoparticles in human epidermal cells.
Toxicol Lett 2009; 185 : 211-218.

Kannan, K, Jain, SK. Effect of vitamin B6 on
oxygen radicals, mitochondrial membrane
potential, and lipid peroxidation in H202-treated
U937 monocytes. Free Radic. Biol. Med 2004;
36, 423-428.

Jacobson E L, Shiech WM, Huang AC. “Mapping
the role of NAD metabolism in prevention and
treatment of carcinogenesis,” Mol Cell Biochem
1999; 193: 69-74.

Jia x, McNeill G, Avenell A. Does taking
vitamin, mineral and fatty acid supplements
prevent cognitive decline? A systematic review
of randomized controlled trials. Journal of
Human Nutrition and Dietetics 2008; 21 (4):
317-336.

Alzoubi K, Khabour O, Hussain N, Al-Azzam S,
Mhaidat N. Evaluation of vitamin B12 effects on
DNA damage induced by pioglitazone. Mutat
Res 2012; 748 :48-51.

Ullah N, Lee HY, Naseer MI, Ullah I, Suh JW,
Kim MO. Nicotinamide inhibits alkylating agent-
induced apoptotic neurodegeneration in the
developing rat brain. PLoS One 2011; 6(12):
€27093.

Endo N, Nishiyama K, Okabe M, Matsumoto M,
Kanouchi H, Oka T. Vitamin B6 suppresses
apoptosis of NM-1 bovine endothelial cells
induced by homocysteine and copper. Biochim et
Biophys Acta 2007; 1770: 571-577.

He W, Meng T, Lu SJ, Zheng Q, Li CH, Wu M,
Shi B. Vitamin B12 counteracts dexamethasone-
induced proliferation and apoptosis during key
periods of palatogenesis in mice. Ann Plast Surg
2010; 64(4):466-70.



