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ARTICLE INFO ABSTRACT

Background: The speedy growth of the nanotechnology
industry has led to the wide-scale production and
application of engineered nanoparticles(NPs). Aim: The
aim of the study is to evaluate the toxicity of oral
exposure to zinc oxide nano-particles (ZnO-NPs) on liver
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Antioxidant tissue of albino rats, and hepatoprotective effect of
N Naringenin (N) against such ZnO-NPs induced toxicity.
Toxicity Materials &Methods: ZnO-NPs were administered

orally in two doses (125 mg or 300mg/Kg body weight/
day for 21 consecutive days) to rats. Co-administration of
Naringenin (20mg/Kg body weight daily for three weeks
to rats. In order to detect the protective effects of the
studied antioxidants against n-ZnO induce hepatotoxicity,
different biochemical parameters were investigated.
Moreover, histopathological examination of liver tissue
was performed. Results: Nano zinc oxide-induced
hepatotoxicity was confirmed by the elevation in the
levels of serum Aspartate transaminase (AST), Alanine
transaminase (ALT), and alkaline phosphatase (ALP)
were considered as biomarkers to indicate hepatotoxicity.
Additionally, a significant increase in oxidative stress
through the increase in lipid peroxidation marker
Malondialdenyde (MDA), a significant decrease in
Glutathion peroxidase (GPx) activity and a significant
decrease in  non-enzymatic  antioxidant reduced
glutathione (GSH) in liver tissue. Moreover, elevation in
inflammatory gene expression of cytokines (Tumor
Necrosis Factor alpha (TNFa), Interleukin-2 (IL-2) and
Interleukin-6 (IL-6). These biochemical findings were
supported by a histopathological examination of liver
tissue. Conclusion: The data suggested that Naringenin
protects the liver from the hepatotoxicity caused by ZnO-
NPs.

Naringenin
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Introduction:

Metal nanoparticles (NPs) and their oxides
have a considerable number of present and
upcoming uses in the medical and industrial
fields. The smaller size and unique
properties of the NPs has greatly improved
NPs are considered to be more highly
absorbed into the respiratory, skin, and
gastrointestinal systems than micron-sized
particles  because of their unique
physicochemical properties, such as surface
modifications and their size . Previous
studies discovered that administration of
NPs to rodents resulted in their
accumulation in the a number of tissues
including liver, brain and spleen ©©. One of
the most common industrial applications of
NPs is sun cream . The major component
of sunscreens is zinc oxide nanoparticles,
which can effectively absorb ultraviolet light
® A number of of the NPs can be
swallowed into and reach  the
gastrointestinal tract when they are expelled
from the mucociliary system of the lungs
after inhalation ©. ZnO-NPs are being used
in the food manufacturing as additives and
in packaging due to their antimicrobial
properties. They are also being explored for
their potential used as anticancer drugs and
as fungicides in agriculture and imaging in
biomedical applications ™. With the
frequent use of ZNO NPs, exposure to these
nanoparticles has increased steadily,
resulting in increased attention to their
potential toxicity, including cytotoxic,
genotoxic, and inflammatory effects %12,

It has Dbeen reported that ZnO-NPs
administered orally dissolve in the stomach,
with Zn ions then absorbed to enter into
systemic circulation *®. Some researchers
ZnO-NPs consider as a material of low
toxicity, because zinc is an essential trace
element in the human body and are usually
present in foods or added as a nutritional
Supplement, so zinc interests little attention

during  assessment  of  toxicity  of
nanoparticles ™. On the other hand, it is
well-known that a high concentration of zinc
is responsible for toxic effects *°.
Flavonoids belong to a category of
polyphenol compounds that are produced
exclusively in plants. These compounds are
capable of leading to several biological and
pharmacological activities in animal cells. It
is generally believed that most mammals
need to consume polyphenols from plants
due to their antioxidant properties in order to
stay healthy ®®.  Naringenin is a
predominant flavonone abundant in fruits
such as grapes, tangelo, blood orange,
lemons, pummelo and tangerines 7.
Naringenin is also the main metabolite of
Naringin which is the important flavonoid in
Exocarpium citri grandis. Naringenin is
used as a traditional medicine in China *®.
It has been reported to have several
biological effects such as anticancer %,
anti-mutagenic @, anti-inflammatory V.
This study aimed to investigate the effect of
Naringenin against hepatotoxicity induced
by ZnO-NPs in rats.

Materials and Methods

Chemicals

The 27-nm  ZnO-NP powders were
purchased from faculty of science of Beni-
Suef University in EGYPT. Naringenin (N)
was obtained from Sigma-Aldrich Co.
(USA).

Animals

Sixty male albino rats weighting at the
beginning of the experiment  (150+20g.)
were randomly divided into six groups (10
rats in each). Animals were housed in
groups of ten in cages at 25+0.5°C, under a
12:12 light/dark cycle, with free access to
standard diets and water ad libtums.
Animals from all groups were kept under
similar  environmental  conditions  of
temperature, illumination, acoustic noise,
and ventilation, and received the determined
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diet during the course of the experiment in
animal house of Faculty of Veterinary
medicine, Zagazig University, Egypt.
Experimental Design

Swiss Albino rats were divided into 6
groups (n=10).

G1: Normal healthy animals.G2: Animals
orally administered N (20 mg/kg/day) ?? for
three weeks. G3, G4: Serve as toxic groups,
animals orally administered ZnO-NPs (125
mg/kg/day) “ & (300mg/kg/day) @¥ for
three weeks.G5: Serve as preventive groups,
animals orally administered (N 20
mg/kg/day + ZnO-NPs 125 mg/kg/day) for
three weeks. G6: Serve as preventive
groups, animals orally administered (N 20
mg/kg/day + ZnO-NPs 300 mg/kg/day) for
three weeks. All groups were kept on the
same condition for twenty one days under
different treatments then one day after last
treatment all rats are sacrificed and blood
samples collected in a clean dry capped
tubes.

Blood Collection and Tissue Samples

The blood samples were about 5 ml
collected without anticoagulant, left to clot
at room temperature then centrifuged at
4000 rpm for 5 min. according to Joslin ¥
to separate serum for biochemical analysis
of ALT, AST and ALP.

Liver from all rats were collected and
divided into 3 parts as following:

First part were taken only from 3 rats per
group as possible as before rats death,
weighted (30 mg) and washed in normal
saline and immediately kept in liquid
nitrogen until be used for determination of
gene expression of immunologic pro-
inflammatory bio-markers Tumor Necrosis
Factor alpha (TNFa) , Interleukin-2 (IL-2)
and Interleukin-6 (IL-6). Second part were
taken from all rats in all groups weighted (1
g.), washed and kept on -20 till
homogenized in distilled water using
electrical homogenizer, centrifuged at 3000
rp.m. for 15 minutes, the resulting

supernatant were collected and used for
determination  of lipids  peroxidation
(Malondialdehyde MDA\), antioxidant levels
(reduced Glutathione GSH) and antioxidant
enzyme activity (Glutathione peroxidase
(GPx). Third part was collected from rats
and preserved in 10% neutral buffered
formalin, processed and stained with
haematoxylin and eosin (H&E) dyes for
histopathological studies using a light
microscope according to Bancroft &
Gamble %,

Biochemical Analysis

Serum samples collected from different
groups were analyzed for ALT, AST and
ALP using kits supplied by SPINREACT
Kit (Ctra. Santal Coloma,SPAIN). Liver
tissue homogenates were used for estimation
of the content of GSH according the method
of Beutler et al. ®® GPx activity were
determined according to Paglla and
Valentine ©”.The extent of lipid
peroxidation was assayed by the
Qs?asurement of MDA according to Satoh
Molecular determinations

Determination of TNFa, IL-2 and IL-6 gene
expression. Using a semi- quantitative RT-
PCR according to Meadus “®. The gene
expression of TNFa, IL-2 and IL-6 genes
were determined using RT-PCR technique.
Total RNA was extracted from separated
tissues using RNeasy Mini Kit (Qiagen,
Cat. No0.74104). First strand cDNA was
synthesized using Revert Aid TM H Minus
(Fermentas, life science, Pittsburgh, PA,
USA). The PCR reaction was started by
using SYBR® Green PCR Master Mix
Catalog Number 2501130 (Master Mix)
supplied by applied bio systems in a rotor
gene apparatus (Biometra-Germany). The
housekeeping gene B-actin was used as a
constitutive  control  for normalization.
Primers were provided by Sigma Aldrich
(Sigma-Aldrich Chemie GmbH,
Steinheim, Germany) and were listed in
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table (1). The quantitative fold’s changes in
MRNA expression were determined relative
to the housekeeping controls ([-actin
MRNA) levels in each corresponding group
and calculated using the 2-DD CT method.
(2-AACT the relative Quantification level of
target genes calculation) ©2.

Statistical Analysis

The obtained data were analyzed and
graphically represented using the statistical
package for social science (SPSS Inc.
Released 2007. SPSS for windows, Version
16.0. Chicago, SPSS Inc.) ©® for obtaining
means and standard error. The data were
analyzed using one way ANOVA to
determine the statistical significance of
differences among groups.

Results

Result were presented as means = SE of ten
rats in each group. Values of p < 0.05 were
regarded as statistically significant The
statistical ~ significance of differential
findings between the experimental groups
and control were determined and that are
represented by symbols (a,b,c,d,e,f,g).

Data presented in table (2) showed the
effect of Naringenin (N) on ALT, AST,
ALP, MDA, GSH, and GPX in the studied
groups.

There was a significant increase in the
serum ALT, AST, ALP activities and
increase in the hepatic MDA levels in the
groups G3, G4 administered ZnO-NPs at a
dose of (125 and 300 mg/Kg b.wt.)
compared to control group. This increase
was dose dependent. While G5, and G6
(preventive groups Naringenin in a dose of
(20 mg/kg b.wt.) recorded a reduction in
ALT, AST, and ALP activities and decrease
in MDA levels compared to G3, and G4
table (2).

The hepatic reduced GSH levels and the
hepatic GPx activities were decreased
from10.60 + 1.13, and 25.28 + 1.12 in G1 to
4.13 £ 0.40, and 16.77 = 0.61 in G3 and to

239 = 0.21, and 1296 + 233 in G4
respectively. The reduction in GSH, and GPX
was dose dependent (ZnO-NPs). Meanwhile,
GSH levels and GPX activity in G5, and G6
(treatment with Naringenin at dose of 20
mg/kg b.wt.) were elevated to 5.99+0.32, and
20.77+1.73 in G5 and to 8.59+1.19, and 22.69
+ 2.33 respectively, table (2)

Molecular results

The relative gene expression of TNF-a, IL-2,
IL-6 in the studied groups were illustrated in
Fig. (1). The mean transcriptional level of
MRNA of TNF-q, IL-2, IL-6 genes in negative
groups were 1.00+£0.04, 1.00£0.06, 1.00+£0.02
Pg/ml; respectively. The transcriptional levels
of these genes were increased in G3, and G4 to
[2.63+ 0.12 & 3.95+ 0.13], [3.03£0.09 &
4.23+£0.09], and [2.10£0.11 and 3.79%0.09];
respectively. While, Naringenin treatment (G5,
and G6) recorded a decrease in transcription of
TNF-o [1.47% 0.12 & 1.90%+ 0.14], of IL-2
[1.54£0.09 & 2.43+0.12], and of IL-6
[1.32+£0.08 & 1.86+0.10]; respectively.Fig. (1)
Histological Investigation

In the histopathological study, the liver
sections of normal group (G1) and rats treated
with Naringenin (G2) revealed preserved
hepatic lobular architecture and normal
hepatocytes with rounded vesicular nuclei
Fig.2 (A, B). In G3, and G4, there were a
dilated congested central vein surrounded by
hepatocytes with fatty change Fig.2 (C, D).
While, in G5, and G6, the liver sections
revealed that there were a mild fatty change in
liver cell and no cell necrosis Fig.2 (E, F).

Discussion

ZnO-NPs were used in a variety of different
applications including cosmetics, paints, as
drug carrier and filling in medical materials
®2) “including sunscreens and environmental
remediation, direct and indirect release of
these NPs into aquatic environments via
bathing, sewage effluent and other engineering
application, said that feeding of ZnO-NPs
suspension through digestive tract at a dose 0.
6mg daily which leads to damage of some
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primar?/ organs (heart, lung, liver & kidney) of
mice ©* 3" Because of their small size,
nanoparticles can diffuse throughout the body
when consumed, and can cross the small
intestine and further distribute into the blood,
brain, lung, heart, Kidney, spleen, liver,
intestine and stomach ©®®. When cells are
exposed to any insult (chemical/physical), it
results in the production of reactive oxygen
species (ROS) ®®. ZnO-NPs may promote the
formation of pro-oxidants which, in turn,
destabilizes the delicate balance between the
biological system’s ability to produce and
detoxify the ROS. ROS include free radicals
such as the superoxide anion (02°), hydroxyl
radicals (OH) and the non-radical hydrogen
peroxide (H,O;), which are constantly
generated in cells under normal conditions as a
consequence of aerobic metabolism.

In the present study, the decreased GPx and
GSH activity and elevated MDA levels in liver
indicated that the presence of oxidative stress
and lipid peroxidation response were
generated by ZnO-NPs administration. It has
been reported that oxidative stress mediated
DNA damage and cytotoxicity induced by
ZnO-NPs @ In contrast, a marked increase in
the antioxidant enzyme activities was seen
when rats were treated with Naringenin after
ZnO-NPs administration.

Furthermore, oxidative stress activates specific
signaling  pathways including mutagen
activated protein kinase (MAPK) and Nuclear
factor-xB (NF-kB), which together with the
depletion of antioxidant defenses that leads to
release of pro-inflammatory cytokines. The
overall result of this signaling cascade is the
triggering of inflammation, a defensive
reaction that leads to further ROS release from
inflammatory cells (e.g. neutrophils) ©”. So,
this explained elevation in level of pro-
inflammatory cytokines TNFa, IL-2 and IL-6.
in ZnO-NPs orally administrated group when
compared to the control group. Nringenin
attenuated inflammation, necrosis and also
reduced oxidative stress, as it possesses

hydroxyl groups at the 4™, 5" and 6" positions.
This substitution appears to aid the flavonone
to inhibit the production of TNF-a ©® and
other cytokines and decreased the oxidative
stress.

Due to damaged liver cells, such enzymes
ALT, AST, and ALP in hepatocytes are
released into the blood. Therefore, a high
amount of these enzymes indicates the
destruction of liver cells. As a result of the
imbalance among antioxidants/ oxidants ratio
in the cells, the levels of hepatic enzymes
(ALT, AST and ALP) elevate in serum due to
tissue necrosis or membrane damage and
subsequent leakage of enzymes into the serum
40 Serum aminotransferases (ALT & AST)
are cytosolic enzymes of hepatocytes; an
increase in their activities reflecting an
increase in the plasma membrane permeability
of hepatocyte which in turn associated with
cell death “Y. The reversing of hepatotoxic
effect induced by ZnO-NPs, herewith observed
after treatment with Naringenin  which
evaluated by significant decreasing in liver
enzyme ALT, AST and ALP comparing with
Zinc oxide NPs groups. The present results
revealed that treatment with Naringenin after
ZnO-NPs administration was able to normalize
the activities of liver enzymes. These
demonstrated by significant decrease in ALT,
AST and ALP as compared with ZnO-NPs
treated group, as Naringenin ameliorates the
hepatic functions. This was confirmed by
histopathological study of liver tissue where
the hepatotoxic alterations were improved by
Naringenin  administration due to its
antioxidant and anti-inflammatory characters
of Naringenin.

CONCLUSION

ZnO-NPs 125 mg/kg and 300 mg/kg showed
hepatotoxicity, and the toxic effect was dose
dependent. Naringenin as a bioflavonoid
antioxidant and anti-inflammatory properties
reduced the nanoparticle toxicities .
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Table (1): Primers used in determination of the gene expression of the selected genes:

Gene Primers Target(bp) Mimic(bp)
Sense 5 -CCTGCGTCTGGACCTGGCTG3' 477 256
B-Actin Antisense 5-CTCAGGAGGAGCAATGATCT-3'
Sense 5 -ACGCTCTTCTGTCTACTG-3'
TNF-a - . - 592 292
Antisense 5 -GGATGAACACGCCAGTCG-3
Sense 5 -~AACAGCGCACCCACTTCAA-3’
IL-2 400 292
Antisense 5 -TTGAGATGATGCTTTGACA-3'
Sense 5 -GAAATGAGAAAAGAGTTGTGC-3'
IL-6 - - 321 256
Antisense 5 -GGAAGTTGGGGTAGGAAGGAC-3
Table (2): Effect of Naringenin on ALT, AST, ALP, GSH, MDA, and GPX
Group ALT (UN) AST (UN) ALP (U/l)  GSH (mg/g.t) MDA (nmolig.t) GPX (U/g.t)
Group 1: (Control) 26.33+0.889 52.33+1.45° 137.83+1.48" 1060+1.13°  34.03+0.33% 2528 +1.12°°
Group 2: (Naringenin) ~ 30.33+0.88"  56.43+0.99° 143.10+1.02" 1455+197° 4595+3.66°¢  32.22 +2.39°
Group 3: (ZnO 125) 4433 +2.33% 112.23+1.13° 274.33 £+3.48°  4.13 +0.40% 9151 +154°  16.77 £0.61%
Group 4: (ZnO 300) 60.66 + 1.76* 129.83+1.01* 316.00+4.93* 2.39+0.219  161.21+2233*  12.96 +2.33f
Group5: (N +2ZnO 125) 37.66 £1.45° 97.70+1.37° 24583+2.20° 5.99+0.32%¢"  65.80+3.99°  20.77+1.73%%¢
Group 6: (N +ZnO 300) 48.00 £1.52° 117.03+1.06" 295.33+2.90° 8.59+1.19%%¢  104.29+1.18"  22.69 +2.33%

Values are means + SE of ten rats in each group. Values not sharing a common superscript letter differ significantly at p < 0.05

(Duncan’s multiple range test).



73

Eassam A ., et al., 2019

Biochemistry letters, 14(5) 2019, pages 64-74

5.00

450

400 ——

w
2

w
3

g

gsa

Relative mRNA expressi
(TNF-o/ B-actin)

150

100

050 —f

i G4(ZnO125) G5(Zn0300) G6(N=+Zn0125) G7(N+ZnO300) |

0.00 8
G1 (Control) GI(N

£

3

g

&

;£

Relative mRNA expression
(IL-2/ p-actin)
3 2

050 +—

G1(Control)

g

g

§

Relative mRNA expression
(IL-6/ p-actin)

G1 (Control) G2 (Naringenin)  G4(ZnO125) G5 (Zn

Figure 1: The relative gene expression of TNF-a, IL-2, IL-6 in the studied groups
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Figure 2: Histological Investigation Histopathology of liver: (A) Control (B) Naringenin C)
125 mg/Kg bw of ZnO-NPs (D) 300 mg/Kg bw of ZnO-NPs (E) 125 mg/Kg bw of ZnO-NP + N.
(F) 300 mg/Kg bw of ZnO-NP + N.




