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Abstract

Nanomaterial, especially zinc oxide nanoparticles, has entered the manufacture of many materials used in daily
lives. The current study aimed to assess the impact of three concentrations of hibiscus rosa zinc oxide
nanoparticles (HrZnONPs) and hibiscus rosa extract (Hre) on the liver tissue and DNA fragmentation of liver
cells. A total of 35 adult male Wistar rats were grouped as follows: The first group which was the control (n=7)
did not receive any treatment. The remaining 28 animals were randomly assigned to four groups. Group 1 (n=7)
were subcutaneously injected with 100mg\kg BW of Hibiscus rosa extract for 60 days; the rats in group 2 were
subcutaneouslyinjected with 25 mg\kg BW of HrZnONPs for 60 days; rats in group 3 were
subcutaneouslyinjected with 75mg\kg BW of HrZnONPs for 60 days; rats in group 4 were subcutaneously
injected with 100mg\kg BW of HrZnONPs for 60 days. The liver biomarkers, aspartate aminotransferase
(AST), alkaline phosphatase (ALP), and alanine aminotransferase (ALT) have been assessed in serum at zero
time, after one month, and after two months of the experiment. At the end of the experiment, all animals were
euthanized, the liver was dissected, the specimen underwent a pathohistological investigation, and the
percentage of DNA fragmentation was evaluated. The results pointed out that the rats which were treated with
HrZnONPs at concentrations of 75 and 100 mg\kg B.W. demonstrated a salient elevation in serum AST, ALT,
or ALP activity, a modulation in hepatic tissue architecture, and an elevated percentage of high DNA damage,
as compared to those treated with HrZnONPs at a concentration of 25 mg\kg B.W. On the other hand, the
recorded data indicated that the administration of Hre has some ameliorative effects on AST, ALP, and ALT
levels, histological cross-section, and the value of comet assay for liver cells due to the role of Hre antioxidant.
In conclusion, the results of the current study demonstrated that high doses of HrZnONPs had exerted more
adverse effects, compared to low doses. Moreover, the findings confirmed the ameliorative impact of Hre on
liver biomarkers, a histological cross-section of the liver, and DNA damage.
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1. Introduction

The novel properties of nanoparticles have made them
effective substances to be used in a wide range of
applications (1). Zinc oxide nanoparticles (ZnO NPs) are
considered one of the widely used nanoparticles in many
fields and are wversatile platforms for biomedical
applications and therapeutic intervention (2). The ZnO
NPs were introduced as active ingredients in the

manufacture of sunscreens and cosmetic lotions since they
efficiently absorb UV light and do not disperse visible
light (3). The ZnO NPs have been also used in biomedical
imagery, as a chemotherapeutic agent for cancer, and in
the food industry where entered in food packaging and
synthetic textile fibers due to theirproperties, such as
antimicrobial activity, their potential fungicides, and their
ability to absorb ultraviolet radiation (4, 5).
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Recently, ZnO NPs have been broadly used in
industry, and since these nanoparticles are mostly
insoluble in water, they can be utilized as an additive in
rubber, glass, adhesives, ceramics, paints, and toothpaste
(6). The widespread application of ZnO NPs-containing
products increases people’s exposure to these
nanoparticles in environmental and occupational
settings. It has been well documented that under certain
conditions, these products exert hazardous effects on
living cells (7). These adverse effects on humans,
aquatics, and the ecosystem have given serious cause for
concern among scientific and public communities (7, 8).

The toxicity of ZnO NPs was evaluated in various
biological systems, such as mammalian cells in vitro and in
vivo models and bacteria (9). The ZnO NPs demonstrated
to have toxic effects on mammalian cells and cause cell
injuries, DNA damage, and consequently apoptosis or
inflammatory response (10). Previous studies have pointed
out that the NPs which were ingested orally by laboratory
animals accumulated in the liver and caused several hepatic
damages (11). Nonetheless, no studies have highlighted the
side effects of ZnO NPs on the human liver so far.
Moreover, there is a dearth of studies on their side effects
on the mammalian liver which is the fundamental organ in
metabolism. The ZnO NPs may be immediately ingested
when utilized in food; moreover, the workers who
participate in ZnO NPs synthesis can be exposed through
unintended nanomaterial transfer by hand-to-mouth (12). In
light of the aforementioned issues, the current study was
designed to investigate the effect of different concentrations
of ZnONPs on liver function tests, histology change, and
DNA fragmentation in liver cells of rats.

2. Materials and Methods

2.1. Animals

A total of 35 95-day-old adult male Wistar rats with a
mean weight of 150+2 g were utilized in this study.
Before the experimental onset, the rats were kept for 10
days in an animal house.
2.2. Plant Extraction and Nps Synthesis

The collection of Hibiscus rosa: Aqueous extract of
Hibiscus rosawas prepared as depicted by Ali and

Khudair (13). The synthesis of Hibiscus rosa zinc
oxide nanoparticles was prepared as depicted by Devi
and Gayathri (14).
2.3. Study Design

The animals were assigned to five groups. The first
group (control (n=7)) did not receive any treatment. The
remaining 28 animals were randomly allocated to four
groups. The rats in group 1 (n=7) were subcutaneously
injected with 100mg\kg BW of Hibiscus rosaextract for
60 days; rats in group 2 received a subcutaneous injection
of 25 mg\kg BW of HrZnONPs for 60 days; rats in group
3 were subcutaneously injected with 75mg\kg BW of
HrZnONPs for 60 days, and rats in group 4 were
subcutaneously injected with 100mg\kg BW of
HrZnONPs for 60 days. The animals were anesthetized by
intramuscular injection of xylazine and ketamine (90
mg/kg and 40mg/kg, respectively). Subsequently, the
blood samples were obtained from them by the orbital
sinus technique. The biomarkers of liver function in serum
were assessed as previously described by Reitman et al.
and Kaplan et al. for the Aspartate transaminase (AST)
assay (15), Alkaline phosphatase assay (ALP) (16), and
alanine aminotransferase assay (ALT) (15), respectively,
for all experimental groups three times (at zero time, after
one month, and after two months) during the experiment.
After euthanasia, the rats were dissected, and the liver
specimen was obtained for more evolutions of DNA
fragmentation percentage by comet assay kits according
to Olive, Banath (17), and the pathophysiology study of
this specimen was performed as described by Luna (18).
2.4. Statistical Analysis

The obtained data were tested using the two-way
ANOVA and the least significant differences to
compare the mean values (19). A p-value less than 0.05
was considered statistically significant.

3. Results

The values of AST in serum as illustrated in Figure (1A)
disclosed a significant (P< 0.05) elevation in AST activity
in animals treated with HrZnONPs at concentrations of
25, 75, and 100 mg/kg B.W, as compared to the animals
treated with Hibiscus rosa extract. In a similar vein, a
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significant variation (P< 0.05) was detected among the
three groups treated with three concentrations of hibiscus
rosa zinc oxide nanoparticles, where AST activity
increased with an elevated dose of HrZnONPs. Figure
(1B) displays the effect of Hibiscus rosa zinc oxide
nanoparticles in three concentrations on ALP,

demonstrating an increase in ALP value in males treated
with concentrations of 100 and 75 mg/kg B.W (group3
and group4), in comparison with other groups. Moreover,
it indicates that ALP values in all groups after one month
were not significantly different, as compared to those
obtained after two months within the same group.
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Figure 1. Effect of the three concentrations of Hibiscus rosazinc oxide nanoparticles and Hibiscus rosa extract administration on serum
AST, ALP, and ALT for all experimental groups three times (at zero time, after one month, and after two months), as well as the mean

score and value of comet assay % for liver cells of male rats
Numbers represent mean + standard error.

Different capital letters indicate a significant difference (P<0.05) between the groups.
Different small letters denote significant differences (P<0.05) within the specified periods for each group.
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As illustrated in Figure (1C), ALT was significantly
(P<0.05) elevated in males rats treated with
concentrations of 100 and 75 mg/kg B.W (group3 and
group4), in comparison with the control group, whereas
the male rats in group 1 treated with hibiscus rosa
extract and those in the control group did not
significantly differ in ALT value (P>0.05). Figure (1D)
depicts the percentage of DNA damage in liver cells,
classified as high, medium, and low. The result clarifies
that rats in group 4 (Figure 2) have a low percentage of
low DNA damage, compared to controls and rats
injected with hibiscus rosa extract. The result also
illustrates the percentage of high DNA damage in the
group SC injected with HrZnONPs at a concentration
of 25 mg/kg B.W, pointing to a non-significant
difference between the percentage of high DNA
damage in this group and that of the control group
(Figure 3).

Figure 2. Comet assay (DNA damage) in liver cells for rat in
Group 4

Figure 3. Comet assay (DNA damage) in liver cells for rats
in Control

Figure (1E) and the images of a Fluorescent
Microscope (1-5) displayed the comet assay
characteristics for liver cells, suggesting a significant
elevation at P<0.05 in DNA % in the tail, tail
moment, head diameter, and tail length with a
significant reduction in the DNA percent in the head
in groups treated with 100mg\kg BW of HrZnONPs
(G4) (Figure 2) and 75 mg\kg BW of HrZnONPs
(G3) (Figure 4), as compared to the data in the other
treated groups. The result indicated that all the
aforementioned criteria were ameliorated in the group
treated with hibiscus rosa extract. The subcutaneous
injection of HrZnONPs at a concentration of 25 mg/kg
B.W of HrZnONPs caused a significant (P<0.05)
increase in DNA proportion in the head with a
significant reduction (P<0.05) in the DNA proportion
in the tail, tail length, and tail moment, as compared to
the value obtained in group 4.

Figure 4. Comet assay (DNA damage) in liver cells for rats in
Group 3

The histopathological study of the liver of rats in the
control group and group SC injected with 100 mg\kg
BW of Hibiscus rosa extract depicted in figures (5, 6)
illustrates no clear lesions, when compared to the
histopathological analysis of the liver in group SC
injected with 25 mg\kg BW of HrZnONPs. Figure 7
displays a hepatic sinusoidal dilation and infiltration of
inflammatory ~ cells in  liver  tissue.  While
histopathological analysis of the liver in the rats which
received 75 mg\kg BW of HrZnONPs by SC injection in
figure 8 demonstrated that the situation is worse,
signifying  sinusoidal  dilation, inflammatory cell
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infiltration, fatty changes, and venous congestion in liver architecture detached from the rest of the tissue by
tissue. It is demonstrated that the necrotic area contains inflammatory line in rats in group 4 that received 100
pus, inflammatory reaction, and vanishing hepatic mg\kg BW of HrZnONPs by SC injection in figure 9.
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Figure 5. Histopathological section for the liver of rat in Figure 8. Histopathological section for the liver of rat in Group
control, illustrating no clear lesions 3 (Figure 5), illustrating a sinusoidal dilation, inflammatory cell

infiltration, and venous congestion in liver tissue
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Figure 6. Histopathological section for the liver of rat in Figure 9. Histopathological section for the liver of rat in
Group 1, showing no clear lesions Group 4, necrotic area contain pus, inflammatory reaction, and
vanishing hepatic architecture

4, Discussion

The high levels of liver enzymes, including AST,
ALP, and ALT in groups 3 and 4 in this study indicated
an injury in liver cells in the animals in these groups.
Among the physical characteristic of zinc oxide, we
can refer to its white color and insolubility in water.
The Zn0O2 has a wide application as an additive in food

supplements, rubbers, glass, paints, and ceramics. In
igure 7. Histopathological section for liver of rt i Group 2 ?everal Swd.le.s' na}nOpa}rtICIes have be.en documented to
dmeonstrating a dilation in liver sinusoid and infiltration 01L induce toxicity in different cell lines. Aboulhoda,
inflammatory cells in liver tissue Abdeltawab (20) have documented that the rats which
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received ZnO; for 14 days reported an elevation in AST
and ALT activity, suggesting liver injury.

The ZnO- nanoparticles after oral administration and
intraperitoneal injection distribute and accumulate in
the kidneys, spleen, and liver (21). These liver
biomarker enzymes gradually raised with an increase in
the duration of treatment. This finding was confirmed
by histopathological analysis of the liver of the rats in
this study, where sinusoidal dilation, inflammatory cell
infiltration, fatty changes, and venous congestion were
observed in liver tissuein group SC injected with 75
mg\kg BW of HrZnONPs. The histopathological study
of rats in group SC injected with 100 mg\kg BW of
HrZnONPs demonstrated that the necrotic area
contained pus, inflammatory reaction, and vanishing
hepatic architecture, indicating that this concentration
of HrZnONPs is more cytotoxic.

Hepatic and renal tissues have elevated metabolic
needs and an intense request for mitochondria. The
regulation factors for mitochondrial biogenesis involve
transcription mtTFAfactor A of mitochondrial (22).
Exposure to ZnO NPs exposure may lead to impaired
mitochondrial biogenesis of rat liver (23). According to
Attia, Nounou (24) ZnONPs exert toxic effects, such as
membrane injury, apoptosis, DNA damage, and
inflammatory response, on mammalian cells (24).
Along the same lines, Liang, Zhang (25) linked the
toxicityof ZnONPs to their role in the production of
reactive oxygen species (26).

The ZnONPs induce oxidative stress in various cell
lines through the production of reactive oxygen species.
Oxidative stress is correlated to cell membrane leakage,
lipid peroxidation, increased intracellular calcium (27),
cellular injury, oxidative DNA damage, and cell
apoptosis (10). In the current study, the data from
comet assay for hepatic cells in rats in groups 3 and 4
demonstrated an elevated percentage of high DNA
damage. The ZnO NPs are able to deactivate
glutathione peroxidase, superoxide dismutase (SOD),
and catalase (CAT), leading to the depletion of non-
enzymatic and enzymatic cellular antioxidants.
Oxidative stress generation (28, 29) led to DNA

damage, caused cell death (24), and raised lipid
peroxides in juvenile carp (30).

Furthermore, it is known that reactive oxygen species
stimulate the mitogen-activated protein kinase (MAPK)
which plays a key role in organizing numerous cellular
processes and is an important mediator for signal
transduction (31).The present study demonstrated a
significant elevation in enzyme activities of liver
biomarkers  (AST, ALP, and ALT) and
histopathological alteration in hepatic architecture in
rats injected with 25 mg/kg B.W of HrZnONPs.
Nonetheless, the activities of liver biomarkers (AST,
ALP, and ALT) were less significant than those in
groups 3 and 4, while the histopathological alteration
and percentage of high DNA damage were less intense,
as compared to those in these groups. The ZnO
nanoparticles exert marked effects on many sorts of
cells, such as hepatocytes, human bronchial epithelial
cells, embryonic kidney cells, and osteoblast cancer
cells. Furthermore, the impact of these nanoparticles
may be correlated to their dosage and particle size (21).

Several studies demonstrated that low doses of
ZnONp do not have toxic effects in vivo, while high
concentrations could cause sudden death. In addition,
ZnO  nanoparticles areoneof themost toxic
nanoparticles, with the lowest median lethal dose value
(32, 33). The increased utilization of ZnONPs and
exposure to these nanoparticles elevate steadily, leading
to great concerns over the extent of their potential
toxicity, involving genotoxicity, proinflammatory
effects, and cytotoxicity (34).

The current study demonstrated the activities of liver
biomarkers (AST, ALP, and ALT). Histological cross-
section of liver and data of comet assay test of liver
cells in rats that were subcutaneouslyinjected with 100
mg\kg BW of Hibiscus rosa extract were similar to
those in the control group. Hibiscus contains
antioxidants to destroy free radicals where the raised
free radicals cause damage to cells and elevate the risk
of inflammation which lead to cardiovascular disease,
metabolic syndrome, and cancer (35). Hibiscus extract
induces testicular damage in rats, and this effect is
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attributed to the existence of flavonoids and their
antioxidant activity in Hibiscus rose (35).

The present study demonstrated that the toxic impact
of Hibiscus Rosa zinc oxide nanoparticles depends on
the duration of exposure and its toxic effect increases
with time. In addition, high doses of Hibiscus Rosa zinc
oxide nanoparticles exert more adverse effects, as
compared to their low doses. Furthermore, the results
of this study confirmed the ameliorative impact of
Hibiscus Rosa extract on the activities of liver
biomarkers, the histological cross-section of the liver,
and DNA damage.
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