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ABSTRACT

Background: Biosynthesized silver nanoparticles (AgNPs) are widely used in
various biomedical applications. However, limited reports are currently available
about the safety of biofabricated AgNPs using Cinnamomum zeylanicum bark
extracts.

Objectives: The current study is aimed to assess the potential toxicity of
biosynthesized AgNPs (using C. zeylanicum) by subacute oral administration in
experimental rats.

Methods: AgNPs were biofabricated using methanol extract of C. zeylanicum bark
and characterized by scanning electron microscopy (SEM) and atomic force
microscopy (AFM). Twenty-four Rattus norvegicus female rats were divided into 4
groups (6 animals per group) as follows: Group-I was the control, while groups II,
ITI, and IV were given 0.85, 1.76 and 3.53 mg/kg doses of AgNPs, respectively for 14
consecutive days. After 14 days of oral administration of AgNPs, serum levels of
malondialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT) were
measured using an ELISA technique. Serum concentrations of urea, creatinine,
aspartate transaminase (AST) and alanine transaminase (ALT) were also determined
as well as histopathologic features of the liver and the kidney.

Results: AgNPs did not induce any changes in mean body weight, biochemical
parameters (AST, ALT, urea and creatinine), oxidative stress biomarkers (MDA,
SOD and CAT) and histopathologic features (of the liver and kidneys) of the treated
groups when compared to control group.

Conclusions : Our findings suggest that the oral administration of biogenic AgNPs
(biofabricated using methanol extract of C. zeylanicum) to rats at a specific dose is
relatively safe and does not show any signs of toxicity.

Keywords cinnamon, green synthesis, histopathology, oxidative stress, silver
nanoparticles, subacute toxicity
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INTRODUCTION

Over the last few decades, the use of nanoparticles in biomedical applications has
increasingly emerged and gained great attention. " Similarly, the medicinal activities of
many plants are widely investigated and proven.’> Among many methods to synthesize
nanoparticles, the bio- or green synthesis (i.e. using plants extracts to reduce metal oxides
and due to their secondary metabolites) is a widely used method by many researchers. >
Nanoparticles have unique properties such as small sizes and a large surface to volume ratio,
making them ideal for a wide range of applications, particularly in biomedicine.? Although
nanoparticles of specific sizes have demonstrated useful mechanical, electrical, and chem-
ical properties, these same desirable properties could also be associated with unwanted
bio-toxicological effects.® This raises concerns about the safety of using nanoparticles in
biomedical applications.

When compared to metal NPs, in nanomedicine, the nanomaterials synthesized by using
natural herbs are preferred because of their biocompatibility, easy stabilization, presence
of rich active agents, low cultivation cost, ease of use and safe handling.” Green synthesis
employing plant substances is a more secure and environmentally friendly way for produc-
ing NPs. Accordingly, plants offer an attractive system for NP synthesis because of their
capability to deliver an extensive variety of optional metabolites with a weak potential of
toxicity. Also, plant extracts offer a green option for biosynthesis of nanoparticles, such as
AgNPs.%° Cinnamon (Cinnamomum zeylanicum) extracts have additional properties for
NPs synthesis because of their phytoconstituents (phenolic and flavonoids), which act as
capping and reducing agents for Ag nanoparticles, offering stability and the capacity to reg-
ulate the size and form of NPs by adding extra layers.!® Gauthami and his colleagues syn-
thesized AgNPs from C. zeylanicum bark extract and utilized it in a medicinal application. 1°
It is expected that the use of plant-based AgNPs in medicine and pharmaceutical interven-
tions will be more widespread, given that these advantages include availability, nontoxicity,
multifunctionality, and the diversity of metabolites that help to remove Ag ions from bio-
logical systems. !

Despite the widespread use of AgNPs from C. zeylanicum methanolic extract in medi-
cal applications, there is no scientific evidence of its safety. In order to fill in the gap, this
study was aimed at evaluating the safety and toxicity of AgNPs after 14 days of daily oral

administration in female Rattus norvegicus rats.

MATERIALS AND METHODS
Green synthesis and characterization of AgQNPs

Silver nanoparticles were biofabricated by using methanol extract of C. zeylanicum bark

extracts according to the method of Gauthami et al. (2015) with some modifications. !

Briefly, 5mL of methanol extract of C. zeylanicum bark was added to 200mL of 1mM silver
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nitrate (AgNO3). The mixture is then shaken and stored in a dark place for 72 hours. The
formation of AgNPs was predicted by color change to dark-brown. Finally, the mixture was
centrifuged and the suspension was washed 5 times, repeatedly.

The biosynthesis of AgNPs was monitored periodically and characterized by using scan-
ning electron microscopy (SEM, VEGAIII, Czech Republic) and atomic force microscopy
(AFM, Negara, Russian Federation). All chemicals used were of analytical grade and pur-
chased from Sigma-Aldrich (Germany) or from local market (for the cinnamon).

Subacute toxicity study

Twenty-four Rattus norvegicus healthy female rats (10-12 weeks old, weighing 160-185g)
were selected for this study and maintained in the animal house of the College of Vet-
erinary Medicine at the University of Basrah. The rats were housed in standard environ-
mental conditions, fed on a standard pellet diet and water ad libitum. They were divided
into four groups (n=6), as follows: group I, control group (received distilled water only);
group II (received 0.85mg/kg AgNPs); group III (received 1.76mg/kg AgNPs) and group IV
(received 3.53mg/kg AgNPs) once daily for 14 consecutive days. The body weight of all rats
was recorded at day 0 days and at the end of the experiment (day 14). The percentage body

weight gain was calculated by using the following equation. 2

Body weight at the end of the experiment - Initial body weight o
Initial body weight X 100%

Body weight gain =

This subacute toxicity study was designed with slight modification based on earlier pro-
cedure of Ebohon et al. (2020).13 The rats were left in their cages under observation during
the period of study for mortality and any signs of toxicity such as gross behavioral, neu-
rologic, and autonomic toxic signs such as changes in respiration, heart rate, salivation,
lacrimation, drowsiness, or convulsions.

The institutional review board and research ethics committee at the College of Veteri-
nary Medicine, University of Basra (Basrah, Iraq) has approved this study (No.: 3/18 on
01/07/2019).

Blood and tissue sample collection

After the last exposure to AgNPs of C. zeylanicum methanol extract, all animals were
euthanized and sacrificed. Blood was collected via heart puncture and allowed to clot for 1
hour and then centrifuged at 3000 rpm for 15min to obtain serum.!* Biopsies of the liver
and kidney, for histological evaluation, were fixed in 10% formalin.
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Evaluation of oxidative stress, renal and hepatic function

To assess the potential of AgNPs to induce the oxidative stress, lipid peroxidation
biomarker (malondialdehyde, MDA),'® and enzymatic antioxidants (superoxide dismu-
tase, SOD and catalase, CAT) ! were evaluated in serum samples by the enzyme-linked
immunosorbent assay (ELISA) technique using a commercial kit (ElabScience, USA). The
test procedure of each biomarker was according to the manufacturer’s instructions.

The renal and liver function tests (urea, creatinine, ALT and AST) were measured using
kits for Reflotron” plus (Roche, Germany), based on the manufactured company’s guide-

lines.

Histopathological features

After scarifying the animals, at the end of the experiment, some of organs such as kid-
neys and liver were collected for histopathological examinations. Small biopsy from each
animal’s organs (liver and kidney) were fixed in 10% formalin and histopathological pro-
cessing were performed using hematoxylin and eosin staining. 1’ The sectioned tissues were
therefore examined using 10X light microscopy objectives.

Statistical analyses

GraphPad Prism 8.0 (GraphPad Software, CA, USA) was used to evaluate the data, sta-
tistically. Findings was expressed as mean=+SD. Data was analyzed using one-way analysis
of variance (ANOVA) or Kruskal-Wallis, based on the normality test results, followed by
post-hoc Tukey’s HSD test. Repeated measures were also used to analyzed the difference
in body weight before and after AgNPs” administration. The differences were considered
statistically significant at a p-value of <0.05.

RESULTS
Green synthesis and characterization of AgNPs

The first step in the fabrication of AgNPs was identified by a distinct change in color from
light brown to dark brown, which indicates the formation of AgNPs (Figure 1). Scanning
electron microscopy (SEM) and atomic force microscopy (AFM) results showed that the
gained AgNPs were smooth, spherical particles, singular or in aggregates with 60-80nm
sizes (Figures 2 and 3).
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Figure 1 Color change from light brown to dark brown indicates the formation of AgNPs.

SEM HV: 20.0 kV NanoLAB-MOST

SEM MAG: 50.0 kx |Date(m/dly): 12/21/20| 1 um

Figure 2 Scanning electron microscopy (SEM) shows the shape and size of AgNPs.

Body weight and toxicity signs

During the period of the experiment, all rats were observed to detect mortality and any
signs of toxicity. In all groups, administration of 0.85, 1.76 and 3.53 mg/kg of biogenic
AgNPs for 14 consecutive days revealed no deaths, so the mortality rate was 0%. In addi-
tion, no toxicity signs were observed in any of the groups during the AgNPs administration
periods. Table 1 shows the effect of AgNPs on the body weight of rats after 14 days of
administration. There were no significant changes (p>0.05) in the body weight of the rats
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Figure 3 Atomic force microscopy (AFM) image shows two dimensions of AgNPs.

throughout the 14 days of the study in all groups that administration of AgNPs in compar-

ison with the control.

Table 1 The effect of AgNPs on body weight (g).

Groups Day 0 Day 14 Weight gain (%)
I 173.3£8.4 181.2£8.3 7.8£1.4

II 168.7£6.5 176.3£6.8 7.6£2.4

111 167.5£10.3 174.34£9.8 7.5£2.9

Iv 171.5£10.1 178.0£10.3 6.5+1.3

p 0.67 0.60 0.44

Values are mean=+SD, no significant differences at (p<0.05) level . I) control group, II) group received 0.85mg/kg
AgNPs, III) group receivedl.76mg/kg AgNPs, IV) group received 3.53mg/kg AgNPs.

Oxidative stress, renal and hepatic function

The effect of oral administration of AgNPs on renal function (serum creatinine and urea
levels) is shown in Table 2. In this context, there were no significant changes (p>0.05) in cre-
atinine and urea levels among the groups when compared with the control group following
oral administration of AgNPs. In addition, no significant changes (p>0.05) in serum lev-
els of AST and ALT were observed between groups that received AgNPs compared to the
control group (Table 2) after 14-days of NPs” administration.
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Table 2 The effect of AgNPs on renal and liver functions of experimental rats.

Groups Renal function tests

Urea (mg/dL) Creatinine (mg/dL)
I 45.00£7.9 0.244-0.08
II 50.80+1.9 0.3430.11
111 46.80£5.4 0.34+£0.11
Iv 40.20+6.9 0.3040.07
P 0.08 0.36
Groups Liver enzymes

AST (U/L) ALT (U/L)
I 89.60£8.0 36.17+4.7
II 93.60+8.4 39.1745.8
III 101.6+4.1 44.831+6.4
v 97.8016.5 42.00+6.8
p 0.07 0.11

Values are mean=+SD, no significant differences at (p<0.05) level. I) control group, II) group received 0.85mg/kg
AgNPs, 1II) group receivedl.76mg/kg AgNPs, IV) group received 3.53mg/kg AgNPs.

Malondialdehyde and enzymatic antioxidants

There were no significant changes (p>0.05) in the serum levels of oxidative stress
biomarkers (MDA, SOD and CAT) among all groups, compared to the control group.
Only the group III that received 1.76mg/kg of AgNPs, showed a significant increase in
CAT (91.96+12.1, p<0.05) when compared to the control group (68.34110.6), Figure 4.

3 300

MDA (pmoliL)
S0D (umolfl)
n
g
CAT (pmoliL)
>
E

@
S

Figure 4  The effect of silver nanoparticles (AgNPs) administration on serum levels
of:A)malondialdehyde (MDA),B)superoxide dismutase (SOD), and C) catalase (CAT) in rats.
Data was presented as mean+SD (n=6), *=p<0.05. I, control group; II, group received 0.85mg/kg
AgNPs; I11; group received1.76mg/kg AgNPs; IV, group received 3.53mg/kg AgNPs.

Histopathology

Histological examination of the kidneys and liver sections of the AgNPs administered
groups showed no changes when compared with the control. Sections of kidney of the con-
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trol group rats showing normal glomeruli and normal renal cortical tubules as shown in
Figure 5: A-D. Sections of liver of the control group revealed normal hepatocyte, normal

portal vein (PV), central vein and sinusoid as presented in Figure 6: A-D.

e @
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Figure 5 Photomicrograph of sections of kidney in:A)group I (control group), B)group II (group
received 0.85mg/kg AgNPs), C)group III (group received1.76mg/kg AgNPs), andD) group IV (group

received 3.53mg/kg AgNPs); H&E staining (10X).

Figure 6 Photomicrograph of sections of liver in:A)group I (control group), B)group II (group received
0.85mg/kg AgNPs),C)group III (group receivedl.76mg/kg AgNPs), andD) group IV (group received

3.53mg/kg AgNPs); H&E staining (10X).
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DISCUSSION

Sub-acute toxicity is a method to assess the safety and toxicological effects of substances
upon multiple exposures.!® The current study is essentially designed to assess the safe dose
of biosynthesized AgNPs of C. zeylanicum bark extract in experimental rats. In an ideal
acute toxicity study, the harmful effect of the chemical should occur within 14 days of
administration.!® In the current study, AgNPs were synthesized using a simple method
(green synthesis). Initially, we used methanolic bark extract of C. zeylanicum extract as a
reducing agent to convert silver from Ag" to Ag’. The reduction process occurs due to
the presence of bioactive phytochemicals in the C. zeylanicum bark extract.?® The solution’s
color changed from light brown to dark brown after 72 hours, indicating the fabrication of
the AgNPs. This observation was in line with the findings of Kumararaja et al. (2019).%° The
reduction of silver ions into silver nanoparticles occurs during plant extract exposure and
is followed by a color change also reported by Rajesh et al. (2009).2! AgNPs, in the current
study, were spherical in shape, smooth edged, with nanoscale sizes as the SEM and AFM
images showed. These particles were with little aggregations and below 100 nm in range
diameters of 60-80nm. This aggregation took place due to the presence of cell components
on the surface of nanoparticles and acts as capping agent.?? Similar finding was reported by
Gauthami et al. (2015).1°

There was no evidence of toxicity in rats given different doses (0.85, 1.76, and 3.53mg/kg)
of AgNPs of C. zeylanicum during the study period, like mortality, tremors, writhing, con-
vulsion, analgesia, increased motor activity, cyanosis, or anesthesia. The toxicity of AgNPs

)23
b

exposure, according to Kim and Ryu (2013),“° could not be explained just by the presence

of Agtin the NPs’ solution. As a result, the bioactive compound present in the methanol
extract of C. zeylanicum act as a reducing agents for Ag™ into Ag’,1” making AgNPs safe for
administration. Furthermore, this may be influenced by the size and dose of the NPs. The
results of the body weight of the rat and body weight gain presented in this study showed
that the AgNPs of C. zeylanicum did not cause any significant changes. The body weight
of rats increased gradually in all of the groups investigated. This indicates that the AgNPs
of C. zeylanicum does not have the ability to increase or encourage weight loss. Changes
in body weight provide information about the effects of a substance administered. !* Liver
and kidney are major target organs for several substances due to their critical role in vari-
ous body processes including detoxification and excretion.? In this respect, it’s critical that
studies examining the biochemical effects of substances take a close look at the status of
these organs. Oxidative stress is one mechanism of injury to these organs, which can result
in the generation of malondialdehyde (MDA) and 4-hydroxynonenal, as well as changes in
antioxidant enzyme activity.>® In this study, the AgNPs did not cause any significant change
in MDA, SOD and CAT levels when compared with the controls. Similar findings were
achieved by Nasir et al. (2015)%6 who reported that no significant change occurs in oxida-
tive stress biomarkers (MDA, CAT and SOD) after 14 days from AgNPs administration. As
for indicators of how to assess renal dysfunction, measurements of urea and creatinine are
used. The serum levels of creatinine and urea in all groups of rats who were given AgNPs
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with different doses (0.85, 1.76 and 3.53 mg/kg) were not significantly different from the
control group. This implies that the AgNPs at these doses did not have any toxic effect on
renal cells. In addition, this study has also been evaluated the serum levels of liver enzymes
(ALT, AST). They were not significantly different in AgNPs-treated groups when compared
to the controls and this was in agreement with findings by Nasir et al. (2015).2° In cyto-
toxic and cholestatic hepatic injury, some serum liver enzymes, including AST and ALT,
have been observed to increase.?” Thus, the hepatic injury was not suspected based on our
results. Also, no histopathological changes in the liver and kidney were noticed in treated
groups when compared with the control group.

Still, the current study is subject to certain limitations. Firstly, the small number of rats
used in this experiment. Secondly, the short duration of biosynthesized AgNPs administra-
tion. Thirdly, we weren't study the effect of toxicity of AgNPs on other organs, such as the
heart and the brain. However, and in spite of these limitations, this is the first study about
the toxicity of biosynthesized AgNPs (using bark extract of C. zeylanicum) on experimental

rats.

CONCLUSIONS

The current study has proven the safety of AgNPs, which were tested on rats at various
doses. No mortality, oxidative stress, hepatic and renal dysfunction, and no changes in liver
and kidney histopathology were observed.

ABBREVIATIONS

AFM, Atomic force microscopy; AgNPs, silver nanoparticles; AST, alanine transaminase;
AST, aspartate transaminase; CAT, catalase; GSH, glutathione; H&E, hematoxylin and
eosin; MDA, Malondialdehyde; SEM, Scanning electron microscopy; SOD, superoxide dis-
mutase.
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