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ABSTRACT

Adverse effects of silver nanoparticles (Ag-NPs) on health remain a concern. This research study was performed to appreciate
the activity of saffron plant (SAF) upon Ag-NPs-induced hepatotoxicity. Eighteen male rats were consumed, separated into three
groups of equal numbers. The animals of the group (CON) were not dosed with either treatment, while the animals of the group
(Ag-NPs) were treated with Ag-NPs orally. In the latter group (Ag-NPs + SAF) intoxicated rats with Ag-NPs were provided with
SAF. The experiment lasted seven days. The study found that dosing with Ag-NPs led to a considerable elevates in serum
levels of biochemical parameters of liver function and hepatic oxidative stress, while significantly diminished glutathione activity.
But the combined use of SAF extract improved the disturbed hepatic parameters. It was concluded that SAF could efficaciously
mitigate Ag-NPs-induced liver toxicity in vivo. More investigations are needed to determine the exact mechanisms behind

affront’s ability to protect the liver.
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INTRODUCTION

Nanomaterials (1-100 nm) are widely produced and applied, which
bring enormous benefits to humans [1,2]. Silver nanoparticles (Ag-
NPs) can be considered as one of the most important
nanomaterials for diversified use, especially in pharmaceuticals,
medical devices and other industries. Also, Ag-NPs are the most
consumer products with nanotechnology, as they have
antimicrobial properties [3,4]. This increase in the employing and
releasing of Ag-NPs into the environment around people raises
risks and concerns about the harmfulness of Ag-NPs to human
health [5].

Several studies have also confirmed the poisonous effects of
Ag-NPs on different organisms and cell types, including the liver
[6]. It has been shown that the systemic administration of Ag-NPs
in experimental animals led to the penetration of these particles
into many organs of the body and the liver was the main target,
causing infiltration of inflammatory cells and necrosis of affected
cells [7,8]. Even today, there are still people who resort to herbal
medicine to improve their health, especially to be safe from the
harmful side effects of manufactured medicines [9].

Saffron (SAF), the dry red stigma of Crocus sativus L., is a
stem less autumnal herb of the Iridaceae family that is vastly grow
in Iran, India, Greece and other regions [10]. In traditional
medicine, SAF has been used in the remediation of many health
disorders due to its anti-inflammatory and antioxidant susceptibility.
It is likely that crocin, picrocrocin, and safranal are the biologically
active compounds [11,12].

Therefore, this study aimed to estimation the activity of
saffron against disturbances of biochemical indicators of liver
function as well as oxidative stress of liver homogenates to prove
the enhanced action of saffron on hepatotoxicity caused by silver
nanoparticles in laboratory rats.

MATERIALS AND METHODS

Aqueous-dispersed silver nanoparticle product, a highly complex
silver solution with very small nanopatrticles, was obtained from the
US Research Nanomaterials, Inc (USA). This product is intended
for research purpose which has very good anti-bacterial and anti-
yellowing properties. It is also characterized by the following: Purity
= 99.99%, average particle size =2 nm, PH =7 + 0.5, and without
discoloration. As for the organic saffron supplement, vegetarian
capsules were used for pure saffron extract (100% natural),
completely free from harmful stimulants, caffeine and side effects,
manufactured in the laboratory without the use of any artificial
colors, flavors or chemical preservatives, made in the USA
(GOLDEN SAFFRON).

Experiment design: Eighteen healthy adult albino male rats, their
ages ranged between 4 to 8 months, and their weight ranged
between 175 to 225 g. were gained from animal houses belonging

to Iragi universities. They were housed in plastic cages under
appropriate laboratory conditions, temperature and lighting, with
conventional ventilation. After they were accustomed to the
laboratory environment for a week, those experimental animals
were distributed into three groups of equal numbers (six in each)
as exhibited in table (1).

Table 1: Experimental groups and doses

Groups Seven-day treatments

CON Rats without any treatment served as a control group.

Ag-NPs Rats were intoxicated with Ag-NPs orally at a dose of 100
mg/kg [13].

Ag-NPs+ | Intoxicated rats were supplied with saffron by gastric tube

SAF [14] .

After 24 hours of completion of the last dose, the
experimental animals were dissected after being anesthetized.
Blood was collected from the cardiac perforation of each animal
and stored in tubes (without anti-coagulants) for quantification of
serum biomarkers of liver function. This research experiment was
done in accordance with the ethical controls for the use of animals
applicable in scientific research accredited in Iragi universities.
Biochemical indicators of liver function: In respect of estimate
liver function, the biochemical parameters of serum alkaline
phosphatase (ALP) alanine transaminase (ALT), and aspartate
transaminase (AST), were estimated using commercial diagnostic
kits and following manufacturing protocols.

Oxidative stress assays: After the livers of all animals were
extracted and stocked at (-20)°C, liver homogenates were tested
for oxidative stress analysis. Malondialdehyde (MDA) which is the
end-product marker of lipid peroxidation as well as glutathione
(GSH) contents were determined by spectrophotometry according
to previously adopted protocols [15].

Data Statistics: The data were statistically analyzed by applying
the statistical SPSS (version 25), with the data presented in a
scale of mean and standard deviation. Using ANOVA to analyze
the variance, the significance of the variance between the three
groups was evaluated, followed by Duncan's multiple range tests.
Probability levels for values less than 0.05 were considered
significant.

RESULTS

According to the results obtained from this experiment, rats dosed
with Ag-NPs significantly increased the serum levels of the
following hepatic enzymes: ALP (420.11+7.54), ALT (119.06+5.17)
and AST (178.80+4.45) compared to CON rats (302.7319.27,
92.21+4.45, and 123.68+6.71 respectively). However, saffron
extract clearly reduced the serum levels of these three parameters
in the Ag-NPs + SAF animals compared to the Ag-NPs animals
(347.35%£11.79, 101.04+3.78, and 144.52+5.44 sequentially). In a
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similar context, when evaluating the effect of SAF on the oxidative
stress induced by Ag-NPs in liver tissues, it was demonstrated that
Ag-NPs caused an obvious augmentation in the concentration of
MDA metabolites in the Ag-NPs animals (2.03+0.12) when
compared to CON (1.29+0.09) group. Whereas, co-administration
with SAF significantly reduced the concentration of hepatic MDA
metabolites in Ag-NPs + SAF rats (1.66 = 0.1) when compared to
those poisoned with Ag-NPs. In contrast, Ag-NPs caused a
significant reduction in GSH activity (0.40+.03) when compared to
CON group (0.54+0.01). Animals supplemented with SAF revealed
a significant improvement in GSH activity (0.47+0.02) as displayed
in figure (1).
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Figure 1: Effect of SAF on disturbed hepatic biochemical parameters and
oxidative indices: (a) ALP, (b) ALT, (c) AST, (d) MDA, and (e) GSH in
experiment rats. Values for 6 samples are presented as mean + SD, the
symbol (*) was set to show the statistical difference compared to CON
group, while (#) to denote a significant difference compared to Ag-NPs
group.

DISCUSSION

Depending on the final results of this study, it was shown that Ag-
NPs clearly caused hepatotoxicity through disruption of liver
function as well as generation of oxidative stress in liver
homogenates. Since the liver is a major target of chemicals [16] as
well as secondary to nanoparticle toxicity [17]. The Ag-NPs
significantly increased the serum levels of biochemical indicators of
liver function, which indicated that hepatic function was impaired
as a result of hepatocyte necrosis and extravasation of these
enzymes into the serum [18]. Besides, oxidative stress and lipid
peroxidase have a negative effect on hepatocytes [19]. Similar
previous studies confirmed the harmful effects and oxidative
damage of metallic nanoparticles, including silver, on the liver at
certain concentrations [20-22]. Co-administration with saffron reset
hepatic enzyme levels by altering the permeability and integrity of
hepatocyte membranes. It is worth noting that medicinal plants are
able to normalize the levels of these enzymes in some diseases
[23]. Additionally, the flavonoids present in saffron have
demonstrated potent liver-protective activities and it has been
speculated on its main active contents [24].This was in agreement
with the findings of Okdah and Ibrahim in their previous study
(2014), as their results indicated that saffron extract improves the
hepatotoxicity of sodium valproate by ameliorative the liver function
enzymes with inhibiting oxidative stress and enhancing the
antioxidant defense system in laboratory rats [25].In another study
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conducted by Harchegani and colleagues (2019) they found that
treatment with alcoholic extract of saffron stigma reduced the
hepatotoxicity of vincristine in rats, by inhibiting the action of
hepatic enzymes and suppressing the level of MDA values in
hepatotoxic rats, likely due to its antioxidant properties [26].

CONCLUSIONS

This experiment examined the liver damage caused by silver
nanoparticles exposing to a rat model, and evaluated the role of
saffron in mitigating hepatotoxic damage, by improving both
biochemical markers of liver function and oxidative stress in liver
tissue. Thus, saffron can be considered effective against
hepatotoxicity caused by exposure to silver nanoparticles.
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