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ABSTRACT. The recent research focused on the green synthesis of silicon dioxide nanoparticles, SiO,@Cellulose
of Zizyphus Spina-Christi nanocomposites, and L-Arginine@SiO-@Cellulose of Zizyphus Spina-Christi
nanocomposites using cellulose of Zizyphus Spina-Christi as a new green polymeric surfactant. The structures of
nanoparticles and nanocomposites were characterized by different spectroscopy and microscopy techniques.
Nanoparticles and nanocomposites were utilized to determine the concentration of chromium, cadmium, and lead
in COVID-19 patients using double-vortex-ultrasonic assisted surfactant enhanced dispersive liquid-liquid
microextraction. Mean recoveries of chromium, cadmium, and lead were obtained in the range of 86-98% with
relative standard deviations below 4%. The advantages of the proposed method are green and novel polymer
surfactant with low detection limit. Finally, antibacterial activities were investigated. The maximum inhibition zone
of L-Arginine@SiO,@Cellulose of Zizyphus Spina-Christi nanocomposites was obtained for Staphylococcus
Aureus (21.940.4 mm). L-Arginine@SiO.@Cellulose of Zizyphus Spina-Christi nanocomposites have low
cytotoxicity against MCF-7 cancer cells. These results indicated the potential ability of L-
Arginine@SiO,@Cellulose of Zizyphus Spina-Christi nanocomposites in the determination of metal concentrations
in biological samples along with good antibacterial properties and cytotoxic properties.

KEY WORDS: Green synthesis, Cellulose of Zizyphus Spina-Christi, Silicon dioxide nanoparticles, COVID-19,
Biological activity

INTRODUCTION

Arginine is a semi-essential amino acid in the diet, as well as a naturally occurring amino acid in
the body [1]. It is especially abundant in meats and nuts. In order to produce nitric oxide, L-
arginine serves as a substrate for the enzyme nitric oxide synthase (NOS). Blood pressure is
lowered by the production of nitric oxide in vascular endothelium. Additionally, the immune
system uses arginine to produce nitric oxide for cell signaling or oxidative bactericide functions
[2].

It has been suggested that poly L-arginine could be used for drug delivery, creates anticancer
vaccines, regulates gene expression, and provide neuroprotection [3]. Researchers show that
magnetic nanoparticles, such as Fe;O4 and SiO; coated with green components and biomolecules
have antibacterial and cytotoxic properties as well as improve drug delivery systems. These
nanocomposites have important roles in engineering processes and industry, coating phases,
chemical polishing, biological activity, and evaluation of metals [4-6]. Both agriculture and
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industry have significantly attributed to the raised heavy metals concentrations via sedicitsep,
waste disposal, atmospheric deposition, smelter stacks, sewage sludge application, and fertilizer
[7]. Moreover, metal absorption via vegetables and crops grown for consumption by humans is
regularly detected [8, 9]. The elements copper (Cu), iron (Fe), cobalt (Co), and zinc (Zn) are found
in trace amounts in living organisms and are vital for growth, development, health, and vitality.
Whereas others, such as lead (Pb) and cadmium (Cd) are extremely noxious to humans, animals,
and plants [10, 11]. The most important problem with heavy metals is that they are not
metabolized in the body. After entering the body, metals are no longer excreted from the body
and cause many side effects in the body [12, 13].

Escherichia coli (EC), Proteus mirabilis (PM), and Staphylococcus aureus (SA) are pathogens
which can cause a wide range of hospital- and community-acquired infections [14]. These
organisms might lead to severe infections, especially in immunocompromised patients, that
include urinary tract infections, pneumonia, diarrhea, and bloodstream infections. Besides, these
organisms can easily acquire antibiotic resistance, making the search for compounds that can
show antimicrobial activity against them very important [15].

Zizyphus Spina-Christi (ZSC), known as Sider in the Middle East, has potential applications
in chemical, environmental, clinical, and biological studies. Ziziphus belongs to the genus
Rhamnaceae (Buckthorn) and grows in Asia, Africa, and Southeast Europe. Copper nanoparticles
can be fabricated with Zizyphus Spina-Christi fruit containing gallic acid, ellagic acid, tannins,
leucoanthocyanins, and flavanol glycosides. [16].

Cellulose of Zizyphus Spina-Christi (CZSC) is used as the new green polymeric surfactant.
This study aims to evaluate the simple and rapid method for preparation of silicon dioxide (SiO»)
nanoparticles, Arg@SiO,@CZSCNCs, and SiO,@CZSCNCs nanocomposites. These
nanoparticles and nanocomposites were applied with a dual ultrasonic vortex to determine the
levels of heavy metals in COVID-19 patients. In the first step, the one-factor-at-a time (OFAT)
method was used for the screening parameters. Significant variables were selected and optimized
in the second step using Box—Behnken Design (BBD). Besides, BBD-DVUESDLLME was
applied to optimize and determine the concentrations of Cr, Cd, and Pb in COVID-19 patients by
graphite furnace atomic absorption spectroscopy (GFAAS). Moreover, green nanocomposites
were evaluated against antibacterial activity and cytotoxic properties. The antibacterial activities
of CZSC, SiO,@CZSCNCs, and Arg@SiO,@CZSCNCs against Escherichia coli (EC), Proteus
mirabilis (PM), and Staphylococcus aureus (S4) were evaluated. The MTT assay was used to
study the cytotoxic properties of the MCF-7 breast cell line and the normal cell. SiO,@CZSCNCs
loaded with L-arginine as a drug delivery system was evaluated by high-performance liquid
chromatography (HPLC).

EXPERIMENTAL
Chemicals and bacterial strains

All reagents were purchased from Sigma—Aldrich (Darmstadt, Germany). For determination of
heavy metal levels, blood samples were collected and transferred to test tubes and then serum was
isolated and determined. In the current work, 115 COVID-19 patients participated along with 31
healthy people as a control group. All participants were checked for COVID-19 using RT-PCR
followed by hospitalization at the Taleghani Hospital of Abadan Medical Sciences University in
south west of Iran during September to November 2020. Finally, concentration levels of Cr, Pb
and Cd were determined in COVID-19 patients and compared to the control group by graphite
furnace atomic absorption spectrometry (Agilent, 240 Z). In this work, Escherichia coli strain
ATCC25922, Staphylococcus aureus strain ATCC25923, and Proteus mirabilis strain
ATCC7002 were used.
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Phytochemical analysis of CZSC

CZSC was collected from Abadan, Khuzestan province, south west of Iran. The leaves were shade
dried and powdered by a grinding mixer. The ZSC was washed with distilled water and dried at
ambient temperature. CZSC extract evaluation for its phytochemical content indicated that it has
alkaloids, phenols, flavonoids, glycosides, tannins, terpenoids, and saponins.

Biosynthesis and characterization of nanoparticles and nanocomposites

CZSC@CZSCNCs were prepared by adding 0.05 g of CZSC to ethanol under ultrasound and
adjusting pH = 9 with NH; 25% v/v. Finally, ethyl silicate was added dropwise to the solution at
room temperature. For preparation of Arg@SiO@CZSCNCs, 0.02 g SiO,@CZSCNCs was
added into 50 pL of L-Arginine (10 mmol) that was dissolved in methanol under ultrasound.

Different spectroscopic and microscopic techniques were used to characterize nanoparticles
and nanocomposite, including, UV-Visible spectroscopy (UV-Vis), field emission scanning
electron microscopy (FESEM), transmission electron microscopy (TEM), X-ray diffraction
(XRD), and Fourier-transform infrared spectroscopy (FT-IR). The absorption spectra were
investigated by the UV—Vis double beam spectrophotometer Cecil 7500. FESEM and TEM were
used to investigate morphological and structural properties of nanoparticles and nanocomposite.
The functional group were evaluated by FTIR (Perkin Elmer) in the 400-4000 cm™ wavelength
range.

Evaluation of Cr, Cd and Pb levels

200 pL of the blood sample was mixed with 200 puL of nitric acid (HNO3, 65% w/w), 200 pL
of hydrochloric acid (HCl, 37% w/w), and 100 puL of the hydrogen peroxide (H,0>), and then
was poured into the digestion vessel. Finally, the levels of Cr, Cd, and Pb after the microwave
digestion were determined by graphite furnace atomic absorption spectroscopy (GFAAS). 1%
HNOs was used to dilute the dried samples. The samples were then mixed with 200 pL of
ammonia solution. As dispersed solvents, mixed samples were added to 1-butanol (300 pL, 1%
v/v) and Arg@SiO,@CZSCNCs as a novel green surfactant (200 pL). The samples were mixed
twice using a vortex and ultrasonic water bath at 30 °C for 4 min. Finally, the concentrations
of Cd, Cr, and Pb were determined.

Evaluation of antibacterial activities

The antibacterial activity of CZSCNCs, SiO,@CZSCNCs, and Arg@SiO>@CZSCNCs against
Staphylococcus aureus (SA), Proteus mirabilis (PM), and Escherichia coli (EC) were evaluated
by the agar disk diffusion method. Bacterial suspensions were prepared and used at 0.5 McFarland
to inoculate the plates for 24 h at 37 °C as reference method.

In vitro release of L-arginine from Arg@SiO>@CZSCNCs

Release of L-Arginine from Arg@SiO>@CZSCNCs was evaluated by high-performance liquid
chromatography (HPLC, Agilent) with methanol and acetonitrile as solvents.

One-factor-at-a time method (OFAT) and Box-Behnken design (BBD)

Different factors, such as the volume of sample, the volume of 1-butanol, and the volume of
surfactant were evaluated using OFAT and optimized by BBD. In the first step, OFAT was used
as screening parameters, and significant factors were obtained. Finally, the remaining parameters
obtained by OFAT were optimized by BBD.
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RESULTS AND DISCUSSION
Characterization of nanocomposite

The FT-IR spectra (Figure 1) was employed to recognize the interaction between the molecule of
CZSC(a), SiO,@CZSCNCs (b), and Arg@SiO,@CZSCNCs (c). Strong peaks at 3451 cm™! and
3548 cm™', in all spectra, are related to the hydroxyl group (O-H). Peaks emerging at 2925 and
2850 cm™! are correlated to the symmetric and asymmetric stretching methylene vibration groups
(CHa). Sharp peaks at 1635 and 1724 cm™' are related to stretching vibration of C=0 bonds. The
peak at 1075 cm! in all spectra is attributed to Si—O stretching vibrations. Similarly, stretching
vibrations of C-N in the spectrum of FT-IR appeared at 1327 cm™!. Furthermore, the peaks at
1257, 1123, 806 and 670 cm ! are related to C-O as stretching groups, C-O as secondary alcohol,
C=C, and C-H, respectively. The previous phytochemical analyses and reduction of CZS were
validated by these functional groups. Moreover, the reduction and stability of nanometals, as well
as the inhibition of aggregation, were validated by these functional groups.

Transmittance (%)
-

3900 3400 2900 2400 1900 1400 900 400
Wavenumber (cm!)

Figure 1. FT-IR spectra of CZSC (a), SiO, @ CZSCNCs (b), and Arg@SiO,@CZSCNCs (c).

Figure 2(a-c) showed the XRD pattern of SiO,, SiO,@CZSCNCs, and
Arg@SiO,@CZSCNCs. The XRD peaks, as the index of crystallite purity, confirmed the
formation of the nanocomposite. By analyzing XRD patterns of SiO,, silica formation was
identified and confirmed [4, 6]. XRD pattern were also in line with the UV-Vis
spectrophotometric, TEM, and FESEM-EDS. The average crystallite sizes with Miller indices of
Si0,@CZSCNCs, and Arg@SiO,@CZSCNCs observed at 220°, 3117, 4007, 422°, 511°, and 440",
respectively. The Miller indices demonstrated that the composite was successfully biosynthesized
[6, 17].

Figure 2(d-e) represented UV-Visible spectra of green polymer CZSC, SiO,@CZSCNCs, and
Arg@SiO,@CZSCNCs in the 300900 nm wavelength range. In general, Arg@SiO,@CZSCNCs
display a peak of absorption in the 320480 nm wavelength range that indicated presence of L-
arginine in nanocomposite structure. The UV-Vis spectrum at 398 and 480 nm confirmed the
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biosynthesis of SiO,@CZSCNCs and Arg@SiO>@CZSCNCs, respectively. This clarified the
blue alteration in the optical peak of absorption as the L-arginine concentration. The alteration
towards the higher wavelength side (red shift) similarly shows that size of SiO,NPs is increasing
as the concentration of CZSC is decreasing. Additionally, it is well-known from UV-Vis spectra
that the absorption intensity is reduced through the raise of L-arginine concentration, which is
contributed to a decrease in the concentration of SiO,@CZSCNCs.
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Figure 2. XRD of SiO; (a), SiO,@CZSCNCs (b), and Arg@SiO,@CZSCNCs (¢) UV-Vis spectra
of Si0,@CZSCNCs (d), and Arg@SiO,@CZSCNCs (e).

Morphology

25 nm average size and spherical-like shapes of nanoparticles was achieved from TEM and
FESEM analysis. FESEM and TEM images displayed SiO,@CZSCNC:s stabilized in L-arginine.
Figure 3c characterize SiO; stabilized in CZSCNCs and Figure 3d demonstrates corresponding
distribution of particle size. FESEM images have been applied to investigate the morphology and
structure of the Arg@SiO>@CZSCNCs. Therefore, Images exposed that the SiO,@CZSCNCs
had the spherical particles with uniform morphology (Figure 3e-f). The morphological and
structural study supported through TEM and FESEM analysis, verified that the size of
SiO,@CZSCNCs is not changed in the presence of L-arginine. The research reports showed that
the concentration of stabilizer has a momentous effect on the size of particles. Sardar and
coworkers [18] have perceived contradictory report. They have shown that the nanoparticles size
increased from 2.6 to 4.3 nm as the concentration of stabilizer raised.
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Figure 3. FESEM (a) and TEM (b) images of ZSCNCs, FESEM (c) and TEM (d) images of
SiO,@CZSCNCs, FESEM (e) and TEM (f) images of Arg@SiO,@CZSCNCs.

The average size distribution of nanoparticles is revealed in Figure 4a. The content of elements
of SiO,@CZSCNCs and Arg@SiO,@CZSCNCs confirmed through energy-dispersive X-ray
spectroscopy (EDS) investigation (Figure 4b-c). The diagram of EDS of the nanocomposite is
revealed in Figure 4(b-c). The result of EDS displayed the existence of C (Carbon), O (oxygen),
and Si (silica) with a high percentage (52.4 % and 82 %) along with strong peaks for O and Si
around 1, 2.1 keV, respectively. these results confirmed the formation of SiO,@CZSCNCs and
Arg@SiOy@CZSCNCs.
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Figure 4. Average size distribution of Arg@SiO,@CZSCNCs (a) and EDS of the
Si0,@CZSCNCs (b) and Arg@SiO2@CZSCNCs (c).

Interactions between factors

In three-dimensional plots of the response surface, the interaction between two factors is presented
at a given period while keeping another factor constant (Figure 5). This clarified the interaction
between dissimilar variables. In fact, the contact between V sample and V surfactant (ZSC) shows
the relation in which at both limits the reaction was low, and at 40 and 300, the reaction was
precisely high showing a very acceptable contour (Figure 5a). The contact between Vmpie and
Vibuanol €Xposed a relation in which an acceptable contour was advanced. At the two normal
ranges of factors, the reaction was worrying (Figure 5b). There was contact between V.pyuno and
Vsurfactant zsc)- At all aspects, the destruction is very low, on the other hand, at the surfactant volume
of 300, the destruction should be extra effective, therefore giving an actual acceptable curve
(Figure 5c¢).
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Figure 5. Optimization volume of sample (a), volume of 1-butanol as dispersive solvent (b), and
volume of surfactant (c) by one-factor-at-a time method.

According to OFAT results, three independent factors including the volume of sample (X1),
the volume of 1-butanol (X2), and the volume of surfactant (X3) were significant. In the BBD
scheme, these variables were further evaluated. The factors are given in Table 1.

As a result, there is a linear relationship between the responses of heavy metals with the
change of variables to obtain the optimal experimental conditions. The answers and variables
tested are related by the equation. R? of the equation was equal to 0.89, and the volume of 1-
butanol and surfactant were significant factors. The response level diagram is shown in Figure
6(a-c). Volume of sample (X1 = 25 pL), volume of 1-butanol (X2 = 300 (uL), and volume of
surfactant (X3 =200 uL) were determined.
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Table 1. Factors and their levels in box benken design.

Level
Factors Low Center High
-1 0 1
Vsample (X1) 10 25 40
Vi-butanol (X2) 100 300 500
V surtrctant (X3) 100 200 300
14 a - b . c
=Pb =
12 12 ®Ph 12 =Pb
R | 1 = Cd i 1
g " = wCd
Fos oz | O 08| e
£ 0.6 Zos 206
< 0.4 = 04 04
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Figure 6. Optimization of the volume of sample (a), the volume of 1-butanol as a dispersive
solvent (b), and the volume of surfactant (c) using the one-factor-at-a-time method.

Determination of the concentrations of Pb, Cr, and Cd

Concentrations of heavy elements (Cr, Pb, and Cd) in COVID-19 patients (n = 115) and healthy
control (n = 31) were determined. All patients have ages between 19 to 50 years. The symptoms
of the patients were classified as mild, moderate, and severe. 69.5% of the COVID-19 patients
had mild symptoms, 17.4% of patients were with moderate symptoms, and 13.1% of them were
divided as severe. As results in Table 2, the mean concentration of Cr, Cd, and Pb were
220.2+14.3, 0.11+0.03, and 9.2+2.5 pgdL™". The concentration of Pb and Cd were higher in
COVID-19 patients in comparison with the control group, while Cr showed no significant
difference. Several studies have indicated an association between heavy metals such as Pb and Cd
exposure levels and impaired respiratory function and pulmonary function [19]. Pb and Cd
exposure induced susceptibility to viral infections, inflammation and toxicity, lung remodeling,
fibrosis, and apoptosis in A549 cells [14, 20].

Validation of BBD-DVUESDLLME - GFAAS

Validation of DVUDLLME-GFAAS was applied to determine the concentration of Pb, Cd, and
Pb. To evaluate the method, the relative standard deviation (RSD), the limit of detection (LOD),
the limit of quantification (LOQ), and the linear working range were calculated. Mean recoveries
of Cr, Cd, and Pb were obtained in the range of 86-98%. The relative standard deviation (RSD)
of DVUDLLME-GFAAS was below 4%. The advantages of the DVUESDLLME-GFAAS
include wide range of dynamic performance, low consumption of solvents, high recoveries, and
reproducible sample extraction with good LODs. Figure of merit DVUESDLLME-GFAAS are
presented in Table 2.
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Table 2. Mean concentration of Cr, Pb and Cd (ug dL™") in COVID-19 patient and control groups, and figure
of merit for determination of heavy metals.

COVID-19 grou Control grou LOD Dynamic
Element (Mean conc.gi S]I))) (Mean corir.iSI;)) (ugdL™) ry;lnge LoQ RSD%
Cd 0.11£0.03 0.035 £ 0.004 0.05 0.01-5 0.2 2.1
Pb 92425 1.93 £0.01 1.3 0.05-25 3.3 3.5
Cr 2202 +14.3 219.4+8.6 141.2 100-250 218.1 2.8

Antibacterial activities

The antibacterial activity of CZSC, SiO.@CZSCNCs, and Arg@SiO,@CZSCNCs against
Staphylococcus aureus (SA), Proteus mirabilis (PM), and Escherichia coli (EC) were evaluated
at different concentrations (50-500 pgL™") using disk diffusion method (Figure 7a-d).

Figure 7. Zone of inhibition of CZSC, SiO,@CZSCNCs, and Arg@SiO@CZSCNCs for EC, SA,
and PM at different concentrations.
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Zones of inhibition against EC, SA and PM at different concentrations were summarized in
Table 3. This bacterial growth inhibition could be due to the damage to the cell membrane [18,
21]. This damage can cause pores in the bacterial membrane through interaction with this
negatively charged structure, especially in the presence of moisture [22, 23]. The production of
reactive oxygen species (ROS) by these nanoparticles is another reason for killing bacteria [24].
Generally, different mechanisms contribute to nanoparticle antibacterial activity, including
inhibition of cell wall synthesis and membrane permeability, which lead to cellular component
leakage, disruption of energy transfer, photocatalysis, enzyme inhibition, and disruption of DNA
and protein production [25-27]. The high antibacterial activity of nanocomposite coated with L-
arginine and alginate was obtained against S4 and EC [6]. Amirnejat et al. investigated the
antibacterial activities of iron oxide nanoparticles (SPIONs) coated with L-arginine (Arg) against
both Gram-positive and Gram-negative bacteria. high antibacterial activity was obtained for S4
and EC [28]. Magnetic silica nanocomposites (MSNCs) showed potential applications in drug
delivery agents and antibacterial activity [29].

Table 3. Zone of inhibition against Escherichia coli (EC), Staphylococcus aureus (SA) and Proteus mirabilis
(PM) at different concentrations.

Sample Zone of inhibition (mm)
Conc. pgL’! EC SA PM
50 4.1+0.2 5.0+0.3 5.1+0.1
100 6.2+0.1 52+03 52+02
CZ8C 250 83+03 54+0.1 6.5+03
500 9.5+0.2 72+0.5 73+0.2
50 92+04 104+0.3 10.1 +£0.2
Arg@SiO-@CZS 100 93+03 132+0.1 125+0.6
CNCs 250 14.4+0.6 219+04 16.4+0.3
500 15.6 £0.1 21.1+£0.5 16.1 £0.1
50 9.1+0.2 93+04 9.2+0.1
. 100 11.3+0.1 10.2+0.6 93+0.1
Si02@CZSCNCs 250 13.5+04 15.6+ 0.4 145+ 0.4
500 129+0.1 152+0.8 13.1+0.6

Evaluation of cytotoxicity

The cytotoxic activity of the CZSC, SiO.@CZSCNCs, Arg@SiO@CZSCNCs, and free L-
arginine were evaluated against MCF-7 cell line. Generally, Arg@SiO,@CZSCNCs showed
minimum cytotoxic effects on MCF-7 cell line compared to normal cell line. Bharathi et al.
synthesized SiO,—ZnO nanocomposite using Dictyota bartayresiana extract and evaluated its
cytotoxic and antibacterial properties [22]. Zamani et al. investigated nano-SnCls.SiO, against
MCEF7 and A549 cell lines. The cytotoxic activities were moderate to weak with ICsy values of
656.4+10.8 uM and 635.7+1.9 uM for MCF-7 and A549, respectively [23].

CONCLUSION

In this work, a simple and rapid method used to investigate the biosynthesis of SiO,@CZSCNCs,
and Arg@SiO,@CZSCNCs by cellulose of Zizyphus Spina-Christi (CZSC) as the new green
polymeric surfactant. Arg@SiO,@CZSCNCs utilized to evaluate the concentration of chromium
(Cr), cadmium (Cd), and lead (Pb) by double-vortex-ultrasonic assisted surfactant enhanced
dispersive liquid-liquid micro extraction (DVUESDLLME) in 115 patients with COVID-19 and
31 healthy people as a control group. According to the results, Pb and Cd were higher in the
patient group in comparison with the control group, while Cr showed no significant difference
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between them. Moreover, antibacterial activities of CZSC, SiO,@CZSCNCs, and
Arg@SiO,@CZSCNCs were evaluated against Escherichia coli (EC), Proteus mirabilis (PM),
and Staphylococcus aureus (SA). The maximum inhibition zone for Arg@SiO,@CZSCNCs
against S4 was 21.9+£0.4 mm at a concentration of 250 pgmL!. Arg@SiO,@CZSCNCs as a drug
delivery system reduced the cytotoxicity of MCF-7 breast cancer cells. The
Arg@SiO,@CZSCNCs were successfully used to determine serum heavy metals with
antibacterial and cytotoxic properties.
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