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Objective(s): Ziziphus spina-Christi is a Ziziphus genus, and its extracts have been
tested for antimicrobial, antifungal, and antitumor properties. A polysaccharide
and its silver nanoparticle from the Ziziphus spina-Christi plant have not yet been
tested for their ability to fight liver cancer.

Methods: Using a microwave-assisted extraction method, we extracted
polysaccharide from the leaves and synthesized silver nanoparticles. The
polysaccharide amount, availability, and nanoparticle properties were investigated
using the phenol-sulfuric acid process, FT-IR, SEM, TEM, and XRD. The anticancer
activity of crude polysaccharide and its polysaccharide coated AgNPs were
investigated using the HepG2 cancer cells, MTT assay, cell morphology, cell cycle,
reactive oxygen species (ROS), and apoptosis.

Results: The existence of predominantly spherical shapes and various sizes
(24.10, 29.77, 31.63, 47.7, 56, and 71.5) nm polysaccharide coated AgNPs was
confirmed by SEM and TEM analysis. Using the Debye-Scherrer formula, XRD
analysis revealed six peaks corresponding to the crystalline size (D value) of
AgNPs. Polysaccharide-coated AgNPs outperformed raw polysaccharide against
HepG2 cancer cells. Polysaccharide had an IC50 of 1.5 mg/ml in the MTT assay,
while polysaccharide coated AgNPs had an IC50 of 0.705 mg/ml. According to
a flow cytometry study, raw polysaccharide stopped cells in the S process, but
polysaccharide coated AgNPs arrested cells in the G1 phase. Furthermore, raw
polysaccharide late apoptosis was lower than late apoptosis of nanoparticles
induced by reactive oxygen species.

Conclusions: The findings indicated that polysaccharide coated AgNPs derived
from Ziziphus spina-Christi polysaccharide could be developed as an anticancer
agent against liver cancer and that further research for potential applications is
warranted.
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INTRODUCTION

Natural medicinal plant products have a lot
of potential in medical applications because they
contain small and large molecules from primary
and secondary metabolism [1,2]. Natural product
compositions and chemical structures are essential
in the production of biological activities [3,4].
Biopolymer is a natural product that is produced
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during the life cycles of green plants, animals,
bacteria, and fungi and has a variety of biological
functions [5,6]. Furthermore, animal biopolymers
such as gelatin, collagen, and carbohydrates are
used in the food industry and biomedical science
[7]. Polysaccharide, a biopolymer that includes
linear and branched polymeric carbohydrates
including lignin, cellulose, cutin, and cutan, is
produced by plants [8]. Polysaccharides are used
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in a variety of biological applications, including
medication formulations, dusting powder,
treatment of mild intestinal disorders, hemostats,
plasma replacement, and anticoaguables [9,10].
Antitumor properties have been identified in
polysaccharides isolated from plants, fungi, marine
sources, and microorganisms [11,12]. As a result,
some studies have suggested that polysaccharides
may have anti-liver properties [13].

Ziziphus is a Rhamnaceae (Buckthorn) genus
with about 40 species. Ziziphus jujuba grows in
Southern Asia, Northern India, Southern and
Central China, and Southeastern Europe. The
polysaccharides isolated from Zizphus jujuba have
a variety of biological applications, according to
the findings [14]. Similarly, the development of
Ziziphus spina-Christi in Northern and Tropical
Africa, Southern and Western Asia, and the
Middle East is known as (Sidr) [15]. Ziziphus leave
extracts have been shown in recent studies to be
effective in reducing extreme inflammation [16].
There have been no reports of isolated/extract
polysaccharides from Ziziphus spina-Christi species
of leaves. Nanoparticles are also used in biological
applications because of their ability to penetrate
cell membranes or drug carriers, and they are a
promising cancer treatment choice [17]. To generate
four unique nanosystems, metallic nanoparticles
(Ag), bimetallic or alloy nanoparticles (Fe-Co),
metal oxide nanoparticles (ZnO), and magnetic
nanoparticles (Mn-Fe204) are used. These metals
will find new applications in drug delivery, cancer
therapy, bio-imaging magnetic hyperthermia,
photoablation therapy, and biosensors in
nanopaticle systems. Because of their stable
features such as high electrical conductivity, high
thermal conductivity, chemical stability, catalytic
activity, and improved Raman scattering, silver
nanoparticles are used in drug delivery and cancer
therapy applications [18]. Silver nanoparticles
perform critical roles in cancer cells, such as
functional heterogeneity, microenvironmental
variations, and reversible alterations in cell
characteristics. These functions heighten interest
in synthesizing various silver nanoparticles from
natural sources [19]. Many studies have synthesized
silver nanoparticles from medicinal plant aqueous
extracts and tested them in a variety of medicinal
applications [20,21]. In addition, nanoparticles
of polysaccharides from medicinal plants such as
Chitosan and Arabinoxylan, have been synthesized
and their biological properties investigated [22,23].
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As a result, nanoparticles have been used in
hepatocellular disease research as therapeutics and
diagnostics, but more research into nanoparticles
as therapeutic agents is still required [24,25]. As
a result, this research used a microwave-assisted
extraction green method to extract polysaccharides
from leaves, synthesize silver nanoparticles, and
investigate anticancer properties using the HepG2
cancer cells, MTT assay, cell cycle, reactive oxygen
species, and apoptosis.

MATERIALS AND METHODS
Plant collection

The leaves of Ziziphus spina-Christi (L.) were
collected from a garden in the Al-Medina district
of Basra Governorate, Southern Iraq, during
September 2019, and identified by Prof. Dr. Ali
Aboud, Department of Life Sciences - College of
Education for Pure Sciences - Basrah University.
The leaves were dust-free, washed in distilled
water, and dried for a week in the shade. Milled
and stored in closed, opaque glass containers in the
refrigerator at 4 degrees Celsius until required.

An FT-1IR Shimadzu device with KBr discs with
a range of (400-4000) cm-1 at room temperature
was utilized in the Department of Chemistry,
College of Education for Pure Sciences, University
of Basrah.

Method for extracting polysaccharides from the
Ziziphus spina-Christi plant

In a round flask, weigh 10 gm of dried Ziziphus
spina-Christi (L.), add 100 ml of ionized water, mix
well, and microwave for 30 minutes. To remove
sediments, the microwave is turned on for (60-120)
seconds, cooled for 15 minutes, and centrifuged
(5000 rpm for 15 minutes). The residual sediments
were filtered under vacuum pressure to remove
them. The filtrate was placed in a beaker, and
the volume of absolute ethanol (96 percent)
was slowly added three times in the beaker with
constant stirring, and the solution was held in the
refrigerator at 4 °C for 24 hours. The precipitated
was collected and centrifuged (5000 rpm for 20
minutes). The filtrate is extracted, and 1 ml of water
is added to the tube to absorb the precipitate. Re-
sedimentation in the centrifuge at the same speed
to remove the remaining water and obtain the Z.
spina-Christi crude polysaccharides (L.) [26].

Sevag method for deproteinatation of polysaccharides
The protein is extracted by applying a volume
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(3:1) CHCI3-n-BuOH to 60 ml raw polysaccharide
in a separation funnel, shaking for 10 minutes,
and allowing the mixture to settle for 20 minutes
(organic layer and aqueous layer). Proteins collect
in the lower layer (the organic layer) and are
removed from the separating funnel. The raw
polysaccharides were precipitated by adding three
times the amount of absolute ethanol (96%) to
the aqueous layer and shaking it. Refrigerated
for an hour at 4 °C before being deposited in the
centrifuge (8000 rpm for 30 minutes). To obtain
raw multiple polysaccharides free of protein, this
process is replicated several times [27]. The supply
of raw polysaccharide was determined using FTIR.

Quantitative of polysaccharide content (phenol-
sulfuric acid method)

In a test tube, placed 100 mg of glucose and 5 ml
of 2.5 N HC], then place it in a boiling water bath
for 3 hours for glycolysis. Allow to cool to room
temperature before adding a sufficient amount
of sodium carbonate to bring the total volume to
100ml. 0.2, 0.4, 0.6, and 0.8 ml of the solution were
taken, and 1 ml of 5 % phenol solution was applied
to each sample and shook well. The absorbance
was measured at 490 nm after adding 5 ml of 96 %
sulfuric acid, shaking again, leaving for 10 minutes,
shaking again, and placing in a water bath for 20
minutes. The linear equation was used to calculate
the content of saw polysaccharide using the raw
polysaccharide method with 0.1 ml solution and
the absorbance at 490 nm (1) [27].

y=0.1539x+0.7655 (1)

Which: y = The value of absorbance at 490 nm;
x= Carbohydrate concentration

%Total carbohydrate = % x100 (21)

Polysaccharide  coated  silver
synthesized

1 ml raw polysaccharide was applied to 49 ml
AgNO3 (1 mm), gently mixed, and held inside the
microwave instrument for 20 minutes, according to
Ali et al. method with some modifications [28]. 1
minute at 50 °C and 400 W, until the color changed to
show the formation of silver nanoparticles. Cooled
AgNPs at room temperature and washed twice with

distilled water before centrifuging at 8000 rpm

nanoparticles
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for 15 minutes, removing the water and storing
the residual at 4 °C for further characterization
and anticancer evaluation. SEM, EDX, TEM, and
XRD techniques were used to analysis the sizes,
ratio, and shapes of polysaccharide coated silver
nanoparticle.

AgNPs Characterization techniques

All of the characterization methods for AgNPs
analysis were carried out at Tehran University’s
Central Laboratory in Iran.

Scanning electron microscope (SEM)

A modest amount of AgNPs was put on carbon-
coated copper and studied with an FEI Nova Nano
SEM equipped with energy-diffraction X-ray
spectroscopy (EDX). The photo was captured at a
magnification of 60.00 [29].

Transmission electron microscopy (TEM)

Philips CM30 electron microscope was used
to perform an AgNPs TEM image. Deposition
of a powder suspension in ethanol on carbon
coated copper microgrids was used to create TEM
specimens [30].

X-ray diffraction (XRD)

Using a Philips PW 1730 from (26 (5-80)) using
Cu, K-a , A =1.54060, the phase transformation
during the sonochemical reaction and sintering
was determined. Using the Debye-Scherrer
formula, the average crystalline size D of the AgNPs
was determined from the diffractogram [31]:

_09x4
P xcosd

where D is the approximate crystal size, A is
the X-ray radiation wavelength (1.54 A), 0 is the
Braggs angle corresponding to the most intense
peak, and P is the peak’s complete width at half
maximum in radians.

MTT assay

The MTT test was done on 96-well plates to
determine the IC,  of polysaccharide and its silver
nanoparticles. 1x10* cells per well were planted
into the HepG2 cell lines. After 24 hours of
incubation, the cells were treated with different
doses (0.500-2.500) mg/ml made in distilled water,
using the standard dilution process to obtain five
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concentrations, and their effect was evaluated for
72 hours. The growing medium was removed and
replaced with 28 pL of MTT solution, which was
incubated for 2 hours at 37 °C. After extracting
the MTT solution, 100 uL of DMSO (Dimethyl
Sulfoxide) was given to the cells, which were then
incubated at 37 °C for 15 minutes. Using a micro-
plate reader, the absorbance was measured at 620
nm, and the cell viability % was computed based
on the concentrations [32].

Flow cytometry analysis
Cell Cycle arrest

Flow cytometry analysis has defined the Gl1,
S, and G2 phases. HepG2 cells were subjected to
IC,, values of raw polysaccharide and AgNPs for
48 hours. The cells were rinsed in PBS before being
fixed overnight in 70% ice-cold ethanol at 4 °C. Cells
were stained for 30 minutes in the dark at room
temperature with a solution containing 50 mg/mL
PI and 100 mg/mL RNase A after being washed
twice with phosphate buffer saline (PBS). The
stained cells were examined using flow cytometry
(manufacturer: PARTEC; model: CyFlow Space;
made in : Féreningsgatan 217, 261 51 Landskrona,
Germany; software: FLOWMA) [33].

Reactive oxygen species

The alterations in intracellular reactive oxygen
species formation were measured by labeling
the cells with 2,7-dichlorfluorescein-diacetate
(DCFH-DA). In 6-well culture plates, the cells
were incubated overnight. Following a 48-hour
treatment with the IC, values of raw polysaccharide
and AgNPs, the cells were incubated for 30 minutes
at 37 °C with 10 mol/l DCFH-DA, as indicated by
the manufacturer. The cells in the positive control
group were tagged with DCFH-DA and raised
for 30 minutes after being treated with 1 pL. Cells
were then collected, washed, and re-suspended in
phosphate buffer saline (PBS) before being flow
cytometrically examined for 2,7-dichlorfluorescein
(DCF) fluorescence [34].

Apoptosis

The late apoptosis was classified by flow
cytometry. Raw polysaccharide and AgNPs IC, |
values were applied to HepG2 cells for 48 hours.
The cells were collected, washed twice with
phosphate buffer saline (PBS), and tagged with 5
pL FITC-conjugated annexin V, as directed by the
manufacturer. After being incubated in the dark for
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10 minutes and then labeled with PI, the samples
were immediately examined on a flow cytometery
[35].

Statistical analysis

The raw polysaccharide and AgNPs IC,
values were estimated using GraphPad Prism 8.1
for Windows. The experiments were carried out
three times.

RESULTS AND DISCUSSION
Analysis and characterization of raw polysaccharide
and it’s Silver nanoparticles

Water  extraction, acid-base  assistance,
enzymatic hydrolysis, ultrasonic and microwave-
assisted extraction, and polysaccharide precipitation
with alcohol are among the most popular extraction
methods for plant polysaccharides. Microwave-
assisted extraction, for example, is a low-cost,
high-efficiency technique for plant extraction and
nanoparticle synthesis [36,37]. In this study, silver
nanoparticles of polysaccharide from Ziziphus
spina-Christi (L.) species were extracted and
synthesized using a microwave-assisted technique.
It was because of the simple process, the short time
frame, and the high quality of the goods (Fig. 1).
We used FT-IR spectroscopy and the phenol-
sulfuric acid process to determine the abundance
of raw polysaccharide. Stretching vibration of
C-OH was referred to by the broad peak 3600 to
3200 cm. The stretching vibration of C=0 and
the asymmetric stretching vibration of C=0O were
referred to as the peak between 1500 and 1700 cm
'. C-H stretching vibrations were assigned to the
peaks 1250 to 1550 cm™. O-H stretching vibrations
were defined as a weak peak ranging from 500
to 700 cm™. Peaks between 1000 and 1200 cm™
indicated the existence of C-O-C glycosidic bonds,
while a weak peak about 849 cm indicated the
presence of a glycoside bond [32] (Fig. 2 (A)). The
FT-IR analysis confirmed the availability of raw
Ziziphus spina-Christi polysaccharide.

The carbohydrate content is estimated using
the phenol-sulfuric acid method and glucose as a
standard. At 490 nm, a linear plot and equation
(1) were used to estimate the carbohydrate content
(Fig. 2 (B)). Equation (2) was used to calculate
the total carbohydrate content of Ziziphus spina-
Christi, which was 0.86 percent based on the
approximate absorbance value (0.892) and 0.1 ml
of raw polysaccharide. Metal nanoparticles can also
be created using a variety of chemical and physical
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Fig. 1. Using a microwave-assisted extraction technique, the steps of extraction and synthesis of raw polysaccharide and its AgNPs
were demonstrated.
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Fig. 2. A- FT-IR analysis of raw polysaccharide of Ziziphus spina-christi. B- Phenol-sulfuric acid method of glucose at 490 nm to esti-
mate the content of raw polysaccharide of Ziziphus spina-christi.

methods, including gamma irradiation, chemical
reduction photochemical, thermal decomposition,
and microwave irradiation. Among these methods,
microwave is a simple and quick way to create
metal nanoparticles. Microwave synthesis of
polysaccharide coated silver nanoparticles from
Ziziphus spina-Christi was used in our study, the
formation of nanoparticles was easily detected after
30 seconds by changing the color of the solution
from translucent to brown. SEM-EDX, TEM, and
XRD were used to characterize the morphology,
form, and scale of nanoparticles. SEM is a soft
technique used to analyze particle sizes, size
distributions, shapes, and surface morphology of
nanoparticles at the micro and nanoscales. The
particles can be manually measured and counted
using specific software based on the SEM images.
SEM and energy-dispersive X-ray spectroscopy

Nanomed Res J 6(3): 237-247, Summer 2021
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(EDX) combined can provide AgNPS morphology
and chemical composition analysis. It can provide
useful information about purity and aggregation of
particle.

In this study, SEM image revealed that raw
polysaccharide was free of silver metal and had
aggregation coherent shapes, an EDX spectrum
demonstrated that the polysaccharide is free
of Ag metal (Fig. 3(A)). While SEM images of
polysaccharide coated AgNPs (29.77, 31.63, and
24.10) nm in size and spherical in shape were
shown, an EDX spectrum revealed a silver ratio of
16.6. Wt% (Fig. 3(B)).

We analyzed AgNPs using the TEM technique,
which is an important technique for nanoparticle
characterization. Sample preparation and time
consumption are critical for obtaining the highest
resolution and quality of images in TEM. It was
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Fig. 4. Characterization of AgNPs utilizing: A- TEM analysis at 40 nm. B- TEM analysis at 100 nm. C- XRD analysis.

used to obtain quantitative particle, grain, size
distribution, and morphology measurements.
TEM has two advantages: higher spatial resolution
and the ability to perform additional analytical
measurements. In our study, TEM analysis revealed
the spherical shapes of AgNPs; in image 40 nm, the
spherical size of AgNPs showed (30.5, 47.7, and
47.8) nm (Fig. 4A), while image 100 nm revealed
(29.8,34.3, 56, 71.5, and 125.8) nm (Fig. 4B).
Furthermore, XRD is a technique with many
applications, including molecular and crystal
structure analysis, qualitative identification of
various compounds, quantitative resolution
of chemical species, measuring crystallinity,
isomorphous substitutions, and particle sizes.
The application of XRD has grown to include
the characterization of various nanomaterials
and their properties. We used an XRD pattern to
confirm the crystallinity of polysaccharide coated
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AgNPs formation in our study, and we obtained
six peaks. We estimated the crystalline size (D)
for the six peaks (1 = 6.7 nm, 2 = 8.3 nm, 3 = 8.5
nm, 4 = 3.8 nm, 5 = 5.5 nm, and 6 = 6.6 nm) at
2 theta using the Debye-Scherrer formula (Fig.
4C). The six D values are nearly identical, and the
average crystalline size of AgNPs is about 6 nm. D
spacing also showed nearly the same value for the
six peaks, with an average of 2 A, shown in Table
1. These XRD data values confirm the formation
of polysaccharide coated AgNPs crystallites with
well-defined dimensions.

Anticancer evaluation of raw polysaccharide and it’s
AgNPs

Polysaccharides from different sources have
been shown to disrupt cancer cells via induced
apoptosis and mechanistic studies [38,39]. As a
result, some polysaccharides, such as Ganoderma

Nanomed Res J 6(3): 237-247, Summer 2021
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Table 1. The XRD analysis of AgNPs was shown, and we estimated the crystalline size (D value) for six peaks (1 = 6.7 nm, 2 = 8.3 nm,
3 =8.5nm, 4= 3.8 nm, 5= 5.5 nm, and 6= 6.6 nm) using the Debye-Scherrer formula.

FWHM

Peak 28 Cos 8 (?rys;ta}linc Height Lefi d-spacing Rel. Int. 1jip Matched by
No size ‘DY am [ets] [A] [%] Width
[°2Th.]
1 28.0298 0.882 6.7 56.59 0.2362 3.18340 44.19 0.2834 00-031-1238
2 32.4336 0.844 8.3 128.07 0.1968 2.76052 100.00 0.2362 00-031-1238
3 46.4419 0.689 85 73.92 0.2362 1.95531 57.72 0.2834 00-031-1238
4 55,1493 0.571 3.8 18.49 0.6298 1.66544 14.44 0.7557 00-031-1238
5 57.7645 0.533 55 20.83 0.4723 1.59611 16.26 0.5668 00-031-1238
6 77.1520 0.222 6.6 17.27 0.9446 1.23636 13.49 1.1336 00-031-1238

Fig. 5. Liver cancer cell morphology changes: A- Untreated cells. B- Cells treated with IC, value of raw polysaccharide. C- Cells treated
with IC_; value of AgNPs.

sinense and Ganoderma lucindum, may be used to
treat cancer [40]. Green synthesis of polysaccharide
coated silver nanoparticle has been shown to have
a potential role in cancer prevention by drug
delivery systems [41,42]. In this study, for the
first time, we investigated the anticancer activity
of raw polysaccharide and polysaccharide coated
silver nanoparticle from the Ziziphus spina-Christi
species against liver cancer cells (HepG2). The
MTT assay was used to measure IC,_ values, which
were 1.5 mg/ml for raw polysaccharide and 0.705
mg/ml for AgNPs.

In comparison to untreated cells as a control,
the morphology of cells influenced by IC_ values
revealed that nanoparticles had a greater effect
than raw polysaccharide (Fig. 5 (A, B, and C)).
Furthermore, flow cytometry analysis was used to
determine the differences in eflicacy between raw
polysaccharide and its AgNPs.

As compared to the control result, raw
polysaccharide stopped cells in the S gate (Fig. 6
(A and B)), whereas AgNPs stopped cells in the G1
gate (Fig. 7 (A and B)). The reactive oxygen species

Nanomed Res J 6(3): 237-247, Summer 2021
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ratio using DCFH of raw polysaccharide was 59
percent (Fig. 6 (C)), and for AgNPs was 31 percent
(Fig. 7 (C)), respectively, compared to 99.7% (Fig.
6 and 7 (D and D)). This means that AgNPs is
more efficient than raw polysaccharide in reducing
reactive oxygen species. As a result of the apoptosis
study, late apoptosis (Q2) of raw polysaccharide
was 3.03 percent (Fig. 6 (E)), while late apoptosis of
AgNPs was 10.9 percent (Fig. 7 (E)), as opposed to
late apoptosis of control (Q4), (Fig. 6 and 7 (F and
F)). The ability of AgNPs of Ziziphus spina-Christi
polysaccharide to increase late apoptosis more
effectively than raw polysaccharide demonstrated
that nanoparticles of Ziziphus spina-Christi
polysaccharide are more effective and could pave
the way for further mechanistic research into
apoptosis pathways.

Because of their cellular signaling abilities,
ROS play a role in cancer prevention. It promotes
protumorigenic signaling, allowing cancer cells
to proliferate, survive, and adapt to hypoxia.
Although anticancer medicines with direct ROS
accumulating activity have been demonstrated to
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Fig. 6. Flow cytotometry analysis of raw polysaccharide: A- Cells cycle of treated cells with IC, value. B- Cell cycle of untreated cells.
C- Reactive oxygen species of treated cells with IC_ value. D- Reactive oxygen species of untreated cells. E- Apoptosis of treated cells
with IC, value. F- Apoptosis of untreated cells.
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Fig. 7. Flow cytotometry analysis of AgNPs: A- Cells cycle of treated cells with IC, value. B- Cell cycle of untreated cells. C- Reactive
oxygen species of treated cells with IC_  value. D- Reactive oxygen species of untreated cells. E- Apoptosis of treated cells with IC,|
value. F- Apoptosis of untreated cells.

be successful in treating several forms of cancer,
their effects on normal cells remain controversial
because they affect both cancer and normal
cells [43]. In addition, nanotechnology provides
six major categories that can be exploited in
nanomedicine (carbon NPs, metal NPs, ceramic
NPs, semiconductor NPs, polymeric NPs and lipid-
based NPs). Metal-containing nanoparticles (NPs)
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enhance ROS formation via the Haber-Weiss and
Fenton-type reactions. Metal nanoparticles’ ability
to generate ROS generation is greatly controlled by
their size and form [44]. Metallic nanoparticles’
versatility can improve drug delivery to tumor cells
while decreasing toxicity. Metallic nanoparticles
can be used to treat cancer at the cellular and
subcellular levels, reducing side effects and greatly

Nanomed Res J 6(3): 237-247, Summer 2021
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improving therapeutic efficacy. Another difficulty
in cancer therapy is using novel nanoparticles
in single platform-based techniques to achieve
higher specificity, lower toxicity, biocompatibility,
safety, and efficacy while overcoming the limits of
traditional chemotherapy. Physiological hurdles,
limited carrying capacity, enhanced permeability
and retention effect (EPR), nanoparticle variability,
and regulatory and manufacturing concerns are
among the challenges of employing nanoparticles
for cancer therapy [45].

Due to the traditional side effects of chemo-
and radiation therapy, silver nanoparticles have
been shown to have a significant effect in fighting
cancer in numerous studies. Furthermore, the
development of safer, biocompatible, and effective
cancer or anti-angiogenic agents containing
AgNPs will increase the importance of AgNPs role
in cancer prevention. On the other hand, the low
toxicity of AgNPs on human health, dealing with
biocompatibility of AgNPs and their interaction
with cells and tissues, and reducing side effects
[46].

CONCLUSION

Biopolymers are large molecules that are
very interesting for modern applications.
Polysaccharides have thus been identified and used
in a variety of biomedical and biotechnological
applications, including diagnosis, bioactive
therapy, regulated drug delivery, gene therapy, cell
encapsulation, tissue engineering, and medical
devices. Nanoparticles are suitable for biomedical
applications because they are biocompatible,
biodegradable, have low cytotoxicity, and have a
large number of surface functional groups that
can be used for chemical modification. It’s the first
research to use a microwave-assisted extraction
technique to extract a raw polysaccharide
and synthesize polysaccharide coated silver
nanoparticles from the Ziziphus spina-Christi
plant. The raw polysaccharide and its AgNPs were
available, and the analysis and characterization
methods were accepted. The anticancer activity
results showed that AgNPs was more powerful
than raw polysaccharide toward hepg2 cancer cells.
This discovery will pique interest in Ziziphus spina-
Christi polysaccharide coated silver nanoparticles
for potential biomedical applications.
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