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Abstract

Cancer diseases and microbial infections are the subject of several ongoing recent researches. In this paper, aqueous extract
of red and yellow Astragalus sarcocolla gum was used as safe and green agent, for the synthesis of novel biologically active
silver-nanoparticles. Six silver nanoparticles (AgNPs) with different characters were obtained using sarcocolla gum at (5, 10
and 20 mg/ml (w/v)) concentrations. All biosynthesized AgNPs were characterized using UV-visible spectroscopy,
Transmission Electron Microscopy (TEM), and Dynamic light scattering (DLS). Cytotoxic effect of sarcocolla gum-AgNPs
against five human cancer cells and one normal cells was determined using the MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide) assay. The semi rounded particles formed from 5mg/ml red gum (AgNPs-RG1) and having
9.23+3.66 nm size range were the most active and possessed high cytotoxic effect against, A549 lung, pc3 prostate, Mcf-7
breast and paca2 pancreatic cancers, with ICx, values (88.4,75.6, 72.2& 55.0 ug/ml, respectively), but showed low cytotoxic
effect (20 % at 100ug/ml) against human normal cells (BJ-1). On the other hand, the spherical to cubic shaped nanoparticles
obtained from 5mg/ml yellow gum (AgNPs-YG1) with 10.92 + 5.48 nm size range, showed good cytotoxic effect against
three cancer cells (PC3 prostate, MCF-7 breast and paca2 pancreatic) with 1Cs, values (75.0, 82.8 and 81,6ug/ml
respectively), and normal cells(BJ-1) with ICs, value (81.8ug/ml). Antibacterial and antifungal activities of the synthesized
red and yellow gum-mediated AgNPs with different sizes and shapes were also investigated. Particles biosynthesized from 5
and 10 mg/ml red gum (AgNPs-RG1, RG2) and 5mg/ml yellow gum (AgNPs-YG1) exhibited broad spectrum antimicrobial
effects against all tested pathogenic gram-positive, gram-negative bacterial strains, unicellular yeast and filamentous fungi.
Based on these results, it can be concluded that the synthesized silver nanoparticles from low concentrations of sarcocolla
gum have significant biomedical applications.
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Silver nanoparticles (AgNPs) are considered one of the
most potential researched metal nanoparticles with high
biological activities due to their unique physical properties,
particularly their small size, large surface area, stability,
and tunable size (Raghavendra et al., 2016; Pandey et al.,

1. Introduction

Different microbial infection diseases and severe
cancers are the most widely spread and diagnosed diseases

worldwide (Mackey et al., 2014). Repeated use of current
conventional treatments of synthetic antibiotics against
microbial infection diseases, causes the antibiotic
resistance, and inadequate treatments of these drugs (Bisht
et al., 2010). On the other hand, using synthetic radiation
therapy, surgery, generic drugs, chemotherapy, and
hormone therapy did not show an effective result in cancer
disease treatments (Qi et. al., 2015; Akram et al., 2017).
Therefore, more effort has been made to search for new
low-cost materials with high efficiency for treating these
diseases. The production of metal nano-particles made
with natural biomolecules was considered as novel and
effective alternative antimicrobial and anticancer
modalities (Vasan et al., 2019).

2016, Alharbi et al., 2023). The biological applications of
AgNPs have been greatly demonstrated in the fields of
biotechnology, pharmaceuticals and medicine
(Raghavendra et al., 2016; Lee and Jun, 2019). In addition,
several researches indicated that involving the integration
of nano-particles with biological molecules led to the
development of antimicrobial agents, therapies in cancer,
therapeutic medicines, drug delivery systems, labeling
agents, etc. (Roy et al., 2015a, Song and Kim 2009, Kokila
et al., 2015, Daniel and Astruc 2004).

AgNPs are generally synthesized using various
synthetic methods such as photochemical, chemical,
electrochemical and y-irradiation (Li et al., 2007; Raju et
al., 2014). Most of these synthetic methods are hazardous
due to application of toxic chemical agents which pose
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environmental  problems and  biological hazards
(Mehndiratta et al., 2013). In recent times, much effort is
being focused, by researchers, to prepare AgNPs using
“green chemistry approaches”, in which silver salts are
biologically reduced to AgNPs using nontoxic and natural
low cost polymers such as bacterial biomass (Abd El Aty
and Zohair, 2020), Fungi (Abd EI Aty et al., 2020), algae
(Alharbi et al., 2020), Yeasts (Ammar et al., 2021), plant
extracts (Parveen et al., 2016) and extracts of different
natural gums, i.e., kondagogu-gum (Rastogi et al., 2014),
salmalia malabarica gum (Murali krishna et al., 2015)
guar gum (Pandey and Mishra 2014, Pandey and Mishra,
2016), ghatti gum (Kora et al., 2012). These biopolymers
are used as both stabilizing and reducing agents
(Demchenko et al., 2020; Wang et al., 2021). Astragalus
sarcocolla a historical shrub, belongs to the Fabaceae
family able to form the gum as a secondary metabolite.
Sarcocolla gum is one of the most famous gum resins in
Kingdom of Saudi Arabia used in folk medicine for
treating wounds, flatulence and used as antiviral agent to
prevent various winter diseases in children (Ababutain,
2017).

Based on the research articles published on the
medicinal applications of the genus “Astragalus”, we have
noticed that sarcocolla gum resin has not been studied as a
reducing and capping agent for biological synthesis of
AgNPs. Therefore, the objective of this study is to explore
the potential green synthesis of AgNPs with Astragalus
sarcocolla gum aqueous extract as a reducing, capping,
and stabilizing agent and ascertain characterization of
gum-AgNPs. Also, the biological activity of silver-
nanoparticles as antibacterial and anticancer agents was
evaluated on Gram-positive and Gram-negative bacteria,
yeast, fungi and five carcinoma cell lines for their potential
biomedical applications.

2. Materials and Methods

2.1. Preparation of Astragalus sarcocolla gum aqueous
extract

Sarcocolla red and yellow gum of the
Astragalus sarcocollatree  was obtained from local
herbarium market in Hafr Al Batin City, Saudi Arabia.
Red (RG) and yellow (YG) gum was ground separately
using ceramic mortar into a fine powder in a 100 ml
Erlenmeyer flask. 1 g of fine powder along with 20 ml of
distilled water was stirred for 60 min on magnetic starrier
(60rpm and 30°C). Further, the aqueous extracts were
centrifuged at 5000 cycle/min for 10 min., and the stock
extracts of (50 mg/ml) concentration were stored at 4 °C
for future studies.

2.2. Protein content

According to Lowry et al. (1951), the protein
concentration in stock extracts of red and yellow gum was
assayed.

2.3. Green-synthesis of silver nanoparticles

Three different concentrations of (5, 10, 20 mg/ml)
were prepared from red and yellow stock aqueous extracts
and evaluated for biosynthesis of nano-silver. 10 ml of
each prepared concentration was mixed with 5 ml of 4mM

AgNO; separately at 10 pH and incubated in a dark
rotating shaker of 150 rpm and 28-30 °C for 24 hours (Abd
El Aty et al., 2020).

2.4. Characterization techniques

2.4.1. UV-visible spectroscopy

The formation of silver nanoparticles was initially
detected by visual observation of color change from pale
red and pale yellow to reddish-brown color. The bio-
reduction of silver ions was monitored by UV-Visible
spectrophotometer. The absorption spectrum of the
aqueous filtrate was scanned in the range of 200-800 nm.
The sharp peak given by UV visible spectrum indicated
the formation of AgNPs at the absorption range 400-
450 nm.

2.4.2. Transmission Electron Microscopy (TEM)

TEM analysis was performed to determine the
morphology, size and shape of the silver nanoparticles.
TEM measurements were done by (TEM; JEOL, JEM-
2100, Japan) according to Ammar et al. (2021).

2.4.3. 2.4.3. Dynamic light scattering (DLS)

Zeta potential and distribution of particle size were
measured using Dynamic Light Scattering (Particle Sizing
Systems, Inc. Santa Barbara, California, USA) in the range
of 0.1-1000 pm. Dynamic light scattering system (DLS)
was used for the analysis of average size and distribution
of particles in solution which gives the hydrodynamic
diameter of particles.

2.5. Cytotoxicity assay
2.5.1. Cell culture

Cytotoxic assays were performed using five human
cancer cell lines namely (A549 lung cancer, HCT116
colon cancer, MCF-7 breast cancer, PC3 prostate cancer,
and paca2 pancreatic cancer) and one humane normal cell
line (BJ-1), all cells purchased from the karolinska center,
Department of oncology and pathology, Karolinska
institute and hospital, Stockholm. Cancer cells were
maintained in DMEM medium and DMEM F12 in case of
normal cells. All media were supplemented with 10% fetal
bovine serum and 100 ugml™' streptomycin, and
100 1U mI™" penicillin. And then the cells were incubated
at 37C° in 5 %CO, and 95% humidity. Cells were sub-
cultured using trypsin 0.15 % (Abd El Aty et al., 2020;
Alharbi et al., 2020).

2.5.2. MTT Assay for testing cell viability

Cancer cells were seeded at a density of 1 x 10* and 1 x
10° (in case of normal cells) per well into 96-well plates in
appropriate culture medium and pre-incubated for 24 h at
37°C humidified atmosphere containing 5% CO2. After
that, the cells were treated for 48 h with different
concentrations of sample (12.5, 25, 50 and 100 pg ml™") in
the respective cell culture medium. Doxorubicin was used
as positive control and 0.5 % DMSO was used as negative
control. Cell viability was determined using the MTT (3-
(4,  5-dimethylthiazol-2-yl)-2,  5-diphenyltetrazolium
bromide) assay as described by Mosmann (1983). The
equation used for calculation of percentage cytotoxicity
was:
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Percentage of cytotoxicity %= (1- (av(x) / (av(NC))) * 100

Where Av: average, X: absorbance of sample well measured at
595 nm with reference 690 nm, NC: absorbance of negative
control measured at 595 nm with reference 690.

The I1C5, values were determined using probit analysis
and utilizing the SPSS computer program (SPSS for
windows, statistical analysis software package / version 9 /
1989 SPSS Inc., Chicago, USA).

2.5.3. Cellular morphology

Microscopic examination of human tested cancer cell
lines was checked by using Inverted microscope (Nikon,
TMS-F, New York, USA).

2.6. Assessment of antimicrobial activity (Bioassay)

Silver-nanoparticles biosynthesized from aqueous
extract of red gum (R1, R2, R3) and those prepared using
aqueous extract of yellow gum (Y1, Y2, Y3) were tested
against harmful pathogenic bacteria, yeast and fungi by the
agar diffusion technique (Abd EI Aty and Ammar, 2016).

2.6.1. Antibacterial assay

All prepared AgNPs were screened against pathogenic
strains of Gram-positive  (Staphylococcus aureus
ATCC29213, Bacillus subtilis ATCC6633, Lactobacillus
cereus ATCC14579) and Gram- negative (Escherichia coli
ATCC25922, Salmonella  enterica  ATCC25566).
Suspensions of all pathogenic strains were prepared and
adjusted to be approximately (1x10° spores™). 1 ml of
each bacterial suspension was inoculated into a plate
containing 50 ml of sterile nutrient agar medium (NA).
Wells of about 15 mm in diameter were made in the
solidified agar media and filled with 400 ul of AgNps
colloidal solution, then they were left for 120 min at 4 °C
for compound diffusion. The plates were incubated for 24
h at 30 °C for bacteria growth. The inhibition zones of all
tested organisms were recorded in millimeters at three
different points, and the average values are reported as
Mean + SD using MS Excel (Abd ElI Aty and Zohair,
2020).

2.6.2. Antifungal assay

The antifungal effects of biosynthesized AgNPs were
tested against the unicellular yeast (Candida albicans
ATCC10321) and filamentous fungus (Aspergillus niger
NRC53). One ml of (1x10° spores ™) fungal suspensions
was inoculated into 50 ml sterile potato dextrose agar
(PDA) medium. 400ul of AgNps colloidal solution was
added to each well separately and left for compound
diffusion. The plates were incubated for 72 h at 28 °C and
inhibition zones were recorded in millimeters.

3. Results and Discussion

3.1. Gum extract preparation and protein content
evaluation

Three different concentrations of sarcocolla gum (5,10
and 20 mg/ml) were prepared from the stock aqueous
extract of (50 mg/ml, w/v) Fig. 1. Results of protein
analysis according to Lowry et al. (1951) indicated the
presence of higher protein content in stock aqueous extract
of yellow-gum (5.458mg/ml), greater than the red-gum
(3.161mg/ml) as shown in Table 1.

Figure 1. Photograph of sarcocolla gum. Stock aqueous extract of
red (A) and yellow (B) gum at concentration of 50 mg/ml (w/v).
Table 1. Estimation of protein content of sarcocolla red and
yellow gum.

. Protein content
Concentration of

sarcocolla gum (mg/mi)
(mg/ml) (wiv) Red-gum Yellow-
(RG) gum(YG)
Stock aqueous 50 3161 5.458
extract
5 RG1(0.316) YG1 (0.546)
Tested dilutions 10 RG2(0.632) YG2 (1.092)
20 RG3(1.264) YG3 (2.183)

3.2. Sarcocolla gum-mediated the synthesis of silver
nanoparticles

The effect of gum-concentration on the formation of
AgNPs was studied. Red and yellow aqueous extracts of 5,
10 and 20 mg/ml (w/v), containing different protein
concentrations, were evaluated as reducing and capping
agents for biosynthesis of nano-silver. The formation of
the AgNPs during the reduction process is indicated first
by the formation of reddish to dark brown color after
mixing the gum extracts with AgNOj, which can be
visually observed. Roy et al., (2015b) emphasized that the
colour change resulted from the reduction of silver ions
with free electrons excitation, which in turn forms surface
plasmon resonance absorption (SPR) bands. In addition,
the obtained reddish-brown color of the reaction mixture
showed stability without any change at all experiments
indicating the stability of the formed AgNPs, in
accordance with (Nanda and Majeed, 2014; Ammar et al.,
2021).

Results obtained, indicated the ability of sarcocolla
Gum-proteins to work as reducing and capping agent able
to convert AgNO3 into the nano form. All biosynthesized
AgNPs were further characterized by UV-spectroscopy,
TEM and DLS analyses.
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plasmon resonance of silver nanoparticles (Kora and
Arunachalam, 2012; Mudhafar et al., 2021). In addition,
the SPR band broadened with the high gum concentration
(RG3) and shifted from 425 to 440 nm, indicating an
increase in particle size of AgNPs-RG3, So, the low gum-
concentration sample is preferred for synthesis of small
sized uniform particles.

Silver-nanoparticles biosynthesized using yellow gum
were scanned by UV-Visible spectrophotometer in the
ranges of 200 to 800 nm. The result in Fig. 3 showed that
surface plasmon resonance of AgNPs -YG1, YG2 and
YG3 appeared at 425, 420 and 420, respectively. The
appearance of these peaks is due to the plasmon resonance
and inters band transition of AgNPs which proved the
biosynthesis of nanoparticles (Ammar et al., 2021). These
characteristics are similar to AgNPs synthesized by Kora
and Arunachalam, (2012) who detected the formation of
AgNPs from Gum tragacanth (Astragalus gummifer).

Results obtained in Fig. 3 emphasized that the
absorbance intensity increased directly from 2.23 to 2.47
and 3.12 respectively, with increasing the concentration of
the yellow-gum extracts. It is also observed that the

Absorbance

Absorbance

surface plasmon F_’eak _that occurs at 425 nm with the Figure 2. UV-vis spectroscopy of biosynthesized silver-
lowest concentration is slowly shifted toward lower nanoparticle from Sarcocolla red gum at 5 (RG1), 10 (RG2) and
wavelength 420nm at high extract concentrations. This 20 (RG3) mg/ml concentration.

shift mainly depends on the particle size and shape (Lee
and El-sayed 2006).
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Figure 3. UV-vis spectroscopy of biosynthesized silver-
nanoparticle from Sarcocolla yellow gum at 5 (YG1), 10 (YG2)
and 20 (YG3) mg/ml concentration.

3.3.2. TEM analysis

TEM images of the silver nanoparticles synthesized
with 5, 10 and 20 mg/ml red gum showed different shapes
varying from spherical, cubic to semi rounded particles
with a size range of 9.23+3.66 nm for AgNPs-RGL1,
11.36+9.57 nm for AgNPs-RG2 and 15.72+10.79 nm for
AgNPs-RG3. TEM analysis (Fig. 4) also showed well-
dispersed AgNPs biosynthesized using low concentrations
of red gum (RG1& RG2). On the other hand, some
aggregations were observed with samples prepared with
high gum concentration (RG3).

Silver-nanoparticles biosynthesized from yellow gum
were spherical to cubic, polydispersed particles with
different sizes depending on the gum concentration.
AgNPs-YG1 showed sizes from 2.00-17.82 nm, and the
average particle size was about 10.92 + 5.48 nm. When the
concentration of yellow gum was increased from 5 to 10
and 20 mg/ml, the particle size of the formed nanoparticles
increased to about 12.36 * 8.37 nm and 15.16 £6.30 nm
respectively as showed in Fig. 5.

The increase in average particle sizes with increase in
concentration of the Astragalus gummifer gum was also
demonstrated by Kora and Arunachalam, (2012). Based on
the obtained results, we concluded that the particle size of
the nanoparticles can be controlled by varying the gum
type and concentration.

The crystallinity of the synthesized nanoparticles was
confirmed from the observed clear lattice fringes in high-
resolution image, and the concentric rings with intermittent
bright dots appeared in the selected-area electron
diffraction (SAED) pattern as shown in Figs. 4 and 5.
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Figure 4. TEM for three synthesized AgNPs using Sarcocolla red gum at 5 (RG1), 10 (RG2) and 20 (RG3) mg/ml concentration. Inset
shows selected area electron diffraction (SAED) patterns of AgNPs.
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Figure 5. TEM for three synthesized AgNPs using Sarcocolla yellow gum at 5 (YG1), 10 (YG2) and 20 (YG3) mg/ml concentration. Inset

shows selected area electron diffraction (SAED) patterns of AgNPs.

3.3.3. Dynamic light scatter analysis (DLS)

Dynamic light scatter analysis (DLS) was applied for
the most active biosynthesized silver—nanoparticles,
AgNPs-RG1 and AgNPs-YGL1 to confirm the formation of
particles in nano-size. To detect the average size
distribution of AgNPs synthesized using low
concentrations of red and yellow gums, two different
techniques, INTENSITY-Weighted Gaussian Distribution
and Zeta potential were applied. Intensity-weight Gaussian
Distribution was found to be 48.2 and 74.2 nm,

respectively. And their Zeta potential were -41.32 and
—30.54 mv, respectively, which indicated their good
stability Fig. 6.

High negative values of AgNPs-RG1 and YG1
appeared clearly to be advantageous for long-term
colloidal stability, as mentioned by Eltarahony et al.
(2018), who indicated that the values less than (=25 mV)
or greater than (+25 mV) display higher electrical charge
on nano-particles surface, which prevents agglomeration,
but Alshammari and Abd El Aty (2022), showed slightly
low surface charges of -6.70, -8.73 and 0.16 mv
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Figure 6. Gaussian distribution and Zeta potential of AgNPs biosynthesized by RG1 and YG1.

3.4. Biomedical applications of sarcocolla gum-AgNPs

3.4.1. Cytotoxicity assay

Silver-nanoparticles  biosynthesized from aqueous
extract of red gum (RG1, RG2, RG3) and that prepared
using aqueous extract of yellow gum (YG1, YG2, YG3)
were tested for their cytotoxic effect against five human
cancer cells and one normal cells Table 2. The results,
expressed as ICs, values are reported in Table 3.

The results showed that, out of three biosynthesized
silver—nanoparticles of red gum aqueous extract, the
AgNPs-RG1 was the most active and possessed high
cytotoxic effect against four cancer cells, namely A549,
pc3, Mcf7 and paca2 with IC5, values (88.4,75.6, 72.2&
55.0 ug/ml, respectively) and showed low cytotoxic effect
(20 % at 100ug/ml) against human normal cells (BJ-1). On
the other hand, AgNPs-RG2 showed cytotoxic effect
against only paca2 cell line with IC 50 (47.0ug/ml) and
AgNPs-RG3 showed only cytotoxic effect against mcf-7
with ICsy (74.4ug/ml), but two nanoparticles of (AgNPs-
RG2 and AgNPs-RG3) showed highly cytotoxic effect
against normal cells ICs, (46.8 and 76.4ug/ml). Devanesan
et al., (2020) showed good cytotoxicity of As-AgNPs
biosynthesized from the plant Ferula foetida (asafoetida
gum) against MCF-7 cell lines. Good cytotoxicity of
silver-nanoparticles against human cancerous cells mainly
occurs due to the high proliferation rate and abnormal
metabolism of cancerous cells, which in turn causes the
high uptake of nanoparticles by these cells more than
normal cells (Park et al., 2010; Maduni¢ et al., 2018).

Results also emphasized that silver-nanoparticles
biosynthesized from different concentrations of yellow
gum aqueous extract possessed various cytotoxic activity.
AgNPs-YG1 showed high cytotoxic effect against three
cancer cells (PC3, MCF-7 and paca2) with ICs, values

(75.0, 82.8 and 81,6ug/ml respectively), and normal cells
(BJ-1) with ICg value (81.8ug/ml). Another study of
Sanchez-Navarro et al., (2018) also confirmed that the
lower concentration of Annona muricata aqueous extract
exhibited cytotoxicity oral fibroblasts. On the other hand,
AgNPs-YG3 has high cytotoxic effect against tow cancer
cells (MCF-7 and paca2) with ICs, values (52.6 and
90.3ug/ml respectively), with low cytotoxic effect against
normal cells (Bj-1) 13.6% at 100 ug/ml. AgNPs-YG2
possessed high cytotoxic effect against only breast cancer
cell (IC50=72.2).

The cytotoxic effect of the AgNPs-RG1 and AgNPs-
YG1 indicates the possible application of these AgNPs as
chemotherapeutic agents (Ahamed and AlSalhi, 2010).

Table 2. Cytotoxic effect of Sarcocolla Gum-AgNPs against five
different human cancer cell lines and normal cell line (BJ-1).

Cytotoxicity %"
Treatment
Normal
A549 PC3 T&T g"CF' Paca2 cells
(BJ-1)

AgNPs-RG1 553 608 186 646 915 208

AgNPs-RG2 145 46.4 44 27 97 100

AgNPs-RG3  19.9 10 9.1 65 55.7 695

AgNPs-YG1 225 583 277 579 943 64.6

AgNPs-YG2 222 28 217 64 40.3 38.2

AgNPs-YG3 36.2 26.6 284 76 521 136

Doxorubicin  98.2 96.6 994  97.6 98.3 99.8

* Cytotoxicity % of AgNPs measured at 100ug/ml against
different cancer cell lines.
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Table 3. IC 50 pg/ml of Sarcocolla Gum-AgNPs samples.

1C50 ug/ml

Treatment  A549 PC3 HCT-116 MCF-7 Paca2 BJ-1
AgNPs-RG1 884 75.6 - 722 55.0 -
AgNPs-RG2 - - - - 47.0 46.8
AgNPs-RG3 - - - 744 816 764
AgNPs-YG1 - 750 - 82.8 50.7 818
AgNPs-YG2 - - - 722 - -
AgNPs-YG3 - - - 52.6 90.3 -
Doxorubicin  21.6 21.6 26.1 37.6 28.3 135

3.4.2. Cellular morphology

The effects of the Sarcocolla-AgNPs-RG1 and AgNPs-
YG1 on cellular morphology were observed directly using
Inverted microscope as shown in Fig. 7. Untreated
cancer cells were homogeneously distributed on a cultured
field, exhibiting a uniform polygonal shape. Following
incubation with  the silver-nanoparticles, various
morphological changes were observed. Photos also
showed that exposure of the cells to the AgNPs
transformed the shapes of the cells from polygonal to
circular and resulted in cell shrinkage. The non-active
nanopartcles did not show any significant morphological
change. Notably, these morphological alterations were
observed at 100 pg/ml concentration.

Untreated cells [ cells wreated with AsNPs-RGI | [ Cells reated with AxNPs-YG1 |

i RRREN Vet >

Figure 7. Microscopic examination of Sarcocolla-AgNPs-RG1
and AgNPs-YGL1 treated and untreated cells of (a) A549, (b) PC3,
(c) HCT-116, (d) MCF-7, (e) Paca2, (f) Normal cells (BJ-1).

3.4.3. Antimicrobial assay

Antibacterial and antifungal activities of the
synthesized red and yellow gum-mediated AgNPs with
different sizes and shapes were investigated against Gram-
positive (S. aureus, B. subtilis, L. cereus) and Gram-
negative (E. coli, S. enterica) bacteria using the agar
diffusion method. Results in Table 4 indicated that
AgNPs-RG1, RG2 and YG1 exhibited broad spectrum
antimicrobial effects against all tested pathogenic bacteria,
yeast and fungi, but no antimicrobial activity was
displayed by AgNPs-RG3, YG2 and YG3, this negative
effect may be due to large sized particles and
aggregations.

Figs. 8 and 9 showed good antibacterial activity of
AgNPs-RG1, RG2 and AgNPs-YG1 against gram-positive
strains with inhibition zone diameter in range from 19-25
mm and from 19-26 mm respectively. Also, the gram-
negative strains were highly inhibited after treatment with
AgNPs-YG1 (1ZD in range from 22-24 mm), followed by
AgNPs-RG1 (1ZD in range from 19-23 mm) and AgNPs-
RG2 (1ZD in range from 19-22 mm).

Ramdath et al. (2021) emphasized that the bactericidal
effects observed in all bacterial strains caused as a result of
releasing silver-cations. Researchers showed the ability of
AgNPs to bind on to the surface of bacterial cells and
directly affect the sulphur and phosphorous moieties of the
cell-membrane; therefore, the cell metabolism has been
failed leading to the bacterial death (Rawani et al., 2013;
Bindhu and Umadevi, 2015).

Results also observed that both the AgNPs-RG1 and
YG1 solutions exhibit similar antifungal activity in the
unicellular yeast C. albicans (21 and 20 mm respectively)
and the filamentous fungus A. niger (17 and 18 mm
respectively), but AgNPs -RG2 showed only an inhibitory
effect against C. albicans 22mm.

In most cases, the antifungal mechanism of silver ions
on microorganisms, due to their effects on the function of
membrane-bound enzymes, inactivation of cellular
proteins and enzymes essential to DNA replication (Min et
al., 2009; Ammar et al., 2021).

In general, the findings suggested the AgNPs-RG1 and
YG1 as good potential antibacterial and antifungal agents.
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Table 4. Antibacterial and antifungal activity of the biosynthesized AgNps against pathogenic bacteria and fungi.

Inhibition zone diameter

(1ZD)
Samples Gram-negative bacteria Gram-positive bacteria Yeast Fungi
(400pl/ well) Escherichia Salmonella Staphylococcus  Bacillus Lactobacillus  Candida Aspergillus
coli enterica aureus subtilis cereus albicans niger
ATCC25922  ATCC25566  ATCC29213 ATCC6633  ATCC14579 ATCC10321  NRC53
Red -Gum
N.A N.A N.A N.A N.A N.A N.A
extract (C)
AgNPs RG1 23+0.17 19+0.28 25+0.42 22+0.16 21+0.35 21+0.18 17+0.17
AgNPs RG2 22+0.38 19+0.44 19+0.17 22+0.51 25+0.24 22+0.34 N.A
AgNPs RG3 N.A N.A N.A N.A N.A N.A N.A
Yellow- Gum N.A N.A NA N.A N.A NA NA
extract (C)
AgNPs YG1 24+0.18 22+0.17 26+0.44 19+0.31 21+0.17 20+0.25 18+0.28
AgNPs YG2 N.A N.A N.A N.A N.A N.A N.A
AgNPs YG3 N.A N.A N.A N.A N.A N.A N.A

N.A. no activity

Figure 8. Photos of the antimicrobial effect of biosynthesized AgNPs using sarcocolla red gum at 5 (RG1), 10 (RG2) and 20 (RG3) mg/ml
concentration against E. coli (A), S. enterica (B), S. aureus (C), B. subtilis(D). L. cereus (E) and C. albicans (F).
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Figure 9. Photos of the antimicrobial effect of biosynthesized AgNPs using sarcocolla yellow gum at 5 (YGL1), 10 (YG2) and 20 (YG3)
mg/ml concentration against E. coli (A), S. enterica (B), S. aureus (C), B. subtilis(D). L. cereus (E) and C. albicans (F).

4. Conclusion

This paper, showed a novel simple, cost effective, eco-
friendly green method using aqueous extract of red and
yellow Astragalus sarcocolla gum. All characterization
studies emphasized the biosynthesis of stable nanoparticles
with different shapes and sizes specially at low gum
concentrations, which in turn indicated the good
application of sarcocolla gum as a reducing and stabilizing
agent instead of using toxic chemical entities. Anticancer
and antimicrobial potential of six gum-mediated silver
nanoparticles was investigated. AgNPs-RG1 and AgNPs-
YG1 showed the best cytotoxic effects against four cancer
cells namely A549, pc3, Mcf7 and paca2, and the inverted
microscope examination showed various morphological
changes in the cells treated with AgNPs compared with
untreated cancer cells, which confirmed the toxic effect of
AgNPs. In addition, AgNPs-RG1, RG2 and AgNPs-YG1
exhibited good inhibition zones against all tested
pathogenic bacteria, yeast and fungi.
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