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Abstract

In the present study, we report the simple, inexpensive, and eco-friendly synthesis of silver nanoparticles (AgNPs) to assess their potential in
biomedical applications based on their particle size and stability. Therefore, two different AgNP samples were prepared using sunflower seed
cake (SSC) and pomegranate peel (PP) aqueous extract. Different spectroscopic techniques were used to characterize the synthesized SSC-
AgNPs and PP-AgNPs. Ultravilot-Visible (UV) Spectroscopy showed the characteristic peak around 450 nm which is caractristic to AgNPs.
TEM analysis depicted the spherical morphology of SSC-AgNPs and PP-AgNPs with 4.46-10.16 nm and 14.11- 47.77nm respectively.
Dynamic light scattering (DLS) analysis showed that SSC-AgNPs and PP-AgNPs showed negative zeta potential value -9.79 and -24.22 mv
respectively. The results of the XRD indicated that SSC- AgNPs and PP- AgNPs were in face cantered cube structure. Also, the results of
Fourier transform infrared (FTIR) research showed that the SSC and PP extract contained proteins and polyphenols. Also, cytotoxicity studies
using hemolytic and normal cell viability assays, as well as, MCF7 anticancer activity and the inhibition activity against three microbial strains
of both AgNPs were investigated. The results showed that SSC-AgNPs and PP-AgNP were biologically compatible at concentration 2000
pg/mL and 250pg/mL while reduced cancer cell viability at concentration1878 pg/ml and 1140 pg/ml respectively. Therefore, SSC-AgNPs are
better suited for biomedical applications than PP-AgNPs. It could be concluded that biosynthesis formation of AgNPs with different size and
stability posse different impact on cytotoxicity and biological activity.
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1. Introduction

Several physical and chemical methods such as laser radiation, ultrasound irradiation and sol gel have been developed for
synthesis of AgNPs. However, such methods are costly, and some of the chemicals used to synthesize AgNPs have the potential
to pollute the environment. Thus, the need for an ecologically friendly AgNP synthesis is increasing. A variety of biological
materials have been used for the synthesis of AgNPs, such as milk and microorganisms. [1]. But some of problems, like mass
microorganism cultivation, had decreased the application. Hence, plant extract, oil cake, and inexpensive, readily available
agro-industrial waste were utilized in “green synthesis," a process that produces AgNPs at a low cost and with minimal
preparation. The biomolecules found in oil cake have the ability to reduce the silver ions. [2,3]. Govarthanan et al. [3] reported
the environmentally friendly, sustainable synthesis of silver nanoparticles using coconut oil cake extract. Also, the medicinal
properties of Pomegranate peel have been attributed to the presence of various phytochemical compounds including flavonoids,
polyphenols, proteins and vitamins [4]. These biomolecules act as stabilizing agents for the nanoparticles. [5].

The synthesis of nanoparticles is influenced by various factors such as the type of plant used, the organic compounds present
in the crude seed extract, the temperature, the concentration of silver nitrate, and even the pigments in the leaf extract [5].
Several factors, such as the size and shape of the nanoparticles or the type of capping material covering the particle surface,
influence the physical, chemical, and biological characteristics of AgNPs. [6]. AgNPs have the potential to enter the bloodstream
via the dermal junction and medicine, where they can then interact with plasma proteins and blood cells to trigger
pathophysiologic processes within the circulatory system. Furthermore, since silver is an essential element of medical devices,
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research on how it interacts with blood and blood compatibility is necessary to exploit the potential importance of AgNPs in
medicine and the development of medical devices. [7].

AgNPs have been employed in numerous physical, chemical, biological, and medicinal domains to prevent bacterial
infections. Bacterial cells' cell walls and membranes are damaged by silver nanoparticles which alters their morphology [8].
Silver nanoparticles are efficient against Gram-positive and Gram-negative bacteria, according to numerous studies.[9] All of
these factors play a vital role he crucial features of nanoparticles are their size, which must fall within the range of 1-100 nm
[10] Antibacterial activity is significantly influenced by the nanoparticles' size. The results of different investigations showed
that the ability of a nanoparticle to enter bacteria increases with decreasing nanoparticle size. [11,12]. There is still some debate
as to why AgNPs have an antibacterial impact on bacteria.

Even though a lot of research on the synthesis of nanoparticles has been published, none of them have looked at how the
produced particles aggregate and how that affects biological activity. Indeed, biological activity in living systems can be directly
impacted by the colloidal stability of nanoparticles. [6] Described synthesis techniques for the creation of green nanomaterials
and demonstrated how the different green materials used for metal ion reduction and stabilization play an essential role in
determining the biological activity of the resulting green nanoparticles. Results on the agglomeration of bare AgNPs under
environmentally relevant conditions were presented by Elzey and Grassian. However, their studies did not focus on the effects
of nanoparticle aggregation on toxicity. It is well-known that nanomaterials can interact with a variety of living organisms'
biomolecules. [13]. There is a lack of information in the scientific literature concerning AgNP aggregation behavior, and
especially its relation to cytotoxicity and the biological activity of AgNPs [6]. Therefore, in this paper two different AgNP
samples were synthesized using sunflower seed cake and pomegranate peel extract, additional structural and morphological
analysis of the synthesized Ag NPs was carried out using a variety of techniques, such as transmission electron microscopy and
an X-ray diffractometer, Dynamic light scattering (DLS), UV-Vis spectrophotometry and Fourier Transform Infrared
Spectroscopy (FTIR).

Our aim was to investigate the effects of particle size and stability on the aggregation behavior of these particles in order to
evaluate its impact on cytotoxicity by using hemolytic assay and normal cell viability, as well as antimicrobial and anticancer
activity.

2. Materials processing and Experimental techniques
2.1. Materials Processing
2.1.1. Preparation of SSC and PP extracts

The sun flower seed cake SSC and pomegranate peel PP were collected from local super market. These samples then washed
with water and dried at 50C°. The SSC was grinded at oils mills of Ismailia region in Egypt, while PP was grinded at mill of
national research center. Ten grams of each sample were dissolved in one hundred milliliters of deionized boiling water, and
then filtered through filter paper No. 1. The sun flower seed cake and pomegranate peel used in this research are wastes and
present in large amount. This research involving species not at risk of extinction that complies with relevant institutional,
national, and international guidelines and legislation.
Synthesis of AgNPs

SSC and PP aqueous extracts were used to synthesize AgNPs. The Ag NPs were produced by adding 25 ml of each extract
to 225 ml of ImM AgNO3 [2].

2.2. Experimental techniques
2.2.1. UV-Vis spectroscopy

Absorption spectrum was taken at 350—700 nm with a UV-vis-spectrophotometer (JASCO,V-360 spectrophotometer) to
check NPs formation from the two extracts.

2.2.2. Transmission Electron Microscope (TEM)
To determine the size and shape of the AgNPs, samples were examined using TEM. A high resolution transmission electron
microscope was used to examine the electron diffraction patterns and particle size (JEOL JX 1230 -HRTEM).

2.2.3. Dynamic light scattering (DLS)

Zeta potential data of the samples were obtained by DLS technique. Zeta Sizer Nano ZS (Particle Sizing Systems, Inc. Santa
Barbara, Calif., USA). Zeta Sizer, a software program from the same manufacturer, was used to process the data acquired in
triplicate.

2.2.4. Fourier Transform Infrared Spectroscopy (FTIR)
A Fourier transform infrared spectrometer was used to obtain infrared spectra (JASCO FT/IR 300 E (Tokyo, Japan)) in KBr
pellets at a resolution of 4 cm-1.

2.2.5. X-ray diffraction pattern (XRD)

XRD was performed using (Empyrean Panalytical X-ray diffractometer equipped with CuK radiation). The scanning was
done in the region of 206=30-80°. The Scherrer equation was used to determine the crystallite size (nm). D = KA/$0.5cos0.
where A wavelength (1.54 A), d indicates crystallite size (nm), K ndicates Scherrer constant (0.94), 0.5 ndicates full width at
half maximum length, and 6 indicates Bragg's angle in radian.
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2.2.6. Haemolytic assay

The synthesized SSC-AgNPs and PP-AgNPs; were submitted to in vitor studies for the preliminary evaluation of
hemocompatibility. Using a hemolytic assay as mentioned by [7]. Three male albino rats weighing 250 —300 g will be used for
the present study. Animals were obtained from the National Research Center (Giza, Egypt). Three milliliters of rat blood were
drawn into a sodium citrate tube. Different concentrations (20000, 10000,5000, 2000, 500 and 250 pg/mL) of Ag NPs were
took in test tubes then added 200 pL of citrated blood to each test tube, and the final volume maintained at 2 ml.. After one hour
of incubation at 37°C, these were centrifuged for ten minutes at 3000 rpm, and the absorbance of the supernatant was measured
at 540 nm, a blood/water mixture was used as the positive reference, and a blood/saline mixture served as the negative control.
The percentage of hemolysis was calculated using the following equation:
Hemolysis % = [(A sample- A - control)] / [(A+ control -A- control)]x100

Where A is the absorbance

Anesthetic procedures and handling with animals complied with the ethical guidelines of Medical Ethical Committee of the
National Research Centre in Egypt.

2.2.7. Cytotoxic effect on human normal fibroplast (BJI) and breast cancer (MCF7) cell line:

In this study, we did not employ any primary cell lines. The assessment of cell viability was conducted through the reduction

of yellow MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) to purple formazan in a mitochondrial-
dependent manner. [14]. Using a Laminar flow cabinet biosafety class 1l (Baker, SG403INT, Sanford, ME, USA). Cells were
suspended in 1% antibiotic—antimycotic combination (10,000 U/ml Potassium Penicillin, 10, 000 Ig/ml \Streptomycin Sulphate,
and 25 Ig/ml Amphotericin B) and 1% L-glutamine at 37°C under 5% COz. (for HePG2-MCF7 and HCT116—DMEM for A549
and PC3). The cells were cultivated in a batch for ten days and then seeded into 96-well microliter plastic plates with fresh
complete growth medium at a concentration of 10 9 —103 cells/well. The plates were kept at 37°C for 24 hours with 5% CO2
using a water-jacketed carbon dioxide incubator (Sheldon, TC2323, Cornelius, OR, USA). After aspirating the media and adding
fresh medium without serum, the cells were incubated either in the absence of the sample (negative control) or with varying
doses of it, resulting in a final concentration of (8000, 4000, 2000, 1000, 500, 250, 125, and 62.5 pg/mL). Each well received
40 11 MTT salt (2.5lg/ml) after the medium had been aspirated after 48 hours of incubation. The wells were then left to incubate
for an additional four hours at 37 ° C with 5% COz. A natural cytotoxic substance known to be 100% deadly under identical
conditions was employed as a positive control, containing 100 Ig/ml [15]. A microplate multi-well reader (Bio-Rad Laboratories
Inc., model 3350, Hercules, California, USA) was then used to measure the absorbance at 595 nm using a reference wavelength
of 620 nm. By utilising the independent t-test in the SPSS 11 software, a statistical significance was examined between the
samples and the negative control (cells containing a vehicle).
Cytotoxic activity test was conducted and determined by the Bioassay-Cell Culture Laboratory, NRC, Giza, Egypt. The
experiment employed two distinct cell lines: MCF7, a well-established human breast adenocarcinoma model (ATCC® HTB-
22™) and hTERT BJ1, a normal human skin fibroblast cell line immortalized by hTERT telomerase (ATCC® CRL-4000™)
hTERT BJ1. These cell lines were generously provided by Prof. Stig Linder of the Karolinska Institute (Sweden).

2.2.8Antimicrobial study

According to a previous study, qualitative evaluations were executed in nutrient agar plates [16]. The inoculation of all
microorganisms was prepared from fresh overnight broth cultures using Nutrient Broth medium (NB) incubated at 37°C [17].
The inoculum size was prepared and adjusted to 0.5 McFarland standard (1.5 x 108 CFU/ mL) approximately [18]. Each plate
containing 20.0 mL of the sterile nutrient agar medium (NA) inoculated 25.0 pL of both bacterial and fungal suspensions
separately. by using 1.0 cm cork borer applying Well Diffusion Method, After the media cooled and solidified, 100.0 pL of the
prepared samples were separately applied on 0.9 cm well of that inoculated agar plates prepared previously [19,20]. These
inoculated plates were placed in the refrigerator for one hour followed by incubation at 37°C for 24 hours. The inhibition zones
were measured in mm [19].

Using Nutrient Broth medium, the sample was passed to another test for determination of minimum inhibitory concentration
value (MIC) applying micro dilution broth method. [21and 22].
The change in viability % was calculated according to the formula:
((Reading of extract / Reading of negative control) -1) x 100 ................ 2)

Ethical approval
All the methods were carried out in accordance with relevant institutional guidelines and regulations.

3. Results and discussion.
3.1. UV-Vis spectroscopy

The reaction mixture containing 1 mM of AgNO3 and the extract was turned to dark brown color (AgNPs). The dark brown
colour indicated the biosynthesis of AgNPs [23]. Following the visual observation of the synthesis of AgNPs (SSC and PP),
UV-Vis analysis of this brownish solution also shows the AgNPs' formation, with an average absorption peak located at 450
nm. SSC-AgNPs and PP-AgNPs had absorption band at maximum of (448 and 460) nm respectively as shown in Figure (1a).
Also, it showed an increase in peak intensity of PP-AgNPs compared to SSC-AgNPs, it could possibly be attributed to the
increased concentration of the formed PP-NPs. These findings might be consistent with other studies from literature [23]
correlating the metal nanoparticle size to the wavelength of the resonant frequency and [1] who demonstrated how an increase
in plant extract concentration led to an increase in the size and concentration of the prepared AgNPs. Moreover, the sample
containing only extract or even AgNO3 does not have these absorption peaks as seen in Figure (1b).
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3.2. Fourier Transform Infrared Spectroscopy (FTIR)

The IR absorption spectra of SSC and PP pure extracts in Figure 1 (c&d) shows the presence of various functional groups,
such as those found in fats, biomolecules, hydrogen nitride, and carbon monoxide. Additionally, surface chemistry of the
nanoparticles was investigated using IR spectroscopy. FT-IR analysis revealed the strong bands at 3281, 2931, 1629, 1402 and
1034 cm~'for SSC extract. While PP extract showed strong band at 3279, 2929, 1717, 1338 and 1026 cm™. Indeed, during the
growth stage, biomolecules, especially proteins and polyphenols, did not only assist in the reduction of silver ions but also
surrounded and prevented them from agglomeration. In our study we observed that The FTIR spectra of PP-AgNPs were very
similar to those of PP extracts, and there were no excess peaks in the range of 500-550 cm™!, according to the metal ions of
silver. This demonstrated that all ions of silver participated in the formation of the nanoparticles. On the other hand, the
synthesized SSC-AgNPs exhibited the same IR spectra as the SSC aqueous extract but, a great reduction in the peak was seen
at 1027 cm* which is related to the carboxylic group of polypeptides and proteins [24]. Furthermore, peaks observed in the
extract at 3281 cm* completely vanished in the SSC-AgNPs, indicating the participation of protein groups, alcohols, and
polyphenols in the catalytic reduction of AQNO3 to AgNPs. [2].This result is in agreement with IR spectrum of the synthesized
silver nanoparticles from aqueous extracts of COC [3]. The results clearly demonstrated the presence large amounts of residual
extract components capping agents on the surface of PP-AgNPs compared to SSC-AgNPs. This could be explained by the PP
extract having more reducing agents than SSC extract.
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Fig.1: UV-Vis spectra of (SCC and PP) AgNPs (a) and Ag NO3, SSC and PP extracts (b). FT-IR spectra of SSC (extract & AgNPs) (c)
and PP (extract & AgNPs) (d).

3.3. Transmission Electron Microscope (TEM)

TEM techniques were used to characterize the size and shape of the synthesized AgNPs.. TEM images of the synthesized
SSC-AgNPs and PP-AgNPs are shown in Figure 2 (a & b) respectively. TEM analysis revealed that SSC-AgNPs and PP-AgNPs
are spherical in shape with sizes ranging between (4.46 —10.16) and (14.11-47.77) nm respectively. TEM results are consistence
with previous report [2], who revealed that the synthesized AgNPs using sesame oil cake had a spherical shape with diameters

ranging from (6.6 to 14.8) nm. Furthermore, it is also possible to confirm visually that SSC-AgNPs had smaller diameter when
compared to PP- AgNPs.

3.4. X-ray diffraction pattern

The XRD analysis of SSC-AgNPs and PP-AgNPs was carried out to determine its crystalline nature. XRD pattern of SSC-
AgNPs and PP-AgNPs in Figure (2¢) showed 3 characteristic diffraction peaks at 26 = 38.007°, 44.143°, 64.360° & 77.296°
and 38.020°, 44.192°, 64.255° & 77.159° respectively which can be indexed to 111, 200, 202 and 311. The peaks demonstrated
the face-centered cube structure of the resulting nanoparticles.

These peaks corroborate with the standard Ag (JCPDS 96-901-3048). The findings are consistent with several studies
reported the cubic nature of green synthesized AgNPs [1,3]. Furthermore, the Scherrer equation was used to determine the
average crystal sizes of PP-AgNPs and SSC-AgNPs and were found to be around 20.3 and 175.5 nm respectively. The relative
peaks positions at the 26 angles in the XRD pattern of the biosynthesized AgNPs of the two extracts indicating the formation of
nanoparticles having equivalent geometry. The sharpness and increase in intensity of spectra means that AgNPs extracted by
PP had more crystallinity than AgNPs extracted by SSC [24]. In addition, some extra, unidentified peaks were observed at the
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vicinity of the characteristic peaks of silver nanoparticles. These peaks could be due to proteins or other bioorganic compounds
of the extracts.

20

200

SSC-Ag NPs|
PP-Ag NPs

15

Fig.2: TEM micrograph of SSC-AgNPs (a) and pp-AgNPs (b). XRD pattern of SSC- AgNPs and PP- AgNPs(c).

3.5. Dynamic light scattering (DLS)

In the present study, the hydrodynamic size of SSC-AgNPs and PP-AgNPs was found to be 774.2 and 167.2 nm and the
polydispersity index (PDI) was found to be 0.594 and 0.149 respectively as shown in Figure 3 (a & b). The low (PDI) value of
PP-AgNPs indicated monodisperse sample while the high (PDI) value of SCC-AgNPs indicated the relatively polydisperse
sample. Additionally, DLS studies showed that the zeta potential values of the SSC and PP AgNPs were, respectively, -9.79
and -24.22 mv Figure 3(c&d). This negative surface charge indicates that most of the capping molecules on the AgNPs' surface
comprised up of negatively charged groups, which are also responsible for the degree of nanoparticles stability [25]. It was
reported that, the proteins in the extract cap the synthesized AgNPs and impart a negative charge to the surface of nanoparticles
[3]. Also, it was observed that the higher the zeta potential solution, the better the colloidal stability Thus, the DLS studies in
this investigation report the formation of monodispersed, non-agglomerated and stabilized PP-AgNPs compared to SSC-AgNPs.

Egypt. J. Chem. 68 No. 6 (2025)



84 Shimaa F. H. and Mona S.

REL. INTENS-WT GAUSSIAN DISTRIBUTION REL. INTENS-WT GAUSSIAN DISTRIBUTION

. a —b
100 100
B0 80
60 80 = —=
40 = 40
20 20 ‘
g Camlll 0 —
70100 200 500 1K K 5k 10 20 50 100 200
iam (nm -> Diam {nm] -
Eota Pt (i TIME HISTORY Zeta Potl {miv] TIME HISTORY
0 T . c 0 | | d
L o 5
02| s E
o a [ R — | -
40 40 i —
G — i 50
0 . | " | | | n . P | 1 . =
g 15 135 155 175 197 24 50 a0 110 134
Time (sec)-> Time (seck>
Sample Referance Sarnpls —— Rsfersnce

Fig.3: the hydrodynamic size (nm) and Zeta potential (mV) of SSC-AgNPs (a,c) and PP-AgNPs (b,d), respectively.

3.6. Hemolytic assay

Everything that enters the blood comes into contact with the red blood cells (RBCs). A hemolysis test was carried out
through spectrophotometric measurement of hemoglobin release after exposure to varying concentrations (20000, 10000, 5000,
2000, 50 nd 250) pg/mL of SSC- AgNPs and PP-AgNPs.in order to evaluate the impact of AgNPs on erythrocytes. The
hemolytic activity of SSC-AgNPs and PP- AgNPs exhibited dose-dependent hemolysis, in which PP-AgNPs was more potent
than SSC-AgNPs at concentrations (20000, 10000, 5000, 2000,500 and 250) p g/mL, SSC-AgNPs caused 60.05, 16.48, 8.48,
3.66, 1.40 and 1.10 % hemolysis while PP-AgNPs led to 92.6, 86.31, 83.35, 45.63, 6.17 and 3.94 % hemolysis as shown in
Figure 4, hemolysis was 100% in deionized water. In comparison to positive control, nanoparticles synthesized with plant extract
were generally less toxic to RBCs. Moreover, SSC-AgNPs and PP-AgNPs did not show any significant % hemolysis at
concentration of 2000 and 250 p g /ml respectively. This complies with ISO/TR 7406, which specifies a critical safe hemolytic
ratio of 5% [26,27]. The results are consistent with previous reports. The blood compatibility of synthesized AgNPs using radish
seeds with size in the range of 5-20 nm was compatible at concentration of 1000 pg/mL (hemolysis % was 1.07)[25]. This
result indicates that aggregation and moderate stability of smaller particle size nanoparticles led to the loss of a certain degree
of their toxicity [6].
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Fig.4: Percentage of hemolysis induced by SSC-AgNPs and PP-AgNPs respectively by using water as positive control.
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3.7. Cytotoxic effect on human normal fibroplast (BJI) and breast cancer (MCF7) cell line.
3.7.1. Cell viability assays:

(Cytotoxic activity of AgNPs) offer data on how cells respond to toxins, including their metabolism, survival, and death. In
this study, the cytotoxic potential of SSC-AgNPs and PP-AgNPs against the BJ1 (normal Skin Fibroblast) human epithelial cell
line was investigated. Using the MTT assay, the sample concentration ranges from 8000, 4000, 2000, 1000, 500, 250, 125 and
62.5u g/ml. The results that were obtained are shown in table (1). Both of SSC-AgNPs and PP-AgNPs exhibit cytotoxic effects
on the normal human test cells at concentration of 2930 g/ml and1341 pg/ml, as shown by the results, although it is clear from
the data that PP-AgNPs were more toxic than SSC-AgNPs by 54.2%. This is due to the difference in particles size and stability
of them. Despite the smaller size and moderate stability of SSC-AgNPs lead to aggregation of its molecules reduced its toxic
effect on the living cells on which it was tested [5,6] This result is comparable with its toxic effect on blood cell discussed
above.

Table 1. Effect of SSC-AgNPs and PP-AgNPs on BJ1 (normal Skin fibroblast) and MCF7
[Human Caucasian breast adenocarcinoma]

Effect of tested samples on BJ1 (normal Skin fibroblast)

Sample Code LCso (pg/ml) LCo (pg/ml) Remarks
SSC-AgNPs 2930 5888 85.2% at 8000ppm
PP-AgNPs 1341 3668 100% at 8000ppm
bmMso | e e 1% at 100ppm
Negative control | —-—mee- | e 0%
Effect of tested samples on MCF7 [Human Caucasian breast adenocarcinoma]

Sample Code LCso (ug/ml) LCo (pg/ml) Remarks
SSC-AgNPs 1787 3813 100% at 8000ppm
PP-AgNPs 1140 2610 100% at 8000ppm
DMSO | e, 3% at 100ppm
Negative control | ... | 0%
Where:

IC50: Lethal concentration of the sample which causes the death of 50% of cells in 48 hrs
1C90: Lethal concentration of the sample which causes the death of 90% of cells in 48 hrs

Also, the impact of silver nanoparticles on the viability of MCF7 [Human Caucasian breast cancer] was investigated.
Effectiveness and selective toxicity are the two most crucial criteria for cancer treatments [28,29]. The results of the MTT assay
revealed that both SSC-AgNPs and PP-AgNPs reduced cancer cell viability at concentration of 1787 pg/ml and 1140 pg/ml
respectively. Moreover, it showed that PP-AgNPs were more toxic than SSC-AgNPs by 36.2%. This finding suggests their
remarkable efficiency in killing cancer cells is a result of their capacity to trigger apoptosis, which activates reactive oxygen
species in these cancer cells, causing cell membrane degradation, oxidative stress, and apoptosis. This suggestion is consistent
with the inferences of a previous report [30] the results from our study suggest remarkable efficiency of both prepared AgNPs
in killing cancer cells at very low concentration compared to the concentration that exhibit cytotoxic effect on normal cell.
Moreover, as indicated in table 1 and Figure.4, SSC-AgNPs at concentration of 2000 pg/ml have no significant hemolylsis %
of red blood cell and less damaging effects on normal cells while it reduced cancer cell viability at concentration of 1787 pg/ml.
In contrast to PP-AgNPs, the concentration of 1140 pg/ml that reduced cancer cell viability has highly significant hemolylsis
% of red blood cell and damaging effects on normal cells. Therefore, SSC -AgNPs are better suited for the treatment of cancer.
A recent study reported less toxicity of the AQNPs produced from Amigdalus spinosissima against normal L929 cells [31]. Also,
previous studies reported that AgNPs had no significant effects on normal cells [32].

3.8. The antimicrobial activity

In our study, the antimicrobial activity of SSC-AgNPs and PP-AgNPs against Enterococcus faecalis, Staphylococcus aureus
and candida albicans was evaluated by measuring inhibition zones. The inhibition zones for SSC- AgNPs and PP- AgNPs are
shown in Figure 5(a,b&c) . The inhibition zone diameter for all the samples were measured and illustrated in table 2. The
obtained results illustrated that both the prepared samples have clear antimicrobial effect on all the tested microorganisms. For
SSC- AgNPs and PP- AgNPs, the inhibition zone diameters were 12, 13 &17 mm and 21, 15.6 & 13.3 mm against Enterococcus
faecalis, Staphylococcus aureus and candida albicans respectively. From the data we noted that, SSC-AgNPs have higher
antibacterial activity against Staphylococcus aureus than Enterococcus faecalis but less than the control whereas, PP- AgNPs
have higher antibacterial activity against Enterococcus faecalis and also higher than the control by 25 %. By comparing the two
prepared samples, PP- AgNPs were more efficient for Enterococcus faecalis and Staphylococcus aureus than SSC- AgNPs but
SSC- AgNPs have higher antifungal activity against candida albicans than PP- AgNPs.
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Table 2. Antimicrobial activity of the SSC- AgNPs and PP- AgNPs samples by measuring zone of inhibition (mm) applying the well
diffusion technique:-

Code SSC-AgNPs Reference PP-AgNPs Reference
Test No. of trials 1 2 3 CN MIZ 1 2 3 CN | MIZ
bacteria
Enterococcus faecalis 12 12 12 19 36 20 21 22 16 Nil
Staphylococcus aureus 13 13 13 19 22 16 16 15 22 Nil
Candida albicans 17 17 17 Nil 18 13 14 13 Nil 14

Where: Nil means no antimicrobial activity and Reference, CN is Gentamicin mcg (standared antibiotic disc) Bioanalyse and MCZ Miconazole
10 mcg (standard antifungal disc) Bioanalys.

The minimum inhibitory concentration values MIC were evaluated using Nutrient Broth medium applying Micro dilution
broth method. The obtained results corresponded to those received in the agar-gel diffusion method were illustrated in table 3.
From the illustrated data we deduced that the highest MICs of SSC Ag-NPs were reported in Enterococcus faecalis sample
which equal to 93.75 pg /200.0 puL but Staphylococcus aureus and Candida albicans have lower MIC value46.785 pg /200.0 pL.
Where for PP- AgNPs, the lowest MICs were reported in Enterococcus faecal is equal to 93.75 but equal to 187.5 for
Staphylococcus aureus and Candida albicans. The OD reduction % was calculated from the obtained data by applying in
equation (2) in the experimental part and illustrated in Figure 5(d). It was 53.02, 98.99 and 74.496 % for SSC- AgNPs and
85.877, 95.61 and 96.94 % reported for Enterococcus faecalis, Staphylococcus aureus and Candida albicansrespectively by PP-
AgNPs samples. By comparing the obtained results of MIC values for SSC- AgNPs and PP- AgNPs samples, we deduced that
PP- AgNPs samples have more efficient antimicrobial properties than SSC- AgNPs samples. This may be due to the aggregation
of SSC-AgNPs which reduce their antimicrobial impact [5, 6]. The smaller particles have more antibacterial effect compared to
larger particles due to greater level of interaction [33&34]. Different physical factors affecting the potent mechanism of NPs
depends on, shape, size and charge on molecules. Smaller AgNPs with the spherical or quasi-spherical format are more prone
to silver release due to the large surface area [35]. With the help of capping agents, such dissolution behavior can be avoided
by the surface modification of AgNPs [36]. Cell permeability could be altered by AgNPs smaller than 10 nm that can enter
bacterial cells causing cell damage.

Table 3. The minimal inhibitory concentration (MIC) of the SSC- AgNPs and PP- AgNPs samples applying Micro dilution Broth

assay: -
Test strain O.D. of different concentrations of SSC-AgNPs
Conc. 1000 500 250 125 62.5 31.25 Blank MIC
ng /200.0 pLL ng /200.0 pL.
Enterococcus faecalis 0.004 0.005 0.019 0.164 0.274 0.373 0.149 93.75
Staphylococcus aureus 0.004 0.008 0.014 0.059 0.099 0.202 0.149 46.875
Candida albicans 0.028 0.044 0.088 0.109 0.124 0.25 0.149 46.875

. O.D. of different concentrations of PP-AgNPs

Test strain

Conc. 1000 500 250 125 62.5 31.25 Blank MIC
ng /200.0 pL ng /200.0 pLL
Enterococcus faecalis 0.194 0.219 0.239 0.267 0.331 0.414 0.262 93.75
Staphylococcus aureus 0.153 0.194 0.252 0.295 0.329 0.424 0.262 187.5
Candida albicans 0.188 0.242 0.257 0.283 0.312 0.35 0.262 187.5
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Fig.5: Inhibition zone images of SSC-AgNPs (a) and PP-AgNPs (b). Inhibition zone diameters (mm) (c) and OD reduction % (d) of
SSC-AgNPs and PP-AgNPs against Enterococcus faecalis, Staphylococcus aureus and Candida albicans.

4. Conclusion

In our study AgNPs were successfully synthesized from a silver nitrate solution through a simple green route, using
sunflower seed cake and pomegranate peel aqueous extract as a reducing as well as capping agent. Our results indicate that the
aggregation behavior of AgNPs is mostly affected particle size and colloidal stability of AgNPs. It can also be assumed based
on our findings that green synthesis of small sized and moderate stabilized AgNPs using biomolecules-poor oil seed cake extract
might be suitable for biomedical applications compared to biomolecules-rich plant extract, since AgNPs with moderate stability
undergo large-scale aggregation lose a certain degree of their blood and normal cell toxicity. However, they possessed good in
vitro antimicrobial activity and anticancer activity in order to reliably use for therapeutic application such as drug delivery and
cancer therapy.
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