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Abstract: Algae are used as safe materials to fabricate novel nanoparticles to treat some dis-
eases. Marine brown alga Sargassum vulgare are used to fabricate silver nanoparticles (Sv/Ag-
NPs). The characterization of Sv/Ag-NPs was determined by TEM, EDX, Zeta potential, XRD,
and UV spectroscopy. The Sv/Ag-NPs were investigated as antioxidant, anticancer, and antibac-
terial activities against Gram-positive bacteria Bacillus mojavensis PP400982, Staphylococcus caprae
PP401704, Staphylococcus capitis PP402689, and Staphylococcus epidermidis PP403851. The activity
of the Sv/Ag-NPs was evaluated as hepatoprotective in vitro in comparison with silymarin. The
UV–visible spectrum of Sv/Ag-NPs appeared at 442 nm; the size of Sv/Ag-NPs is in range be-
tween 6.90 to 16.97 nm, and spherical in shape. Different concentrations of Sv/Ag-NPs possessed
antioxidant, anticancer activities against (HepG-2), colon carcinoma (HCT-116), cervical carcinoma
(HeLa), and prostate carcinoma (PC-3) with IC50 50.46, 45.84, 78.42, and 100.39 µg/mL, respec-
tively. The Sv/Ag-NPs induced the cell viability of Hep G2 cells and hepatocytes treated with
carbon tetrachloride. The Sv/Ag-NPs exhibited antibacterial activities against Staphylococcus caprae
PP401704, Staphylococcus capitis PP402689, and Staphylococcus epidermidis PP403851. This study
strongly suggests the silver nanoparticles derived from Sargassum vulgare showed potential hepato-
protective effect against carbon tetrachloride-induced liver cells, and could be used as anticancer and
antibacterial activities.
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1. Introduction

Cancer has been categorized as a life-threatening problem in new medicine [1]. Ap-
proximately two million deaths globally are attributed to liver disease each year that is
caused by cirrhosis complications, viral hepatitis, and hepatocellular cancer [2]. Numerous
processes are carried out by the liver that maintain health, such as transforming nutri-
ents into necessary molecules for the body, detoxifying harmful substances, and aiding
in converting food into energy. Therefore, poor liver function can have an impact on the
body [3]. Antimicrobial-resistant bacteria are an issue that is spreading quickly and could
have disastrous effects [4]. Ninety percent of hospitalized patient infections in affluent
nations are traced back to bacterial infections. Numerous bacterial diseases frequently have
a catastrophic impact on the health of people living in poor nations. These people are more
vulnerable to bacterial illnesses due to several reasons, including inadequate sanitation,
parasite diseases, and malnourishment [5].
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Antimicrobial agents inhibit and handle infections in humans and plants; these in-
clude antibiotics and antivirals [6]. Antimicrobial activity inhibits the growth of microbes,
prevents their spread, and destroys microorganisms [7].

Nanotechnology is used to produce safe materials at the nano level to be inserted into
the body of a living organism. Its applications in medicine include imaging, diagnosing
diseases, and delivering medicines, thus helping doctors with treating many diseases. Due
to the ability of nanotechnology to target specific cells and tissues, it is of great importance
in the production of medicines, as linking nanoparticles to medicines increases efficiency [8].
Nanoparticles’ strongest antimicrobial effect against microorganisms is also having anti-
cancer properties. Manufacturing nanoparticles using green biological techniques such as
microorganisms, plants, and viruses is safer, more economical, and less toxic [9]. Green
biosynthesized nanoparticles, which are particularly interesting, are produced by reduc-
ing metabolites from plant-derived products, and macro- and microorganisms. This is
a superior technique to produce artificially physical or chemically generated nanoparti-
cles that are inexpensive and less dangerous for human health and the environment [10].
Bacterial resistance can be overcome, in large part, by applying nanotechnology sensibly
and effectively. Simultaneously, the combination of natural antimicrobials or alternative
approaches with nanoparticles is being studied for its potential to treat multidrug-resistant
bacteria [11].

There are many studies on using nanotechnology in liver fibrosis medication delivery.
Combination therapy and targeted drug administration are made easier by improved
internalization and penetration, made possible by nano-medicine [12]. A naturally occur-
ring substance called silymarin is obtained from the Silybum marianum plant; this plant
has the flavonoid taxifolin and at least seven other flavolignans. Due to the fact that
silymarin can suppress free radicals formed by the metabolism of harmful drugs such
ethanol, acetaminophen, and carbon tetrachloride, it has hepatoprotective and antioxidant
properties [13]. The mechanisms of action of silymarin include various biochemical pro-
ceedings, such as the enhancement of the synthetic rate of ribosomal RNA (rRNA) species
through the enhancement of polymerase I and rRNA transcription, caring after the cell
membrane from radical-induced harm and the obstruction of the uptake of toxins such as
α-amanitin [14].

Marine algae can be used in biogenic nanoparticles due to the eco-friendly, cost-
effective, fast-acting, and energy-efficient nature of algae-mediated production of nanopar-
ticles [15]. Phytochemical compounds such as ascorbic acid, flavonoids, citric acid, terpenes,
and alkaloids are among the bioactive metabolites found in algae extracts that may function
as reducing agents [16].

Kumar et al. [17] depicted that biosynthesized silver nanoparticles by Sargassum
tenerrimum exhibited an indication of excessive anti-bacterial activity versus all the exami-
nation of pathogenic strains related to phytochemical components. Silver nanoparticles
biogenically synthesized by Sargassum myriocystum aqueous extract exhibited antibacterial
activities against different pathogen bacteria such as Pseudomonas aeruginosa, Staphylococ-
cus aureus, Staphylococcus epidermidis, Escherichia coli, and Proteus vulgaris [18]. Sargassum
polycystum-manufactured silver nanoparticles showed noteworthy activity against the
pathogenic bacteria Mycobacterium tuberculosis [19]. Silver nanoparticles bio-fabricated
using Sargassum polycystum exhibited antimicrobial and anticancer versus breast cancer line
MCF-7 [20].

Staphylococcus epidermidis is a biofilm-producing commensal organism found ubiqui-
tously on human skin and mucous membranes, as well as on animals and in the environ-
ment [21]. Its pathogenicity is mainly due to the ability to form biofilms on indwelling
medical devices. In a biofilm, S. epidermidis is protected against attacks from the immune
system and against antibiotic treatment, making S. epidermidis infections difficult to erad-
icate [22]. Staphylococcus capitis has been known to produce outbreaks in neonatal units
across the globe, and the cause of morbidity and mortality in hospitalised infants, particu-
larly in those with very low birth weights, is late-onset neonatal sepsis [23]. Staphylococcus
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caprae has been implicated in a variety of human infections, with the highest incidence
being in bone and joint infection [24].

In this study, we focus this study on the use of the water extract of Sargassum vulgare
an indigenous yanbu shore in Saudi Arabia in phyco-synthesis of silver nanoparticles.
The bio-fabricated silver nanoparticles (Sv/Ag-NPs) were evaluated for their antioxidant,
antibacterial, anticancer, and hepato-protective activities.

2. Result and Discussion
2.1. Characterization
2.1.1. UV-Spectroscopy

The biogenic of Sv/Ag-NPs by S. vulgare was confirmed by color exchange followed
by measure by UV–visible spectrophotometer analysis. The UV–visible spectrophotometer
of biogenic Sv/Ag-NPs shows an intense peak with strong surface plasma resonance at
422 nm with an intensity of 1.474 OD (Figure 1). Silver nanoparticles synthesized by
Sargassum tenerrimum were definite with a UV spectral peak at 420 nm [17], synthesized
by Sargassum polycystum at 431 nm [20], synthesized by Sargassum cinereum at 408 nm for
silver [25]. The absorption peak of Ag-nanoparticles synthesized by Sargassum sp. appeared
at 441 nm [26].
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Figure 1. UV–visible spectrums of silver nanoparticle solutions biogenically synthesized by brown
alga S. vulgare.

2.1.2. Energy-Dispersive X-ray Measurements (EDX)

One analytical technique that can be used to ascertain the relative abundance of
various elements in a particular sample is energy-dispersive X-ray spectroscopy. It is
dependent on the interaction between a sample and an X-ray excitation source (Figure 2).
The chemical elements included in a sample can be identified, and their relative abundance
can be measured using EDX. The EDX analysis of Sv/Ag-NPs biogenically synthesized by
S. vulgare has eight definite elements: O, Na, Mg, Si, Cl, K, Ca, and Ag, with percentage
weights of 47.16, 9.11, 2.10, 11.78, 0.84, 0.41, 5.11, and 23.84, respectively. The EDX analysis
of Ag-NPs derived from Sargassum myriocystum denoted the Ag ion existing in the range
between 2.7 and 3 keV [18].
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Figure 2. Energy dispersive X-ray spectrophotometry analysis of biogenic Sv/Ag-NPs derived from
S. vulgare.

2.1.3. X-ray Diffraction Analysis

Figure 3 illustrates the X-ray diffraction (XRD) of the organized Sv/Ag-NPs. Figure 3
and Table 1 show the XRD pattern of the Sv/Ag-NPs bio-fabricated by S. vulgare, where
diffraction peaks at 2θ 9.74◦, 19.49, 31.76, 32.22, 32.69, 41.12, 46.65, 55.19, 57.81, 66.28, 74.72,
75.71, and 76.99 were assigned to (100), (200), (220), (310), (310), (310), (410), (421), (421),
(432), (440), (541), (541), (551), (551), and (552) planes, respectively. The XRD pattern of
Sv/Ag-NPs demonstrates the crystalline nature and cubic phase. Table 1 demonstrates
the average size of Sv/Ag-NPs ranged between 51.8 and 79.15. The crystalline peak was
attained at 2 Theta (31.766◦) with an intensity of 100% and size of 76.4. All obtained peaks
were sharp, confirming the crystalline patterns of Sv/Ag-NPs. The diffraction peak was
quite sharp, which denoted that the silver nanoparticles are well-crystallized [27]. The
green fabricated silver nanoparticles derived from Sargassum tenerrimum were indexed
to face-centered cubic crystal constructions with four diffraction peaks of the (hkl) miller
index values appointed to the planes (111), (200), (220), and (311), respectively [28].
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Table 1. X-ray diffraction patterns of biogenic Sv/Ag-NPs derived from S. vulgare.

2 Theta (Å) Crystal Size (D) nm Intensity% hkl

9.744 79.15 22.9 100

19.499 78.29 8.7 200

28.405 52.39 10.7 220

31.766 76.40 100 310

32.226 68.14 16.5 310

32.696 76.23 30.6 310

41.129 74.38 17.4 410

46.659 72.94 28.5 421

55.198 52.53 9.4 432

57.817 62.09 10.9 440

66.288 66.51 10.1 541

74.722 53.51 4.3 551

75.715 62.72 7.7 551

76.999 51.81 9.8 552

2.1.4. FT-IR Spectroscopy Analysis

The results in Figure 4 demonstrate the FT-IR spectroscopy analysis of Sv/Ag-NPs
derived from S. vulgare. The outcome results show that 5 peaks were obtained from Sv/Ag-
NPs. The broad peak detected at 3442 cm−1 matches the stretching vibration of O–H
groups [29]. Peak 2076 cm−1 corresponded to C=N [30], while the band at 1634 cm−1

matched an amide [31]. These functional groups may be responsible for reducing silver
into silver nanoparticles. The functional group (-OH) was the vital redox-active active
group that transformed Ag+ to Ag-NPs [32]. The peak at 1640 cm−1 is recognized as amide
I, which is responsible for the reduction of silver-to-silver nanoparticles [33].
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2.1.5. TEM Images

Figure 5 shows a TEM image of biosynthesized Sv/Ag-NPs derived from S. vulgare.
The morphological studies of Sv/Ag-NPs indicated a polydispersed and spherical shape and
the major range size was from 6.90 to 16.97 nm. The increased surface area produced by the
fine particle size will increase the catalytic activity of the nanoparticles. Silver nanoparticles
derived from Sargassum muticum had spherical shapes and ranged from 5 to 15 nm [34].
The results in Figure 6 validate the particle size distributions of Sv/Ag-NPs, with the
major distribution range detected from 9.6 to 11.4. The diameters of silver nanoparticles
bio-mediated by Sargassum spp. had between 2.35 nm and 11.99 nm average diameters [35].
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2.1.6. Zeta Potential Analysis

The results in Figure 7 display the surface charge of the Sv/Ag-NPs, which is determined
by Zeta potential. The results presented in it show that the surface charge of the Sv/Ag-NPs
derived from S. vulgare has a negative charge of −29.6 mV. The silver nanoparticles derived
from Sargassum spp. show negative potentials, with values of less than 30 mV, which implies
reliable physical stability [26]. Particles with Zeta potentials larger than ±30 mV and fewer than
−30 mV are considered reflected in the stability of nanoparticles for colloidal dispersion [36].

 

Figure 2. Energy dispersive X-ray spectrophotometry analysis of biogenic Sv/Ag-NPs derived from S. vulgare. 

 

 

 

 

Figure 7. Zeta potential analysis of biogenic Sv/Ag-NPs derived from S. vulgare. 

 

Figure 7. Zeta potential analysis of biogenic Sv/Ag-NPs derived from S. vulgare.

2.2. Antioxidant Activities

The results obtained in Figure 8 demonstrate the DPPH radical scavenging activity of
different concentrations of Sv/Ag-NPs derived from S. vulgare. The antioxidant activities in-
crease when the concentrations of Sv/Ag-NPs increase; there are no significant values between
0.4 and 0.6 mg/mL Sv/Ag-NPs, 0.8 and mg/mL Sv/Ag-NPs. The highest concentrations of
Sv/Ag-NPs exhibit antioxidant activities of DPPH radical scavenging (93.63% of inhibition);
meanwhile, the low concentrations exhibit 78.77% of inhibition. The results of Ag-NPs synthe-
sized by Sargassum wightii have reflective reducing activity against stable free radicals [37]. The
silver nanoparticles synthesized by Sargassum polycystum exhibit a maximum level of DPPH
radical scavenging (78.2% of inhibition) [38]. Silver nanoparticles (100 µg × mL) synthesized
by Sargassum wightii resulted in a maximum scavenging effect of 64.96% [39].
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2.3. Anticancer Activities

The cytotoxic effect of the Sv/Ag-NPs derived from S. vulgare was evaluated in vitro
against human carcinoma, such as hepatocellular carcinoma (HepG-2), colon carcinoma
(HCT-116), cervical carcinoma (HeLa), and prostate carcinoma (PC-3), at different con-
centrations (1, 2, 3.9, 7.8, 15.6, 31.25, 62.5, 125, 250, and 500 µg/mL) (Figure 9a–d). The
results demonstrate the concentration essential to produce 50% of tumor cell death (IC50);
(HepG-2), (HCT-116), (HeLa), and (PC-3) was 50.46, 45.84, 78.42, and 100.39 µg/mL, respec-
tively. The results demonstrate that cytotoxicity increases with higher concentrations of
Sv/Ag-NPs against all tested cancer cells. Table 2 shows the viability of human carcinoma
cells after being treated with different concentrations of biogenic Sv/Ag-NPs derived from
S. vulgare. The results display that the Sv/Ag-NPs are the most effective against (HepG-2),
(HCT-116), (HeLa), and (PC-3), respectively. The higher inhibition (92.07%) at 500 µg/mL
was obtained against HepG-2. Silver nanoparticles derived from Sargassum muticum pro-
tected the DNA from injury, enhanced the up-regulation of tumor suppressor mRNAs,
and increased antioxidant activities [40]. Silver nanoparticles decreased the viability of the
HepG2 cell line in a concentration-dependent manner, and the IC50 of 75 µg/mL, due to Ag-
NPs, were associated with the induction of ROS and cell apoptosis in liver hepatocellular
carcinoma (HepG2) [41]. The synthesized AgNPs using chitosan possessed a cytotoxic effect
against HepG2 cells, which was perceived by the analysis of the DNA ladder pattern via
gel electrophoresis, and the IC50 of HepG2 cell inhibition was 48 µg/mL [42]. The AgNPs,
synthesized by shrimp shell-extracted chitin as a reducing and stabilizing agent, possessed
significant anticancer activity against HepG2 cells with an IC50 value of 57 ± 1.5 µg/mL;
these results were confirmed by flow cytometry, which detected the apoptotic and necrotic
cell death of HepG2 [43]. The silver nanoparticles bio-fabricated by Cystoseira myrica brown
alga possessed cytotoxic activity against both MCF-7 and HepG2 [44]. The biosynthesized
Ag-NPs derived from marine alga Chaetomorpha linum were an effective anticancer agent
that could prompt apoptosis in the HCT-116 colon cells [45]. The biogenic AgNPs, derived
from marine green macro-alga Ulva lactuca, displayed effective anticancer activity against
the HCT-116 cell line due to apoptosis-mediated cell death by AgNPs [46]. The Ag-NPs,
bio-fabricated by marine alga Cladophora glomerata, treated (HCT-116)-possessed apoptosis
induction in HCT-116, as indicated by fluorescence microscopy [47]. The silver nanoparti-
cles derived from Hypnea musciformis inhibited cells of colorectal cancer (HCT-116), Ehrlich
ascites carcinoma (EAC), and breast cancer (MCF-7) cell line in vitro with the IC50 values
of, 24.08, 40.45 and 36.95 µg/mL, respectively [48]. The Ag-NPs derived from Sargassum
myriocystum showed effective anticancer activities against cervical HeLa cancer cells, with
(IC50) noticed at 73.66 µg/mL [18]. The silver nanoparticles biogenically synthesized by
Sargassum muticum had anticancer activity against the HeLa cancer cell line; the morpholog-
ical changes of HeLa cancer cells were observed with Ag-NPs with different concentrations,
which may be due to the generation of reactive oxygen species (ROS) playing a key role
in the stimulation of apoptosis in all HeLa cancer cells [27]. Anticancer activities against
human prostate cancer (PC-3) cells were obtained with Ag-NPS bio-fabricated by marine
brown alga Sargassum wightii, which induces DNA fragmentation and cell death through
apoptotic pathway [49].

Table 2. Human carcinoma cell viability after being treated with different concentrations of biogenic
Sv/Ag-NPs derived from S. vulgare.

Conc.; µg/mL 0 1 2 3.9 7.8 15.6 31.25 62.0 125 250 500 IC50

HepG-2 100 100 100 100 97.49 80.68 64.91 40.65 28.76 17.04 7.93 50.46

HCT-116 100 100 100 98.12 89.54 74.02 57.63 41.29 30.65 18.29 9.57 45.84

HeLa 100 100 100 99.56 93.61 85.40 73.18 54.06 38.12 24.95 13.68 78.42

PC-3 100 100 100 99.29 95.14 88.23 71.49 58.30 44.61 29.47 17.92 100.39



Mar. Drugs 2024, 22, 154 9 of 19

Mar. Drugs 2024, 22, x FOR PEER REVIEW  10  of  20 
 

 

with (IC50) noticed at 73.66 μg/mL [18]. The silver nanoparticles biogenically synthesized 

by  Sargassum muticum  had  anticancer  activity  against  the HeLa  cancer  cell  line;  the 

morphological changes of HeLa cancer cells were observed with Ag‐NPs with different 

concentrations, which may be due  to  the generation of  reactive oxygen  species  (ROS) 

playing a key role in the stimulation of apoptosis in all HeLa cancer cells [27]. Anticancer 

activities  against  human  prostate  cancer  (PC‐3)  cells  were  obtained  with  Ag‐NPS 

bio‐fabricated by marine brown alga Sargassum wightii, which induces DNA fragmenta‐

tion and cell death through apoptotic pathway [49].   

(a) 

 
(b) 

Colon  carcinoma  cells  (HCT‐116),  IC50  =  45.84  ±  2.85 

Figure 9. Cont.



Mar. Drugs 2024, 22, 154 10 of 19
Mar. Drugs 2024, 22, x FOR PEER REVIEW  11  of  20 
 

 

 
(c) 

 
(d) 

Figure 9. (a) In vitro cytotoxic activity of the biogenic Sv/Ag‐NPs derived from S. vulgare against 

hepatocellular carcinoma  (HepG‐2).  (b)  In vitro cytotoxic activity of  the biogenic Sv/Ag‐NPs de‐

rived from S. vulgare against colon carcinoma (HCT‐116). (c) In vitro cytotoxic activity of the bio‐

genic Sv/Ag‐NPs derived from S. vulgare against cervical carcinoma (HeLa). (d) In vitro cytotoxic 

activity of the biogenic Sv/Ag‐NPs derived from S. vulgare against prostate carcinoma (PC‐3). 

Table 2. Human carcinoma cell viability after being  treated with different concentrations of bio‐

genic Sv/Ag‐NPs derived from S. vulgare. 

Conc.; 

μg/mL 
0  1  2  3.9  7.8  15.6  31.25  62.0  125  250  500  IC50 

HepG‐2  100  100  100  100  97.49  80.68  64.91  40.65  28.76  17.04  7.93  50.46   

HCT‐116  100  100  100  98.12  89.54  74.02  57.63  41.29  30.65  18.29  9.57  45.84 

HeLa  100  100  100  99.56  93.61  85.40  73.18  54.06  38.12  24.95  13.68  78.42 

PC‐3  100  100  100  99.29  95.14  88.23  71.49  58.30  44.61  29.47  17.92  100.39 

   

Cervical carcinoma (HeLa ), IC50 = 78.42 ± 4.19 μg/mL. 

Prostate  carcinoma  PC‐3  IC50  =  100.39  ±  3.17 

Figure 9. (a) In vitro cytotoxic activity of the biogenic Sv/Ag-NPs derived from S. vulgare against
hepatocellular carcinoma (HepG-2). (b) In vitro cytotoxic activity of the biogenic Sv/Ag-NPs derived
from S. vulgare against colon carcinoma (HCT-116). (c) In vitro cytotoxic activity of the biogenic
Sv/Ag-NPs derived from S. vulgare against cervical carcinoma (HeLa). (d) In vitro cytotoxic activity
of the biogenic Sv/Ag-NPs derived from S. vulgare against prostate carcinoma (PC-3).

2.4. Evaluation of In Vitro Hepatoprotective Activity

Cultured hepatocytes and Hep G2 treated with Sv/Ag-NPs and silymarin showed a
significant increase in cell viability compared to the control (without treatments) Table 3
and Figure 10. There are no significant differences between the two methods which used
hepatocytes and Hep G2 cells. The highest concentrations of Sv/Ag-NPs (1000 mg/mL)
caused the cell viability of Hep G2 cells and hepatocytes, 67.12 and 73.05, respectively, but,
in the case of silymarin, the cell viability of Hep G2 cells and hepatocytes was % 95.04,



Mar. Drugs 2024, 22, 154 11 of 19

and 95.91, respectively. The lowest concentrations of Sv/Ag-NPs, which induced the cell
viability of Hep G2 cells and hepatocytes, was 2 µg/mL, but, in the case of silymarin, the
lowest concentrations were 7.8 and 2 µg/mL of Hep G2 cells, and hepatocytes, respectively.
The results confirmed the antioxidant and hepatoprotective effect of Sv/Ag-NPs in car-
bon tetrachloride-induced Hep G2 cells and hepatocytes against damage by balancing or
inhibiting the ROS generation at hepatotoxic conditions. Kunjiappan et al. [50] reported
that the gold nanoparticles biogenically synthesized by Azolla microphylla extract confirmed
effective antioxidant and hepatoprotective effects. The large size of silver nanoparticles,
compared to the small size of silver nanoparticles, displayed more hepatoprotective capa-
bilities [51]. Cytocompatibility screening assays support a grade of cell death produced by
bionanomaterial when exposed to normal cells; the results of cytotoxicity assay revealed
that silver nanoparticles, even at higher concentrations, have nontoxic normal cells (human
fibroblast (L929) cell lines); these results open new possibilities for their application in
various biomedical fields [52]. Strojny-Cieślak [53] reported that graphene oxide–silver
and graphene oxide nanoparticles had high cytocompatibility toward human cell lines,
fetal foreskin fibroblasts (HFFF2), and lung epithelial cells (A549). ZnO-Alginate/NCMs
induced significant protection against Mitomycin C (MMC) [54]. Salman et al. [55] reported
the oral treatment with Chitosan Nanoparticles (CNPs), and their loaded Capparis carti-
laginea Decne extract, is safe; the chitosan nanoparticles exhibited powerful antigenotoxic
properties. Silymarin can be referred to as hepatoprotective since it preserves intact liver
cells or cells that have not yet sustained permanent damage by lowering oxidative stress
and the ensuing cytotoxicity [56]. Silymarin has been used to inhibit NF-B, a transcription
factor that regulates the expression of several genes involved in inflammation, cell defense,
and cancer, to control the enzymes that exacerbate cellular damage, such as fibrosis and
cirrhosis, and to increase DNA and protein synthesis [57]. The mechanisms of action of
silymarin defense are the obstruction and adjustment of cell transporters, p-glycoprotein,
estrogenic and nuclear receptors; silymarin has anti-inflammatory effects through TNF-α
reduction, protective influences on erythrocyte lysis and cisplatin-induced acute nephro-
toxicity [58].

Table 3. Hepatoprotective activity of biogenic Sv/Ag-NPs derived from S. vulgare compared with
silymarin.

Sample Conc.
(µg/mL)

Sv/Ag-NPs Silymarin Sv/Ag-NPs Silymarin

(On Hep G2 Cells) (On Rat Hepatocytes)

1000 67.21 ± 2.37 95.04 ± 0.62 73.05 ± 0.93 95.91 ± 1.03

500 59.46 ± 2.08 91.72 ± 0.94 64.92 ± 1.46 92.43 ± 0.91

250 46.32 ± 1.94 84.33 ± 0.83 54.81 ± 0.67 87.02 ± 1.44

125 30.68 ± 1.76 76.59 ± 0.63 45.03 ± 1.42 76.54 ± 2.08

62.5 19.47 ± 0.91 60.86 ± 1.44 37.49 ± 1.57 57.28 ± 1.96

31.25 10.68 ± 0.74 46.01 ± 1.09 28.12 ± 1.43 44.73 ± 1.29

15.6 5.31 ± 0.63 33.05 ± 1.65 16.45 ± 0.71 32.56 ± 1.42

7.8 2.07 ± 0.51 20.58 ± 0.93 9.31 ± 0.65 24.82 ± 0.74

3.9 0.98 ± 0.34 0 4.06 ± 0.28 16.59 ± 0.67

2 0.32 ± 0.16 0 1.87 ± 0.49 11.23 ± 0.25

0 0 0 0 0

IC50 (µg/mL) 320 39.64 188.52 44.37
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Figure 10. Hepatoprotective activity of biogenic Sv/Ag-NPs derived from S. vulgare in compared
with Silymarin.

2.5. Antibacterial Activities

The results in Table 4 and Figure 11 demonstrate the impact of different concentrations
(1, 0.5, 0.25, 0.125, 0.062 mg/mL) of biogenic Sv/Ag-NPs derived from S. vulgare verses
some Gram-positive bacteria. The results demonstrate the MIC of all tested bacteria was
at 0.125 mg/mL. The Sv/Ag-NPs possessed the highest activities against Staphylococcus
caprae PP401704, Staphylococcus capitis PP402689, and Staphylococcus epidermidis PP403851,
respectively. The inhibition zone composed of 1 mg/mL Sv/Ag-NPs was 21 ± 0.57 mm
with Staphylococcus caprae PP401704, 18.33 ± 0.33 mm Staphylococcus capitis PP402689,
and 15 ± 0.57 mm Staphylococcus epidermidis PP403851. Silver nanoparticles, biogenically
synthesized by Sargassum swartzii, had antibacterial activities against Bacillus subtilis [59].
Biogenic Ag-NPs using Padina sp. were more efficient antibacterial compounds versus
Gram-positive bacteria Staphylococcus aureus and Bacillus subtilis [60]. Silver nanoparticles
showed higher antibacterial activity against Gram-positive bacteria Staphylococcus capitis
than gold nanoparticles [61]. Silver nanoparticles displayed a potential antibacterial ac-
tivity that was examined in vitro on Staphylococcus epidermidis during 24 h treatment [62].
Figure 12 displays the suggested mechanism of the antibacterial actions of biogenic Sv/Ag-
NPs derived from S. vulgare. Silver nanoparticles adhered to the cell wall and could increase
the permeability of the cytoplasmic membrane and lead to the disruption of the bacterial
envelope [63]. Due to the large surface area of the nanoparticles, the nanoparticles can
attach and penetrate the cell wall, making holes in the cell wall, and finally completely
destroying the cell [64]. After free silver ions have entered cells, respiratory enzymes can
be inhibited, generating reactive oxygen species and interrupting adenosine triphosphate
production [65]. One of the main triggers for the breakdown of cell membranes and the
alteration of deoxyribonucleic acid (DNA) can be reactive oxygen species. Since sulfur and
phosphorus are essential parts of DNA, interactions between silver ions and these elements
can disrupt DNA replication, impair cell division, or even cause microorganisms to be
inhibited. Furthermore, by denaturing ribosomes in the cytoplasm, silver ions can prevent
the creation of new proteins [66].
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Table 4. Minimum inhibitory concentration (MIC) assays of biogenic Sv/Ag-NPs derived from S.
vulgare verses some Gram-positive bacteria (determined by inhibition zone).

Concentrations mg/mL 1 0.5 0.25 0.125 0.062

Staphylococcus caprae PP401704 21 ± 0.57 17.66 ± 0.33 17.33 ± 0.33 14.66 ± 0.33 0

Staphylococcus capitis PP402689 18.33 ± 0.33 17.33 ± 0.33 16 ± 0.0 14.33 ± 0.33 0

Staphylococcus epidermidis PP403851 15 ± 0.57 13 ± 0.57 11.66 ± 0.33 8.33 ± 0.330 0
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Figure 12. Suggested mechanism of the antibacterial actions of biogenic Sv/Ag-NPs derived from
S. vulgare.

3. Materials and Method
3.1. Materials

All the chemicals used in this research were of analytical grade and applied without
further purification. Chemical materials were purchased from the Saudi Chemical company.
Dimethyl sulfoxide (DMSO), MTT, and trypan blue dye were purchased from Sigma
(St. Louis, MO, USA).
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3.2. Algae Collection and Preparation

The alga Sargassum vulgare was collected in March 2023 from the Red Sea coast in
Yanbu, Saudi Arabia, in a clean plastic bag. After the collection, the alga was washed with
tap water to remove the dust suspended in it, and then it was left to dry in a ventilated
area. In the laboratory, the alga dried and was ground. The alga was identified according
to Taylor [67].

3.3. Algae Extraction

Mix one gm of alga with 100 mL of D.D. water then boil for 1 h, cool, filter by filter
paper Whitman No.1, and complete to 100 mL of D.D. water [68].

3.4. Phyco-Synthesis of Nanoparticles

Approximately 20 mL of aqueous algal extract was added drop by drop to the Erlen-
meyer flask containing 90 mL (10 mM) of AgNO3 (0.17 gm) and heated at 60 ◦C till the
color changed to dark brown. The initial pH of the solution was adjusted to 7.5.

3.5. Characterization of Nanoparticles

The Sv/Ag-NPs solutions were characterized by using UV-visible, TEM Transmission
Electron Microscope, X-ray diffraction patterns, Zeta potential, (EDS), and FT-IR, the model
of all devices used in this study as in the previous study by Hamouda et al. [69].

3.6. Antioxidant Activity Study

The activities of Sv/Ag-NPs as free radical antioxidants were investigated by the
DPPH method. One mL of several concentrations of Sv/Ag-NPs was prepared and mixed
with one mL of DPPH (0.004 gm DPPH with 100 mL methanol), then left for 30 min and the
absorbance was measured at 517 nm. The percentage of antioxidant activities corresponds
to the following equations [70]:

Inhibition activities % =
Abs(b)− Abs(s)

Abs(b)
× 100

Abs(b) is absorbance of the blank, Abs(s) is absorbance of the sample.

3.7. Cytotoxicity Evaluation Using Viability Assay

Mammalian cell lines: HepG-2 cells (human hepatocellular cancer cell line), HCT-
116 (human colon carcinoma), HeLa (cervical carcinoma cells), and PC-3 (prostate carci-
noma cells) were attained from the American Type Culture Collection (ATCC, Rockville,
MD, USA).

The cells were cultured in RPMI-1640 media that was enhanced with 50 µg/mL of
gentamycin and 10% inactivated fetal calf serum. The cells were sub-cultured two or three
times each week and kept at 37 ◦C in a humidified environment with 5% CO2.

In Corning® 96-well tissue culture plates, tumor cell lines were suspended in the
medium at a concentration of 5 × 104 cells/well to determine antitumor activities, and the
plates were incubated for 24 h. After that, three duplicates of the tested compounds were
put into 96-well plates, resulting in ten concentrations of each molecule. For every 96-well
plate, six vehicle controls containing media or 0.5% DMSO were run as a control. The MTT
test was used to assess the quantity of viable cells following a 48 h incubation period [71],
and (IC50) was calculated.

3.8. In Vitro Assay Hepato-Protective Effects
3.8.1. Rat Hepatocyte Isolation

Hepatocyte isolation was achieved by corresponding to the collagenase perfusion
methods which were pronounced by Reese and Byard [72]. Hepatocytes (1 × 106 cells/mL)
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were located in a Krebs–Henseleit buffer (pH: 7.4) containing 12.5 mM HEPES (Sigma-
Aldrich, Aberdeen, UK) and kept at 37 ◦C with 95% O2 and 5% CO2.

3.8.2. HepG2 Cell Line

The HepG2 cells of the human liver cell line were cultivated in DMEM (Dulbecco’s
modified Eagle’s medium) including 10% fetal calf serum, penicillin (100 U), and strepto-
mycin (100 µg).

Human liver HepG2 and Hepatocyte cells were each exposed to a medium encom-
passing CCl4 (1%) with/without different concentrations of the examined compounds (2,
to 1000 µg/mL). Then, the viability of Hep G2 and Hepatocyte cells was estimated by MTT
reduction assay. The MTT assay and the activity of dehydrogenases were used to measure
the metabolic activity of live cells [71].

Hepatoprotective % = % Viability of treated group − % Viability of negative control.

EC50, the concentration required to cure 50% of intact cells, was estimated from
graphic plots of the dose response curve for each concentrations.

3.9. Antibacterial Activities

First Muller–Hinton agar was poured into a Petri dish and solidified. Then, 10 µL
of the bacterial suspension 106 cfu, (Staphylococcus caprae PP401704, Staphylococcus capi-
tis PP402689, Bacillus mojavensis PP400982, and Staphylococcus epidermidis PP403851) was
distributedover the plates using a sterilized cotton swab. Approximately 100 µL of the
prepared nanoparticles Sv/Ag-NPs (1 mg/mL) were added to 0.7 mm diameter wells.
Plates were incubated at 37 ◦C for 24 h [73].

3.10. Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentration (MIC) was examined using diverse concen-
trations of Sv/Ag-NPs 1 mg/mL to 0.065 mg/mL. Mueller–Hinton agar (MHA) was
inoculated under aseptic circumstances with 10 µL of the overnight Gram-positive bacteria
(Staphylococcus caprae PP401704, Staphylococcus capitis PP402689, and Staphylococcus epider-
midis PP403851) suspension 106 cfu. Wells were occupied with 100 µL serial dilutions of
Sv/Ag-NPs. After 24 h of incubation at 37 ◦C, plates were examined, and the inhibition
zone (mm) was measured.

3.11. Statistical Analysis

Analysis of variance (one-way ANOVA) was spent on calculating the difference
among treatments and varieties via (SPSS) 16. Significant differences in resulting data were
recognized at p < 0.05 level by using Duncan multiple ranges.

4. Conclusions

This study highlighted the manufacture of bio-silver nanoparticles using the aqueous
extracts of marine algae Sargassum vulgare for its anticancer, antibacterial, and antioxi-
dant properties, and examined the hepatoprotective effect of Hep G2 cells, and hepato-
cytes that were exposed to CCl4 (1%). Results indicated that the silver nanoparticles are
spherical, crystalline and have negative surface charges. The silver nanoparticles exert
a therapeutic potential and enhance their efficacy by reversing HepG2 and hepatocyte
cells after exposure to a medium containing CCl4 (1%). Silver nanoparticles showed
antioxidant, anticancer, and antibacterial activities against Gram-positive bacteria Staphy-
lococcus caprae PP401704, Staphylococcus capitis PP402689, and Staphylococcus epidermidis
PP403851. Green synthesis silver nanoparticles can be used in the future as therapeutic and
chemo-preventive agents.
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