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A B S T R A C T   

Introduction and purpose: In silico approach helps develop biomedicines and is useful for exploring the pharma
cology of potential therapeutics using computer-simulated models. In vitro assays were used to determine the 
anti-microbial and cytotoxic efficacies of silver nanoparticles (AgNPs) synthesized with the shrub Lycium shawii. 
Methods: In silico predicting was performed to assess the L. shawii metabolites identified using QTOF-LCMS for 
their pharmacological properties. L. shawii mediated AgNPs were synthesized and characterized (FTIR, TEM, 
SEM, DLS and EDX). The anti-bacterial efficacies of L. shawii extract, AgNPs, and penicillin-conjugated AgNPs 
(pen-AgNPs) were determined. The cytotoxicity of the AgNPs was measured against colorectal cancer cell line 
(HCT116), normal breast epithelium (MCF 10 A), and breast cancer cell line (MDA MB 231). 
Results and discussion: Five molecules (costunolide, catechin, emodin, lyciumaside, and aloe emodin 11-O-rham
noside) were detected in the L. shawii extract. AgNPs (69 nm) were spherical with crystallographic structure. All 
three agents prepared showed inhibitory activity against the tested bacteria, the most efficacious being pen- 
AgNPs. High cytotoxicity of AgNPs (IC50 62 μg/ml) was observed against HCT116, IC50 was 78 μg/ml for 
MCF 10 A, and 250 μg/ml for MDA MB 231, of which cells showed apoptotic features under TEM examination. 
The in silico approach indicated that the carbonic anhydrase IX enzyme was the target molecule mediating anti- 
cancer and anti-bacterial activities and that emodin was the metabolite in action. 
Conclusions: Combining in vitro studies and in silico molecular target prediction helps find novel therapeutic 
agents. Among L. shawii metabolites, emodin is suggested for further studies as an agent for drug development 
against pathogenic bacteria and cancer.   

1. Introduction 

In drug discovery, novel selective therapeutic agents are sought. 
Medicinal herbs are traditionally used to treat various pathogenic bac
terial infections and cancer. The potential of these herbs as mediators in 
the synthesis of metal nanoparticles (NPs) has been shown by numerous 
studies, as reviewed recently [1–3]. Several known medical herbs, such 
as Coriandrum sativum, Mangifera indica, Ocimum sanctum, and Bridelia 

retusa, to name a few, have successfully been used to synthesize metal 
NPs [4–6]. Some plants, such as Eucalyptus sp. and Aloe vera, have also 
been used in numerous studies [7–11]. 

In searching for biological drugs, a useful approach would be to 
analyze published data on biologically active molecules present in 
plants. The computational in silico approach offers a valuable tool for 
searching for biological drugs. Existing information on the metabolites 
of an organism is searched from databases available on internet 
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websites. Notably, the in silico approach offers the possibility of finding 
target compounds that inhibit disease processes, aiding in understand
ing the mechanism of action [12]. Moreover, in silico has advantages 
over in vitro experiments which are often time-consuming, require sig
nificant resources, and are vulnerable to failure. The save of time and 
resources is remarkable when in silico predictions are carried out before 
the compound is tested in vitro and in vivo [13]. In vitro tested efficacy 
data can also be verified using in silico studies [14–18]. For instance, in 
silico molecular docking studies have revealed that the inhibition of 
enzymes such as β-lactamase is the mechanism behind the antibacterial 
activity of nanomaterials [19–21]. A molecular docking study also 
showed the interaction of the urease enzyme with an active compound 
from Hibiscus sabdariffa (protocatechuic acid), suggesting a safe treat
ment option for urease-producing bacterial infections [22]. 

A perennial plant genus Lycium has traditionally been used in 
biomedicine. One of its species, L. barbatum, is well known and 
commonly used in many medical applications [23]. Another species, 
L. chinense, has strong anti-bacterial effects on gram-positive and 
gram-negative bacteria [24]. One more medicinal species, namely 
L. shawii (desert thorn or Arabian boxthorn), is a thorny shrub growing 
in dry areas. L. shawii metabolites are reported to inhibit enzymes and 
pathogenic bacteria [25,26], and its pharmaceutically valuable com
pounds have been described [27]. Based on this published information 
and the increasing use of safe plant metabolites in disease treatment, we 
chose L. shawii as a medicinal herb for producing silver NPs. 

We aimed to find novel therapeutic agents against pathogenic bac
teria and cancer using in vitro and in silico techniques. Based on previous 
literature we hypothesized that. L.shawii will be biologically active 
against infections. The shrub L. shawii was used in vitro to study its po
tential as a source of anti-microbial and anti-cancer agents, synthesizing 
L. shawii-AgNPs, of which biological activities were tested. Finally, in 
silico studies were carried out to understand the pharmacodynamics and 
pharmacokinetics of QTOF-LCMS identified metabolites. We have 
assumed that any anti-bacterial and anticancer activity of the L. shawii 
metabolites seen in silico is translatable to any activity of the L.shawii 
extract and L.Shawii-NPs observed in vitro. 

2. Material and methods 

2.1. Plant material 

Lycium shawii leaves were obtained from the nursery of the royal 
commission for Riyadh city, Saudi Arabia. The leaves were cleaned with 
distilled water, oven-dried (70 ◦C), and ground using a milling machine 
(IKA-Werke, GMBH and Co., Germany). The aqueous plant extract was 
prepared by adding (2:100, weight: vol) to the powdered leaves and 
heating to 84 ◦C for 10 min. The suspension was filtered through 
Whatman Grade No. 1 filter paper, and the extract was used for NP 
formation and further in vitro studies. 

For LC–QTOF-MS, L. shawii aqueous extract was prepared by soaking 
the powdered leaves in distilled water at 60 ◦C for 48 h. The suspension 
was filtered through Whatman Grade No. 1 filter paper and evaporated. 
One mg of the aqueous extract was dissolved in methanol (1 ml). Sep
aration was performed using Agilent Extend-C18 column (2.1 mm × 50 
mm, 1.8 µm) with the following elution gradient; 0–1 min, 5% B; 1–11 
min, 5–100% B; 11–13 min,95%B; 13–15 min, 5%B; 15–16 min, 5%B 
using mobile phase A (0.1% HCOOH in water) and mobile phase B (0.1% 
HCOOH in Methanol). The injection volume was 10 µL, and the flow rate 
was 300 µL/min. The MS1 acquisition method was achieved in positive 
mode with mass ranging from 100 to 600 m/z. The mass spectrometer 
parameters were set as follows: Gas Temperature = 300 ◦C; Gas flow = 8 
I/min; Nebulizer = 35 psig; SheathGas Temperature = 350, and 
SheathGas flow was 11. MS1 data was generated by Agilent Mass Hunter 
(Agilent Technologies) qualitative and quantitative analysis software. 
After conducting a mass screening on the spectrum, the chemical fea
tures were extracted from the LC-MS data using the Molecular Features 

Extraction (MFE) algorithm and the recursive analysis workflow. 
Fourier-transform infrared spectroscopy (FTIR) test was employed to 

detect the possible organic components in L.shawii extract at the spectra 
between 450 and 3500 cm− 1 by SPECTRUM100, Perkin-Elmer, Well
esley, MA, USA, utilizing a diffuse reflectance accessory [28]. 

2.2. AgNPs synthesis 

The AgNP synthesis was carried out as described by Chandhirasekar 
et al. [29]. L.shawii extract (10 ml) was combined with AgNO3 solution 
(90 ml, 1 mM) in a flask and kept at 80 ◦C for 20 min. The flask was kept 
at room temperature in the dark for 24 h until a stable dark color 
developed. After that, the mixture was centrifuged at 13000 rpm for 20 
min. The pellet was washed twice with distilled water and laid on a glass 
plate to dry at room temperature. An AgNP solution of 1 mg/ml was 
prepared in distilled water for further investigations. 

2.3. Penicillin-conjugated AgNPs (Pen-AgNPs) preparation 

Pen-AgNPs nanocomposites were formed by adding equal concen
trations of penicillin solution (1 ml, 1 mg/ml) to AgNPs solution (1 ml). 
The mixture was kept in the dark at RT for 48 h under shaking, centri
fuged to discharge the supernatant, washed with distilled water, and 
centrifuged again. Finally, the pellet was placed on a glass plate to dry at 
RT, and 1 mg/ml was prepared for anti-bacterial examination [30]. 

2.4. Physicochemical characterization of AgNPs 

The hydrodynamic size distribution of AgNPs was analyzed using the 
dynamic light scattering (DLS) technique. The size was measured with a 
Zetasizer (NANO ZSP, Malvern Instruments Ltd, Serial Number: 
MAL1118778, ver 7.11, UK) using the AgNP solution (1 ml). Using TEM, 
the size distribution and morphology were investigated at 80 kV voltage 
(JEM-1011, JEOL, Japan). Samples were prepared using a drop of 
colloidal solution of AgNPs on a carbon-coated copper grid (200 mesh) 
and dried in a vacuum desiccator [31]. A scanning electron microscope 
(SEM) (JEOL, JED-2200 series, Japan) supplied with energy-dispersive 
X-ray spectroscopy (EDX) was applied for surface analysis of NPs and 
to confirm the presence of Ag [32]. X-ray diffraction (XRD) analysis was 
performed to detect the AgNPs crystallinity using a Bruker D8 Discover 
instrument, Ultima IV (Cu/40 kV/40 m). The XRD scan diffraction 
pattern range was 20–85◦ with a two-theta (2θ) angle [33]. 

2.5. In vitro biological activities 

All experiments were carried out as three replicates. 

2.5.1. Anti-bacterial activity 
The anti-microbial activities of the L. shawii extract, AgNPs, and Pen- 

AgNPs were determined using the agar well diffusion method. Gram- 
positive bacteria (methicillin-resistant Staphylococcus aureus (MRSA) 
and S. mutans) and gram-negative bacteria (E. coli and Klebsiella pneu
moniae) were obtained from the Bio-house medical lab in Riyadh, Saudi 
Arabia. The strains were sub-cultured on nutrient agar medium (Oxoid) 
plates at 37 ◦C for 24 h using the direct colony suspension method, 
McFarland standard (0.5) bacterial suspensions (1.5 × 108 CFU/ml). 
Plates were inoculated with bacteria and 40 µL of the agents (AgNPs, 1 
mg/ml, Pen-AgNPs, 1 mg/ml or L.shawii extract, 2 g/100 ml). Distilled 
water and penicillin (1 mg/ml) was used as the negative and positive 
controls, respectively. Plates were allowed to dry under sterile condi
tions and then incubated for 24 h at 37 ◦C [34]. Inhibitions areas around 
each well were measured in mm. 

2.5.2. Anti-cancer action 
A human colorectal carcinoma cell line, HCT116, was isolated from 

an adult male[35]. The breast cancer MDA MBA 231 was isolated from a 
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pleural effusion of a 51-year-old caucasian female with metastatic 
mammary adenocarcinoma. One normal breast epithelial cell line, MCF 
10 A (ATCC-CRL-10317), was used as a negative control in the experi
ments [36]. Experiments were performed as reported previously 23. Cell 
lines were cultured in a 96-well plate at 5 × 104 cells/well in a hu
midified sterile incubator (air/CO2 at 95%/5% at 37 ◦C). Media was 
discharged after 24 h and replaced by phenol-red free DMEM supple
mented with fetal bovine serum FBS (0.5%). The cells were treated with 
various concentrations of AgNPs (2–4080 µg/ml) and incubated for 48 h. 
The media was aspirated, and the cells were washed with PBS. Cell 
viability was determined using the MTT assay according to the manu
facturer’s instructions. In brief, a volume of 20 µL of 5 mg/ml MTT re
agent was added to the cells and incubated at 37 ◦C for 4 h. After the 
supernatant was discharged, MTT formazan was dissolved in 100 µL 
dimethyl sulfoxide. Cell viability was determined by measuring the 
absorbance at 570 nm on a Molecular Devices Spectra Max microplate 
reader. 

2.5.3. TEM analysis for cell ultrastructural changes 
MDA-MB-231 cells were cultured in 6 well plates and treated with 

AgNPs (250 μg/ml) for 24 h. The cells were collected, centrifuged, 
washed, and fixed in 4% glutaraldehyde (Product 16210, Electron Mi
croscopy Sciences (EMS), Hatfield, PA, USA) for 2 h and in 1% osmium 
tetroxide (Product 19100, EMS) for 1 h. Treated cells were then dehy
drated using 50%, 70%, and 100% ethanol for 10 min each. The samples 
were treated twice with 100% propylene oxide (Product 8.07027.1001, 
Merck KGaA, Darmstadt, Germany) for 15 min. Infiltration was per
formed using a mixture of EMbed 812 one-step single mix formula 
composed of 20 ml of EMbed 812 (Product 14900, EMS), 16 ml of 
Dodecenyl Succinic Anhydride (DDSA) (Product 13710, EMS), 8 ml of 
Methyl-5-Norbornene-2,3-Dicarboxylic Anhydride (NMA) (Product 
19000, EMS) and 0.66–0.88 ml of 2,4,6-Tri(dimethylaminomethyl) 
phenol (DMP-30) (Product 13600, EMS). The samples were then 
soaked in a 1:1 solution of propylene oxide (embedding medium) for 1 h 
at room temperature, followed by a 2:1 solution of embedding medium 
at RT overnight. Finally, the mixture was replaced with a 100% 
embedding medium for 2 h at RT. Embedding was accomplished by 
transferring cell samples to EMS embedding capsules (Product 
69910–05, EMS) and filling them with the embedding medium. The 
capsules were incubated in an oven at 60 ◦C for 24 h to make blocks. 
After cooling to RT, the blocks were manually trimmed. An ultra-thin 
section of 100–200 nm was produced using an ultramicrotome (Prod
uct PT-PC #75840, RMC Boeckeler Instruments, Inc., Tucson, AZ, USA). 
Sections were loaded on a grid (Product G200-Cu, EMS) and stained 
with 1% uranyl acetate (Product 93–2840, STREM CHEMICALS, New
buryport, MA, USA) for 15 min in the dark, rinsed 6 times with normal 
saline followed by 0.5% lead citrate (Product 17810, EMS) and finally 
rinsed with distilled water. After drying, samples were examined using a 
transmission electron microscope (JEOL JEM 1400, USA). 

2.6. In silico prediction of the pharmacodynamics and pharmacokinetics 
of L. shawii metabolites 

2.6.1. Prediction of anticancer activity using PASS online web server 
The 2D chemical structures for each identified bioactive molecule 

were drawn using the Chemdraw tool and the Simplified Molecular 
Input Line Entry System (SMILES). The anti-cancer activity of the me
tabolites was predicted using the PASS Online web server (http://www. 
way2drug.com/passonline). A higher probability score (Pa) suggests 
that the compound is an active antineoplastic and anti-cancer agent 
[37]. 

2.6.2. Molecular target predictions using SWISSADME, sea search, and 
molinspiration 

The molecular targets for the bioactive metabolites identified in 
L. shawii were predicted using SWISS Target Prediction (http://www. 

swisstargetprediction.ch/ [38], Sea Search (https://sea.bkslab.org/, 
[39] and Molinspiration (http://www.molinspiration.com/cgi-bin/prop 
erties) web servers. The SMILES for each bioactive metabolite were used 
as an input to generate data. Three webservers were utilized to predict 
the biological targets for the bioactive molecules against several targets, 
including GPCR ligands, ion channel modulators, kinase inhibitors, 
nuclear receptor ligands, protease inhibitors, and other enzymes. 

2.6.3. Molecular docking of identified metabolites of human carbonic 
anhydrase IX enzyme using glide 

The 2D chemical structures for the bioactive metabolites identified in 
L. shawii extract were prepared using the LigPrep tool in maestro mo
lecular modeling software (Schrödinger Release 2021–4: Schrödinger, 
LLC, New York, NY, 2021). Several conformations were generated for 
each active metabolite using the ConfGen tool [40], and all structures 
were optimized and minimized to prepare them for docking. Moreover, 
the crystal structure of the human carbonic anhydrase IX (CA IX) (PDB: 
5FL6, Resolution: 1.95 Å) was selected for protein preparation and grid 
generation using Protein Preparation Wizard [41] and Glide tools [42]. 
Standard precision (SP) scoring function was used, and the generated 
poses were subjected to post-docking analysis. 

2.6.4. Molecular dynamics (MD) simulation for ligand-protein complex 
using desmond 

The best-docked ligand-protein complex was selected for a further 
molecular simulation study using the Desmond tool (Schrödinger 
Release 2021–4: Desmond Molecular Dynamics System). The system for 
the ligand-protein complex was prepared using the TIP4P water (8345 
molecules) model, and the system was neutralized by adding 7 Na+. The 
NPT ensemble was utilized, and the complex was subjected to relaxation 
before the production run. The simulation run was performed for a 100 
ns timescale, and the Desmond simulation interaction diagram (SID) was 
used for further analysis [43]. 

2.6.5. Pharmacokinetics of metabolites: absorption, distribution, 
metabolism, and excretion properties by SWISSADME webserver 

The metabolites’ pharmacokinetics, including absorption, distribu
tion, metabolism, and excretion (ADME) properties, were predicted 
using the SWISSADME web server (http://www.swissadme.ch/) and 
QikProp [44] computational tools. Molecular weight, lipophilicity (Log 
P), solubility (Log S), blood-brain barrier (BBB) penetration, gastroin
testinal (GI)/oral absorption, and violation of Lipinski’s rule of five 
(ROF) were used as pharmaceutical parameters. Furthermore, the 
SWISSADME webserver was applied to predict CYP-P450 enzyme inhi
bition. The SMILES were used as an input, and CYP enzymes CYP1A2, 
CYP2C19, CYP2C9, CYP2D6, and CYP3A4 were evaluated. 

2.6.6. Organ toxicity and safety predictions 
ProTox-II webserver was utilized to predict the identified metabo

lites’ organ and endpoint toxicity (hepatotoxicity, carcinogenicity, 
immunotoxicity, mutagenicity, and cytotoxicity). The prediction models 
were developed using an in-vitro and in-vivo database to ensure the 
prediction accuracy for molecules. 

2.6.7. Statistical analysis 
Two-way ANOVA was used to analyze the differences in inhibition 

between anti-microbial agents (L. shawii extract, AgNPs, Pen-AgNPs). In 
addition, Sidak’s multiple comparisons test was performed to identify 
statistical differences in treatment within bacterial species. Cytotoxic 
data were best fitted to log (inhibitor) vs. response – Variable slope (four 
parameters) model, from which the IC50 was calculated. Statistical 
analysis was performed using GraphPad Prism Software version 9.1 (San 
Deigo, California, USA). 
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Fig. 1. Base peak chromatogram of the methanolic extract of L. shawii and identification of the metabolites: costunolide (A), catechin (B), emodin (C), lyciumaside 
(D), and aloe emodine 11-O-rhamnoside (E). Means m/z implies measured m/z. 
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3. Results 

3.1. Identification of L. shawii metabolites by LC–QTOF-MS 

The electrospray ionization total ion chromatogram of L. shawii 
methanolic extract is presented in Fig. 1. After conducting a mass 
screening of the spectrum, the chemical features were extracted from the 
LC-MS by identifying the detected nodes at various retention times, with 

a minimum intensity of 6000 counts, which were aligned with previ
ously detected compounds considering adducts ([M+H]+, [M+Na]+, 
[M+K]+, and [M-H]-). The identified compounds of L. shawii extract 
were costunolide [45], catechin [45], emodin [45], lyciumaside [46], 
and aloe emodine 11-O-rhamnoside [45] (Fig. 1). 

Furthermore, fourier-transform infrared assessment of the L. shawii 
extract provided spectra peaks at 1634.53, 1940.01, 1972.72, 2003.67, 
2030.38, 2047.49, 2162.19, 2181.25, 2222.15, and 3291.41 cm− 1 

Fig. 2. FTIR data L. shawii extracts (A) and AgNPs mediated by L.shawii (B) peaks represent the functional group of expected organic compounds present.  

Fig. 3. Size distribution of synthesized AgNPs.  
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(Fig. 2A). 

3.2. Characterization of AgNPs 

The spectra peaks of AgNPs were at 1635.68, 1978.69, 1992.42, 
2005.54, 2021.25, 2049.48, 2131.73, 2145.32, 2157.55, 2188.68 and 
3292.98 cm− 1 (Fig. 2B). A slight difference in the magnitude of the 
absorption bands was observed between the AgNPs and plant extract. 
DSL data identified AgNPs to have an average size of 69.43 nm diameter 
(Fig. 3). TEM images revealed spherical and well dispersed nanosize 
AgNPs (Fig. 4). EDX spectroscopy attached with an SEM microscope is 
too used to recognize the elemental configuration of the biosynthesized 
AgNPs. The observed EDX spectrum of AgNPs is well represented in  
Fig. 5, which shows the confirmation of silver (Ag), oxygen (O), and 
carbon (C) at their corresponding energy value. The diffraction peaks for 
XRD analysis were at 37.4◦, 43.6◦, 63.9◦, 77.0◦, and 81.1◦ correlating 
with the following planes: 111, 200, 220, 311, and 222, respectively, as 
presented in Fig. 6. Results were in agreement with the values for a face- 
centered cubic (fcc) structure of Ag which confirmed the synthesis of 
AgNPs. 

3.3. Anti-bacterial activity 

Tested bacteria showed sensitivity to both AgNPs and Pen-AgNPs, 

Fig. 4. TEM images showing the surface morphology and distribution of AgNPs, micrographs at scale bars: 100 nm.  

Fig. 5. (A) SEM surface morphology of AgNPs. (B and C) Quantitative data analysis of the SEM image identifying the weights of C, O, and Ag atoms using EDS.  

Fig. 6. XRD pattern of AgNPs indicates five intense peaks ranging from 20–85 
in the whole spectrum of 2θ degrees. The intense diffraction peaks were 
observed at 37.4◦, 43.6◦, 63.9◦, 77.0◦, and 81.1◦, corresponding to 111, 200, 
220, 311, and 222 planes for fcc structure of AgNPs, respectively. 
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but the zone of inhibition was significantly greater for the latter 
(p < 0.0001) (Fig. 7). The inhibition zone of AgNPs for gram-positive 
S. aureus was 17.50 ± 0.57 mm and for S. mutans 12.75 ± 0.96 mm, 
while for gram-negative K. pneumonia, it was 10.50 ± 0.58 mm and for 
E. coli 11.25 ± 0.96 mm. For Pen-AgNPs, the anti-bacterial activity was 
greater against gram-positive than gram-negative bacteria. The inhibi
tion zones were, for S. aureus 33.00 ± 1.00 mm, S. mutans 34.67 
± 1.53 mm, K. pneumonia 18.00 ± 1.00 mm, and E. coli 16.00 
± 1.00 mm (p < 0.0001). The L. shawii extract inhibited all tested bac
teria but significantly less than the AgNPs and Pen-AgNPs. The zones of 
inhibition were for S. aureus 11.00 ± 1.00 mm, S. mutans 8.66 
± 0.58 mm, K. pneumonia 7.33 ± 0.58 mm, and E. coli 7.33 ± 0.58 mm 
(Fig. 6). A significant difference in the effects of the treatments was 

observed for all tested bacteria (p < 0.0001). Additionally, a consider
able difference in the interactions between bacteria for any one of the 
treatments was also observed (p < 0.0001). 

3.4. Cytotoxicity 

A dose-dependent sigmoidal inhibitory response was observed, 
causing a reduction in cell viability (p < 0.0001) for all three tested cell 
lines (human cancer cell lines; HCT116 and MDA MB 231 and one 
normal cell line; MCF 10 A) (Fig. 8A). Each data set was best fitted to the 
model log (inhibitor) vs. response – Variable slope (four parameters) 
(p < 0.0001). IC50 values were 77.87 μg/ml for the normal cell line, 
MCF10A, 61.74 μg/ml, and 251.80 μg/ml, respectively, for the two 

Fig. 7. Anti-bacterial activity as inhibition zones of L. shawii extract (L. shawii), AgNPs (L-AgNPs) and Pen- AgNPs (L-AgNPs + penicillin). * ** * refers to a significant 
difference between anti-microbial agents (two-way ANOVA, p < 0.0001). 

Fig. 8. (A) Cytotoxic effect of various concentrations of AgNPs on cancer cells; HCT116 and MDA MB 231 and control MCF 10 A. (B) Normalized cytotoxic response 
plotted as log dose AgNPs against % cell viability of cancer cell lines; HCT116 and MDA MB 231 and control MCF 10 A. 
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cancer cell lines HCT116 and MDA MB 231 (Fig. 8B). 

3.5. TEM analysis of AgNPs treated cancer cells 

The morphology of AgNPs-treated MDA MB 231 cells was distinctly 
altered compared to untreated MDA MB 231 cells. The cells appeared to 
have membrane blebbing, appearing leaky and cellular debris was found 
scattered around the cell. Ultrastructural changes were observed. 
Apoptosis was observed as irregular nuclei and cell shapes besides 
peroxisomes, enlarged mitochondria, damaged mitochondria, 
condensed nucleolus, lipid droplet, and enlarged vacuoles (Fig. 9). 

3.6. In silico prediction of the pharmacodynamics and pharmacokinetics 
of L. shawii extract metabolites 

3.6.1. Anti-cancer activity 
Costunolide exhibited the highest probability score as an anticarci

nogenic agent, followed by Lyciumaside, Aloe emodine 11-O-rhamno
side, catechin, and Emodin (Table 1). 

3.6.2. Molecular target predictions 
Three web servers predicted biological targets for the identified 

metabolites (Table 2). The five identified L. shawii metabolites showed a 
high probability as enzyme inhibitors. SWISS Target Predictions and Sea 
Search suggested carbonic anhydrase (CA) IX enzyme as a potential 
biological target (Summarized in Table 2, Fig. 10). As an enzyme in
hibitor, costunolide exhibited the highest probability score, followed by 
catechin, aloe emodine 11-O-rhamnoside, lyciumaside, and emodin. 

3.6.3. Molecular docking of CA IX enzyme 
The docking protocol was validated by a one-step redocking of the 

native ligand Y0R into the CA IX crystal structure. The generated docked 
poses demonstrated a similar binding mode and interactions as the 
native crystal structure. The five docked L. shawii metabolites formed 
several interactions, including Zn coordination and hydrogen bond in
teractions with multiple amino acid residues (except costunolide) 
(Table 3), the detailed 2D molecular interaction for the identified 
metabolities are summarized in Fig. S1. Emodin demonstrated the best 
docking score (− 5.732) among the docked compounds with similar Zn 

Fig. 9. : TEM images of MDA MB 231 cell lines, Ctrl refers to the control displaying cell shape and comprehensive nucleus and organelles at × 8.000 magnification, 
bar 2 µm. A B and C are the cells treated with the same concentration of AgNPs at the same magnification but in three different fields of view. Ultrastructural changes 
display apoptosis characteristics such as irregular cell shape besides peroxisomes (red square), enlarged mitochondria (green square), damaged mitochondria (red 
arrow), condensed nucleolus (yellow arrow), lipid droplet (white arrow), and enlarged vacuoles (blue arrow). 

Table 1 
Anti-cancer activity scores of L. shawii metabolites according to PASS Online 
Webserver.  

Anticarcinogenic Activity Probability of being 
Active (Pa) 

Probability of being 
Inactive (Pi) 

Costunolide  0.950  0.004 
Catechin  0.795  0.005 
Emodin  0.791  0.013 
Lyciumaside  0.878  0.003 
Aloe emodine 11-O- 

rhamnoside  
0.818  0.005  
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coordination interaction relative to the native ligand. Emodin exhibited 
hydrogen bond and pi-pi interactions with HIS94 and THR200 residues. 
Moreover, the Zn coordination and binding mode were comparable to 
the native ligand in the CA IX crystal structure (Fig. 11). The 2D 
chemical structure and interactions of the Identified Lycium shawii Me
tabolites with Carbonic Anhydrase (CA) IX enzyme using Glide software 
(Supplementry. 

3.6.4. Molecular dynamic simulation of L. Shawii metabolites into the 
crystal structure of CA IX enzyme 

The root means standard deviation graph for the simulated complex 

indicated that the docked pose was stable during the simulation time 
due to less than 3.00 Å fluctuation in RMSD values over 100 ns (Fig. 12, 
A). Moreover, the protein-ligand contacts with the amino acid residues 
were stable during the simulation. The contacts included HIS94 (100% 
of simulation time), HIS96 (90% of simulation time), GLU106 (90% of 
simulation time), HIS119 (90% of simulation time), and THR201 (90% 
of simulation time) (Fig. 12, B). In addition, the Zn coordination be
tween O in emodin and Zn was maintained during 100 ns, indicating the 
coordination’s stability (Fig. 12, C). 

3.6.5. Predictions of ADME properties 
The molecular weights of the five L. shawii metabolites were below 

500 DA. Costunolide had the highest lipophilicity (Table 4, Fig. 13) with 
an acceptable degree of solubility that allowed the molecule to be 
permeable to cross the blood-brain barrier while demonstrating high 
gastrointestinal (oral) absorption. Catechin and emodin exhibited a 
similar profile in which both compounds possessed moderate lip
ophilicity and solubility with high gastrointestinal absorption and no 
blood-brain barrier penetration. Furthermore, Lyciumaside and Aloe- 
emodin 11-O-rhamnoside showed the lowest lipophilicity and good 
solubility with low gastrointestinal absorption and no crossing to the 
blood-brain barrier. Lyciumaside was the only metabolite that violated 
Lipinski’s five hydrogen bond donor and acceptor rules. 

3.6.6. Cytochromes (CYP) P450 enzymes inhibition profile 
Catechin, Lyciumaside, and Aloe emodine 11-O-rhamnoside did not 

possess any inhibition on CYP enzymes (Table 5), suggesting a safe 
profile for these active compounds. However, Costunolide demonstrated 
inhibition on CYP2C19 and CYP2C9, while emodin exhibited CYP1A2 
and CYP3A4 enzyme inhibition that could potentially affect drugs 
metabolized by these enzymes. 

3.6.7. Organ toxicity predictions 
ProTox-II web server showed no organ or endpoint toxicity of any 

type for catechin (Table 6, and Fig. 14). On the contrary, Costunolide, 
Lyciumaside, and Aloe emodine 11-O-rhamnoside demonstrated a po
tential immunotoxicity. Only Emodin and Aloe emodine 11-O-rhamno
side exhibited potential mutagenicity. Catechin was an inactive toxin 
suggesting the safest profile among the L. shawii metabolites. 

4. Discussion 

4.1. L. shawii metabolites 

The secondary metabolites identified from L.shawii extract have 
previously been recognized for their antioxidant and cytotoxic capa
bilities. Costonulide is a naturally occurring sesquiterpene lactone found 
in many edible plants such as lettuce [47]. Recently, it was shown to 
have anti-cancer activity against triple-negative breast cancer cell line 
MDA MB 231 [45]. Catechin is a flavonoid found in numerous edible 
plants and green tea. It has antioxidant, anti-inflammatory, and 
anti-cancerous properties [48]. Lyciumaside is a diacylglyceride initially 
identified from L. shawii and described as a robust antioxidant [46]. 
Emodin belonging to anthraquinones, is found in rhubarb and is well 
known for its anti-inflammatory, antioxidant, and anti-cancer activity 
[49]. In addition, its anti-microbial property increases the permeability 
of bacterial membranes and prevents normal cellular functions due to 
interactions with essential functional proteins [50]. However, emodin 
has poor oral bioavailability, and high doses can cause renal and hepatic 
toxicity [49]. Aloe-emodin is an isomer of emodin found in aloe latex 
with similar therapeutic properties to emodin. Both have been shown to 
suppress breast cancer cell proliferation by suppressing ER-α transcrip
tion, but aloe-emodin promotes ER- α ubiquitination [51]. Interestingly, 
aloe-emodin has antioxidant effects at low concentrations but is 
pro-oxidant at high concentrations [52]. 

The compounds have been reported in the literature to have 

Table 2 
Biological targets and probability score of L. shawii metabolites according to 
SWISS Target Prediction, Sea Search, and Molinspiration web server.  

L. shawii metabolite Target Predictions 

SWISS Target 
Prediction 

SEA Search Molinspiration 

Costunolide Carbonic 
anhydrase 

Prostaglandin G/H 
synthase 2 

GPCR ligand 0.24 
Ion channel 
modulator 0.07 
Kinase inhibitor 
− 0.52 
Nuclear receptor 
ligand 0.96 
Protease inhibitor 
− 0.28 
Enzyme inhibitor 
0.77 

Catechin No similar 
actives found. 

Carbonic 
anhydrase 

GPCR ligand 0.41 
Ion channel 
modulator 0.14 
Kinase inhibitor 
0.09 
Nuclear receptor 
ligand 0.60 
Protease inhibitor 
0.26 
Enzyme inhibitor 
0.47 

Emodin Estrogen 
receptor 

Estrogen receptor GPCR ligand 
− 0.14 
Ion channel 
modulator − 0.14 
Kinase inhibitor 
0.07 
Nuclear receptor 
ligand 0.17 
Protease inhibitor 
− 0.21 
Enzyme inhibitor 
0.21 

Lyciumaside Carbonic 
anhydrase 

Carbonic 
anhydrase 

GPCR ligand 0.03 
Ion channel 
modulator − 0.12 
Kinase inhibitor 
− 0.16 
Nuclear receptor 
ligand 0.02 
Protease inhibitor 
0.02 
Enzyme inhibitor 
0.27 

Aloe emodine 11- 
O-rhamnoside 

Carbonic 
anhydrase 

DNA 
topoisomerase 

GPCR ligand 0.12 
Ion channel 
modulator 0.07 
Kinase inhibitor 
0.06 
Nuclear receptor 
ligand 0.07 
Protease inhibitor 
0.27 
Enzyme inhibitor 
0.45  
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cytotoxic potential. Emodin, aloe emodin-11-O-rhamnoside, and lyciu
maside showed weaker antiproliferative potential in the triple-negative 
breast cancer cell line (MDA-MB-231 IC50˃72 μM) than aloe emodin 
(31 μM) [45]. Costunolide was a more potent antioxidant than emodin, 
aloe emodin-11-O-rhamnoside, and lyciumaside (42 μM) [45]. Howev
er, catechin was the most potent antioxidant tested (IC50 =55 μM) [45]. 
Previous in silico studies predicted costunolide to exert its anti-cancer 
effects strongly via the carbonic hydrase II enzyme [45]. 

4.2. AgNPs synthesis 

FTIR analysis identified proteins and polyphenolics in the original L. 
shawii extract and AgNPs; however, a shift in peaks was noted, indi
cating their role as reducing and stabilizing mediators in the fabrication 
process. Peaks detected at a range near 3300 cm− 1 could be linked to OH 
groups of polyphenolic and N-H stretching of amines [53]. Furthermore, 

peaks for amide 1 and carbonyl (C = O) stretching of proteins were 
noted at 635.68 for the L.shawii extract and AgNPs [53,54]. After mixing 
the AgNO3 and L.shawii extract, a change of the solution to a dark brown 
color indicated the successful synthesis of AgNPs, which were spherical 
and well distributed at mean sizes of nano-range. Furthermore, the EDX 
spectrum of AgNPs is similar to that previously reported [55], rather 
than observing a slightly spiked carbon peak. The O and C peaks 
confirmed the presence of carbon-based stabilizers in the sample, sug
gesting utilization of the phytochemicals in NP formation. Moreover, the 
presence of element C may correspond to the carbon type utilized to 
mount the desired sample during the experiment, and the presence of 
element O may refer to the surface oxidation [56]. The recorded XRD 
data indicated crystallographic structure and diffraction planes that 
belonged to the fcc structure of AgNPs. 

One study formed AgNPs using the fruit extract L. chinense, which 
provided NPs with an average size of 20–50 nm[57]. Another study 
obtained even smaller AgNPs using the aqueous extract of L. barbarum 
[58]. A wide range of AgNPs sizes obtained from the same plant genus 
highlights the variations within species-dependent metabolites and their 
significant role in the reduction process of forming AgNPs. 

4.3. Anti-microbial activity of L. shawii and AgNPs 

We can verify our hypothesis with the observations of the anti- 
bacterial activity of L. shawii extract and L. shawii-AgNPs. The current 
study revealed the anti-microbial activity of L. shawii, AgNPs, and pen- 
AgNP. The L. shawii extract had less antimicrobial activity than the 
AgNPs. The conjugated Pen-AgNPs boasted additional anti-microbial 
properties, and it was more effective on the gram-positive bacteria 
than the gram-negative bacteria. According to our findings, conjugation 
with penicillin confers a synergistic anti-microbial effect, more profound 

Fig. 10. The Predicted Molecular Targets (%) for L. shawii identified Metabolites using SWISS ADME Webserver. No targets were found for catechin.  

Table 3 
The SP docking Scores for the Identified L. shawii Metabolites with Carbonic 
Anhydrase IX enzyme using Glide.  

Compound Name Standard-Precision (SP) 
Glide Score 

Interactions with amino 
acid residues 

Costunolide  -4.185 No interaction 
Catechin  -5.419 HIS94, PRO202, and 

ZN1260 
Emodin  -5.732 HIS94, THR200, and 

ZN1260 
Lyciumaside  -4.513 PRO202, THR200, and 

ZN1260 
Aloe emodine 11-O- 

rhamnoside  
-4.280 ASP131, THR201, and 

ZN1260  
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in gram-positive bacteria. The antimicrobial effect may be further 
increased by using bimetallic NPs, as shown previously [59,60]. It is 
essential to identify if the activity observed in the current study can be 
broadly applied. Thus the AgNPs and the pen-AgNPs should be screened 
on a larger panel of gram-positive and gram-negative bacteria. The 
present findings agree with the many reports that showed enhanced 
additive or synergistic effects of conjugated antibiotic forms of either 
gold or silver nanoparticles [61–63]. The conjugated material was uni
form, well distributed, and not clumped together, which allowed easy 
entry and penetration into the cell wall, especially in the case of the 
gram-positive bacteria allowing the synergistic effect to be observed. 
Indeed, no or minor anti-microbial effects were seen in instances where 
conjugation had caused aggregation and compromised the 
nano-particulate structure [35]. 

4.4. Cytotoxic effect of AgNPs 

The cytotoxic and antioxidant effects of natural plant products are 
diverse when comparing different neoplastic cells and normal cells. 
Cytotoxicity of the synthesized AgNPs was measured against one normal 
breast epithelial cell line (MCF 10-A), one breast cancer cell line (MDA 
MBA 231), and one colorectal cancer cell line (HCT116). Both these 
cancer lines are known to be highly aggressive. AgNPs were cytotoxic on 
all tested cell lines, including the normal cell line. The most potent 
cytotoxic effect was observed in the colorectal cancer cell line (62 μg/ml 
AgNPs), which displayed a 4-fold greater potency than the breast cancer 
cell line (252 μg/ml AgNPs). In addition, a relatively potent cytotoxic 
effect was also observed in the control breast epithelial cell line 
(77.87 μg/ml AgNPs). Although the AgNPs were more potent in the 
control cell line than in the breast cancer cell line, it was less efficacious 
in the control cell line, indicated by a higher proportion of normal cells 
remaining viable, denoted by the smaller span of the curve. Therefore 
we can conclude that there appears to be little therapeutic potential of 
the AgNPs in the case of metastatic mammary adenocarcinoma but it 
may be useful in colorectal cancer. However, the AgNPs must be tested 

against a larger panel of normal and cancerous cell lines to accurately 
identify its potential use and selectivity in treating neoplasms . We 
believe the current study to be the first to prepare AgNPs using L. shawii. 
Previous studies highlight the broad cytotxicity profile of the Lycium 
species. L. barbarum-AgNPs displayed negligible cytotoxic effects on 
mouse embryonic cell lines [58]. L. chinese-AgNPs displayed strong 
cytotoxic properties against a breast cancer cell line (MCF7) and lower 
toxicity against normal murine macrophage cells (RAW264.7) [57]. 
Different species of Lycium have diverse abilities to form AgNPs, and 
their cytotoxic profiles vary due to the presence of secondary metabo
lites. For example, L. barbarm extract was cytotoxic against a selection of 
cancer cell lines to various degrees [64]. The L. schweinfurthii extract 
contains flavonoids that mediated cytotoxic effects on colon and skin 
cancer cells, while minimal cytotoxicity was observed against normal 
cell lines [30]. A recent study on L. shawii identified several compounds, 
mainly flavonoids, and phenolics, responsible for mediating cytotoxic 
and anti-bacterial effects [25]. Based on the current data, we conclude 
that L. shawii-AgNPs have therapeutic potential, but since very few 
studies have explored the safety profile based on the selectivity to 
cancerous vs. normal tissue, carefully designed experiments are required 
to elucidate the potential therapeutic use in humans. 

4.5. In Silico pharmacodynamic and pharmacokinetic analysis of 
L. shawii metabolites 

In the present study, we sought to utilize computational approaches 
to provide additional molecular insights to our experimental findings for 
the identified metabolites in the L. shawii extract, which could be good 
reducing agents in the fabrication of AgNPs. The PASS online web 
server’s predicted activity revealed high anti-cancer properties for the 
five identified metabolites. Furthermore, the molecular targets predic
tion study suggested that the Carbonic Anhydrase enzyme could be a 
potential target for mediating the anti-cancer [65–68] and antibacterial 
activities [68,69] since most of the identified metabolites showed a high 
probability at this target. The Carbonic Anhydrase IX enzyme selection 

Fig. 11. (A) Molecular interactions of CA IX enzyme with emodin, (B) CA IX containing Zn with emodin, (C) Overlay of the binding mode of the native ligand Y0R 
with emodin within a binding site of CA IX. 
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was based on the reported studies that showed increased expression 
levels in HCT116 and MDA-MB-231 cancer cells [70–73], suggesting 
inhibition of CA IX could be a novel therapeutic approach for an invasive 
type of cancer. Moreover, it has been reported that CA IX inhibitors 
possess anti-cancer and antibacterial activities [74,75], indicating dual 

therapeutic action for treating fatal human diseases. 
In vitro, experimental testing of the L. shawii extract exhibited 

promising anticancer and antibacterial activity, which may result from 
inhibition of the CA IX enzyme, as was reported in a previous study that 
demonstrated similar biological activities mediated via CA IX [68]. To 

Fig. 12. Detailed Protein-Ligand Interactions during the Simulation Time (100 ns) for Emodin-Carbonic Anhydrase IX complex.  
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confirm this, a molecular docking study was conducted using the Glide 
tool, and our results showed that emodin exhibited the highest docking 
score with two crucial amino acid interactions, including hydrogen 
bonding and Pi-Pi stacking with HIS94, and THR200, respectively. 
Moreover, multiple factors contributed to the high docking score [76] of 
emodin, including the type of amino acids involved in the interactions, 
the ligand binding pose, the type of intermolecular forces that were 
formed, and the distance between amino acid residues, zinc, and me
tabolites at the binding pocket. 

To further confirm the stability of molecular docking results, a mo
lecular dynamics simulation study was conducted for the highest 
docking pose of emodin. Interestingly, the protein-ligand contacts and 
zinc coordination were stable and consistent over the simulation run 
(100 ns). Additionally, our ADME and safety findings showed that most 

Table 4 
Predicted values for ADME Properties and pharmacokinetics for the Bioactive Molecules Identified in L. shawii extract using SWISSADME and QikProp Tools.  

Compound Name Molecular Weight Log Po/w Log S Blood-brain barrier 
Permeant 

GI Absorption Rule of Five 

SWISS 
ADME 

QikProp SWISS 
ADME 

QikProp SWISS 
ADME 

QikProp SWISS 
ADME 

QikProp SWISS 
ADME 

QikProp SWISSADME 

Costunolide  232.32  232.322  3.55  2.748 -3.05 
Soluble  

-3.1 Yes  1 High  100 Yes; 0 violation 

Catechin  290.27  290.272  1.22  0.444 -2.14 
Soluble  

-2.502 No  -2 High  61.245 Yes; 0 violation 

Emodin  270.24  270.241  1.89  1.234 -3.91 
Soluble  

-2.995 No  -2 High  68.565 Yes; 0 violation 

Lyciumaside  462.40  462.409  -0.08  -0.22 -1.18 
Soluble  

-3.017 No  -2 Low  17.588 No; 2 violations: 
NorO> 10, NHorOH> 5 

Aloe emodine 11-O- 
rhamnoside  

416.38  416.384  0.07  -0.051 -2.79 
Soluble  

-3.17 No  -2 Low  51.04 Yes; 0 violation  

Fig. 13. ADME Properties for the L. shawii Metabolites using SWISSADME Webserver. LIPO: Lipophilicity, Size: Molecular weight, POLAR: solubility, INSOLU: 
insolubility, INSATU: insaturation, and FLEX: flexibility. The properties involved in the colored zone are preferred for orally active drugs. 

Table 5 
CYP-P450 Enzyme Inhibition of L. shawii metabolites according to SWISSADME 
Webserver.  

Compound CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 

Costunolide No Yes Yes No No 
Catechin No No No No No 
Emodin Yes No No No Yes 
Lyciumaside No No No No No 
Aloe emodine 11-O- 

rhamnoside 
No No No No No  

Table 6 
Organ and Endpoint Toxicity Predicted using the ProTox-II Web Server.  

Compound Name Classification  

Organ Toxicity (% Probability) Toxicity Endpoint (% Probability)  

Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity 

Costunolide Inactive (62) Inactive (57) Active (99) Inactive (88) Inactive (83) 
Catechin Inactive (72) Inactive (51) Inactive (96) Inactive (55) Inactive (84) 
Emodin Inactive (70) Inactive (79) Inactive (69) Active (93) Inactive (96) 
Lyciumaside Inactive (81) Inactive (77) Active (98) Inactive (75) Inactive (87) 
Aloe emodine 11-O-rhamnoside Inactive (84) Inactive (74) Active (99) Active (63) Inactive (85)  
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of the metabolites demonstrated acceptable ADME properties with no 
major ROF violations, minor CYP enzymes inhibition, and toxicity that 
could be further optimized by implementing medicinal chemistry ap
proaches. Our study suggests that emodin could be utilized as a lead 
compound, optimized, and developed to generate novel CA IX inhibitors 
with dual therapeutic action [68]. Therefore, chemistry optimization 
strategies are needed to generate several analogs to improve the phar
maceutical profiles, including ADME properties and safety aspects, and 
perform additional in-vitro and in-vivo anti-cancer and antibacterial 
testing for the identified metabolites. 

Taken together, our study highlights promising dual anti-cancer and 
anti-bacterial effects for the L. shawii extract via CA IX enzyme inhibition 
. The in silico approach appeared to predict the efficacy of green syn
thesized NPs successfully since it is expected to be capped with the 
detected L.shawii metabolites. Moreover, we were able to show the 
mechanism and the target molecule. We show the great benefit of using 
the in silico approach to search for biological drugs and recommend it in 
all studies. 

5. Conclusion 

The L. shawii aqueous extract was successfully used to fabricate 
AgNPs, and the in vitro tests identified the potential therapeutic efficacy 
of L. shawii metabolites and L. shawii -fabricated AgNPs. The antimi
crobial effect of AgNPs was boosted when the NPs were conjugated with 
penicillin. The inhibitory effect of AgNPs against methicillin-resistant 
S. aureus and HCT116 colorectal cancer cells was strong. However, it 
had a weak therapeutic potential for the aggressive breast cancer cell 
line, MDA MBA 231. Of the L. shawii detected metabolites, emodin was 
in silico predicted as a promising compound for developing drugs that 
target the enzyme carbonic anhydrase IX. Our study highlights prom
ising dual anti-cancer and anti-bacterial effects of the L. shawii extract 
via carbonic anhydrase IX enzyme inhibition, which warrants further 
research and investigation. 
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