
Vol:.(1234567890)

BioNanoScience (2024) 14:2854–2871
https://doi.org/10.1007/s12668-024-01353-9

RESEARCH

Characterization and Comparative Investigation of In Vitro 
Bioactivities for Lactuca anatolica Root Aqueous Extract and Their 
Green‑Chemical Synthesized Nanoparticles; Molecular Docking 
Studies

Noor Nayel1   · Sarmad Marah1   · Tevfik Ozen1   · Ilyas Yıldız2,3   · Ramazan Erenler2,4   · Lutfi Behcet5 

Accepted: 29 February 2024 / Published online: 25 May 2024 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract
The current study synthesized silver nanoparticle (AgNP) biosynthesis and sustainable biochemical approaches, molecular 
docking studies using endemic and medicinal L. anatolica root aqueous extract. AgNPs were characterized in detail by TEM, 
XRD, and spectroscopic techniques such as FT-IR and UV–vis. The bioactivity of AgNPs was investigated with antioxi-
dant, anti-inflammatory, photocatalytic, antibacterial, enzyme inhibition, and DNA protection tests. The AgNP formation 
was verified by UV–vis examination at 440 nm and the XRD, which showed a clearly defined crystalline organization. The 
TEM picture revealed uniformly distributed with a spherical shape and an average diameter of 17.5 nm. The synthesized 
AgNP exhibited PMRA (A0.5, 0.10 µg/mL), RPA (A0.5, 1.17 µg/mL), LPI (IC50, 1.10 µg/mL), DPPH• (IC50, 2.61 µg/mL), 
and ABTS•+ (IC50-6.21µg/mL) scavenging activities higher activity than the aqueous extract and the standards. Photocata-
lytic activity of AgNP exhibited significant methylene blue dye degradation efficiency when exposed to visible light for 5 h. 
AgNP displayed efficient inhibition of BSA denaturation with 57.58% at 125 µg/mL. Urease, BChE, and α-amylase inhibition 
activities of AgNP were more effective than aqueous extract and drugs. AgNP had excellent antibacterial activities, with an 
8.5 and 9.0 mm inhibition zone against Bacillus cereus and Enterococcus faecalis. In silico studies chlorogenic acid-AgNP 
interaction product, the antibacterial activity of AgNPs was consistent with their in vitro effectiveness, as high molecular 
docking scores between − 203 and − 238. It was observed that AgNP protected DNA against oxidative damage more than 
quercetin. This is the first report confirming the strong antioxidation, antimicrobial, enzyme regulatory, anti-inflammatory, 
photocatalytic, and DNA protector of aqueous extract and AgNP.
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1  Introduction

In addition to their exceptional optical, electrical, and anti-
bacterial capabilities, metal nanoparticles like Ag have 
attracted much attention over the years. However, these 
nanoparticles’ poisonous properties and aggregation have 
restricted their usage in more effective applications [1, 
2]. The surface of these particles can be functionalized 
with therapeutically effective biomolecules, which will 
undoubtedly improve their biocompatibility and biologi-
cal application [3]. Nano Ag is not a new concept. Lea 
published the first synthesis of an Ag colloid stabilized 
by citrate in 1889. Though not technically recognized or 
known as “nano,” literature suggests that Ag colloids have 
been utilized in the medical field under the term “Col-
largol” for more than 100 years, dating back to 1897. In 
the USA, the earliest biocidal Ag substance “Algaedyn” 
was registered in 1954, and it is being used in disinfect-
ants today. The progress of nanotechnology over the last 
two decades has opened up new opportunities for AgNPs. 
Because AgNPs are at the nano-scale dimension, they have 
several novel characteristics compared to the bulk metal, 
which has sparked considerable interest in creating new 
usage [4].

Creating eco-friendly techniques that do not employ 
hazardous chemicals in the synthesis protocols is becom-
ing increasingly critical in the modern world. Green syn-
thesis techniques have benefits over traditional procedures 
that use chemical agents linked to environmental damage 
[5]. These techniques include mixed-valence polyoxo-
metalates, polysaccharides, Tollens, and biological and 
irradiation processes [6]. Regarding the green synthesis 
of nanoparticles, the most crucial factors to consider are 
the choice of solvent medium and the choice of non-toxic, 
environmentally friendly reducing and stabilizing agents 
[7]. Given this, the present investigation aimed to evalu-
ate the biological efficacy of Ag nanoparticles synthesized 
from Lactuca anatolica root extract.

The Asteraceae, or Compositae family, is one of the 
most well-known plant families. Except for Antarctica, 
this plant family has colonized every continent and thrived 
in various settings [8]. The Asteraceae family has around 
1600 genera and 23,000 species [9–11]. Many Asteraceae 
plants have medicinal properties. According to chemo-tax-
onomic features, the most significant main chemical group 
in this family is flavonoids, coumarins, diterpenes, polya-
cetylenes, oxygenated sesquiterpenes, and sesquiterpene 
lactones, which are responsible for the plant’s therapeutic 
effects [12, 13]. Although many Asteraceae species con-
tain antimicrobial and protective chemicals, the biological 
activities of such plants are still not substantially explored. 
Many Asteraceae plants are currently treasured for their 

applications in the kitchen and the medicinal profession. 
They do well in semiarid and subtropical settings. Multi-
ple species of the Compositae family have been used for 
health purposes, including those with antibacterial and 
anti-inflammatory properties [14].

Lactuca types like L. sativa and L. ulva allow long-term 
particle production [15–17]. The investigation revealed the 
antibacterial efficacy of nanoparticles against B. subtilis, S. 
aureus, K. pneumonia, and E. faecalis. L. ulva also possesses 
substantial reduction and DPPH• scavenger abilities. Apply-
ing marine green macro-algal L. ulva extract, a group of aca-
demics developed nanoparticles that targeted the HCT-116 
cell line and were active against malignant cells. According 
to the findings, L. ulva nanoparticles might be effective in 
targeted anticancer therapies [18, 19].

According to the relative scarcity of scientific study on 
L. anatolica (Asteraceae: Lactucinae), a taxonomically 
distinctive member of the acclaimed botanical lineage under 
consideration, [20] its potential medicinal benefits must be 
investigated. Considering the immense medicinal importance 
of Lactuca species, the L. anatolica root aqueous extract and 
the synthesized AgNP were conducted to develop a sustainable 
approach and evaluate a therapeutic potential. The different 
in vitro effects of AgNP synthesized from L. Anatolica root 
aqueous extract, which is also used by the public for different 
purposes, have not been investigated in previous publications. 
Therefore, the in  vitro antioxidant, enzyme inhibition, 
antibacterial, anti-inflammatory, and DNA protection 
properties of the aqueous extract and biosynthesized AgNPs 
need to be investigated and examined in detail. In addition, the 
antibacterial effects of the recommended AgNP product, based 
on the main component of the aqueous extract, were examined 
through molecular docking studies.

The different in vitro effects of AgNP synthesized from 
L. Anatolica root aqueous extract have not been investigated 
in previous publications. Therefore, the in vitro antioxidant, 
enzyme inhibition, antibacterial, anti-inflammatory, and 
DNA protection properties of the aqueous extract and bio-
synthesized AgNPs need to be investigated and examined 
in detail. In addition, the antibacterial effects of the recom-
mended AgNP product, based on the main component of the 
aqueous extract, were examined through molecular docking 
studies. HPLC–MS/MS analysis of the aqueous root extract 
in which AgNP was biosynthesized was performed. Addi-
tionally, molecular docking was applied to the interactions 
between the main component-NP and antibacterial targets 
for antibacterial testing. Biosynthesized AgNP was charac-
terized by ultraviolet–visible (UV–vis), Fourier transform 
infrared spectroscopy (FTIR), scanning electron microscopy 
(SEM), X-ray diffraction (XRD), and transmission electron 
microscopic (TEM). Antioxidation activity was tested by 
determining phosphomolybdate reducing assay (PMRA), 
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reducing power assay (RPA), lipid peroxidation inhibition 
(LPI), free radical (DPPH˙), and ABTS•+ scavenging effects. 
Enzyme inhibition capacity was determined with α-amylase, 
urease, acetylcholinesterase (AChE), and butyrylcholinest-
erase (BChE) enzymes. Disc diffusion and microdilution 
methods were used for antimicrobial activity. Additionally, 
anti-inflammatory, photocatalytic, and DNA protection 
activities were applied with molecular docking. This work 
aims to provide a fresh prespective on the bioactivity testing 
and of AgNPs by using spectroscopic analysis, bioactivity 
tests, and molecular docking investigations to root water 
extract and biosynthesized AgNP for the first time.

2 � Materials and Methods

2.1 � Plant Collection

Roots of L. anatolica (Asteraceae: Lactucinae) were 
procured from Bingol, Turkey. The L. anatolica roots 
(LAR) were gathered by Prof. Dr. Lutfi Bechet, instructor 
in the Biology Department, Faculty of Sciences and Arts, 
Bingöl University. A voucher specimen was submitted to the 
herbarium with voucher number BIN17939.

2.2 � Extract Preparation

Fresh roots (R) were removed from whole plants and cleaned 
in tap water to remove soil particles. They were dried in airflow 
at room temperature. Dry root samples were entirely pulver-
ized by electric crushing. One hundred milliliters of distilled 
water and root powder (40 g) were mixed homogeneously 
and incubated in a water bath. The aqueous (AQ) extract was 
filtered through Whatman no. 1 filter paper, lyophilized, and 
dried. The crude LAR-AQ extract was stored at − 20 °C.

2.3 � Ag nanoparticle (AgNP) Synthesis

For Ag nanoparticle (AgNP) biosynthesis, 100  mL of 
0.071 mM AgNO3 aqueous solution was added to 25 mL of 
freshly prepared LAR-AQ extract [21]. The reaction mixture 
was stirred continuously at pH 7 and 65 °C for 2 h. At the 
end of the reaction, the color transformation showing the 
synthesis of AgNP, which consists of the reduction reaction 
of Ag+

(aq) ions to Ag0
(aq), was observed and analyzed.

2.4 � Characterization Processes of AgNPs

For the characterization of LAR-AgNP, AgNP prepared 
under optimized conditions was centrifuged at 10,000 × g 
for 25 min at 4 °C [21]. The resulting residue was wholly 
dried in the lyophilizer. Using UV–vis spectrophotometry 
(UV–vis, UV-2600), the spectral analysis of L. anatolica 

root Ag nanoparticle (LAR-AgNP) was ascertained in the 
range of 300–700 nm to scan the reduction of AgNO3. 
Fourier transform infrared spectroscopy (FTIR) analysis 
was evaluated in ATR mode (FT/IR-4000, ATR-Pro One, 
FTIR 4700, JASCO) to identify the chemical groupings 
of natural compounds that were serving as reducing, cap-
ping, and stabilizing agents involving in the bio-reduction 
of AgNO3. Transmission electron microscopic (TEM) with 
EDX (Quanta Feg450) analyses were used to visualize the 
morphology and particle diameter of the nanoparticles. The 
crystal structure of AgNPs was examined using X-ray dif-
fraction (XRD, Empyrean, Malvern Panalytical Diffractom-
eter) [22].

2.5 � Quantification of Total Phenolic and Flavonoid

Total phenolic content (TPC) and total flavonoid content 
(TFC) of LAR-AQ extract were determined by Singleton and 
Rossi [23] and Chang, Yang, Wen, and Chern [24] using the 
methods applied, respectively. TPC and TFC values of sam-
ples mg gallic acid as equivalent (GAE) and mg quercetin 
expressed as equivalents (QE), respectively.

2.6 � HPLC–MS/MS Analysis

The LAR-AQ extract (50 mg) was put into tube to conduct 
with LC–MS/MS analysis. After adding 2 mL of ethanol, the 
mixture was swirled. Hexane was used to remove the gener-
ated mixture. The final combination was centrifuged and agi-
tated for 10 min at 9000 rpm. From the resultant solution, 100 
µL of the methanol phases were sampled, and the volume was 
diluted to 900 µL using a ratio of 450 (water)/450 (methanol). 
The final sample was filtered and subjected to LC/MS–MS 
analysis at a temperature of 40 °C, a 5.12 mL injection vol-
ume, a 0.4 mL/min flow rate, and a 30-min procedure time.

2.7 � Antioxidant Activity

The antioxidant activity was performed with IC50, and A0.5 
values were predicted based on the activity results. At the 
effective concentration of 0.5 absorbances, phosphomolybdate 
reducing assay (PMRA) and reducing power assay (RPA) were 
found to be A0.5 (µg/mL). For lipid peroxidation inhibition 
(LPI), free radical (DPPH˙), and ABTS˙+ scavenging activi-
ties, IC50 values (µg/mL) are also presented as half-maximal 
capture concentrations of 50% [25]. The antioxidant activi-
ties of LAR-AQ extract and LAR-AgNP were determined at 
695 nm for PMRA [26], at 700 nm for RPA [27], at 517 nm for 
DPPH˙ scavenging activity [28], at 734 nm for ABTS•+ radical 
scavenging activity [29], and at 532 nm for LPI activity [30]. 
Ascorbic acid, trolox, and BHT were tested with extract and 
compared with standard compounds.
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2.8 � Enzyme Inhibitory Activity

α-Amylase [31], urease [32], acetylcholinesterase (AChE), 
and butyrylcholinesterase (BChE) [33, 34] inhibitory activi-
ties of LAR-AQ extract and LAR-AgNP were studied. In 
these assays, applying a reader for microplates, the samples’ 
ability to inhibit enzymes was evaluated, and the sample 
concentration needed to achieve a 50% reduction in maxi-
mal activity was computed. For any enzyme inhibiting test, 
including, the half-inhibitory concentrations (IC50) of LAR-
AQ extract and LAR-AgNP were assessed. Standard medica-
tions were also contrasted.

2.9 � Antibacterial Activity

To evaluate the inhibition zone (IZ) and minimal inhibi-
tory concentration (MIC) of the LAR-AQ extract and 
optimized LAR-AgNP against tested six bacterial strains, 
we tested the disc diffusion and microdilution methods, 
as previously reported [35]. The bacterial strains were 
cultured on Mueller–Hinton agar (MHA, 38 g/L ddH2O) 
medium and were kept at 37 °C for 24 h in a sterile cabi-
net. Three of the bacteria were gram-negative (Pseu-
domonas aeruginosa, ATCC 15442; Escherichia coli, 
ATCC 25922; Klebsiella pneumonia, ATCC 10031), and 
three of the bacteria were gram-positive (Bacillus cereus, 
CCM 99; Enterococcus faecalis, ATCC 29212; and Staph-
ylococcus aureus, ATCC 25213). The B. cereus strain was 
incubated for 16 to 18 h at 30 °C. Before beginning the 
activity, every culture of bacteria needed to be diluted to 
the McFarland turbidity standard of 0.5 (1.5 × 108 CFU/
mL) and homogenized using sterile saline (0.85% NaCl) 
mixture.

Using the disc diffusion technique, the samples’ anti-
bacterial activity was ascertained [36]. The sterilized 
Petri dishes were filled with 25 mL of Mueller–Hinton 
agar (MHA). After adding a few bacteria, 5 mL of sterile 
saline (0.85% NaCl) solution was added, and the McFar-
land adjustment was set to 0.5. The sample (50 µL) was 
absorbed into discs before being put on agar, and the bac-
terial solution with the McFarland value adjusted to 0.5 
was added to the agar. It was incubated for 16 to 18 h 
at 37 °C. The inhibitory zone is given in millimeters. 
As positive controls, tetracycline and amoxicillin were 
administered.

Tests using extract and NP doses in a cationic Muel-
ler–Hinton broth (MHB) medium were used to calculate the 
MIC. The findings were expressed in µg/mL. MgCl2 and 
CaCl2 were added at 2 mg/mL values to create the cationic 
MHB. The sterilized 96-well plate had 100 µL of extracts or 
antibiotics in each well. Five microliters of this product were 
added to each well after 1 mL of the bacterial solution con-
taining 0.5 McFarland was combined with 9 mL of MHB. 

The plate was then incubated for 2 h at a temperature of + 4 
°C. The procedure of incubation lasted exactly 18 h at 37 °C. 
Over 16–18 h, only B. cereus was maintained at 30 °C. Fol-
lowing that, the data were recorded, and the agar plates were 
visually examined for any indications of turbidity or growth.

2.9.1 � Anti‑inflammatory Activity

Research was conducted on the impact of LAR-AQ and 
LAR-AgNP on the denaturation of bovine serum albumin 
(BSA) protein in a somewhat different manner than Rah-
man, Eswaraiah, Vakati, and Madhavi [37]. Five hundred 
milligrams of 0.5% bovine serum albumin (BSA) were 
dissolved in 100 mL of water. Buffer of saline phos-
phate, pH 6.3: 8 g of sodium chloride (NaCl), 0.2 g of 
KCl, 1.44 g of Na2HPO4, and 0.24 g of KH2PO4 should 
all dissolve in 800 mL of pure water. The volume was 
raised to 1000 mL with distilled water, and the pH was 
adjusted to 6.3 using 1N HCl. The test solution (0.5 mL) 
comprises 0.45 mL of BSA (0.5% w/v aqueous solution) 
and 0.05  mL of the test solution at different concen-
trations. The test control solution (0.5 mL) consists of 
0.05 mL of distilled water and 0.45 mL of BSA (0.5% 
w/v aqueous solution). A mixture of 0.05 mL test solution 
and 0.45 mL clean water makes up the product control 
(0.5 mL). 0.45 mL of BSA (0.5% w/v aqueous solution) 
and 0.05 mL of various dosages of diclofenac sodium are 
included in the standard solution (0.5 mL). The sample 
and diclofenac sodium solutions of 0.45 mL (0.5% w/v 
BSA) were mixed with 0.05 mL of various test medication 
concentrations (50, 100, and 250 µg/mL). The samples 
were incubated for 20 min at 37 °C and then for 3 min 
at 57 °C. After the solutions as mentioned above have 
cooled, add 2.5 mL of phosphate buffer. The absorbance 
was measured using a UV–vis spectrophotometer that was 
calibrated to 255 nm. The control shows the total dena-
turation of the protein. The results were contrasted with 
sodium diclofenac. The following formula may be used to 
get the % inhibition of protein denaturation.

2.9.2 � Photocatalytic Activity

In this study, methyl blue (MB) was reduced and degraded 
to determine the catalytic activity of LAR-AQ extract and 
LAR-AgNP. The photocatalytic activity was measured in 
visible light using MB. Ten milligrams of LAR-AQ extract 
and LAR-AgNP were combined with aqueous MB solu-
tion (10 mg/L) to form a suspension. The mixture was then 
shaken in the dark for 30 min to test the samples’ ability to 

% Inhibition = 100 −
OD

test
− OD

control

OD
test

× 100
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catalyze reactions. After that, the mixture was exposed to 
visible light for 4 h. The suspension was extracted in 3 mL 
at different intervals and centrifuged for 5 min at 4000 rpm. 
A UV–vis spectrophotometer was employed to examine the 
solution of the supernatant. The control was an MB solution 
(10 mg/L) without samples [38].

2.9.3 � DNA Protection Activity

The DNA-protecting activities of LAR-AQ extract and LAR-
AgNP were evaluated using agarose gel electrophoresis [39]. 
Two microliters of ethidium bromide were added to a 1% 
agarose gel after it had been created. After being placed 
inside the container, the agarose gel solidified for at least 2 h. 
The electrophoresis tank was then filled with the thicker gel. 
One time, the TBE buffer was added to the electrophoresis 
tank.

Negative control: DNA plasmid (3 µL)-ddH2O (6 µL)-
glycerol (4 µL).

Positive control: 3 µL of plasmid DNA-ddH2O (6 µL)-
glycerol (4 µL)-H2O2 (1 µL)-UV for 5 min.

The mixture of the sample: 3 µL of plasmid DNA-sample 
(5 µL)-glycerol (4 µL)-H2O2 (1 µL)-UV for a 5 min.

Two microliters of loading dye were applied to the control 
and sample. Wells were filled with 1000 µg/mL of sample 
and control and ran for 60 min at 90 V. Imaging was done 
using a UV transilluminator (320 nm, 8000 µW/cm).

2.9.4 � Molecular Docking

In this research, we investigate the ability of novel Ag 
nanoparticles to explain their remarkable effect against 
different bacteria strains, using several antibacterial targets 
that have been widely used in the literature as antibiotic 
targets. Using the ChemDraw 18.0 Ultra program, we cre-
ated the estimated structure of the Ag nanoparticles with 
the abundant compound in our aqueous extract (Chloro-
genic acid-AgNP). After that, we reduced the total energy 
of the compound using the energy-minimizing tool of the 
Chem3D 18.0 program. After that, we obtained the com-
plete structures of the antibiotic targets from the RCSB 
PDB with a suitable resolution: PDB ID:1AI9 for dihy-
drofolate reductase, PDB ID:3PTE for DD-peptidase, and 
PDB ID:2XCS for the gyrase [40]. Molecular docking 
was performed using the Molegro Virtual Docker (MVD) 
program to determine the interaction scores between the 
proteins and chlorogenic acid-AgNP [41, 42]. BIOVIA 
Discovery Studio Visualizer was applied to obtain the 
molecular docking product’s 2D and 3D image shapes 
and identify the complete structure of antibacterial target 
proteins and our nanoparticles [43, 44].

2.9.5 � Statistical Analysis

The biological activity’s triple evaluations of each vari-
able produced an average and a standard deviation. Using 
SPSS 20.0, the findings were statistically analyzed. If the 
data distribution was regular, the analytic mean would be 
considered homogeneous over more than two groups. It was 
utilized since Tukey’s HSDa, b is a multiple comparison 
procedure. After comparing the values obtained from each 
activity analysis to the samples and standards, statistically 
significant differences (p < 0.05) occurred.

3 � Results and Discussion

Various research studies have shown that medicinal, aro-
matic plants protect the human body against many damaging 
effects caused by oxidative stress. Medicinal plants contain 
a mixture of phytochemical compounds that can work alone 
or in combination to cure diseases and maintain health, as 
they are a good source of antioxidants [45]. Polyphenols 
are the major dietary phenolics, which include phenolic 
acids (hydroxybenzoic and hydroxycinnamic acids) and 
flavonoids. Flavonoids are the most comprehensively stud-
ied group of polyphenols [46]. The high phenolic content 
of plants has been associated with antioxidant activities 
analyzed by reducing power, lipid peroxidation inhibition, 
DPPH•, and ABTS•+ scavenging activities [45]. Antioxidant 
activity is also observed with the increase of specific com-
pound contents such as gallic acid, chlorogenic acid, and 
cinnamic acid, which contain high amounts [47]. The total 
phenolic and flavonoid contents of LAR-AQ extract were 
82.04 ± 1.10 mg GAE/g dry weight and 3.91 ± 2.29 mgQE/g 
dry weight, respectively. Harsha, Anilakumar, and Mithila 
[48] reported that the TPC and TFC of the hydro-alcohol 
extract of the leaf parts of the L. sativa plant were 158 µg 
GAE and 25.10 µg QE/g, respectively. Stojakowska and 
Malarz [49] determined that the TPC of the methanol extract 
of the L. aculeata plant was 39.79 ± 1.61 mg GAE/g. Gan 
and Azrina [50] found that five varieties of L. sativa were 
red coral in order of decreasing TPC: (76.05 mg GAE/100 
g) > green coral (30.39 mg GAE/100 g) > romaine (9.14 mg 
GAE/100 g) > butter (4.92 mg GAE/100 g) > iceberg (4.85 
mg GAE/100 g).

HPLC was employed for the quantitative measurement of 
L. anatolica root extract, and 40 standards were used (Fig. 1). 
Chlorogenic acid was identified as a significant product 
with a value of 0.58 mg/g extract. Caffeic acid (0.099 mg/g 
extract), trans-cinnamic acid (0.04 mg/g extract), and vanil-
lin (0.007 mg/g extract) were also discovered in the extract 
(Table 1). Figure 2 shows the chemical structure of phar-
maceutically relevant chemicals in LAR-AQ. The hydroxyl 
and carboxyl groups contained in phenolic compounds are 



2859BioNanoScience (2024) 14:2854–2871	

more effective in interacting with Ag (Ag+) ions and may be 
an active reducing power source in the formation of AgNPs 
[51]. Phenolic compounds cover the active surfaces of nano-
particles, providing further growth and stability of the struc-
ture in colloidal suspension [52].

3.1 � Characterization of Green Synthesized AgNP

3.1.1 � UV–vis Analysis of AgNP

LAR-AgNP synthesis was accomplished by transforming 
the aqueous ionic form AgNO3 to solid metal nanoparti-
cles. The color of the solution changed from green to black, 
indicating the formation of LAR-AgNP. However, UV–vis 
spectroscopy was utilized to examine these particles to give 
additional proof that the plant extract was employed to make 
nanoparticles. Figure 3 shows UV–vis spectra from aqueous 
root extracts containing NPs. Unlike the root extract, which 
showed no peaks, the AgNPs displayed a definite peak at 
440 nm. Many researchers have applied the UV–vis spectra 
in order to track the synthesis of the nanoparticles, where 
in the Ag-NP UV–vis spectrum a notable peak is generally 
observed between 400 and 500 nm as in our findings [53].

3.1.2 � FTIR Analysis of AgNP

The attenuated total reflectance (ATR) approach in Fourier 
transform infrared (FTIR) spectroscopy was utilized to 
ascertain the chemical makeup of AgNPs’ active groups. 
Table 2 shows the related data, and Fig. 4 illustrates that the 
recorded spectra were acquired throughout the wavelength 
range of 400–4000 cm−1. FT-IR bands at wave numbers 
3182, 1569, 1373, 1234, and 1023 cm−1 were visible on 
the root. According to these findings, molecular functional 
groups may be responsible for reducing Ag ions, as seen in 

the pictures that go with this article. Aldehydes, alkanes, 
alcohols, and ether or epoxy groups are examples of 
phytochemical substances that may be present in biomass 
and are thought to be involved in the nucleation process that 
converts Ag + to Ag [54]. A variety of substances, including 
alkaloids, proteins, pigments, amides, amines, carbonyl 
groups, phenolics, flavonones, and terpenoids, as well as 
reduction factors found in biological extracts, can start the 
formation of nanoparticles [55].

3.1.3 � TEM and XRD Analysis of AgNP

Ag nanoparticles on a carbon-coated copper transmission 
electron microscopic (TEM) grid produced the TEM image 
shown in Fig. 6. The micrograph presented here displays 
spherical AgNPs with a root size of 17.5 nm and a moderate 
density dispersion. The characterization of nanoparticles by 
TEM has been documented in a work by Sondi and Salopek-
Sondi [56]. In our literature review, electron microscopy 
technique has been widely used in the characterization of 
nanoparticles, where this technique provides an important 
information about the synthesis of the particles and their 
stability in addition to their size and shape [57].

The clear peaks detected in the X-ray diffraction (XRD) 
scan provided additional proof and assurance that the syn-
thesized AgNPs were correct (Fig. 5). The graph shows four 
peaks with relative values of 37.77, 44.15, 65.25, and 77.12, 
each corresponding to a distinct plane of Ag: 111, 200, 220, 
and 311. We found no contaminant peaks in the X-ray dif-
fraction pattern. Because of the unique crystalline structure 
of the substance being investigated, X-rays are diffracted as 
they pass through it. This permits one to identify the crystal-
line structure of the material under investigation. Sambhy, 
MacBride, Peterson, and Sen [58] used this analytical 

Fig. 1   HPLC–MS/MS chromatogram of LAR-AQ extract
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approach to assess the particle structure and confirm the 
existence of nanoparticles.

3.2 � Antioxidant Activity

The PMRA activity was evaluated through the colorimet-
ric application, which reduces the antioxidant’s capacity 

to convert Mo+6 to phosphomolybdate Mo+5 complex. In 
this study, the PMRA capacity of AgNP was statistically 
more potent than that of the aqueous root extract, p < 0.05 
(Table 3). The A0.5 value of optimized AgNP was found to 
be more effective than trolox and ascorbic acid. The reason 
for the effective PMR activity of optimized and green syn-
thesized AgNP can be attributed to the metal salt of LAR-
AgNP in the phenolics and flavonoids of the aqueous extract. 
The LAR-AgNP, LAR-AQ, trolox, and ascorbic acid were 
shown in order by the PMRA.

The RPA activity was determined by spectroscopic moni-
toring. The LAR-AQ exhibited moderate activity in reducing 
Fe3+ ions, according to the observation of the A0.5 value 
(Table 3). The creation of the Fe2+ extract complex caused 
a dependence upon concentration to rise in the absorbance 
of the L. anatolica extracts, indicating that the excerpts pro-
vided reactive free radicals with electron donations. The out-
comes demonstrated that the LAR-AgNP extracts’ reducing 
power outperformed ascorbic acids. The aqueous extracts 
of L. anatolica exhibited the following RPA capabilities 
(Fe3+ → Fe2+): LAR-AgNP > trolox > ascorbic acid > LAR-
AQ. In Amin [59] investigation, the RPA values of Ulva 
lactuca aqueous extract and synthesized AgNP were 24.3 
and 31.6 mg ascorbic acid/g, respectively, while the activity 
of AgNP synthesized from L. anatolica root aqueous extract 
was found to be more effective at 1.17 µg/mL.

DPPH• is a free radical that transforms into a stable struc-
ture by accepting a single electron and is the most used mol-
ecule in antioxidant activity determinations. The transforma-
tion of the dark violet alcohol solution of DPPH• into yellow 
hydrazine (DPPH-H) under the influence of an antioxidation 
indicates that it is reduced to DPPH•. The IC50 values for 
LAR-AQ extract, optimized LAR-AgNP, ascorbic acid, and 
trolox were 1.86 ± 0.34, 2.61 ± 0.66, 2.33 ± 1.65.68, and 
1.36 ± 0.26 µg/mL, respectively (Table 3). González-Balles-
teros, Rodríguez-Argüelles, Prado-López, Lastra, Grimaldi, 
Cavazza, Nasi, Salviati, and Bigi [60] determined the EC50 
values of Ulva lactuca L. aqueous extract and synthesized 
AgNPs as 153.8 and 47.75 mg/mL, respectively, and our 
results were more effective radical scavenging activity. Simi-
larly, Amin [59] reported the DPPH• scavenging activity of 
AgNP synthesized from Ulva lactuca as 1.5 mg/mL.

Secondary metabolites have a more significant effect on 
the functioning of the antioxidation mechanism to eliminate 
proton radicals. The ABTS˙+ scavenging activities of LAR-
AQ extract and synthesized LAR-AgNP are in the order as 
follows: LAR-AgNP > trolox > ascorbic acid > LAR-AQ 
(Table 3). Although L. anatolica aqueous root extract did 
not effectively scavenge the cationic ABTS˙+ radical, the 
synthesized AgNP was close to trolox and higher than ascor-
bic acid. Harsha, Anilakumar, and Mithila [48] reported the 
ABTS•+ scavenging activity of L. sativa ethanol extract as 
472 µg/mL.

Table 1   Quantitation results of LAR-AQ extract by LC–MS/MS

nd not detected

No Compound R.T. (min-1) Final conc. (mg/g)

1 Shikimic acid 1.38 nd
2 Gallic acid 3.83 nd
3 Protocatechuic acid 6.01 nd
4 Catechin 7.11 nd
5 Chlorogenic acid 7.37 0.5829
6 Hydroxybenzaldeyde 7.63 nd
7 Vanillic acid 8.19 nd
8 Caffeic acid 7.81 0.0989
9 Syringic acid 8.34 nd
10 Caffeine 8.39 nd
11 Vanillin 8.58 0.0072
12 p-Coumaric acid 9.33 nd
13 Salicylic acid 9.61 nd
14 Taxifolin 9.82 nd
15 Polydatin 9.74 nd
16 Resveratrol 9.73 nd
17 Trans-ferulic acid 10.14 nd
18 Sinapic acid 10.49 nd
19 Scutellarin 10.86 nd
20 Isoquercitrin 11.55 0.0040
21 o-Coumaric acid 11.40 nd
22 Coumarin 11.54 nd
23 Protocatehuic ethyl ester 11.79 nd
24 Rutin 11.81 nd
25 Hesperidin 11.51 nd
26 Quercetin-3-d-xyloside 12.65 nd
27 Kaempferol-3-glucoside 13.03 nd
28 Fisetin 13.32 nd
29 Baicalin 13.67 nd
30 Trans-cinnamic acid 13.90 0.0399
31 Quercetin 14.91 nd
32 Naringenin 14.94 nd
33 Hesperetin 15.85 nd
34 Morin 15.79 nd
35 Kaempferol 16.37 nd
36 Baicalein 17.03 nd
37 Luteolin 18.06 nd
38 Biochanin A 17.83 nd
39 Chrysin 17.87 nd
40 Diosgenin 23.45 nd
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The extract’s LPI activity decreased as follows: LAR-
AgNP > LAR-AQ > ascorbic acid > trolox. LAR-AgNP 

extracts effectively inhibited LPI activity: their IC50 
value was lower than that of ascorbic acid and trolox. 
Whether this nanoparticle is effective or not depends 
on the phenolic chemicals it contains. Linoleic acid 
was used, and the induction of lipid peroxides by Fe2+/
ascorbate-induced formation of thiobarbituric acid-reactive 
substances (TBARS) and by the loss of the polyunsaturated 
fatty acyl chains. The amount of lipid peroxidation and 
malondialdehyde (MDA) induced by reactive oxygen species 
(ROS) were determined using linoleic acid. AgNP was more 
effective than LAR-AQ extract in removing ROS that cause 
LPI (Table 3). This result may indicate that AgNP may be an 
effective product in protecting against peroxidation, cancer, 
membrane damage, and other diseases.

3.3 � Enzyme Inhibitory

L. anatolica root extract and its optimized AgNP were 
investigated in vitro for their potential as inhibitors of urease, 
AChE, BChE, and α-amylase enzymes. Their effective results 

Fig. 2   The chemical structure of pharmaceutically significant compounds in LAR-AQ extract

Fig. 3   UV–vis spectrums of LAR-AQ extract and synthesized LAR-
AgNP
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are presented in Table 4. Thiourea for urease, acarbose for 
α-amylase, AChE, and BChE for galantamine served as a 
standard drug.

Increasing ammonia secretion and pH increase in urease 
metabolic activity dramatically helps in the proliferation 
of pathogenic Helicobacter pylori. The increase of this 
pathogen is the source of many diseases, such as urinary 
tract infections, intestinal infections, and gastrointestinal 
infections [61]. The LAR-AQ extract and LAR-AgNP 
completely inhibited the urease. The inhibition activity of 
AgNP was more effective than that of thiourea. AgNP’s 
enzyme inhibition was significantly more effective than 
the aqueous root extract’s, with a p-value of less than 0.05 
(Table 4). LAR-AgNP can be preferred as an alternative 
product to control the pathogen Helicobacter pylori.

The inhibitory effects of root aqueous extract and AgNP 
on AChE and BChE activities were exhibited in Table 4. 
IC50 (µg/mL) values of LAR-AgNP (2.84 µg/mL) showed 
significantly higher BChE inhibitory effects compared 
to root aqueous extract (6.48 µg/mL). Moreover, the 
BChE inhibitory activity of galantamine (31.84 µg/mL) 
was lower than LAR-AgNP. AChE and BChE inhibitors 
are an important therapeutic strategy in the treatment 
of AD (Alzheimer’s disease). In AD, high AChE and 
BChE activities are directly related to unexpected loss of 
cholinergic function and memory impairment. The result 
is the rapid hydrolysis of acetylcholine and butyrylcholine, 
which transmit nerve impulses from one neuron to another. 

Table 2   FT-IR data of LAR-
AgNP

 Wave number (cm−1) Ligament/stretching Functional groups

3720 O–H and N–H Alcohols-phenols and amides
3127 C–H Alcohols and amides
1915 C═O Carbonyl compounds containing N–O bond 

(amides) and aldehydes, ketones and carbox-
ylic acid

1099 C–O and C–N C–O stretching
851 Ar–H C-H bending
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Fig. 4   FTIR spectrums for LAR-AQ and LAR-AgNP

Fig. 5   TEM images and XRD pattern of synthesized LAR-AgNP
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Therefore, the controlled availability of acetylcholine and 
butyrylcholine by inhibiting BChE enhances neuronal 
transmission and regulation of memory function. These 
observed inhibitory effects of water root extract on 
AChE and BChE may be beneficial in treating AD [62]. 
In particular, the best effects were obtained on the BChE 
activity of the extract and AgNP. Identification of new plant-
derived BChE inhibitors will reveal target steps in the AD 
treatment strategy [63].

Table 4 displays the effects of acarbose and natural LAR-AQ 
extract on α-amylase inhibition. Inhibition of α-amylase was 
greater in LAR-AQ extract than in acarbose. Inhibition of 
α-amylase rose from LAR-AgNP to LAR-AQ to acarbose, as 
measured by their respective IC50 values. LAR-AgNP exhibited 
the strongest α-amylase inhibitory activity compared to the 
previous extracts, although it was not as effective in inhibiting 
α-amylase as the Lactuca species extracts seen here [64]. 
Compared to LAR-AQ extract, α-amylase inhibitor activity 
results previously reported by Zahra vb. [65] were lower. 
LAR-AQ may delay starch hydrolysis in the gastrointestinal 
tract, aiding in the management of diabetes on α-amylase 
activity. This process affects glucose absorption after meals, 
increasing and decreasing it.

3.4 � Antimicrobial Activity

Recently, green synthesized AgNPs have increased 
their use in many areas, such as medicine, medical 

devices, testing, and food containers, due to their strong 
antimicrobial and antifungal potential against pathogenic 
and fungal microorganisms [66]. In this work, the 
antibacterial properties of LAR-AQ extract and LAR-
AgNP with MIC and IZ values are displayed in Table 5 
and compared with amoxicillin and tetracycline as positive 
control. When it came to S. aureus bacteria, the extracts 
were effective. It was discovered that the LAR-AgNP 
was effective against B. cereus, P. aeruginosa, E. coli, 
and P. aeruginosa. While a great deal of research has 
been done on the antibacterial properties of L. anatolica, 
variations in the chemical makeup of Lactuca species 
and alternative techniques for determining antibacterial 
activity make it challenging to compare the findings of 
various investigations [67–69]. Using the disc technique in 
this work, LAR-AgNP is the most efficient extract against 
the bacteria mentioned above, followed by tetracycline and 
amoxicillin.

Matching the results of different studies is difficult 
since various Lactuca species have different chemical 
compositions, and different methods are used to assess 
antibacterial activity. The antibacterial qualities of 
Lactuca types have been the subject of several studies, 
yet it might be difficult to compare the results of different 
researches. According to the latest research by Bensy, 
Christobel, Muthusamy, Alfarhan, and Anantharaman 
[15], Ishwarya, Vaseeharan, Kalyani, Banumathi, 
Govindarajan, Alharbi, Kadaikunnan, Al-Anbr, Khaled, 

Table 3   Antioxidant activities 
of LAR-AQ and LAR-AgNP

Values are mean ± standard deviation; different superscript letters (a–d) indicate significant differences in 
values within the same column (p < 0.05)
LAR-AQ L. anatolica root aqueous extract; LAR-AgNP L. anatolica root silver nanoparticles; PMRA phos-
phomolybdate reducing assay; RPA reducing power assay; DPPH∙ 2,2-diphenyl-1-picrylhydrazyl assay; 
ABTS.+ 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid assay; LPI lipid peroxidation inhibition

Samples PMRA RPA DPPH˙ scavenging ABTS·+ scavenging LPI
Activity (A0.5, µg/mL) Activity (IC50, µg/mL)

LAR-AQ 7.06 ± 2.02a 41.34 ± 0.13a 1.86 ± 0.34a 145.75 ± 1.45b 16.28 ± 3.99c

LAR-AgNP 0.10 ± 0.12a 1.17 ± 0.01a 2.61 ± 0.66a 6.21 ± 3.37a 1.10 ± 0.07a

Ascorbic acid 1.38 ± 1.19a 50.82 ± 0.00a 2.33 ± 1.65a 98.37 ± 0.47ab 35.28 ± 0.20c

Trolox 1.20 ± 0.17a 30.37 ± 0.0a 1.36 ± 0.26a 6.51 ± 0.34a 146.31 ± 2.44d

Table 4   Enzyme inhibition 
potentials of LAR-AQ and 
LAR-AgNP

LAR-AQ L. anatolica root aqueous extract; LAR-AgNP L. anatolica root silver nanoparticles;
AChE Acetylcholinesterase; BChE Butyrylcholinesterase

Samples Urease AChE BChE α-Amylase
Activity (IC50, µg/mL)

LAR-AQ 7.94 ± 0.43a 2.48 ± 1.12a 6.48 ± 0.55a 28.42 ± 3.29a

LAR-AgNP 3.32 ± 0.47a 32.49 ± 1.88a 2.84 ± 1.14a 4.93 ± 6.96a

Standard drugs 6.03 ± 3.28a (thiourea) 6.35 ± 2.96a 
(galantamine)

31.84 ± 1.80a 
(galantamine)

29.60 ± 4.97a (acarbose)
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and Benelli [16], the MIC of both gram-positive and 
gram-negative bacteria agreed with our findings. 
Nonetheless, differences in phenolic compounds in 
the Lactuca nanoparticle extracts led to differences in 
inhibitory levels. Lactuca nanoparticle extract can be 
linked to the identified differences in inhibitory amounts.

3.5 � Anti‑inflammatory Effect

Protein denaturation has been linked to rheumatoid 
arthritis in many studies and is a well-known reason for 
inflammatory response. Protein denaturation in  vivo 
may be responsible for autoantigen formation in various 
rheumatic diseases. Disulfide, hydrophobic, hydrogen, 
and electrostatic bonding changes are most likely part 
of the denaturation process. Various anti-inflammatory 
drugs have been shown to reduce heat-induced protein 
denaturation in a dose-dependent manner [70]. Therefore, 
phytochemicals from plants that can prevent denaturation 
of protein inhibition may be helpful in developing anti-
inflammatory drugs [71]. Anti-inflammatory activities 
of LAR-AQ may have sprung from its capacity to inhibit 
heat-induced protein denaturation, as evidenced by 
the aqueous extract employed in this study. Standard 
diclofenac at 125 µg/mL inhibited the denaturation of 
BSA by 40.91%. In contrast, LAR-AQ and LAR-AgNP 
in vitro anti-inflammation efficacy by BSA denaturation 
method revealed 65.15 and 57.58% inhibit ion, 
respectively (Fig. 6). This study was able to demonstrate 
the effects of LAR-AQ extract and optimized LAR-
AgNP on preventing, controlling, and inhibiting BSA 
denaturation, and its effect was comparable to standard 
diclofenac. These results are similar to the in  vitro 
anti-inflammatory results tested on aqueous extracts of 
Lactuca species [68, 72, 73].

3.6 � Photocatalytic Activity

The photocatalytic reduction of MB dye was examined uti-
lizing biosynthesized LAR-AgNP utilized at various time 
points. Figure 7 depicts the photodegradation of MB under 
visible light irradiation in the absence of a catalyst and in 
the presence of produced LAR-AgNP and bulk LAR-AQ 
extract. The typical absorption peak of the MB solution was 
663 nm. The MB concentration remained relatively constant 
without a photocatalyst in the blank test. In contrast, once 
the catalyst was introduced to the mixture, the quantity of 
MB was significantly reduced. The produced LAR-AgNP 
was shown to be more active in photodegrading MB than 
the LAR-AQ extract. MB degradation was observed as a 
decrease in peak intensity after 5 h of incubation. With-
out Ag nanocatalysts, there is no appreciable shift in the 
peak position of MB. When a metal catalyst is present, vis-
ible light decolorizes methyl blue faster than other irradia-
tion methods. The adsorption of Ag nanoparticles onto the 

Table 5   Antibacterial activities 
of LAR-AQ and LAR-AgNP

LAR-AQ L. anatolica root aqueous extract; LAR-AgNP L. anatolica root silver nanoparticles

Sample/ Antibiotic Gram-negative bacteria Gram-positive bacteria

E. coli P. aeruginosa K. pneumoniae E. faecalis S. aureus B. cereus

Inhibition zone (IZ, mm)
  LAR-AQ 9.0 ± 0.0 - - 9.0 ± 0.0 - 8.5 ± 0.7
  LAR-AgNP 10.5 ± 0.7 9.0 ± 0.0 9.0 ± 0.0 11.5 ± 0.7 10.5 ± 0.7 9.0 ± 0.0
  Amoxicillin 15.5 ± 0.7 - 8.0 ± 0.0 - 26.5 ± 2.1 25.0 ± 0.0
  Chloramphenicol 18.5 ± 0.7 18.0 ± 0.0 15.0 ± 0.0 13.5 ± 2.1 18.5 ± 0.7 25.0 ± 0.0

Minimum inhibitory concentrations (MIC, μg/mL)
  LAR-AQ  > 512  > 512  > 512  > 512  > 512  > 512
  LAR-AgNP 256 128 256 256 256 256
  Amoxicillin 16  > 1024  > 1024  > 1024  > 1024  > 1024
  Tetracycline 8  > 512  > 512  > 512 128 512
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Fig. 6   Inhibition of BSA protein denaturation potential of LAR-
AgNP and LAR-AQ
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MB solution began slowly and then increased with time. 
Overall, Ag nanoparticles’ photocatalytic activities in vis-
ible light may be attributed to the stimulation of surface 

plasmon resonance (SPR), a charge density oscillation that 
may propagate at the interface between metal and dielectric 
medium; Kumar et al. [74] and Wang et al. [75] state this.

3.7 � DNA Protection Activity

The effectiveness of LAR-AQ extract, LAR-AgNP, and 
quercetin, which act as a reference, in protecting DNA 
was assessed using agarose gel electrophoresis (Fig. 8). 
Compared to the form I structure of LAR-AgNP, the control 
2 and the quercetin standard are darker. The same holds 
true for the form II structure. It was found that LAR-AgNP 
shielded 71.88% of the DNA’s form I structure. The activity 
of LAR-AgNP shields DNA. Form I and form II values in 
Fig. 8 illustrate how the samples affected the plasmid DNA 
structure. Because of these qualities, biosynthesized AgNP 
exhibited more potential DNA protection activity than 
quercetin.

3.8 � Proposed Mechanism of Biosynthesized AgNP

The green synthesis of AgNPs was produced by the 
interaction of LAR-AQ extract with AgNO3 solution. 
AgNP development is indicated by the change from 
yellow to dark brown [76]. Thus, in the HPLC–MS/MS 
analysis of the aqueous root extract of LAR-AQ extract, 
it was seen that the presence of phenolic compounds was 
responsible for the bioreduction of Ag+ into AgNPs. It 
has been suggested that the mechanism of nanoparticle 
formation affects the main compound, chlorogenic 
acid (Fig. 9). The LAR-AQ extract included secondary 
metabolites that reduced, encapsulated, and stabilized 
Ag ions. Chlorogenic acid was utilized for the reaction 
process as quantitative research showed that it was an 
essential part of the root extract.

a)Absorption spectra of MB after treatment for different times with  LAR-AQ
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b)Absorption spectra of MB after treatment for different times with LAR-AgNP
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Fig. 7   UV-vis spectrums of LAR-AQ extract (a) and synthesized 
LAR-AgNP (b) at different times for photocatalytic activity

(a)Agarose gel electrophoresis image (b) Percentage distribution of Form I and Form II plasmid DNA

Control 1 Control 2 LAR-AQ LAR- AgNP Quercetin

%Form I 100 65.73 0 71.88 29.73

%Form II 25.98 12.73 0 23.39 17.79
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Fig. 8   DNA protection activities of LAR-AQ and synthesized LAR-AgNP (a/ b)
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3.9 � Molecular Docking

The results of the nanoparticles were high in general and 
attracted attention, especially against bacteria. Compared 
to the aqueous extracts, the our nanoparticles showed high 
effect, also were active even against the bacteria strains that 
the aqueous extract showed no activity on them. Therefore, 
to clarify the extent of the effect, we studied molecular 
docking to understand the mechanism of the effect of these 
compounds, in their hypothetical structure with the highest 
probability, on the common antibiotic targets between the 
bacteria strains used in this work. The first target was DD-
transpeptidase, with a MolDock score of − 203 for the inter-
action. Here, the molecular docking results revealed the for-
mation of a total of 17 interactions between the chlorogenic 
acid-AgNP and the protein, as follows: 11 conventional 
hydrogen bonds between the protein and SER62, ASN117, 
THR123, ARG287, SER290, PHE120, ARG287, THR123, 
and ASP288 and 2 bonds with ASP114 residue; three car-
bon-hydrogen bonds with ARG337, THR123, and ASN333 
residues; and three Pi-alkyl hydrophobic interactions with 
LEU332, ALA336, and LEU332 residues (Fig. 10).

Dihydrofolate reductase gave a total of 15 interactions 
with the nanoparticle molecule with an interaction 
MolDock score − 238: six conventional hydrogen bonds 
with ASN5, GLU82, GLU107, ASN124, ARG191, and 
ASN123 residues; six carbon-hydrogen bonds with 
ARG108, SER95, and ASN119 and three with GLU120 
residue; Pi-Pi T-shaped hydrophobic interaction with 
HIS129, one Alkyl hydrophobic interaction with LYS45, 
and one Pi-alkyl hydrophobic interaction with ILE96 
residue (Fig. 11).

The last antibiotic target was gyrase, the docking results 
for this protein with the nanoparticles and gave an interaction 
MolDock score − 238 and a total of 15 interactions as 
follows: six conventional hydrogen bonds with ASN1149, 
GLU1156, ASP1148, ALA509, GLY1082, and LYS460 
residues; two carbon hydrogen bonds with GLY436 and 
HIS1081 residues; one Pi-anion hydrophobic interaction 
with ASP512 residue, Pi-donor hydrogen bond with 
ARG1122 residue, Pi-Pi stacked hydrophobic interaction 
with HIS1081 residue, and four more Pi-Alkyl hydrophobic 
interactions divided between LYS581 and PRO1080 residues 
(Fig. 12).

Lactuca anatolica

2ē + 2Ag+        2ē + 2Ag0

2H ++ 2OH- 2H2O

+Ag0

Fig. 9   The reaction mechanism of silver nanoparticle production (chlorogenic acid-AgNP)
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The application of computational modeling may yield 
unique insights into the workings of the antimicrobial 
compounds’ methods of action, hence impeding the 
development of infection. The compounds that might 
bind selectively to the protein’s active regions that cause 
infections by bacteria were predicted using the molecular 
docking technique [77, 78]. In other studies, it has been found 
that nanoparticles have a promising binding interactions 
especially among the hydroxyl groups against different 
antibacterial targets; as in our study, we observed high 

binding affinity of our model particle with both DNA gyrase 
and dihydrofolate reductase, due to the many hydrogen bonds 
between the hydroxyl grubs and proteins [79].

4 � Conclusion

This investigation examined the capabilities of LA-AgNPs, 
which were ground up and synthesized using distilled 
water. The results demonstrated the interplay between a 

Fig. 10   Molecular docking between the DD-transpeptidase and nanoparticale (chlorogenic acid-AgNP)

Fig. 11   Molecular docking between the dihydrofolate reductase and nanoparticale (chlorogenic acid-AgNP)

Fig. 12   Molecular docking between the gyrase and nanoparticale (chlorogenic acid-AgNP)
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high metabolite concentration and various phenolic char-
acteristics that function. The LAR-AgNP extract included 
many bioactive compounds with strong urease, AChE, 
BChE, and α-amylase inhibitory activities and enhanced 
ABTS•+ scavenging and LPI activity. The LAR-AgNP 
extract showed a strong ability to scavenge DPPH• and an 
impressive inhibitory activity against gram-positive bac-
teria and gram-negative bacteria. The high phenol content 
of the L. anatolica extract reduced the damage to DNA 
caused by H2O2 and UV radiation. Our research validates 
L. anatolica’s perspective as a beneficial source of antioxi-
dation, antibacterial medication, inhibiting enzyme, and 
DNA protector. It is used as a restorative material and 
natural dietary supplement for regulating human health. In 
addition, we obtained impressive results from molecular 
docking of the expected structure of L. anatolica’s aqueous 
extract nanoparticles against many antibiotic targets. This, 
in turn, explains the remarkable antibacterial scores of the 
in vitro test. This study shows that L. anatolica extract 
includes a range of bioactive phenolic compounds with 
substantial biological activity. For a cheap cost, a high 
extraction rate of L. anatolica extract may be achieved 
economically. From a medicinal perspective, extracts of L. 
anatolica are safe and easy to digest. The high and promis-
ing biological effectiveness of the nanoparticle compounds 
as well as the extracts indicates the striking results that can 
be obtained in future in vivo tests. Moreover, due to the 
abundance of this species in nature and the varied medical 
advantages of L. anatolica, it will definitely lead research-
ers 1 day to use this species as a source for medical drugs.
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