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Introduction
 The family Acanthaceae, in which the plant Anisotes trisulcus 
(Forssk.) Nees is included, is rich with medicinal plants[1]. The plant 
Anisotes trisulcus (Forssk.) is found in a place between Abha and Na-
jran called Wadi of Jabal Abu Hassan in Saudi Arabia [2]. The plant 
is not only found in Saudi Arabia, but also found in all the Arabian 
Peninsula. The plant has a local names of Moze, Madh and Moddaid 
[3]. The medicinal values of Anisotes trisulcus rely on its biological 
activities to hepatic disorders, gallstone, hepatitis and jaundice. The 
plant is used to suppress appetite and manage tobacco infliction. In 
addition, Anisotes trisulcus has bronchodilator, cytotoxic, antidiabet-
ic, anti-bacterial, hypotensive, hepato-protective and local anesthetic 
activities [4-6].

 The genus Anisotes was shown to be rich in compounds such as 
alkaloids [7]. Phytochemical studies done on A. trisulcus proved that 
the plant has many alkaloids like peganine, 5-hydroxy vasentine, 
anisotine, 7-hydroxy vasicine, vasicinone, 7-hydroxy vasicinone, tri-
sulcusine, and 5-methoxypeganine [8,9].

 The employments of Silver Nanoparticles (AgNPs) in the area 
of pharmaceutical ventures are wide [10], as these AgNPs have a 
strong inhibitory power against numerous microorganisms [11,12] 
and a good carrier for anti-cancer drugs [13]. Recently, AgNPs got 
an incredible interest. The production of AgNPs can be done through 
numerous methods, including chemical [14,15], photochemical 
[16,17], electrochemical reduction [18,19] and vaporization using 
heat [20,21]. These strategies use numerous dangerous chemicals to 
reduce the metal ions into nanoparticles. So, there is a need for al-
ternative methods to replace these toxic materials seeking for better 
human health and the environment. To conquer the several side reac-
tions represented in the use of poisonous chemical compounds to syn-
thesize the AgNPs, plants or plant extracts have been utilized instead 
of chemical compounds (biosynthesis process). Plants and plant ex-
tracts have numerous several natural constituents/phyto-biomolecules  
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Abstract
 The ecofriendly production of Silver Nanoparticles (AgNPs) is 
targeted nowadays. This work aimed to prepare Anisotes trisulcus 
(Forssk.) Nees leaf acetone extract and extract prepared AgNPs and 
testing their different bioactivity potentials. A.trisulcus leaves were 
collected from Abha (KSA) and acetone extract from these leaves 
was prepared. AgNPs were prepared using the extract. Synthe-
sized AgNPs were examined using Scanning Electron Microscope 
(SEM) and UV/Vis spectra. Fourier-Transform Infrared Spectrosco-

py(FT-IR) was used to screen biomolecules present in the extract 
before and after synthesis of AgNPs. Biological activities found inthe 
extract and extract containing AgNPs, including immunomodulatory 
(normal rat splenic cells proliferative/anti-proliferative effects), in-
secticidal, antibacterial, antifungal, anticancer (against Helen and 
HepG2 cell lines), safety on Red Blood Cells (RBCs) and vital organ 
were tested. Results showed that the extract has many functional 
groups. The size of AgNPs ranged from 40-60 NM. Both extract and 
extract containing AgNPs have antibacterial, antifungal,anticancer, 
rat splenic cell’sproliferation inhibition, insecticidal activities and safe 
on RBCs and liver. In conclusion, the extract has many functional 
groups capable of synthesizing and stabilizing AgNPs formation. The 
extract and extract containing AgNPs have antibacterial, antifungal, 
anti-proliferation, anticancer and insecticidal activities and safe for 
vital organs and RBCs.

Keywords: AgNPs; Anisotes trisulcus (Forssk.) Nees; Antimicrobial; 
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that have defensive and reducing characteristics which are critical for 
the reduction of silver ions relying upon the natural biomolecules and 
reductive protein complexes. As of late, extracellular AgNPs were 
orchestrated utilizing diverse plant removes as a potential lessening 
specialist [22,23].

 The current study tries to investigate the different biological po-
tentials found in ethanol extract of Anisotes trisulcus (Forssk.) Nees 
leaves and extract prepared silver nanoparticles. 

Materials and Methods
Preparation of plant extracts 

 Anisotes trisulcus leaves were gathered from Abha, Aseer, and 
Kingdom of Saudi Arabia (KSA) in the month of February 2018. 
Identification of the plant was kindly done by a taxonomist at the 
Biology Department, King Abdul-Aziz University, Saudi Arabia. 
Ethanolic extract from A. trisulcus leaves was prepared according to 
Ghramh et al., [24]. Stock solutions (1%) in ethanol, acetone (to be 
used in cell culture) or indimethyl sulfoxide (to be used in testing of 
antimicrobial activity) were prepared.

Synthesis of AgNPs using A. trisulcus extract

 To Erlenmeyer flask, 197 mL 1 mM AgNO3, 1 mL Triton X-100 
(both from Sigma-Aldrich) and 2 mL acetone dissolved plant extract 
solution were mixed together to prepare silver nanoparticles (AgNPs) 
according to Ghramh et al., [25]. The flask was kept at 23-26°C until 
the color of the mixture changed (about 30 h).

Characterization of A. trisulcus-produced AgNPs

 After the change of the color of AgNO3/extract mixture changed, 
AgNPs formation was detected spectrophotometerically (UV-3600 
Shimadzu spectrophotometer) at the wavelengths from 350 to 700 nm 
at 1 nm resolution according to Ghramh et al., [25]. To measure the 
sizes of the produced AgNPs, a scanning electron microscope (SEM, 
JEM-1011, JEOL, and Tokyo, Japan) was used at an accelerating 
voltage of 90 KV. The presence of functional groups in the extract 
was monitored using Fourier Transform Infrared (FT-IR) spectrosco-
py (Perkin- Elmer Spectrum 2000, USA) within the range 500-4500 
cm−1at a rate of 16 times and the clarity of 4 cm−1.

Antibacterial activities

 The antibacterial potential of Anisotes trisulcus leaf extract and 
extract containing AgNPs was tested using agar well diffusion meth-
od according to Kilany [26], using Gram negative bacteria (Esche-
richia coli, Proteus mirabilis and Shigella flexneri) and Gram pos-
itive bacteria (Staphylococcus aureus). Positive control (Penicillin/
Streptomycin at 20 units/20 µg respectively) solution and negative 
control (nutrient broth), 30 µL each, were included. Different plates 
were incubated for 24 h at 37ºC and zones (mm diameter) of inhibi-
tion around each well were measured in triplicate [27]. 

In vitro immunomodulatory potential test

 The test was done according to Ibrahim et al.,[28]. Splenic sin-
gle-cell suspension was prepared from healthy adult male Sprague 
Dawley rat weighing about 280 g. The rat was kindly supplied by 
animal house found at King Khalid University. The cells were sus-
pended ata density of 0.05X106/mL in complete RPMI-1640 medium. 

 The cell culture was performed in 96-microwell tissue culture plate 
(Coaster) by adding 100 μL of cell suspension (5000 cells/well) and 
100 μL Anisotes trisulcus leaves extract or extract prepared AgNPs at 
200, 100 and 50 μg/mL separately. Control culture was prepared by 
adding 5000 splenic cells/well in 200 μL culture medium. All plates 
were incubated in a CO

2
-incubator (Memmert, Gmbh) at 37°C for 

72 h. The viability of the cells in all plates were assessed using Vy-
brant® MTT Cell Proliferation Assay Kit (Thermo Fisher Scientific) 
according to manufacturer’s instructions.FollowingOves et al.,[29], 
the percent increase or decrease in cell number was evaluated. 

Lytic effects of Anisotes trisulcus leaves extract and extract 
prepared AgNPs on Red Blood Cells (RBCs)

 The hemolytic activity which may be found in A. trisulcus leaves 
acetone extract and its biosynthesized AgNPs was tested separately at 
final concentrations 200 μg/mL according to the method described by 
Ghramh et al.,[24]. Positive control (1.5% Triton X-100 in PBS) and 
negative control (PBS), in triplicates were included. 

Acute cytotoxicity study of Anisotes trisulcus leaves extract 
and extract prepared AgNPs

 To test hepatic toxicity which may be found A. trisulcus leaves ex-
tract or extract prepared AgNPs, 5 adult healthy rats (200-250 g) were 
injected with a single dose regimen of 100 µg/mL A. trisulcus leaves 
extract or extract prepared AgNPs [29]. The rats were left for 24 h and 
then sacrificed and sera were obtained from their blood. Liver func-
tion was tested by assaying the level of serum Aspartate Aminotrans-
ferase (AST) colorimetrically according to theReitman and Frankel 
[30], method using Randox Kit (UK). 

Collection of Culexpipiens larvae 

 Larvae of Culexpipiens were gathered from various reproducing 
locales and identified in the Entomology Unit, Department of Biol-
ogy, Faculty of Science, King Khalid University, Abha, KSA. The 
larvae were kept in several plastic plates containing tap water. They 
were raised in the research facility to mid fourth instars feeding on 
dog biscuits and yeast powder in a 3:1 ratio [31]. The fourth instar 
stage was gathered following six days post-hatching, with the larvae 
achieving a length of right around 0.5 inch. 

Larval bioassay 

 The larval susceptibility test was done according the WHO [32], 
method. Cxpipiens 4th instar larvae (20/test), in five replicates, were 
treated with100 mL different concentrations of A. trisulcus leaf ex-
tract and extract containgAgNPs for 24 h. Control group (20 larvae) 
was treated with tap water only. Using an environmental chamber 
(27°C), all groups were kept with a 16:8-h light/dark cycle. The lar-
vae were given their food as above during the experiments. Larval 
mortalities in all groups were recorded after 24 hof initial treatment. 
The dead larvae were recognized when they did not move after being 
probed by a needle in siphon or cervical area.

Anticancer activity test

 HepG2 and HeLa cell lines (Sigma-Aldrich) were cultured sep-
arately in DMEM (Sigma) supplemented with 10% foetal calf se-
rum (Gibco BRL), penicillin/streptomycin (100 U/ml/100 mg/ml, 
Gibco BRL) and 2 mM L-glutamine (Gibco BRL) at a cell density of 
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5000 cells/well in 96-well tissue culture plate (Falcon). Plates were 
incubated at 37°C under 5% CO2 and 90% humidity for 24 h. The 
media were removed from each plate and replaced with 200 µL/well 
fresh media containing 100 µg/mL A. trisulcus extract alone or with 
nanoparticles separately. Cells with media only served as control cul-
ture. The cultures were continued for more 24 h at the same condi-
tions described above. The cell viability assay was done as mentioned 
above. Results were expressed as the percentage of the control at the 
completion of each incubation period [33].

Statistical Analysis
 The study was conducted in a Completely Randomized Design 
(CRD) in a factorial experiment. All data were analyzed statistically 
using Analysis of Variance (ANOVA) and means were compared by 
LSD at P ≤ 0.05 using Graphpad Prism (version7). LC50, IC50 and 
IC95 were calculated according to probit analysis program [34]. Com-
puterized log-probit analysis was used to analyze values, regression 
equations, the 95% confidence intervals and degrees of freedom of 
the χ2 goodness of fit tests. Using Abbot’s formula [35], the mortality 
percent was corrected for control mortality.

Results and Discussion
Characterization of AgNPs

 The change in color extract mixed silver nitrate was monitored by 
naked eye. The solution color changed from light yellow to brown 
and finally to dark brown (Figure 1A and 1B). The change in color 
into dark brown was time-dependent and this characteristic brown 
color may be referred to the excitation of Surface Plasmon Response 
(SPR) with the silver nanoparticles as explained byRanganathan et 
al.,[36]. Color changes of the solutions may be attributed to some bio-
chemical compounds like flavonoids, alkaloids, saponins and ste-
roids. The active biomolecules present in the plant extract may act 
as reducing substances that reduced silver ions (Ag+) to a silver atom 
(Ag0) through the nitrate reductase enzyme. These biomolecules or 
enzymes that released into the solution may have the power to reduce 
the silver ions to silver nanoparticles through capping agents such as 
protein-like molecules [37].

 The synthesis of silver nanoparticles was accomplished via onepot 
reaction involving the reduction of silver salt using the acetone extract 
of A. trisulcus. UV-vis absorption spectrum of the solution showed 
the surface Plasmon resonance derived from the silver nanoparticles 
at around 465-488 nm, specific area of silver nanoparticles (Figure 1C 
and 1D). The area under the curve may indicate the size and distribu-
tion of sizes of synthesized AgNPs [38].

 Scanning electron micrographs facilitated the characterization of 
both size and shape of the AgNPs (Figure2). SEM analysis of the syn-
thesized AgNPs clearly showed clustered and irregular shapes, mostly 
aggregated and having an average size of 40-60 nm with interparticle 
distance, which are magnified at ×10,000times. The shape of AgNPs 
is a reflection of the color of extract/silver nitrate mixture after the 
formation of AgNPs [38].

Fourier Transform Infrared Spectroscopy (FTIR)

 FT-IR spectroscopy is useful in probing the chemical composi-
tion of the surface of the silver nanoparticles synthesized by Anisotes 
trisulcus extract and the local molecular environment of the capping 
agents on the nanoparticles.

 Figure 3 represents the FT-IR spectra were studied in the range 
of 400-4000 cm−1 (Figure 3). The peaks observed at 3125 cm−1may 
be due to the stretching and bending vibration of the -OH, the func-
tional group of alcohols and carboxylic acids. The strong peaks 
at2350 and 2150 cm−1correspond to (O=C=O) and (NH) C=Oar-
ising due to carbonyl stretch in proteins corresponding to bending 
of primary and secondary amines, in addition ester, ketone and car-
boxylic acid groups. The sharp peak at 1600 cm−1 corresponds 
toC=C aromatic stretch and/or CO2 -stretch of carboxylic acid salts 
and ketones. The weak bands at 1200 and 1100 cm−1assigned to C=O 
vibrations of aliphatic ether and alcohols [39]. From this FT-IR exam-
ination, we can conclude that the extract contains alcohols, carboxylic 
acids, proteins, ketones and aliphatic ether.

Figure 1: Silver Nanoparticles (AgNPs) synthesis by Anisotes trisulcus leaf extract; A: 
Extract alone; B: Extract after adding of silver nitrate; C: Light absorbance the extract 
alone; D: Light absorbance the extract with AgNPs. Figure 3: FT-IR spectra of leaf extract of Anisotes trisulcus after addition of AgNO3.

Figure 2: The SEM image showing the crystalline silver nanoparticles as uniform 
and aggregates.
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Antibacterial activity

 Antibacterial activity (in vitro) results by A. trisulcus leaves ex-
tract and extract prepared AgNPs against Gram-positive (S. aureus) 
and Gram-negative bacteria (E. coli, P. mirabilis, and Shigella flex-
neri) are summarized in table 1. Both plant leaves extract and extract 
prepared AgNPs inhibited the bacterial pathogens. Average ZOI pro-
duced by plant extract + AgNPs were higher (minimum 12 mm in 
Shigella flexneri and maximum 19.33 mm in P. mirabilis) than that 
of produced by plant extract alone (minimum 6.67 mm in E. coli and 
maximum 7.66 mm in both P. Mirabilis and Shigella flexneri). While 
the average ZOI produced by positive control was observed 21.67 
mm (maximum) in S.aureus and 18.67 mm (minimum) in Shigella 
flexneri. In negative control no ZOI was found.The ZOI formed by 
A. trisulcus leaves extract mediated Ag NPs were statistically at par 
with positive control (Penicillin/Streptomycin at 20 units/20 µg re-
spectively) against all selected bacteria. Our results are in accordance 
with Das et al., [40] and Pallela et al., [41]. The antibacterial activity 
A. trisulcus leaves extract + Ag NPs may be due to their small size and 
uniform distribution. The ultra-small size of nanoparticles is respon-
sible for deep penetration and AgNPs diffuse through the cell mem-
brane of microbial pathogens and disrupt the cell function causing 
cell death. Further, antibacterial activity is also boosted by Reactive 
Oxygen Species (ROS) generation and surface potential [41].

Immunomodulatory effects 

 The cytotoxic or stimulatory properties that may be found in the A. 
trisulcus were studied at different concentrations. The results showed 
that there were stimulatory effects of the extract alone at high concen-
tration (200 µg/mL) and then changed to the inhibitory effect with the 
decrease in concentration (100-25 µg/mL, figure 4). The stimulatory 
effect of A. trisulcus at higher concentration may be due to the stimu-
latory biomoleculesfound in the extract which may be dominated by 
inhibitory molecules when the extract diluted. The extract of A. tri-
sulcus might contain growth inhibition mediators like polysaccharides 
that are known to be toxic to cells, which were obvious when the extract 
was diluted [42]. The inhibitory effects A. trisulcus leaves extract with 
AgNPS was dose-dependent where it decreased with the decrease 
in the extract concentration. The growth inhibition of splenic cells 
may be due the phagocytosis of the AgNPs found in the extract of A. 
trisulcus. These nanoparticle materials may lead to the activation of 
macrophages, which may initiate a cascade of events leading to some 
inflammatory responses that may produce and secrete some proin-
flammatory cytokines and chemokines [43,44].

 The inhibitory effects of extract decreased with the decrease in the 
extract concentration. Also, the stimulatory effects decreased with the 
decrease in the nanoparticles containing extract. 

 The cytotoxic effects of A. trisulcus have been demonstrated by 
others [45]. In addition, A. trisulcus was found to have antitumor ac-
tivity [46], indicating its toxic behaviors. The stimulatory effects of 
the extract in the presence of AgNPs may be due antagonistic effects 
of the nanoparticles with the active toxic compounds found in the 
extract.

Lytic effects of the extract and the extract containing AgNPs

 The percentage of RBCs lysis was calculated by comparing the 
absorbance of sample to the positive and negative controls (Table 
2). The positive control (1.5% Triton X-100) showed about 100% 
lysis, while the negative control (PBS) showed no lysis effects on 
the RBCs. The biosynthesized AgNPs bythe plant leaf extract showed 
100% RBCs lysis while, the plant leaf acetone extract alone showed 
20.45% RBCs lysis (Figure 5).

Treatments

Zone of Inhibition (mm)

Bacterial Strains

Escherichia 
coli

Proteus 
mirabilis

Staphylococcus 
aureus

Shigella 
flexneri

Extract 6.67 ± 0.58c 7.67 ± 0.58b 7.00 ± 1.00c 7.67 ± 0.58c

Extract + AgNPs 18.33 ± 1.53b 19.33 ± 1.15a 14.67 ± 1.15b 12.00 ± 2.00b

Control (Positive) 21.33 ± 0.58a 19.67 ± 0.58a 21.67 ± 1.53a 18.67 ± 1.15a

Control (Negative) 0.00 ± 0.00d 0.00 ± 0.00c 0.00 ± 0.00d 0.00 ± 0.00d

Table 1: Antibacterial potentials of Anisotes trisulcus leaves extract and extract pre-
pared Silver Nanoparticles (AgNPs).

Note: Zones of inhibitions are expressed as the average of three replicates ± SD. Means 
with same superscript letters are not significantly different.

Figure 4: Percent normal splenic cells’ growth stimulation/inhibition after treatment 
with A. trisulcus leaf extract and extract containing AgNPs.

Note: Where: Black brackets refer to significance among the different concentrations 
of the extract; red brackets refer to significance among the different concentrations of 
the extract containing AgNPs; green brackets refer to significance among the two types 
of treatment. NB: *= 0.019; **= p=0.0071; **** = p<0.0001

No. Treatment Absorbance at Wavelength 
of 576 nm

RBC Hemolysis 
(%)

1 Plant leaf acetone extract 0.667 20.45

2 Plant biosynthesized silver 
nanoparticles (AgNPs) > 3.00 100

3 Control (Negative) 0.067 0

4 Control (Positive) > 3.00 100

Table 2: Absorbance of Anisotes trisulcus leaf acetone extract alone and its biosynthe 
sized Silver Nanoparticles (AgNPs) with their Red Blood Cells (RBCs) lysis percent-
age.
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 The lysis effect of plant extract containing AgNPs may be due to 
direct effect of nanoparticles on the membranes of RBCs. Others re-
ferred the hemolytic effects as due to the induced release of oxidative 
stress products following exposure [47]. Our results of RBCs lysis by 
the plant leaf acetone extract alone were slightly higher than that of 
Zohra and Fawzia [48], who measured hemolytic activity of methanol 
extracts of nine plants from arid and sub-arid area on humanerythro-
cytes. They observed the hemolytic activity in all extracts was not 
more than15% and low lysis % age was observed at low concentra-
tions while highhemolytic activity on high concentration. As the he-
molytic activity is concentration-dependent therefore it is possibility 
that our results are slightly high. So, the plant extract should be used 
at low concentration with a great attention as high concentration will 
take will increase RBCs lysis. 

Acute cytotoxicity effects

 The hepatic toxicity effectwhich may be found in the prepared ex-
tracts was tested in adult healthy rats. The levels of serum Aspartate 
Aminotransferase (AST) showed a non-significant increase (1.16 fold 
increase) in extract alone and the same (1.09 fold increase) in extract 
with AgNPs. These results indicate the plant is safe and can be used 
without any systemic toxic effects. Many authors demonstrated the 
cytotoxic effects of AgNPs on liver either in vivo [49] or in vitro [50]. 
In our study, the extract containing AgNPs showed no toxic effects on 
liver in vivo. This may be due to the bioactive compounds found in 
the extract that abrogated the toxic effects of the nanoparticles on the 
liver. 

Larvicidal potential

 Susceptibility levels of Cxpipiens larvae following treatments 
with different concentrations of A. trisulcus leaf extract only and the 
extract containing AgNPs against 4th larval instars of Cxpipiens are 
shown in table 3. There was a significant (p>0.001) increase in mor-
tality rateamong 4th larval instars of Cxpipiens over the increase in 
the concentrations of A. trisulcus leaf extract only (1000-5000ppm) 
and the same situation was observed when using A. trisulcus leaf ex-
tract containing AgNPs. There was no significant difference between 
the corresponding concentrations of A. trisulcus leaf extract only and 
the extract containing AgNPs. Taking LC50 values (concentration 
which to kill 50% of larvae) into consideration, the records showed 
that the A. trisulcus leaf extract with silver nanoparticles (214.047 
ppm) proved to be more effective than A. trisulcus leaf extract only 
(2226.595ppm) by about 10.4 folds (Figure 6). The results found from  

this study showed that the effect of the extract of A. trisulcus and the 
nanoparticles against the larvae of Cxpipiens are in the accordance 
with what was repeated by other workers while studying the efficacy 
of certain plant extracts with AgNPs against some Culex spp. [51-53].

Effects of A. trisulcus extract on Hela HepG2 cancer cell lines

 A. trisulcus extract showed an insignificant inhibitory effect on 
Hela cells (-1.86±0.02) and moderate inhibitory effects on HepG2 
cells (-56.85±0.22; figure 7). The inhibitory effect on HepG2 was 
significantly higher (p>0.001) than that on Hela cell line. Also, A. 
trisulcus extract containing nanoparticles showed inhibitory effects 
on both Hela (-50.02±0.10) and HepG2 (-61.82±0.35) cells. These 
inhibitory effects of extract alone may be due the presence of active 
inhibitory molecules in the extract preparation. The inhibitory effect 
of the extract containing the nanoparticles was more on HepG2 than 
that shown on Hela cells and the inhibitionthat happened in both cell 
lines may be due to the uptake of AgNPs that lead to cell cytotoxicity 
[54]. Many of the phyto-compounds identified in the leaf of Anisotes 
strisulcus like phenolic compounds, tannin and flavonoids possess the 
anti-cancer properties [55]. This may explain the inhibitory behavior 
of the extract, alone or with AgNPs, against the cancer cell lines used 
in this study.

Conclusion
 From the results we can conclude that the leaves extract of A. tri-
sulcus could green synthesize AgNPs with a size of 40-60 nm with. 
The extract contained functional groups that inhibited the growth of  

Figure 5: The effect of (1) Anisotes trisulcus leaf acetone extract alone and (2) Its 
biosynthesized Silver Nanoparticles (AgNPs) on cow RBCs. Where, (3)Is negative 
control and (4) Is positive control.

Concentration
(ppm)

Observed Response %

A. trisulcus Extract A. trisulcus Extract with AgNPs

1000 28.571±2.71 25.51±2.23

2000 38.776±3.78 38.776±2.91

3000 53.061±4.88 59.184±3.99

4000 69.388±5.93 76.531±4.21

5000 87.755±5.82 88.776±3.98

Table 3: Susceptibility level of Culexpipiens larvae to A. trisulcus extract and extract 
containing AgNPs following continuous exposure for 48 h.

Figure 6: The relationship between concentrations of A. trisulcus leaf extract and mor-
tality percentage of 4th instar larvae of Cxpipiens. Line 1: A. trisulcus+AgNPs; Line 
2: A. trisulcus.
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splenic, Helaand HePG2 cell proliferation. The extract and extract 
containing AgNPs are safe on RBCs and vital organ. The extract 
alone and with AgNPs showed insecticidal activity against Culexpip-
iens larvae. The extract alone or in combination with AgNPs can be 
used as immunomodulatory and insecticidal agents. 
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