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Abstract
In this study, we look into the biogenic synthesis of (AgNPs) utilizing a simple and environmentally friendly method based 
on an aqueous extract of Moringa Oleifera (MO). The synthesized MOAgNPs were characterized using a UV–Visible spec-
trophotometry, X-ray diffraction (XRD), Fourier transform infrared (FT-IR) spectra and TEM image which confirmed the 
spherical shape of MOAgNPs with particle size range of 5–50 nm with an average particle size of 38.7 nm. Significantly, 
the prepared MOAgNPs showed high pesticidal activity towards Spodoptera littoralis. MOAgNPs also exhibited strong 
antibacterial activities against Gram-positive and Gram-negative bacteria. The prepared MOAgNPs were screened for their 
cytotoxic effect against (HCT-116), (HepG-2) and (MCF-7) carcinoma cell lines. Finally, the synthesized MOAgNPs have 
been used as a catalyst for the reduction of 2,4-Dinitrophenol using NaBH4 to 2,4-Diaminophenol. Taken together, the out-
standing catalytic and biological activities of the synthesized MOAgNPs entitled them for applications as catalyst, pesticidal, 
antibacterial and anticancer agents in medical applications.

Keywords  Green method · Silver nanoparticles · Pesticide · Anticancer · Antibacterial · Spodoptera littoralis · Moringa 
oleifera · Catalytic reduction

1  Introduction

Because of their properties in comparison to the bulk version 
of the same element, nanomaterials are extremely important. 
Nanomaterials have a variety of properties that are dependent 

on the shape and size of the nanoparticles [1–3]. The meth-
ods for chemically nanoparticle synthesis are dangerous and 
costly. Several researchers have produced silver nanoparticles 
(AgNPs) using chemical, biological, and environmentally 
friendly methods [4–6]. Because of the increased surface area, 
the green approach of nanoparticle manufacturing boosts cata-
lytic activity [7]. Various plant extracts have been investigated 
for nanomaterial production, including copper and zinc [8], 
gold and magnesium [9], and silver [10, 11]. Silver shows 
low toxicity in humans [12]. AgNPs have a positive impact 
on infection treatment because they break bacterial cell walls, 
resulting in cell death [13]. Because of their cytotoxic effects 
on tumor cells, AgNPs play an important function in medicine. 
[14, 15]. Normal cells are not harmed by AgNPs made using 
environmentally friendly procedures [16]. AgNPs can be pro-
duced from a variety of plants [17]. As a reducing and capping 
agent, we utilized Moringa Oleifera extract for AgNPs bio-
synthesis. It can be found at the Shandaweel Research Center.

Moringa Oleifera is a potential substance for addressing 
nutritional insufficiency and metabolic imbalance in people 
[18]. Moringa is used as a traditional medicinal plant that 
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provides better nourishment due to the presence of certain 
critical nutrients in its leaves [19, 20]. Despite its poten-
tial as a future option for undernutrition therapy in clinical 
or biomedical settings, Moringa oleifera is required for the 
production of biomaterials or green materials in advanced 
bioengineering [21, 22]. Moringa oleifera is used for bone 
healing [23], ZnO nanomaterials synthesis with high electro-
chemical activity [24, 25], NiO nanoparticles synthesis with 
anticancer activity [26, 27], TiO2 nanoparticles synthesis 
that is used for wound healing [28], antibacterial agent [29] 
and heavy metal ions (Pb2+ and Cd2+) adsorption.

As a result of the biomaterials' simplicity, stability, and 
biocompatibility, leaf powder from local bioresources was 
chosen for analysis of chemical properties and prospective 
applications in this study. Despite some preliminary labo-
ratory work on the green synthesis of moringa nanoparti-
cles, there is little information on how the Madura variety 
resulted in the important chemical and structural features 
of moringa leaf powder. Furthermore, no information on 
the manufacturing of biomaterials from Madura moringa is 
available. The use of Moringa oleifera and other plants in 
the synthesis of silver nanoparticles is leading to truly green 
chemistry, which is more cost-effective and environmentally 
benign than chemical and physical methods and can be eas-
ily scaled up for large scale syntheses [30, 31].

Spodoptera littoralis (cotton leaf worm) is a species of 
moth in the Noctuid family that is harmed by AgNPs. Female 
moths can lay anything from 20 to 1000 eggs. S. littoralis 
larvae have been found to eat a variety of plant species and 
families. S. littoralis feeds on at least 87 distinct plant species 
from over 40 different plant families. Young leaves, shoots, 
stalks, bolls, buds, and fruits are preferred by S. littoralis lar-
vae [32]. Because of its polyphagous nature, S. littoralis has 
harmed various commercially important crops, including cot-
ton, tomato, maize, and other vegetables. The majority of the 
damage is due to significant larval invasion [33]. Cotton has 
been one of S. littoralis' primary targets. Cotton leaves, flower 
buds, fruiting tips, and bolls are all eaten, rendering the plant 
unfit for future use. Egypt is the country with the most cotton 
damage. Numerous attempts have been undertaken to remove 
S. littoralis due to its catastrophic effect on crops. There are 
two types of protective methods: biological and chemical. 
The use of parasites or predators are examples of biological 
approaches. Chemical insecticides, such as organophospho-
rus, have also been utilized, despite the fact that these chemi-
cals are harmful to human health. To overcome this difficulty, 
scientists have turned their attention to AgNPs, a revolution-
ary and environmentally friendly pesticide that could serve as 
a potential interface between nanotechnology and pesticides. 
When compared to traditional physical and chemical synthesis 
methods, the green method has various advantages, including 
the absence of highly toxic substances and a high energy need, 
as well as the fact that it is inexpensive, readily available, and 

simple to create. These nanoparticles are effective against a 
variety of agricultural pests. It has been shown that AgNPs 
exposure causes morphologic abnormalities and DNA dam-
age, as well as negative effects on enzyme activity. We face 
significant obstacles in employing AgNPs as a pesticide in 
this work [34]. AgNPs' strong adhesion, small size, and total 
coverage of the insect body parts with a large surface area 
resulted in decreased motor functioning and insect mortality. 
The insect's cuticular lipids triggered physisorption, which 
resulted in substantial body damage and death. AgNPs could 
be employed as an alternate antibiotic for extending bull 
sperm without having a substantial cytotoxic effect on sperm 
during colt production. [35].

Silver nanoparticles (AgNPs) are ideal for drug delivery 
systems because they have a large surface area, good bio-
compatibility, facile surface modification, and appropriate 
cell penetration[36]. Spermine may efficiently enhance the 
antibacterial activity of AgNPs, implying that it could be 
used as an adjuvant to AgNPs to treat a variety of infectious 
disorders while also minimizing the need of silver antibacte-
rial treatments [37]. Previously, researchers used NaBH4 to 
investigate the catalytic efficiency of silver nanoparticles in 
the reduction of 2,4-Dinitrophenol to 2,4-Diaminophenol. 
We report a simple and ecologically friendly method for 
the synthesis and characterization of AgNPs. In addition to, 
we investiged their antibacterial, anticancer, and pesticide 
properties. Furthermore, the catalytic application of the pre-
pared AgNPs for the NaBH4 reduction of 2,4-Dinitrophenol 
to 2,4-Di- aminophenol was investigated.

2 � Experimental Methods

2.1 � Material

Silver nitrate (AgNO3), 2,4-Dinitrophenol and NaBH4 was 
purchased from Sigma–Aldrich with purity ≥ 99.8%, based 
on trace metal analysis.

2.1.1 � Plant Collection

M. oleifera leaves were collected from Sohag, Egypt (Shan-
daweel Research center). Leaf extracts were used in the 
present study because it is proven to reduce silver ions 
(Scheme 1).

2.1.2 � Moringa oleifera Extract Preparation

M. oleifera leaves were obtained fresh and washed in double-
distilled water. The leaves were broken into small pieces, 
and 20 g were weighed and added to 200 mL distilled water, 
which was then boiled to 60 °C, filtered through filter paper, 
and kept at 4 °C as M. oleifera leaf extract (MO).
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2.2 � Preparation of Aqueous Solution of Ag+ Ions

We prepared a stock solution of Ag+ ions by weighing out 
0.085 g of AgNO3 and dissolved it in a 0.1-l flask to a final 
concentration of 5 mM.

2.3 � Synthesis of Silver Nanoparticles Loaded 
by Moringa MOAgNPs

With continual stirring, 10 mL of MO was added to 90 mL 
of 2 mM AgNO3 in this experiment. Within 10 min, the 
colour of the mixture had changed from pale yellow to dark 
brown, indicating the formation of MOAgNPs, which were 
subsequently centrifuged and collected.

2.4 � Structural Investigation of MOAgNPs 
via Different Techniques

To determine AgNPs, a UV–vis spectrophotometer (Shi-
madzu UV-PC, Mumbai, India) with a resolution of 1 nm 
between 200 and 800 nm was utilised. The functional groups 
of the phytochemical substances in the MO were identified 
using an FT-IR spectroscope (FTIR-2000, PerkinElmer, 
Inc.), which capped the AgNPs (MOAgNPs) in the region 
of 200–4000 cm−1. The average distribution of silver nano-
particle size was analysed using a DLS (Zeta sizer, Malvern 
Instruments Ltd., U.K.). To produce the AgNPs, the dark-
brown liquid was centrifuged for 35 min (EBA 20 zentrifu-
gen 78532, Tuttlingen, Germany). The XRD pattern of the 
examined AgNPs was determined using Cu-K1 radiations 
(1.54060) on a PerkinElmer D8 advance (Bruker, Germany). 

The anode was operated at 30 kV and 15 mA, and the two 
angles were measured between 5 and 80 degrees. The 
absorbance at 570 nm was measured using a microplate 
absorbance reader (2300 EnSpire Multilabel Plate Reader, 
Perkin Elmer, USA). (TEM, Philips model CM 200, Tokyo, 
Japan) was used to evaluate the morphology and particle 
size of the AgNPs.

2.5 � Biological Application Protocols

2.5.1 � The Pesticide Activity of the Prepared MOAgNPs

The studied larvae were collected from an S. littoralis cul-
ture at the Shandaweel Agricultural Research Station's lab-
oratory. For numerous generations, larvae were grown on 
fresh castor bean leaves without the use of insecticides. The 
culture was grown in a laboratory setting. (27 ± 2 °C and 
55–65% relative humidity; RH).

Laboratory experiments were conducted to determine the 
toxic activity of the extracts against the fourth instar of S. 
littoralis larvae reared at 27 ± 2 °C and 55–65% RH, and 
different concentrations of the extract were prepared. The 
percent of MO: AgNO3 were 5:95 (A), 10:90 (B), 35:65 
(C), 65:35 (D), 95: 5(E), and 100:0 (F). Fresh castor leaves 
were dipped in the various extracts for 20 s each. They were 
then dried in the shade. 350 larvae were separated into five 
duplicates, each containing ten larvae, and stored in plastic 
containers. The larvae were put onto new castor leaves after 
24 h of eating and grown up to adulthood. Each trough was 
filled with 2 to 3 inches of thick sterilized moist sand for 
pupation in the pre-pupal stage. For adult emergence, the 
pupae were housed separately in glass troughs. Larval mor-
tality was examined on a daily basis till pupation. Mortal-
ity percentage and the corrected mortality percentage were 
determined using the following formulas:

where X is the % mortality in treatment, and Y is the % 
mortality in control. Also, pupal mortality was calculated 
according to the previous formula. The percentages of mal-
formed pupae, malformed adults, and adult emergence were 
calculated.

(1)
% Mortality = (No. of dead larvae∕Total No. of larvae) × 100

(2)Corrected % mortality = ((X−Y)∕(100−Y)) × 100

(3)%Malformed pupae = ((No. of malformed pupae)∕(Total No. of pupae)) × 100

(4)%Malformed adults = ((No. of malformed adults)∕(Total No. of adults)) × 100

(5)% Emergence = ((No. of emerged adults)∕(Total No. of adults)) × 100

Scheme 1   Image of Moringa oleifera leaves
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2.5.2 � The Cytotoxic Effect of MOAgNPs

The cytotoxic effect of MOAgNPs against colon carci-
noma cells (HCT-116 cell line), hepatic cellular carcinoma 
cells (HepG-2) and breast carcinoma cells (MCF-7) were 
assessed. The absorbance of each sample was determined 
using a microplate absorbance reader (2300 EnSpire Mul-
tilabel Plate Reader—Perkin Elmer, USA) at 570 nm using 
the sulphorhodamine- B (SRB) method. IC50 values (half 
maximal inhibitory concentration) was calculated from the 
following equation [38–41]:

2.5.3 � Antimicrobial Activity of MOAgNPs

The antimicrobial activity of AgNPs was evaluated using 
an agar disc diffusion test against human pathogenic bac-
teria and fungi with different concentrations of AgNPs (10 
and 20 μg/mL) AgNPs. Vancomycin was used as a standard 
antibacterial agent. After the incubation period, clear zones 
around each disc were viewed for confirmation of microbial 
activity and were measured. The standard deviation reported 
for each type of nanoparticle and with each microbial strain 
was based on three replicates. The minimum inhibitory con-
centration (MIC) of the prepared AgNPs was determined 
using the serial dilution method. A sterile multi-well ELISA 
plate (300 μL) was used, each well containing 180 μl of 
nutrient broth. The plates were kept in an incubator at 37 °C 
until the colonies appeared. All the experiments were carried 
out in triplicate. Furthermore, the activities of the prepared 
AgNPs were evidenced by calculating the activity index 
according to the relation [42–45]:

2.5.4 � The Catalytic Reduction of 2, 4‑Dinitrophenol

A quartz spectrophotometer cuvette was used to catalyze 
the reduction of 2, 4-Dinitrophenol and the process was 
monitored using a UV/vis absorption spectrophotometer. In 
the presence of NaBH4 and in the absence of AgNPs cata-
lyst, the reductions of 2, 4-Dinitrophenol were studied. The 
cuvette was filled with 20 µl of 0.01 M 2, 4-Dinitrophenol 
ethanol solution and 1800 µl of pure water. To initiate the 
reaction, 150 μl of 0.1 M NaBH4 was added to the mixture. 
Second, in order to assess AgNPs' catalytic activity, the 
reduction process was examined in the presence of AgNPs. 
20 μl of 0.01 M 2, 4-Dinitrophenol was mixed with 1700 μl 
of water, then 80 μl of 1 mM AgNPs colloids and 150 μl of 

(6)IC50 =
control OD − compound OD

control OD
× 100

(7)

Activity index =
inhibition zoneOF AgNPs (mm)

inhibition zone OF standard drug (mm)
× 100

0.1 M NaBH4 solution was added. The absorption spectrum 
was recorded at room temperature (25 °C).

3 � Results and Discussion

3.1 � Characterization of AgNPs

3.1.1 � UV/Visible

A UV/Visible absorption spectrometer was used to charac-
terize MO and MOAgNPs at first (Fig. 1). Because MO con-
tains reducing and capping agents that assist to reduce Ag+ 
ions, creating MOAgNPs, adding the pale yellow MO to the 
colorless AgNO3 solution resulted in a dark-brown material 
[46]. MOAgNPs' surface plasmon resonance (SPR) caused 
the colour to alter. Because of the chemical compound in 
the extract, the absorption spectra of MO has an observable 
peak. The amino acids reduced and stabilized MOAgNPs, as 
seen by a peak at 385 nm, which is characteristic for absorp-
tion of flavonoids and phenols, and a peak at 289 nm in the 
spectra [47–49]. The synthesized MOAgNPs showed an SPR 
peak at 440 nm, which suggests AgNP formation [50].

3.1.2 � FT‑IR Analysis

FT-IR analysis of MO and MOAgNPs was carried out 
(Fig. 2). The functional groups of MO were indicated using 
the FT-IR spectra. The region of 1000–1200 cm−1 has a peak 
of cellulose [51]. A peak at 3308 cm−1 was due to the O–H 
and NH2 groups, which was shifted to 3014 cm−1 in MOAg-
NPs spectrum as the binding of the amino and hydroxyl 
groups with Ag+ ions [52]. Peak at 1075 cm−1 represents 
the C–N stretching, while peak at 1120 cm−1 represents the 
C–N group's binding to Ag+ ions [53]. A peak at 1642 cm−1, 
corresponding to the amide bond of proteins formed by 
carbonyl stretching, was shifted to 1620 cm−1, due to the 
interaction of carbonyl groups with Ag+ ions [54]. The peak 

Fig. 1   Molecular absorption spectra of MO and MOAgNPs
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at 1398 cm−1 was displaced to 1377 cm−1, indicating the 
bonding between the –OH/COO− groups and Ag+ ions, and 
was attributed to the stretching of –C–O and –C–O–C [4, 
5, 55–57]. The MO phytochemical compounds that act as 
capping and reducing agents of Ag+ to Ag0 showed multiple 
peaks in the synthesised AgNPs.

3.1.3 � XRD Analysis of the Silver Nanoparticles

The crystal structure of AgNPs was determined using XRD 
technique. The peak values in Fig. 3 reveal that the XRD pat-
tern of MO -AgNPs has an FCC system and crystalline lat-
tice at 2θ of 38.12°, 44.3°, 64.45° and 77.42° corresponding 
to (111), (200), (220), and (311) reflections of AgNPs, and 
these planes correspond to the standard JCPDS, file number 
04-0783 [58].

3.1.4 � Dynamic Light Scattering (DLS)

The average diameter of AgNPs was determined using DLS. 
Figure 4 depicts the average particle size distribution of 
AgNPs with a mean particle size of 100 nm.

Fig. 2   FT-IR spectra of MO and Ag-loaded Moringa oleifera extract 
(MOAgNPs)

Fig. 3   XRD pattern of synthesized MOAgNPs
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Fig. 4   The particles size distribution of AgNPs

Fig. 5   a Size and surface morphology of synthesized MOAgNPs by 
TEM. b Particle size distribution of the prepared AgNPs



	 Journal of Inorganic and Organometallic Polymers and Materials

1 3

3.1.5 � TEM Analysis

The transmittion electron microscopy (TEM) technique was 
used to examine the shape and particle size of the produced 
MOAgNPs. The majority of the MOAgNPs were spheri-
cal, as seen in the TEM image (Fig. 5a). TEM was used to 
examine the size and morphology of AgNPs. TEM images of 
AgNPs were spherical in shape. The nanoparticles' average 
diameter ranges from 5 to 50 nm, with an average particle 
size of 38.7 nm. Figure 5b. The size distribution of AgNPs 
has been determined to have a mean diameter of 100 nm at 
DLS. Due to the hydrodynamic size of nanomaterials, this 
size is bigger than the TEM data.

3.2 � Biological Effect of MO‑AgNPs

3.2.1 � Pesticidal Effect of MO‑AgNPs

3.2.1.1  Larval Mortality  The larval mortality after 1, 2, 
and 3 days from treatment, as well as the mean effect, are 
shown in Table 1. It is obvious that the various treatments 
differed greatly. In all treatments, the data revealed that lar-
val mortality increased as time increased. After 1  day of 
treatment, two significant groups were observed. The higher 
values were in groups B (26.00%), C (28.00%), D (20.00%), 
and E (28.00%); however, the lowest one was in groups A 
(10.00%) and F (10.00%). After 2 days, the highest mortal-
ity was recorded in group B (36.00%), followed insignifi-
cantly by groups C (30.00%) and E (30.00%). However, the 
lowest larval mortality was recorded in group F (14.00%) 
with the insignificant difference from group A (18.00%). 
After 3  days, the highest larval mortality was obtained 
from group B (42.00%), whereas the lowest mortality was 
observed in group F (16.00%), followed insignificantly by 
groups A (18.00%) and D (24.00%). According to the mean 
effect, the highest larval mortality was recorded in group 
B (34.67%), followed insignificantly by groups C (29.33%) 
and E (29.33%). On another note, group F recorded the low-
est effect (13.33%) with an insignificant difference from 
group A (15.33%) (Fig. 6).

3.2.1.2  Pupae and Adults  The biological effects of MO and 
the synthesized MOAgNPs on the health of pupal and adult 
S. littoralis are shown in Table 2. The variations between 
treatments were significant, according to pupal mortality. 
When compared to the control group, all treatments were 
effective. The highest pupal mortality was recorded in group 
A (45.28%), insignificantly followed by groups F (40.93%) 
and B (36.00%). However, the lowest pupal mortality was 
observed in group D (23.88%) with an insignificant differ-
ence from groups B (36.00%), C (31.00%), and E (27.33%). 
The tested treatments significantly varied in terms of mal-
formed pupae percentages. All treatments reduced the nor-
mal formation of pupae, compared with the control, except 
for group A. The highest malformed pupae percentage was 
obtained from group C (28.57%), insignificantly followed 
by groups B (24.00%) and F (21.67%), whereas the lowest 
malformed pupae percentage was obtained from group A 
(2.50%), significantly followed by group D (13.33%). Also, 
the tested substances significantly varied in adult emer-
gence percentage. It is evident that all MO reduced adult 
emergence, compared with control. The highest effect was 
recorded in group A (54.72%), followed insignificantly by 
groups F (59.07%) and B (64.00%). On another note, groups 
D and E recorded the lower effect with 76.12% and 72.67%, 
respectively, with an insignificant difference between them 
on one side, and with groups C (69.00%) and B on the other 
side. The malformed adult percentage recorded in the seven 
treatments significantly varied. Data revealed that group F 
gave the highest malformed adult percentage with 28.67%. 
Compared with the control, the rest of the treatments had no 
effect on the pupal stage. All the tested treatments produced 
lower numbers of adults, compared with the control. The 
highest effect was recorded in group F (37.78%), followed 
insignificantly by groups C (45.71%), B (48.00%), and A 
(51.15%).

On another note, the lowest effect was obtained from 
group D (65.83%), insignificantly followed by groups E 
(57.62%) and A (Figs. 7, 8). Insects are poisoned by AgNPs 

Table 1   The effects of MO and the synthesized MOAgNPs on S. lit-
toralis larval mortality

Treatments Larval mortality % after

1 day 2 days 3 days Mean

A 10.00 18.00 18.00 15.33
B 26.00 36.00 42.00 34.67
C 28.00 30.00 30.00 29.33
D 20.00 24.00 24.00 B 22.67
E 28.00 30.00 30.00 29.33
F 10.00 14.00 16.00 13.33

A B C D E F
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Fig. 6   The effects of MO and the synthesized MOAgNPs on S. lit-
toralis larval mortality
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due to their cytotoxicity and genotoxicity. Nanoparticles 
cause toxicity by inducing oxidative stress and penetrating 
the exoskeleton, according to the most widely recognized 
explanation. The nanoscale substance then binds to sulphur 
from proteins or phosphorus from DNA in the intracellu-
lar space, causing organelles and enzymes to denaturation 
quickly. As nanoparticles pass past cellular barriers and 

generate toxic ions that disrupt the cell's machinery, result-
ing in cell death. Acute and chronic toxicity were observed 
with AgNPs (pupation, emergence, and reproduction fail-
ure) [32–34]. Insects subjected to AgNPs also lost melanin 
cuticular pigments, resulting in a lighter body. In addition, 
after eating AgNPs-contaminated diet, their fertility and ver-
tical mobility abilities were greatly decreased. The nano-
materials' high adhesion to the insect body parts resulted in 
reduced motor functioning and insect death. Physisorption 
by the insect cuticular lipids resulted in significant injury 
and mortality. AgNPs cause a buildup of reactive oxygen 
species (ROS) in insect tissues, resulting in DNA damage, 
and autophagy [29] as shown in Table 3 and Fig. 9. The anti-
bacterial action was attributed to the biosynthesized MOAg-
NPs, as there was no zone of inhibition in the negative 
control. AgNPs have antibacterial activity close to vanco-
mycin when compared to standard antimicrobials [31]. Also, 
minimum inhibition concentration (MIC) was determined 
as shown in Table 4. Gram-positive bacteria (Staphylococ-
cus aureus and Bacillus subtilis) have higher antibacterial 
activity than Gram-negative bacteria (Serratia marcescens 
and Escherichia coli). MOAgNPs have antibacterial activ-
ity close to Vancomycin when compared to standard anti-
bacterial agents. MOAgNPs' antibacterial action could be 
attributed to their silver ions. When bacteria interact with 
Ag+, their membrane permeability increases, causing sig-
nificant changes in bacterial membrane structure. Because 
of electrostatic attraction, Ag+ from MOAgNPs binds to the 
cell wall and then ruptures it, causing protein denaturation 
and cell lysis. Furthermore, DNA molecules have become 
more compact, and the ability to replicate has been lost [59, 
60]. The Ag+ ions interact with proteins via the–SH groups, 
thereby inactivating them [61]. MOAgNPs can adhere to 
the microorganisms' cell wall due to their smaller size than 
the bacteria, causing cell death. In addition, results were 
compared to zones of inhibition of AgNPs produced from 
various extracts [62–66].

Table 2   The effect of MO and 
the synthesized MOAgNPs on 
pupation of S. littoralis 

a The percentage of total normal adults obtained from undead larvae

Treatment Pupal mortality Malformed 
pupae%

Adult Emer-
gence %

Malformed 
Adult %

Final adults %a

A 45.28 2.50 54.72 6.67 51.15
B 36.00 24.00 64.00 0.00 48.00
C 31.00 28.57 69.00 6.67 45.71
D 23.88 13.33 76.12 0.00 65.83
E 27.33 16.90 72.67 5.00 57.62
F 40.93 21.67 59.07 28.67 37.78
Control 0.00 0.00 100.00 2.00 98.00
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Fig. 7   The effects of MO and the synthesized MOAgNPs on pupal 
malformation and mortality of S. littoralis 
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3.2.2 � Antibacterial Activity of the Synthesized Silver 
Nanoparticles (MOAgNPs) Against Different Strains 
of Bacteria

The antibacterial efficacy of biosynthesized MOAgNPs 
against specific pathogens was assessed using zones of inhi-
bition of the positive control, vancomycin, and the negative 
control, distilled water, at various doses. (10 and 20 μg/ml) 
are shown in Table 3 and Fig. 9. The antibacterial action was 

attributed to the biosynthesized MOAgNPs, as there was 
no zone of inhibition in the negative control. AgNPs have 
antibacterial activity close to vancomycin when compared 
to standard antimicrobials [31]. Also, (MIC) was determined 
as shown in Table 4. Gram positive bacteria (Staphylococ-
cus aureus and Bacillus subtilis) have higher antibacterial 
activity than Gram negative bacteria (Serratia marcescens 
and Escherichia coli). MOAgNPs' antibacterial action could 
be attributed to their silver ions. When bacteria interact with 
Ag+, their membrane permeability increases, causing signifi-
cant changes in bacterial membrane structure. Because of 
the electrostatic attraction, Ag+ from MOAgNPs binds to the 
cell wall and then ruptures it, causing protein denaturation 
and cell lysis. Furthermore, DNA molecules have become 
more compact, and the ability to replicate has been lost. [59, 
60]. The Ag+ ions interact with proteins via the–SH groups, 
thereby inactivating them [61]. MOAgNPs can adhere to the 
microorganisms' cell wall due to their smaller size than the 
bacteria, causing cell death. In addition, results of antimicro-
bial efficacy of the investigated MOAgNPs were compared 
to zones of inhibition of AgNPs produced from various 
extracts and found to be more efficient [62–66].

3.2.3 � Cytotoxic Potency of AgNPs Against Human 
Carcinoma Cells

Table 5 and Fig. 10 show the cytotoxic effect of AgNPs 
on (HCT-116), (HepG-2) and (MCF-7). The percentage 
changes were calculated as compared to untreated control 
cells (DMSO treated). (IC50) values of synthesized AgNPs 
against (HCT-116 cell line), (HepG-2 cell line), and (MCF-7 
cell line) were 6.51, 4.75, and 5.54 µg/ml, respectively, when 

Table 3   Results of the antimicrobial activity evaluation of the prepared MOAgNPs and Vancomycin against different strains of bacteria in com-
parison with AgNPs synthesized from different extracts

Compounds Inhibition zone (mm) ± SD

Escherichia coli (− ve) Serratia Marcescens 
(− ve)

Bacillus subtilis (+ ve) S. aureus (+ ve)

Conc. (µg/ml) 10 20 10 20 10 20 10 20

MOAgNPs
Current study

9 ± 0.55 22 ± 0.40 14 ± 0.25 24 ± 0.95 17 ± 0.88 34 ± 0.79 17 ± 0.12 33 ± 0.17

Vancomycin 13 ± 0.05 25 ± 0.16 17 ± 0.17 28 ± 0.20 23 ± 0.14 40 ± 0.22 18 ± 0.16 35 ± 0.26
Distilled water 0.6 ± 0.44 0.85 ± 0. 12 0.8 ± 0.12 0.7 ± 0.15
AgNPs of
O. tenuiflorum [62]

20 30 – – 12 25

AgNPs of S. cumini [53] 20 26 – – 14 26
AgNPs of S.alternifolium [63] 13.4 – – 12.1 9.2 –
AgNPs of Leucas aspera [64] 26.3 23
AgNPs of Ocimum gratissimum [65] 20 16 13
AgNPs of
Allium giganteum[66]

14 9.5 12

AgNP Vancomycin Distilled water
0

5

10

15

20

25

30

35

40

In
h

ib
it

io
n

 z
on

e 
(m

m
)

Compounds 

  (10 µg/ml)E. coli

  (20 µg/ml)E. coli

  (10 µg/ml)S. Marcescence

  (20 µg/ml)S. Marcescence

  (10 µg/ml)B. subtilis

  (20 µg/ml)B. subtilis

  (10 µg/ml)S. aureus

  (20 µg/ml)S. aureus

Fig. 9   Antibacterial activity evaluation of the investigated MOAgNPs 
compared to Vancomycin against different strains of bacteria

Table 4   The results of minimum inhibition concentration (MIC) of 
MOAgNPs against different strains bacteria

Compound Minimum inhibition concentration (MIC) (µg/ml)

E.coli 
(− ve)

S.marcescence 
(− ve)

S. aureus 
(+ ve)

B.subtilis 
(+ ve)

AgNPs 5.70 4.10 3.15 2.75
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compared to the (IC50) values of Doxorubicin, which were 
5.25, 4.25, and 4.45 µg/ml, respectively. AgNPs have a cyto-
toxic effect similar to Doxorubicin, with the HepG-2 and 
MCF-7 cell lines being more responsive to AgNPs treatment 
than the HCT 116 colon cancer cell lines. AgNPs inhibited 
cell growth in HepG-2 cells with an IC50 value of 4.75 µg 
/ml, whereas the HCT-116 cell line had an IC50 value of 
6.51 µg/ml. AgNPs have a cytotoxic effect similar to Doxo-
rubicin, with the HepG-2 and (MCF-7) being more respon-
sive to AgNPs treatment than (HCT 116). AgNPs inhibited 
cell growth in HepG-2 cells with an IC50 value of 35 µg/ml, 
whereas the HCT-116 cell line had an IC50 value of 6.51 µg/
ml [61]. The (IC50) values of the synthesized AgNPs form 
different extracts [67–71] against MCF-7, HCT-116 and 
HepG-2 are shown in Table 5 compared to MOAgNPs and 
standard drug Doxorubicin. Thus, the simple and green bio-
genic synthesis of silver nanoparticles (AgNPs) provides 
not only AgNPs with extraordinary characteristics, but also 
cost-effective, readily available, and surprisingly biologi-
cally active nanoparticles. [72–75]

3.3 � MOAgNPs for Catalytic Reduction of 2, 
4‑Dinitrophenol to 2, 4‑Di‑Aminophenol.

Nanomaterials due to their facenating properities they 
are used as catalysts for some chemical reaction [76–78]. 
MOAgNPs can be used as a catalyst for a chemical reac-
tions [79, 80]. 2, 4-Di-nitrophenol showed its strongest 
absorption peak at 368 nm as shown in Fig. 11. Atoms in 
the 2,4-Dinitrophenol structure (Oxygen and nitrogen) have 

Table 5   (IC50) values of 
MOAgNPs against (HCT-
116), (HepG-2) and (MCF-7) 
cancer cell lines in comparison 
with AgNPs synthesized form 
different extracts

Compounds IC50 (µg/ml)

MCF-7 HCT-116 HepG-2

MOAgNPs Current study 5.54 ± 0.15 6.51 ± 0.66 4.75 ± 0.34
DMSO 0.00 0.00 0.00
Doxorubicin 4.45 ± 0.15 5.25 ± 0.12 4.25 ± 0.13
AgNPs of Cyanobacterium Oscillatoria limnetica [67] 6.15 ± 0.13 5.37 ± 0.23 –
AgNPs of Ocimum Kilimandscharicum [68] – – 4.9
aAgNPs of Erythrina indic [69] 23.89
AgNPs of Melia dubia [70] 31.2
AgNPs of Achillea biebersteinii [71] 20

MCF-7 HCT-116 HepG-2
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Fig. 10   IC50 values of MOAgNPs against (HCT-116), (HepG-2) and 
(MCF-7) cell lines

Fig. 11   Absorption spectra for 2,4- Di-nitrophenol reduction in the 
absence of MOAgNPs

Fig. 12   Absorption spectra of the catalytic reduction of 2, 4-Dinitro-
phenol catalyzes by MOAgNPs at first 10 min
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electrons gave rise to the electronic transition n-π*. This 
peak remained stable for an hour, showing that the reaction 
is unable without catalysis.

Absorption spectrum of 2, 4-Dinitrophenol by adding 
Sodium borohydride and MOAgNPs as catalyst was deter-
mined (Figs. 12, 13). After 10 min, the peak at 368 nm 
decreased due to decreased 2, 4-Dinitrophenol concentra-
tion, and new peaks at 287 and 443 nm appeared, indi-
cating the formation of 2, 4-Dinitrophenolate ion and 
2, 4-Diaminophenol. After 20 min, the peaks at 287 and 
443 nm decreased, a new small distinctive band around 
314 nm developed, and the spectra became steady, suggest-
ing that the 2,4-Dinitrophenolate intermediate changed into 
2,4-Diaminophenol (DAP). The solution's coloring changed 
from yellow to pale orange. [77, 81, 82]

The rate constant was estimated from the reduction in 
intensity of the absorption peak at 368 nm over time in order 
to evaluate the catalytic activity of silver nanoparticles. The 
rate constant can be determined from the linear relationship 
between ln A and time because the concentration of NaBH4 
is constant. From curves, the rate constants (k, min−1) were 
found to be 2 × 10−3  min−1 and 24 × 10−3  min−1 for the 
reaction without any silver nanoparticles and (MOAgNPs) 

respectively Figs. 14 and 15. When these 2, 4-Di-nitrophenol 
reduction rate constants are compared, it is clear that silver 
nanoparticles accelerated the process and had good catalytic 
activity.

To test the recycling ability of the catalyst, AgNps were 
separated from reaction mixture by centrifugation and 
were re-used for catalytic reduction of 2, 4-Dinitrophe-
nol. Activity of MOAgNps catalyst for catalytic reduction 

Fig. 13   Absorption spectra of the catalytic reduction of 2, 4-Dinitro-
phenol catalyzes by MOAgNPs at next 20 min

Fig. 14   ln [2, 4- Di-nitrophenol] versus time plots without catalyst for 
2, 4- Di-nitrophenol reduction

Fig. 15   ln [2, 4- Di-nitrophenol] versus time plots using MOAgNPs 
as catalysts for 2, 4- Di-nitrophenol reduction

Fig. 16   Absorption spectra of 2, 4-Dinitrophenol catalytic reduction 
catalyzes by MOAgNPs in the second cycle

Fig. 17   ln [2, 4- Dinitrophenol] with time (min.) using MOAgNPs as 
catalyst for 2,4- Di-nitrophenol reduction in the second cycle
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of 2, 4-Dinitrophenol is studying by UV/vis spectra of 
the catalytic reduction of 2, 4-Dinitrophenol as shown in 
Fig. 16. Rate constant of the reactions was calculated from 
the decrease in intensity of the absorption peak over time 
Fig. 17. The following given relation shows the activity of 
the catalyst:

 = where k 1 , is the rate constants in first cycle, K2 is the 
rate constants in the second cycle. The rate constant k 1 was 
found to be 24.0 × 10−3 min−1 for the reaction with silver 
nanoparticles, (MOAgNPs) in first cycle, k 2 was found to be 
15.0 × 10−3 min−1 for the reaction with silver nanoparticles, 
(MOAgNPs) in the second cycle. The percentage activity of 
MOAgNPs catalyst was found to be 62.5%.

The oxide layer formed on the surface of AgNPs upon 
air exposure or small leaching of AgNPs during catalysis 
process explain the decrease in activity of AgNPs as cata-
lysts [83, 84].

3.3.1 � The Temperature‑Dependent Reduction Process 
of 2, 4‑Dinitrophenol Catalysed by MOAgNPs 
and Thermodynamics Study

We examined the temperature-dependent reduction process 
of 2, 4-Dinitrophenol catalysed by MOAgNPs. The effect 
of temperature on the k values was examined from 293 to 
313 K. The k values for the reduction of 2, 4-Dinitrophenol 
increased with the increase in temperature as the increase in 
the diffusion, as shown in Table 6, Figs. 18.

The Arrhenius equation was used to calculate the acti-
vation energies (Ea) for the 2, 4-Dinitrophenol reduction 
process.

The activation parameters and Ea values were calculated 
using the slope of the plot of ln k vs. 1/T, as illustrated in 
Fig. 19 and Table 7.

The Ea values for the reduction of nitrophenol cata-
lysed by various metal NPs have been determined. For 
the reduction of 4-nitrophenol with palladium NPs and a 

Percenatge activity =
k 2

k 1
× 100

(8)ln k = ln A − Ea∕RT

palladium nanocage structure, the Ea values are 30 kJ mol−1 
and 109 kJ mol−1, respectively [85]. The activation ener-
gies Ea for 2, 4-Dinitrophenol catalysed by MOAgNPs are 
44.2 kJ mol−1, confirming the L–H mechanism. The Eyring 
equation was used to calculate the activation enthalpy 
(H*) and activation entropy (S*) for the reduction of 
2,4-Di-nitrophenol.

The thermodynamic parameters were calculated using 
Fig. 20 and Table 7. The values of k constant for 2, 4-Dini-
trophenol were 0.042  min−1, catalyzed by MOAgNPs. 
Using the reduction of 2, 4-Di-nitrophenol, thermody-
namic parameters Δ H*, Δ S*, and Δ G* were 41.7 kJ mol−1, 
–116.4 J mol−1 K−1, and 76.4 kJ mol−1, respectively, for 
MOAgNPs catalyst. The change in free energy that occurs 
when one chemical or a group of chemicals is transformed 
to one or more other chemicals in their standard forms is 
known as the standard free-energy change. As indicated 
by these values, the 2, 4- Di-nitrophenol reduction process 
is definitely endothermic[85]. In addition, the activation 

ln
(

k

T

)

= ln
(

kB

h

)

+
ΔS*

R
−

ΔH*

RT

ΔG∗ = ΔH∗ − TΔS∗

Table 6   Temperature dependent 
k values for the reduction of 2, 
4-Dinitrophenol catalyzed by 
MOAgNPs

Temperature 
(K)

k (min−1) × 10–3

293 22.6
298 24.0
303 27.2
308 42.2
313 73.4

Fig. 18   Temperature effect from 293 to 313 K on the k values of the 
reduction reaction of 2, 4-Dinitrophenol catalyzed by MOAgNPs

Fig. 19   Plots of ln k vs. 1/T ( the Arrhenius) for the reduction reac-
tion of 2, 4-Dinitrophenol
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parameters H* and S* were obtained for use in subsequent 
investigations. To continue with the reduction reaction, 2, 
4-Di-nitrophenol must first overcome the energy barrier by 
adsorbing on the catalyst surface. As a result, the MOAgNPs 
have a high catalytic activity.

Mechanism of catalytic reduction reactions follow the 
Langmuir–Hinshelwood (L–H) mechanism. On the surface 
of MOAgNPs, the BH4

− ions were adsorbed to the surface of 
the MOAgNPs. Also 2, 4-Dinitrophenol adsorbs on the sur-
face of MOAgNPs and is reduced to 2,4-Di-aminophenol by 
the BH4

− ions. The catalytic product 2, 4-diaminophenol is 
separated to free the surface of the MOAgNPs. The catalytic 
reduction reaction's k values are proportional to the materi-
als' surface area. The MOAgNPs catalyzed reduction of 2, 
4-Dinitrophenol occurs according to the L–H mechanism 
[85, 86]. MOAgNPs synthesized using the green technique 
have a wide range of applications as catalyst and adsorbent 
because of high surface area [57].

4 � Conclusion

The manufacture of MOAgNPs utilising M. oleifera extract 
was demonstrated in this study. FT-IR and UV/vis spectra 
revealed the role of phytochemical components in the plant 
extract, such as amino acids and flavanols for the bio reduc-
tion of Ag+ ions to Ag0. Dynamic light scattering DLS was 
used to determine the size and shape of MOAgNPs. The 
FCC crystal system of MOAgNPs was confirmed by XRD 
study. The AgNPs' strong adhesion, small size, and total 
coverage of the insects' body parts with a large surface area 
resulted in reduced motor functioning and insect mortality. 

The cytotoxic activity of MOAgNPs (IC50) values against 
(HCT-116), (HepG-2) and ( MCF-7) cell lines was found 
to be close to the cytotoxic activity (IC50) values of the 
standard drug Doxorubicin. The synthesized nanoparticles 
(MOAgNPs) are eco-friendly, inexpensive, and have pesti-
cidal and antibacterial activities against S. littoralis, Staphy-
lococcus aureus, Bacillus subtitle, Serratia marcescens and 
Escherichia coli. The synthesized AgNPs were used for 
the reduction reaction of 2, 4-Di-nitrophenol by NaBH4 to 
2, 4-Diaminophenol. Thermodynamic parameters such as 
ΔH*, ΔS* and ΔG* for the reduction of 2, 4-Dinitrophenol 
were 44.2 kJ mol−1, − 116.4 Jmol−1 K−1 and 76.4 kJ mol−1 
respectively for MOAgNPs catalyst. From the obtained 
results it can be concluded that MOAgNPs synthesized using 
the green technique have a wide range of applications as 
nanopesticides, anticancer agents, antibacterial agents, and 
potent catalytic agents in diverse domains.
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