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Abstract

Background: Moringa oleifera is rich in various active phyto-constituents (tannins, sterols, terpenoids, flavonoids,
saponins, anthraquinones, alkaloids, and vitamins) in addition to different minerals in its leaves and seeds. Presence
of these constituents is responsible for the antioxidant activity and the ability to protect against oxidative damage.
Based on measurements of the cytotoxic activities, M. oleifera leaves were found to be more effective than the
plant seeds. Therefore, the plant leaves were selected for preparation of silver plant nano-extract during the present
study.

Methods: The silver nanoparticles (Ag-NPs) were synthesized then characterized by transmission electron
microscope (TEM), ultraviolet-visible (UV-VIS) spectroscopy and dynamic light scattering (DLS) measurements.
Moreover, the in vitro antioxidants were assayed in M. oleifera leaves extract before and after incorporating Ag-NPs
through measurement of total polyphenolic compounds and scavenging activities against free radicals in addition
to the cytotoxic activity against growth of human colon carcinoma. Furthermore, the phenolic compounds were
detected by gas chromatography coupled with a mass spectrometer (GC/MS) and fourier transform infrared (FT-IR)
spectroscopy. Also, the median lethal dose (LD50) of the extract and nano-extract was evaluated.

Results: It was showed that incorporation of Ag-NPs into the M. oleifera leaves extract enhanced the total
antioxidant capacity, concentration of total polyphenolic compounds, reducing power and scavenging activity
against attack of free radicals in addition to increasing the cytotoxicity against growth of colon cancer cells. This
might be related to increasing the phenolic compounds as a result of incorporation of Ag-NPs and detected by the
GC/MS and FT-IR analysis. It was found that there was no wide gap in the LD50 between M. oleifera leaves extract
and silver nano-extract. The LD50 values of the M. oleifera leaves extract and silver nano-extract were about 14,250
and 13,750 mg/Kg, respectively.

Conclusion: The study revealed that incorporation of Ag-NPs into the M. oleifera extract enhanced the in vitro
antioxidative efficiency and might be related to increasing the phenolic compounds.
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Background
Moringa oleifera (M. oleifera) Lam. (local name Sajna) is
considered as one of the trees included to the Brassica
order. It belongs to the family Moringaceae which in-
cludes 13 known species of single genus (Jahn 1988;
Khawaja et al. 2010).
Kasolo et al. (2010) reported that every part of M. olei-

fera is a storehouse of important nutrients and anti-
nutrients in addition to presence of the minerals like cal-
cium, potassium, zinc, magnesium, iron and copper. It
has high nutritional values due to presence of different
essential phytochemicals in its leaves and seeds. These
phytoconstituents are represented by total phenolics, dif-
ferent enzymes (ascorbic acid oxidase, polyphenol oxi-
dase, and catalase) and vitamins like vitamin C, D and E
in addition to beta-carotene of vitamin A, vitamin B
such as folic acid, pyridoxine and nicotinic acid (Khatun
et al. 2003; Mbikay 2012; Rockwood et al. 2013). More-
over, it is rich in various phytochemicals including alka-
loids, steroids, tannins, flavonoids, terpenoids, saponins
and anthraquinones in addition to the reducing sugars
that are present along with anti-cancerous agents like
glucosinolates, isothiocyanates, glycerol-1-9-octadecano-
ate and glycoside compounds (Berkovich et al. 2013). It
was found that these substances exhibit antioxidant ac-
tivity and have the ability to protect the tissues against
oxidative damage (Sudha et al. 2010; Sreelatha and
Padma 2011). It was demonstrated that the high content
of proteins in M. oleifera leaves has ideal levels of essen-
tial amino acids such as methionine, cysteine, trypto-
phan and lysine. Therefore, it increases the availability to
be absorbed in intestine and hence degradability of the
nitrogen increases in the rumen comparable to soybean
meal (Soliva et al. 2005).
Many previous studies have illustrated that M. oleifera

showed potential therapeutic values including anticancer,
antidiabetes, anti-rheumatoid arthritis, anti-fungal, anti-
microbial (Chuang et al. 2007), anti-atherosclerotic (Chu-
mark et al. 2008), anti-infertility, antidepressant, pain relief
(Sathya et al. 2010), diuretic and thyroid regulation effects
(Biswas et al. 2012). Moreover, administration of M. olei-
fera extracts alone lead to significant increase in
hemoglobin and red blood cells as compared with control
group. However, the results revealed that M. oleifera ex-
tract, whether provided with aluminum chloride or alone,
mitigated aluminum chloride-induced anemia in albino
rats (Osman et al. 2012).
Recently, it was documented that M. oleifera leaves ex-

tract attenuated brain dysfunction and brain damage
(Kirisattayakul et al. 2013). It produced ameliorative ef-
fects against lead toxicity in the cerebral cortex (Owolabi
et al. 2014). The recent studies were concerned with
studying efficacy of the bio-active compounds isolated
from M. oleifera leaves against activity of cancer cells

with respect to tumor-suppressive activity (Budda et al.
2011; Leone et al. 2015).
Nanotechnology belongs to the most promising areas

of the modern medical science. The nanomaterials are
characterized by specific physical properties (shape and
size) that can be improved to be applied in both funda-
mental and applied research field (Dhas et al. 2012).
Development of polymer-metal nanocomposites con-

taining metal nanoparticles is considered to be one of
the most promising solutions to their inherent stability
problem. Incorporation of nanoparticles into polymeric
matrices showed valuable properties in many practical
applications (Rozenberg and Tenne 2008). Synthesis
of the metal nanoparticles attracts an increasing interest
due to their new and different characteristics as com-
pared with other traditional fields (Priyadarshini et al.
2013). Synthesis of silver nanoparticles (Ag-NPs) by re-
duction of aqueous silver nitrate (AgNO3) into Ag-NPs
in presence of plant extracts can be easily monitored by
using UV-visible spectrophotometer. The plant extracts
with Ag-NP’s exhibited good antioxidant activity at
lower concentrations (Johnsona et al. 2014).
The Ag-NPs have been proved to have great potential

in anticancer activity. This is attributed to their efficacy
to involve selectively in disruption of mitochondrial re-
spiratory chain and consequently leads to production of
reactive oxygen species (ROS) and hence interruption of
adenosine triphosphate (ATP) synthesis, thereby causing
nucleic acid damage (Asharani et al. 2009). Recently, it
was found that incorporation of Ag-NPs into the plant
extract increased the total phenolic compounds and total
flavonoids. Therefore, the antioxidative and antimicro-
bial efficiency of the extract-loaded Ag-NPs increased
and became higher than the plant extract alone or
AgNO3 (Abdel-Aziz et al. 2014). The present study
aimed to reveal the difference in the biological efficiency
of M. oleifera leaves extracts before and after incorporat-
ing Ag-NPs.

Materials and methods
Collection of the plant material and preparation of the
extracts
Young fresh leaves and seeds of M. oleifera were ob-
tained from Egyptian Scientific Society of the moringa
trees, National Research Centre, Dokki, Giza, Egypt. The
plant leaves and seeds were air-dried and crushed in an
electric blender into powder. The extract was prepared
in methanol at the concentration 10% (W/V) by immers-
ing 250 g of the dried plant powder in 2.5 L of methanol
in water bath at 70 °C for 6 h then filtered.

Synthesis of silver nanoparticles (Ag-NPs)
In order to prepare Ag-NPs with optimum particle size
and yield, several attempts were performed in order to
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obtain an easy method to reduce AgNO3 solution into
Ag-NPs. In a classic method, the AgNO3 solution was
left to be reduced under vigorous stirring with direct ex-
posure to sun light and compared with Ag-NPs prepared
with aid of the reducing agents (NaBH4 or tannic acid)
in presence or absence of Na citrate as a stabilizing
agent. The yield and particle size of the obtained prepa-
rations were investigated, and the optimum method was
exploited to incorporate Ag-NPs into the most effective
M. oleifera extract that was selected based on the anti-
oxidant and cytotoxic activities.

Characterization of the synthesized Ag-NPs
Transmission electron microscopy (TEM)
The morphological and particles size of the selected Ag-
NPs formulation were evaluated using TEM (JEOL
JEM1230, Tokyo, Japan). A drop of diluted sample was
placed on a copper grid and stained with 2% (w/v) phos-
photungstic acid for examination. The experiment was
conducted at room temperature, and micrograph was
taken at a suitable magnification power.

Ultraviolet-visible (UV-VIS) spectroscopy
Reduction of AgNO3 to silver using plant extracts was
monitored by measuring UV-VIS spectrum of the reac-
tion mixture at λ 200–800 nm after 10-fold dilution of
the samples with deionized water. The UV-VIS spectros-
copy was carried by Shimadzu UV-VIS recording spec-
trophotometer UV-240.

Dynamic light scattering (DLS) measurements
The synthesized Ag-NPs were investigated for their par-
ticle size by photon correlation spectroscopy (PCS) using
Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.,
Malvern, UK). Samples were diluted with double dis-
tilled water prior to analysis at room temperature with
an angle of detection of 90°.

Preparation of silver M. oleifera leaves nano-extract
The extract was mixed first with AgNO3 solution, and
the Ag-NPs were synthesized through reduction of
AgNO3 solution with tannic acid under vigorous shaking
in presence of sodium citrate as a stabilizer. The prepar-
ation was kept under vigorous stirring for 30 min until a
dark gray colloidal suspension was formed indicating the
successful production of Ag-NPs. The obtained prepar-
ation was centrifuged at 3000 rpm for 15min. The col-
lected Ag-NPs were frozen at − 22 °C then placed in a
Novalyphe-NL 500 Freeze Dryer (Savant Instruments
Corp., USA) with a condenser temperature of − 45 °C
and a pressure of 7 × 10− 2 mbar. The lyophilized prepa-
rations were kept in tightly closed containers at room
temperature till use.

In vitro antioxidant and cytotoxic activities of the
different extracts
All these measurements were assayed in different M.
oleifera leaves and seeds extract. Also, they were assayed
in the M. oleifera leaves extract before and after incorp-
oration of Ag-NPs.

Total polyphenolic compounds
The total polyphenolic compounds were estimated ac-
cording to the method suggested by Singleton and Rossi
(1965) using folin ciocalteu reagent purchased from
Sigma Chemicals Co. Concentration of the total poly-
phenols was calculated as a gallic acid equivalent from
the calibration curve of gallic acid standard solutions
covering the concentration range between 0.2 and 1.0
mg/ml.

Total antioxidant capacity
Total antioxidant capacity of the extract was evaluated
through assay of the green phosphate/Mo5+ complex ac-
cording to the method described by Prieto et al. (1999).
Antioxidant capacity was expressed as mg gallic acid
equivalent per gram dry weight.

Total reducing power
The total reducing power was determined according to
the method suggested by Oyaizu (1986). The absorbance
was measured at 700 nm against blank prepared without
adding extract. Ascorbic acid was used as standard at
various concentrations. A high absorbance of the reac-
tion mixture at 700 nm indicates a higher reducing
power.

Free radical scavenging activity
DPPH radical-scavenging activity
Percentage of the antioxidant activity was evaluated by
method described by Brand-Williams et al. (1995) using
2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) for initi-
ation of the free radicals, and the absorbance of the
resulting solution was measured spectrophotometrically
at 517 nm.

ABTS radical scavenging assay
For 2,2′-azinobis-(3- ethylbenzothiazoline-6-sulfonic acid)
(ABTS) assay, the procedure followed the method sug-
gested by Arnao et al. (2001) with some modifications.
The extracts were allowed to react with ABTS solution,
and the absorbance was taken at 734 nm after 7 min using
a spectrophotometer. The ABTS scavenging capacity of
the extract was compared with that of ascorbic acid.

Anticancer activity
Cytotoxic activity test (in vitro bioassay on human
tumor cell lines) was conducted and determined. It was
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performed on human colon carcinoma cell line accord-
ing to protocol suggested by Vichai and Kirtikara (2006).

Chromatographic analysis of total phenolics
The total phytoconstituents were subjected to gas chro-
matography coupled with a mass spectrometer (model
Shimadzu GC/MS–QP5050A). The constituents have
been identified by comparison of their spectral fragmen-
tation patterns with those of the available database li-
braries Wiley (Wiley Int.) USA and NIST (Nat. Inst. St.
Technol., USA) and/or published data (Adams 1989).
The compounds were identified qualitatively based on
retention time and relative abundance of three charac-
teristic masses. The quantitative determination was car-
ried out based on peak area integration.

Fourier transform infrared (FT-IR) spectroscopy
The FT-IR technique is used to analyze chemical
composition of the organic chemicals. The FT-IR
spectrum of plant extract was carried out before and
after incorporating Ag-NPs to identify the possible
bio molecules responsible for the capping and
stabilization of nanoparticles. The FT-IR measurement
was carried out to confirm increasing the phenolic
compounds after incorporating Ag-NPs.
This analysis was carried out by using FT-IR technique

manufactured by Bruker depending on Eaton et al.
(1995). Fifty milliliters of the extract was diluted to 1000
ml with nanopure distilled water. One milliliter of HCl
was added followed by 30 ml of Freon (tri chlorotriflor-
o_ethane) obtained from Merck Chemical Co then shak-
ing for 2 min. The two immiscible layers were allowed to
be separated with taking the Freon in another container.
The last step repeated three times for ensuring that all
the components migrated from the extract to the or-
ganic layer. The absorbance estimated against blank at
the wave number 2930 cm− 1 then the concentration was
calculated.

Experimental design
Ethical statement
The experimental design and animal handling were per-
formed according to the experimental protocol which
was approved by Institutional Animal Ethics Committee
of National Research Centre, Dokki, Giza, Egypt in ac-
cordance with guidelines as per “Guide for the care and
use of laboratory animal” and with permission from
Committee for the Purpose of Control and Supervision
of Experiments on Animals.

Median lethal dose of different extracts (LD50)
The different M. oleifera extracts (before and after in-
corporation of Ag-NPs) were studied separately for
evaluating the LD50. One hundred and sixty adult albino

mice (weight 20–25 g) were divided into 10 groups (8
mice in each group) for calculating the LD50 of M. olei-
fera extracts and 10 groups for that of silver M. oleifera
nano-extracts. The groups were treated orally by stom-
ach tube with rising doses of 2000, 4000, 6000, 8000, 10,
000, 12,000, 14,000, 16,000, 18,000, and 20,000 mg/Kg.
Mortality was recorded after 24 h of extract and nano-
extract treatment. The LD50 was calculated using equa-
tion suggested by Paget and Barnes (1964).
LD50 =Dm–{Σ(Z.d)/n}.
where Dm is the dose by which all the mice died, Z is

half the sum of dead mice from two successive doses, d
is the difference between the two successive doses and N
is number of mice in each group.

Results
The Ag-NPs can be produced easily by reduction of
AgNO3 solution. Among the reduction methods used is
the use of vigorous shaking with the exposure of sun-
light. Unfortunately, this method led to extremely low
yield of Ag-NPs with large particle size (2007 nm). Thus,
an additional 2 reducing agents should be used, namely;
NaBH4 and tannic acid. The particle size of Ag-NPs pre-
pared using equimolar AgNO3 and NaBH4 was signifi-
cantly larger than those prepared using equimolar
concentration of AgNO3 and tannic acid (1928 nm and
914 nm, respectively). In an attempt to further reduce
the particle size, half of the AgNO3 amount was ex-
changed with tannic acid. A great decrease in the par-
ticle size was obtained (67 nm). Thus, this condition of
AgNO3 was adopted to prepare extract loaded nanopar-
ticles. Loading of extract into AgNO3 did not lead to a
significant increase in particle size (78.9 nm for the
loaded nanoparticles).
The TEM is one of the most significant techniques

suitable to examine structural properties of the fabri-
cated nanomaterials. It was used to assess size, shape
and morphology of nanoparticles. As illustrated in
Fig. 1a, it was observed that the Ag-NPs were predomin-
antly spherical in shape, while some of the nanoparticles
were irregular in shape. No aggregations were detected.
Presence of the Ag-NPs maintained homogeneity and
uniformity of Ag-NPs distribution in the particles size
ranged between 5 and 10 nm.
Based on the data obtained using the UV-VIS spec-

troscopy which is a precise suitable and reliable method
for the main characterization of manufactured nanopar-
ticles correspondingly used to display stability and fabri-
cation of the Ag-NPs, it was confirmed that Ag-NPs
were prepared within the chemical reduction method.
The Ag-NPs generate strongly interrelate with exact
wavelengths of light. Also, UV-VIS spectroscopy is easy,
fast, simple and discerning for various types of nanopar-
ticles , requests simply a short period time for
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measurement. As illustrated in Fig. 1b, the prepared Ag-
NPs showed a sharp peak at 450 nm that confirms for-
mation of the Ag-NPs. Consequently, DLS is a nonde-
structive technique used to acquire the average diameter
of the prepared dispersed nanoparticles in aqueous solu-
tions. It is mostly used for estimating particle size of the
Ag-NPs and its distributions in the aqueous solutions.
The plant extracts were effectively involved in synthesis
and controlled formation of Ag-NPs.
As revealed in Table 1, it was found that the M. olei-

fera leaves extract found to be more effective than ex-
tract of the plant seeds. This was represented by the
higher concentration of the total polyphenolic com-
pounds, total antioxidant capacity, reducing power and
free radical scavenging activity in addition to the lower
extract concentration required to kill 50% of colon can-
cer cells.

As presented in Table 2, it was noticed that incorpor-
ation of Ag-NPs enhanced the total antioxidant capacity,
concentration of total polyphenolic compounds, redu-
cing power and scavenging activity against free radicals
initiated by ABTS and DPPH in addition to increasing
the cytotoxicity against growth of the colon cancer cells.
Data obtained by the GC/MS analysis showed that the
phenolic compounds increased as a result of incorporat-
ing Ag-NPs. As recorded in Table 3, it was noticed that
40 phenolic compounds were identified in the aqueous
M. oleifera leaves extract before incorporating of Ag-
NPs. It was noticed that 3-octanol, 2-butanol, and 2-
methyl-2-hexanol (identified at Rts 38.80, 41.88, and
56.25 min, respectively) represent the highest percents in
the extract (8.61, 34.27, and 7.11%, respectively). On the
other hand, 50 phenolic compounds were identified in
the silver M. oleifera leaves nano-extract (Table 4). It

Fig. 1 a TEM image of Ag-NPs, b UV-spectroscopy of the prepared Ag-NPs, and c DLS of the Ag-NPs

Table 1 Total antioxidant capacity and free radical scavenging activity in M. oleifera leaves and seeds extracts

Extract Total antioxidant capacity
(mg gallic acid/gm)

Total polyphenols
(mg gallic acid/100 g)

Reducing power
(μg/mL)

ABTS (mg/gm) Antioxidant activity (%) IC50 (μg/mL)

Leaves 0.12 ± 0.007* 0.67 ± 0.006* 0.34 ± 0.03* 55.25* 57.8* 50.58*

Seeds 0.06 ± 0.003 0.04 ± 0.003 0.21 ± 0.03 25.92 32.2 82.92

*The most effective extract, values expressed as mean ± SE of four replicates
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was found that 3-methyl-2,4-pentanediol, butanal and
bis[(2,4,6-tritertbutylphenyl)amino] phenylchlorosilane
(identified at Rts 38.82, 41.87 and 48.21 min, respect-
ively) represent the highest percents in the extract (6.17,
34.43 and 4.75%, respectively).
As illustrated in Fig. 2 and recorded in Table 5, it was

found that 7 phenolic compounds were identified in the
M. oleifera leaves extract before incorporating Ag-NPs.
As regard to silver M. oleifera leaves nano-extract, it was
noticed that 17 phenolic compounds were identified as
illustrated in Fig. 3 and recorded in Table 6.
The present study revealed that there was no wide gap

in value of the LD50 between M. oleifera leaves extract
and silver M. oleifera leaves nano-extract. As illustrated
in Fig. 4, it was found that the LD50 values of the M.
oleifera leaves extract and nano-extract were about 14,
250 and 13,750 mg/Kg, respectively. Moreover, the
therapeutic doses (1/20 LD50) for both extracts were
about 712.50 and 687.50, respectively.

Discussion
The crude extracts contain complex mixtures of bio-
logically active compounds. Some of these compounds
exhibit genotoxic or antigenotoxic effects (Yumnamcha
et al. 2014). Therefore, it was necessary to undergo
phytochemical analysis to illustrate the potential health
hazards occurred as a result of using the plant extracts
for medicinal purposes.
Silver is a nontoxic inorganic agent, and it exhibits

vital functions as an antiseptic due to its efficiency
against about 650 types of disease causing micro-
organisms (Popescu et al. 2010). It is well known that
utilization of plant extracts for synthesis of Ag-NPs is
economic and cost effective (Allafchian et al. 2016). Re-
cently, it was documented that silver plant nano-extracts
showed wide range of possible applications. This might
refer to enhancing the active phytoconstituents which
exhibit antioxidant potentials and free radical scavenging
activities higher than those of the crude extracts (Abdel-
hady and Badr 2016).
The FT-IR spectroscopy, DLS and TEM belong to

the most important techniques that used widely for
characterization of the synthesized nanoparticles
(Aboulthana and Sayed 2018). During the current
study, it was noticed that the Ag-NPs distributed in
the particles size ranged between 5 and 10 nm. This

was in accordance with results of the experiment car-
ried out by Ahmed and Ikram (2015).
It was found that the plant extracts involved effectively

in synthesis of Ag-NPs. The incubation time with
AgNO3 solution along with plant extract is directly pro-
portional rate of Ag-NPs synthesis. An increase in the
incubation time increased synthesis of Ag-NPs. Presence
of the plant extract did not affect formation of AgNO3

into Ag ions (Lakshmanan et al. 2018). It was found that
the plant extract could be used as an efficient green re-
ducing agent for the production of nanoparticles (Subra-
manian et al. 2013). Therefore, use of the natural
antioxidants for synthesis of the nanoparticles seems to
be a good alternative which can be due to its benign
composition (Ahmad and Sharma 2012). Although it is
still under dispute, various biomolecules existing in
aqueous plant extracts such as polyphenols, polysaccha-
rides and proteins have been proposed to exhibit role in
nanoparticles formation (Szydlowska-Czerniak et al.
2010; Shan et al. 2015). It was reported that polyphenols
that are structurally characterized by presence of one or
more phenol units represent a group of biologically ac-
tive molecules commonly present in plants. They are
considered as one of the most important classes of sec-
ondary plant metabolites which play an effective role in
treatment of various chronic diseases owing to their an-
tioxidants potentials (Queralt et al. 2015; Silberstein
et al. 2016).
The current study showed that the M. oleifera

leaves extract was more effective than the plant seeds
extract. This was in accordance with the study sug-
gested by Rahaman et al. (2017). Who reported
that the M. oleifera leaves extract exhibited higher
potential to reduce viability of the cancer cells with
inclusive 50% inhibition concentration (IC50) at each
time point of the treatments more that the seeds ex-
tract. This might be attributed to the presence of
functional bioactive compounds, such as phenolic
acids, flavonoids, alkaloids, phytosterols, natural
sugars and vitamins in addition to the minerals (Saini
et al. 2016). Furthermore, it was postulated that the
M. oleifera leaves are rich source of vitamin C more
than lemon and orange that are considered the main
source of this compound (Mbailao et al. 2014).
Therefore, M. oleifera leaves were selected to be in-
corporated by Ag-NPs during the current study.

Table 2 Total antioxidant capacity and free radical scavenging activity in M. oleifera leaves extracts before and after incorporating of
Ag-NPs

M. oleifera leaves extract Total antioxidant capacity
(mg gallic acid/gm)

Total polyphenols
(mg gallic acid/100 g)

Reducing power
(μg/mL)

ABTS (mg/gm) Antioxidant activity (%) IC50 (μg/mL)

Before 0.13 ± 0.003 0.72 ± 0.056 0.34 ± 0.03 55.25 57.8 50.58

After 0.60 ± 0.04* 0.92 ± 0.038* 5.06 ± 0.82* 82.27* 79* 18.15*

*The most effective extract, values expressed as mean ± SE of four replicates
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Table 3 GC/MS analysis of the M. oleifera leaves extract before incorporating Ag-NPs

Rt % Identified compound Mol.
weight

Formula

6.79 1.27 (P)-N,N′-Dimethyl[1 + 1]cycloamide 658 C46H46N2O2

7.74 1.18 1,1-Dideutero-Propene 42 C3H4D2

12.92 1.08 (2-hydroxy-5,10,15,20-tetraphenylporphinato) copper (II) 691 C44H28CuN4O

13.28 1.22 N-Trifluoro acetyl-serine n-butyl ester 257 C9H14F3NO4

15.27 0.94 5-Methyl-5-Dimethoxyphosphono-6,11,16,21-tetraphenyl homoporphyrin 750 C48H39N4O3P

15.51 1.11 Nicotinic acid adenine dinucleotide 664 C21H26N6O15P2

18.15 0.96 2,5,5-trimethyl-2-]6-(tosyloxy)-4,5-epoxyhexanyl[−1,3-oxane 398 C20H30O6S

22.80 1.09 Dichloro(5,10,15,20-tetraphenylporphyrinato) vanadium 733 C44H28Cl2N4V

23.72 1.14 3-Methyl-Dodecane 184 C13H28

25.61 1.32 Methyl 3-ethyl-2-hexenoate 156 C9H16O2

26.47 1.05 N,N′-(1,3-Propanediyl)-bis[3′,5′-di(t-butyl)-(2-hydroxybenzylidene)imine]-
bis (dichloroboron)

666 C33H48B2Cl4N2O2

26.68 0.93 [tetraethyl-phthalocyaninato} iron (II) 680 C40H32FeN8

27.96 0.99 1,7-Bis(3,5-bis (bromomethyl)phenyl)heptane 620 C23H28Br4

28.02 1.01 2,2′-(Buta-1,4-diyn-1,4-diyl) bis[(5,10,15,20-tetraphenylporphyrinato) zinc
(II)]

1400 C92H56N8Zn2

28.64 1.30 N-Allyloxymethylacrylamide 141 C7H11NO2

28.85 1.27 3,5-Dimethyl-4-oxo-4H-pyrazole-1,2-dioxide 142 C5H6N2O3

32.55 1.03 Nonanal 142 C9H18O

33.05 1.10 Hexyl pentyl ether 172 C11H24O

33.28 1.37 5,17-Diethoxycarbonyl-11,23-dinitro-25,26,27,28-tetrahydroxycalix[4]arene 658 C34H30N2O12

33.48 2.41 3-Amino-1-propanol 75 C3H9NO

33.97 1.10 Dimethylamine borane 59 C2H10BN

35.76 0.93 (2-hydroxy-5,10,15,20-tetraphenylporphinato) Copper (II) 691 C44H28CuN4O

36.42 1.56 3-Acetoy-8-deacetoxy-N, 19-seco-22-nor-17-(1,2-oxazocyclopropan-1-yl)
yunaconitine

659 C34H45NO12

37.83 0.92 3-dimethylamino-2-isopropyl-2-methyl-2-Hazirin 140 C8H16N2

38.80 8.61 3-Octanol 676 C41H40O9

40.89 1.01 2-ethyl-4-methyl-1-pentanol 130 C8H18O

41.88 34.27 2-Butanol 74 C4H10O

42.38 2.23 2-Nitro-1,3-propanediol 121 C3H7NO4

48.21 6.27 3-chloro-2-methyl-2-pentanol 136 C6H13ClO

49.63 1.34 [Hexacarbonylbis(æ4-N-benzyl)
(bis (triphenylphosphine)iminium)trirhodium] complex

1225 C56H44N3O6P2Rh3

50.44 1.22 5,5′-Bis(3,5-di-tertbutyl-4-oxo-2,5-cyclohexadien-1-ylidene)-5,5′-dihydro-2,2′-
biselenophene

668 C36H44O2Se2

52.42 1.35 2,4,4-Trimethyl-2-penten-1-ol 128 C8H16O

53.48 1.09 Threo-3,4-epoxy-2-octanol 144 C8H16O2

54.17 1.22 Methylsulfinato(5,10,15,20-tetraphenylporphyrinato) iron 747 C45H31FeN4O2S

54.48 1.12 10-dimethylaminomethyl-2,8,12,18-tetramethyl-3,7,13,17-tetraethyl-21H,
23H-porphin

490 C18H26N4O8S2

55.33 1.22 1,3,6,8-tetrabromo-9 (4′-iodophenyl) carbazole 681 C18H8Br4IN

55.66 1.24 Ethylenimine 43 C2H5N

55.73 1.09 n-Butyl acetate 116 C6H12O2

56.25 7.11 2-Methyl-2-hexanol 116 C7H16O

56.44 1.32 5,5′-Bis[(2-trimethylsilylethynylphenyl)ethynyl]-2,2′-bipyridine 548 C36H32N2Si2

Rt Retention time
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Table 4 GC/MS analysis of the M. oleifera leaves extract after incorporating Ag-NPs

Rt % Identified compound Mol. weight Formula

7.58 0.82 (E)-1-(4-Morpholino-2-butenyl) cyclohexanol 239 C14H25NO2

8.96 0.74 4-(t-butylsulfonyl)but-3-en-2-ol 192 C8H16O3S

9.80 1.23 2,2,4-Trimethyl pentan-1,3-dioldiisobutyrate 286 C16H30O4

16.23 0.77 Dodecachloro-3,4-benzophenanthrene 636 C18Cl12

16.86 1.06 Nonanal 142 C9H18O

17.04 1.18 (25R)-3á-(4′-O-Benzoyl-2′,3′-didehydro-2′,3′-dideoxy-à,L-rhamnopyranosyloxy)-5à-
spirostan-2à-ol

648 C40H56O7

17.38 0.74 N-Cyclohexyl-1,7-dipyrrolidinylperylene-3,4:
9,10-tetracarboxylic acid 3,4-anhydride-9,10-imide

611 C38H33N3O5

17.55 1.06 Cyclohexanol 100 C6H12O

18.21 0.80 D4–1,1-dimethyldiborane 56 C2H6D4B2

20.51 1.01 8-Chloro-6-(3′,4′-methylenedioxyphenyl)-3,4-diphenylpyrimido[4′,5′: 4,5] thieno
[2,3-c] pyridazine

492 C24H14Cl2N4O2S

21.66 0.75 Lipo-3-episapelin A 684 C44H76O5

21.99 0.76 Tetracarbonyl (pentamethylcyclopentadienyl)(tetraisopropylcyclopentadienyl)
dimolybdenium

676 C31H44Mo2O4

22.97 1.00 D2–1,1-propene 42 C3H4D2

23.71 1.46 (Z)-6-(N,N-Diallylamino)-2-methyl-4-hexen-3-ol 209 C13H23NO

24.09 0.78 rac-1,1′-Bis[2,2-dimethylcyclopropane-1,3-di (benzoate)] 618 C38H34O8

24.58 1.05 3,5-Diphenyl-3,5 (9,10-phenanthylene)tricyclo[5.2.1.0]decane-4-one-8-
Exo-9-endodicarboxylic acid

708 C44H36O9

24.90 0.96 Diethyl {5-[(isopropyloxy)carbonyl]-5-methyl-2-phenyltetrahydro-1H-pyrrol-3yl}
phosphonate

383 C19H30NO5P

27.66 1.05 3,5-Di-t-Butyl-4-hydroxyphenylbis(1,2-dihydro-2-oxo-N-phenylcyclohepta [b]
pyrrol-3-yl)methane

658 C45H42N2O3

28.33 0.85 2,4-bis(2-chloroethyl)-6,7-bis[2-methoxycarbonyl)
ethyl]-1,3,5-trimethylporphyrin chloride iron (III)

737 C35H36Cl3FeN4O4

28.64 2.74 Decanal 156 C10H20O

28.81 0.96 [Tri {Titaniumpentamethylcyclopentadienyl(æ-oxa)}(æ-ethyl){N,N-diphenlamino)}] 793 C44H59NO3Ti3

28.94 1.04 Hexakis(2-methylphenyl)borazine 621 C42H42B3N3

29.63 1.16 2-O-octyl threitol 234 C12H26O4

30.83 1.02 N-Methyl-N-nitroso-6-hydroxyhexylamine 160 C7H16N2O2

31.82 0.84 2-methyl-cyclooctanone 140 C9H16O

33.04 2.01 1,1-Dipentyl-2-13C-ethylene 168 C12H24

33.20 1.86 5,5-Dimethyl-2 (1-methylethylidene)- 1,3-dioxane-4,6-dione 184 C9H12O4

33.49 2.10 Cyclobutyl heptyl ester oxalic acid 242 C13H22O4

33.79 0.99 1,6-Di-O-(terbutyldiphenylsilyl)-2,3-O-isopropylidene-à,D-fructose 714 C41H54O7Si2

33.89 1.17 2,5-Dinhexadecyl-1,4-benzenedicarboxylic acid 614 C40H70O4

34.07 0.77 3,5-Diphenyl-3,5-(9,10-phenanthylene)tricyclo
[5.2.1.0]decane-4-one-8-exo-9-endodicarboxylic acid

708 C44H36O9

35.01 2.36 1,3-Dimethyltriazene 73 C2H7N3

35.58 1.20 1-Aminocyclopropanecarboxamide 100 C4H8N2O

35.69 1.10 (2,2-Dibenzyloxy-3-nitro-5,10,15,20-tetraphenyl-2,3-dihydroporphyrinato) copper
(II)

901 C58H40CuN5O2

36.05 0.80 3-(4-Chlorophenyl)-4,6-dimethoxy-2-(3-(4-chlorophenyl)-4,6-dimethoxyindol-7-
ylmethyl)indole-2,7-dicarbaldehyde

642 C35H28Cl2N2O6

36.19 0.97 1,1-Dimethoxy-3-methylbutan-2-one 146 C7H14O3

37.04 1.25 1-nitro-heptane 145 C7H15NO2
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Table 4 GC/MS analysis of the M. oleifera leaves extract after incorporating Ag-NPs (Continued)

Rt % Identified compound Mol. weight Formula

38.12 2.67 1-Octene 112 C8H16

38.23 1.30 7,8-Dioxabicyclo[4.2.2]decane 142 C8H14O2

38.82 6.17 3-methyl-2,4-pentanediol 118 C6H14O2

41.87 34.43 Butanal 72 C4H8O

42.37 2.00 6-amino-hexanoic acid 131 C6H13NO2

44.50 0.92 2,4-Bis[2(methoxycarbonyl)ethenyl]-6,7-bis[2-(methoxycarbonyl)ethyl]-
1,3,5,8-tetrmethylporphyrin

706 C40H42N4O8

44.65 0.93 4-Butoxy-1-butanol 146 C8H18O2

45.33 0.81 5-Methyl-4-methylene-2-(phenylthio)hex-5-enonitrile 229 C14H15NS

45.64 0.92 (2-hydroxy-5,10,15,20-tetraphenylporphinato) zinc (II) 692 C44H28N4OZn

46.83 0.78 2,2,4,4-tetrakis[(t-butyl)]-1,3-bis{[(2′,4′,6′-triisopropyl)phenyl]mercurio}-
1,3-diphospha-2,4-disiletane

1156 C46H82Hg2P2Si2

47.02 1.01 2,5-Dibromo-1,4-di-n-hexadecylbenzene 682 C38H68Br2

47.53 0.88 NaMonA 692 C36H61NaO11

48.21 4.75 Bis[(2,4,6-tritertbutylphenyl)amino]phenylchlorosilane 660 C42H65ClN2Si

Rt Retention time

Fig. 2 The FT-IR showing a absorbance and b transmittance of the bioactive compounds in the M. oleifera leaves extract before
incorporating Ag-NPs
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It was found that incorporation of Ag-NPs enhanced
the total antioxidant efficiency and scavenging activity
against free radicals initiated by ABTS and DPPH in
addition to increasing the cytotoxicity against growth of
the colon cancer cells. These findings were in accord-
ance with Abdel-Aziz et al. (2014) and supported re-
cently by the study carried out by Aboulthana et al.
(2019) who emphasized that incorporation of Ag-NPs in
the plant extract increased the active phytoconstituents
(total phenolic compounds and total flavonoids). Conse-
quently, this leads to elevating the antioxidant and

antimicrobial activity with respect to plant extract alone
or AgNO3.
The FT-IR spectrum revealed presence of various ac-

tive phyto-constituents including flavonoids, phenolic
compounds and proteins in the aqueous M. oleifera
leaves extract and they could be responsible for the re-
duction of silver ions and stabilization of the phytho-
synthesized Ag-NPs (Firoozi et al. 2016). Moreover, the
FT-IR spectrum confirmed that incorporation of Ag-
NPs enhanced the phenolic compounds in the plant ex-
tract. Findings of the current study were in agreement
with Abdelhady and Badr (2016) and supported by
Aboulthana and Sayed (2018) who reported that the
phenolic compounds were represented by absorbance
and transmittance peaks during the FT-IR analysis.
Therefore, increasing number of peaks represent in-
creasing number of the polyphenolic compounds. Con-
sequently, enhancement of these compounds found to
be related to the total antioxidant capacity, iron reducing
power, and free radicals scavenging activity and hence
increasing the anticancer activity through lowering
growth of the cancer cells. There is a correlation be-
tween the percentage of polyphenols consumed and the
size of the produced nanoparticles (Alegria et al. 2018).
Amount of the polyphenol in the extract used during
formation of the nano-extract increased when size of the
nanoparticles decreased. This might be attributed to
conceivable regeneration of polyphenols under catalytic
reaction conditions and possible interference of the
small nanoparticles with measurement of the poly-
phenolic compounds (Mystrioti et al. 2016).
Furthermore, incorporation of Ag-NPs into the extract

caused no toxicity when administrated by stomach tube.
This was in accordance with the concept reported by
Mohanpuria et al. (2008) and supported recently by
Aboulthana and Sayed (2018) who suggested that green
route synthesis of Ag-NPs found with less toxicity. This
might be attributed to role of the renal excretion that
represents a desirable pathway for elimination of the
nanoparticles with minimal degradation rate through
undergoing catabolic pathway in the body to avoid the
possible side effects. Removal of the nanoparticles from
the body through the renal clearance is considered as a
multifaceted process involving glomerular filtration,
tubular secretion and finally elimination of the molecule
through urinary excretion.

Conclusion
Based on the in vitro measurements (total polyphenolic
compounds, total antioxidant capacity, total reducing
power, and scavenging activities against free radicals ini-
tiated by DPPH and ABTS in addition to the cytotoxic
activity against growth of human colon carcinoma) that
were assayed in M. oleifera leaves and seeds, it was

Table 5 The FT-IR measurements showing absorbance and
transmittance of the bioactive compounds in the M. oleifera
leaves extract before incorporating Ag-NPs

Wave number
(Cm−1)

Ab reading Ab % Trans reading Trans %

3214.02 0.17 31.78 67.00 69.79

1575.86 0.46 84.20 35.90 37.40

1394.77 0.36 65.91 44.00 45.83

1262.84 0.28 50.00 55.00 57.29

1119.94 0.35 63.47 45.00 46.88

1042.81 0.39 70.53 40.00 41.67

533.41 0.45 82.38 36.00 37.50

Ab Absorbance, Trans Transmittance

Table 6 The FT-IR measurements showing absorbance and
transmittance of the bioactive compounds in the M. oleifera
leaves extract after incorporating Ag-NPs

Wave number
(Cm− 1)

Ab reading Ab % Trans reading Trans %

3852.84 0.02 7.86 94.91 98.86

3750.35 0.03 10.36 94.80 98.75

3648.64 0.03 11.43 94.93 98.89

3274.06 0.06 20.36 89.90 93.65

2921.65 0.08 27.50 84.50 88.02

2852.26 0.06 21.07 89.00 92.71

1733.16 0.04 15.71 89.20 92.92

1575.97 0.09 32.14 89.60 93.33

1540.26 0.07 25.00 82.00 85.42

1425.13 0.13 44.64 77.20 80.42

1332.00 0.11 39.29 78.80 82.08

1251.94 0.13 45.71 75.20 78.33

1196.36 0.10 35.71 80.56 83.92

1080.89 0.11 38.86 78.60 81.88

967.09 0.11 38.25 80.00 83.33

839.15 0.06 21.43 82.80 86.25

612.01 0.21 74.57 61.50 64.06

Ab Absorbance, Trans Transmittance
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Fig. 4 The median lethal doses (LD50) of the M. oleifera leaves extract and silver M. oleifera leaves nano-extract

Fig. 3 The FT-IR showing a absorbance and b transmittance of the bioactive compounds in the M. oleifera leaves extract after
incorporating Ag-NPs
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found that M. oleifera leaves were more effective than
the plant seeds. Therefore, the plant leaves were selected
for preparation of silver plant nano-extract during the
present study. The Ag-NPs which were prepared to be
incorporated into the M. oleifera leaves were character-
ized by TEM, UV-spectroscopy, and DLS measurements.
The phenolic compounds were detected by GC/MS and
FT-IR analysis. Also, the in vitro antioxidant activ-
ities were evaluated in M. oleifera leaves in addition to
the in vivo LD50 before and after incorporating Ag-NPs.
It was found that incorporation of Ag-NPs into the M.

oleifera leaves extract enhanced the total antioxidant
capacity, concentration of total polyphenolic com-
pounds, reducing power and scavenging activity against
attach of free radicals in addition to increasing the cyto-
toxicity against growth of colon cancer cells. This might
be related to increasing the phenolic compounds de-
tected by the GC/MS and FT-IR analysis as a result of
incorporating Ag-NPs. It was found that there was no
wide gap in the LD50 between M. oleifera leaves extract
and silver nano-extract. The LD50 values of the M. olei-
fera leaves extract and silver nano-extract were about
14,250 and 13,750 mg/Kg, respectively.
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