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Background: Moringa oleifera, commonly known as “moringa”, is widely cultivated in

tropical and subtropical regions across the globe. Extensive studies have shown that various

parts of the moringa tree exhibit anti-cancer properties. This study determined the effects of

sequential moringa leaf extracts and silver nanoparticles synthesized from moringa leaf

extract on Kasumi-1 leukemia cells.

Methods and Results: Dried moringa leaf powder was sequentially extracted with the assis-

tance of ultrasound starting with absolute ethanol, followed by 50% ethanol, and finally, deionized

water. The aqueous extract was utilized to synthesize silver nanoparticles. The optimum conditions

to generate moringa silver nanoparticles (MO-AgNPs) were eight hours of incubation at 60°Cwith

1 mM silver nitrate and 1%moringa aqueous extract from sequential extraction. The three extracts

andMO-AgNPs were used to treat Kasumi-1 cells for 24, 48, 72 hours with concentrations ranging

from 400 to 12.5 µg/mL, while cell viability was determined with 3(4, 5-dimethythiazol-2-yl)-2,

5-diphenyltetrazoliumbromide (MTT) assay. After 72 hours of treatment, themoringa leaf absolute

ethanol extract displayed the strongest inhibitory effects on Kasumi-1 cells with IC50 of 10 µg/mL,

in comparison to moringa leaf 50% ethanol extract (25 µg/mL) and aqueous extract (>400 µg/mL).

Interestingly, MO-AgNPs exhibited the strongest cytotoxic effects on Kasumi-1 cells with an IC50

of 7.5 µg/mL. Cytotoxic study on normal CD34+ cells treated with up to 50ug/mL of either MO-

AgNPs or ethanol extract still had more than 80% cell viability indicating that the treatments have

selective cytotoxicity against the cancer cells. Morphological studies of Kasumi-1 cells treated with

IC50 of moringa leaf ethanolic extract andMO-AgNPs show a lot of shrinking, dying cells and cell

debris. Cell cycle studies displayed an increase in cells at theG1phase for ethanol leaf extract, while

MO-AgNPs caused cell cycle arrest at the S phase after treatment with IC50 dose for 24 hours.

Moringa leaf ethanol extract and the nanoparticles induced apoptosis inKasumi-1 cells as shown by

annexin V – FITC assays. Gene expression analysis by qPCR verified these outcomes, as the

moringa leaf ethanol extract led to significant upregulation of proapoptotic gene caspase 8, whereas

the MO-AgNPs caused a significant increase of proapoptotic protein BID.

Conclusion: This study reveals that moringa ethanolic leaf extract and MO-AgNPs induced

potent antiproliferative effects in Kasumi-1 cells by apoptosis.
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Introduction
Silver nanoparticle (AgNPs) have drawn a lot of research interest in recent years in

the field of nanomedicine due to their potential in a broad range of biomedical

applications.1 AgNPs have been utilized for imaging, diagnostics, biomedical

devices antibacterial, drug delivery and anticancer.2–6 AgNPs can be produced via
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physical, chemical and biological methods, however the

bio-based methods, especially synthesis with plant extracts

have grown in popularity due to the relatively cheap and

easy production and environmentally friendly aspects of

the process.7 The synthesis of AgNPs by using plant

extracts is widely known as “green synthesis” due to the

non-toxic nature of the process when compared to conven-

tional chemical synthesis of AgNPs.8 The green synthesis

of AgNPs has enabled many researchers to produce

AgNPs in a lab setting without the need of specialized

facilities and equipment which has sped up research on the

AgNPs derived from plant extracts. There have been

a number of studies which demonstrated the antimicrobial,

antifungal and anticancer effects of plant-derived

AgNPs.9–11 The immense potential of the AgNPs has

triggered a lot of research on AgNPs to fully utilize them

in the biomedical field.12,13

Moringa oleifera which is also known as the drumstick

tree, ben oil tree, horseradish tree, miracle tree or simply as

moringa is a deciduous tree that is native to South Asia.14

The plant is widely grown in its native land and prized for its

culinary uses and uses in traditional medicine. The cultiva-

tion of the plant has spread far and wide due to its abundant

uses. All parts of the moringa plant can be utilized. For

example, the leaves and seed pods are eaten as vegetables,

the seeds can be pressed to extract oils and the pressed seed

cakes can be used as a natural flocculating agent to clarify

turbid water and the bark and roots are used in traditional

medicine to treat a wide range of diseases.15–19 There have

been a few studies which demonstrated the anticancer activ-

ity of extracts from different parts of the moringa tree on

different cell lines such as HeLa (cervical cancer), A549

(lung cancer) and Hep-2 (epidermoid cancer).20–22 These

studies show that the moringa plant could be a potential

source of anticancer compounds.

In light of this, we decided to use Moringa oleifera leaf

extract to synthesize AgNPs using the green synthesis

method and test out its effects on Kasumi-1 (leukemia)

cells. In this study, we also compared the cytotoxic effects

of the M.oleifera leaf extracts and the AgNPs produced

from the M.oleifera leaf extract and try to determine the

cell death mode induced by the treatments.

Materials and Methods
Extraction of Moringa oleifera Leaf
Dried Moringa oleifera leaf powder was bought from

Herbagus, Kepala Batas, Malaysia. A voucher specimen

(Herbarium No: 11799) was deposited at the herbarium of

School of Biological Sciences, Universiti Sains Malaysia.

Twenty-five grams of moringa leaf powder was mixed with

250 mL of absolute ethanol (Systerm, Malaysia). The mix-

ture was sonicated in the Mujigae sonicator for 30 minutes.

The mixture was then centrifuged at 6000 rpm for 15 min-

utes and the supernatant was collected. The pellet was

further extracted with absolute ethanol two more times.

The pellet from the absolute ethanol extraction was allowed

to dry in the fumehood and then extracted with 50% ethanol

as before for three times. Finally, the pellet was dried and

extracted as before with deionized water for three times. The

three different extracts then had their solvents removed,

ethanol by using the Buchi rotavapor, and water using the

Alpha 1–4 LSC freeze dryer to obtain dried extracts. The

three different extracts produced are the moringa leaf abso-

lute ethanol extract (MLEE), moringa leaf 50% ethanol

extract (50%MLEE) and the moringa leaf aqueous extract

(MLAE).

Synthesis of M. oleifera Nanoparticles

(MO-AgNPs) and Characterization
The moringa nanoparticles (MO-AgNPs) were synthesized

using the one pot green synthesis method. The optimized

conditions of the synthesis are 90 mL of 1 mM silver nitrate

added to 10 mL 1% MLAE which undergoes eight hours of

incubation at 60°C with agitation. The synthesis of the MO-

AgNPs was monitored using UV-Vis spectrometry

to determine formation of the nanoparticles. The synthesized

nanoparticles were then harvested by centrifuging at 6000rpm

for 30 minutes. The MO-AgNPs were then freeze dried to

obtain the dried nanoparticles. The MO-AgNPs were charac-

terized by scanning electron microscopy (Leo Supra 50 VP,

Zeiss) and transmission electron microscopy (Libra 120 elec-

tron microscope, Zeiss).

Cell Culture
The Kasumi-1 cells were purchased from ATCC and were

maintained in RPMI 1640 (Millipore, Merck) medium

supplemented with 10% fetal bovine serum (Sigma), 100

U/mL penicillin, and 100 μg/mL streptomycin (Gibco) at

37°C in humidified air with 5% CO2.

The bone marrow CD34+ cells were purchased from

ATCC and thawed using IMDM containing 10% FBS and

20 U/mL Deoxyribonuclease I (Sigma) and grown in

Iscove’s Modified Dulbecco’s Medium (IMDM, Lonza)

supplemented with 15% fetal bovine serum, 1% penicillin-
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streptomycin, 10 μg (25 ng/mL) stem cell factor (Sigma),

4 μg (10 ng/mL) In-6 and In-3 (Sigma). The cells were

cultured in a 5% carbon dioxide humidified atmosphere at

37°C.

Cell Viability and Cell Morphology Assay
The cytotoxicity of the extracts and MO-AgNPs was

studied in the human Kasumi-1 cells using the standard

thiazolyl blue tetrazolium bromide (MTT) assay. 10,000

cells/well were seeded in a 96 well plate. The cells were

allowed to recover for 3 hours. The cells were then

treated with different concentrations of extracts or MO-

AgNPs ranging from 400ug/mL, 200ug/mL, 100ug/mL,

50ug/mL, 25ug/mL and 12.5ug/mL for 24hr, 48hr and

72hr. After each treatment was completed, the plate was

centrifuged for 5 minutes at 1500rpm to pellet the cells.

The treatment media was then aspirated and 100ul of

media containing 10% v/v MTT reagent (5mg/mL)

(Sigma) was added into each well. The plate was incu-

bated for 4 hours and centrifuged once more for 5 min-

utes at 1500rpm. The MTT media was aspirated and

100ul of dimethyl sulphoxide (DMSO) (Merck) was

added into each well. The plate was shaken on a plate

shaker to completely dissolve the resulting formazan. The

absorbance was measured at wavelength of 570nm with

620nm as the reference wavelength. The assay was con-

ducted in triplicates.

Cell viability = (absorbance of treated cells/absorbance

of untreated cells) * 100%

The IC50 value of each treatment was determined by

examining the dose when cell viability is reduced to 50%.

The cytotoxicity of the MO-AgNPs and MLEE was

tested on the normal control cells CD34+ cells at concen-

tration of 50ug/mL, 25ug/mL, 12.5ug/mL, 6.25ug/mL,

3.125ug/mL, 1.563ug/mL, and 0.781ug/mL for 72 hr

using the MTT assay as described previously.

The Kasumi-1 cells morphology assay was performed

by treating the cells with the IC50 value of the MLEE or

MO-AgNPs for 24hr, 48hr and 72hr. The cells were

observed at each timepoint using a microscope. Images

of treated cells were captured and compared with untreated

control cells.

Cell Cycle Analysis and Apoptosis Assay
1 million Kasumi-1 cells were treated with the IC50 value

of the MLEE or MO-AgNPs for 24 hours for the cell cycle

analysis. After treatment, the cells were fixed in 70%

ethanol for 2 hours. The fixed cells were resuspended in

PBS containing 0.1% triton-X and RNase A. The cells

were then incubated with propidium iodide (PI) (Sigma)

and analysed with the BD-FACS flow cytometer. Further

analysis was done using the ModFit program. For the

apoptosis assay, 500,000 Kasumi-1 cells were treated

with the IC50 of the MLEE or MO-AgNPs for 72 hours.

The cells were harvested and further methods were done

using the annexin V – FITC apoptosis kit (Sigma Aldrich)

according to its manufacturer’s protocol. The cells were

then analysed with the BD-FACS flow cytometer.

qPCR Analysis
One million Kasumi-1 cells were treated with the IC50 of the

MLEE orMO-AgNPs for 72 hours. After incubation, the cells

were harvested and the RNAwas extracted using the RNeasy

kit (Qiagen) according to manufacture’s protocol. The RNA

was then converted into complementary DNA using the

Quantinova cDNA synthesis kit (Qiagen) according to the

manufacturer’s protocol. The expression levels of four apop-

tosis genes: Bax, Bcl2, BID and caspase 8 were determined

using the Quantinova SYBR green PCR kit (Qiagen) accord-

ing to themanufacturer’s protocol withGAPDH as the control.

Statistical Analysis
All the data are presented as the mean ± standard devia-

tion. The paired t-test was used for significance testing,

and P < 0.05 was considered to be statistically significant.

All tests were performed using SPSS version 25.0 (SPSS

Inc, Chicago, IL)

Results and Discussion
Moringa oleifera Leaf Extract and

MO-AgNPs
The three sequential extracts isolated from the moringa leaf

have distinct appearance when compared to each other. The

MLEE is a deep green sticky paste as it contains most of the

resins and compounds soluble in ethanol. The 50% MLEE

was in the form of a brownish green flaky powder as there

was less resin or chlorophyll to be extracted. Finally, the

MLAE was a light green flaky powder since it extracted

whatever compounds that were left over from the previous 2

extractions.23 The Moringa oleifera mediated silver nano-

particles (MO-AgNPs) formation was observed by the phy-

sical change of the color of the mixture from a clear

yellowish liquid to a brownish solution and into a dark turbid

liquid at the end of the eight hour incubation. This indicates

the conversion of colourless silver ions (Ag+) into silver
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molecules that can block out light hence the change in color.

The UV-Vis spectrometry of the reaction over time as shown

in Figure 1, clearly shows the formation of the distinct peak

around 430nm which is a clear sign of the formation of

AgNPs.24

Characterization of MO-AgNPs
The MO-AgNPs was imaged with scanning electron micro-

scopy (SEM) and transmission electron microscopy (TEM).

Based on the images obtained in Figures 2 and 3, most of the

MO-AgNPs produced have a size of less than 100nm and

are round in shape. Therefore, it was determined that the

MO-AgNPs are nanoparticles since they fall within range of

the size of nanoparticles which is between 10–100nm.

Cell Viability and Cell Morphology Assay
The MTT assay for the three different extracts (MLEE,

50%MLEE, MLAE) and MO-AgNPs over the three time-

lines of 24, 48 and 72hrs shows that MO-AgNPs is the

most cytotoxic compared to all the tested compounds with

the lowest IC50 value for all timelines tested as shown in

Figure 4 (IC50:7.5ug/mL at 72hrs). For the three moringa

leaf extracts, at 72 hours the MLEE was the most cyto-

toxic against the Kasumi-1 cells (IC50:10ug/mL) followed

with the 50% MLEE (IC50:25ug/mL) and lastly the MLAE

(IC50: >400ug/mL) which was not considered cytotoxic

against the Kasumi-1 cells. The reason for this diminishing

cytotoxicity is due to the sequential extraction of the

moringa leaf. The least polar solvent – ethanol, extracted

most of phenolic and flavonoid compounds which are

usually the most cytotoxic against cancer cells as observed

in previous studies,25,26 while subsequent extractions with

more polar solvents contain lesser active metabolites but

more plant proteins, starches and sugar which is less

cytotoxic against the cancer cells. This was clearly

observed in the three sequential extracts of moringa leaf

when tested on the Kasumi-1 cells. More detailed charac-

terization of the different sequential extracts in the future

will be able to determine the possible active compounds

responsible for this discrepancy in cytotoxic effects. The

MO-AgNPs which was the most cytotoxic against the

Kasumi-1 cells was synthesized from the MLAE. This

shows that green synthesis MO-AgNPs improved the cyto-

toxicity of the MLAE significantly which could be caused
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Figure 1 The UV-Vis spectrometry absorbance spectrum of MO-AgNPs synthesised from 1% moringa aqueous leaf extract and 1mM silver nitrate (AgNO3) over time.

Note: The mixture was incubated at 60°C with shaking.
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by the synergistic effect of the synthesized silver nanopar-

ticles and the biological coating of the plant extract on the

external surface of the nanoparticle.27 Testing of the MO-

AgNPs and MLEE on normal CD34+ hematopoietic stem

cell shows that at the highest tested dose of 50ug/mL

which was higher than the IC50 of the MO-AgNPs and

MLEE on the Kasumi-1 cells, the cell viability of the

CD34+ was greater than 80% as shown in Figure 5. The

results show that the compounds have selective cytotoxi-

city towards cancer cells compared to normal cells. The

cell morphology assay clearly shows that the Kasumi-1

cells treated with the MLEE or MO-AgNPs at their respec-

tive IC50 values were under stress and dying especially

when compared to the untreated cells. Based on Figure 6,

the dying cells displayed membrane blebbing, cytoplasmic

shrinkage and formation of apoptotic bodies which are all

distinct characteristics of cells undergoing apoptosis.

These characteristics are all consistent with the findings

from a study that induced apoptosis in leukemic cell

lines.28

Cell Cycle Analysis and Apoptosis Assay
Based on the cell cycle results in Figure 7, it was observed

that the ethanol extract caused cell cycle arrest at G1 phase

while MO-AgNPs caused cell cycle arrest at the S phase.

Cell cycle arrest can lead to apoptosis if the cells are

unable to overcome the stress induced by treatment.29 In

a previous study by Gajendran et al, silver nanoparticles

induced cytotoxicity in breast cancer cell line – MCF-7 by

inducing cell cycle arrest that led to apoptosis.30 The same

pattern was observed in this study whereby the apoptosis

assay showed a clear shift of cells towards the apoptosis

stage for both treatments. Ethanol extract caused a lot of

cells to accumulate in the late apoptosis stage in which

there was 49% increment when compared to an untreated

control, which is similar to the findings obtained by Al-

Asmari et al. In the study by Al-Asmari et al, it was found

that treatment with moringa leaf ethanol extract caused the

breast cancer MDA-MB-231 cells and colorectal cancer

HT-29 cells to be in the late apoptosis stage.31 This sug-

gests that the compounds present in the moringa leaf

ethanol extract are capable of inducing late apoptosis in

different types of cancer cells. MO-AgNPs, on the other

hand, caused the cells to accumulate in the early apoptosis

stage with an increment around 29% as shown in Figures 8

and 9. The possible mechanism whereby the MLEE and

Mo-AgNPs induce apoptosis is by inducing ROS produc-

tion in the cells. In previous studies moringa leaf extract

and moringa plant-derived silver nanoparticles have been

shown to induce apoptosis in different cell lines such as

melanoma – A2058 cells, cervical cancer – HeLa cells,

lung cancer – A549 cells,32–34 It was observed that both

treatments caused cell cycle arrests at different stages of

the cell cycle and caused apoptosis shifts that were also

different. This indicates that different treatments achieve

similar results via different pathways.

Figure 2 Scanning electron microscope (SEM) image of MO-AgNPs.

Note: 100 000x magnification.

Figure 3 Transmission electron microscope (TEM) image of MO-AgNPs.

Note: 25 000x magnification.
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qPCR Analysis
The qPCR of a selection of apoptosis genes further sup-

ports this theory as both treatments caused the upregula-

tion of different genes. Based on the results of the relative

expression, MLEE caused significant upregulation of the

proapoptotic gene caspase 8 (Figure 10). This gene is

known to be mainly involved in an extrinsic pathway of

apoptosis cell death.35 The extrinsic pathway of apoptosis

is triggered via the binding of tumor necrosis factor (TNF)

receptors which are present on the membrane of the cells

and triggering the caspase cascade.36 This suggests that the

compounds present in MLEE are capable of activating to

the TNF receptors or the caspases involved in causing

apoptosis. Conversely, MO-AgNPs induced significant

upregulation of the proapoptotic gene BID (Figure 11).

This gene has been well reported to be involved in an

intrinsic pathway of apoptotic cell death. The intrinsic

pathway of apoptosis is activated via the permeabilization

of the mitochondria membrane.36 It appears that the MO-

AgNPs are capable of entering the cells and disrupting the

mitochondria to trigger apoptosis. The extract and MO-

AgNPs induced different apoptotic pathways which might

be due to different ways they act on the Kasumi-1 cells. In

this study, it was verified that MO-AgNPs and moringa

leaf ethanol extract were able to induce cell death in the

Kasumi-1 cells by activating an apoptosis pathway with

different modes of action. However, further studies are

required to verify this postulation.

Conclusion
A simple and reliable method for the green synthesis of

MO-AgNPs from sequential moringa aqueous extract was

determined and was able to produce nanosized silver par-

ticles. The MO-AgNPs produced had a size of less than
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100 nm and was round in shape. The study also assessed

the cytotoxicity of Moringa oleifera sequential leaf

extracts and silver nanoparticles synthesised from the mor-

inga leaf extract on Kasumi-1 cells. This study revealed

that the cytotoxicity of the moringa leaf extract decreased

with each subsequent extraction. At 72 hours of treatment,

the cytotoxicity of ethanol leaf extract (IC50: 10 ug/mL)

was greater than the 50% ethanol leaf extract (IC50: 25 ug/

mL), while the aqueous leaf extract (IC50 >400ug/mL) was

not considered cytotoxic against the Kasumi-1 cells. The

MO-AgNPs, on the other hand, were the most cytotoxic

with an IC50 of 7.5 ug/mL at 72 hours of treatment;

signifying that MO-AgNPs synthesised from aqueous

extract was very effective at killing Kasumi-1 cells. This

shows that the complex of moringa aqueous extract and

silver nanoparticles greatly enhances the cytotoxicity of

the moringa aqueous extract.

Further experimental assessments displayed that

M. oleifera ethanol leave extract and MO-AgNPs had selec-

tive cytotoxicity towards leukemia cell line (Kasumi-1) but

non-cytotoxic to normal myeloid cells (CD34+) cells. The

two treatments successfully induced cytotoxicity by causing

cell cycle arrest, wherein each treatment caused cell cycle

arrest at varying stages, with ethanol leaf extract and MO-
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Figure 6 The cell morphology of Kasumi-1 cells after treatment with IC50 of moringa leaf ethanol extract or MO-AgNPs for 72 hours under 400x magnification.
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AgNPs causing cell cycle arrest at G1 and S phases, respec-

tively. Both treatments led to cytotoxicity by inducing apop-

tosis pathway in Kasumi-1 cell, with each treatment

exhibiting varied modes of action, whereby ethanol leaf

extract upregulated caspase 8 and MO-AgNPs increased

the expression of BID.
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