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Abstract

The present investigation was designed to evaluate in vitro cytotoxic potentials of ethanol extract of
Syzygium cumini against breast cancer cells and also estimate its antioxidant activity. The ethanol
extract of Syzygium cumini was prepared by successive solvent extraction process using sox-let
apparatus. The ethanol extract was evaluated for its in-vitro anticancer potentials against MCF-7
human breast cancer cell lines by MTT assay and concentration of the ethanol extract required to
inhibit 50% of cell growth (ICso) was recorded. To determine antioxidant properties of the extract,
superoxide scavenging, lipid peroxidation and DPPH methods were used and ICso values of extracts
were noted. In current study, ethanol extract of Syzygium cumini has shown anticancer property by
exhibiting significant ICso values against growth of breast cancer cell growth. The extract has also
shown significant ICso values in superoxide scavenging, lipid peroxidation and DPPH methods and
antioxidant activity was comparable to standard drug ascorbic acid. The results obtained from the
present research work suggested that the ethanol extract of Syzygium cumini possess significant in
vitro cytotoxic potentials against breast cancer cells. The results also suggested that the ethanol
extract have in vitro antioxidant properties.
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INTRODUCTION

Cancer is serious and common disease condition which Kkills
peoples in the society more than infectious diseases such as
tuberculosis, malaria and HIV/AIDS combined?!. Cancer has
become major health problem worldwide and claims more
than 10 million people dies a year due to breast, lung, liver and
colon ovarian cancers2. According to estimation about 12.7
million cancer cases and 7.6 million cancer deaths are
reported in 2008 among which 56% of the cases and 64%of
the deaths occurred in the economically developing world3. On
the Indian scene, about 1.1 million new cancer cases reported
per year which stands India as a single country among 184
countries and contributes about 7.8% of deaths to global
cancer mortality figurest. Cancer has the second highest
mortality rate after cardiovascular diseases throughout the
world. Even though remarkable progress has been made by
medical science, the availability of safe and specific anticancer
drugs has remained a major challenge in clinical practices.
Although the cancer research has led to a number of new and
effective solutions, the medicines used as treatments have
clear limitations and unfortunately cancer is projected as the
primary cause of death in the future. Antioxidants are a group
of substances that are useful for fighting cancer and other
processes that potentially lead to diseases such as
atherosclerosis, Alzheimer, Parkinson, diabetes and heart
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disease. Antioxidants act by preventing the onset of cancer
during carcinogenesis and they are generally beneficial to
cellss.

Medicinal plants have been used since ancient time in
Ayurveda and other traditional medicine system and their
utility has been increasing day by day throughout world.
Natural compounds obtained from herbs are considerably safe
and effective than synthetic compounds. Moreover, the
problem of development of drug less compared to synthetic
drugs. is also reduced. The herbal drugs comprise a major
source of anticancer medicine due to presence of various
phyto-constituents such as vincristine, vinblastine, taxanes,
camptothecines and in developed countries and developing
countries. The free radicals are the main agents which induces
mutation by damaging cellular DNA ultimately leads to
development of cancers in the body. Hence much attention
has been given on the development of anticancer agents that
possess antioxidant property due to their free radical
scavenging potential which plays an important role in
protection of DNA free radical mediated damage?.

The Syzygium is a genus of plant, pantropical taxa with about
400 species distributed chiefly in Asia, Africa, Australia and
America8. The genus is well known for its richness in
prenylated flavonoids and is considered to possess insect
repellant, larvicidal, piscicidal, antimicrobial and anticancer
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properties. The Syzygium cumini belongs to the genus was
essentially used for the management of diabetes, cancer,
hyperlipidemia, hepatotoxicity and renal problems in the
folklore medicine but doesn’t have the scientific evidence for
the same9-13, In this attempt, the study had been conducted to
determine in vitro antioxidant and cytotoxic potentials of
ethanol extract of Syzygium cumini

MATERIALS AND METHODS

Preparation of the ethanol extract & phytochemical
investigation

The authenticated plant leaves were dried under shade, then
powdered and 200gm of powdered drug was defatted with
petroleum ether. A part defatted powdered drug was
subjected to ethanol extraction in soxhlet apparatus for 48
hours . The preliminary phytochemical investigation for the
ethanol extract of (Syzygium cumini (SCEE) was conducted14.

Preliminary phytochemical investigation

The preliminary phytochemical investigation for the ethanolic
extract of Syzygium cumini had been conducted as per
procedure prescribed by Khandelwal1s.

Drugs and chemicals

All reagents and chemicals used in the study were obtained
commercially and were of analytical grade. The standard
drugs tamoxifen and paclitaxel were obtained as gift samples
from Strides laboratories, Bangalore.

Evaluation of antioxidant property

The evaluation of antioxidant activity of ethanol extract of
Syzygium cumini was carried out by the following two
methods:

Lipid peroxidation method

Lipid peroxidation inhibition was estimated by the formation
of colored product in the reaction mixture. The assay mixture
contained the ethanol extract in various concentrations, to
which were added 0.1 ml of potassium chloride (30 mM), 0.1
ml of ascorbic acid (0.06 mm) and 0.1 ml of ammonium
ferrous sulphate (0.16 mM) in succession. Later the reaction
mixture was treated with 0.2 ml of sodium dodecyl sulphate
(8.1%), 1.5 ml of thiobarbituric acid (0.8%) and 1.5 ml of 20 %
acetic acid (pH 3.5) and then 5 ml of 15:1 v/v butanol-pyridine
mixture was added. The absorbance of the organic layer
containing the thiobarbituric acid reactive substances
(TBARS) was measured at 532 nm16é.

DPPH radical scavenging activity

The free radical scavenging activity was measured in terms of
hydrogen donating or radical scavenging ability, using the
stable radical, DPPH. About 0.1 mM solution of DPPH in
ethanol was prepared and 1 ml of this solution was added to 3
ml of the different concentration of ethanolic extract (50-400
pug/ml) in different test tubes. The mixture was shaken and
allowed to stand at room temperature for 30 min and the
absorbance was measured at 517 nm using a
spectrophotometer. Decrease in absorbance of the reaction
mixture indicates higher free radical scavenging activity16.17,

2.5.3 Superoxide scavenging activity

This method carried out by using Nitro blue tetrazolium (NBT)
reagent, the method is based on generation of super oxide
radical (02-) by auto oxidation of hydroxylamine
hydrochloride in presence of NBT, during the reaction the NBT
is reduced to nitrite. In brief, aliquots of 0.1 to 1.0 mL to
ascorbic acid solution were taken in a test tube, to which 1 mL
of sodium carbonate, 0.4 mL of NBT and 0.2 mL of EDTA were
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added and zero-minute reading was taken at 560 nm. The
reaction was initiated by the addition of 0.4 mL of
hydroxylamine hydrochloride to the above solution. Reaction
mixture was incubated at 25°C for 5 mins; the reduction of
NBT was measured at 560 nm. A parallel control was also
treated in the similar manner. The ethanol extract was treated
in the similar manner, absorbance was recorded and ICso
values was calculated16.17.

2.6 Evaluation of anticancer activity
2.6.1 Procurement of cell lines

The MCF-7, human breast adenocarcinoma cell line first
isolated in 1970 from the breast tissue  of 69 year old
Caucasian women used for the present investigation. The
MCF-7 cells were obtained from NCCS, Pune and subcultured
under suitable conditions18,

2.6.2 MTT (3-(4,5-Dimethylthiazol-2-Y1)-2,5-
Diphenyltetrazolium Bromide) assay

The cytotoxicity of EESC against MCF-7, HCT-116, HEP-G2, A-
549 and vero cells was determined by the MTT (3-(4,5-
Dimethylthiazol-2-Y1)-2,5-Diphenyltetrazolium Bromide)
assay Exponentially growing cells were harvested from 25mL
flask and a stock cell suspension was prepared. Cells (1 7
105/well) were plated in 10041 of medium well in 96-well
plates (Costar Corning, Rochester, NY). After 48 hours
incubation the cell reaches the confluence. Then cells were
incubated in the presence of various concentrations of the
EESC and standard drugs in 0. 1% DMSO for 48 h at 37 —C.
The tamoxifen was used reference drugs for the breast cancer
cell lines and paclitaxel was used standard drugs for other cell
lines. After removal of the sample solution and washing with
phosphate-buffered saline (pH7 .4), 2041/well (5 mg/ml) of
0.5% 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-tetrazolium
bromide cells (MTT), phosphate-buffered saline solution was
added. After 4h incubation, 0.04M HCl isopropanol was added.
Viable cells were determined by the absorbance at 450 nm.
Measurements were performed and the concentration
required for a 50% inhibition of viability was determined
graphically. The absorbance at 450 nm was measured with a
UV- Spectrophotometer using wells without sample containing
cells as blanks. The effect of the samples on the proliferation of
cells was expressed as the % cell viability, using the following
formula: % cell viability = A450 of treated cells / A450 of
control cells 7 100%. The percentage growth inhibition was
calculated using the following formula18.

% growth inhibition = {100 -
(mean absorbance of individual test group) X 100}
Mean absorbance of control group

The IC50 value obtained is the concentration of sample
required to inhibit the growth of 50% of viable cell population.

3.0 RESULTS
3.1 Preliminary phytochemical investigation

The percentage yield of the EESC was found to be 7.91 % w/w.
The preliminary phyto-chemical investigation for the ethanol
extract of Syzygium cumini reveals the presence of poly
phenols, flavonoids, tannins, steroids, alkaloids and
carbohydrates.

3.2 Determination of in-vitro antioxidant activity

In the evaluation of antioxidant activity, ethanol extract of
Syzygium cumini has shown significant antioxidant property
by exhibiting significant ICso values against all the three in
vitro models such as DPPH method, Lipid peroxidation method
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and Superoxide scavenging activity. The ICso values of EESC
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were comparable to that of ascorbic acid [See Table 1].

Table 1: Effect of ethanol extract of Syzygium cumini EESC on, DPPH, Lipid peroxidation and Superoxide scavenging

methods
Sample (pg/ml) 1.C50 (pg/ml)
DPPH method Lipid Peroxidation Superoxide Scavenging
Ascorbic acid 6.72 £2.92 8.02+1.2 37.51+0.23
EESC 30.18 +2.17 22.67 +2.61 51.22+1.15

All the values are expressed as Mean+ SEM, n = 6.

3.3 Evaluation of in-vitro anticancer activity by MTT assay

In the present study, we used MCF-7 human breast cancer
cells for the evaluation of in-vitro cytotoxicity potentials The
ethanol extract was evaluated by MTT assay against all cell
lines. The concentration of extract that required toreduce 50%
of absorbance (ICs0) was recorded against each cancer cells.

3.3.1 MTT assay against MCF-7 cells

The significant growth inhibition was observed due to
presence of standard drug Tamoxifen and EESC of breast
cancer cell lines in a study performed to determine the
anticancer property of EESC against breast cancer cell lines,
the ethanol extract of Syzygium cumini has shown percentage
of inhibition at 500pug/ml was 73.14 and . Both Tamoxifen and

EESC a have exhibited the significant ICso values [Table 2,
Figure 1 and Figure 2].

Table 2: The IC50 values of Tamoxifen and EESC against
MCF-7 breast cancer cell growth

Treatment ICso Values
MCF-7
Tamoxifen 25.802
EESC 194.5

Percentage of growth inhibition of MCF-7 by
Tamoxifen

120

v=0.8414x+ 28.5?
R? =0.551

100

=3 Inhibition

A

Linear (% Inhibition)

N
N ¢

150

Figure 1: The percentage inhibition of growth of MCF-7 by Tamoxifen
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Figure 2: Percentage of grwoth inhibition of MCF-7 cells by EESC
DISCUSSION purple color and absorbance depends on dead cells. In the

Natural products have been regarded as important sources
that could produce potential chemotherapeutic agents. Plant
derived compounds in particular have gained importance in
anticancer therapy and some of the new chemotherapeutic
agents currently available for use include paclitaxel,
vincristine, podophyllotoxin and camptothecin, a natural
product precursor from water soluble derivatives19.20, Several
epidemiological surveys have shown that a diet rich in
vegetables and fruits might give protection against tumors by
mechanisms that have not been well established yet but
probably due to their antioxidant activity. In recent years,
naturally occurring plant substances have been getting
increased scope for the intervention of malignant invasive
progression in the late stage of cancer diseases. On the basis of
this knowledge, certain foods including vegetables, fruits and
grains, as well as phyto-constituents of diversified
pharmacological properties have been shown to provide a
significant ~ protection  against various cancers21.22,
Furthermore, there is an increased scope to establish scientific
basis on use herbal agents for the management cancers and
humans around the globe probably discovered natural
remedies against disease and cancer by trial and error over
the millennia. Although there are some new approaches to
drug discovery, such as combinatorial chemistry and
computer based molecular modeling design, none of them can
replace the importance of natural products in drug discovery
and development. Medicinal plants have long been used to
prevent and treat many diseases, including cancer due to their
antioxidant potentials and thus they are good candidates for
the development of anti-cancer drugs23.24, In this regard the
study was performed to evaluate the anticancer potentials of
the ethanol extract of Syzygium cumini against human normal,
breast, colon, liver and lung cancer cell lines.

MTT [3-(4, 5-dimethyl thiazol-2-y1)-2, 5-diphenyl tetrazolium
bromide] is taken up by the viable cells and reduced to
formazan by enzyme succinate-tetrazolium reductase system
that belongs to the mitochondrial respiration chain
functioning in metabolically active cells. Formazan formed, is a
purple coloured water-insoluble product that is largely
impermeable to cell membranes and hence resulting in its
accumulation within the healthy cells. Hence intensity of
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present study, the ethanol extract of Syzygium cumini was
subjected to preliminary phytochemical investigation and also
evaluated for in vitro antioxidant and in vitro cytotoxic
property.

Human breast cancer cells are estrogen receptor (ER)-
dependent and carries the wild type tumour suppressor p53
gene. The Tamoxifen is an estrogen receptor antagonist used
to treat the breast cancer was used in this study as a reference
standard drug. The study revealed that the ethanol extract
prepared from the Syzygium cumini obtained was effective in
attenuating the viable tumor cell count in dose dependent
manner and shown significant IC50 value which was
comparable to results of standard tamoxifen. According to rule
if the crude extract is showing ICso value less than 1mg/mL
(1000ug/mL) against MTT assay, then it can be concluding
that the plant extract possesses significant cytotoxic
property25.26, In the present study, ethanol extract has shown
ICso values against all the cancer cell lines below 500ug/mL
and hence considered as significant values though they are
many times more than synthetic standard drugs Tamoxifen
and Cyclophosphamide??. The Syzygium cumini was essential
component of Ayurveda a traditional medicinal system of
medicine due to presence of various phyto-constituents for the
treatment of various health complications such as diabetes
mellitus, ulcers, liver diseases, urinary disorders and cancers.
In the present study the ethanol extract was proven for its
effective anti-oxidant potentials which is the important
mechanism required for the anticancer activity2829. The
ethanol extract also shows the significant cytotoxicity against
various cancer cells while normal cells were not affected by
the extract. But further detailed study is necessary to correlate
the anti-oxidant and cytotoxic effects of the extract.

Conflict of interest

All authors are hereby declaring that there is no conflict of
interest with respect to manuscript.

Acknowledgements

The authors of manuscript are thankful to The principal and
management of East West College of Pharmacy, Bangalore for
providing facilities to conduct this research work.

CODEN (USA): JDDTAO



Pundi et al

REFERENCES

1. Ravichandra VD, Ramesh C, Swamy MK, Purushotham B,
Rudramurthy GR. Anticancer plants: chemistry, pharmacology,
and potential applications. Anticancer plants: Properties and
Application: Volume 1. 2018:485-515.
https://doi.org/10.1007/978-981-10-8548-2_21

2. Abidemi JA, Zahoor W, Girish M, Sadhana S ,Flora RA, Naresh S,
Olufunmilayo OA, Dilip MM. Anticancer activity of Aristolochia
ringens Vahl. (Aristolochiaceae). ] Trad Com Med 2015; 5:35-41.
https://doi.org/10.1016/j.jtcme.2014.05.001 PMid:26151007
PMCid:PMC4488040

3. Ramesh C, Alam A, Murtuja G, Hedayetullah M. Assessment of in
vitro antioxidant and cytotoxic potentials of ethanol extract of
Nymphaea nauchali. Journal of Drug Delivery and Therapeutics.
2022 Mar 15;12(2):43-
7.https://doi.org/10.22270/jddt.v12i2.5234

4. Sushmitha DH, Ramesh C, Sowmya BA, Sushma Bai BR, Rawal P,
Shabana SU. Attenuation of cisplatin induced myelosuppression
by methanol extract of Cedrus deodara in Wistar rats. Journal of
Complementary and Integrative Medicine. 2022 Mar
24;19(4):975-85. https://doi.org/10.1515/jcim-2021-0515
PMid:35325515

5. Chakka R, Vadaguru Dakshinamurthy R, Rawal P, Belladamadagu
Appajappa S, Pramanik S. Gallic acid a flavonoid isolated from
Euphorbia hirta antagonizes gamma radiation induced
radiotoxicity in lymphocytes in vitro. Journal of Complementary
and Integrative Medicine. 2022 Nov 21;20(1):146-52.
https://doi.org/10.1515/jcim-2022-0196 PMid:36398419

6. Sankappa RU, A.M. Isloor, P. Shetty , K.S.R. Pai, H.K. Fun. Synthesis
and in vitro biological evaluation of newpyrazole chalcones and
heterocyclic diamides as potential anticancer agents. Arabian ]
ChemVolume 2015;8(3):317-21.
https://doi.org/10.1016/j.arabjc.2014.01.018

7. Pyntngenlang L, Ramesh C, Rawal P, Sowmya BA. In vitro a-
Glucosidase and a-amylase inhibitory activity of ethanol extract of
Rhus mysorensis. Journal of Pharmaceutical Sciences and
Research. 2023 Jun 1;15(6):1156-60.

8. Ramesh C, Rani AP. In vivo and in vitro antidiabetic potentials of
methanol extract of Tephrosia pumila against alloxan-induced
diabetes in experimental animals. International Journal of Health
Sciences. 2019 May;13(3):10.

9. Shwetha S, Ramesh C, Pinkey R, Sowmya BA, Maria LA, Ranjitha CJ.
The ethanol extract of Euphorbia hirta exhibits in vitro
antidiabetic potentials by sensitization of the insulin. Journal of
Drug Delivery and Therapeutics. 2023 Sep 15;13(9):125-7.
https://doi.org/10.22270/jddt.v13i9.6209

10. Joy PP, Thomas J, Samuel Mathew, Baby P Skaria, Medicinal plants,
Kerala Agricultural University, Kerala, India 1998; 1-9.

11. Saldanha CJ, Singh BG, Leguminosae, In: Saldanha C.J. (Ed.) Flora of
Karnataka Vol:I, Oxford and IBH, 1984, 495-499.

12. Sarin jagat PS, Singh S, Garg H, Khanna NM, Dhar MM, A flavonol
glycoside with anticancer activity from Tephrosia candida,
Phytochemistry, 1976, 15(1):232-234.
https://doi.org/10.1016/S0031-9422(00)89101-3

13. Chen Yuh-Lin, New piscicidal flavonoids from Tephrosia obovata
merr, Asian. ]. Pharm., 1978;3(4):18.

14. Pinkey Rawal, RC, Sowmya BA, Ranjitha C]. Determination of lipid
lowering properties of methanol extract of Tephrosia villosa
against high fat diet induced hyperlipidemia in wistar rats. The ]
Phytopharmacol 2023;12(4):272-5.
https://doi.org/10.31254 /phyto.2023.12410

ISSN: 2250-1177 [25]

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Journal of Drug Delivery & Therapeutics. 2023; 13(11):21-25

Amir S, Jha Aitya GK, Ramesh C, Chaturvedi SA, Md Sahidulla and
Kiran P. Ethanol extract of Embelia ribes stimulates in vitro
glucose uptake by peripheral tissues. Euro ] Biomed & Pharma Sci
2022;9(11):177-81.

Shastry Viswanatha GL, Vaidya SK, Ramesh C, Krishnadas N,
Rangappa S. Antioxidant and antimutagenic activities of bark
extract of Terminalia arjuna. Asian Pacific Journal of Tropical
Medicine. 2010 Dec 1;3(12):965-70.
https://doi.org/10.1016/5S1995-7645(11)60010-2

Ramesh C, Alam A, Murtuja G, Hedayetullah M. Assessment of in
vitro antioxidant and cytotoxic potentials of ethanol extract of
Nymphaea nauchali. Journal of Drug Delivery and Therapeutics.
2022 Mar 15;12(2):43-7.
https://doi.org/10.22270/jddt.v12i2.5234

Ramesh C, Rani AP. In vivo and in vitro evaluation of Tephrosia
calophylla for anti-diabetic properties. Int ] Pharm Pharm Sci.
2018;10:138-44.
https://doi.org/10.22159/ijpps.2018v10i6.25551

Ramesh C, Ghosh K, Rawal P, Pramanik S. In vivo antioxidant and
hypoglycaemic potentials of Rivina humilis extract against
streptozotocin induced diabetes and its complications in wistar
rats. Journal of Diabetes & Metabolic Disorders. 2023 Aug 17:1-1.

Muhammad AP, Pinkey R, Ramesh C, Chaitra G. Evaluation of
Antidiarrheal properties of ethanol extract of Brassica juncea in
experimental animals. Journal of Drug Delivery and Therapeutics.
2021 Apr 15;11(2-5):19-23. https://doi.org/10.22270 /jddt.v11i2-
S.4615

Ramesh C, John WE. Antiurolithiatic activity of wood bark extracts
of Cassia fistula in rats. JPBMS. 2010;2:1-9.

Ravichandra VD, Ramesh C, Sridhar KA. Hepatoprotective
potentials of aqueous extract of Convolvulus pluricaulis against
thioacetamide induced liver damage in rats. Biomedicine & Aging
Pathology. 2013 Jul 1;3(3):131-5.
https://doi.org/10.1016/j.biomag.2013.06.005

Rupachandra S and Sarada DVL. Anticancer activity of ethanol
extract of the seeds of Borreria hispida and Momordica dioica. ]
pharmacy res. 2013;6:565-8.
https://doi.org/10.1016/j.jopr.2013.04.027

Sowmya BA, Ramesh C, Rawal P, Ranjitha C]. Amelioration of high
fat diet induced hyperlipidemia by methanol extract of Tephrosia
calophylla in wistar rats. Journal of Pharmaceutical Sciences and
Research. 2023 Jul 1;15(7):1191-3.

Ramesh C, Kumar D, Einstien JW, Kumar VY. Antidiarrhoeal
activity of leaf extract of Mimosa Pudica. ] Pharm Biomed Sci.
2010;2:1-4.

Shankar S, Ganapathy S, Hingorani SR, Srivastava RK.
EGCGGinhibitsGgrowth,Ginvasion, angiogenesisSand metastasis of
pancreaticCcancer. Frontiers in Biosci 2008; 13(2):440-52.
https://doi.org/10.2741/2691 PMid:17981559

Ramesh C, Soma P, Rawal P. In vitro cytotoxic and antioxidant
potentials of methanol extract of Tephrosia pumila against cancer
cell lines. ] Glob Trends Pharmaceut Sci 2021;12(3):9819-30.

Ramesh C and Prameela Rani A. Anticancer and antioxidant
activity of Tephrosia calophylla against cancer cell lines. Int ]
Phytomed 2019;11(2):138-44.

Pramanik S, Rawal P, Ramesh C. Evaluation of methanol extract of
Tephrosia villosa for in vitro Anticancer and Antioxidant
potentials against cancer cell lines. Int ] Phar & Biol Sci
2021;11(1):194-203.
https://doi.org/10.21276/ijpbs.2021.11.1.26

CODEN (USA): JDDTAO


https://doi.org/10.1007/978-981-10-8548-2_21
https://doi.org/10.1016/j.jtcme.2014.05.001
https://doi.org/10.22270/jddt.v12i2.5234
https://doi.org/10.1515/jcim-2021-0515
https://doi.org/10.1515/jcim-2022-0196
https://doi.org/10.1016/j.arabjc.2014.01.018
https://doi.org/10.22270/jddt.v13i9.6209
https://doi.org/10.1016/S0031-9422(00)89101-3
https://doi.org/10.31254/phyto.2023.12410
https://doi.org/10.1016/S1995-7645(11)60010-2
https://doi.org/10.22270/jddt.v12i2.5234
https://doi.org/10.22159/ijpps.2018v10i6.25551
https://doi.org/10.22270/jddt.v11i2-S.4615
https://doi.org/10.22270/jddt.v11i2-S.4615
https://doi.org/10.1016/j.biomag.2013.06.005
https://doi.org/10.1016/j.jopr.2013.04.027
https://doi.org/10.2741/2691
https://doi.org/10.21276/ijpbs.2021.11.1.26

