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Abstract

This review furnishes a broad-gauge overview about the biological potential of 2-phenyl indole derivatives. Which
have gained significant attention in the area of medicinal chemistry due to their immense biological potential? This
review article presents a comprehensive overview of the diverse biological activities exhibited by these compounds,
shedding light on their therapeutic applications and underlying mechanisms. Drawing upon a vast body of literature,
we explore the wide range of pharmacological properties associated with 2-phenyl indole derivatives, including their
anticancer, antimicrobial, anti-inflammatory, and neuroprotective effects. We delve into the intricate molecular pathways
and targets engaged by these compounds, elucidating their mode of action. Additionally, we discuss the structure-
activity relationship and physicochemical properties of 2-phenyl indole derivatives, providing insights into their design
and optimization strategies. The synthesis methodologies employed for the production of these compounds are also
examined, highlighting key synthetic routes and modifications. Furthermore, we assess the challenges and future
prospects of utilizing 2-phenyl indole derivatives in drug discovery and development, emphasizing their potential as
novel therapeutics. By presenting a comprehensive overview of the biological potential of 2-phenyl indole derivatives,
this review serves as a valuable resource for researchers and scientists seeking to harness their medicinal prowess
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for the advancement of healthcare.
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Background

2-Phenylindole (2-PI) and its derivatives has been the subject of
extensive research. Their promising biological activities have made
2-Phenylindole (2-PI) and there derivatives has an important subject
of research in the area of medicinal chemistry. 2-Phenyl Indole is a
heterocyclic compound which consists of a fused indole ring and a

benzene ring, forming a bicyclic structure. The presence of the indole
moiety in 2-Phenyl Indole is significant as it is a crucial pharmacophore
found in various biologically active substances such as serotonin,
melatonin, and tryptophan. 2-Phenyl Indole and its derivatives have
been evaluated for their potential as therapeutics against various
diseases, including cancer, inflammation, microbial infections, and
viral infections [1]. These compounds have also been studied for their
neuroprotective, anticonvulsant, and antipsychotic properties. The
diverse biological activities of 2-Phenyl Indole (2-PI) derivatives make
them a promising class of compounds for the development of novel
compounds with enhanced pharmacological properties. This concise
overview will concentrate on the various derivatives of 2-Phenyl Indole,
with the aim of exploring their biological potential.

2-Phenyl indole an overview

2-phenylindole is a chemical compound with the molecular formula
C15H11N. It is an organic heterocyclic compound that contains an
indole ring system and a phenyl group attached to it. This compound
has attracted a lot of interest in the area of organic synthesis, medicinal
chemistry, material science due to its unique properties and diverse
applications [2].

2-phenylindole can be synthesized using various methods such as
the Fischer indole synthesis, N-alkylation of indole, and cyclization of
aryl hydrazones. The compound has a crystalline solid form and has

a melting point of around 175-177°C. 1t is freely soluble in organic
solvents such as dichloromethane, CCl4, and ethanol.

One of the most significant applications of 2-phenylindole is in the
area of medicinal chemistry. It has been detailed to manifest a broad
range of biological potential includes anti-inflammatory, antibacterial,
antifungal, antiviral, and anti-poliferative properties. For example, some
2-phenylindole derivatives have shown potent anticancer activity over
various cancer cell lines, including breast carcinoma, lung carcinoma
and leukaemia.

Apart from its medicinal properties, 2-phenylindole also finds
applications in material science. It has been used as a component for
the synthesis of organic materials such as conducting polymers and
fluorescent dyes. Its unique properties such as high electron mobility,
high thermal stability, and high photoluminescence make it an ideal
candidate for the development of organic electronic devices and
optoelectronic applications [3].

2-phenylindole is a versatile compound that finds applications
in various fields such as medicinal chemistry and material science.
Its unique properties and diverse applications make it an attractive
compound for further research and development. With ongoing
research in these fields, the potential applications of 2-phenylindole are
expected to expand further in the coming years.

*Corresponding author: Dhaneesh S, Department of Medicinal Chemistry, Dr
Moopens College of Pharmacy, Wayanad, Kerala, India, E-mail: dhaneeshs617@
gmail.com

Received: 26-Jun-2023, Manuscript No: JMPOPR-23-103973, Editor assigned:
30-Jun-2023, PreQC No: JMPOPR-23-103973(PQ), Reviewed: 24-Jul-2023, QC
No: JMPOPR-23-103973, Revised: 03-Aug-2023, Manuscript No: JMPOPR-23-
103973(R), Published: 01-Sep-2023, DOI: 10.4172/2329-9053.1000194

Citation: Dhaneesh S, Swathi Lakshmi N, Lal Prasanth ML (2023) Unveiling the
Biological Potential of 2-Phenyl Indole Derivatives: A Comprehensive Review. J
Mol Pharm Org Process Res 11: 194.

Copyright: © 2023 Dhaneesh S, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

J Mol Pharm Org Process Res, an open access journal
ISSN: 2329-9053

Volume 11 « Issue 5 + 1000194



Citation: Dhaneesh S, Swathi Lakshmi N, Lal Prasanth ML (2023) Unveiling the Biological Potential of 2-Phenyl Indole Derivatives: A Comprehensive

Review. J Mol Pharm Org Process Res 11: 194.

Page 2 of 4

Biological activities of 2-phenyl Indole
As anti-neoplastic agent

One of the most significant areas of research on 2-Phenyl Indole
derivatives is their anti-cancer activity. Several studies have reported
that 2-PI derivatives exhibit potent anti-tumor effect against a wide
range of tumor cell line is one of the significant characteristics of
2-Phenylindole derivatives [4]. Various Studies have shown that
2-Phenylindole derivatives have anti-proliferative effects on malignant
tumor of breast cell line, specifically MDA-MB-231 and MCF-7. This
compounds acts through inhibition of tubulin polymerization, leading
to mitotic arrest and apoptosis.

Similarly, a study by Rimm it was reported that derivatives of
2-Phenyl Indole showed strong activity to inhibit lung cancer cells
(specifically A549 and H460 cell lines). The compounds induced
apoptosis through DNA intercalation and inhibition of topoisomerase
enzymes.

Yousif studied the 2-phenylindole derivatives for their anti-
neoplastic efficacy against liver carcinoma, breast adenocarcinoma,
prostate carcinoma, and colorectal carcinoma [5]. There are several
compounds mentioned: thiazolo-triazine, triazine, imidazole sugar,
imidazole, imidazolothiazole. In addition, three specific substances
were mentioned: 2-chloro-1-(2-phenyl-1-yl)ethanone (1), 2-(2-phenyl-
1H-indol-1-yl)ethyl-1H-imidazol-2(5H)-one (2), and ethyl 2-(2-oxo-
4-(2-phenyl-1H-indol-1-yl)- 2H-imidazol-1(5H)-yl) acetate (3), with
compound (3) showing significant cytotoxic activity.

Sigman et al synthesized and conducted initial biological
investigations on 3- substituted indoles(4), which were obtained
through a reaction involving palladium catalysts was used to add two
functional groups to an alkene in an enantioselective manner. Some of
the compounds produced from this reaction were tested and found to
have the potential to act as anticancer agents against MCF-7 cells.

As anti-inflammatory agent

In addition to their anti-cancer activity, 2-Phenyl Indole derivatives
has also showing a promising anti-inflammatory activity. Inflammation
is the key driver of many chronic condition such has asthma, IBD,
rheumatoid arthritis are driven by inflammation as a primary cause. An
Study by Abdellatif reported that 2-Phenyl Indole derivative exhibited
potent activity on lipopolysaccharide (LPS)-stimulated macrophages.
The derivatives derived from the study were able to suppress factor
(NF-«xB) signaling pathways, resulting on the inhibition of the
proinflammatory cytokines factor, such has (TNF-a), (IL-6) [6].

Singh Reported analgesic activity, antiinflammatory activity against
2 Substituted indoles derivatives. (E)-4-(2-(4-chlorophenyl)-1H-indol-
3-yl)-N-((2-methyl-1H-indol-3-yl) methylene) thiazol-2-amine (5) has
shown grater activity as an analgesic agent and anti-inflammatory.

Substituted 2-Phenyl derivatives are synthesized and are tested for
the potential to inhibit the COX enzymes as anti-inflammatory agents
[3]. Invitro study indicated that all the tested compound, particularly
those containing the SO2Me group as a COX-2 pharmacophore,
exhibited selective inhibition COX-2 than COX-1 (selectivity indexes
ranging from 4.02 to 65.71), compared to indomethacin (with a
selectivity index of 0.079) [7]. On the other hand, the compound
that contained the SO2Me functional group showed significant anti-
inflammatory activity in vivo compound (3-ethyl-5-(methylsulfonyl)-
2-phenyl-1H-indol-1-yl) ~ (4-fluorophenyl)methanone  (6) and
(4-chlorophenyl) (3-ethyl-5-(methylsulfonyl)-2-phenyl-1H-indol-1-yl)

methanone (7) are highly active than the indomethacin. Furthermore,
using a carbonyl group as spacer instead of methylene led to potent
increase in the anti-inflammatory property.

Abdellatif et al synthesized 2-phenyl substituted indole derivatives
are tested for the analgesic activities, antiinflammatory activity
both invitro and invivo. Among the derivatives tested, (3-methyl-5-
(methyl sulfonyl)-2- phenyl-1H-indol 1yl) (phenyl) methanone (8),
(4-chlorophenyl)(3-methyl-5-(methyl  sulfonyl)-2-phenyl-1Hindol-
1-yl) methanone (9) and 1-benzyl-3-methyl-5 (methyl sulfonyl)-2-
phenyl-1Hindole (10)exhibited the highest anti-inflammatory, analgesic
activity. Additionally, Findings from the docking study havebeen
considered with those from the in vitro COX inhibition assays.

Chavan et al prepared 3-(2-Aminopyrimidin-4-yl) indole were
assessed for their ulcerogenic, anti-inflammatory, analgesic activity.
All of this synthesized compound were demonstrated similar results
to indomethacin [8]. Notably, compounds 4-(2-amino-6-(2-(4-
chlorophenyl)-1H-indol-3-yl)pyrimidin-4-yl) (11) phenol and 4-(4-
aminophenyl)-6-(2-(4-chlorophenyl)-1H-indol-3yl)pyrimidin-2-
amine (12) exhibited 87.4% and 88.2% inhibition of inflammation as
measured by paw edema, as well as 78.5% and 76.6% inhibition of acetic
acid-induced writhings.

Shaker synthesized Indomethacin analogs of 2-Phenylindole and
evaluated their invitro COX-II inhibition activity and invivo anti-
inflammatory activity. The COX inhibition activity (invitro) assessment
revealed selective binding with the COX-II receptor a range of
selectivity index (SI) values from 30.35 to 107.63 compared with the
standard drug (SI = 0.079). In-vivo anti-inflammatory activity studies
detailed that the most active compounds were 1-(4-chlorobenzyl)-2-(4
(methylsulfonyl)phenyl)-1H-indole(13) (90.5%), 1-(4-chlorobenzyl)-
5-methyl-2-(4-(methylsulfonyl)phenyl)-1H-indole ~ (14)  (75.6%),
1-(4-chlorobenzyl)-5-fluoro-2-(4- (methylsulfonyl)phenyl)- 1H-indole
(15) (81.1%). Molecular docking studies of the compound indicated
excellent binding interaction with the COX-2 enzyme [9].

As anti-oxidant

2-phenylindole derivative has found to be having significant
antioxidant activity due to the indole moiety present in it. Which is
known for its radical scavenging properties. The antioxidant activity
of the compounds can attributed to their ability to inhibit formation
of oxidative free radicals, which are highly reactive moiety that have
the potential to harm various components of cells, such as lipids,
proteins, and DNA.Several studies have demonstrated the antioxidant
potential of 2-phenylindole derivatives [10]. For example, an study by
Emami reports synthesis, evaluation studies of the antioxidant activity
various substituted 2-phenylindoles. The study aimed to investigate the
potential of these compounds as antioxidant agents.

The authors synthesized substituted 2-phenylindoles and evaluated
the antioxidant properties using invitro assays such as ABTS radical
cation assays and DPPH radical scavenging and. The synthesized
compounds exhibited significant antioxidant action, with some
derivatives showing activity comparable with standard antioxidant,
ascorbic acid. The study also investigated the structural activity relation
of the synthesized compound by modifying substituent on the phenyl
ring. The authors observed that the presence of groups such has
hydroxyl and methoxy (electron donating) on the phenyl ring increased
the antioxidant activity of the compounds [11].

Bakherad synthesize a newer group of antioxidant agents, and tested
their antioxidant property. The compounds have better antioxidant
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activity compared to other compounds tested. molecule 1-((2-phenyl-
3H-inden-1yl)methylene)-4-ptolylthiosemicarbazide (16) was found
to be highly potent compound among all the synthesized compounds.

As anti-microbial agent

2-Phenyl Indole derivatives has also been investigated for the
antibacterial activity over different fungal and bacterial strains.
According to research conducted by Kim et al, it was found that
a range of 2-PI derivatives had strong antibacterial effects against
vancomycin (drug) resistant Enterococcus faecium (VRE) as well as
methicillin (drug) resistant Staphylococcus aureus (MRSA) [12]. The
compounds acted through inhibition of bacterial topoisomerase IV
and DNA gyrase enzymes. Similarly, Study by Wilson reported that
2-PI derivative exhibited potent antifungal activity over strain such
as Candida albican and Aspergillus fumigatus. The compound acted
through inhibition of fungal lanosterol 14a-demethylase, an enzyme
inthe ergosterol biosynthesis pathway.

Scribner synthesized and evaluated amine substituted on positions
5 and 6 of indole ring for their anticocsidial activity. Among the tested
compounds, 2-(4-fluorophenyl)-6-(piperidin-4-yl)-3-(pyridin-3-yl)-
1H-indole (17) displayed the highest activity.

A study by Kumar et al have synthesized an range of 2-Phenylindoles
with either sulfa substituted groups by reacting sulfa substituted aniline
with phenacylhalide. Resulting compounds were have been evaluated
for their antibacterial properties.

As Anti-viral agent

2-phenyl indole derivative exhibit a potent anti-HBV activity by
inhibition of viral replication and suppressing HBV surface antigen
(HBsAg) secretion. Studies also reported that a series of 2-PI derivatives
exhibited potent anti-HIV activity by inhibiting viral replication
and suppressing HIV-1 Tat-mediated transactivation. Furthermore,
another researcher Yang reported that 2-PI derivative exhibited potent
anti-ZIKV activity.

Gurer-Orhan  synthesized  substituted  2-phenyl-1H-indol
hydrazine derivatives as analogs of melatonin (MLT) and evaluated
their antioxidant property on human erythrocytes. Compound (E)-
1-(2-chlorophenyl)-2-((2-(4-fluorophenyl)-1H-indol-3-yl)methylene)
hydrazine(19), (E)-1-(4-chlorophenyl)-2-((2-(4-fluorophenyl)-
1Hindol-3-yl)methylene)  hydrazine(20), (E)-1-(3-bromophenyl)-
2-((2-(4-fluorophenyl)-1H-indol-3-yl)methylene) hydrazine(21),
and (E)-1-(2-fluorophenyl)-2-((2- (4-fluorophenyl)-1H-indol-3-yl)
methylene) hydrazine(22) demonstrated significant activity [13].

As anti-malarial

Studies have investigated the anti-malarial potential of 2-phenyl
indole derivatives. Evaluated the In-vitro anti-malarial activity of a
series of 2-phenylindole derivative against Plasmodium falciparum
(PF). The derivatives exhibited potent anti-malarial activity, with some
derivatives exhibiting activity comparable over standard antimalarial
drug chloroquine.

As anti-tuberculous

Studies investigated the anti-TB activity of a 2-phenyl indole
derivative in combination with other anti-TB drugs. The result shows
that the compounds exhibit synergistic activity with the other drugs and
was able to significantly reduce the bacterial load in an in vitro model
of TB infection. In addition to their anti-TB activity, 2-phenylindole
derivative has also beaning found to have other biological activity

such as inflammatory and anticancer activities. These properties make
them promising candidates for development of newer therapeutic drug
moiety for treatment of various diseases.

Rathod synthesize various derivative and reported the
antimycobacterial activity [14]. The active derivatives were further
studied through molecular docking, revealing that 3-(1-isonicotinoyl-
3-(5-methyl-2-phenyl-1H-indol-3-yl)-1H-pyrazol-5-yl)-2H-chromen-
2-one and 3-(3-(1H-indol-3-yl)-1-isonicotinoyl-1H-pyrazol-5-yl)-
2H-chromen-2-one (26) exhibited favourable effects against the
Mycobacterium TB H37Rv strain at concentrations of 12.5 to 25 ug/ml.

As antifertility agent

Chaudhary demonstrated that a range of indole derivatives (27)
which exhibit potent antifertility activity.

As Estrogen antagonist

Bazedoxifene (35) utilizes an indole as its nucleus for the estrogen
antagonist, which distinguishes it from previous compounds not only
in terms of ring structure but also in terms of the subtituation on the
benzene ring containing ether.

As hepatic x receptor agonist (HXR)

The combine use of the high-throughput gene pro-filings &
structural virtual screening on an internal moiety collection, hepatic
X receptor (HXR) agonist with a unique structure was discovered (29).
The compound demonstrated the ability to increase expression of their
ABCAL1 gene by eight folds and SREBP1c by three fold in differentiated
THP1 macrophage cell line. The compound agonistic activity against
HXR was verified through both the cofactor recruitment and reporter
transactivation assay [15].

Conclusion

In conclusion, 2-phenyl indole derivatives have emerged as
promising therapeutic agents due to their diverse biological potential.
Their unique molecular structure allows for modification, resulting
in an extensive range of derivatives with varying biological activities.
The recent advancements in synthetic methodologies have facilitated
the discovery of new derivatives with enhanced properties. The SAR
studies have provided perception into the structural requirements
for improved activity. Additionally, the diverse mechanisms of
action exhibited by these derivatives make them attractive moiety
for development of novel drug candidate. Despite the significant
progress made in this field, further studies would require to optimize
the pharmacokinetic properties and selectivity of those compounds
for clinical use. Therefore, further research is needed to explore the
full potential of these compounds and to develop effective therapies
what improve the quality of life of patients. In summary, this review
highlights the importance of 2-phenyl indole derivatives in drug
discovery and development and emphasizes the need for continued
research in this area.

References

1. Johansson H, Jegrgensen TB, Gloriam DE, Brauner-Osborne H, Pedersen
DS (2013) 3- Substituted 2-phenyl-indoles: privileged structures for medicinal
chemistry. RSC advances 3: 945-960.

2. Abdellatif KR, Lamie PF, Omar HA (2016) 3-Methyl-2-phenyl-1-substituted-
indole derivatives as indomethacin analogs: design, synthesis and biological
evaluation as potential anti-inflammatory and analgesic agents. J Enzyme Inhib
Med Chem 31: 318-324.

3. Amir M, Dhar N, Tiwari SK (1997) Synthesis and anti-inflammatory activity of
some new indole and indazole derivatives. Ind J Chem 36B: 96-98.

J Mol Pharm Org Process Res, an open access journal
ISSN: 2329-9053

Volume 11 « Issue 5 + 1000194


https://pubs.rsc.org/en/content/articlelanding/2013/RA/C2RA21902F
https://pubs.rsc.org/en/content/articlelanding/2013/RA/C2RA21902F
https://www.tandfonline.com/doi/full/10.3109/14756366.2015.1022174
https://www.tandfonline.com/doi/full/10.3109/14756366.2015.1022174
https://www.tandfonline.com/doi/full/10.3109/14756366.2015.1022174
https://nopr.niscpr.res.in/bitstream/123456789/57012/1/IJCB 36B(1) 96-98.pdf
https://nopr.niscpr.res.in/bitstream/123456789/57012/1/IJCB 36B(1) 96-98.pdf

Citation: Dhaneesh S, Swathi Lakshmi N, Lal Prasanth ML (2023) Unveiling the Biological Potential of 2-Phenyl Indole Derivatives: A Comprehensive

Review. J Mol Pharm Org Process Res 11: 194.

Page 4 of 4

. Singh S, Sharma N, Chandra R (2022) The indole nucleus as a selective COX-
2 inhibitor and anti-inflammatory agent (2011-2022). Org Chem Fron 9: 3624-
3639.

Shi W, Marcus SL, Lowary TL (2011) Cytotoxicity and topoisomerase /Il
inhibition of glycosylated 2-phenyl-indoles, 2-phenyl-benzo [b] thiophenes and
2-phenylbenzo [b] furans. Bioorg Med Chem 19: 603-612.

. Tanious FA, Veal JM, Buczak H, Ratmeyer LS, Wilson WD (1992) DAPI (4',
6-diamidino-2-phenylindole) binds differently to DNA and RNA: minor-groove
binding at AT sites and intercalation at AU sites. Biochemistry 31: 3103-3112.

Kaushik NK, Kaushik N, Attri P, Kumar N, Kim CH, et al. (2013) Biomedical
importance of indoles. Molecules 18: 6620-6662.

. Sravanthi TV, Manju SL (2016) Indoles—A promising scaffold for drug
development. Eur J Pharm Sci 91: 1-10.

HongY, ZhuYY, He Q, Gu SX (2022) Indole derivatives as tubulin polymerization
inhibitors for the development of promising anticancer agents. Bioorg Med
Chem 55: 116597.

10. Gérard-Monnier D, Erdelmeier I, Régnard K, Moze-Henry N, Yadan JC,

Chaudiere J (1998) Reactions of 1-methyl-2-phenylindole with malondialdehyde
and 4-hydroxyalkenals. Analytical applications to a colorimetric assay of lipid
peroxidation. Chem Res Toxicol 11: 1176-1183.

. LiH, Zhu Z, Zhang F, Xie S, Li H, et al. (2013) Palladium nanoparticles confined

in the cages of MIL-101: an efficient catalyst for the one-pot indole synthesis in
water. ACS Catalysis 1: 1604-1612.

. Schalper KA, Brown J, Carvajal-Hausdorf D, McLaughlin J, Velcheti V, et al.

(2015) Objective measurement and clinical significance of TILs in non-small
cell lung cancer. J Natl Cancer Inst 107: dju435.

. Thanikachalam PV, Maurya RK, Garg V, Monga V (2019) An insight into the

medicinal perspective of synthetic analogs of indole: A review. Eur J Med Chem
180: 562-612.

. Dadashpour S, Emami S (2018) Indole in the target-based design of anticancer

agents: A versatile scaffold with diverse mechanisms. Eur J Med Chem 150:
9-29.

.ChenY, Ma J, Wang F, Hu J, Cui A, et al. (2013) Amygdalin induces apoptosis in

human cervical cancer cell line HelLa cells. Immunopharmacol Immunotoxicol
35:43-51.

J Mol Pharm Org Process Res, an open access journal
ISSN: 2329-9053

Volume 11 « Issue 5 + 1000194


https://pubs.rsc.org/en/content/articlehtml/2022/qo/d2qo00534d
https://pubs.rsc.org/en/content/articlehtml/2022/qo/d2qo00534d
https://linkinghub.elsevier.com/retrieve/pii/S0968089610009909
https://linkinghub.elsevier.com/retrieve/pii/S0968089610009909
https://linkinghub.elsevier.com/retrieve/pii/S0968089610009909
https://pubs.acs.org/doi/abs/10.1021/bi00127a010
https://pubs.acs.org/doi/abs/10.1021/bi00127a010
https://pubs.acs.org/doi/abs/10.1021/bi00127a010
https://www.mdpi.com/1420-3049/18/6/6620
https://www.mdpi.com/1420-3049/18/6/6620
https://linkinghub.elsevier.com/retrieve/pii/S092809871630207X
https://linkinghub.elsevier.com/retrieve/pii/S092809871630207X
https://www.future-science.com/doi/10.4155/fmc.12.141
https://www.future-science.com/doi/10.4155/fmc.12.141
https://pubs.acs.org/doi/10.1021/tx9701790
https://pubs.acs.org/doi/10.1021/tx9701790
https://pubs.acs.org/doi/10.1021/tx9701790
https://pubs.rsc.org/en/content/articlelanding/2013/GC/C2GC36618E
https://pubs.rsc.org/en/content/articlelanding/2013/GC/C2GC36618E
https://pubs.rsc.org/en/content/articlelanding/2013/GC/C2GC36618E
https://academic.oup.com/crawlprevention/governor?content=%2fjnci%2farticle-lookup%2fdoi%2f10.1093%2fjnci%2fdju435
https://academic.oup.com/crawlprevention/governor?content=%2fjnci%2farticle-lookup%2fdoi%2f10.1093%2fjnci%2fdju435
https://www.sciencedirect.com/science/article/abs/pii/S0223523419306403?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0223523419306403?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S0223523418302022
https://linkinghub.elsevier.com/retrieve/pii/S0223523418302022
https://www.tandfonline.com/doi/abs/10.3109/08923973.2012.738688
https://www.tandfonline.com/doi/abs/10.3109/08923973.2012.738688

	Title
	Corresponding author
	Abstract 

