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Antimicrobial activity in a drought-tolerant
lentil variety under some stress conditions
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Abstract. Broomrapes are the most difficult plant parasites to control among all biotic stresses affecting plants in
the Mediterranean, Europe and Asia. Lentil is sensitive to broomrape (Orobanche crenata), which causes
significant yield losses in this species around the Mediterranean region. Our study was aimed at the evaluation
of antibacterial properties of Lens culinaris cv. ‘Sultan-1" under drought stress and broomrape infection stress
conditions. The antimicrobial activity of the ethanol extract of ‘Sultan-1’ was assayed against the test for
microorganisms by methods of diffusion in agar and dilution in broth. The ethanol extracts from different
studied treatments showed antimicrobial activities, with diameters of the inhibition zone ranging from 7 mm
to 15 mm and from 2.5 to 20 pg mLL, respectively. The highest antimicrobial activity against A. baumannii
ATCC 19606 was demonstrated by the extract of ‘Sultan-1" at combined stress (drought stress + broomrape

infection) on the 15t day. Furthermore, the combined stress treatment promoted antibacterial effect against

some Gram-negative bacteria on the 15 day.
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Introduction

Abiotic and biotic stress factors limit the yields (Hakl1
2008). Drought, salinity, low or high temperature, and
contamination are the leading abiotic factors that de-
crease yields in agricultural production (Demirbas &
Acar 2008). Drought claims the greatest share of all
stress factors (Kalefetoglu & Ekmekgi 2005) and is one
of the most important factors limiting plant produc-
tion (Boyer 1982). One of the strongest limiting biotic
factors in lentil production is broomrape (Phelipanche
spp., Orobanche spp.) (Rubiales & al. 2003). Broom-
rapes are the most difficult plant parasites to control
among all biotic stresses affecting plants in the Med-
iterranean, Europe, and Asia. Lentil — Lens culinaris
Medik.,, is sensitive to broomrape — Orobanche crenata

Forskk., which causes significant yield losses in this
species around the Mediterranean region (Jurado-Ex-
posito & al. 1997).

Plants contain antimicrobial properties important in
drug design against diseases (Das & al. 2010; Bhattachar-
jee & Islam 2015). Antibiotic resistance has become glob-
al concern (Westh & al. 2004) for clinical efficacy of many
existing antibiotics is threatened by the emergence of
multidrug-resistant pathogens. Therefore, there is an ur-
gent need in developing new antimicrobial compounds
that are more active against the newly-emerging infec-
tious diseases (Rojas & al. 1992). On the other hand, anti-
microbial activity has been reported to increase due to
oxidative stress caused by environmental stress (Sharma
& al. 2018; Schmidt & al. 2019). Moreover, relation be-
tween plant-based antimicrobial activity and pathogen-
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associated proteins (PRs), such as phytoalexins, is mani-
fested under environmental stress (Li & al. 2011; Acar &
Hacioglu Dogru 2019; Schmidt & al. 2019).

In this context, medicinal plants, which produce
and accumulate bioactive substances such as flavo-
noids, phenolic acid and anthocyanin, are another im-
portant natural resource for the production of new bi-
oactive compounds (Karakas & Tiirker 2013). This
study was conducted to evaluate the antimicrobial ac-
tivities of ethanolic extracts of L. culinaris ‘Sultan-1’
exposed to two stress factors for seven days.

Material and methods

Plant material: Drought-tolerant variety Lens culinar-
is ‘Sultan-1" was used for this study and obtained from
Gegitkugag1 Central Research Institute (Eskisehir/Tur-
key). Orobanche crenata seeds were obtained from the
Adana Plant Protection Research Institute (Adana/Tur-
key). The seeds of ‘Sultan-1" were sterilized by washing
with sodium hypochlorite solution (20%, for 5 min)
and with sterile distilled water for 7.5 min. Sterile seeds
were germinated in sterile petri dishes and transferred
to pots containing perlite. All seedlings were watered
with Hoagland nutrient solution (Steward 1983). Four-
teen-day old seedlings were grown in water culture (25
+ 2°C, 16/8 photoperiod).

Orobanche crenata seeds were washed with 70 %
ethyl alcohol for 2 min, then sterilized by sodium hy-
pochlorite (5%, 10 min) and washed with water. Ster-
ilized seeds were incubated for 1 week in a plant-
growth cabinet at 22 °C. Orobanche crenata seeds were
induced with 1ppm GR24 and the roots of 21-day-
old lentil seedlings were infected. Drought stress was
created by applying polyethylene glycol 6000 (10 %
PEG 6000, -1.5 MPa) (Gokgay 2012). Antimicrobi-
al properties were determined in leaf samples tak-
en on the first and the seventh day. Lentil seedlings
(215t day) were divided into four groups for the 15tand
7th day samples: (1) control (15t day); (2) broomrape
infected (1%t day); (3) drought stressed (1%t day); (4)
drought stressed + broomrape infected (1%t day); (5)
control (7th day); (6) broomrape infected (7th day);
(7) drought stressed (7th day); (8) drought stressed +
broomrape infected (7th day).

Test for microorganisms: Gram-negative bacte-
ria (Escherichia coli NRRLB 3704, Pseudomonas aer-
uginosa ATCC 27853, Proteus vulgaris ATCC 13315,

Acinetobacter baumanii ATCC 19606), Gram-posi-
tive bacteria (Bacillus subtilis ATCC 6633, Staphylo-
coccus aureus ATCC 6538P, Staphylococcus haemolyt-
icus ATCC 43252) and yeast (Candida albicans ATCC
10231) were used for determining the antimicrobial
activities of ‘Sultan-1".

Preparation of extracts for antimicrobial activi-
ty: Air-dried leaf samples of ‘Sultan-1" were ground in-
to fine powder in a grinding mill. Pulverized plant sam-
ples (1 g) were extracted with 10 mL of 80% ethanol
(1:10 w/v) using an orbital shaker for 8 h at room tem-
perature. The extract was separated from the solids by
filtration with Whatman No. 1 filter paper. The remain-
ing solids were extracted twice with the same solvent
and extracts combined. Extracts were stored in a refrig-
erator (4 °C) until analyzed (Sultana & al. 2007).

Screening for antimicrobial activities: Antimi-
crobial activities of ‘Sultan-1" were screened with
Disc Diffusion (CLSI 2006) and Minimum Inhibi-
tor Concentration (MIC) (CLSI 2006; Teanpasian &
al. 2017). Our study was aimed at evaluation of the
antibacterial properties of ‘Sultan-1’ under drought
stress and broomrape infection conditions, between
the 15t and 75t day, with controls. Antimicrobial activ-
ity of the ethanol extract of ‘Sultan-1’ variety was as-
sayed against the test for microorganisms, by methods
of diffusion in agar and dilution. Empty sterilized an-
tibiotic discs with a diameter of 6 mm (Schleicher and
Schull No. 2668, Dassel, Germany) were each impreg-
nated with 50 uL of extract (10 mg/disc). All the bacte-
ria mentioned above were incubated at 35 + 0.1°C for
24 h by inoculation into Nutrient Broth (Difco Labo-
ratories, MI, USA) and the studied yeast culture was
incubated in Malt Extract Broth (Difco Laboratories,
MI, USA) at 25 + 0.1°C for 48 h. An inoculum con-
taining 106 bacterial cells or 108 yeast cells/mL was
spread on Mueller Hinton Agar (MHA) (Oxoid Ltd.,
Hampshire, UK) plates (1 mL inoculum/plate). The
discs injected with extracts were placed on the inoc-
ulated agar by pressing slightly. Petri dishes were kept
at 4°C for 2 h, plaques injected with the yeast culture
were incubated at 25 + 0.1 °C, and bacteria were incu-
bated at 35 + 0.1°C for 24 h (CLSI 2006). At the end
of the period, the inhibition zones formed in the me-
dium were evaluated in millimeters. Studies were re-
peated in triplicate. Treatments with penicillin (P10)
and nystatin (N'YS30) served as positive controls, and
treatments with ethanol, without bacterial or fungal
materials, served as negative controls.
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Minimum inhibitory concentration assay: Min-
imum Inhibitory Concentration (MIC) was carried
out according to the instruction of the Clinical and
Laboratory Standards Institute (CLSI 2006). The low-
est concentration of extracts inhibiting visible growth
of each test microorganism was taken as MIC. The
medium, 0.1% (w/v) Streptomycin (ST), Nystatin
(NYS100) and 10 % DMSO were used as non-treated,
positive and negative controls, respectively (Teanpa-
sian & al. 2017).

Results

Broomrape infection and drought stress treatments
showed different antimicrobial activities in the ex-
tract of 21-day-old lentil seedlings. According to our
results, diameters of the inhibition zone (IZ) and min-
imal inhibitory concentration (MIC) ranged from
7-15 mm and 2.5-20.0 ug/mL, respectively.

The highest antimicrobial activity of the extract of
‘Sultan-1’ recorded against S. aureus ATCC 6538P was
demonstrated by the extract of ‘Sultan-1" grown under
drought stress and broomrape infection stress condi-
tions (S1 in Table 1). Lentil extracts treated with both
broomrape (S2) and drought stress + broomrape (S4)
showed a higher zone of inhibition in all Gram-nega-
tive bacteria, as compared to the controls (P10), espe-
cially in A. baumanii ATCC 19606 and P. aeruginosa
ATCC 27853. This is an indication that the Gram-nega-
tive test bacteria are more effective than the Gram-pos-
itive test bacteria. Furthermore, an increase in antimi-
crobial activity was observed in infected with O. crenata
Forsk. ‘Sultan-1 plants (S2, 15t day, in Table 1). This has
been recorded especially in A. baumanii ATCC 19606
test microorganisms, with diameters of the IZ rang-
ing from 14.0 mm. However, antimicrobial activity de-
creased with drought appication and again increased
under drought stress and pre-treatment of seeds with
broomrape (S2 and $4 in Table 1, 1%t day).

Table 1. Disc diffusion, MIC ratios of Lens culinaris ‘Sultan-1’ extracts.

Plant extracts

Test *Disc diffusiona MIC
microorganisms cv. ‘Sultan-1’ Control cv. ‘Sultan-1’ Control

P10/ ST/

S1 S2 $3 S4 S5 S6 S7 S8 yyio0 SI S2 S3 sS4 S5 S6 ST S8 v o0

E.coli
NRRL B-3704 7.0 100 9.0 100 7.0 - - - 16.0 200 50 200 50 200 20.0 20.0 20.0 4.0
P. aeruginosa
ATCC 27853 90 90 11.0 120 9.0 70 10.0 10.0 8.0 5.0 1.0 2.5 2.5 50 200 100 5.0 1.0
P. vulgaris
ATCC 13315 11.0 100 90 11.0 80 70 70 70 13.0 2.5 50 200 50 20.0 20.0 200 200 4.0
A. baumanii
ATCC 19606 9.0 140 80 130 - - 9.0 100 12.0 100 25 200 25 200 20.0 10.0 10.0 2.0
B. subtilis
ATCC 6633 70 70 80 70 80 70 80 90 14.0 20.0 20.0 20.0 20.0 20.0 20.0 200 200 4.0
S. aureus
ATCC 6538P 150 100 9.0 11.0 7.0 - 100 9.0 15.0 2.5 50 200 50 200 200 10.0 200 4.0
S. haemolyticus
ATCC 43252 120 100 90 90 90 80 9.0 10.0 14.0 5.0 50 20.0 20.0 20.0 20.0 20.0 200 5.0
Candidaalbicans ¢ o0 119 70 80 80 90 160 200 200 100 50 200 200 200 200 25
ATCC 10231 X . . . . X . X . . . X X X X X .

1: L. culinaris cv. ‘Sultan-1": control (15 day);
S2: pre- treatment of seeds with broomrape (1%t day)
$3: drought stress (1% day);

$4: drought stress + pre-treatment of seeds with broomrape (1% day)

S5: control (75'day)
S6: pre-treatment of seeds with broomrape (7°day)
S$7: drought stress (75'day)

$8: drought stress and pre-treatment of seeds with broomrape (75'day).

Inhibition zone (mm); a - includes diameter of disk (6 mm); P10 = Penicillin (10 ug/disc); ST: Streptomycin; NY100 Nystatin 100 ug/disc.
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As a result, biotic stress caused by O. crenata infec-
tion increased the antimicrobial activity of ‘Sultan-1"
In particular, one-day stress applications on Candida
albicans ATCC 10231 have promoted increased anti-
microbial activity. Furthermore, the first day of stress
application increased antimicrobial activity, whereas
the last day of stress application was not determined.
Actually, combined stress treatment promoted the an-
tibacterial effect against some Gram-negative bacteria
on the 15t day of sampling (Table 1).

Discussion

Phytochemicals are secondary metabolites of plants
and have important pharmaceutical properties. Thus,
they could be used as a new antimicrobial source of
food production and clinical settings (Sakarikou & al.
2020). It is well known that abiotic stress leads to a
series of morphological, physiological, biochemical,
and molecular changes, which affect adversely plant
growth, productivity and antagonistic activity (Hayat
& al. 2013; Ripa & al. 2019).

Our results have shown that the extract of ‘Sultan-1’
triggers out higher antimicrobial activity against the
Gram-negative test bacteria than against the Gram-
positive bacteria under broomrape and combined
stress conditions. Similarly, it was noted that biostim-
ulants are triggering out an increasing amount of to-
tal phenolic compounds in green bean (Phaseolus
vulgaris L.) seed extracts, which resulted in antimicro-
bial activity against Bacillus cereus (Petropouos & al.
2019). Furthermore, the Gram-negative bacteria have
a unique outer membrane. This outer membrane ex-
cludes certain drugs and antibiotics from penetrating
the cell. This partially accounts for the fact why the
Gram-negative bacteria are generally more resistant
to antibiotics than the Gram-positive bacteria (Diil-
ger & Diilger 2018). In fact, some plant-derived sec-
ondary metabolites, such as chalcone, cause oxidative
stress and show antimicrobial activity by degrading
the membrane of Staphylococcus aureus, a Gram-pos-
itive bacterium (Meier & al. 2019).

Lentils have bioactive compounds (Ganesan & Xu
2017) and antimicrobial activity. However, the antimi-
crobial activity of lentils grown under normal condi-
tions was found to be low, as compared to convention-
al antibiotics (Nair & al. 2013). It was known that lentil
plants have secondary metabolites such as lectins (Nair

& al. 2013) and defensins (Drikvand & al. 2019), which
induce antimicrobial activity. On the other hand, it was
discovered that only broomrape leaf extracts have an-
timicrobial activity against the Gram-positive strains
(Genovese & al. 2019), Salmonella enteritidis (Abbes &
al. 2014) and six different pathogens (Gatto & al. 2015).
Contrary to this, our results indicated the highest anti-
bacterial activity against A. baumanii ATCC 19606 un-
der drought-stressed and drought-stressed+broomrape
infection applications among all groups (S2, 15t day, and
$4 ,1%t day, in Table 1). Moreover, all broomrape infec-
tions increased the MIC level to 20 pug/mL. Contrary
to our research, Hsouna & al. (2019) found similar IZ
(14-22 mm) and different MIC (62-250 pug/mL) data in
Lobularia maritima under biostimulant application and
stress conditions. This shows that the IZ and MIC re-
sults may vary depending on the plant and application.

This is the first report on antimicrobial activity in
the lentil variety ‘Sultan-1" under drought stress and
broomrape infection conditions in literature. Accord-
ingly, biotic and abiotic stress conditions may alter an-
timicrobial activity in lentils. In this context, our find-
ings provide evidence about the antimicrobial activity
of the drought-tolerant variety ‘Sultan-1’ and suggest
that new antimicrobial investigations into the rela-
tionships between lentils and other stress factors are
necessary for the future.

References

Abbes, Z., El Abed, N., Amri, M., Kharrat, M. & Ben Hadj Ahmed,
S. 2014. Antioxidant and antibacterial activities of the parasitic
plants Orobanche foetida and Orobanche crenata collected on faba
bean in Tunisia. - J. Anim. Plant Sci., 24: 310-314.

Acar, O. & Hacioglu Dogru, N. 2019. Effects of drought stress
factors on antibacterial activity of two Triticum aestivum L.
varieties. — In: Randelovi¢, V., Stojanovi¢-Radi¢, Z. & Nikolic,
D. (eds), 13th Symposium on the Flora of Southeastern Serbia
and Neighboring Regions: Abstracts. Stara Planina Mts., 20-23
June 2019, Serbia, p. 203. Ni$ — Belgrade.

Bhattacharjee, B. & Islam, S.S. 2015. Assessment of antibacterial
and antifungal activities of the extracts of Rhynchostylis retusa
Blume - a medicinal orchid. - WJPPS, 4(2): 74-87.

Boyer, J.S. 1982. Plant productivity and environment. — Science,
218: 443-448.

CLSI. 2006. Clinical and Laboratory Standards Institute. Methods
for Dilution Antimicrobial Susceptibility Tests for Bacteria That
Grow Aerobically; Approved Standard-Seventh Edition. M07-A7.

Das, K., Tiwari, R.K.S. & Shrivastava, D.K. 2010. Techniques for
evaluation of medicinal plant products as antimicrobial agent:
Current methods and future trends. - Med. Plant Res., 4(2):
104-111.



Phytol. Balcan. 25(3) « Sofia « 2019

371

Demirbas, S. & Acar, O. 2008. Superoxide dismutase and peroxi-
dase activities from antioxidative enzymes in Helianthus annuus
L. roots during Orobanche cumana Wallr. penetration. — Fresenius
Environ. Bull., 17(8a): 1038-1044.

Drikvand, R.M., Sohrabi, S.M. & Samiei, K. 2019. Molecular
cloning and characterization of six defensin genes from lentil
plant (Lens culinaris L.). — 3 Biotech., 9(3): 104.

Diilger, B. & Diilger, G. 2018. Antibacterial activity of Verbascum
antinori. - Konuralp Medical Journal, 10(3): 395-398.

Ganesan, K. & Xu, B. 2017. Polyphenol-rich lentils and their health
promoting effects. — Int. J. Mol. Sci., 18(11): 2390.

Gatto, M.A., Ippolito, A., Sergio, L. & Di Venere, D. 2015. Extracts
from wild edible herbs for controlling postharvest rots of fruit
and vegetables. - In: 3'4 International Symposium on Postharvest
Pathology: Using Science to Increase Food Availability, pp.
349-354.

Genovese, C., Acquaviva, R., Ronsisvalle, S., Tempera, G.,
Antonio Malfa, G., D’Angeli, F. & Nicolosi, D. 2019. In vitro
evaluation of biological activities of Orobanche crenata Forsk.
leaves extract. - Nat. Prod. Res., 1-5.

Gokgay, D. 2012. Physiological and biochemical screening of dif-
ferent Turkish Lentil (Lens culinaris M.) cultivars under drought
stress condition. MSc Thesis, Middle East Technical University
(Metu), Ankara (in Turkish).

Hakls, E. 2008. Effects of alternating temperature to germination
and some physiological parameters of Lentil (Lens culinaris
Medik.) species under water stress. MSc Thesis. Department of
Biology Institute of Natural and Applied Sciences University of
Cukurova, Adana (in Turkish).

Hayat, R., Khalid R., Ehsan, M., Ahmed, I., Yokota, A. & Alj, S.
2013. Molecular characterization of soil bacteria for improving
crop yield in Pakistan. - Pakistan J. Bot., 45: 1045-1055.

Hsouna, A.B., Saad, R.B., Zouari, N., Romdhane, W.B., Brini, F. &
Salah, R.B. 2019. Stress-associated protein from Lobularia mari-
tima: Heterologous expression, antioxidant and antimicrobial ac-
tivities with its preservative effect against Listeria monocytogenes
inoculated in beef meat. — Int. J. Biol. Macromol., 132: 888-896.

Jurado-Exposito, M., Garcia-Torres, L. & Castejon-Munoz, M.
1997. Broad bean and lentil seed treatments with imidazolinones
for the control of Broomrape (Orobanche crenata). - J. Agric.
Sci., 129: 307-314.

Kalefetoglu, T. & Ekmekgi, Y. 2005. The effect of drought on plants
and tolerance mechanism. — G.U.J. Sci., 18(4): 723-740.

Karakas, F.P. & Tiirker, A.U. 2013. An efficient in vitro regeneration
system for Bellis perennis L. and comparison of phenolic contents
of field-grown and in vitro-grown leaves by LC-MS/MS. - Ind.
Crops. Prod., 48: 162-170.

Li, H., Goodwin P.H., Han, Q., Huang, L. & Kang, Z. 2011.
Microscopy and proteomic analysis of the non-host resistance

of Oryza sativa to the wheat leaf rust fungus, Puccinia triticina f.
sp. tritici. — Plant Cell Rep., 31(4): 637-650.

Meier, D., Hernandezb, M.V., Geelena, L.V., Muharinia, R.,
Prokscha, P., Bandowb, J.E. & Kalscheuera, J. 2019. The plant-
derived chalcone Xanthoangelol targets the membrane of Gram-
positive bacteria. — Bioorg. Med. Chem, 27: 115-151.

Nair, S.S., Madembil, N.C., Nair, P, Raman, S. & Veerabadrappa,
S$.B. 2013. Comparative analysis of the antibacterial activity of
some phytolectins. — Int. Curr. Pharm, 2(2): 18-22.

Petropoulos, S.A., Taofiq, O., Fernandes, A., Tzortzakis, N., Ciric,
A., Sokovic, M., Barros, L. & Ferreira, I.C.E.R. 2019. Bioactive
properties of greenhouse-cultivated green beans (Phaseolus
vulgaris L.) under biostimulants and water-stress effect. - J. Sci.
Food. Agric, 99: 6049-6059.

Ripa, FA., Cao, W,, Tong, S. & Sun, J. 2019. Assessment of plant
growth promoting and abiotic stress tolerance properties of wheat
endophytic fungi. - Bio. Med. Research International, 1-12.

Rojas, A., Hernandez, L., Pereda-Miranda, R. & Mata, R. 1992.
Screening for antimicrobial activity of crude drug extracts and
pure natural products from Mexican medicinal plants. - J.
Ethnopharmacol, 35(3): 275-283.

Rubiales, D., Alcantara, C., Perez-De-Luque, A., Gil, J. & Sillero,
J.C. 2003. Infection of Chickpea (Cicer arietinum) by Crenate
Broomrape (Orobanche crenata) as influenced by sowing date
and weather conditions. — Agronomie, 23(4): 359-362.

Sakarikoua, C., Kostogloua, D., Simdesb, M. & Giaouri, E. 2020.
Exploitation of plant extracts and phytochemicals against resistant
Salmonella spp. in biofilms. — Food Res. Int., 128.

Sharma, A., Sharma, D. & Verma, S.K. 2018. In silico study of
iron, zinc and copper-binding proteins of Pseudomonas syrin-
gae pv. lapsa: Emphasis on secreted metalloproteins. — Front.
Microbiol., 9: 1838.

Schmidt, M., Arendt, E.K. & Thery, T.L.C. 2019. Isolation and
characterization of the antifungal activity of the cowpea defensin
Cp-thionin II. - Food Microbiol., 82: 504-514.

Steward, F.C. 1983. Plant Physiology. Academic Press, New York
and London.

Sultana, B., Anwar, F. & Przybylski, R. 2007. Antioxidant activity
of phenolic components present in barks of Azadirachta indica,
Terminalia arjuna, Acacia nilotica and Eugenia jambolana Lam. -
Food Chem., 104(3): 1106-1114.

Teanpaisan, R., Kawsud, P., Pahumunto, N. & Puripattanavong,
J. 2017. Screening for antibacterial land antibiofilm activity in
Thai medicinal plant extracts against oral microorganisms. - J.
Tradit. Complement. Med., 7(2): 172-177.

Westh, H., Zinn, C.S., Rosdahl, V.T. & Sarisa Study Group. 2004.
An international multicenter study of antimicrobial consumption
and resistance in Staphylococcus aureus isolates from 15 hospitals
in 14 countries. — Microbial Drug Resistance, 10(2): 169-176.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Teanpaisan%20R%5bAuthor%5d&cauthor=true&cauthor_uid=28417087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawsud%20P%5bAuthor%5d&cauthor=true&cauthor_uid=28417087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahumunto%20N%5bAuthor%5d&cauthor=true&cauthor_uid=28417087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Puripattanavong%20J%5bAuthor%5d&cauthor=true&cauthor_uid=28417087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5388082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5388082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5388082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5388082/




	_Hlk21946012



