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Members of the genusLathyrus are used as food and as traditional medicines. In order
to nd new sources of biologically-active compounds, chemeal and biological pro les
of two Lathyrus species (. czeczottianusand L. nissolia)were investigated. Chemical
pro les were evaluated by HPLC-ESI-M3, as well as by their total phenolic and avonoid
contents. In addition, antioxidant, enzyme inhibitory, ah cytotoxic effects were also
investigated. Antioxidant properties were tested by usinglifferent assays (DPPH, ABTS,
CUPRAC, FRAP, phosphomolybdenum, and metal chelation). @hinesterases (AChE
and BChE), tyrosinase,a-amylase, and a-glucosidase were used to evaluate enzyme
inhibitory effects. Moreover, vitexin (apigenin-8-C-glwoside) and 5-O-caffeoylquinic acid
were further subjected to molecular docking experiments toprovide insights about
their interactions at molecular level with the tested enzyes. In vitro cytotoxic effects
were examined against human embryonic kidney cells (HEK29dy using iCELLigence
real time cell analysis system. Generally,. czeczottianusexhibited stronger antioxidant
properties thanL. nissolia However, L. nissoliahad remarkable enzyme inhibitory effects
against cholinesterase, amylase and glucosidase. HPLC-BS$/1S" analysis revealed that
avonoids were major components in these extracts. On the bais of these results,
Lathyrus extracts were rich in biologically active components; thusthese species could
be utilized to design new phytopharmaceutical and nutracetical formulations.
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INTRODUCTION quercetin ( 95%) and rutin ( 95%) were purchased from Sigma-
Aldrich (St. Louis, MO, USA) and 200 mg/L stock solutions
With recent advances in science, the therapeutic propertiagere prepared in ethanol (HPLC grade; Sigma). LC-MS grade
of plants have gained importance all over the world, due tgcetonitrile (CHCN, 99%) (LabScan; Dublin, Ireland) and
their pharmacological activities (antioxidant, anti-cencanti-  yitrapure water (Milli-Q Waters puri cation system; Millipore;
in ammatory, antimicrobials, etc.) and nutraceuticals perties  Milford, MA, USA) were used for the HPLC-MS analyses.. Folin—
(Krishnaiah et al., 20)1Many reports have focused on bene ts Ciocalteu's reagent and methanol were purchased from Merck
of phytOChemica|S from plants and their health-promoting (Darmstadt, Germany)_ 2’2_Dipheny|_1_picry|hydrazy| (DP):,)H
eects. Among the various phytochemicals with biologicalABTS radical cation (2%azino-bis(3-ethylbenzothiazoline)-
properties, phenolic compounds are responsible for the above-sulphonic acid), DTNB (5,5-dithio-bis(2-nitrobenzoigid)
mentioned biological activities Shahidi and Ambigaipalan, and AChE (acetylcholinesterase (Electric ell acetylckstirase,
2019. Actually, in global communities increasingly concernedrype-VI-S, EC 3.1.1.7), BChE (butyrylcholinesterase @ors
on health and nutrition, these products are emerging as \@&a serum butyrylcholinesterase, EC 3.1.1.8), L-DOPA (3,4-
alternatives for replacing synthetic drugs. On the basis ofiihydroxy-L-phenylalanine), tyrosinase, acetylthiocheliodide
the aforementioned concerns, new plant-derived products OfATCI) and butyrylthiocholine chloride (BTCI) were purched

phytomedicines are considered as prospective materials. from Sigma Chemical Co. All other chemicals and solventswer
The genud athyrus which belongs to Fabaceae, is representegf analytical grade.

by more than 200 species worldwidglin et al., 198% This
genus consists of 75 taxa, of which 18 species are endemicflant Material and Extraction Procedure

Turkish Flora Genc, 200p Like most members of Fabaceae,athyrus species were collected at owering stage and
Lathyrus genus presents dierent uses, such as alimentangorresponding information and localities are explained belo
agricultural, industrial, ornamental, and in traditionededicine  Taxonomic identi cation of the plant materials was con rméxy
(Patto and Rubiales, 20)L4or instance, someathyrusspecies  senior taxonomist Dr. Murad Ayd n Sanda [Selcuk University,
such asL. hirsutusL., L. ciceralL., L. odoratusL., L. ochrus Science Faculty, Department of Biology (Botany)] based oraF|
L. (DC.), L. sylvestrid.., andL. palustrisL., which have high of Turkey (Davis, 197pand A checklist of the Flora of Turkey
nutrient quality, are consumed as food (for both humans(vascular Plants)Giiner et al., 2072 Voucher specimens were
and animals) Chavan et al., 2001 Especially, roots oL. deposited at the KNYA Herbarium of Department of Biology,
odoratusare used as food in The East Anatolian Region oelcuk University, Konya-Turkey.

Turkey. Again,L. odoratusand L. sativusL. are used for
agricultural processes in Turkey. Moreovesthyrusspecies have
also importance in folk medicine for several purposes such as
analgesic (seed af sativu$, anti-in ammatory (aerial parts of
L. cicera, and anti-rheumatism (leaf of. rotundifoliusWilld.
subsp.miniatus (Bieb. ex Stev.) Davis) in TurkeyAlfundag
and Ozturk, 201). However, up-to-date information aboult.

1. Lathyrus czeczottianuBassler: Locality: Ankara, Cubuk,
around Karagol, forest clearings, Turkey. Date: 25/06/2013
Collector: Ramazan Ceylan and Gokhan Zengin. Life cycle
stage of the plant: owering. Plant part: aerial parts. Family:
Fabaceae.

2. Lathyrus nissoliaL.: Locality: Ankara, Cubuk, around

czeczottianuBassler and.. nissolial. chemical composition or ~ Karagol, forest clearings, Turkey. Date: 13/06/2013 eCui:
biological characterization is scarce. Considering thedrtance Ramazan Ceylan and Gokhan Zengin. Life cycle stage of the
of di erent Lathyrusspecies, as previously mentioned, the general Plant: owering. Plant part: aerial parts. Family: Fabaceae.

aim of this research is to improve the knowledge about lessfhe plant materials were dried at room temperature. The dried
known Lathyrusplants. In this direction, this study was designedaerial parts were ground to a ne powder using a laboratory mill.
to investigate: (i) the antioxidant activity of the methdico Tg obtain methanolic extracts, the air-dried aerial part® ¢}
extracts ofL. czeczottianusnd L. niSSOIiaUSing variousin were macerated with 200 mL of methanol at room temperature
vitro biochemical assays, (ii) the enzyme inhibitory potential§25 ¢ 1 C) for 24 h. The extracts were concentrated under

(anti-ChOlineSterase, anti-amylase, anti-glucosidm anti- vacuum at 40C by using a rotary evaporator and storedatt C
tyrosinase), (iii) the cytotoxicity in human embryonic kidy in dark until use.

cells using the real time cellular impedance technology,ttie

characterization of phytochemical compounds in the methanol Chromatographic Conditions

extracts by HPLC-ESI-MS, (v) and the components-enzymephe HPLC system consisted of a vacuum degasser, an
interactions within-silico techniques. Thus, our present study autosampler and a binary pump (Agilent Series 1100, Agilent
may contribute to oer new perspectives on the biologicalTechnologies, Santa Clara, CA, USA) equipped with a reversed

properties and phytochemical pro le of the genuathyrus phase Kinetex core-shellganalytical column of 50 2.1 mm
and 2.6mm particle size (Phenomenex, Torrance, CA, USA). A
EXPERIMENTAL Ci8 Security Guard Ultra cartridge (Phenomenex) of 2.1 mm i.d.
was placed before the analytical column. The best separatisn wa
Chemicals and Reagents achieved by using a mobile phase consisting of acetonitrile (A)

All reagents and standards were of analytical reagent graded water-formic acid (100:0.1, v/v) (B). The following djent
unless stated otherwise. Kaempferol97%), luteolin ( 98%), program was used: 10% A (0 min), 25% A (10-20 min), 50% A
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(40min), 100% A (42—-47 min), and 10% A (49 min). The mobilesuit implemented in Maestro 9.2 suit&l@estro, 201)L Seleno-
phase ow rate was 0.4 mL mirt. After Itration through 0.45 cysteines and seleno-methionines, if present, were coeert
mm PTFE membrane lters, 161 of each extract was injected. respectively to cysteines and methionines. All the missing
The HPLC system was connected to an ion trap masBagments and other errors present in the crystal structures
spectrometer (Esquire 6,000, Bruker Daltonics, BillerM&, were automatically solved by the Wizard Protein Preparation
USA) equipped with an electrospray interface operating irimplemented in Maestro 9.2 suitél@estro, 201)L
negative ion mode. The scan range was set at m/z 100-1200 with
aspeed of 13,000 Da/s. The ESI conditions were as followsgdryiLigands Preparation
gas (M) ow rate and temperature, 10 mL/min and 365; 5-O-ca eoylquinic acid (5-O-CQA, compound), isoschaftoside
nebulizer gas (B pressure, 50 psi; capillary voltage, 4,500 V{compound 22) and vitexin (compound33) were selected
capillary exit voltage, 117.3 V. The acquisition of MSdata as representative compounds to carry out molecular docking
was made in auto MSmode, with isolation width of 4.0m/z, studies, as these compounds were present.itzeczottianus
and fragmentation amplitude of 0.6 V (MSip to MS"). Esquire  and L. nissoliaextracts. The chemical structures, reported in
control software was used for the data acquisition and Dat&cheme 1have been downloaded from Zinc databasesi(
Analysis for processing. et al., 201pand used for molecular modeling experiments. The
ligands were prepared by the LigPrep tool embedded in Maestro
9.2, neutralized at pH 7.4 by Epik and minimizeghgelley et al.,

Antioxidant and Enzyme Inhibitory Assays 2007.

The total phenolic content was determined by Folin-Cioaoélte
method and expressed as gallic acid equivalents (GAEsf{ggiecular Docking

extract), while total avonoid content was determined byOM Dockings of vitexin 83), isoschaftoside2) and 5-O-CQA @)
method and f'axpress_ed as rutin equivalents (REs/g exttdety¢  \jye peen performed for each selected enzyme employed for the
et al., 2014; Zengin et al., 2Q16The antioxidant capacity i, yitr enzymatic inhibition tests in this work. Glide=(iesner

was investigated by dierent assays: radical scavengingysiss . al., 200p has been employed for the docking calculations
(DPPH and ABTS), reducing power (CUPRAC and FRAP),

phosphomolybdenum, and metal chelating (ferrozine method)
(Dezsi et al., 2015; Toma et al., 2015; Mocan et al.,)2017
Enzyme inhibitory activities were detected against cltedierase,
a-amylase an@-glucosidase in 96-well plates. The experimental
procedures for antioxidant and enzyme inhibitory assaysewe
previously described bylocan et al. (2016band Zengin et al.
(2016) The antioxidant and enzyme inhibitory e ects were
evaluated by Igp (%50 of free radical/ enzyme inhibition) and
EGso (the e ective concentration at which the absorbance was
0.5in CUPRAC, FRAP and phosphomolybdenum assays) values.

The extracts were evaluated at 0.5-5 mg/mL in the antioxidan OH o
and enzyme inhibitory assays. Trolox (0.05-0.5 mg/mL), EDT o
(0.01-0.04 mg/mL), galantamine (1#%/mL), kojic acid (0.1— Rl fGle R2 - B Y‘texm (Compound 33)

0.4 mg/mL) and acarbose (14 mg/mL) were used as positive <!~ 16 R3 = Ara: Isoschafioside (Compound 22)
controls in these assays. The calibration curves were wsed |t
calculate 1Gg and EGg values for each extract and reference
compounds. B el

OH

HO (0}

Molecular Modeling o
Receptors Preparation
Allthe crystallographic enzyme structures have been doadged X O\\\\\“'
from the Protein Databank RCSB PDBdrman et al., 2000
acetylcholinesterase  (pdb:4X3C)PeGaresi and Lampa
in complex with tacrine-nicotinamide hybrid inhibitor,
butyrilcholinesterase (pdb:4BDSNgchon et al., 20)3in
complex with tacrine, amylase (pdb:1VAHJ{uo et al., 2004 OH
in complex with r-nitrophenyla-D-maltoside, glucosidase
(pdb:3AXI) (Yamamoto et al., 20)lin complex with maltose, 5-O'-Caffeoylquinic acid (Compound 4)
and tyrosinase (pdb:2Y9X)isnmaya et al., 20)1in complex
with tropolone. Waters, inhibitors and all the other moleesl | SCHEME 1| Chemical structures of compounds Vitexin, .
present in the pdb les were removed by using Pymiok(ano, ::;;::;:‘r’;'sde and 5-O-caffeoylquinic acid employed for dock ing
2002 and the proteins alone were neutralized at pH 7.4 by Epi '

OH

Ol
=

HO
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by using all the eXtra Precision scoring function for all theby Tukey's honestly signi cant di erencpost-hodest witha D
enzymes, with the exception of the docking to tyrosinasehis t 0.05. This treatment was carried out using SPSS v. 14.0 program.
case, Gold 6.0Jpnes et al., 199%as used with the scoring

function Gold Score, which has been previously found to be

more suitable to produce reliable poses on metal containinRESULTS AND DISCUSSION

enzymesl(locan et al., 201§bln both cases, the binding pocket

was determined automatically by centering the grid on thed IPLC-ESI-MS "

crystallographic inhibitor, extended in a radius of 10 Amgsts ~ The analysis of the phenolic composition in aerial parts of
from the center. The best pose for each compound docked to tHe ¢zeczottianus and L. nissolias performed by HPLC-ESI-

selected enzymes was the best ranked among the 200 generat®S" using the negative ionization mode. Two independent
assays were carried out for each sample, obtaining similar da

regarding the nature and relative intensities of the detdct
fragments. The base peak chromatograms of the methanolic

L . extracts are shown iRigure 1
Human embryonic kidney cells (HEK-293) were obtained from The initial step for the characterization of the phenolic

Leldbrgz—l:n(':stlrtute DSé\/IZ (Ge:nan Cc()sllectlon of Ml((j:roorganLl:tm compounds consisted in the determination of the molecular
and e u' ures, Braunsc Iwe|g,. ermany) and were ¢ ureweight of each compound. In the negative ionization mode
in Dulbecco's Modi ed Eagle's Medium (DMEM) (Lonza, Basel

- . - . ) '(ESI MS! spectrum, the most intense peak usuall
Switzerland) containing 10% heat inactivated fetal bogieeim, ( ) P P y

S . ) corresponded to the deprotonated molecular ion [M-H]
1 -
1% pemmllm/streptomycm. lO.OU mL and. 1% L quFarnlne Compounds were numbered in both chromatograms by their
200mM. Cells were maintained at 37 in a humidied

; h 506 G order of elution. The tentative characterization of the efged
atmosphere of 5% C© compounds is shown inTable 1, and the discussion of the
characterization is explained in the following sub-sections.

Cytotoxicity Assay
Cell Culture

Cytotoxicity Assay with the iCELLigence System
Cytotoxic activity was performed by using the iCELLigence . .
real time cell analysis technology (RTCA) (ACEA Bioscisnce Phenolic Acids - .

San Diego, CA, USA) as described previouslgz@rova et al., Compound 3 exhibited the deprotonated molecular ion _at
2019. In brief, HEK-293 cells were seeded in E-Plate L8 at g/z 315, and su ered the neutral loss of 162 Da (hexoside)
density of 5 10* cells/well in 300mL of growth medium. to yield a fragment ion at m/z 153. It was characterized as
The system was set to take measurements every 30 min for 7Aihydroxybenzoic "?‘C,'d he>.(05|dErﬁgeIs etal., 20,3‘2

After 24 h, when the cells were in exponential phase, they were FOUr €@ €oylquinic acids were detected in the analyzed
treated with 300mL medium containing 2,000, 1,000, 500, 250€Xracts. Compound, with [M-H]  at m/z 353, base peak ion
125, 62.5mg/mL of L. czeczottianusr L. nissoliamethanolic at m/z 191,.a_nd IQW |n_tenS|ty at m/z 179, was characterized as
extracts prepared in DMEM containing 0.1% dimethy! sulfoxide® @ eqy!qumm acid Cli ord et al., 2003. Cpmpounds42 and
(DMSO). Cells were treated with 0.1% of DMSO as negativég _exh|b|ted the deprotonated molecula_lr ions at_m/z 5_15 and
control and 5% DMSO as positive control in all experiments.typ'cal _base_pegks at m/z 353. F°_"9W'“9 the _h|erarch|cal key
Data analysis was performed using RTCA iCELLigence softwaf‘ér the identi cation qf d"(,:a eoquump acids Cli .orld et.al.,

and IG5 values (nL/mL) were automatically calculated based on2003' 42and49were identi ed as 3,5-dica eoylquinic acid and

the nal readings obtained at the 72 h time point. All experinten %:°-dica eoylquinic acid, respectively. Finally, compoustivas
were repeated three times. characterized as a trica eoylquinic acid due to its [M-HJon

at m/z 677 and M3 and MS base peak ions at m/z 515 and
. . 353Han et al., 2008
Morphologlcal Evaluation of the Cells Compound5, with [M-H] at m/z 325, su ered the neutral

Cells were plated at a density of 5 10° cellsiwell in 6- |os of 162 Da, yielding a fragment ion at m/z 163 (coumaric
well plate with 2 mL growth medium. Twenty-four hours after 4¢iq que to its typical fragment ion at m/z 119). Hence, it was
seeding, the medium was removed and replaced with a mediufjanti ed as coumaric acid-O-hexoside.

containing 500mg/mL L. czeczottianugnd 1,000mg/mL L. Compound 10 was identi ed as epicatechin considering its
nissoliamethanolic extracts, which are close tasialues. After |54 spectrum and retention time.
72 h, the cells were washed with 1X phosphate bu ered saline Compound 13 exhibited the deprotonated molecular ion
(PBS) to remove cellular debris and photographed under ag; ,/; 339, and the 179 135 transition, typical from ca eic
inverted microscope Leica DM IL LED using a DFC-290 camergciq was observed in the Bigass spectrum. Without further
(Leica, Wetzlar, Germany). information, it was tentatively characterized as a ca eiidac
derivative.
Statistical Analysis Compound17, with [M-H] at m/z 367, displayed the base
For all the experiments, the assays were carried out in tefdic peak ion at m/z 191 and a secondary fragment ion at m/z
The results are expressed as mean values and standard aeviatl 73. According to Cli ord et al., 2003, it was identi ed as 5-
(SD). The dierences between the dierent extracts wereferuloylquinic acid. Compound®5 was also characterized as a
analyzed using one-way analysis of variance (ANOVA) foltbwe feruloylquinic acid.
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FIGURE 1 | HPLC-ESI/MS " base peak chromatograms (BPC) of the methanolic extracts from L. czeczottianus and L. nissolia .

Compound51 exhibited the deprotonated molecular ion atIn a similar way, compounds 38 and 53 were
m/z 359 and presented fragment ions at m/z 197, 179, 161, andentied as isorhamnetin-O-hexosides, and44 as

133, which are typical of rosmarinic acidi( et al., 200Y. isorhamnetin-O-rutinoside.
Nine apigenin derivatives were tentatively characterinsukt
Flavonoids of them C-glycosides. Compourit? was identi ed as vicenin-

Most of the observed compounds in the analyzed extracts weg (apigenin-6,8-di-C-hexoside) considering bibliographiatal
avonoids. They will be discussed based on their aglycome T (Llorent-Martinez et al., 20)5With a similar fragmentation
mass spectra of the glycosides showed the aglycone ions apadtern, compound®6 was also characterized as an apigenin-di-
result of the loss of moieties such as hexosyl (162 Da), pgntosC-hexoside. The mass spectra of compoubd 22, and27 was
(132 Da), or rutinosyl (308 Da). consistent with apigenin-C-hexoside-C-pentosideaf et al.,
Seven kaempferol derivatives were detected, all of the®D09. Due to its high abundance, compourz? was selected
showing the aglycone kaempferol at m/z 285 (kaempferdior molecular docking simulations. According to scientic
standard was analyzed to compare its mass spectrumbibliography Eerreres et al., 20)2he high relative intensity of
Compound 9, with [M-H] at m/z 755, su ered consecutive the ion at m/z 503, [M-H-60], indicates that the pentose unit
losses of 162 and 308 Da, and was tentatively characterizisdin position 6. Hence22 was characterized as isoschaftoside
as kaempferol-O-hexoside-O-rutinoside. Compoun2is and  (apigenin-6-C-arabinoside-8-C-glucoside). Compoutfd with
29 exhibited the deprotonated molecular ion at m/z 609 andM-H] at m/z 593, and fragment ions at m/z 473, 431, and
su ered two losses of 162 Da, so they were characterized 831, was tentatively characterized as apigenin-C-hexd3ide-
kaempferol-O-hexoside-O-hexoside. Compoun@8 and 37 hexoside Zhang et al., 20)1 Compound33 was characterized
were merely characterized as kaempferol derivatives asrlge o0 as apigenin-8-C-glucoside (vitexin) according @wuveia and
fragment ion observed in MSorresponded to kaempferol, and Castilho (2011)Finally, compoundg43 and48 exhibited neutral
the identity of the attached moieties could not be elucidate losses of 308 and 162 Da, respectively, to yield the aglycone
Compounds 41 and 47 exhibited neutral losses of hexosideapigenin at m/z 269 (characteristic fragment ion at m/z 225);
and pentoside moieties, respectively, and were charaaferizéherefore, they were identi ed as apigenin-O-rutinoside and
as kaempferol-O-hexoside and kaempferol-O-pentosidegpigenin-O-hexoside, respectively.
respectively. Three luteolin glycosides were detected. Compoutfs
Four compounds exhibited the aglycone isorhamnetinexhibited the deprotonated molecular ion at m/z 579, and the
(identi ed by its 318 300 transition) in their fragmentation fragment ions at m/z 561, 519, 489, 459, 399, and 369 were
patterns. Compoundll, with [M-H] at m/z 785, suered consistent with luteolin-C-hexoside-C-pentosidddgamdi et al.,
consecutive neutral losses of 162 Da (hexoside) and 308 Dal1). Compound23was tentatively characterized as isoorientin
(rutinoside), yielding isorhamnetin at m/z 315, so it was(luteolin-6-C-hexoside) after comparison of its fragmerdat
characterized as  isorhamnetin-O-hexoside-O-rutinosidepattern with bibiliographic data\{/aridel et al., 2001 Finally,

Frontiers in Pharmacology | www.frontiersin.org 5 February 2017 | Volume 8 | Article 83


http://www.frontiersin.org/Pharmacology
http://www.frontiersin.org
http://www.frontiersin.org/Pharmacology/archive

Llorent-Martinez et al. Pharmacological Insights onLathyrus Species

TABLE 1 | Characterization of the methanolic extract of aeria | parts from L. czeczottianus (S1) and L. nissolia (S2).

No.  tgr(min) [M-H] m/z m/z (% base peak) Assigned identi cation Sample References
1 11 191 MS2 [191]: 173 (41), 111 (100) Citric acid S1,S2 Flores et al., 2012
2 11 377 MS2 [377]: 341 (100), 215 (21) Oligosaccharide derivative S2 —
MS3 [377! 341]: 179 (100), 161 (20), 143 (28), 119
(19), 113 (25)
3 15 315 MS?2 [315]: 153 (100) Dihydroxybenzoic acid hexoside S1 Engels et al., 2012
MS3 [315! 153]: 109 (95), 108 (100)
4 2.7 353 MS2 [353]: 191 (100), 179 (3), 173 (4) 5-O-caffeoylquinic acid 5S2 Clifford et al., 2003
5 2.9 325 Ms2 [325]: 163 (100) Coumaric acid-O-hexoside S2 —
MS3 [325! 163]: 119 (100)
6 3.1 609 MS?2 [609]: 519 (21), 489 (100), 447 (10), 369 (22) Unknown S1 —
MS3 [609! 489]: 471 (9), 399 (42), 369 (100)
7 3.4 865 Ms2 [865]: 739 (88), 713 (26), 695 (100), 577 (65), (Epi)catechin-(epi)catechin- S1 Kajdeanoska et al.,
575 (35), 289 (29), 287 (30) (epi)catechin 2010
(B-type)
8 3.6 577 MS?2 [577]: 451 (21), 425 (100), 407 (64), 289 (23), (Epi)catechin-(epi)catechin (B-type) S1 Kajdeanoska et al.,
287 (10), 245 (4) 2010
9 3.9 755 MSs?2 [755]: 593 (100) Kaempferol-O-hexoside-O-rutinoside S2 —
Ms3 [755! 593]: 285 (100)
MSA#[755! 593! 285]: 257 (100), 229 (47)
10 4.5 289 MS? [289]: 245 (100), 205 (42), 203 (24), 179 (20) Epicatechin S1 Stoggl et al., 2004
11 4.6 785 MSs2 [785]: 623 (100) Isorhamnetin S2 —
ms3 [785! 623]: 315 (100), 300 (16), 271 (6) -O-hexoside-O-rutinoside
12 4.7 593 Ms2 [593]: 575 (10), 503 (29), 473 (100), 383 (38),  Vicenin-2 (apigenin S1 Llorent-Martinez
353 (99) 6,8-di-C-hexoside) etal., 2015
MS3 [5931 473]: 383 (16), 353 (100)
MS#[593! 473! 353]: 325 (100), 297 (56)
13 4.9 339 MS2 [339]: 191 (40), 179 (100), 173 (73), 161 (88),  Caffeic acid derivative S1 —
135 (63)
MS3 [339! 179]: 135 (100)
14 5.3 563 MSs?2 [563]: 473 (100), 455 (45), 403 (26), 383 (88),  Apigenin-C-hexoside-C-pentoside S1, S2 Han et al., 2008
353 (85), 295 (44)
15 5.3 579 Ms2 [579]: 561 (11), 519 (9), 489 (73), 459 (100), Luteolin-C-hexoside-C-pentoside S1, S2 Algamdi et al.,
399 (42), 369 (43) 2011
16 5.4 865 MSs?2 [865]: 739 (48), 713 (28), 695 (100), 577 (44), (Epi)catechin-(epi)catechin- S1 Kajdeanoska et al.,
575 (13), 407 (27), 289 (10), 287 (23) (epi)catechin (B-type) 2010
17 57 367 Ms2 [367]: 191 (100), 173 (13) 5-feruloylquinic acid S1 Clifford et al., 2003
18 5.8 771 Ms2 [771]: 609 (100) Quercetin-O-hexoside-O-rutinoside S2 —
Ms3 [771! 609]: 301 (100), 300 (18)
MS4[771! 609! 301]: 271 (56), 255 (41), 179
(100), 151 (80)
19 5.9 593 MSs?2 [593]: 593 (100), 473 (29), 431 (19), 311 (27) Apigenin-C-heside-O-hexoside S1 Zhang et al., 2011
20 6.1 625 MSs2 [625]: 463 (12), 445 (44), 301 (50), 300 (100),  Quercetin-O-hexoside-O-hexoside S1, S2 —

271 (45)
MsS3 [625! 300]: 179 (100), 151 (41)

(Continued)
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TABLE 1 | Continued

No.  tgr(min) [M-H] m/z m/z (% base peak) Assigned identi cation Sample References
21 6.2 609 MS? [609]: 447 (70), 285 (100) Kaempferol-O-hexoside-O-hexoside S2 —
MS3 [609! 285]: 151 (100)
22 6.5 563 MS? [563]: 503 (42), 473 (100), 443 (98), 383 (71),  Apigenin-6-C-arabinoside-8-C- S1,S2 Ferreres et al.,
353 (54) glucoside 2003
(isoschaftoside)
23 6.5 447 MSs2 [447]: 429 (25), 357 (87), 327 (100) Luteolin-6-C-hexoside (isoorientin) S1, S2 Waridel et al.,
MS3 [447! 357]: 339 (66), 297 (100), 285 (15) 2001
MS3 [447! 327]: 309 (6), 299 (100), 285 (33)
24 6.6 593 MS2 [593]: 473 (100), 447 (3), 429 (60), 357 (27), 2990-Rhamnosyl isoorientin S2 Figueirinha et al.,
339 (11), 327 (26), 309 (17) 2008
MsS3 [5931 473]: 327 (100), 298 (35)
25 7.0 367 Ms?2 [367]: 191 (35), 179 (100), 135 (66) Feruloylquinic acid S1 —
26 7.1 593 MS? [593]: 503 (16), 473 (100), 383 (55), 353 (43) Apigenin-di-C-hexoside S1 —
MS3 [593! 473]: 353 (100)
27 7.3 563 Ms?2 [563]: 503 (15), 473 (61), 443 (100), 383 (45),  Apigenin-C-hexoside-C-pentoside S2 Han et al., 2008
353 (71)
28 7.4 739 MS2 [739]: 739 (100), 285 (8), 284 (7) Kaempferol derivative S1 —
MS3 [739! 284]: 255 (100), 241 (22), 151 (59)
29 7.4 609 MS2 [609]: 447 (13), 429 (39), 285 (100), 284 (54) Kaempferol-O-hexoside-O-hexoside S1 —
MS3 [609! 285]: 255 (100), 151 (82)
30 7.4 521 Ms2 [521]: 359 (100) Methylated avonoid-O-hexoside S1 —
MS3 [521! 359]: 344 (100)
31 7.7 755 Ms?2 [755]: 301 (100) Quercetin derivative S1 —
MS3 [755! 301]: 179 (31), 151 (100)
32 7.7 593 MS? [593]: 447 (100) Quercetin-O-deoxyhexoside-O- S2 —
ms3 [593! 447]: 301 (100), 300 (23) deoxyhexoside
MS#[593! 447! 301]: 179 (100), 151 (30)
33 8.1 431 Ms2 [431]: 341 (13), 311 (100) Vitexin S1,S2 Gouveia and
MsS3 [4311 311]: 284 (25), 283 (100) Castilho, 2011
34 8.1 609 MS2 [609]: 301 (100), 300 (20) Rutin S2 —
Ms3 [609!  301]: 179 (100), 151 (27)
35 8.4 463 MS? [463]: 301 (100), 300 (14) Quercetin-O-hexoside S1, S2 —
MS3 [463! 301]: 271 (32), 255 (24), 179 (100), 151
(68)
36 8.6 607 MS2 [607]: 443 (100), 323 (55) Unknown S2 —
MS3 [607! 443]: 323 (100), 308 (23)
37 8.7 739 Ms?2 [739]: 285 (100) Kaempferol derivative S1 —
MsS3 [7391 285]: 257 (100), 151 (89)
38 9.0 477 MS2 [477]: 315 (100) Isorhamnetin -O-hexoside S2 —
MS3 [477! 315]: 300 (100)
39 9.3 609 Ms2 [609]: 609 (100), 301 (28), 300 (38), 271 (12) Quercetin-O-neohesperidoside S2 —

Ms3 [609! 300]: 271 (100), 255 (89), 179 (21)

(Continued)
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TABLE 1 | Continued

No.  tgr(min) [M-H] m/z m/z (% base peak) Assigned identi cation Sample References
40 9.5 433 MS? [433]: 301 (77), 300 (100) Quercetin-O-pentoside S1 —
MS3 [433! 300]: 271 (90), 255 (64), 179 (100), 151
(18)
41 9.5 447 MS? [447]: 284 (100), 255 (16) Kaempferol-O-hexoside S1 —
MS3 [447! 284]: 255 (100), 227 (9)
42 9.8 515 MSs2 [515]: 353 (100) 3,5-dicaffeoylquinic acid S1 Clifford et al., 2003
Ms3 [515! 353]: 191 (100), 179 (92), 173 (22), 135
(19)
43 9.9 577 Ms2 [577]: 269 (100) Apigenin-O-rutinoside S2 —
MS3 [577! 269]: 225 (100)
44 9.9 623 MS?2 [623]: 315 (100), 300 (16), 271 (10) Isorhamnetin -O-rutinade S2 —
45 10.2 607 MS2 [607]: 299 (100), 284 (17) Methyl- avonoid-O-rutinoside S2 —
MS3 [607! 299]: 284 (100)
46 10.4 447 Ms2 [447]: 285 (100) Kaempferol/luteolin-O-hexoside S2 —
a7 105 417 MS? [417]: 284 (100) Kaempferol-O-pentoside S1 —
MS3 [417! 284]: 255 (100), 227 (5)
48 10.6 431 MSs?2 [431]: 269 (100) Apigenin-O-hexoside S2 —
MS3 [4311 269]: 225 (100)
49 11.0 515 MS? [515]: 353 (100), 173 (20) 4,5-dicaffeoylquinic acid S1 Clifford et al., 2003
Ms3 [515! 353]: 191 (39), 179 (47), 173 (100)
50 11.0 491 MSs2 [491]: 329 (100) Compound 56-O-hexoside S2 —
MS3 [4911 329]: 314 (100), 299 (28)
51 11.2 359 MS? [359]: 197 (21), 179 (34), 161 (100), 133 (10) Rosmarinic ati S1 Liu et al., 2007
52 11.2 461 MS2 [461]: 299 (100) Methyl- avonoid-O-hexoside S2 —
MS3 [461! 299]: 284 (100), 151 (2)
53 11.6 477 Ms2 [477]: 315 (100), 300 (10) Isorhamnetin-O-hexoside S2 —
MsS3 [477! 315]: 300 (100)
54 14.4 301 MS?2 [301]: 179 (79), 151 (100) Quercetin S1 —
55 15.1 677 MSs?2 [677]: 515 (100), 353 (27), 335 (7) Tricaffeoylquinic acid S1 Han et al., 2008
Ms3 [677! 515]: 353 (100), 335 (25), 191 (15), 173
(18)
56 18.7 329 MS? [329]: 314 (100) Dimethyl- avonoid S2 —
MS3 [329! 314]: 299 (100)
MS#[329! 314! 299]: 271 (51), 255 (22), 227
(100), 161 (81)
57 19.5 327 MS2 [327]: 291 (32), 229 (76), 211 (44), 209 (13), Oxo-dihydroxy-octadecenoic acid S1,S2 Van Hoyweghen
171 (100) etal., 2014
58 20.5 327 Ms?2 [327]: 309 (13), 229 (56), 211 (26), 209 (12), Oxo-dihydroxy-octadecenoic acid S1, S2 Van Hoyweghen
171 (100) etal., 2014
59 20.9 391 MS? [391]: 347 (100), 305 (35), 247 (39), 213 (38) Unknown S1
60 25.0 329 Ms2 [329]: 311 (12), 293 (23), 229 (100), 211 (77),  Trihydroxy-octadecenoic acid S1, S2 Van Hoyweghen
171 (42) etal., 2014
(Continued)
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TABLE 1 | Continued

No.  tgr(min) [M-H] m/z m/z (% base peak) Assigned identi cation Sample References

61 254 359 MS?2 [359]: 344 (100), 329 (22) Trimethyl- avonoid s2 —
MS3 [359! 344]: 329 (100) MFH[359! 344! 329]:
314 (29), 311 (100), 283 (25)

62 26.9 971 Ms2 [971]: 809 (100), 791 (3), 629 (9), 585 (9) Hex-Hex-HexA-Hederagenin S1 Pollier et al., 2011
Ms3 [971! 809]: 629 (100)

63 302 941 MS2 [941]: 779 (100), 617 (19) Unknown s1 —
MS3 [941! 779]: 617 (100)

64 31.7 343 MS? [343]: 328 (100), 313 (18) Trimethyl- avonoid S2 —
MsS3 [343] 328]: 313 (100) MS'[343! 328! 313]:
298 (100), 285 (343), 271 (13)

65  31.8 691 MS? [691]: 415 (100), 397 (24), 293 (36) Unknown S1, S2 —
Ms3 [691! 415]: 253 (100), 179 (73), 143 (20), 131
(17)
66  33.6 941 MS? [941]: 923 (100), 879 (31), 795 (8), 751 (7), 733 3-Rha-Gal-GlcA-Soyasapogenol B s1,82 Pollier et al., 2011

(22), 615 (6), 525 (12)
MS3 [941! 923]: 879 (92), 733 (100), 597 (48)

compound24 was characterized a8%-rhamnosy! isoorientin Compound 2 presented M5 fragment ions at m/z 341,

(Figueirinha et al., 2008 179, 161, 143, 119, and 113, typical of hexo&esdiynski
Two compounds presented the deprotonated molecular iomnd Miotto, 201), and was tentatively characterized as an

at m/z 609, and similar fragmentation patterns. Compou&l oligosaccharide derivative.

was unambiguously identi ed as rutin after comparison with  Three B-type proanthocyanidins were detected in the extracts

an analytical standard, whereas compoud@ was tentatively of L. czeczottiausCompounds?7 and 16, with [M-H] at

identi ed as quercetin-O-neohesperidoside. m/z 865, were characterized as procyanidin trimers of B-
Compound 54, with [M-H] at m/z 301 and fragment type considering their M5 fragment ions and consecutive

ions at m/z 179 and 151, was identied as quercetin aftetosses of 288 Da, previously reported in bibliography for

comparison with an analytical standard. Six quercetin dgixes  (epi)catechin-(epi)catechin-(epi)catechirkKgjd anoska et al.,

were detected in the analyzed extracts. The charactenizafi 2010. Compound8 exhibited its base peak ions at m/z 577, and

compounds18, 20, 32, 35, and 40 (Table I) was carried out fragment ions at m/z 451, 425, 407, 289, and 287, typical from

considering the observed neutral losses of 162 Da (heXodi82 procyanidin dimers of the type (epi)catechin-(epi)catechiuiz

Da (pentoside), 146 Da (deoxyhexoside) and 308 Da (rutim)sid et al., 2005; Kajd anoska et al., 2).10

to yield the aglycone quercetin at m/z 301. Compowidwas By comparison of their fragmentation patterns and

merely characterized as a quercetin derivative. bibliographic information {an Hoyweghen et al., 20)4
Several methylated avonoids, as aglycones or as glyesidé7 and 58 were characterized as oxo-dihydroxy-octadecenoic

were tentatively characterized. Compouff, with [M-H] at acids, and0as trihydroxy-octadecenoic acid.

m/z 329, su ered two consecutive losses of methyl groups (15 Finally, two saponins were characterized in the analyzed

Da), and was characterized as a dimethyl- avonoid. Compounextracts. Compound§2 and 66, with deprotonated molecular

50 su ered the neutral loss of 162 Da to yield the aglyconejons at m/z 971 and 941, respectively, were identied after

which exhibited the same fragmentation pattern tf#hsoitwas comparison of their fragmentation patternsTgble 1) with

characterized as its O-hexoside. CompouB@s@and52 su ered  bibliographic datafollier et al., 201)1

neutral losses of 162 Da, yielding aglycones that presehid t

pattern of methylated avonoids, so they were characteriasd Antioxidant Properties

methyl- avonoid-O-hexoside. In a similar way5 was assigned Phenolic compounds are known to serve as multifunctional

to a methyl- avonoid-O-rutinoside. Finally, compound&l and  bioactive components (anti-oxidant, anti-microbial, anti

64 su ered three losses of methyl groups and were characterizéd ammatory and anti-cancer agents). Several studies also

as trimethyl- avonoids. concluded that these components are main contributors on the
antioxidant e ects of plant extractsShahidi and Ambigaipalan,
Other Compounds 2015. In this context, they were selected as target compounds

Compound1, with the deprotonated molecular ion at m/z 191 in the present study. Total phenolic and avonoid contents
and MS base peak at m/z 111, was identi ed as citric aéith(es  were detected by colorimetric methods, namely Folin-Gltsw
etal., 201p and AICk. The results are shown ifable 2 The total phenolic
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content inL. czeczottianu@3.16 mgGAE/g extract) was higher accordance with the data published by other authors, indticat
than in L. nissolia(26.47 mgRE/g extract). Howevér, nissolia that the higher the total phenolic contents, the better the
(20.97 mgRE/g extract) had higher concentrations of avaisoi free radical scavenging activiBgnnour et al., 2016; Zhang
than L. czeczottianu$l4.16 mgRE/g extract). Apparently, theet al., 2015 Also, some phenolics were reported as e ective
total avonoids accounted for more than 50% of the total hydrogen donors by means of their hydroxyl grougs(gi et al.,
phenolics inL. nissoliaextract. From these results, avonoids 2015.
were thus the major components ib. nissoliaextract. This Reducing power is considered as an important antioxidant
nding was con rmed also by HPLC-ESI-MSanalysis. feature and it is re ected by the electron-donating abiliby
Free radicals trigger a wide variety of chronic and degeivera antioxidants. For this purpose, CUPRAC (&u! Cu®) and
diseases, such as Alzheimers disease, diabetes mellitus @RAP (FEC | F&C) assays were performel. czeczottianus
cancer. At this point, DPPH and ABTS radicals are widelyexhibited stronger reducing abilities in both assays aslaim
used to assess free radical scavenging ability of plantatxtrato the free radical scavenging abilitiesable 3. From these
or synthetic compounds. In these assays, the initial abswé= results, the high contents of phenolics in the extracts iatid
(blue for ABTS and purple for DPPH) are decreased byhatthese compounds contribute to the higher reducing &bai
antioxidants, and these changes are spectrophotometricalimilar results were obtained by several researchers, who
measured (517 nm for DPPH and 734nm for ABTS). As caieported a strong relationship between total phenolic cohéem
be seen infable 3 L. czeczottianuwas found to exhibit potent  reducing abilities Beghlal et al., 2016; Smeriglio et al., 2016
free radical scavenging activities in both DPPH {4C1.42  phosphomolybdenum assay is based on the reduction of Mo (VI)
mg/mL) and ABTS (IGo: 1.80 mg/mL) assays. The observedg Mo (V) by antioxidants at acidic pH; then, green phosphate-
remarkable free radical scavenging activity may be explaingyo (v) complex is formed, which has its maximum absorbance
by the high level of phenolics in the extracts. This is ingt 695nm. The phosphomolybdenum activity was observed as
lower for L. czeczottianufECsp: 1.29 mg/mL) thanL. nissolia
(EGs0: 0.86 mg/mL). Table 3. Because phosphomolybdenum
assay is considered as a total antioxidant capacity assay, ou

TABLE 2 | Extraction yields, total phenolic and avonoid con tents. ndings for this assay might be attributed also to non-phenoli
Species Extraction Total phenolic Total avonoid antioxidants such as tocopherol or vitamin C. These results
yields (%)  content (mg GAE/g content (mg RE/g were consistent with other reporté\payrak et al., 2010; Zengin
extract) extract) et al., 201p Also, some researchers observed a weak correlation
between total phenolic content and phosphomolybdenum assay
L. czeczottianus - 7.93 63.16  2.41* 14.16 040 (Niciforovic et al., 2010; Sarikurkcu et al., 215
L. nissolia 14.94 2547 0.23 2094 0.78

Transition metals (iron and copper) play an important role
“Values expressed are means S.D. of three parallel measurements. GAE, Gallic acid !n Femon_ and Haber-W(_e|ss reactions, \_NhICh are maln reastion
equivalent; RE, Rutin equivalent. involved in the production of free radicals. In this sense, the

TABLE 3 | Antioxidant properties [IC 59 and ECgq (in CUPRAC, FRAP phosphomolybdenum assays) values, mg/mL].

Species DPPH radical scavenging ABTS radical scavenging CU PRAC FRAP Phosphomolybdenum Metal chelating
L. czeczottianus 1.42  0.04" 1.80 0.01 056 0.09 051 0.04 1.29 0.03 5> ™

L. nissolia 319 011 5> 111 0.01 1.38 0.11 0.86 0.05 1.14 0.01
Trolox 0.07 0.01 0.24 0.01 0.20 0.01 0.21 0.01 0.41 0.01 nt
EDTA nt nt nt nt nt 0.02 0.001

“Values expressed are means S.D. of three parallel measurements. nt: not tested.
“The IGs values were higher than 5 mg/mL.

TABLE 4 | Enzyme inhibitory properties (IC 5o mg/mL).

Species AChHE inhibiton BChE inhibition Tyrosinase inhibit  ion a- Amylase inhibition a- Glucosidase inhibition
L. czeczottianus 123  0.027 na 232 0.10 3.87 0.14 3.54 0.27

L. nissolia 122 0.05 5> na 3.66 0.06 1.01 0.01
Galantamine 0.003 0.001 0.003 0.001 nt nt nt

Kojic acid nt nt 0.13 0.01 nt nt

Acarbose nt nt nt 1.27 0.04 2.19 0.10

“Values expressed are means S.D. of three parallel measurements. na: not active; nt: not tested.
“The 1G5 value was higher than 5 mg/mL.
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chelating ability of these metals is considered to haverasant  stronger metal chelating activity compared to czeczottianus
role among the antioxidant mechanisms. The metal chelatindlCso: >5 mg/mL). Thus, the observed activity far nissolia
ability of Lathyrusextracts was determined by ferrozine methodmay be caused from non-phenolic chelators, including peptides
and tabulated inTable 3 In contrast to the free radical and polysaccharides or citric acid. In accordance with our resul
reducing power assays, nissolia(ICsp: 1.14 mg/mL) exhibited some authors reported that the metal chelating activity of
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FIGURE 2 | Schematic representation of the interactions betw een the best pose found for 5-O-caffeoylquinic acid with (A) AchE, (B) BchE, (C)
a-amylase, (D) a-glucosidase.

Frontiers in Pharmacology | www.frontiersin.org 11 February 2017 | Volume 8 | Article 83


http://www.frontiersin.org/Pharmacology
http://www.frontiersin.org
http://www.frontiersin.org/Pharmacology/archive

Llorent-Martinez et al. Pharmacological Insights onLathyrus Species

phenolics plays a minor role among antioxidant mechanismsEnzyme Inhibitory Properties

and is suggested by several researchers as a secondaxidamtiio Alzheimer's disease (AD) and diabetes mellitus (DM) are majo
mechanism Rice-Evans et al., 1996; Gursoy et al., 2009; Warhgalth problems due to the severe increase of their prevalence
et al., 200Q To the best of our knowledge, this study is the rst For example, recent reports indicated DM prevalence to be 9%
report on the antioxidant properties of thedeathyrusspecies. among adults, and it is supposed to be well above 15% until
In this direction, the obtained results could be useful toyide 2025 {Valtenberger et al., 20).6Today, more than 50 million
new perspectives on thieathyrusgenus, and its species could people are also a ected by AD, and this number is estimated
be regarded as potential candidates for developing novel phytto increase to 131.5 million people by 2,059riice, 201h
pharmaceuticals. Therefore, new e ective strategies have vital importancehia t
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FIGURE 3 | Schematic representation of the interactions betw een the best pose found for vitexin with (A)  AchE, (B) BchE, (C) a-amylase, (D)

a-glucosidase.
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treatment of these diseasé&(scigno et al., 2002; Mao et al., 2015; The inhibitory e ects on cholinesterases of both species are
Zengin et al., 2006 Moreover, key enzyme inhibition theory modest, a higher e ect being observed fbr nissolia(ICsp:

is accepted as one of the most e cient strategies to counterad..22 mg/mL for AChE). AdditionallyL. czeczottianusxtract
these diseaseBikeberria et al., 2012; Murray et al., 2013; Mocarexhibited a high anti-tyrosinase e ect, wherelasnissoliawas

et al., 2016a)b At this point, enzyme inhibitory assays arenot active toward this enzyme. High anti-tyrosinase e ects
considered a very useful tool for investigating the biolafjic and modest inhibitory e ects on cholinesterases were alyead
properties of herbal extracts or isolated compounBsi{adori reported in our previous studies concernirlg aureusand

et al., 2016; Dinparast et al., 201€onsidering the mentioned L. pratensig(Llorent-Martinez et al., 2036 Moreover, higher
aspects, the enzyme inhibitory propertiedoftzeczottianuand  inhibitory e ects toward a-glucosidase in comparison wita-

L. nissoligoward cholinesterasea;amylasea-glucosidase, and amylase were observed in this study, the results being & lin
tyrosinase were investigated, and the results are gathiered with our previous ndings (lorent-Martinez et al., 2016; Mocan

Table 4 et al.,, 2016 Nonetheless, previous reports indicated that
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FIGURE 4 | Schematic representation of the interactions betw een the best pose found for isoschaftoside with (A) AchE, (B) BchE, (C) a-amylase, (D)
a-glucosidase.
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phenolic compounds have lower-amylase inhibitory activity involving Trp84 with onep—p stack and His440 with two
and a stronger inhibition activity against yeastglucosidase hydrogen bonds. The best ranked pose of vite$ig) fo the same
(Apostolidis et al., 2001 According to our results, theathyrus enzyme (scordd 8.30 Kcal/mol) interacts with the binding
species have simila-amylase inhibition and butL. nissolia pocket of the AchE by two hydrogen bonds with Arg289, and
exerted strongera-glucosidase inhibition as compared ta  one hydrogen bond with Ser286, Tyr334, Asp72, and Tyr70. The
czeczottianudAlso, additional computational studies (molecularbest pose found for iscoschaftosid2?) docked to AchE was
docking) were performed to understand possible interactionstabilized by two hydrogen bonds to Ser286, two hydrogermbon
between the target compounds [5-O-CQA)( isoschaftoside to Asp285, one hydrogen bond to Tyrl21 angap stack to
(22) and vitexin 33)] and tested enzymes as well as to get furtheilrp279 (scoreD 11.05 Kcal/mol). The best pose found for 5-

insights into the modulation of biological response. O-CQA (4) in the enzymatic pocket of BchE was stabilized by
the formation of one hydrogen bond with His438, GIn197 and
Molecular Modeling Leu286 with a docking scoi2  9.39 Kcal/mol. The best pose for

Enzymatic assays performed on the extraclLotzeczottianus isoschaftoside2?) was stabilized by the formation of hydrogen
evidenced a modest inhibition activity to AchE, and strongbond with Glu197, Ser198, Leu286, Ser 287 amdmstack with
tyrosinase, whereas the nissoliaextracts have shown relevant Tyr332 (scord® 10.08). The best pose found for vitexBgf in
inhibition activity for AchE anda-glucosidase. The best and the interaction to the enzymatic pocket of BchE was stahilize
most representative enzyme-ligand complexes are reported by the formation of three hydrogen bonds, respectively, with
Figures 2-8. Among the identi ed bioactive compounds, vitexin GIn197, Asp70, Thr120, and a much lower docking scofkt.24
(33) and 5-O-CQA @), which were found to be dominant in Kcal/mol. These data are in agreement with the literatureda
both extracts (especially vitexin), and isoschaftosi} which ~ which isoschaftoside2@) has shown a high inhibitory activity to
is prevalent in the extract df. nissoliawere selected for docking AchE and BChE with Igp of 0.23mM and 3.11mM respectively
experiments. These compounds have been docked to AchEjungetal., 201p
BChE a-glucosidasea-amylase and tyrosinase. 5-O-CQA (@) binds to the enzymatic pocket of the-
The best pose found for 5-O-CQA4) docked to AchE amylase by forming a series of hydrogen bonds with GIn63,
(docking score 9.01 Kcal/mol) was stabilized by severalVall63, Aspl197 residues (docking scde 8.50 Kcal/mol),
interactions with the residues surrounding the enzymaticket  whereas vitexin 33) interacted with the enzymatic pocket by

FIGURE 5 | Best pose of 5-O-caffeoylquinic acid with (A)  AchE, (B) BchE, (C) a-amylase, (D) a-glucosidase.

Frontiers in Pharmacology | www.frontiersin.org 14 February 2017 | Volume 8 | Article 83


http://www.frontiersin.org/Pharmacology
http://www.frontiersin.org
http://www.frontiersin.org/Pharmacology/archive

Llorent-Martinez et al. Pharmacological Insights onLathyrus Species

FIGURE 7 | Best pose of isoschaftoside with (A)  AchE, (B) BchE, (C) a-amylase, (D) a-glucosidase.
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FIGURE 8 | Best pose of 5-O-caffeoylquinic acid (A)  and schematic representation of the interactions betweentte best pose found for 5-O-caffeoylquinic acid
(B) to tyrosinase.

establishing hydrogen bonds with Tyr62, His201, Glu233] anto control blood glucose in diabetic rat€ioo et al., 2012 is
Asp300 (docking scor®  8.27 Kcal/mol). Isoschaftosid@?)  present in the extracts of both plants and can be addressedeas on
best pose established several hydrogen bonds to Asp356, Asp3#0the compounds responsible for tleeglucosidase inhibitory
Glu233, Asp197, and Trp59, and also tpep stacks to Trp58 activity found for both extracts together with isoschaftiesi
and Trp59. Among the three tested substances, it present¢d?) which has shown a remarkable docking score on alpha-
the most favorable docking score (scde 9.69 Kcal/mol) to amylase, whereas 5-O-CQA)( as demonstrated in the docking
this enzyme. Several papers were found in scienti ¢ literaturexperiments, may e caciously inhibit the tyrosinase activity
reporting the antidiabetic properties of some medicinal plantsinding to one Cu atom present in the enzymatic pocket.
containing isoschaftosid&png etal., 2012; Khazneh etal., 2016

so supporting the hypothesis that isoschaftoside may be a 90®ytotoxicity Assay

inhibitor of a-amylase. In a previous study, vitexi&3) proved  Toxicity is a major issue to consider in drug screening or drug
to be a potenta-glucosidase inhibitor with a reported EC50 gevelopment from natural product derivatives. Some of the
D 0.4 mg/mL, close to that of Acarbos&a( et al., 20J)land  active compounds obtained from these natural products have
it was found that its best pose interacted with the enzymati(biomedica| uses such as anti_neop|astic and anti-in ammgato
pocket ofa-glucosidase by forming three hydrogen bonds withagents, and the toxicity of these compounds needs to be cthri e
Arg315, Asp215, Arg213, andmp stack with the aromatic py cytotoxicity assays in biological systems. In this stwds,
ring of Phel78 (docking sco®  7.29 Kcal/mol). 5-O-CQA  have tested the cytotoxicity of two di erenitathyrus species

(4) interacted only by forming hydrogen bonds with Asp69, (L. czeczottianuand L. nissolia)on human embryonic kidney
Trp158, Glu343, and Asp307 (Docking scbre 8.83 Kcal/mol);  cells, HEK-293, since these cells are widely used in drugityxic
isoschaftoside 22) interact by forming hydrogen bonds to studies as kidney may be one of the major target organ of aver
Glu4l1l, Asp307, Thr310, Asp242 (scdde 7.73 Kcal/mol). toxins (Vantle et al., 2015; Sang et al., 20IPrevious studies
For tyrosinase, the docking of vitexii8g), isoschaftoside2)  reported the use of HEK-293 cell line for neurobiological ezsk

and 5-O-CQA @) were signi cantly di erent. Vitexin @3) and a5 well, based on the ndings that HEK-293 cells have many
iSOSChaftOSideZZ) were both unable to bind directly to the properties in common with neuronal precursoﬁ(aw et a|.’
copper atoms present in the enzymatic pocket of tyrosinase als®02: Thomas and Smart, 2005; Lin et al., 30Edr monitoring

the interactions to the enzymatic pocket are marginal (sger€éi  cytotoxicity, we used iCELLigence system, which enablggto
1S in the supporting material); on the contrary, the best posgeal-time, label-free and non-invasive measurements fiiging
found for 5-O-CQA @) evidenced the ability of the molecule cells @ird and Kirstein, 2009; Martinez-Serra et al., 201#

to coordinate one Cu atom present at the binding pocket of thgecent years, this system has been one of the gold standards i
enzyme, as depicted Figure 8 This nding is in fullagreement  cel biology research since it measures the e ect of the drugs
with our enzymatic assays, and also with the reported inbifyit  without any additional treatment on the cells. In addition to
activity found for some ca eoylquininic acid derivativestard  thjs, RTCA systems have own data analysis software which
the tyrosinase I{vai et al., 200§t In conclusion, the docking calculates |G values automatically. In this study, 4gvalues
experiments performed in this work can explain the literatureof |, czeczottianuand L. nissoliawere determined as 413.19
data regarding the inhibitory activity of vitexir38), isoshaftoside 16.3mg/mL and 1040.83 48.8mg/mL, respectively, from
(22) and 5-O-QCA @), being capable to interact with the residuesthree independent experiments in a time and dose dependent
present in the binding pocket of the considered enzymes. Iianner after treating cells with six di erent concentratimof
particular, vitexin 83), which has been reported to be e cacious these two extracts{gure 9). Furthermore, very high doses were
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FIGURE 9 | Dynamic monitoring of the effects of different doses of L. czeczottianus (A) and L. nissolia(B) extracts on HEK-293 cells by using iCELLigence
real time cell analysis system.

tested, close to I§y concentrations of the extracts, on HEK-293 remarkable activity fot.. nissoliamay be explained by the higher
cell morphology and almost 50% cellular viability were olsedr concentration of avonoids in the extract. In fact, sevemathors

as seen in middle and right panels compared to control celleeported that some avonoids exhibited no cytotoxic e ects on
on the left Figure 10. From these results, the studied extractsvarious cell lines Kumar and Pandey, 2013; Sak, 2D1%o

had no cytotoxic activities against HEK-293 cell lines. ldgar, the extent of our knowledge, only one previous study has been
L. czeczottianubad higher cytotoxic e ect with lower value of conducted on the cytotoxic evaluation of thathyrusspecies (L.
ICs0 as compared td.. nissolia In this direction, the observed laxi orus) (Spanou et al., 20).0
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FIGURE 10 | Effects of L. czeczottianus and L. nissolia extracts on HEK-293 cell morphology and viability. Left panel
were treated with 500mg/mL L. czeczottianusextract. Right panel : Cells were treated with 1000mg/mL L. nissoliaextract.

: Control cells. Middle panel : Cells
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