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ABSTRACT

In this article, a fast, simple, accurate and sélecHPLC method was validated for the qualitatarel quantitative
analysis of the main flavonoids (rutin, hesperidiatechin, epicatechin, naringenin, quercetin, &agmpferol) in
Mexican lime and was appliedto monitor the variataf them during progression witches’ broom disease of lime
(WBDL).The separation of flavonoids was achieve@ @18 column (25 mmx4.6 mm |.D., 5 um), with adggat
elution composed of two solvents,at a flow rat8.@fmL/min and280 nm as wavelength. The methocewalsated
with respect to ICH guidelines and then the flavideavere quantified.The validated method was sgkecso that
flavonoids were well separated from each other witiod resolution. This method showed an exceliapatity
(r*>> 0.99), highaccuracy(recovery), with other validation data, includipgecision, specificity, limit of detection
(LOD), limit of quantitation (LOQ), and robustne3e analysis of flavonoids during progression &MU showed
that after 30 days of inoculation, levels of flas@s were considerably increased, but significadigreased after
120 days.These changes in the levels of metabolites areood gagreement with the activity of phenyl alanine
ammonia-lyase (PALAccording to the results, the validated methaghlyi is valuable for quantification analysis
of flavonoids duringhe progression of WBDL and can be effecfimediagnosis of healthy plant from infected
plant.

Keywords: Flavonoids; Mexican lime; Validated method, WBDL

INTRODUCTION

The devastating effect @@andidatusPhytoplasmaaurantifolithe causal agent of witches’ broom disease of lime
(WBDL), resulted in economic loss of some Mexicame producing countries such e United Arab Emirates,
Oman and Iran [1, 2Phytoplasma-infected plant®uld be diagnosed by some methods such as polgenehain
reaction (PCR)polyclonal antibodies as well asymptom expression [3, 4]. In addition, proteompedtern of
infected lime byCa.Phytoplasmaaurantifolisas reported [5].

Today, metabolite profiling is a practical tool in the t®s biology analyses to better understand theodicdl
systems [6]. However, its application for monitgrithe regulation of the global plant metabolisnrésponse to
biotic stresses is still in its infancy, receivimgreasing attention [7]. The metabolism of plagitgreatly changes
under biotic and abiotic stressesleading plantnto@timized metabolic response to defense [8-1@].Monitoring
of soybean’s Glycine maxL.) global metabolism regulation in responseRttizoctonia solaninfection in a time-
course was done by Aliferis et al. The study reseahat infection results in the mobilization oftwahydrates,
disturbance of the amino acid, and activation afmtpropanoid biosynthetic pathways of the plarf] [¥ikulic-
Petkovseket al. reported that the husk catechiecomtf infected green walnut fruits B§anthomonasarboricofav.
Juglandis increased up to 23 fold more than it is in healfflgnts[12].A metabolite profiling suggest for
investigation of metabolic changes in Mexican limeesponse to pathogen for diagnose of phytoctemtbat are
potentially bioactive against pathogens.
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Flavonoids are a large subgroup of secondary mktedbocategorized as phenolic compounds and possess
antioxidant, antimicrobial and anticancer properi{i£3]. Flavonoids are frequently induced by abiatiress and
promote roles in plant protection [14, 15]. Thesenpounds accumulated in plant tissue could helprtdect
themselves from the damaging effects by acting fasearadical scavenger because the hydroxyl grpupsent in
their structure [15].Furthermorethere are numerous reports of different plants t®giring avariety of
pathogenesis-related (PR) proteins in responséitii@and biotic stresses [16]. One of the PR ginst includes
phenylalanine ammonia lyase (PALStressed plants increase the production of PALwligcinvolved in the
production of phytoalexinsPAL activityis considered as excellent markersptdnt disease resistance against
pathogens [17, 18].

According to the best our knowledge, there was eport on metabolite profiling of Mexican lime dugin
progression of WBDL. Sothe aim of the study was validation of an HPLC roetHor determination and
guantification of the major flavonoids includimgtin, hesperidin, catechin, epicatechin, naringeqguercetin and
kaempferolin Mexican lime during progression of WBIDL order to discover bioactive flavonoid agairt.
Phytoplasmaaurantifolian order to determination of healthy plant frorfeicted plant.

EXPERIMENTAL SECTION

Plant Material and Inoculation

Twenty healthy 1-year-old Mexican lime trees groinrthe greenhouse were arranged on the greenhauszh.b
Specimens ofMexican lime trees infected toWBDL wgrafted to half of them randomly and were covedmrd30
days with plastic bags to increase their humiditly trees were kept under natural light conditiaisa temperature

of 25-28°C. Diagnoses of WBDL in the trees wereeblasn polymerase chain reaction (PCR) using P1/ WB3
primers [19].The experiment was conducted usingra@omized complete block design (RCBD). Randonalgyés

of five infected trees, as a treatment and fivdthgarees, as a control were sampled every 1 manthused for
further analysis.

Extraction of flavonoids from Leaves

The leaves of healthy and infected lime were daied powderedTotal phenols of each plant (0.4g) were extracted
by ethanol, under continuous stirring at 300 x iy 2 hours. The extracts were filtrated and dduivith water
(1:1 v/v). Less polar compounds were discardedgusioroform. Afterwards, flavonoids were extracteith ethyl
acetate and then injected to HPLC [20].

Chemical Materials

The standard chemicals were purchased from Merckrn(Btadt, Germany). HPLC grade solvents were also
obtained from Merck. MilliQ-water was prepared byMilliQ-System (Mil-lipore, Saint-Quentin-en-Yvelgs,
France).

Instrumentation and chromatographic condition

The analyses were carried out using an HPLC sy@temauer, Germany) with K-1001 pump (Knauer, Geryhan
K-2008 PDA detector (Kenauer, Germany), a manugction valve (Rheodyne, USA) with a 20 loop, and
degasserA gradient elution was performed onCag Eurospher column (250x4.6 mm,usn). The mobile phase
consisted of two different solutiongncluding solvent A, acetonitrile: methanol (80: 20v %), solvent B,
orthophosphoric acid (0.2 mM), and solvent C, atittite. Separations were affected by a gradienti@iuprogram
as follows:The initial mobile phase composition i&86 A, followed by a linear gradient to 20% A imbn; 5-25
min, from 20 to 25 % A; 25-30 min, from 25 to 30230-50 min, from 30 to 70 % A. The post-runningg¢ was
5 min.

Method validation
The HPLC-method for analysis of flavonoids was daféd through its specificity/selectivity, linegrirecovery,
precision and the limits of detection (LOD) and wifecation (LOQ) [21].

The linearity of the method was evaluated usingesesalibration curvesbtained withstandard solutions at five
different concentrations of each standdriits of detection (LODs) and quantification (LOQsere determined
based on the standard deviation of the responséharslope, using the calibration curve data.

The accuracy (recovery) of the method was perforimgcédding a known amount of standardsat threeraifit
levels (15%, 30% and 45%) of the initial concemndrabf the flavonoids at the sample.
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The precision of the intra- and inter-day was eatdd by the repeated injection. To assess thedlatygrecision of
the method, the sample was injected six times wighilay. The inter-day precision was determinedikynjections
for 3days. The precision was expressed as thevektandard deviation (RSD, %).

Robustness of the method were demonstrated by oitatige ratio of solvent A from 80:20 to 75:25 aii
changing flow rate from 0.7 to 0.8 ml/min.

The specificity of the method was obtained by injertheblank sample and the spiked sample. Thefgpgcwas
to determine that the endogenous co-eluting compgsnéid not interferewith other constituents in temple
extract. No interfering peaksfor the determinatiéfiavonoids were observed.

Assay of phenylalanine ammonia-lyase (PAL)

One gram of each plant was homogenized in 5ml ofphate buffer (pH 7.2) af@ and was centrifuged at 10,000
x g for 15 min at 2C. The supernatant was diluted 5 times and subs#iguesed as the enzyme source.0.1 ml of
enzyme solution was incubated with 2 ml of 3 mM lepylalanine solution and 0.9 ml of water. Thersaabance
was measured at 270nm. This reaction was as adegtle. Blank was prepared with the same compasiiibe
only difference between them was using 0.1 ml 180Tmis-HCI buffer, pH 8.5 instead of enzyme soluti@2].

Statistical Analysis

The experiment was carried out using a randomipeaptete block design (RCBD) considering five regfions for

each sample. The data were statistically analygeStatistical Analysis System (SAS) software arelrmean + SD
(vertical bars) of five replications.The significanof differences between treatments was evaluatddval of

p<0.05.

RESULTS AND DISCUSSION

Optimization of the HPLC method

In this article, we developed the HPLC conditionsorder to specify simultaneously flavonoids indéhgdrutin,

hesperidine, naringenin, catechin, epicatechinyagiim and kaempferol in Mexican lime during praggien of
WBDL. To get the best resolution, we tried diffearéangthes and stationary phases (C18 and C8gréiif gradient
solvent systems such as acetonitrile-phosphatehuffethanol-water, acetonitrile-water, differelotf rate (0.2-1
mL/min) and temperature of HPLC columns and th& besult was achieved on C18 column (250 x 4.6idm5

um particle size) by a gradient mobile phase of@ugile:methanol (8:2 v/v %), and water (0.1 % tacacid) at
0.7 mL/min at room temperature (Figure 1).Also,dshen UV max of the flavonoids, the wavelength wdgisted
on 280 nm. In HPLC chromatogram (Figure 1), pedkawonoids were observed at the retention timesveen
10-40 min. The flavonoids were confirmed by comgami of retention time and testing spike process.

Method validation

After optimization of the HPLC conditions, the methwas validatedintermsof linearity, limits of detien (LOD)
and quantification (LOQ), accuracy (recovery), Ben (inter and intraday RSD), specificity and rsimess.
Linear calibration plots were obtained over sevencentration levels anlihearity regression data, summarized in
table 1, show a good correlation?R0.99) and linear relationship between concemmatind peak areas of all
standards in the concentration ranges.LOD and Li@igate the sensitivity of method and were caledatsing the
equation LOD = 3.3 (standard deviation / slope) b@d) = 10 (standard deviation / slope). The obtdhinalues
forLOD and LOQ are given in Table 1.These resultdidate that the proposed HPLC method is suffigyentl
sensitivefor the determination and quantitatioflafonoids in Mexican lime at low concentrations.
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Figure 1: HPLC chromatogram of a) mix of standards,and b) ethyl acetate extract of Mexican lime; catghin (1), epicatechin (2), rutin
(3), hesperidine (4), quercetin (5), naringenin (6and kaempferol (7)

Table 1. Linearity, LOD and LOQ parameters of flavanoids analysis in Mexican lime

Compound Calibration curve  Correlation Linear mfgg/mL) LOD (ug/mL) LOQ (ug/mL)
Catechin Y=11749X-34169 0.999 2-30 0.2 0.6
Epicatechin ~ Y=12104X+1352 0.997 1-100 0.15 0.45
Rutin Y=3711X+1434 0.998 2-30 0.5 15
Hesperidin Y=5137X-2512 0.997 4-100 0.4 12
Quercetin Y=5639X-1002 0.998 2-50 0.6 181
Naringenin Y=8884X+1352 0.999 1-50 0.17 0.51
Kaempferol Y=9134X-7345 0.998 1-60 0.18 0.56

By using recovery test we appraised the accurachefmethod. After the addition of accurate amanfneach
standard at three levels (15, 30 and 45%) to thea&xof leaves of healthy plant we analyzed ittty proposed
HPLC method.The recoveries were calculated accgrttinequation 1 and are reported in Table 2. Thevexies
obtained were close to 100% in almost all casesisidering the results of the recovery test, thisho@ can be
considered accurate.

Actual amount X 100

Equationl:  %Recovery =

Expected amount
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Table 2.Recovery study of flavonoidsin Mexican lime

Compound Concentration Standard Recovery (1g) Recovery RSD
(ua) Added (ng) Expected Actual (%) (%)

Catechin 12.8+0.08 1.92 1472 1491+0.19 1013 1.2
12.8 £0.08 3.84 16.64 16.72+0.17 100.4 1.0

12.8 £0.08 5.76 1856 18.42 +0.17 99.2 0.9

Epicatechin ~ 10.7 £0.11 1.60 12.31 12.33+0.12 100.1 0.9
10.7 £0.11 3.21 13.91 13.89+0.15 99.8 1.0

10.7 £0.11 4.81 1551 15.37+0.14 99.1 0.9

Rutin 10.9+0.08 1.63 1253 12.68+0.21 101.1 1.6
10.9£0.08 3.27 14.17 13.83+0.18 97.6 1.3

10.9£0.08 4.90 15.80 16.28+0.14 103.0 0.8

Hesperidin 16.9+0.12 2.53 19.43 19.11+0.20 98.3 1.0
16.9+0.12 5.07 2197 21.21+0.18 96.5 0.8

16.9+£0.12 7.60 2450 24.19+0.23 98.7 0.9

Quercetin 9.3+0.10 1.39 10.69 10.51+0.15 98.3 14
9.3+0.10 2.79 12.09 11.82+0.18 97.7 15

9.3+0.10 4.18 13.48 13.60+0.20 100.1 1.4

Naringenin 7.9+0.09 1.18 9.08 8.89+0.12 97.9 1.3
7.9+0.09 2.37 10.27 10.31+0.14 1011 1.3

7.9 +£0.09 3.55 1145 11.27+0.14 98.4 1.2

Kaempferol  10.6 £0.11 1.59 12.19 11.85+0.18 97.2 15
10.6 +0.11 3.18 13.78 13.61+0.21 98.7 15

10.6 £0.11 4.77 15.37 15.22 +0.20 99.0 1.3

To evaluate the precision of the method we repeihtby assaying 6 replicate injections of standaatthe same
concentration, during the same day and six contisutays. The intra-day precision was <1.5%, aner-tay
precision was <1.8% for all flavonoid standardshi€a3). Since the results were within the acceptabhge
confirm the accuracy and precision of the method.

Table 3.Intra- and inter-day precision of HPLC assg of flavonoidsin Mexican lime

C EC R H Q N K
Intra-day RSD (%) <0.6 <1.0 <0.7 <0.7 <1.0 <11 <1.0
Inter-day RSD (%) <1.2 <14 <15 <0.8 <1.2 <15 <15

C: Catechin; EC: Epicatechin;R: Rutin; H: HespendiQ: Quercetin; N: Naringenin; K: Kaempferol

Robustness was evaluated to ensure that the HPLiBothés insensitive to small changes in the expenital
conditions. In order to assess the robustnesseofmisthod, we modified several parameters, such asdle, and
ratio of solvent A, and no significant changes waserved in the resolution or response of thedstahpeaks.

The validation data indicated good linearity, sevity, accuracy, precision, specificity, and romests of this
method to be suitable for the analysis of flavosardMexican lime.

Table 4.the amount of flavonoidsin Mexican lime duing progression of WBDL

Days C EC R H Q N K

0 12.8+0.17 10.7+0.15 10.9+0.18 16.9+0.14 93+0.12 7.9%0.13 10.6+0.16
30 22.8+0.21 28.7+0.24 11.9+0.21 209+0.21 7.8+0.11 159+0.15 15.6+0.16
60 24.7+0.19 29.0+0.22 11.2+0.19 22.3+0.18 6.1+0.11 16.2+0.14 14.5%0.13
90 2514023 26.1+0.19 82+0.17 16.3+0.22 4.4+0.08 16.8+0.14 13.2+0.14
120 22.9+0.18 19.9+0.18 6.9+0.12 12.8+0.15 nd 12.9+0.16 10.9+0.16
150 17.3+0.21 18.7+0.16 3.8+0.07 8.3+0.11 nd 10.9+0.15 8.2+£0.13
180 89012 13.3+0.16 nd 6.3+0.11 nd 8.9+0.12 6.3+0.12

* indicate the times after inoculation of Mexicamé tree with phytoplasma
The amount of flavonoids was calculated accordingd per gram of plant
R: Rutin; H: Hesperidin; C: Catechin; EC: EpicaténhN: Naringenin; Q: Quercetin; K: Kaempferol

Quantitative analysis of flavonoids in Mexican lime

The influence ofca. Phytoplasmaaurantifolian the concentration of flavonoidsin theMexicandileaves has been
investigated during 180 days. The results of WBDbogpession on flavonoids levelsin lime have beemmshin
Table4. There was significant difference in the ants of flavonoids between infected and non-infédtees. The
results indicated thatafter 30 days of inoculatipnCa. Phytoplasmaaurantifoljaamounts of flavonoids except
rutin have considerably increased compared wittheredthy plant. There was no significant differencéhe levels
of them during 30-120days, but significantly deseshafter 120 days (Table 4). According to thiglifig, it can be
speculated that inoculation of plants stimulatesl liosynthesis of flavonoids as a defense mechamissbably to
prevent more infection. It was found that flavormitkvels, which are normally produced through shite
pathway, could be induced by pathogens [8, 23hv@ierry leaves naturally contain catechin, whidhikits the
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infection by Alternariaalternatahrough blocking the formation of infection hyph&em haustoria although it
allows both spore germination and appressoria foom#23].

Assay of phenylalanine ammonia-lyase (PAL)

The activity of PAL wasstudied during the progressofWBDL in leaves of lime. Figure 2demonstratidt after
30 days of lime-inoculation, PAL activity started increasesignificantly from 3.334 to 12.925 urdtsd then
reached the maximums on the 90 days after the gathohallenge. Then, the activities declined draBy 150
days after challenge inoculation. These resultsbm®st in agreement with the behaviors of flavdedevels. The
activities of these enzymes agree with those obthly Shehab et al. who investigated a time cochsages of
PAL activity in the potatoinoculatedwihytophthorainfestan§24]. Although an increase in the activity was
recorded in the treated groups between days 4 amith7a maximum increase at day 7, a decreaseerathivity
was observed after this period. Chen et al. refdoti@t high levels of PAL were induced in cucumbeots
inoculated withPythiumaphanidermatunbut roots treated witRseudomonas corrugdtad initially higher levels
of PAL and these levels became lower after thetplhallenge witHPthiumaphanidermatur25].

2
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Figure 2: Activities of phenylalanine ammonia-lyasg¢PAL) in Mexican lime during progression of Witches' broom diseaseData are
mean + SD (vertical bars), n =5

CONCLUSION

This work proposes a valuable new method for thaifigation and quantification of seven flavonoigsMexican
lime duringthe progression of WBDLThis method is a simple, fast, accuraeciseand robustWe also conclude
that the infection of lime by WBDL induces the productiof phenol-oxidizing enzymes, followed by the
biosynthesis of flavonoids in the leaves. In otheords, when the lime trees are infected W@ikh
Phytoplasmaaurantifolia,thelevel of phenol-oxidizing enzyme increases amhsequently defense response
expresses aimterference with the further growth and developtafithe pathogenTherefore, the increase in the
levels of flavonoids in leaves is as a defenseaesp toCa. Phytoplasmaaurantifolatack. Furthermore, these
results suggest that metabolite profiling can beswtered as a biomarker for the detection of ie@dime plant by
Ca. Phytoplasmaaurantifolia
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