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ABSTRACT 14
15

Chelidonium majus is a well-known medicinal plarit papaveraceae family which demonstrates numerou$6
therapeutic effects due to the presence of isodjdmalkaloids such as sanguinarine and berberimethis study, 17
after validation of an HPLC method, levels of thalialoids in root samples of this plant collectedm north of 18
Iran were measured, and environmental factors &ifigache amount of these compounds were also iigagst. In 19
this investigation, 9 groups of plants from differspots of north Iran were collected, and concatitn levels of 20
these alkaloids were measured applying a validdtigh Performance Liquid Chromatography- Photo diode21
Array/Mass Spectrometry (HPLC-PDA/MS) method. Tliea,impact of geographical parameters encompassing?2
altitude, average temperature, longitude and lati#icoordinates on alkaloid contents was assesHeel.validated 23
method was selective, with good resolution, excellaearity (> 0.99), highaccuracy sensitivity and precision. 24
Also, the results illustrated that there was a direorrelation between longitude and altitude witle amount of 25
alkaloids in plant, which means the more the leeélhese variables, the more the amount of meatiaikaloids. 26
In an opposite manner, levels of the alkaloids resly correlated with latitude coordinates and tergiure, ina 27
way that decreasing these variables resulted irsingi the amount of the alkaloidshd validated method is a 28
simple, fast, accuratgyreciseand robust.Also the environmental factors can impact on alkhloontents and 29
higher levels of alkaloids were associated withdowemperatures, high longitude, less latitude, amate altitude 30
from sea level. 31
32
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34

35

INTRODUCTION 36

37

Chelidonium majuss anherbaceous perennial plant of papaveracesity fahich contains a range of isoquinoline 38
alkaloids e.g. sanguinarine and berberine. Thdsdoddls have shown anti-microbial [1-3], anti-tunfdr 5], anti- 39
malarial [6] and anti-inflammatory activities[7]. 40
41

The content of secondary metabolites can be atfebie different factors encompassing ecosystem,tilmca 42
climate, environmental parameters, and physicahemical stresses, etc[8-11]. As a matter of thg fasponse of 43
plants to these variables, depends on their ecaglbgy and life history traits, and dramaticallyriess from one 44
species to another. Ecosystem factors such asidatibngitude coordination, altitude, terraimd average 45
temperature put crucial impacts on the content efawlites in plants. Several studies have notatiithen the 46
climate and ecosystem characteristics vary, thduymtion of metabolites is also altered. WallisldB&eported that 47

15



Zohre Ghanaviet al J. Chem. Pharm. Res,, 2015, 7(6):15-21

variations in climate and terrain affected the pitkesis ability of pine to produce mono, di andggéterpenes, 1
flavonoids and lignins. Results of their study skdwthat regardless of ecosystem type, inhabitahtmae 2
northerly and westerly positions, and at lower atmns, were associated with higher levels of sdapn 3
metabolites. Oloumi et al. [11]indicated that pHeEnoompounds in roots dlycyrrhiza glabracan be altered as a 4
result of changing climate variables. 5
6
7
8

Determination of isoquinoline alkaloids is perfoanasing different techniques, namely thin layerochatography
(TLO)[12], nuclear magnetic resonance (NMR) spesttopy[13], gas chromatography (GC), gas chromapdyra
coupled to mass spectrometry (GC-MS) [14], andidiqthromatography coupled to mass spectrometry IS)- 9
[15-20]. In 2006, Kursinszki separated isoquinolalkaloids of Chelidonium majusising an RP-HPLC method 10
[19]. 11

In this assessment, we determined concentrati@id®f singunarine and berberine alkaloid€helidonium majus 13
from Iran. The aim of our study was to develop & m&€-PDA/MS method for quantification of these dtkds in 14
Iranian plant and to probe the influence of geoiegd variables on the contents of sanguinarine l@therine in 15
Chelidonium majusResults of this study will lead us to new insgfdr potent sources of these alkaloids and theid 6

optimum growing sites. 17
18

EXPERIMENTAL SECTION 19

20

Materials 21

All HPLC solvents were purchased from Merck CompéDgrmstadt, Germany). Sanguinarine and berbergrew 22
obtained from Sigma (St Louis, MO, USA). Deioniagdter produced by Milli-Q system was utilized alleo the 23

experiments (Bedford, MA, USA). 24
25
Sample collection from plant natural ecosystem 26

Samples were randomly gatheredfrom natural ecasgstef Chelidonium majusn Northern Province of Iran, 27
Mazandaranat may, 2014 and exact geographicalidocat the collection stations were determined ssxbrded 28
using GPS (Table 1).The collected plants were cowfil by the Department of Botany, Shahid Beheshivéfsity, 29

Tehran, Iran and determined that they have similamphology with the same age. 30
31
Table 1: collection sites ofChelidonium majus 32
33
Sample name  Height (m) Latitude coordinates(N) Longude coordinates (E) Average temperaturesC) 34
R1 34 36 53" 11" 50 01' 06" 19.9
R2 36 37 12' 10" 50 55' 30" 21.6
R3 62 37 02' 21" 51 08' 05" 22.3
R4 240 36 46' 31" 51 37' 35" 22.0
R5 340 36 14' 26" 52 06' 14" 17.8
R6 591 36 29' 28" 52 14' 32" 19.0
R7 1359 36 25' 51" 52 37" 19" 23.0
R8 1462 35 81" 34" 54 33' 26" 16.8
R9 1901 35 52' 37" 58 07' 20" 16.4
35
Extraction procedure 36

50 ml hydrochloric acid (12 M) solution in methar{6l5:100 v/v) was added to 1.0 gr of the dried podidered 37
root of the plant and the tube was placed in utnasbath for 1 hour at 50°C. Then, sample wasrifaged at 6000 38
rpm for 10 min, and supernatant was collected. 39

40
As a clean-up step, chloroform was subsequenthg@dd the supernatant so as to remove non-polapeconas. 41
Finally, aqueous phase was alkaloids and purifledl@ds sediment was dissolved in 1 ml of methaamod was 42

injected to high- performance liquid chromatograpHi?LC). 43
44
High performance liquid chromatography- mass spectometry (HPLC-MS) 45

HPLC system (Kenauer, Germany) equipped with K-1@0inp (Knauer, Germany), K-2008 PDA detector46
(Kenauer, Germany) and 20loop was utilized. gEurospher column (250x4.6 mmu#) was usedThe mobile 47
phase consisted of two different solutionscluding solvent A, water (0.1% formic acid), amsdlvent B, 48
acetonitrile. Separations were effected by a grdadedution program as follows: The initial mobilehgse 49
composition was 80% A, followed by a linear gradign10% A in 40 min and then from40-45 min werestant. 50
The post-running time was 5 min. Flow rate of thebite phase was 0.5 ml/min, and UV-VIS detector itavad 51
the samples at 270 nm. Thermofisher Scientific LIGM trap mass spectrometer (Bremen, Germany) wilksm 52
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range of 100-4000 m/z was applied. Positive modE&lettrospray-Mass Spectrometry (ESI-MS) under llzapi

voltage of +2.0 KV and skimmer cone voltage of \M2Was applied.

Validation of the method

The HPLC method was validated in terms of precisamturacy, and linearity according to ICH guide&iri21].

The accuracy of the assay method was evaluateiblicate. The precision of the intra- and intersdieas evaluated
by the repeated injection. Robustness of the mettm& demonstrated by changing the flow rate andeleagth.

The limit of detection (LOD) and limit of quantifition (LOQ) were determined by injecting serialutdns of

solutions of the standards with known concentratiofhe Limit of detection (LOD) and limit of quafitation

(LOQ) were calculated based on the signal-to-noégi® of more than 3 times for LOD and 10 times @Q,

respectively. 10

OCOoONOULIPAWNE

Statistical analysis 12
The experiment was carried out using a randomineapéete block design (RCBD) considering five reglions for 13
each sample. The data were statistically analygeStatistical Analysis System (SAS) software ar@lmean £+ SD 14

(vertical bars) of five replications. 15
16

RESULTS AND DISCUSSION 17

18

Development of HPLC-PDA/MS 19

After extraction of isoquinoline alkaloids, a shita HPLC method was developed and validated foerdghation 20
of sanguinarine and berberine in root extraattadlidinum majusin this favor, different compositions of the miebi 21
phases were probed. According to the preliminasylte, the mobile phase of acetonitrile/water (Ofb¥mic acid) 22
accomplished in a gradient condition which was dbleeparate the favored alkaloids (Fig. 1). Ptiothe full 23
implementation in quantitative determination of theentioned compounds, this method was comprehdpsive24
validated for its accuracy, linearity, robustnesgecificity, precision and intermediate precisiomder various 25

modified conditions. 26
27
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Fig. 1. Typical HPLC chromatograms of mixed standads using gradient method, Conditions: C18 Eurosphecolumn (250%4.6 mm, 5 30
um); PDA detection at 270 nm; mobile phase, (A) aceitrile ( B) 0.1 % formic acid; flow rate, 0.5 mL/min. 31
32

Six concentration levels were prepared and sulijeéctéiPLC, and the corresponding peak areas wéizedtso as 33
to draw the calibration curves. Excellent lineaiitya range of 0.10-30.0g/ml was achieved and the regression34
equations were y = 180212x-18.1816 with a cormfatoefficient of 0.9969, and y= 100522x+5417.7hwaét 35
correlation coefficient of 0.9944 for sanguinarara berberine, respectively. Limit of detection @Cand limit of 36
guantification (LOQ) indicate the sensitivity of thed and were low (Table 2). Calculated %RSD faakpareas 37
related to triplicate injections of the standardaswiound to be less than 1.5%.These results irditatt the 38
proposed HPLC method is sufficiently sensitive far tletermination and quantitation of sanguinarimétzerberine 39
in chelidinum majust low concentrations. 40

41

Table 2. Linear regression data, LOD and LOQ of saguinarine and berberine

Analytes Regression equations R Linear renge (ug/mL) LOD (ug/mL)  LOQ (ug/mL)
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sanguinarine 'y =180212x-18.1816 0.9969 0.1-30 0.04 0.14
berberine y= 100522x+5417.7 0.9935 0.1-30 0.06 0.20

Y=Ax+B, y is peak area; x is concentration of thleadoids (Lg/mL); r is the correlation coefficienft the equation.

The accuracy of the method was determined usingvesg test. After the addition of accurate amouhtach
standard at three levels (10, 20 and 30%) to theaetx we analyzed it by the proposed HPLC methidak

recoveries were calculated and are reported ineTablThe recoveries obtained were close to 100%&nmost all
cases and this method can be considered accuratevdluate the precision of the method we repekttéy

assaying 5 replicate injections of standards asstitee concentration, during the same day and Sncanis days.
The intra-day precision was <0.7%, and inter-dacision was <1.1% for the alkaloid standards (T&)leSince
the results were within the acceptable range corifire accuracy and precision of the method.

OCoOoONOOTULTPAWNE

Robustness was evaluated to ensure that the HPLiBothés insensitive to small changes in the expenial
conditions. In order to assess the robustnesseofridthod, we modified several parameters, suchwagdi® from 10
0.5 to 0.6 mL/min, and wavelength from 270 nm t0,28nd no significant changes were observed imgbelution 11
or response of the standard peaks. The resultsaitedi good linearity, sensitivity, accuracy, precis specificity, 12

and robustness of this method to be suitable fatialysis of alkaloids i@helidinum majus 13
14
Table 3.Recovery, intra- and inter-day precision of HPLC asay of alkaloids inChelidinum majus
Analytes Recovery (%) RSD (%) Intra-day RSD (%) Inter-day RSD (%)
sanguinarine 95.21 <1.2 <0.6 <0.9
berberine 94.77 <1.0 <0.7 <1.1

15
In order to exhibit the ability of the method ftvetanalysis of the root extract Ghelidonium majuscrude extract 16
was subjected to HPLC under optimum chromatograpdp@aration conditions (Fig. 2). Moreover, for itiécation 17
of the related peaks of the sanguinarine and bedecrude extract was spiked with standard saisti@and the 18

corresponding mass spectra were acquired (Fig.3). 19
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Fig.2. HPLC chromatogram of extract using gradientmethod, Conditions: C18 Eurospher column (250x4.6 m, 5 um); PDA detection 21
at 270 nm; mobile phase, (A) acetonitrile (B) 0.1 %ormic acid; flow rate, 0.5 mL/min 22
23

Quantification of sanguinarine and berberine weeefqmed using calibration curves. Results displayleat 24
sanguinarine occurs in much more amounts than beebaithin root samples o€helidonium majugable 4). 25
Quantification of the two alkaloids in collectedngales revealed that concentration levels of samyjumaand 26

Berberine varied from 0.1091 to 0.0187, and 0.005®.0146 mg/g of plants dry weight, respectively. 27
28
Table 4. Amount of sanguinarine and berberine in rot samples ofChelidonium majus
Concentration of sanguinarine Concentration of berberine
Root Samples
(mg/g dw) (mg/g dw)
R1 0.0229 0.0079
R2 0.0204 0.0059
R3 0.0213 0.0066
R4 0.0300 0.0078
R5 0.0510 0.0112
R6 0.0340 0.0094
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R7 0.0404 0.0117
R8 0.0800 0.0146
R9 0.1091 0.0156
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Fig. 3. full ESI mass spectrum of A) sanguinarinerad B) berberine

Correlation of sanguinarine and berberine with envionmental factors

After quantification of sanguinarine and berbeiimeoot extracts, dependence of the content ofetltesnpounds on
environmental variables including altitude, latéudnd longitude coordinates and average temperatere

evaluated. As it is obvious fromFig.4a, quantifieatof both alkaloids exhibited a direct relatioatween alkaloid
content and the altitude of the plant collectiore.sAccording to the results, as the altitude(hgigh the plant

ecosystem increased, content of both alkaloidedais the root of plant. On the other hand, a wistbehavior
appeared with the impact of longitude and latitadehe contents of alkaloids in the plants (Figasd 4c), in a way
that increasing the longitude coordinates causedp#urn in contents of both alkaloids, while a rise¢he latitude
coordinates declined their contents. Moreover dtiera reverse relation between the contents oéftkedoids and
temperature of the plant growth site (Fig.4d). Ag taverage temperature of the plant growing siesria
downwards trend is observed for alkaloid contentsoiot samples. This implies that temperature hasgative

effect on the content of alkaloids in this plantefefore, results indicate that inhabitants in nmaygherly and less
westerly positions, and at higher elevations, wareompanied by higher alkaloid levels. As it isvye by the

previous studies as well, variations in environrakwmariables such as latitude and climate resuiteshhancement
of biosynthesis of the secondary metabolites oragm of them, as a defense mechanism [8-11]. Alralviys,

increasing the altitude is associated with lowengeratures of the plant growing site. This may slgitt on the

approximately similar behavior of variations in @lkid contents towards higher altitudes and lowengeratures,
since they both have the same effect on alkalomtentration levels. Bhatt et al. [22] observed pwards trend for
concentration levels of secondary metaboliteshagtant growing sites were located in westernmmorthern spots
of Himalayan Mountain. The same manner was condlini@ur study, in a way that northern (upper Itundg) and

western (higher latitude) situations exhibited leiglkevels of alkaloids. Since the Alborz and Zagramuntains are
located in western and northern parts of Iran,atidd be rational to observe lower altitudes asdediavith eastern
and central flat lands, and hence reduced conbtéitee alkaloids in eastern /southern growing sites

19
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Berberine bridge enzyme (BBE) isolated fr&a®schscholzia californicais a plant enzyme participating in alkaloid 1
biosynthesis via catalyzing the challenging oxigattyclization of §)-reticuline tog§)-scoulerine (Scheme 1) [23]. 2
This enzyme contributes to the production of beheonthridine alkaloids as a defense mechanismsponse of 3
plants to pathogens. In our study, a downwardsitfenalkaloid contents appeared, as the temperaiiithe plant 4
growing site increased. Effect of lower temperatune key enzymes of the biosynthesis of isoquimititkaloids, 5
probably BBE, may account for this. Lower tempematis considered as an environmental abiotic siesscan 6
cause responses in plant in which alkaloids mayiféégntly take part. Regarding the results of joeg 7
investigations as well as those of ours, we sugtesdt environmental variables can put substantigdaict on 8
alkaloid contents. Higher concentrations of sanguine and berberine i@helidonium majusvere associated with 9
lower temperatures, high longitude, less latitude @ore altitude from sea level. 1

20
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— Berberine and
— - Sanguinarine

4-hydroxyphenylacetaldehyde (S)reticuline (3)-scoulerine

A=Norcoclaurine synthase  B=Norcoclaurine 6-O-methyliransferase C= coclurine N-methyltransferase
D=N.methvlcoclaurine 3-bvdroxvlase  E=3-hydroxy-N-methvkoclaurine 4-O-methyltransferase

Scheme 1. biosynthesis pathway of sanguinarine abérberine %

3

CONCLUSION 4

5

This work proposes a validated method for quarifon of sanguinarine and berberinegdhelidonium majusThis 6

method is a simple, fast, accurapgeciseand robustAlso we conclude that environmental variables cah p 7

substantial impact on alkaloid contents and higlwrcentrations of sanguinarine and berberine wsseciated 8

with lower temperatures, high longitude, less lat&, and more altitude from sea level. 9
10
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