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ABSTRACT

Simple, economical and conventional extraction ofinfRs communis Linn. leaves and
guantitative determination of ferulic acid have beearried out by High Performance Thin
Layer Chromatography. Geographical variations aceirid in TLC fingerprints of the leaves
analyzed through HPTLC techniques. Resolutionsnélb as well as number of bands are found
better in the plant collected from Delhi locatidrah the other locations. Ethanolic extract of the
leaves was used for the analysis and HPTLC expatsngere performed on pre-coated silica
gel 60 ks, aluminum sheets. For achieving good separationpil@ophase consisting of
chloroform: methanol (95:5, v/v) was used. The demetric determination of ferulic acid was
carried out at 366 nm in remission/fluorescence enddethod was validated in term of linearity,
accuracy and precision. The calibration curve wiagadr in the range of 0.3 to 0.9 ug of ferulic
acid, regression equation (Y=11.41+0.7283*X #0.8fvealed a linear relationship (r =
0.9997) between the mass of ferulic acid applied e peak areas. The limit of detection and
limit of quantitation were found 3.72 ng and 111§ respectively. Leaves collected from Delhi
location showed better yield of ferulic acid cort€n.87 pg/g leaves) while leaves collected
from Guwahati and Jhansi showed lower yield of lferacid content 1.15 pg/g and 0.24 pg/g,
respectively than Delhi location. This study w#l biseful for rapid quantitative determination of
bioactive ferulic acid in R. communis Linn. contagformulations for purpose of QA and QC
and to help in selection of location for collectiohplant material for manufacturers to prepare
high quality formulations.

Keywords: Ricinus communi&inn., Geographical variation, Ferulic acid, HPTIEhgerprint
analysis.
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INTRODUCTION

Ricinus communikinn. is an important plant of Ayurvedic systemnoeédicine, is in continuous
use for health care in India and other parts obgldt is used as a single plant remedy or in
polyherbal formulation in organized system of medcsuch as Ayurveda and Homeopathy.
The species of the geniscinusis known for fixed oil [1, 2] and several amindds: Fixed oil
(45 to 55%) contains a mixture of triglyceridesti¢molein- 75% which on hydrolysis yields
ricinoleic acid responsible for the cathartic effeteaves contain besides ricinine, N-
demethylricinine, 3-GB-D- rutinosides of Kaempferol and quercetin [3].

Ricinus communis a species of flowering plant in the spurge fgnituphorbiaceae Probably
native to Africa, Castor bean has been introduced & cultivated in many tropical and
subtropical areas of the world, frequently appepspontaneously. It is found throughout India,
cultivated and found wild up to 2400 m [4]. It isv@noecious evergreen shrub growing up to
4m. It is a glabrous and glaucous, branched shreéves are alternate, palmatifid, 6-10 lobed,
each 1-nerved with many lateral nerves and pelddieroscopic description shows that leaves
contains paracytic type of stomata are presenbwer and upper epidermii, more abundant on
the lower side [5].

Castor is cultivated both in the plains and théshihs it has deep root system it is hardy and
capable of resisting drought. It does not withstawader logging and frost. It requires hard dry
climate for proper development of plant.

Therapeutic uses of the plant contains stimulamtactc, lactagogue and antirheumatic[5].
Plants part is also used in hepatoprotective [6&Bltitympanitic [9], antitumour [10-12],
antimicrobial [13], contraceptive [14], nematicid§l5-17], infertility [18], antidote for
poisonous bites [19], nitric oxide synthase [20heTleaves are useful in burns, nyctalopia,
strangury and for bathing and fermentation andatatl conditions ofvata especially in
rheumatoid arthritis, urodynia and arthralgia. Rresaves protected against liver injury induced
by carbon tetra chloride in rats while cold aqueexisact provided partial protection [21]. Fresh
leaves are also used by nursing mothers in the rg@dsland as an external application to
increase the flow of milk.

For nutraceutical point of view, per 100 g of thaJves are reported to contain on a zero-moisture
basis, 24.8 g protein, 5.4 g fat, 57.4 g total chyllrate, 10.3 g fiber, 12.4 g ash, 2,670 mg
Calcium, and 460 mg Phosphorous [22].

For the purpose of therapeutic uses, three partgaots, leaves and seeds of plants are used in
Ayurveda. A lot of work has been reported on sewtliraots. Best of my knowledge, there is no
work reported till date on the quantification ofukc acid in the leaves of the plant. Therefore,
we have chosen leaves for study and High Perforsm@hin Layered Chromatography (HPTLC)
for the quantitative determination of ferulic acid.
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MATERIALS AND METHODS

Chemicals:
All the solvents were used of analytical grade fiderck (India). The TLC Aluminum sheet, 60
F254 (2010 cm) (Cat. No. 1.05554.0007) was purchased £. Merck (Mumbai).

Plant Material:

Leaves ofR. Communid.inn. were collected from three different locasoof India viz. Delhi,
Jhansi and Guwahati. The material was broughtedahoratory and dried at room temperature
(25-30°C). The dried samples were powdered using grindiéand stored in desiccators.

Stock Solution:

The stock solutions containing (50 pg/ mL) of feruhcid was prepared in methanol.
Appropriate quantities of theses stock solutionsevgpotted to obtain ferulic acid in the range of
14,12, 10, 8, 6 and 4 pg/ spot.

Preparation of Crude Extract:

Air dried leaves (powdered) of three different lomas of R. communid.inn. (2 g each) was
separately placed in to a three different conitatkif and was extracted with 25 ml ethanol
(99.9%) for 24 h. Each extract was filtered thtoMyhatmann No. 1 filter paper. The filtrate
was concentrated under reduced pressure at 50A@ taiary vacuum evaporator. Final weight
of crude extract was weight and calculated foryileéd. The extraction of each sample was done
in triplicate. Final extract of each location wassolved in ethanol and made up to 25 mL
accurately and used for HPTLC analysis.

Apparatus:

A Camag HPTLC system equipped with Camag Linomaiutbmated TLC applicator, Scanner
4, and integrated software Win CATS version 1.4&swsed for the analysis. HPTLC was
performed on a pre-coated silica gel 6g,Rluminum sheets plates of 20x10 cm. Samples were
applied on TLC plates using a spray on technique

Chromatographic Condition:

Chromatographic studies were performed using tHeviong conditions. Stationary phase:
HPTLC aluminum sheet silica 60,47 precoated (20x10 cm); Mobile phasghloroform:
methanol (95:5, v/v)Volume of mobile phase: 20 mL; Chamber saturatiome: 30 min;
Temperature: 25-27C; Relative humidity: 35-40%; Migration distanc& @&m; Migration time:
25 min; Wavelength of detection: 366 nm; Scannipgesl: 20 mm/s; Data resolution: 100
pm/step; Band width: 6 mm; Space between two ba&hdm.

A Camag Video Documentation system in conjunctioithwhe Reprostar 3 was used for
imaging and archiving the thin layer chromatograifise object was captured by means of a
high sensitive digital camera with 5.0 M pixel C&ensor and 3x optical zoom. A special
digitizing board (frame grabber) assisted in rgmiocessing via the computer. Image acquisition
processing and archiving were controlled via WinT&Asoftware.
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Chromatographic Separation:

Ethanolic extract oR. CommunigLeaves) solution was spotted on the HPTLC alumirsheet
plate, 10 mm from the bottom and 10 mm from the siing a Camag Linomat V automated
TLC applicator with the nitrogen flow providing @livery speed of 150 nL sédrom the
syringe. The TLC plate was developed in ascendimmglemin a twin trough chamber pre-
saturated for 30 min with mobile phaséJoroform: methanol (95:5, v/v; 20 mLJhe plate was
removed from the chamber, dried in air, and scammeemission/fluorescence mode of a Camag
TLC scanner 4 at 366 nm .Peak area data were extarsing Camag Win CATS software
(Figure 1).
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Figure 1: HPTLC fingerprint of ethanolic extract of three different locations at 254 nm (Plate I); 366 im
(Plate 11); after derivatized with Anisaldehyde — sulphuric acid reagent (Plate 111)
1 Leaves collected from Delhi; 2 Leaves collectetbfn Jhansi; 3 Leaves collected from Guwahati.

VALIDATION OF HPTLC METHOD

Specificity:

The specificity of the method was ascertained kglyaing samples along with standard ferulic
acid. The band for ferulic acid in ethanolic extreamples were confirmed by comparing the R
and spectra of the band with that of the standEnd. peak purity of ferulic acid was assessed by
comparing the spectra at three different levets, peak start, peak apex, and peak end positions
of the spot.

Calibration Curve:

Standard solution concentration of 50, 100, 15@, 260, 300 and 350 ng/ spot of ferulic acid
were applied to the plate corresponding to a canagon of 300 ng — 900 ng for the preparation
of a calibration curve. The linear regression islYA1+0.7283*X £0.82.

Accuracy:
The result summarized in Tablel, showed the acguwhthe method according to mean values
and the %CV value calculated from the analysiddauslic acid.
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Precision:

Six bands of 10 pL of ferulic acid were appliednfra single stock solution (666 ng) on
aluminum sheet of Si 60,5 plates and analyzed by the proposed method faersyprecision
studies. To determine variations due to the instmtmsix different samples of the same
concentration (666 ng each) were spotted on alumislueet of Si 60k, plates and analyzed by
the proposed method to determine variations ariduggto method itself.

Limit of detection and Limit of quantification (LOD and LOQ):

Ferulic acid in the sample extract was identified aonfirmed on the basis of matchingaRd

UV spectra with that of the standard. The limitdetection (LOD) is the smallest concentration
of the analyte that gives a measurable respongmalsio noise ratio of 3). The limit of
guantitation (LOQ) is the smallest concentratiorthef analyte, which gives a response that can
be accurately quantitated (signal to noise ratid®f LOD and LOQ of the developed method
were determined by using linear regression equatidhe calibration curve. The LOD and LOQ
were calculated based on the standard deviatior) @DRQhe y-intercept and the slop (S) as
0.8200SD/S and 0.7283SD/S, respectively Table 1.

TABLE 1: Summary of Validation Parameters

Parameters Range
Linear range[ng/ spot] 300 - 900
Correlation coefficientr] 0.9997

SD of y intercept 0.8200
Slop 0.7283
Limit of detection (LOD) [ng/spot] 3.72

Limit of quantitation (LOQ) [ng/spot] 11.26
Instrumental precision (RSD [%] n = 6

~

Migration time R) %RSD 1.3968
Peak Area %RSD 1.7199
Accuracy % CV 0.9812

RESULTS AND DISCUSSION

Chromatography:

Various compositions and combinations of the mopliase were tried for the desired resolution
of ferulic acid. A solvent combination of chloroforand methanol (95:05, v/v) gave good
resolution. The identification of ferulic acid wearried out by matching the; Ralues of ferulic
acid in samples with the standard track, and furtthey were confirmed by matched UV — VIS
spectra. The sample bands aDRI2 corresponded to ferulic acid (Figure 2A & 2B)

The calibration plot shown in Figure 3 indicates thsponse is linear function of concentration
versuspeak area in of the range of 300 ng- 900 ng /fgratic acid.
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Track 4 ,10: Standardd
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Figure 2A. HPTLC Chromatogram of standard ferulic acid.

Track 2.1D:RD

AU

Figure 2B: HPTLC Chromatogram of ethanolic extractof leaves collected from Delhi.
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Figure 3: Linear Curve of Ferulic Acid.

Method validation:

The method was validated for its linearity, premisiaccuracy, LOD and LOQ. Good correlat
(r = 0.9997)was obtained between sample and standard of femaldt, Tablel. The method
showed acceptable precisi@® and peak Area) and accuraay evident irTablel. The limit of
detection (LOD) and quandition (LOQ) were found 3.72 ng and 11.26 ng respelgt which
indicated the adequate sensitivity of the metlTablel.

The Instrumental precisioRSD was calculated and found to Migration time and Peak Area
were 1.3968 and 1.7198:spectivelyTable 1).

Geographical Variation:

Geographical variations found ir the plantdue to changes in the active constitu¢ The
environmental factors such as light, temperatcarbon dioxide availability, soil conditions e
have a prominent effect ohd secondary metabolism resulting in the extrenmelvidity in the
phytochemicalgontents of wild/cultivated plants and the produdsived from ther [23]. The
main function of plant secondary metabolites isutiid to be the adaptation of plantstheir
environment [24].Quantitatively and qualitatively variations in sadary metabolites in tr
plant of the same species grown in different ggaigcal location is well understo [25].The
densitometric determination of the fingerprintingleaves f different locations was carried o
at in 254 nm, 366 nmand after derivatization with anisaldeh-sulfuric acid regentin

remission/fluorescence mod@eigure 1).Resolutions of bands as well as number of band
found better in the plant collectecom Delhi location than the other locatic Ferulic acid is
present inR. communideaves of the three different locati. Leaves collected from Dell
location showed better yield of ferulic acid corit¢d.87 pg/g leaves) while leaves collec
from Guwahati and Jhanshowed lower yield of ferulic acid content 1.15 gughd 0.24 pg/c
respectively than Delhi locati. Leaves collected from Delhi location may be pnefé for
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research and preparation of its formulations duéedtier yield of ferulic acid than the other
location.

CONCLUSION

A simple and reliable HPTLC method for the detemtion and geographical variation of ferulic
acid in leaves oR. communisvas developed. The method enabled good resolutiofefulic
acid. The developed method has been satisfacteetified for its accuracy, precision and
selectivity. In addition, the HPTLC study of geqggin&cal variation allowed us to conclude that
the percentage variation of ferulic adidall the three locations (Delhi, Jhansi and Guatgh
remain in the order Delhi > Guwahati >Jhafigie method can be used for quality control of
herbal formulations containing. communiseavesand it can also be used for pharmacokinetic
studies of related extracts and drugs.
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