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ABSTRACT

This study presents the report of TLC densitometnethod, which has been developed and validated for
guantification of Oleanolic acid from hydroalcohmlextract of bark of Madhuca longifolia. The sepama was
performed on TLC aluminum plates precoated witltasigel 60 F254. Good separation was achieved ibitao
phase using Toluene: acetic acid: formic acid (9:8). Determination and quantitation were performiegd
densitometric scanning at 560 nm in reflection/@abance mode. This method gave compact spots at5af
corresponding to oleanolic acid. The method wagdeétd using ICH guidelines in terms of precisicpeatability
and accuracy. Linearity range for oleanolic acid sve00—600 ng/spot with correlation coefficiedt#8D = 0.990
15.05% in the concentration range 100—600 ng/s@dte LOD and LOQ were found to be 9.302 and 28.1 ng,
respectively. The content in crude extract obtaifieth bark was found to be 0.418+0.005% w/w. HPTh€thod
was found to be simple, precise, accurate and auaxé method for rapid screening of active constitts present

in hydro-alcoholic extract of plant and can be u$edanalysis and routine quality control of herbahterial and
formulations containing Madhuca longifolia.
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INTRODUCTION

Madhuca longifolid.F. Macbr. (Sapotaceae), commonly known as malhwzabua, is an Indian tropical tree found
largely in the central and north Indian plains &mmests. It is a fast growing tree that reachesporoximately 20 m
in height, possesses evergreen or semi-evergréagdoThe plant parts are used in ethnomedicinevide variety
of illnesses, such as epilepsy,[1] inflammatiombaites mellitus, analgesic, anthelmintic, pneumgaiias and skin
diseases.[2]Anti-inflammatory activity,[3] antiulcactivity,[4] and analgesic activity[5] dfladhuca longifolishave
also been reported. The fruit pulp yields a numisetriterpenoids (includingi@ and B-amyrin acetate); also-
hexacosano3-D-glucoside of3-sitosterol and free sitosterol. The nut shell aorgp-sitosterolglucoside, quercetin
and dihydroquercetin. The carollas are rich soofcgugars, vitamins, minerals. The seeds yieldpdrsas 2,3di-
O-glucopyranoside of bassic acid (saponin A and s@pB). Trunk bark contained lupeol acetatggmyrin acetate,
a-spinasterol, erythrodiolmonocaprylate, betulinitdeand oleanolic acid caprylates. [2]

Oleanolic acid (Fig 1) is a naturally occurringdrpenoid, either in free form or bound to sugatenales to form
oleananesaponins. Oleanolic acid is an isomer gligracid, another triterpenoid compound with ptisd health
benefits. Oleanolic acid was reported to have okl activity including anti-inflammatory[6] and],

antiprotozoal [8], antimicrobial properties [9] araytotoxicity to cancer cells[7]. OA also possessepato-
protective and anti-ulcer activities [10].
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Literature survey revealed that no method has beorted for quantification of oleanolic acid frdrark extract of
Madhuca longifolia. Hence, a densitometric HPTLC method has been deedldn the present work for
quantification of oleanolic acid from hydroalcotwkxtract of bark oMadhuca longifoliathat may be useful to
pharmaceutical industry for the authenticationndtadisation and quantification of oleanolic ac@mnponent in
herbal formulations.

EXPERIMENTAL SECTION

Reagents and standards

All chemicals and solvents used were of analytigable and obtained from E-Merck (Darmstadt, Germastpck
solutions (mg/ml) of standards were prepared dailynethanol immediately before use. From this, sofuwas
applied using Linomat applicator on TLC aluminunatpk precoated with silica gel 60 F254 (10 - 10@&,mm
thick) obtained from E. Merck Ltd. (Mumbai, India).

Plant Material

The bark of plant was collected in July from Newll&lh Vidyanagar Campus and authenticated by a fi@xdst,
Dept. of Biosciences, Sardar Patel University, &al Vidyanagar, India. The bark were air dried, gered,
sieved, weighed and stored in air tight contaimef subsequently referred to as powdered drug.

Preparation of standard solution

Oleanolic acid (1 mg/10 ml) was prepared by tramgfg 1 mg of Oleanolic acid accurately weighediat10 ml
volumetric flask, dissolving in 5 ml of methanot. was then sonicated for 10 min and the final vauaoif the
solution was made up to 10 ml with methanol toggetk solution 100 pg/ml.

Preparation of Crude Extract

The dried powdered of bark dfadhuca longifolia(100 g powdered)was defatted with petroleum et6@?-80°C)
(3X500 ml) by refluxing on water bath for 1 h folled by maceration for 24 h each time. The combiddacts
upon concentrating in vacuum produced yellow selidigesidue (0.197%w/w). The remaining marc wasasoted
with ethyl acetate (3X500ml) by refluxing on wateath for 1 h followed by maceration for 24 h eaichet The
combined extract upon concentrating in vacuum weldeddish brown residue (0.546%.w/w).The remaimiagc
was extracted witm-butanol(3X500ml) by refluxing for 6 h on water bdtilowed by maceration for 18 h each
time. The combined-butanol extract upon concentrating in vacuum dldlark brown residue (0.529%w/w). It
was dissolved in

minimum quantity of methanol. In the concentratedtimnolic extract, excess diethyl ether was addedet

precipitates of saponins (0.422%w/w). The precipgaf saponins were separated by centrifugatibe. Saponins
were dissolved in 15 ml methanol: water (30:70)e Bblution of saponins was hydrolyzed by additibd el of 2

M HCI and refluxed for 4-6 h at not exceeding 70 Y8e hydrolyzed extract was cooled and filterelake Tilterate

of hydrolyzed extract was fractionated three timéth ethyl acetate (3X15ml). The ethyl acetate ticat was
concentrated under vacuum to dryness to get saprgéhl126%w/w). It was dissolved and diluted witlethanol
in a100 ml volumetric flask and volume was adjustpdo the mark with methanol.

Chromatography conditions

Chromatography was performed on a 10x10 cm preateti HPTLC Silica gel 60 F254 plates (Merck, Daads
Germany). Aliquots of each of the extracts wereasaely applied (Samples and standard) to the platé mm
wide band with an automatic TLC applicator Linorvatvith N2 flow (CAMAG, Switzerland), 8 mm from the
bottom. Densitometric scanning was performed on @&Viscanner Ill at 560 nm. The plates were prewashed
methanol and activated at 60 °C for 5 min priochioomatography. The slit dimension was kept at®4%6 and 40
mm s*scanning speed was employed. The mobile phasestedsif Toluene: acetic acid: formic acid (9:4:CaB)i
10 ml of mobile phase was used per chromatograghgar ascending development was carried out ix 10 cm
twin glass chamber saturated with the mobile phase.

Detection and quantitation

After sample application plates were developed @aaag twin through a glass tank pre-saturated tvéhmobile
phase (10 ml) Toluene: acetic acid: formic acid(@.5) for 20 min. The plate was developed in Camaggontal
developing chamber (10 x 10 cm) at the room tentperaup to 8 cm. Ascending mode was used for the
development of Thin Layer chromatography.
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After development, plates were dried with a hajyredrand then derivatization of the chromatogram pex$ormed

by Camag glass reagent spray by spraying with Ade$sgde sulphuric acid, heated at 105 °C for 5 min.
Quantitative analysis of the compounds was donedayining the plates at 560 nm using Camag TLC scdiin
equipped with win-CATS-V 1.2.3 software (Camag).Tientification of oleanolic acid was confirmed by
superimposing

the UV spectra of the samples and standards wétmne Rf 0.53 window (Fig. 2). A densitometry HPTaalysis
was also performed for the development of charetierfingerprint profile, which may be used as arker for
quality evaluation and standardization of the drugs

Calibration curve of Oleanolic acid

The content of Oleanolic acid compound was detezthipy using a calibration curve established wittaandard
concentration range from 100 to 600 ng/spot. Alssmlution of standard Oleanolic acid (10 pg/misvmepared
in methanol. The different volumes of stock solatid, 20, 30, 40, 50 and 60 ul were spotted on HPplate to
obtained concentration 100, 200, 300, 400, 5006&ng/spot, respectively (band width 6 mm, distabetween
tracks 12 mm) using automatic sample spotter. Eadtentration peak area was plotted against theecration
of Oleanolic acid spotted or injected. The lineagression of standard curve was determined witk R991. The
linear regression line is y = 16.898x - 772.09 (FAYy The regression data have shown a good liretationship
over the concentration range of 100—600 ng/spot.

Validation Of HPTLC Method

Precision

ICH guidelines were followed for the validation thie analytical method developed for precision, a¢gigility and
accuracy. Instrumental precision, intra-day precisand interday precision of the method were ddterth
Instrumental precision was measured by replicate@n applications of same oleanolic acid solutibrira-day
assay precision was evaluated by analysis of @plitn = 6) applications of freshly prepared stathdalution of
same concentration (100,300 and 500 ng/spot), ®@sdme day. Intermediate precision was evaluatethalysis of
replicate (n =6) applications of standard solutidrthe same concentration (100, 300 and 500 ng/spothree
different days. The repeatability of sample appigzaand measurement of peak area have been eggdresterms
of % CV.

Limit of detection and limit of quantification

Linearity was studied by applying different aligsaif standard stock solution in the ranges 100t rgy/band for
oleanolic acid. The calibration curves were devetbjpy plotting peak area versus concentrations. arbas of
peaks were treated by least square linear regresasimalysis. The limit of detection (LOD) and limitf
guantification (LOQ) were determined using thedaling equations:

LOD = 3.3 X Standard Deviation of the y — intercept

slope of the calibration curve

1)

L0Q = 10 X Standard Deviation of the y — intercept

slope of the calibration curve

Specificity

The specificity of the method was ascertained bglyming standard Oleanolic acid and extracts. Tt $or

Oleanolic acid in the sample was confirmed by caimgathe Rf and spectra of the spot with that ahgk. The

peak purity of was assessed by comparing the spatthree different levels, i.e., peak start, pméddle and peak
end positions of the spot/ bands.

Robustness

The estimation was performed by varying the setepgrameters (mobile phase composition, mobilegkakime
and duration of mobile phase saturation) withirtaiarlimits (+10%) and there has been no notatitraion found
in method performance and in results obtained. fEBelts were indicated by the %RSD between the ataémch
variable condition.

Accuracy

The accuracy of the method was measured by penfigrmécovery experiments at three different lev&id0go,
300% and 500% addition of Oleanolic acid) using stendard addition method. The known amounts airaéc
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acid standard (100 ng/spot) were added by spiKihg. values of % recovery and average value of %wvexy for
oleanolic acid were calculated.

Method applicability

System suitability

System suitability tests were performed to verityether resolution and repeatability were adequatéhe analysis.
System suitability was determined by applying fhggirepared standard solution of Oleanolic acidyoemtration
300 ng/spot, 6 times to the same chromatographiditions then scanned and densitograms were regofde
measured peak areas for oleanolic acid and theintien factor were noted for each concentrationleénolic acid
and values of the mean peak area, the standardtidenv{SD) and the %CV were calculated.

Estimation of oleanolic acid in herbal extracts

To determine the content of Oleanolic acid in tleebll extract, 1 g of powder of bark is extractathws0 ml of
petroleum ether then concentrated, further extdaatith hydroalcoholic mixture (70:30), concentratatt finally
diluted with methanol. The resulting solution isweduged at 3000 rpm for 15 min and the superrataanalyzed
for oleanolic acid content. The filtered solutienaipplied on the TLC plate followed by developmamt scanning.
The analysis is repeated for 3 times and the piissibf interference from other components of extr in the
analysis is studied. The spot at Rf =0.53 corredpanto oleanolic acid was observed in the chrograim of the
extracts along with other components. (Fig. 2).

RESULTS AND DISCUSSION

TLC fingerprint and co-chromatography

Chromatographic fingerprint analysis has revealedbé a coherent and practicable approach for traditgu
assessment and species authentication of traditioadicine. It utilizes chromatographic techniquesconstruct
specific patterns of identification for medicindapts. The developed fingerprint pattern of compdsean then be
used qualitative and quantitative analysis. AltHolnggh performance thin layer chromatography (HPYb&s a
few limitations, such as the limited developingtaiee and lower plate efficiency by comparison WAtALC and

GC, it is still an effective tool for quality evaltion of medicinal plants due to its simplicity,wlocost, and
requirement, and it has been successfully utiliredevelop the chromatographic fingerprint for neguil plants.

Moreover, the above mentioned shortcomings canJscome by separately developing fractions of ciffe

polarity on two or several thin layer plates. Thile unique feature of the picture like image ofTHE coupled

with digital scanning profile is gradually attraati to herbal analysis to construct the herbal cltographic

fingerprint. This HPTLC could provide adequate mfiation and parameters for comprehensive identifinaand

differentiation of two closely related herbal medes.

HPTLC fingerprint patterns have been evolved fdraots ofM.longifolia. Oleanolic acid standard was quantitated
accurately using silica gel F254 HPTLC pre-coattatgs with mobile phase Toluene: acetic acid: formcid
(9:4:0.5) the Rf value was about 0.53. The chrogratohs of Oleanolic acid (O1-06) and hydroalcohelittact of
bark (B6) ofM. longifolia are shown in Figs. 2. The Rf value of oleanolidaniatched with the Rf value of extract
was about 0.53 shown in peak in Figs. 5. The ptesvgiudy has reported the quantitative analysidezfnolic acid
Achyranthes asperhby the high performance thin layer chromatographiethod [12]. A sensitive, selective and
robust densitometric high-performance thin-layeroomatographic method was developed and validatedive
marker compounds, namely betulin, lupeol, oleanati, 3-acetyloleanolic acid arfidsitosterol, known for their
various therapeutic activities [13].

TLC densitometric quantification of oleanolic acising HPTLC

There is no report of quantification of oleanolicicain bark ofM.longifolia by HPTLC. Hence we developed a
simple and precise method for quantification of tharker compound. The TLC procedure was optimizéd &
view to quantify the herbal extracts. The mobil@gd consisting of Toluene: acetic acid: formic §6id:0.5) gave
better, sharp and well-defined peak resolution. 3ihat at Rf 0.53 was identified as oleanolic acithwhe help of
chromatogram of the standard compound. The welhddfspots were obtained when the chamber wasasaur
with the mobile phase for 20 min at room tempegatilihe TLC plate was visualized at 560 nm afteivdération.

A photograph of a TLC plate after chromatographwlefinolic acid standard and extracts of powdese& bf M.
longifolia and the identity of oleanolic acid bands in thengle chromatogram were confirmed by the
chromatogram obtained from the sample with thatiolked from the reference standard solution (Figar®) by
comparing retention factor of oleanolic acid froample and standard solution. The peak correspordintganolic
acid from the sample solution had same retentiotofas that from oleanolic acid standard (Rf 0&3). 4).
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Figure 1: Chemical Structure of Oleanolic acid

.

P —

Figure 2 HPTLC chromatoplate of oleanolic acid anchydroalcoholic extract of powdered bark of Madhuca longifolia after
derivatization under 366 nm. O1-O6concentration 10200, 300, 400, 500 and 600 ng/spot standard Ole#a acid.M1=Hydroalcoholic
extract of bark of M.longifolia
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Figure 5Densitometric chromatogram of hydroalcoholt extract of powdered bark ofMadhuca longifolia afterderivatization at 560 nm

Table 1 Method performance parameters for quantifi@ation of oleanolic acid by proposed TLC densitometc method

Linear regression equation

Y=16.898x-772.09

Parameters Method (Oleanolic acid)| Acceptance Critéa

Selectivity Selective

Specificity Specific No interference observed

Linear Range (ng/spot) 100-600 Linearity, accur@ey precision over the rang
Correlation Coefficient 0.991 +0.412 Within 0.91.

LOD (ng/spot) 9.302

LOQ (ng/spot) 28.79

Recovery (%) 95.84 Within 90-110%
Repeatability 0.619 % RSER
Intraday 1.16-2.30

Interday 0.46-1.16

Table 2 Intra and inter day precision of HPTLC method (n=6).

. Inter-day Precision Intra-day Precision
Conc?ntratnon Peak area % RSD Peak area % RSD
(ng/spot) (mean * SD) 0 (mean £ SD) 0
100 1034.44 + 11.99 1.15 0986.44 + 2267 2.2
300 4548.90 + 23.04 0.50 4473.63 + 40,63 0.9
500 7443.31 + 33.94 0.45 7456.87 + 8616 1.1

9
0
6

Table 3 Recovery studies of oleanolic acid at 100980p0%, and 500% addition by the proposed TLC densitmetric method.

Concentration of standards (hg/spot) Area Spotted Total area Total area obtained | % Recovery
Sample amount Spiked amount | Sample are Spiked Arep (Sample + Standard)
100 100 1051.8 967.2 2135 2019 94.5667¢
100 300 1051.8 5043.2 6291 6095 96.88444
100 500 1051.8 7893.2 9313 8945 96.04853
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The method validation was carried out in accordawib the guidelines of ICH [11] by analyzing redece
compounds and the analytes. The TLC densitometeihod was validated in terms of precision, repektigband
accuracy (Tables 1 and Table 2). The linearity eafay oleanolic acid was 100-600 ng/spot with datien
coefficient, intercept and the slope 0.991 (sd\1)).472.09 and 16.898, respectively (Y=16.898x-.092

The percentage recovery was in the range of 946583%. The measurement of the peak area at 3 eliffer
concentrations levels showed low values of %CV (xZ% inter-day (0.46-1.16) and intra-day (1.166).3
variation for different concentrations of oleandicid which suggested an excellent precision apcbaicibility of
the method (Table 3). The limits of detection (LOBMNd quantification (LOQ) were 9.302 and 28.39 ng,
respectively which indicate the adequate sensjtdftthe method (Table 1). Low %RSD value of 0 Bilhetween
the peak area values) proved the ruggedness omtthod indicating that oleanolic acid is stableimyrthe
extraction procedure as well as during analysi® @dntents of oleanolic acid quantified using TL&hsitometric
methods were found to be 0.415 + 0.005 w/w, bafkd.dongifolia.

CONCLUSION

A rapid, simple, precise, accurate and specific HPTethod for quantitative estimation of oleanditd present
in the powdered bark dfl. logifolia has been developed and validated. The data ceulsséd as a quality control
standard. The method used in this work resultegbimd peak shape and enabled good resolution ofi@ieaacid
from other constituents of the plant materials.stimmary, the proposed HPTLC method for the simatias
analysis of oleanolic acid from bark reported hisreery simple, sensitive, economic and suitabterdpid routine
quality control analysis and quantification of alelic acid from bark ofM. longifolia and in other herbal
preparation and may be useful for standardizatiopgses.
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