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Development and Validation of HPTLC Method for Simultaneous Estimation
of Berberine, Gallic Acid and Ursolic Acid in a Polyherbal Blend

A sensitive high-performance thin-layer chromatography method was developed for simultaneous estimation
of berberine, gallic acid and ursolic acid in a polyherbal blend and validated as per ICH guidelines. Polyherb-
al blend was prepared using widely recommended herbal plants for platelet augmentation activity viz. Carica
papaya, Berberis aristata, Ocimum Sanctum, and Tinospora Cordifolia. The optimized separation was ob-
tained with TLC aluminum plates pre-coated with silica gel G60 F254 as a stationary phase and a solvent sys-
tem containing Toluene : Ethyl acetate : Methanol : Formic acid (3:3:0.2:0.1 v/v/v/v). Berberine and gallic ac-
id were found to demonstrate linearity in the range of 1pg/band — 6pg/band and ursolic acid in the range of 20
ng/band — 100 pg/band with the regression coefficient in acceptable limits. The method was also found to be
specific and precise one. The accuracy of the developed method at 80 %, 100 % and 120 % levels was found
to be within limits and % RSD was found to be less than 2. LOD and LOQ of all three standards were also
determined. Blend was also quantified for the amount of berberine, gallic acid and ursolic acid presence and
was found to be 37.8 ug, 46.1 pg and 108 pg per mg, respectively.
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Introduction

Polyherbal formulations are common in traditional system of medicine. The standardization of these
polyherbal formulations with complex chemical composition is a major challenge faced by analysts. High-
performance thin-layer chromatography (HPTLC) can be a useful tool for analysis and standardization with
the use of markers/biomarkers due to a number of advantages, such as analysis speed, sensitivity, and low
operational cost.

In the current study, an analytical method was developed for in-house platelet booster polyherbal for-
mulation comprising of Carica papaya, Berberis aristata, Ocimum Sanctum and Tinospora Cordifolia. The
selected plants have reported platelet augmentation [1, 2] and anti-dengue activities [3-6].

The markers viz. gallic acid, ursolic acid and berberine (Fig. 1) used for the standardization of the poly-
herbal formulation are widely found in many herbal drugs. Gallic acid or 3,4,5-trihydroxybenzoic acid with
anti-dengue, astringent, cyclooxygenase-2 (COX-2) inhibitory, antioxidant and anti-neoplastic activity [7, 8]
is a constituent found in Carica papaya [9]. Ursolic acid, a pentacyclic triterpenoid, 3B-hydroxyurs-12-en-
28-oic acid present in Ocimum sanctum [10] is reported to have activities like anti-inflammatory, antioxi-
dant, antiviral, serum lipid-lowering, and antineoplastic activities [11, 12]. The phytoconstituent of Berberis
aristata and Tinospora cordifolia, berberine, [13] an isoquinoline alkaloid, with diverse biological activity
including antiviral, anti-diabetic, anti-neoplastic, anti-inflammatory and anti-lipidemic activities [14] was
also used as a biomarker in the current study.
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Several studies employing high-performance thin-layer chromatography (HPTLC) [15-19] and high-
performance liquid chromatography (HPLC) [20-23] to estimate these markers alone or in combination have
been published. However, a thorough review of the literature found that no validated HPTLC approach for
simultaneously estimating all three markers has been published.

Thus, this study aims to establish a simple, reliable, precise, and validated HPTLC approach for esti-
mating these markers simultaneously in a polyherbal preparation.

Figure 1: Structure of a) gallic acid, b) ursolic acid, c) berberine

Experimental

Chemicals and reagents: All chemicals and reagents used for the study were AR Grade. The herbal ex-
tracts used in the study and the marker ursolic acid was procured from Phyto Life Sciences P. Ltd, Gujarat,
India. The markers, namely gallic acid and berberine, were procured from Natural Remedies Bangalore, In-
dia and Cayman Chemical Company, USA, respectively.

Preparation of polyherbal blends: The herbal blends were prepared by mixing Carica papaya leaf ex-
tract (200 mg), Berberis aristata root extract (120 mg), Tinospora cordifolia stem extract (150 mg) and Oci-
mum sanctum leaf extract (120 mg). Blend was prepared by mixing extracts in increasing concentration.

Standardisation of blend by high-performance thin-layer chromatography

1) HPTLC method development

a. Preparation of standard solutions and a test solution: For a standard solution, 1mg of berberine was
dissolved in 1ml of methanol to obtain a solution of 1000 pug/ml concentration, which was used further for
spotting on TLC plate. Similarly, stock solutions for gallic acid (1000 pg/ml) and ursolic acid (1000 ug/ml)
were prepared in methanol.

For a test solution, 200 mg of polyherbal blend was dissolved in 10 ml methanol by sonicating for 10
minutes followed by filtration through filter paper (Whatman No. 42). Filtrate was further used for spotting
on TLC plates.

b. Selection of the mobile phase: A standard stock solution (4 ul) and a test solution (10 pl) were ap-
plied on a pre-coated TLC plate as a band (the band size was 6 mm). Different solvents and solvents combi-
nations with varying polarity were used to obtain well-separated sharp bands.

¢. Methodology: The Camag Linomat-V sample applicator, semi-automatic equipment was used to ap-
ply standard stock solutions of berberine, gallic acid and ursolic acid on pre-coated TLC plates. The devel-
opment of plate was performed in a twin trough chamber saturated with the mobile phase for 20 minutes.
After development, the air-dried material was scanned at 280 nm for densitometric evaluation.

2) The method validation: The developed methodology was validated using Methodological Validation
Criteria of the International Conference on Harmonization’s (ICH) Q2 (R1) [24-27].

a. Linearity: Linearity for standard berberine and gallic acid was obtained in the range of 1 ug/band —
6 ug/band and that of ursolic acid was found to be 20 pg/band — 100 pug/band by spotting them separately on
TLC plates. For each concentration, the peak area was measured, and the calibration curve graph was plotted
as concentration versus peak area.

b. Specificity: The determination of the method specificity was carried out by application of methanol
as blank, berberine, gallic acid, and ursolic acid as a standard solution, and a polyherbal blend as a test solu-
tion into the HPTLC system.

c. Accuracy: Accuracy of the developed method was estimated at levels 80 %, 100 % and 120 % sepa-
rately for the standards (with 4ul berberine, gallic acid, ursolic acid considered as 100 %, 10 ul blend con-
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centration was taken as 100 %). The blend was spiked with standard of known concentration, and the calcu-
lation for percent recovery (recovered and expected concentrations) was performed as per ICH guidelines.

d. Precision

System precision: Six replicate bands of standard as 4ul of berberine, gallic acid, ursolic acid separately
at 6 tracks were applied to determine system precision. Standard deviation and % relative standard deviation
were calculated.

Method precision: The method precision was carried out for blend from six replicate applications (10 pl
extract application at 6 tracks) and % relative standard deviation was calculated.

e. Robustness: Robustness was checked by making small deliberate alterations in the method. The
standard deviations of peak areas were computed for two parameters as variation in the mobile phase volume
(£1 ml) and saturation time of a chamber (£ 5 min)

f. Limit of detection (LOD) and limit of quantitation (LOQ): Limit of detection and limit of quantitation
were calculated using the standard calibration curve method for berberine, gallic acid, and ursolic acid.

3) Quantification of markers by the developed method

For quantification of markers, 10 mg of extract/blend was dissolved in 1ml of methanol (100pg/ml) by
sonication for 10 minutes and finally filtered using Whatman filter paper No. 42. A total of 10ul of stock
solution was applied, developed and scanned using the optimized chromatographic conditions. Concentration
of berberine, gallic acid, ursolic acid in methanol extract/blend was calculated using linearity equation.

Results and Discussion

HPTLC Method Development: The solvent system containing Toluene : Ethyl acetate : Methanol :
Formic acid (3:3:0.2:0.1 v/v/viv) gave good resolution for berberine, gallic acid and ursolic acid. R value for
standards berberine, ursolic acid and gallic acid were found to be 0.31, 0.53 and 0.65, respectively at 280 nm
with optimized chromatographic conditions (Table 1, Fig. 2). At a wavelength of 280 nm, the densitometric
evaluation of separated bands was performed. The polyherbal blend was subjected to similar chromatograph-
ic conditions to obtain well-separated peaks (Fig. 3).
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Figure 2. Densitogram of berberine (Rf is 0.31), ursolic acid (Rf is 0.53) and gallic acid (Rf is 0.65)
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Figure 3. Densitogram of blend with berberine, ursolic acid and gallic acid
Table 1
Optimized chromatographic conditions
Parameters Specifications
Stationary phase Aluminium plates pre-coated with silica gel 60 Fos4 (Merck)
Mobile phase Toluene : Ethyl acetate : Methanol : Formic Acid (3:3:0.2:0.1 viviviv)
Plate size 10 cm x 10 cm
Application mode Band
Band size 6mm (Distance between two bands: 14mm)
Sample volume 4 ul
Development chamber Twin-trough glass chamber, 10 cm X 10 cm with stainless steel lid
Saturation time 20 minutes.
Separation technique Ascending
Migration distance ~ 80 mm
Scanning mode Absorbance/Reflectance
Slit dimensions 5 x 0.45 mm
Scanning wavelength 280nm

HPTLC Method Validation:

a. Linearity: Standards berberine and gallic acid were found to be linear in the range of 1pg/band —
6 pg/band. The linearity range for ursolic acid was found to be 20 pg/band — 100 pg/band. Regression coeffi-
cients for all the standards were in the acceptable limit according to the ICH guidelines.
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Figure 4. Linearity of berberine standard (1 pg/band — 6 pg/band)
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Figure 5. Linearity of gallic acid standard (1 pg/band — 6 pg/band)
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Figure 6. Linearity of ursolic acid standard (20 pg/band — 100 pg/band)
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Table 2

Linearity result of standards

Standard Equation Regression Co-efficient
Berberine Y =-1298 + 2039x 0.987
Gallic Acid Y = 4529 + 2283x 0.997
Ursolic Acid Y =837 +26.14x 0.999

Specificity: Good correlation values and satisfactory peak purity were obtained with no interference in
the quantification of ursolic acid, gallic acid, berberine, which proves that the method is specific.

Accuracy: Results from accuracy studies were reported as percentage recoveries calculated against re-
spective levels (Table 3). The average % recovery of berberine, gallic acid, ursolic acid was found to be
within the acceptance limit (98-102 %). The accuracy of the developed method was good as indicated by the
low % RSD values.

Table 3

Result of accuracy study

Analyte Recovery Level Average EZ;O;Q ecovery S.D % R.S.D
80 % 101.06 0.013 0.012
Berberine 100 % 100.89 0.011 0.010
120 % 100.71 0.017 0.016
80 % 100.87 0.003 0.0029
Gallic acid 100 % 101.25 0.005 0.0030
120 % 101.28 0.005 0.0032
80 % 101.7 0.011 0.010
Ursolic acid 100 % 100.94 0.010 0.09
120 % 102.11 0.013 0.012

d. Precision: Method and system precision was carried out using berberine, gallic acid and ursolic acid;
% relative standard deviation was calculated. The % RSD is in the acceptable limit, that is, less than 2.0,
which indicates that the method has an acceptable level of precision.

Table 4

Results of precision studies

Analyte Method Precision System Precision
SD % RSD SD % RSD
Berberine 0.32 0.02 0.82 0.011
Gallic cid 0.65 0.03 0.34 0.002
Ursolic acid 0.78 0.09 0.26 0.08

e. Robustness: The optimized parameters were intentionally varied depending on the chamber saturation
time (+5 min) and the mobile phase volume (+1 ml). The unaffected R values and low values of the % RSD
(less than 2) of peak areas indicate the method’s robustness (Table 5).

Table 5
Results of the Robustness study
Factor Level Ursolic acid (Rf) Berberine (Rf) Gallic acid (Rf)
1 2 3 4 5
Saturation time
15 min -5 0.53 0.32 0.66
20min 0 0.53 0.31 0.65
25 min +5 0.52 0.31 0.67
SD + RSD 0.006+1.09 0.006+1.84 0.01+1.5
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Continuation of Table 5

1 2 | 3 | 4 | 5
Mobile phase volume
6 ml -1 0.51 0.31 0.63
7 ml 0 0.53 0.31 0.65
8 ml +1 0.52 0.32 0.64
SD +RSD 0.01+1.9 0.006=1.84 0.01+1.56

f. Limit of detection and limit of quantitation: The LOD and LOQ values for berberine, gallic acid, ur-
solic acid were calculated, which showed the adequate sensitivity of the developed method (Table 6).

Limit of detection and limit of quantitation

Compound LOD (pg/band) LOQ (ug/band)
Berberine 0.031 0.10
Gallic acid 0.020 0.07

Ursolic acid 0.080 0.010

Table 6

3.4 Quantification of marker compounds in the polyherbal formulation by the developed method

The biomarkers were quantified in the in-house blend using the developed method (Table 7). The calcu-
lations were done using linearity curve of markers. The blend was found to contain 37.8 pg, 46.1 pg and
108 pg per mg of berberine, gallic acid and ursolic acid, respectively.

Table 7

Quantification of markers

Marker

w
1<
Z
©

Area (AU)
6427.49
6450.56
6370.4
14717.39
15091.32
15337.19
1119.44
1087.98
1150.56

Percentage in blend (%, Calculated from linearity curve)

Berberine 3.78+0.02

Gallic acid 4.61+0.137

Ursolic acid 10.80 + 1.197

o|lo|~Nlo|uo|s|w|N|F |-

Conclusions

The HPTLC method was developed for the determination of berberine, gallic acid, and ursolic acid in
the polyherbal blend and validated as per ICH guidelines. The study illustrates that the HPTLC method is
simple, accurate and precise for the simultaneous estimation. The method is found to be specific and robust
for the analysis. The method resulted in well-resolved sharp peaks. The recovery for all the biomarkers was
close to 100 %, which confirmed no interference of other phytoconstituents of the extracts. The present
method can be used for quantification of these biomarkers in the blend. Also, it was found that ursolic acid
was present in the highest concentration in the formulated blend.

In summary, the developed method can be used for the routine standardization and quality control of
herbal formulations containing the above mentioned markers, which are common ingredients of many poly-
herbal formulations. The method can also be used for quantification of the selected markers.
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C.C. Yutnamx, C.P. Yanganu, C.I1. I'anau, [1.A. Topat, X.b. JIan

IHoanmenTi Kocnagarsbl 0epOepuH/Ii, rajii KbIIIKbLIbIH
’K9He yPCoJI KbIIIKbLUIBIH Oip Me3rijiie aHbIKTayFa apHaJFaH
KT/KKX saiciH :xkacay KoHe BaJIMAANMIIAY

TomumenTi Kocnamarel 0epOepuHl, Tl KBIIKBUIBIH JKOHE YpP30J KBIIIKBUIBIH Oip Me3riiie aHBIKTayFa
apHAJIFaH Ce3IMTaJIABIFBI )KOFApPhl, THIMII *KyKa KabarTel xpomarorpadus aaici ICH yceHBICTapBIHA Colikec
o3ipneHal JkoHe Bamumanusuanael. lllenm kocmackl TpoMOOUMTTEpAiH OENCEHAUIINiH apTTHIpy YIIiH
YCHIHBUIATHIH OeNrisii mienrepi, atan aiTkanma Carica papaya, Berberis aristata, Ocimum Sanctum sxone
Tinospora Cordifolia ecimaikrepin naiinanana oTeipsin gaibiHAaNAb. OHTAIAHIBIPEUFAH GOIyre CTalno-
HapiblK (asza peringe G60 F254 cunukaremiMeH anneiH ana KantaidraH amoMuHuid TLC macTHHANApbiH
JKOHE KYpaMbIHZA TOJIYOJI : ATHJIALIETAThI : METAHOJI | KYMBIpcKa KbIIKbUIBI (3:3:0,2:0,1 kenemi) Gap epiTkir
JKyiieci apKpUTbl KOJ JKeTki3inmi. BepOepuH MeH ramn KeIMKbUIBL | MKr/xomak — 6 MKr/konak, yp3ou
KBIIIKBUTBL — 20 MKr/%0mak — 100 MKI/skoJaK Iuama3oHbIHIA perpeccus KodQHUIUEHTIMEH pYKcaT eTireH
MIEKTEePE CHI3BIKTBUIBIKTBI KepceTeTiHi aHbIKTanapl. CoHmai-ak omiC HAKTHI XKOHE MO OOJBIT IIBIKTHI.
XKacanran omictin monairi 80 %, 100 % »xone 120 % peHreifinne pykcar eriiareH mexrepae, ai % RSD
eKieH a3 ekeHi aHbIKTangpl. LOD sxone LOQ Oapnblk yII cTaHAapT YIIiH e aHbIKTanael. Kocra COHbIMEH
Gipre KypambIHIa GepOepyH, Tal KBIIIKBUIBI JKOHE YP30JI KbIIIKBUIBIHEIH 0ap eKeHAIriHe TeKCepiireH, ojap
Oip Mr yiiH coiikecinme 37,8 Mkr, 46,1 MKr xxone 108 MKT Kypajbl.

Kinm ce30ep: XTXKKX, monurpaBuKajblK KOCIa, Taul KbIIIKbUIBI, OCpOCPHH, YPCON KBIMIKBLIBI, OMiCTi
yKacay, BaTHIaIisl.

C.C. Yutnanx, C.P. Yanganu, C.I1. I'annu, [1.A. Topat, X.b. JIan

Pa3paborka u Banuaanusi MeToaa BbICOKOI (P (PeKTUBHOMTOHKOCTOHHOT
xpoMaTtorpauu 1Jisi 0lTHOBPEMEHHOI0 onpeae/eHus OepOepuHa, rajljioBoi KUCIOThI
H YPCOJIOBOM KHCJIOTHI B OJUTPABHOI CMeCH

Beut paspaGoTaH 4yBCTBUTENBHBIN METO[ BBICOKOA((HEKTHBHOM TOHKOCIONHON Xpomarorpaduu (BOTCX)
JUISL OJTHOBPEMEHHOT'O OIpeJesIeHusl colepanus OepOepyHa, rajuloBOM KUCIOTHI M yPCOJIOBOW KHCIIOTHI B
MOJIUTPABHOW CMECH W YTBEpKICH B cooTBeTCTBHU ¢ pekomeHaammsMu ICH. [NonmrpaBHas cMech Obiia
NPUTOTOBJICHA C WCIOIb30BAHMEM IIHPOKO W3BECTHBIX TPABSAHBIX PACTEHHH, PEKOMEHIYeMBIX JUIS
yBeJMYEHHs] aKTHBHOCTH TpomObormToB, a umeHno Carica papaya, Berberis aristata, Ocimum Sanctum u
Tinospora Cordifolia. OnTumusupoBanHOe pasjeneHHe OBUIO JAOCTHTHYTO C MOMOIIBIO ATFOMHHHEBBIX
mwiactud a1 TCX, npenBapuTenbHO MOKPHITHIX crrkarenem G60 F254 B kadecTBe cranioHapHO# ¢assl, U
CUCTEMOH pacTBOpHTENIEH, CoiepKallleid TOMyOoII : STUIIALETAT : METaHO : MypaBbHHas kucioTta (3:3:0,2:0,1
00./06./06./00.). YcraHoBneHO, uTO OepOepMH W rauioBas KHCJIOTa JEMOHCTPUPYIOT JIMHEHHOCTh B
nuamnazoHe 1 Mkr/momoca — 6 MKr/moiioca, ypcosioBas KucioTa — B auamnazoHe 20 Mkr/mojoca —
100 mxr/monoca ¢ KO3(QUIMEHTOM perpeccHd B JOMYCTHMBIX Mpenenax. MeToj Takke OKazaics
crerM(UIHBEIM M TOYHBIM. BpUTO 0OHapyXeHo, 4TO TOYHOCTH pa3dpaboTaHHOrO Meroma Ha ypoBHsAX 80 %,
100 u 120 % HaxomuTcs B AOMYCTUMBIX mpenenax, a % RSD mensine asyx. Taxke Obin onpenenersl LOD
n LOQ mst Bcex Tpex cragaproB. CMech Takke OblTa HCCIENOBaHA Ha cojepkaHue OepOeprHa, TaioBOH
KUCJIOTBI M YPCOJIOBOH KHCIOTHI, KOTOpoe cocTaBuio 37,8 MKr, 46,1 Mkr 1 108 MK Ha MI' COOTBETCTBEHHO.

Knwouesvie cnosa: BOTCX, nomutpaBHas cMech, rajjioBas KHCIIOTa, OepOepHH, ypcoioBas KHCIOTa,
pa3paboTka MeTo/1a, BaJTUAaIusl.
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