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1. Introduction

   Herbal medicines have stood the test of time for their 
safety, efficacy, cultural acceptability and lesser side effects. 
They are believed to have better compatibility with the 
human body. Some of the herbal plants traditionally used 
in formulations as antidiabetic, antioxidant[1]. Flavonoids 
are a group of polyphenolic compounds, which are widely 
distributed throughout the plant kingdom. To date about 
300 varieties of flavonoids are known[2]. Many have low 
toxicity in mammals and some of them are widely used in 
medicine for maintenance of capillary integrity[3,4]. When 

consumed regularly by humans, flavonoids have been linked 
to a reduction in the incidence of diseases such as cancer 
and heart disease[5-10]. There is currently great interest 
in flavonoid research due to the possibility of improved 
public health through diet, where preventative health care 
can be promoted through the consumption of fruit and 
vegetables. A little information is only available regarding 
analytical methods for the qualitative and/or quantitative 
estimation of gallic acid 3,4,5-trihydroxybenzoic acid possess 
astringent activity and quercetin (2-(3,4-dihydroxyphenyl)-
3,5,7-trihydroxy-4H-chromen-4-one). Quercetin occurs 
naturally in plants as conjugated glycosides, with the 
most common glycosides being quercetin 3,4-diglucoside, 
quercetin 4-monoglucoside and quercetin 3-monoglucoside. 
Furthermore, studies have shown that different flavonoid 
glycosides are preferentially absorbed in the small intestine 
through various uptake mechanisms, suggesting that certain 
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Objective: To establish and validate an simultaneous estimation of the two biomarker compounds 
gallic acid (GA) and quercetin (QE) from methanolic extract of Abutilon indicum (AI).  Methods: 
Chromatography was performed on aluminium foil-backed silica gel 60 F254 HPTLC plates with 
the binary mobile phase toluene-ethyl acetate-formic acid (5:4:1, v/v/v). Ultraviolet detection was 
performed densitometrically at the maximum absorbance wavelength, 270nm. The method was 
validated for precision, recovery, robustness, specificity, and detection and quantification limits, 
in accordance with ICH guidelines. Results: The system was found to give compact spots for GA 
and QE (Rf value of 0.31 and 0.50, respectively). The limit of detection (23 and 41 ng band-1) limit 
of quantification (69 and 123 ng band-1), recovery (99.4-99.9 and 98.7-99.4%), and precision (≤1.98 
and 1.97) were satisfactory for gallic acid and quercetin respectively. Linearity range for GA 
and QE were 100-1000 (r2= 0.9991) and 150-900 ng band-1 (r2= 0.9956) and the contents estimated 
as 0.69% ± 0.01% and 0.57% ± 0.01% w/w respectively. Conclusions: This simple, precise and 
accurate method gave good resolution from other constituents present in the extract. The method 
has been successfully applied in the analysis and routine quality control of herbal material and 
formulations containing AI.
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glycosides may be more bioeffective[11]. Studies have shown 
that quercetin, which is the major flavonol present in onions, 
capers, apples, tea and berries[12], exhibits exhibit anti-
inflammatory, antihepatotoxic[13], antiulcer[14], antiallergic and 
antiviral actions and some of them provides protection against 
cardiovascular mortality[15,16]. Both possess antioxidant activity 
and antidiabetic reduce low densitylipoproteins oxidation[17]. 
Quercetin in combination with other flavonoids, inhibits a 
number of enzymes like bradykinin[18], tyrosine kinase[19], 
and 5’- nucleotidase activity[20-23]. Quercetins have shown 
regulatory activity of hormones, such as transport, metabolism 
and action of thyroid hormones.
  Nowadays HPTLC is becoming a routine analytical technique 
due to its advantages of low operating cost; high sample 
throughput and need for minimum sample clean up. The 
major advantage of HPTLC is that several samples can be 
run simultaneously using a small quantity of mobile phase 
unlike HPLC, thus lowering analysis time and cost per 
analysis[24-28]. HPTLC chromatogram pattern comparison 
seems to be promising for fingerprinting the active compounds 
in plant extracts. TLC and HPTLC are methods commonly 
applied for the identification, the assay and the testing 
for purity, stability, dissolution or content uniformity of 
raw materials (herbal and animal extracts, fermentation 
mixtures, drugs and excipients) and formulated products 
(pharmaceuticals, cosmetics, nutriments)[29]. These flexible 
and cost-effective techniques present the advantage of the 
simultaneous processing of standards and samples with 
versatile detection possibilities, including a great variety 
of post-chromatographic derivatization reagents. Due to 
several advantages, such as the rapidity, the fewer amounts of 
sample, and an extremely limited solvent waste, HPTLC has 
gained widespread interest as a favorable technique for the 
determination of pharmacologically interesting compounds in 
biological matrices, such as plants, leaves, and flowers and 
herbal formulations. A number of high performance liquid 
chromatography (HPLC) which need sample cleanup to remove 
the interfering constituents in the plant extracts, making the 
procedure more tedious and unsuitable for screening large 
number of samples. Recently, high performance thin layer 
chromatography (HPTLC) has been widely employed for the 
quantification of secondary metabolites[30-36].
  Abutilon indicum (Linn) Sweet of family Malvaceae is known 
as, Atibal in Sanskrit and ‘‘Thuthi’’ in Tamil and Kanghi in 
Hindi is found throughout tropical and sub tropical region in 
India, particularly in Indo-China where it is claimed to be of 
therapeutic use as a febrifuge, anthelmintic, antiemetic, anti-
inflammatory, and in urinary and uterine discharges, piles, 
and lumbago[37-41]. The juice from its leaves has been used to 
formulate into an ointment for quick ulcer healing. Its extract 
is also used in relieving thirst; in treating bronchitis, diarrhea, 
gonorrhea, and inflammation of the bladder; and in reducing 
fever. In addition, it is used in cleaning wounds and ulcers; 

treating vaginal infections, diabetes, and hemorrhoids; and can 
also be used as an enema. The leaves are effective in ulcer, 
for the treatment of diabetes, diuretic infection and gingivitis. 
Fomentation of plant materials are used to relief body pain. 
The decoction of the leaf is used in toothache, tender gums 
and internally for inflammation of bladder. In some places, 
juice from the leaves in combination with the liquid extract of 
Allium cepa is used to treat jaundice, and in cases of hepatic 
disorders[42, 43]. The leaves and seeds are crushed with water 
to form paste which is applied to penis to cure syphilis[44-46]. 
In Siddha system of medicine, it used as a remedy for 
jaundice, piles, ulcer and leprosy[47]. The plant was reported 
to contain many active and inactive compounds[48,49]. Previous 
phytochemical investigations showed it to contain saponins, 
flavonoids, alkaloids, and essential oils[50]. In another 
investigation gallic acid, 毬-sitosterol, 毬-amyrin, eudesmol, 
eugenol, geraniol, and caryophylline were reported[51,49].   
Subramanian and Nair[41] and Sharma and Ahmad[51] reported 
separately the isolation of gossyptin-7-glucoside, cyanidin-
3-rutinoside, and two sesquiterpene lactones named 
alantolactone and isoalantolactone, in addition to gossypetin-
8-glucoside[52].  
  However, pertaining to our knowledge there is no any 
hyphenated HPTLC technique available anywhere else for 
simultaneous estimation of GA and QE in methanolic extract of 
Abutilon indicum. So, the attempt has been made to accept this 
challenge towards development and validation of GA and QE 
simultaneously by such a hyphenated technology like HPTLC-
UV for the betterment of herbal quality standards.

2. Materials and methods

2.1. Plant material and chemicals

  The fresh plant of Abutilon indicum(Linn) Sweet were collected 
from the field  area of Saharsa (Bihar), India in the month of 
April 2009; and the specimens (voucher no: SHC 57/05/2009) 
were authenticated by Dr. Anjani kumar Sinha (taxonomist), 
Department of Botany MLT Saharsa College, Bihar. Standard 
gallic acid (Purity: 98.7% w/w) and quercetin (purity: 98% w/w) 
were purchased from Natural Remedies Pvt. Ltd, Bangalore, 
India. All the solvents used were of chromatography grade and 
other chemicals used were of analytical reagent (AR) grade. 
Precoated silica gel 60 F254 HPTLC plates were purchased from 
E. Merck, Germany.

2.2 TLC instrumentation and conditions

  Chromatography was performed, as described previously[24-28] 
on 20 cm × 10 cm aluminum Lichrosphere HPTLC plates 
precoated with 200 毺m layers of silica gel 60F254 (E. Merck, 
Darmstadt, Germany). Samples were applied as bands 6 
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mm wide and 10 mm apart by means of Camag (Muttenz, 
Switzerland) Linomat V sample applicator equipped with a 
100-毺L syringe. The constant application rate was 160 nL s-1. 
Linear ascending development with toluene: ethyl acetate: 
formic acid (5:4:1, v/v/v)  as mobile phase was performed in a 
20 cm × 10 cm twin-trough glass chamber (Camag) previously 
saturated with mobile phase for 15 min at room temperature 
(25依2 曟) and relative humidity 60%依5%. The development 
distance was 8 cm (development time 10 min) and 20 mL mobile 
phase was used. The plates were dried at room temperature in 
air and warmed (at 75 曟 for 5 min) to identify compact bands. 
Densitometric analysis was performed at 270 nm in reflectance 
mode with a Camag TLC scanner III operated by WinCATS 
software (Version 1.2.0). The slit dimensions were 5 mm × 0.45 
mm and the scanning speed of 20 mm s-1.

2.3 Preparation of standard and quality control (QC) samples 

  Stock solutions of gallic acid and quercetin (10 mg mL-1) were 
prepared in methanol, and by appropriate dilution standard 
solutions were prepared in the concentration range of 0.1 to 
1.0 mg mL-1. For calibration, GA standard solution (1-10 毺L) 
was applied to a HPTLC plate to furnish amounts in the range 
100-1000 ng band-1; however QE standard solution (0.5-5 毺L) 
was applied to furnish amounts in the range 150-900 ng band-1. 
Peak area and amounts applied were treated by linear least-
squares regression. Each amount was applied six times. QC 
samples as low, medium and high at concentration level of 150, 
300 and 600 ng band-1 were taken for GA and 200, 400 and 800 
were considered for QE to carry out validation of the method.

2.4. Extraction of plant material for analysis

  The whole plant Abutilon indicum (Linn) Sweet were air-dried 
and pulverized. 500 g of the powdered material were packed in 
muslin cloth and subjected to soxhlet extractor for continuous 
hot extraction with methanol for 72 hrs. Thereafter methanolic 
extracts of AI were filtered through Whatman paper no. 42 
and the resultant filtrates were concentrated under reduced 
pressure and finally vacuum dried. The yield of the methanolic 
extract was 17.3% w/w. The protocol for preparing sample 
solutions was optimized for high quality fingerprinting and also 
to extract the marker compounds efficiently. Since the marker 
compounds were soluble in methanol, therefore methanol 
was used for extraction. The fingerprinting of methanolic 
extracts of Abutilon indicum were executed by spotting 10 
毺L of suitably diluted sample solution of the methanolic 
extract on a HPTLC plate. Each amount was applied six times. 
Peak area and amounts applied were treated by linear least-
squares regression. The plates were developed and scanned as 
same discussed above. The peak areas were recorded and the 
amount of gallic acid and quercetin was calculated using the 
calibration curve. 

2.5 Method validation

  Validation of the developed method has been carried out as 
per ICH guidelines for linearity, range, precision, accuracy, 
limits of detection (LOD) and quantification (LOQ), and 
recovery.

2.5.1 Precision and accuracy
  Precision (inter and intraday) and accuracy of the assay 
were evaluated by performing replicate analyses (n=6) of QC 
samples at low, medium and high QC levels of 150, 300 and 
600 ng band-1 for gallic acid and 200, 400 and 800 ng band-1 for 
quercetin, respectively. Inter-day precision and accuracy were 
determined by repeating the intra-day assay on three different 
days. Precision was expressed as the coefficient of variation 
(CV, %) of measured concentrations for each calibration level 
whereas accuracy was expressed as percentage recovery [(Drug 
found/drug applied) × 100].

2.5.2 Selection and optimization of mobile phase (Robustness)
  Robustness was studied in triplicate at 400 ng band-1 by 
making small changes to mobile phase composition, mobile 
phase volume, and duration of mobile phase saturation and 
activation of TLC plates, the effect on the results were examined 
by calculation of RSD (%) and SE of peak areas. Mobile phases 
prepared from toluene: ethyl acetate: formic acid (5:4:1, v/v/v) 
in different proportions (5.5:3.5:1, v/v/v, 5:4.5:0.5, v/v/v, 5.5:4:0.5, 
v/v/v and 6:3:1, v/v/v) were used for chromatography. Mobile 
phase volume and duration of saturation investigated were 20 
依 2 mL (18, 20, and 22 mL) and 20 依 10 min (10, 20, and 30 min), 
respectively. The plates were activated at 60 依 5 曟 for 2, 5, and 
7 min before chromatography. 

2.5.3 Sensitivity
  To estimate LOD and LOQ, blank methanol was applied six 
times and the standard deviation (σ) of the analytical response 
was determined. The LOD was expressed as 3σ/slope of the 
calibration plot and LOQ was expressed as 10σ/slope of the 
calibration plot. 

2.5.4 Recovery studies
  Recovery was studied by applying the method to drug 
samples to which known amounts of marker corresponding 
to 50%, 100%, and 150% of the GA and QE had been added. 
Each level was analyzed in triplicates. This was to check 
the recovery of GA and QE at different levels in the extracts. 
Recovery of the markers at different levels in the samples was 
determined.

3. Results 
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  Chromatogram was developed for both gallic acid and 
quercetin under chamber saturation conditions using toluene: 
ethyl acetate: formic acid (5:4:1, v/v/v) as mobile phase or 
solvent system (Figure 2, 3). The same mobile phase has been 
also employed for the separation of AI methanolic extracts 
(Figure 4). The optimized saturation time was found to be 10 
min. UV spectra measured for the spots showed maximum 
absorbance at about 270 nm therefore Densitometric analysis 
was performed at 270 nm in the reflectance mode as HPTLC. 
Compact bands as sharp, symmetrical and with high resolution 
were obtained at RF 0.31依0.02 and 0.50依0.04 for gallic acid and 
quercetin respectively (Figure 5).

Figure 2.  HPTLC chromatogram of standard gallic acid at RF 0.31

Figure 3.   HPTLC chromatogram of standard Quercetin at RF 0.50.

Figure 4.  HPTLC chromatogram of methanolic extract of Abutilon 
indicum scanned at 270 nm [peak 1-16; GA (0.31) and QE (0.50)]

Figure 5. Chromatogram of GA and QE simultaneously determined in by 
using toluene-ethyl acetate-formic acid (5:4:1, v/v/v) as solvent system 
scanned at 270 nm [GA (0.31) and QE (0.50)].

  As far as we are aware, there is no any HPTLC method 
reported to quantify GA and QE simultaneously in AI herb 
or extracts. Therefore we have attempted to develop and 
validate a cost effective simple and sober hyphenated HPTLC 
technique to quantify bioactive marker components in this 
herb. Gallic acid and quercetin were well resolved at RF 0.31 
and 0.50 respectively from AI methanolic extract sample in the 
solvent system as same used in case of standards. The plates 
were visualized at two different wavelengths 254 and 270 nm 
as the compounds were found to absorb at variable spectrum 
range. In addition, this helped in the generating a better 
fingerprint data whereby species could be well differentiated 
on enhanced visual identification of individual compounds. 
The method developed here was found to be quite selective 
with good baseline resolution of each compound. The identity 
of the bands of compounds 1-16 in the sample extracts was 
confirmed by overlaying their UV absorption spectra with those 
of the standards at 270 nm (Table 1).

Table 1
TLC fingerprints of methanolic extract of Abutilon indicum at 270 nm.
Plants Solvent system Rf value
Abutilon indicum Toulene: ethyl acetate: formic acid (5:4:1) 0.01, 0.06, 0.10, 0.15, 0.19, 0.23, 0.31, 0.37, 0.43, 0.46, 0.50, 0.56, 0.65, 0.73, 0.79, 0.82

  
3.2 Calibration

  Linearity of compounds (gallic acid and quercetin) was 
validated by the linear regression equation and correlation 
coefficient. The six-point calibration curves for gallic acid 
and quercetin were found to be linear in the range of 100-1000 
ng band-1 and 150-900 ng band-1. Regression equation and 
correlation coefficient for the reference compound were: 

Y=0.0048X+0.012 (r2=0.9991) for gallic acid and Y=0.033-0.017for 
quercetin (r2=0.9941), which revealed a good linearity response 
for developed method and are presented in Table 2. The mean 
values (依 sd) of the slope were 0.0048依0.0003 and 0.033依0.008 
and intercept were 0.012依0.007 and 0.017依0.002 respectively 
for gallic acid and quercetin. No significant difference was 
observed in the slopes of standard plots (ANOVA, P > 0.05).
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Table 2 
RF, linear regression data for the calibration curve and sensitivity 
parameter for GA and QE
Parameter Gallic acid Quercetin
RF 0.31 0.50
Linearity range (ng band-1) 100-1000 150-900
Regression equation Y=0.0048X+0.012 Y=0.033-0.017
Correlation coefficient (r2) 0.9991 0.9956
Slope依sd 0.0048依0.0003 0.033依0.008
Intercept依sd 0.012依0.007 0.017依0.002
Standard error of slope 0.00017 0.0046
Standard error of intercept 0.0040 0.0011
LOD 23 41
LOQ 69 123

3.3 Method validation

3.3.1 Precision and accuracy
  Table 3 presents intra-day and inter-day precision (as 
coefficient of variation, (%CV) and accuracy of the assay for 
GA and QE at three QC levels (150, 300 and 600 ng band-1). 
Intra-day precisions (n = 6) for GA and QE were ≤1.70% and 
≤1.89%, however the inter-day precisions were ≤1.98% and 
≤1.97% respectively, which demonstrated the good precision 
of proposed method. Intra-day accuracy gallic acid and 
quercetin were 98.8-100.0% and 98.7-100.1%, however inter-
day accuracy for gallic acid and quercetin were 99.4-99.7% and 
98.8-99.8% respectively. These values are within the acceptable 
range, so the method was accurate, reliable, and reproducible.

3.3.2 Robustness	
  The SD and % RSD was calculated for GA and QE. The low 
value of SD and % RSD obtained after introducing small 
deliberate changes in the method indicated that the method 
was robust (Table 4).

3.3.3 Sensitivity
  LOD values for GA and QE were 23 and 41 ng band-1 
respectively; however LOQ values were 69 and 123 ng band-1 
respectively (Table 2), indicating adequate assay sensitivity. 
The LOD and LOQ were determined from the slope of the lowest 
part of the calibration plot. This indicated that the proposed 
method exhibits a good sensitivity for the quantification of 
above compounds.

3.3.4 Recovery studies
  Good recoveries were obtained by the fortification of the 
sample at three QC levels for GA and QE. It is evident from 
the results that the percent recoveries for both markers 
after sample processing and applying were in the range of 
99.4-99.9% (gallic acid) and 98.7-99.4% (quercetin) for as shown 
in Table 5.

3.3.5 HPTLC-UV270 nm analysis of bioactive GA and QE in 
methanolic extract of AI 
  The content of gallic acid and quercetin was estimated in 

Table 3 
Precision and accuracy of the method.

Gallic caid Quercetin
Nominal centrationa Obtaineda,b Precisionc Accuracyd Nominal concentrationa Obtaineda,b Precisionc Accuracyd

Intraday batch
150 148.3 1.70 98.8 200 197.5 1.73 98.7
300 299.1 1.65 99.7 400 398.6 1.89 99.6
600 600.4 1.55 100.0 800 801.3 1.37 100.1

Interday batch
150 149.2 1.98 99.4 200 197.7 1.94 98.8
300 299.8 1.76 99.9 400 396.9 1.97 99.2
600 598.3 1.70 99.7 800 798.8 1.95 99.8

aConcentration in ng band-1
bMean from six determinations (n=6)
cPrecision as coefficient of variation (CV, %) = [(standard deviation)/(concentration found)] × 100
dAccuracy (%) = [concentration found)/(nominal concentration)] × 100
 
Table 4 
Robustness of the method

Optimisation condition
Gallic acid Quercetin
SD %RSD SD %RSD

Mobile phase 1.79 1.82 1.91 1.65
(Toulene: ethyl acetate:formic acid; 5.5:3.5:1, v/v/v, 5:4.5:0.5, v/v/v, 5.5:4:0.5, v/v/v and 6:3:1, v/v/v) 1.25 1.77 1.62 0.89
Mobile-phase volume (18, 20, and 22 mL) 1.98 1.63 1.09 1.01
Duration of saturation (10, 20, and 30 min) 1.89 1.78 1.53 1.22
Activation of TLC plates (2, 5, and 7 min)
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the AI methanolic extract by the proposed method and the 
results obtained are summarized in Table 6. The percentage 
of gallic acid and quercetin obtained in the extract were 0.69 
and 0.57 respectively with RSD. It is for the first time, a simple, 
accurate and rapid HPTLC method has been developed for the 
simultaneous quantification of two bioactive compounds in AI. 

4. Discussion

  A validated HPTLC method has been developed for the 
simultaneous determination of gallic acid and quercetin in 
Abutilon indicum collected from field area of Koshi river area 
of Saharsa (Bihar) region of India. The proposed method is 
simple, precise, specific, accurate, less time consuming and 
cost effective. Statistical analysis proved that the method is 
evitable for the analysis of gallic acid and quercetin. The 
developed HPTLC method will help the manufacturer for 
quality control and standardization of herbal formulations. 
Such finger printing is useful in differentiating the species 
from the adulterant and act as a biochemical marker for this 
medicinally important plant in the pharmaceutical industry [53, 

54].
  The presented study clearly gave evidence of the simultaneous 
bioactive quantitative of GA and QE in methanolic extracts 
of AI. The developed hyphenated HPTLC method for the 
simultaneous quantification of above marker compounds is 
simple, precise, specific, sensitive, and accurate. Further, this 
method can be effectively used for routine quality control of 
herbal materials as well as formulations containing any or both 
of these compounds.

Conflict of interest

  We declare that we have no conflict of interest.

Acknowledgement

  The corresponding author, Mr. Md. Sarfaraj Hussain with 
all contributed authors would like to acknowledge our 
Honorable Vice Chancellor, Prof. S. W. Akhtar for providing 
necessary facilities in university premises for this research. 
We also would like to extent our sincere thanks to Dr. Saeed 
Ahmad, Associate Professor, Department of Pharmacognosy 
& Phytochemistry, Faculty of Pharmacy, Hamdard University, 
New Delhi, for his unprecedented support and encouragement 
and providing HPTLC facilities for this research. 

Conflict of interest statement

  We declare that we have no conflict of interest.

References

[1]   Schreiner M & Huyskens-Keil S. Phytochemicals in fruit and 
vegetables: health promotion and postharvest elicitors. Cri Rev Plant 
Sci 2006; 25, 267-278.

[2]   Soleas GJ, Grass L, Josephy PD, Goldberg DM, Diamandis EP. A 
comparison of the anticarcinogenic properties of four red wine 
polyphenols. Clin Biochem 2002; 35: 119-24.

[3]   Yang J, Meyers K, Van der Heide J & Liu RH. Varietal differences in 
phenolic content and antioxidant and antiproliferative activities of 
onions. J  Agri and Food Chem 2004; 52: 6787-6973.

[4]   Lachman J, Pronek D, Hejtmankova A, Dudjak J, Pivek V & Faitova K. 
Total polyphenol and main flavonoid antioxidants in different onion 
(Allium cepa L) varieties. Horticultural Science 2003; 30(4): 142-147.

[5]   Yousef IM, Kamel KI, Esmail, AM, Baghdadi HH. Antioxidant 

 Table 5
Recovery studies of GA and QE
Concentration added to analyte (%) Theoretical (ng) Added (ng) Detected (ng) Recovery (%) RSD (%)

Gallic acid
50 300 200 497.3 99.4 1.92
100 400 698.6 99.8 1.51
150 600 899.1 99.9 1.49

Quercetin
50 100 100 197.5 98.7 1.74
100 200 298.2 99.4 1.92
150 300 397.4 99.3 1.27

 Table 6 
GA and QE contents estimated in methanolic extract of Abutilon indicum roxb by developed method

Quercetin * Rutin *
Abutilon indicum (AI) Content (ng spot-1) %RSD Content (ng spot-1) %RSD

69.0 1.08 57.0 1.14



Md. Sarfaraj Hussaint et al./Asian Paicfic Journal of Tropical Disease (2012)S76-S83S82

activities and lipid lowering effects of isoflavone in male rabbits. 
Food Chem Toxicol 2004 42: 1497-1503.

[6]   Narender T, Khaliq T, Purib A and Chanderb R. Antidyslipidemic 
activity of furano-flavonoids isolated from Indigofera tinctoria. Bioorg 
Med Chem Lett 2006; 16: 3411-14.

[7]   Vaya J, Mahmood S, Goldblum A, Aviram M, Volkova N, Shaalan A, 
Musa R, Tamir S. Inhibition of LDL oxidation by flavonoids in relation 
to their structure and calculated enthalpy. Phytochem 2003; 62: 89-99.

[8]   Wang S & Huang K. Determination of flavonoids by high performance 
liquid chromatography and capillary electrophoresis. J Chromatogra 
A 2004; 1032: 273-279.

[9]   Lako J, Wattanapenpaiboon N, Wahlqvist M & Trenerry VC. 
Phytochemical intakes of the Fijian population. Asia Pacific J Clin 
Nutri 2006; 15(2): 275-285.

[10] Rochfort SJ, Imsic M, Jones R, Trenerry VC & Tomkins B. 
Characterisation of flavonol conjugates in immature leaves of Pak 
Choi Brassica rapa L. Ssp. Chinensis L. (Hanelt.) by HPLC-DAD and 
LC-MS/MS. J Agri and Food Chem 2006; 54(13): 4855-4860.

[11] Kris-Etherton PM, Hecker KD, Bonanome A, Coval SM, Binkoski AE, 
Hilpert KF, Griel AE and Etherton TD. Bioactive compounds in foods: 
their role in the prevention of cardiovascular disease and cancer. Am 
J Med 2002; 113: (Suppl. 9B): 71S- 88S.

[12] Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant activity 
relationships of flavonoids and phenolic acids. Free Radic Biol Med 
1996; 20: 933-56.

[13] Cook NC, Samman S. Flavonoids-chemistry, metabolism, 
cardioprotective effects, and dietary sources. Nut Biochem 1996; 7: 66-
76.

[14] Beecher GR. Overview of dietary flavonoids: nomenclature, 
occurrences and intake. Am Soc for Nut and Sci. 2003; 3248s-3254s.

[15] Lako J, Wattanapenpaiboon N, Wahlqvist M & Trenerry VC. 
Phytochemical intakes of the Fijian population. Asia Pacific J of Clin 
Nut 2006; 15(2): 275-285.

[16] Liu RH. Potential synergy of phytochemicals in cancer prevention. Am 
Soc for Nut and Sci 2004; 3479s-3485s.

[17] Ashok Kumar, Lakshman K, Jayaveera KN, Mani Tripathi SN and 
Satish KV. Estimation of gallic acid, rutin and quercetin in Terminalia 
chebula by HPTLC. Jordan J Pharm Sci 2010; 3(1): 63-68.

[18] Sajeeth CI, Manna PK, Manavalan R, Jolly CI. Quantitative estimation 
of gallic acid, rutin and quercetin in certain herbal plants by hptlc 
method. Der Chemica Sinica 2010; 1(2): 80-85.

[19] Sachin UR, Priyanka R, Patil, Salunkhe VR, Dhabale PN, Burade KB, 
Bhise SB. Quantitative estimation of gallic acid from hydroalcoholic 
extract of dried flowers of Nymphaea stellata, Willd by RP-HPLC. 
Asian J Chem 2010; 22(8): 5919-5924

[20] Formica JV, Regelson W. Review of the biology of quercetin and 
related bioflavonoids. Food Chem Toxicol 1995; 33: 1061-80.

[21] Middleton EJ. Effect of plant flavonoids on immune and inflammatory 
cell function. Adv Exp Med Biol 1998; 439: 175-82.

[22] De Groot H, Rauen U. Tissue injury by reactive oxygen species and 
the protective effects of flavonoids. Fundam Clin Pharmacol 1998; 12: 

249-55.
[23] Knekt P, Jarvinen R, Reunanen A, Maatela J. Flavonoid intake and 

coronary mortality in Finland: a cohort study. BMJ 1996; 312: 478-81.
[24] Neeraj Kaul, Himani Agrawal, Bharat Patil, Abhijit Kakad, 

Dhaneshwar SR. Application of stability-indicating HPTLC method for 
quantitative determination of metadoxine in pharmaceutical dosage 
form. IL Farmaco 2005; 60: 351-360.

[25] Faiyazuddin Md, Baboota S, Ali J, Ahuja A, Ahmad S, Akhtar J. 
Validated HPTLC method for simultaneous quantitation of bioactive 
citral isomers in lemongrass oil encapsulated solid lipid nanoparticle 
formulation. Int J Essential Oil Therap 2009; 3: 142-146.

[26] Faiyazuddin Md, Ahmad N, Baboota S, Ali J, Ahmad S, Akhtar J. 
Chromatographic Analysis of trans and cis-Citral in Lemongrass Oil 
and in a Topical Phytonanocosmeceutical Formulation, and Validation 
of the Method. Journ Planar Chromatography 2010a; 23: 233-236.

[27] Faiyazuddin Md, Ahmad S, Iqbal Z, Talegaonkar S, Ahmad F J, 
Bhatnagar A, Khar RK.. Stability indicating HPTLC method for 
determination of terbutaline Sulfate in bulk and from Submicronized 
dry Powder inhalers. Anal Sci 2010b; 26: 1-5.

[28] Faiyazuddin Md, Rauf A, Ahmad N, Ahmad S, Iqbal Z, Talegaonkar 
S, Bhatnagar A, Khar RK, Ahmad FJ. A validated HPTLC method for 
determination of terbutaline sulfate in biological samples: Application 
to pharmacokinetic study. Saudi Pharm Journal 2011; 19: 185-191.

[29] Biringanine G, Chiarelli MT, Faes M. Duez P. A validation protocol 
for the HPTLC standardization of herbal products: Application to the 
determination of acteoside in leaves of Plantago palmata Hook. f.s. 
Talanta 2006; 69: 418-424.

[30] Kpovie´ ssia DSS, Gbaguidia F, Gbe´noua J, Accrombessia G, 
Moudachiroua M, Rozetd E, Hubertd P, Leclercq JQ. Validation 
of a method for the determination of sterols and triterpenes in the 
aerial part of Justicia anselliana (Nees) T. Anders by capillary gas 
chromatography. J Pharm Biomed Anal 2008; 48: 1127-1135.

[31] Halin´ ski P, Szafranek J, Szafranek BM, Goe˛biowski M, Stepnowski P. 
Chromatographic fractionation and analysis of the main components 
of eggplant (Solanum melongena L.) leaf cuticular waxes. Acta 
Chromatographica 2009; 21: 127-137.

[32] Shrishallappa B, Gupta MK, Noble M, Meyyanathan SN, Bhojraj S, 
David B.  HPTLC Determination of Ursolic Acid in Alstonia scholaris 
R. Br. J Planar Chromatography 2002; 15: 183-186.

[33] Anandjiwala S, Srinivasa H, Rajani M. Isolation and TLC Densitometric 
Quantification of Gallicin, Gallic Acid, Lupeol and β-Sitosterol from 
Bergia suffruticosa, a Hitherto Unexplored Plant. Chromatographia 
2007; 66: 725-734.

[34] Padashetty SA, Mishra SH. An HPTLC Method for the Evaluation of 
Two Medicinal Plants Commercially Available in the Indian Market 
under the Common Trade Name Brahmadandi. Chromatographia 2007; 
66: 447-449.

[35] Lembcke J, Ceglarek U, Fiedler GM, Baumann S, Leichtle A, Thiery 
JJ. Rapid quantification of free and esterified phytosterols in human 
serum using APPI-LC-MS/MS. Lipid Res 2005; 46: 21-26.

[36] Sorenson WR, Sullivan D. Determination of campesterol, stigmasterol, 



Md. Sarfaraj Hussain et al./Asian Paicfic Journal of Tropical Disease (2012)S76-S83 S83

and beta-sitosterol in saw palmetto raw materials and dietary 
supplements by gas chromatography: single-laboratory validation. J. 
AOAC. Int 2006; 89: 22-34.

[37] Badami RC, Deshpande GS, Shanbhag MR. Minor seed oils VII 
Examination of seed oils by gas-liquid chromatography. J Oil 
Technol Assoc India 1975; 7: 76-77.

[38] Chopra RN, Chopra IC, Handa KL, Kapoor LD. Indigenous Drugs of 
India. Dhur UN and Sons Pvt. Ltd., Calcutta 1958; 456 & 561.

[39] Gaind KN, Chopra KS. Phytochemical investigation of Abutilon 
indicum. Planta Med 1976; 30: 174-185. 

[40] Nadkarni AK. Indian Materia Medica. Popular Book Depot, Bombay 
3rd ed, Vol-1. 1954; 6.

[41] Subramanian SS, Nair AGR. Flavonoids of four Malvaceous plants. 
Phytochem 1972; 11: 1518-1519.

[42] Porchezhian E and Ansari SH. Effect of liquid extract from fresh 
Abutilon indicum leaves and Allium cepa bulbs on paracetamol and 
carbon tetrachloride induced hepatotoxicity. Pharmazie 2000; 55: 
702-705.

[43] Porchezhian E and Ansari SH. Hepatoprotective activity of Abutilon 
indicum on experimental liver damage in rats. Phytomed 2005; 12: 
62-64.

[44] Dhanalakshmi S, Lakshmanan KK and Subramanaian MS. 
Pharmacognostical & Phytochemical studies of Abutilan L. J Res Edu 
Ind Med 1990; 21-25.

[45]  Jain A, Katewa SS, Chaudhary BL and Galav P. Folk herbal medicines 

used in birth control and sexual diseases by tribals of southern 
Rajasthan India. J Ethnopharmcol 2004; 90: 171-177.

[46] Jain A, Katewa SS, Chaudhary BL and Galav P. Medicinal plant 
diversity of sitamata wildlife sanctuary, Rajasthan, India. J 
Ethnopharmcol 2005; 102: 143-157.

[47] SW Yoganarasimhan. Medicinal plants of India. Cyber Media, 
Bangalore, Vol- 2. 2000, 10-11.

[48] Mehta BK, Neogi R, Kotra S. Antimicrobial activity of Abutilon 
indicum. Fitoterapia 1997; 48: 273-274.

[49] Dennis TJ, Kumar KA. Chemical examination of the roots of Abutilon 
indicum Linn. J Oil Technol Assoc Ind 1987; 15: 82-83.

[50] Sinha SKP, Dogra JVV. Asurvey of the plants of Bhagalpur and 
Santthal Pargana for saponin, flavonoids and alkaloids. J Crude Drug 
Res 1985; 23: 77-86.

[51] Sharma PV, Ahmad ZA. Two sesquiterpene lactones from Abutilon 
indicum. Phytochem 1989; 28: 3525.

[52] Yasmin S, Kashmiri MA, Ahmad I, Adnan A, Ahmad M. Chemical 
constituents of Abutilon indicum Linn. Pharm Biol 2008; 46: 673-676.

[53] Pawar RK, Sharma Shivani, Singh KC, Sharma Rajeev KV. Physico-
chemical standardization and development HPTLC method for the 
determination of Andrographonin in Kalmegh Navyas Loha. An 
Ayurvedic formulation 2009, 2(1): 295-301.

[54] Ram Mauji, Abdin MZ, Khan MA, Jha Prabhakar. HPTLC 
fingerprint analysis: A Quality control of Authentication of Herbal 
Phytochemicals. Springer Verlag Berlin Heidelberg, 2011, p.105.


