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Determination of Gallic acid and [3—sitosterol in
poly-herbal formulation by HPTLC

Abstract

Introduction: In recent years, herbal medicines are increasing in popularity all
over the world. The use of herbal medicines are being used in both preventative and
treatment based usage, as health supplements and tonics because consumers perceive
herbals as “natural”, safe, harmless and free from adverse side effects.

Aim: The present studies aims to quantitatively estimate Gallic acid and B-Sitosterol
in selected Polyherbal formulations.

Methods and Material: Polyherbal capsules available in market were randomly selected
for studies. The Parameters like shape, size, colour, pH, weight variation, Moisture
content disintegration time and dissolution time were studied. Chromatographic and
HPTLC method was applied for the qualitative as well as quantitative determination
of active constituent Gallic acid and B-Sitosterol.

Result: The Gallic acid was found as 9.78ug/ mg and 12.79ug/ mg in Sland S2
respectively and - sitosterol 4.18ug/ mg and 3.81pug/mg mg in Sland S2 respectively.

Conclusion: It was thought worthwhile to initiate on generation of some data, for the
evaluation of such types of Ayurvedic preparation i.e. capsules which may serve as a
reference for future studies based on quality control.
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Introduction

Drugs of Natural origin have been used since ancient times as
medicines for treating range of diseases. Medicinal plants have
played a key role in world health. In spite of the great advances
observed in modern medicine in recent decades, plants still make
an important contribution to health care. Each plant is like factory
capable of synthesizing unlimited number of highly complex and
unusual chemical substances whose structures could otherwise
escape the imagination forever.! The extract of the medicinal plant
may consist of several phytochemical constituents, which often act
together synergistically/at times antagonistically. Formulations based
on natural products have reached widespread acceptance as medicinal
agents for plethora of diseases.?

The acceptance or the popularity of herbal products is on the rise,
one of the hinderance in its total acceptance is that somewhere the
reproducible quality benchmark parameters are lacking, the reasons
may be known or unknown , for example due to the highly complex
nature and known nature of variation of the phytochemical of drugs of
natural origin. Furthermore, the structure elucidation part is at times
not fully understood or needs some more studies with reproducible
results to reach a decisive conclusion.’

To overcome these uprising problems, standardization of herbal
formulations is essential in order to assess the quality of drugs. Herbal
medicines may contain up to hundreds of compounds. Although many
of them are present in low concentrations, they may be important
for the quality, safety and efficacy of the herbal medicines as their
therapeutic effects are based on synergetic interactions between

numerous constituents. In order to explore the whole profile,
chromatography studies combined with a suitable detection technique
offers a powerful tool for isolation of the individual phytochemical
and thereby developing a characteristic profile of the given plant
sample.*

In the traditional text of Indian system of medicine, i.e. Ayurveda,
medicinal plants play a significant role in maintaining good health.
It would not be wrong to state that there is a resurgence of use of
herbal medicines throughout the world and the people are turning
back to natural remedies. Herbal medicinal products are dietary
supplements that people administer to improve their health and are
sold as tablets, capsules, powders, teas, extracts and fresh or dried
plants. The literature survey reveals that the many herbs are used in
health product provide nutritional supplements help us to overcome
the nutritional deficiencies. It also helps us to boost our immune
system. Nutritional supplements are also useful in getting rid of the
toxins that are accumulated in our body. There are some of plants
(Table 1) are commonly used in health products, and also reported in
literatures provide as body weight gain.

Gallic acid and - Sitosterol are commonly constituents found in
these plants, thus they are active constituent of polyherbal formulation
used as health supplements. Gallic acid (GA, 3,4,5-trihydroxybenzoic
acid), a plant phenol that occurs naturally and is present in Amla,
Haritaki, Bhera , and, tea leaves, grapes, and other plants, both in its
free state and as part of the tannin molecule. Gallic acid possesses
cytotoxicity against cancer cells, anti-inflammatory, antimutagenic,
hepatoprotective, and neuroprotective effect, anti-tumor potential and
analgesic activity.!*?
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Table | Commonly herbs used in health supplements

Sr. Common
no. name

Biological
source

Effect on health

Anabolic activity of Withania
was attributed to the
presence of withanolides.

Its anabolic effect may be
due to the anti-serotonergic
activity which would lead to
an increase in appetite and
therefore weight gain.>¢

Withania

| Ashwagandha .
somnifera

In Ayurveda it is describe

as a ‘rasayana’ herb well
known to promote physical
and mental health, improve
defence mechanisms of the
body and promoting physical
strength due to “adaptogen
effect.”®

Asparagus
racemosus

2 Satavari

Due to micro minerals and
macro-minerals, It is partially
responsible for the effect
increase in body weight.*"!

Azadirachta

3 Neem indica

The increase in body
weight gain might be due
to hepatoprotective activity
resulted into improvement
in the liver function.'

Emblica

4 Amla officinalis

Reported as, significant
increase in body weight

of hyperglycemic animals
after treatment with herbal
preparations containing
garlic in hyperglycemic
animals.’

Allium

5 Lehsun .
sativum

The increase in body weight
due to Ocimum sanctum
treatment might be due

to increased immune

status resulting in better
conversion of feed leading to
more weight gain."?

Ocimum
sanctum

6 Tulsi

B- Sitosterol is a common phytoconstituents known plant sterol
called phytosterols. Its efficacy reported as follows in the literature
review. The structures of - sitosterol and cholesterol are quite similar.
The liver function activity (GDP, GOP) can be improved with -
sitosterol, and this can reduce prostate cancer and colon-cancer cell
growth too. The presence of - sitosterol in soybean foods has been
reported to inhibit growth of cancer cells. It can also be the factor used
to form the lympho cells and NK in the immunity process circulation
j- sitosterol can be found in vegetables such as peanut oil. It is used in
experiments for treating breast cancer and prostate cancer - sitosterol
in soybean oil has been reported to exhibit hypolipidemic activity.'¢'®

Thus Gallic acid and B- Sitosterol is important active constituent
of many herbal formulations and analysis of these phytoconstituents
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may exploit the quality of product. This research paper provides
qualitative and quantitative determination of these phytoconstituents
i.e. Gallic acid and B- sitosterol present in Polyherbal formulation
with the fingerprint profile through HPTLC of herbal formulation. In
the last two decades HPTLC method has emerged as an important tool
for the qualitative and quantitative phytochemical analysis of herbal
drugs and formulations.

Material and method

Collection and composition of capsules

Polyherbal capsules purchased from local medical shops of two
brands (coded as S1 and S2) claiming that weight gain, improve
physical and mental health.

Evaluation of quality control parameters for each
capsule

Organoleptic parameters: Organoleptic parameters like size, shape,
colour of samples were carried out."”

Particle size determination

Particle sizes of capsule content are determined using software
Medical Pro version 3.0.

Uniformity of weight: Test for uniformity of weight was performed
as per Indian pharmacopoeia, 1996.%°

Determination of pH: The procedure given in Indian Pharmacopoeia,
published by Govt. of India was followed.*

Determination of moisture content: Weight about 500mg of capsule
content taken into a weighed crucible, kept in oven at 105-110°C
temperature, cool in a desiccators and weigh after every 15min. till
one gets the constant weight, the loss in weight is usually recorded
as moisture.?!

Disintegration test for capsule: The procedure given in Indian
Pharmacopoeia, published by Govt. of India was followed.*

Dissolution test for capsule: The procedure given in Indian
Pharmacopoeia, published by Govt. of India was followed.*

TLC and HPTLC studies of capsule content

Solvents and chemicals: Standard Gallic Acid and B-Sitosterol
of analytical grade were purchased from S. D. Fine Chem. Ltd
(Mumbai, India) and Sigma Aldrich respectively, Methanol, Ethyl
Acetate, Acetic Acid (Glacial), Formic Acid, Chloroform and Toluene
analytical grade solvents were obtained from S. D. fine chemicals
and silica gel G,,,, pre-coated TLC aluminum plates purchased from
Merck (Mumbai, India).

Preparation of standard solution of gallic acid: 20mg of standard
Gallic acid accurately weighted and dissolved in 20ml of methanol
to prepare 1000pg/ml stock solution. 2ml, 4ml, 6ml, 8ml and 10ml
solution withdrawn from stock solution and added 10ml methanol of
each solution, the prepared dilution are 200png/ml, 400pg/ml, 600ug/
ml, 800pg/ml, and 1000pg/ml.

Preparation of standard solution of - Sitosterol: 20mg of standard
B-Sitosterol accurately weighted and dissolved in 20ml of methanol
to prepare 1000pg/ml stock solution. 2ml, 4ml, 6ml, 8ml and 10ml
solution withdrawn from stock solution and added 10ml methanol of
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each solution, the prepared dilution are 200pg/ml, 400pg/ml, 600ug/
ml, 800pg/ml, and 1000pg/ml.

Preparation of test solution: The 100mg capsules content dissolved
in 100ml of methanol in beaker and continuously shaking for 4hrs
in magnetic stirrer and filter. This filtrates used for TLC and HPTLC
studies of Gallic acid and B-Sitosterol, and the same procedure applied
for second sample.

Instrumentation

A Camag HPTLC system equipped with a sample applicator
Linomat IV, Camag twin plate development chamber, TLC (Thin
Layer chromatography) Scanner III and win CATS software used.

Chromatographic condition: Chromatography was performed on
10x10cm aluminum backed TLC plate coated with 0.2mm layer of
silica gel, application of std. and test sample was done. Spotting was
done at 10mm distance on the TLC plate, ascending development
of the plate, was performed with optimized solvent Toluene: ethyl
acetate: formic acid (5:5:1 v/v) for Gallic acid and Toluene: Ethyl
acetate: Glacial acetic acid (6:2:0.1) solvent used for p-Sitosterol as
mobile phase in a camag chambers are previously saturated for 60min.
The average development time was 15minutes. After development
the plate was air dried Sminutes. Densitometric scanning was then
performed with win CATS software at Amax=254nm for Gallic acid
and 273nm for B-Sitosterol using Deuterium light source, the slit
dimensions were 5.00X0.45mm.

Result

Quality control parameters

The polyherbal supplements were tested for their organoleptic
parameters like shape, size, colour and basic quality control
parameters that included test like pH, weight variation, Moisture
content disintegration time and dissolution time. These parameters are
very important as they directly influence the body when consumed.
The results are tabulated in Table 2. The standard calibration curve for
dissolution time is shown in Figure 1.
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Figure | Standard calibration curve for dissolution time.
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Table 2 Quality control parameters

Parameters Si S2

Size 0 0

Shape Oblong Oblong
Colour Dark red Green
Weight variation 505.75+4.88mg 509+3.83mg
pH 6.46 6.55

Moisture content 6.40% 6.30%
Disintegration time 10min. 12min. 46sec.
2:?;:;;"7')‘ time (afcer 50 16.01% 12.22%
Particle size (Average circle 105.72 micron 100.53 micron

diameter) (fig.2)

Thin layer chromatography

Each sample solution with standard was spotted on the TLC plate,
ascending development of the plate, was performed with optimized
solvent Toluene: ethyl acetate: formic acid (5:5:1 v/v) for Gallic acid
and detection was done by keeping plate in Iodine vapour chamber
and Toluene: Ethyl acetate: Glacial acetic acid (6:2:0.1) and detection
was done by spraying with anisaldehyde - sulphuric acid reagent for
B-Sitosterol (Figure 2A) (Figure 2B).

HPTLC studies

HPTLC of gallic acid: Ascending development of the pre coated
TLC plate, was performed with optimized solvent Toluene: ethyl
acetate: formic acid (5:5:1 v/v) mobile phase for detection of Gallic
acid (Figure 3A-3D). Densitometric scanning was then performed
winCATS software at Amax=254nm. For using Deuterium light
source, the slit dimensions were 5.00X0.45mm Table 3.

Table 3 RF and area under curve values for different concentrations of
working standards of gallic acid for linear calibration at 254nm

Concentrations of

Tracks standard Max. Area under
gallic acid (in pg/ RF curve (AUC)
ml)

Track | std. 200 091 5267.2

Track 2 std. 400 091 5584.5

Track 3 std. 600 091 5683.4

Track 4 std. 800 091 6042.8

Track 5 std. 1000 091 6317.3

HPTLC of - p-Sitosterol: Ascending development of the precoated
TLC plate, was performed with optimized solvent Toluene: Ethyl
acetate: Glacial acetic acid (6:2:0.1) solvent used for B-Sitosterol
as mobile phase (Figure 4A-4D). Densitometric scanning was then
performed with a Camag TLC Scanner 3 equipped with win CATS
software at Amax=273nm (Table 4).

Validation of HPTLC method %'~

Linearity: Concentration range observed was 200-1000pg. The
peak area (y) is proportional to the concentration of Gallic acid (x)
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following the regression equation y=255.8x+5011. The calibration
plot showed the correlation coefficient (1>=0.979), intercept was
(5011) and slope was (255.8) over the concentration range (Figure
5), and in the concentration range of 200-1000pg/ml the peak area
(»), and the concentration of - Sitosterol (x) following the regression
equation y=680.5x+7092. The calibration plot showed the correlation
coefficient (1=0.903), intercept was (7092) and slope was (255.8)
over the concentration range (Figure 6).

2A
2B
Figure 2 Particle size determination in formulation.

2A) particle size determination in formulation (SI);

2B) particle size determination in formulation (S2).

Table 4 RF and Area under curve values for different concentrations of
working standards of 3-Sitosterol for linear calibration at 273nm

Concentrations of Area under

Tracks Std. -Sitosterol :I: X curve
(in pg/ml) (AUC)
Track | std. 200 0.92 7383.5
Track 2 std. 400 0.92 8658.3
Track 3 std. 600 0.92 9575.6
Track 4 std. 800 091 9874.3
Track 5 std. 1000 0.9 10178.2

Sensitivity: The sensitivity of measurement of Gallic acid and f3-
Sitosterol by the use of proposed method was estimated in the terms
of Limit of detection (LOD) and Limit of quantitation (LOQ). The
LOD and LOQ were calculated by the use of equation LOD=3.3 x
o/S and LOQ=10 x o/S, where S is slope of calibration curve and
o is the standard deviation of the peak areas of the standards. The
LOD and LOQ for Gallic acid found to be 4.71pg/ml and 14.29ug/ml
respectively (Table 5) and the LOD and LOQ for - Sitosterol found
to be 4.90pg/ml and 14.87ug/ml respectively.

Specificity: The specificity of the method was ascertained by
analyzing standard and sample. The spot for Gallic acid and B-
Sitosterol in sample was confirmed by comparing the Rf and spectra
of the spot with that of standard (Figures 4,5). The peak purity of
Gallic acid and f- Sitosterol was assessed by comparing the spectra at
three different levels, i.e. peak start, peak apex and peak end position
of the spot (Figures 7,8).
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Figure 3 3A, gallic acid in polyherbal capsules chromatogram of standard
gallic acid; 3B, gallic acid in polyherbal capsules SI; 3C, gallic acid in polyherbal
capsules S2; 3D, spectral view of tracks 1-7 scanned at 254nm.
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4C, - sitosterol in polyherbal capsules S2;4D, 3D spectra of Tracks |-7 scanned at 273nm.
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Figure 5 Calibration curve of std. Gallic acid. Figure 6 Calibration curve of std. 3-Sitosterol.
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Figure 7 Spectral comparison of Gallic acid in std.and test samples at 274nm.
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Figure 8 Spectral comparison of f3- sitosterol in std. and test samples at
228nm.

Fingerprint of herbal formulation

A fingerprint of an Herbal formulation is a chromatogram here
representing all the detectable chemical components present in the
extract and being separated as much as possible so as to identify and
characterize that Herbal Medicine. With the help of the fingerprint, the
authentication and identification of Herbal Medicine can be reliably
conducted even if the quality and quantity of the constituents are
unknown.*

Fingerprint of S1 and S2 shows Figures 9A & 9B the maximum
peaks in optimized solvent i.e. Chloroform: ethyl acetate: Methanol
(6: 2: 2 v/v) as a mobile phase.
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(9B)
Figure 9

9A) fingerprint chromatogram of sample S1.
9B) fingerprint chromatogram of sample S2.

Table 5 Validation parameters for the estimation of gallic acid by the proposed
HPTLC Method

Parameters Results

Linear range (n=5) 200-1000pg/ml
regression equation y =255.8x+501 |
Correlation coefficient (r2) 0.979

Slope (m) 255.8

Intercept 5011

Limit of detection (LOD) 4.7 pg/ml

Limit of quantitation (LOQ) 14.29ug/ml
Conc.(x) Of Gallic acid in sample S| 9.78ug/mg
Conc.(x) Of Gallic acid in sample S2 12.79ug/mg
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Discussion and conclusion

It has been proven that from the days of antiquity medicinal plants
have been used by traditional/ folklore therapy for various prophylactic/
therapeutic uses. Therefore it is now need of the hour that the multi
component herbal formulations can be standardized with newer
techniques such as High performance thin layer chromatography, for
reproducible results with quality benchmark parameters. HPTLC is
the most significant method which can be used for routine herbal drug
analysis and for quality assurance.

The poly herbal formulations were evaluated on the basis of
organoleptic and physiological parameters. Data thus generated
suggested that each capsule and its extract were consistent with
various identity, quality and purity parameters such as organoleptic
parameters, physic-chemical parameters, and HPTLC analysis.
Capsules passed the test for uniformity of weight. Capsules
disintegrated within 30min. Dissolution of capsules were 12%-17%.
Moisture content of capsules was more than 5%, which indicates that
there are less chances of degradation.

A chromatographic method was developed for separation of Gallic
acid, using Toluene: ethyl acetate: formic acid (5:5:1 v/v). Similarly
another chromatographic method was developed for separation of
B-Sitosterol using Toluene: Ethyl acetate: Glacial acetic acid (6:2:0.1)
as a mobile phase. The proposed HPTLC method was found to be
rapid, simple and accurate for quantitative estimation of gallic acid
and fB-Sitosterol present in both samples. The Amount of Gallic acid
found as 9.78pug/mg and 12.79ug/mg in Sland S2 respectively and
B- sitosterol 4.18ug/mg and 3.81pug/mg mg in Sland S2 respectively.
Multiple peaks were observed in the chromatogram of poly herbal
formulation samples extracted from capsules, which can be used for
routine polyherbal drug analysis and for quality assurance.

Acknowledgements

The authors are thankful to Prof. (Dr.) Shubhini A Saraf for
providing the necessary laboratory facilities and AICTE-MODROBS
Grant (F. No.8024/RID/BOR/MOD-458/2009-10), for making the
research work possible.

Conflict of interest

Author declares that there is no conflict of interest.

References

—_

. Nikam HP, Kareparamban J, Jadhav A, et al. Future Trends in Standardi-
zation of Herbal Drugs. J App Pharma Sci. 2012;2(6):38-44.

2. Choudhary N, Sekhon SB. An overview of advances in the standardiza-
tion of herbal drugs. J Pharm Educ Res. 2011;2(2):55-70.

3. Kunle OF, Egharevba HO, Ahmadu P. Standardization of herbal medici-
nes - A review. Int j Biodvers Conserv. 2012;4(3):101-112.

4. Tistaert C, Dejaegher B, Vander Heyden Y. Chromatographic separation
techniques and data handling methods for herbal fingerprints: A review.
Anal Chim Acta. 2011;690(2):148-161.

5. Uddin Q, Samiulla L, Singh VK, et al. Phytochemical and Pharmacolo-
gical Profile of Withania somnifera Dunal: A Review. J App Pharma Sci.
2012;2:170-175.

Copyright:
©2016 Ranjana et al. 379

[=))

. Ansari JZ, Haq AU, Yousaf M, et al. Evaluation of different medi-
cinal plants as growth promoters for broiler chicks. Sarhad J Agric.
2008;24(2):323-330.

~

. Kumari R, Tiwary BK, Prasad A, et al. Asparagus racemosus willd.
Root extract as herbal nutritional supplement for poultry. GJRMI.
2012;1(5):160-163.

oo

. Rekhate DH, Ukey S, Mangle NL, et al. Effect of dietary supplementa-
tion of Shatavari (Asparagus racemosus wild) On heamatobiochemical
parameters of broilers. Veterinary World. 2010;3(6):280-281.

N

.Mostofa M, Choudhury ME, Hossain MA, et al. Antidiabetic ef-
fects of Catharanthus roseus, Azadirachta indica, Allium sativum and
Glimepride in experimentally diabetic induced rat. Bangl J Vet Med.
2007;5(1&2):99-102.

10. Habib MY, Islam MS, Awal MA, et al. Herbal Products: A Novel Approa-
ch for Diabetic Patients. Pakistan Journal of Nutrition. 2005;4(1):17-21.

11. Bopanna KN, Kannan J, Gadgil S, et al. Anti-diabetic and anti-hyperli-
paemic effects of neem seed kernel powder on alloxan diabetic rabbits.
Indian Journal of Pharmacol. 1997;29(3):162-167.

12. Mode SG, Funde ST, Waghmare SP, et al. Effect of Herbal Immunodula-
tor on Body weight gain in immuno suppressed broiler birds. Veterinary
World. 2009;2(7):269-270.

13. Sajeeth CI, Manna PK, Manavalan R, et al. Quantitative estimation of
Gallic Acid, Rutin and Quercetin in certain herbal plants by HPTLC me-
thod. Der Chemica Sinica. 2010;1(2):80-85.

14. Tatiya RP, Sutar MP, Shirkhedkar AA, et al. Determination of Phyllan-
thin and Gallic Acid in Herbal Hepatoprotective Formulation by TLC-
-Densitometry Analysis. Pharmacognosy Journal. 2011;3(26):39—43.

15. Kuamwat RS, Mruthunjaya K, Gupta MK. Preparation, Characteriza-
tion and Antioxidant Activities of Gallic Acid-Phospholipids Complex.
IJRPS. 2012;2(1):138-148.

16. Kakade AN, Magdum CS. HPLC analysis of - sitosterol in herb-
al medicine and vegetable oils. Int J of Pharm & Life Sci (IJPLS).
2012;3(5):1666-1669.

17. Ye JC, Chang WC, Hsieh DJ, et al. Extraction and analysis of (-si-
tosterol in Herbal Medicines. Journal of Medicinal Plants Research.
2010;4(7):522-527.

18. Robert Haas MS. Beta-sitosterol: an anti-inflammatory and anti-choles-
terol plant extract. Life Extension Magazine. 2010.

19. Lachman L, Lieberman HA, Kanic JL. The theory and practice of in-
dustrial pharmacy, India. Mumbai: Vargeshe Publishing House; 1987.
p. 296-303.

20. Indian Pharmacopoeia. Government of India, Ministry of Health and
Family Welfare, New Delhi, India; 1996:81-83.

21. Khandelwal KR. Practical Pharmacognosy: Techniques and Experi-
ments. Nirali Prakashan, India; p. 30-35.

22. Sethi PD. High performance thin layer chromatography: Quantitative
Analysis of Pharmaceutical formulations. New Delhi: CBS Publication;
1996:52-57.

23. International Conference on Harmonization. ICH guidelines Q,R, Text
Validation of Analytical Procedures; Methodology. International Con-
ference on Harmonization. 1994.

24. Reviewer Guidance: Validation of chromatographic methods.

Citation: Ranjana, Mishra A, Mishra A, et al. Determination of Gallic acid and —sitosterol in poly-herbal formulation by HPTLC. Pharm Pharmacol Int J.

2016;4(4):373-379. DOI: 10.15406/ppij.2016.04.0008 |


https://doi.org/10.15406/ppij.2016.04.00081
http://japsonline.com/admin/php/uploads/499_pdf.pdf
http://japsonline.com/admin/php/uploads/499_pdf.pdf
http://www2.far.fiocruz.br/farmanguinhos/images/Neeraj%20Choudhary%20and%20Bhupinder%20Singh%20Sekhon.pdf
http://www2.far.fiocruz.br/farmanguinhos/images/Neeraj%20Choudhary%20and%20Bhupinder%20Singh%20Sekhon.pdf
http://www.academicjournals.org/article/article1380017716_Kunle%20et%20al.pdf
http://www.academicjournals.org/article/article1380017716_Kunle%20et%20al.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21435470
http://www.ncbi.nlm.nih.gov/pubmed/21435470
http://www.ncbi.nlm.nih.gov/pubmed/21435470
http://www.japsonline.com/admin/php/uploads/364_pdf.pdf
http://www.japsonline.com/admin/php/uploads/364_pdf.pdf
http://www.japsonline.com/admin/php/uploads/364_pdf.pdf
http://www.aup.edu.pk/sj_pdf/EVALUATION%20OF%20DIFFERENT%20MEDICINAL%20PLANTS.pdf
http://www.aup.edu.pk/sj_pdf/EVALUATION%20OF%20DIFFERENT%20MEDICINAL%20PLANTS.pdf
http://www.aup.edu.pk/sj_pdf/EVALUATION%20OF%20DIFFERENT%20MEDICINAL%20PLANTS.pdf
http://gjrmi.com/Upload/Issue5/Kumari%20et%20al.%20GJRMI%201%20%285%29%20160-163.pdf
http://gjrmi.com/Upload/Issue5/Kumari%20et%20al.%20GJRMI%201%20%285%29%20160-163.pdf
http://gjrmi.com/Upload/Issue5/Kumari%20et%20al.%20GJRMI%201%20%285%29%20160-163.pdf
http://www.scopemed.org/?mno=4537
http://www.scopemed.org/?mno=4537
http://www.scopemed.org/?mno=4537
http://www.banglajol.info/index.php/BJVM/article/view/1324
http://www.banglajol.info/index.php/BJVM/article/view/1324
http://www.banglajol.info/index.php/BJVM/article/view/1324
http://www.banglajol.info/index.php/BJVM/article/view/1324
http://www.pjbs.org/pjnonline/fin245.pdf
http://www.pjbs.org/pjnonline/fin245.pdf
http://www.ijp-online.com/article.asp?issn=0253-7613;year=1997;volume=29;issue=3;spage=162;epage=167;aulast=Bopanna;type=0
http://www.ijp-online.com/article.asp?issn=0253-7613;year=1997;volume=29;issue=3;spage=162;epage=167;aulast=Bopanna;type=0
http://www.ijp-online.com/article.asp?issn=0253-7613;year=1997;volume=29;issue=3;spage=162;epage=167;aulast=Bopanna;type=0
http://www.scopemed.org/?mno=1431
http://www.scopemed.org/?mno=1431
http://www.scopemed.org/?mno=1431
http://pelagiaresearchlibrary.com/der-chemica-sinica/vol1-iss2/DCS-2010-1-2-80-85.pdf
http://pelagiaresearchlibrary.com/der-chemica-sinica/vol1-iss2/DCS-2010-1-2-80-85.pdf
http://pelagiaresearchlibrary.com/der-chemica-sinica/vol1-iss2/DCS-2010-1-2-80-85.pdf
http://www.sciencedirect.com/science/article/pii/S0975357511801318
http://www.sciencedirect.com/science/article/pii/S0975357511801318
http://www.sciencedirect.com/science/article/pii/S0975357511801318
http://www.ijplsjournal.com/issues%20PDF%20files/may%202012/3.pdf
http://www.ijplsjournal.com/issues%20PDF%20files/may%202012/3.pdf
http://www.ijplsjournal.com/issues%20PDF%20files/may%202012/3.pdf
http://www.scholarmate.com/indexhtml/detail/KmYFfY89DoQ%3D,16,zh_cn.html
http://www.scholarmate.com/indexhtml/detail/KmYFfY89DoQ%3D,16,zh_cn.html
http://www.scholarmate.com/indexhtml/detail/KmYFfY89DoQ%3D,16,zh_cn.html
http://www.fda.gov/downloads/Drugs/Guidances/UCM134409.pdf

	Title
	Abstract
	Keywords
	Introduction
	Material and method 
	Collection and composition of capsules 
	Evaluation of quality control parameters for each capsule  
	Particle size determination 
	TLC and HPTLC studies of capsule content 
	Instrumentation

	Result
	Quality control parameters 
	Thin layer chromatography 
	HPTLC studies 
	Validation of HPTLC method 21‒24 
	Fingerprint of herbal formulation 

	Discussion and conclusion 
	 Acknowledgements 
	Conflict of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7 
	Figure 8
	Figure 9
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

