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ABSTRACT
Gallic acid (3, 4, 5-Trihydroxybenzoic acid) is a naturally occurring hydrolysable tannin and a potent antioxidant molecule. In Ayurveda, Rasayana
therapy has been proposed as a remedy for ageing and associated ailments. The present study aims to analyse the gallic acid (GA) content in an important
Rasayana used in Ayurveda viz., Amalaki Rasayana. High-Performance Thin-Layer Chromatography (HPTLC) method was carried out to delineate the
phytoconstituents present in the methanolic extract of shade-dried powdered berries of Amla, the stem of Palasa and Amalaki Rasayana. The TLC plate
developed in mobile phase toluene: ethyl acetate: formic acid (6:5:1v/v) had revealed 10, 6 and 5 phytoconstituents respectively for Palasa, Amla and
Amalaki Rasayana. Densitometric scanning of GA had shown the absorption spectra λ max at 276 nm and polynomial regression analysis had revealed
a good linearity response (r = 1.0000) in the concentration ranges of 1.44 – 15.84 µg/spot and mean content of GA in raw berries of Amla was estimated
as 0.364% of its dry weight and that of processed Amla (i.e., Amalaki Rasayana) as 0.415%. The chromatographic data could fail to produce any
detectable amount of GA in the stem of Palasa. The scaling up of the content of GA (5.33%) in thermal processing is suggestive that heat might have
induced degradation of the polyphenols (viz., the polymers of ellagic acid, or gallic and ellagic acids) of the flesh of Amla berries, due to a combination
of leaching, oxidation by polyphenol oxidase, enzymatic action and isomerization.
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INTRODUCTION
Tannins are the major group of secondary metabolites found in
plants and designated into two distinct chemical groups viz., the
hydrolysable tannins and condensed tannins. Hydrolysable
tannins are polymers of ellagic acid, or of gallic and ellagic acids
with glucose whereas, the condensed tannins result from the
condensation of monomers of flavan-3-ol units.
The high molecular weight tanniferous phenolic compound viz.,
gallotannins and ellagitannins on hydrolysis yield gallic acid and
ellagic acid1. The first report on the synthesis of gallic acid from
tannin was reported from the hydrolysis of Oak galls during the
early 5thcentury and the name gallic acid was coined by Henri
Braconnot in 1831. However, the biosynthetic pathway for gallic
acid in plants still not yet fully elucidated. Gallic acid (Fig. 1) is
a colourless crystalline phenolic compound of 3, 4, 5Trihydroxybenzoic acid (C6H2(OH)3COOH). Benzoic acid
derivatives of phenolic (viz., vanillic acid, gallic acid, syringic
acid) have a limited distribution in plants and are often considered
as excellent antioxidants2. Their antioxidant capacity is attributed
to the chemical structure of the hydrophobic benzenoid rings
(inhibits the enzymes involved in the radical generation, such as
several cytochrome P450 isoforms, cyclooxygenase,
lipoxygenases and xanthine oxidase) and hydrogen-bonding
potential of the hydroxyl groups. Hydrogen-donating electrons of
these simple phenolics can react with reactive oxygen species
(ROS) and reactive nitrogen species (RNS) in the living tissues
where these free radicals are stabilised by delocalisation which
breaks up the cycle of generation of new radicals3.

Being secondary plant metabolites, polyphenols are synthesized
as defensive compounds against herbivory in a majority of fruits,
herbs and vegetables. Polyphenol-rich diets and products have
been linked to providing many benefits to humans. Gallic acid a
simple phenolic compound obtained from the degradation of
hydrolysable tannin has several commercial, pharmacological
and therapeutic applications. Commercially gallic acid and its
esters are being used for making paper, leather and as food
additives4. Trimethoprim, an antibacterial agent, is produced
from gallic acid and the polyphenols content of the analytes are
estimated and often reported against the standard value of gallic
acid equivalents. The pharmacological and therapeutic potentials
of gallic acid have been explicated as antioxidant, antimicrobial,
anti-inflammatory, and anticancer agents5.
Kroes BH et al6 have reported that Gallic acid has antiinflammatory activity towards zymosan-induced acute food pad
swelling in mice due to the interference with the functioning of
polymorphonuclear leukocytes, scavenging of superoxide anions,
and inhibition of myeloperoxidase releases. Intraperitoneal
administration of gallic acid in hepatic reperfusion-induced rats
has reduced hepatic cellular damage by the protection of
sinusoidal endothelial cells7. It has neuroprotective activity8; and
anxiolytic activity comparable to diazepam9. Gallic acid
administered in streptozotocin-induced diabetic rats has
pronounced antihyperglycaemic, anti-lipid peroxidative and
antioxidant effects10. It has marked anti-Human Rhino Virus
(HRV – 2 and HRV – 3) activity in human epitheloid carcinoma
cervix (HeLa) cells11. Improved glucose tolerance and lipid
metabolism by gallic acid in obese mice has been attributed to its
anti-hyperglycemic activity by the upregulation of PPARy
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expression and Akt activation12.
It also ameliorated
carcinogenesis by activating ATM kinase signalling pathways13.
Other conceivable reports demonstrating the role of gallic acid
include prevention of gastric cancer cell metastasis, and invasive
growth through expression of RhoB14; amelioration of tumor
growth and progression in transgenic adenocarcinoma of the
mouse prostate15; decreased glioma cell proliferation and tube
formation in mouse brain endothelial cells, and prevention of
human primary glioblastoma (U87) cell line invasion16. Gallic
acid, both natural and synthetic analogue having protocatechuic
acid alkyl esters, inhibits HIV – 1 protease17. The pro-oxidant
and auto-oxidative behaviours of gallic acid have also been
reported18-19.
In Ayurveda, Rasayana therapy has been proposed as a remedy
for Jara (i.e., ageing and ailments associated with it) and
rejuvenation of the body20. There have been descriptions of
numerous rasayana formulations in various treatises of Ayurveda
with different indications comprising of plants, herbs, spices and
sometimes minerals. However, the common aspect involved in all
was that rasayana having the capacity to mitigate the ill-effects of
ageing, either by delaying or reversing the process of ageing. In
the above pretext, the scientific validations of the several of these
Rasayanas are now under investigation by different laboratories
and the available reports have revealed that the majority of such
rasayana preparations are rich in antioxidant potentials capable of
conferring immunomodulatory and anti-ageing effects21-25.
Amalaki Rasayana is an important Rasayana formulation, which
is being prepared (details of the preparation are described
elsewhere) from the fruit of Amla (procured from the source plant
Emblica officinalis (EO). The collected raw fruits of Emblica
officinalis are then put into a specially created hollow cylindrical
wooden vessel made of stem pieces taken from the Butea
monosperma (Palasa) for thermal processing. Though the berries
of Amla are a rich source of gallic acid, reports on estimating the
content of Gallic acid in Amla are lacking in literature barring a
few cases26-29 and the content of gallic acid in Amalaki Rasayana
has not been reported previously. Though there are findings of
an increase in the gallic acid contents in a tune of about 8% to
152% in the boiled flesh of potato tuber, chestnuts and beans have
been reported by other investigations, 30-32 the scaling up of gallic
acid content in Amalaki Rasayana has not previously been
reported.
In the above context, the present study was undertaken with the
objectives of delineating the phytochemical profile of the stem of
Palasa, raw fruits of Amla and Amalaki Rasayana. It also aims to
estimate the content of gallic acid present in Amla and Amalaki
Rasayana and in the stem of Palasa (in this study Palasa stem was
used as a facilitator (i.e., wooden vessels) towards the thermal
processing of the fruits of Amla for rasayana preparation).
Further, the study aims to quantify the extent of gallic acid scale
up in the flesh of Amla berries happening during the thermal
processing.
MATERIALS AND METHODS
The materials used for the present study were collected from the
plants growing in their natural habitats of the Paravur region of
Kollam district of Kerala, India. The plants, Butea monosperma
Taub. and Emblica officinalis Gaertn., were identified and
authenticated by using Gambles flora of Presidency of Madras.
Sufficient quantities of fresh berries of Emblica officinalis (EO)
had been collected from the trees, and stem pieces from matured
branch of Butea monosperma (BM) tree were used for making the
wooden vessels for processing Amla fruits.

Preparation of Amalaki Rasayana
Three cylindrical stem pieces each having 25 cm length with bark
had been removed from the straight medium sized BM branch.
The central pith portions of the stem pieces were scrapped out so
as to form a central hollow cavity of about 5 cm circumference
and 23 cm length. The whole structure thus resembled as a vessel.
Three circular lids were made using the same stem piece of palasa
(BM) to enable the tight closure of the mouths of the vessels.
Accurately weighed 240 g of freshly collected Amla fruits (EO)
were filled into each of these BM wooden cylinders (Fig. 2) and
the mouth of the vessels were closed by the prepared wooden lids.
Then the surface of the vessels was smeared with mud in a
specific way to attain a considerable thickness and heated slowly
by increasing the temperature from 30 to 4000C. The entire
procedure adopted was as detailed in Ashtangahridaya33. After
completion of the thermal curing, processed amla was taken out
from the wooden vessels, and the seeds from each processed
Amla fruits were carefully removed using a knife and flesh of the
fruits were dried in the shade to achieve uniform weights.
Likewise, to obtain uniform weights for the wooden vessels, stem
pieces with a more or less the same thickness having intact bark
was prune out from the mature branch of Palasa tree. Since then
the wooden vessels were made available, the entire procedure for
the preparation of rasayana, beginning right from the collection
of fruits to the completion of thermal processing was finished
within 48 hours duration.
The pulverized shade dried powder of Amla fruits, prepared
Amalaki Rasayana (AR) and shade dried stem of BM (bark
appressed with xylem portion only) were kept in separate,
labelled, airtight glass containers for the further use for the
preparation of TLC plates and densitometric scanning of the
chromatograms (voucher samples are kept at the Department of
R and B, Government Ayurveda College, Kannur with reference
number 2018-06-03, 2018-06-04 and 2018-06-05 for EO, AR and
BM respectively)
Development of Chromatogram by High-Performance Thin
Layer Chromatography
Standard gallic acid (GA) used in the present study was procured
from Avra Synthesis Pvt. Ltd, Hyderabad. HPLC/
chromatographic grade solvents viz., toluene, ethyl acetate and
formic acid were purchased from Merck and Qualingens Fine
Chemicals, India. The stationary phase used was the silica gel
coated aluminium TLC plates 60 F254 (E. Merck KGaA,
Germany) having the dimensions of 20 cm x 10 cm with a
uniform thickness of 0.2 mm thickness.
Optimization of Chromatographic Conditions
Different combinations of the solvents with varying polarity were
tried to achieve good chromatographic separation of the analytes
on the TLC plates, and the most suitable mobile phase identified
comprised of toluene: ethyl acetate: formic acid in the ratio 6:5:1,
v/v.
Standard stock solution
14.4 mg of accurately weighed gallic acid (GA) standard was
transferred to a volumetric standard flask and dissolved by adding
HPTLC grade methanol, and the final volume was made up to 10
ml to form the stock solution. The concentration of gallic acid in
working solution was 1.44µg/µl.
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Sample preparation
For HPTLC densitometric analysis, two grams each of shadedried powder of Palasa (BM) bark, berries of Amla (EO) and
prepared Amalaki Rasayana (AR) were macerated with sufficient
quantity of methanol for 48 hours with occasional shaking. The
macerates were then filtered and the mark extracted twice in
methanol. These three filtrates were then pooled and made up to
a volume of 10 ml in a standard flask.
Instrumentation
The quantification of GA in the samples was carried out in
CAMAG HPTLC system (CAMAG Switzerland) with Linomat
V sample applicator having 100 µl syringe, CAMAG TLC viewer
Reprostar, CAMAG Scanner 3 and winCATS Planar
Chromatography Manager software (version 1.4.6.2002) and twin
trough chamber of CAMAG Switzerland.
HPTLC Procedure
The stationary phase was activated by a hot hair dryer at a
temperature of 600 C for five minutes, and the plate was placed in
the Linomat V sample applicator. Six levels of working standard

solution (1, 3, 5, 7, 9 and 11 µl) were applied on the TLC plate
with a concentration ranges from 1.44µg to 15.84 µg (track 1 to
6) and sample solutions 4 µl each of BM, AR and EO were also
applied on track number 6, 7 and 8. The bands were 6 mm in
length. The plate was developed in a twin trough chamber (20 cm
x 10 cm), which was pre-saturated by the mobile phase toluene:
ethyl acetate: formic acid (6:5:1v/v); at a temperature of 250C and
a relative humidity of 50 – 60%.
After completion of the development of the spots to 70 mm
height, the TLC plate was observed in the TLC viewer at UV 254
nm, and photographs were taken. Densitometric scan of all peaks
assignments was scanned (slit dimension of 6.00 X 0.45 mm) at
UV 254 nm and 276 nm and the data on peak height, peak area
and Rf values were recorded. The calibration graph was
developed by plotting concentration against the peak area and the
content of GA in EO, BM and EO samples were estimated by
polynomial regression. The sensitivity of the HPTLC method
was determined in signal-to-noise ratio of LOD (3Sa/b) and LOQ
(Sa/b) as described by Srivastava et al34 and Sudahakaran35. The
experiment was done in triplicate, and statistical significance of
the results was evaluated using t-test.

Table 1: Calibration data of gallic acid by polynomial regression method of HPTLC
Track
1
2
3
4
8
9

Identity
Standard 1
Standard 4
Standard 5
Standard 6
Sample AR
Sample EO

Vial
1
1
1
1
3
4

Rf
0.19
0.19
0.20
0.20
0.19
0.19

Amount fraction (µg)
01.440
10.08
12.96
15.840

Area
11631.36
23462.98
25340.73
26250.73
14988.16
14302.71

X(calc) (µg)

3.233
2.917

Table 2: Gallic acid content in raw berries of E.officinalis and prepared Amalaki Rasayana
Sample
EO
AR

Gallic acid content (µg)
2.868
2.917
2.960
3.323
3.280
3.358
P = 0.0003

Mean ± SD
2.915 ± 0.04603
3.320 ± 0.03907

Figure 2: Amalaki Rasayana preparation: filling raw fruits of amla
into wooden vessels of Palasa

Figure 1: The structure of gallic acid
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Figure 3: Scan-densitogram of methanol extracts of stem of
B.monosperma (BM), Amalaki Rasayana (AR) and raw berries of
E.officinalis (EO)

Figure 4: Densitogram of the standard gallic acid at 254 nm (15.84
µg/band) with Rf = 0.19

Figure 5: HPTLC fingerprint profile of methanol extract of Amalaki
Rasayana

Figure 6: HPTLC fingerprint profile of methanol extract of berries
of E.officinalis

Figure 7: HPTLC fingerprint profile of methanol extract of stem of
B.monosperma

Figure 8: Calibration plot of gallic acid by polynomial regression
(peak area vs concentration)

RESULTS AND DISCUSSION
HPTLC fingerprints of Amalaki Rasayana, Emblica
officianalis and Butea monosperma

matching, further confirming the absence of any
spectroscopically detectable amount of GA in the stem of Butea
monosperma.
Linearity and Calibration curve

The chromatogram developed and the resolved bands obtained
were depicted in Fig. 3. In the figure track no. 1, 2, 3, 4, 5, and 6
denote the bands for standard gallic acids and track no. 7, 8, and
9 for bands obtained for methanol extracts of the stem of Palasa
(BM), prepared Amalaki Rasayana and berries of Amla (EO)
samples respectively. The developed chromatogram under UV
254 nm had revealed a good separation of GA with Rf value of
0.19 in the standards as well as in the samples (Fig. 4, 5 and 6).
The methanol extract of AR (track no.8) and EO (track no. 9)
showed strong, distinctive spots for GA, whereas track no. 7
contained methanol extract of BM failed to produce any
pronounced band relative to GA at Rf 0.19 (Fig. 7), suggesting
that BM didn’t contain any detectable amount of GA.
Densitometric scanning of GA had shown the absorption spectra
at λ max 276 nm. The overlay spectra of standard against the
extract of BM at 276 nm could also fail to produce any spectral

Evaluation of linearity for GA was performed via peak area vs
concentration. The concentration ranges used for plotting the
calibration curve were 1.44 – 15.84 µg/spot. The calibration curve
obtained was found to be linear (Fig. 8) in the concentration
ranges from 1.44 to 15.84 µg/spot with a correlation coefficient r
= 1.0000 and a standard deviation of 0.10%. Analysis of
calibration equation (Y = 8772.144+2074.645*X±61.339*X2)
had shown that the mean content of GA in a raw sample of amla
was found to be 0.788µg/µl and Amalaki Rasayana as 0.83µg/µl
(Table. 1) and these differences (Table. 2) were found to be
statistically significant (P = 0.0003). Further, it could also
estimate the content of GA in raw berries of Amla as 0.364% of
its dry weight, and that of processed amla (i.e. Amalaki Rasayana)
was 0.415%. The scaling up of gallic acid content obtained in
Amalaki Rasayana is suggestive that the thermal processing of
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Amla berries in wooden vessels of BM, the heat might have
induced degradation of polyphenols of the flesh of Amla berries,
due to a combination of leaching, oxidation by polyphenol
oxidase, enzymatic action and isomerisation. Consonant findings
of an increase in the gallic acid contents in a tune of about 8% to
152% in the boiled flesh of potato tuber, chestnuts and beans have
been reported by other investigations.
The sensitivity of the HPTLC method
The estimated values for the limit of detection (LOD) and limit of
quantification (LOQ) for the present study were calculated
0.159ng and 0.482ng respectively from the regression equation
have shown the sensitivity of the developed method. The
developed HPTLC method is simple, easy to apply in quality
control parameters for the standardisation of berries of amla and
Amalaki Rasayana and also useful for the detection of gallic acid
and its quantification in the herbal formulations/ayurvedic
drugs/natural products.
CONCLUSION
Ayurveda uses a variety of dosage forms prepared through
different processing methods from various raw materials of
herbal, mineral and animal origin for application in the
preservation of health as well as the mitigation of ailments. These
methods of drug processing and preparation are primarily
intended for reducing the toxicity of the raw materials, increasing
the therapeutic potential of the finished drug and improving the
palatability of dosage forms. Here we have demonstrated that
thermal processing of fruits of Emblica officianalis inside the
wooden vessels of Butea monosperma stem has significantly
increased the gallic acid content in the finished product, the
Amalaki Rasayana. Throughout the world, 80 per cent or more of
the population relies on Ayurveda like traditional medicines for
their primary health needs, and therefore it is essential to ensure
the quality of Ayurvedic products reaching the market. Marker
compound based chromatographic procedures have been
demonstrated as reliable methods for quality control measures of
herbal medicine and Ayurvedic drugs in regulatory perspectives.
The chromatographic fingerprinting developed by HPTLC
method in the present study by using Gallic acid as a marker
compound can be considered as a reliable method for assessing
the genuineness berries of amla in herbal formulation and finished
products.
ACKNOWLEDGEMENTS
The authors are grateful to Dr. Vibhu M, Ayurvedacharya K C
Kunjuraman Vaidyar’s SDV Aryavaidyasala, Mavelikkara,
Kerala, India, for providing necessary facilities for preparing
Amalaki Rasayana and Mr. Mahadevan Subrahmanian, Drug
Standardization Unit, Government Ayurveda College,
Thiruvananthapuram, Kerala, India, for his assistance in
laboratory.
REFERENCES
1. Pengelly A. The Constituents of Medicinal Plants. 2nd ed.
Australia: Allen & Unwin; 2004. p. 29–31.
2. Nour V, Trandafir I, Cosmulescu S. HPLC Determination of
Phenolic Acids, Flavonoids and Juglone in Walnut Leaves.
Journal of Chromatographic Science 2013; 51 Suppl 9: 883890. doi:10.1093/chromsci/bms180
3. Pereira DM, Valentão P, Pereira JA, Andrade PB. Phenolics:
From chemistry to biology. Molecules 2009; 14 Suppl 6:
2202-2211. doi:10.3390/molecules14062202

4. Badhani B, Sharma N, Kakkar R. Gallic acid: a versatile
antioxidant with promising therapeutic and industrial
applications. RSC Advances 2015; 5 Suppl 35: 27540-27557.
doi:10.1039/C5RA01911G.
5. Fernandes FH, Salgado HR. Gallic Acid: Review of the
methods of determination and quantification. Critical
Reviews in Analytical Chemistry 2016; 46 Suppl 3: 257-65.
doi:10.1080/10408347.2015.1095064.
6. Kroes BH, van den Berg AJ, Quarles van Ufford HC, van
Dijk H, Labadie RP. Anti-inflammatory activity of gallic
acid. Planta Medica 1992; 58 Suppl 6: 499–504.
doi:10.1055/s-2006-961535
7. Bayramoglu G, Kurt H, Bayramoglu A, Gunes HV,
Degirmenci I, Colak S. Preventive role of gallic acid on
hepatic ischemia and reperfusion injury in rats.
Cytotechnology
2015;
67
Suppl
5:
845-49.
doi:10.1007/s10616-014-9724-1.
8. Daglia M, Lorenzo A, Nabavi S, Talas Z, Nabavi S.
Polyphenols: Well Beyond The Antioxidant Capacity: Gallic
Acid and Related Compounds as Neuroprotective Agents:
You are What You Eat!. Current Pharmaceutical
Biotechnology 2014; 15 Suppl 4: 362–72. doi:/10.2174
/138920101504140825120737
9. Singh P, Rahul MK, Thawani V, Sudhakar P. Anxiolytic
Effect of Chronic Administration of Gallic acid in Rats.
Journal of Applied Pharmaceutical Science 2013; 3 Suppl 7:
101-4. doi:10.7324/JAPS.2013.3719
10. Punithavathi VR, Prince PSM, Kumar R, Selvakumari J.
Antihyperglycaemic, antilipidperoxidative and antioxidant
effects of gallic acid on streptozotocin induced diabetic
Wistar rats. European Journal of Pharmacology 2011; 650
Suppl 1: 465–71. doi:10.1016/j.ejphar.2010.08.059
11. Choi HJ, Song JH, Bhatt LR, Baek SH. Anti-human
rhinovirus activity of gallic acid possessing antioxidant
capacity. Phytotherapy Research 2010; 24 Suppl 9: 1292-6.
doi:10.1002/ptr.3101
12. Bak EJ, Kim J, Jang S, Woo GH, Yoon HG, Yoo YJ, et al.
Gallic acid improves glucose tolerance and triglyceride
concentration in diet-induced obesity mice. Scandinavian
Journal of Clinical and Laboratory Investigation 2013; 73
Suppl 8: 607-14. doi:10.3109/00365513.2013.831470
13. Verma S, Singh A, Mishra A. Gallic acid: Molecular rival of
cancer. Environmental Toxicology Pharmacology 2013; 35
Suppl 3:473–85. doi:10.1016/j.etap.2013.02.011
14. Ho HH, Chang CS, Ho WC, Liao SY, Lin WL, Wang CJ.
Gallic acid inhibits gastric cancer cells metastasis and
invasive growth via increased expression of RhoB, down
regulation of AKT/small GTPase signals and inhibition of
NF-κB activity. Toxicology and Applied Pharmacology
2013; 266 Suppl 1: 76–85. doi:10.1016/j.taap.2012.10.019
15. Raina K, Rajamanickam S, Deep G, Singh M, Agarwal R,
Agarwal C. Chemopreventive effects of oral gallic acid
feeding on tumor growth and progression in TRAMP mice.
Molecular Cancer Therapeutics 2008; 7 Suppl 5: 1258–67.
doi: 10.1158/1535-7163.MCT-07-2220
16. Lu Y, Jiang F, Jiang H, Wu K, Zheng X, Cai Y, et al. Gallic
acid suppresses cell viability, proliferation, invasion and
angiogenesisin human glioma cells. European Jpurnal of
Pharmacology 2010; 641 Suppl 2-3:102- 107.
doi:10.1016/j.ejphar.2010.05.043.
17. Flausino OA, Dufau L, Regasini LO, Petrônio MS, Silva
DHS, Rose T, et al. Alkyl hydroxybenzoic acid derivatives
that inhibit HIV-1 protease dimerization. Current Medicinal
Chemistry 2012; 19 Suppl 26: 4534–40. doi: 10.2174/
092986712803251557
18. Hsieh CL, Lin C-H, Chen KC, Peng C-C, Peng RY. The
Teratogenicity and the Action Mechanism of Gallic Acid

231

Rajmohan V et al. Int. Res. J. Pharm. 2019, 10 (3)

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Relating with Brain and Cervical Muscles. PLoS ONE 2015;
10 Suppl 6: e0119516. doi:10.1371/journal.pone.0119516
Serrano J, Cipak A, Boada J, Gonzalo H, Cacabelos D,
Cassanye A, Pamplona R, et al. Double-edged sword
behaviour of gallic acid and its interaction with peroxidases
in human microvascular endothelial cell culture(HMEC-1).
Antioxidant and pro-oxidant effects. Acta Biochimica
Polonica 2010; 57 Suppl 2: 193-8.
Vyas P, Thakar AB, Baghel MS, Sisodia A, Deole Y. Efficacy
of Rasayana Avaleha as adjuvant to radiotherapy and
chemotherapy in reducing adverse effects. AYU 2010; 31
Suppl 4: 417-23. doi: 10.4103/0974-8520.82029.
Varma SR, Sivaprakasam TO, Mishra A, Kumar LM, Prakash
NS, Prabhu S, Ramakrishnan S. Protective Effects of Triphala
on Dermal Fibroblasts and Human Keratinocytes. PLoS One
2016;
11
Suppl
1:
e0145921.
doi:10.137
1/journal.pone.0145921.
Vishwanatha U, Guruprasad KP, Gopinath PM, Acharya RV,
Prasanna BV, Nayak J, et al. Effect of Amalaki rasayana on
DNA damage and repair in randomized aged human
individuals. Journal of Ethnopharmacology 2016; 191: 387397. doi: 10.1016/j.jep.2016.06.062.
Dwivedi V, Anandan EM, Mony RS, Muraleedharan TS,
Valiathan MS, Mutsuddi M, et al. In vivo effects of traditional
Ayurvedic formulations in Drosophila melanogaster model
relate with therapeutic applications. PLoS One 2012; 7 Suppl
5: e37113. doi:10.1371/journal.pone.0037113.
Ramnath V, Rekha PS. Brahma Rasayana enhances in vivo
antioxidant status in cold-stressed chickens (Gallus gallus
domesticus). Indian Journal of Pharmacology 2009; 41(3):
115-9. doi:10.4103/0253-7613.55209.
Kumar VP, Kuttan R, Kuttan G. Effect of "rasayanas" a
herbal drug preparation on cell-mediated immune responses
in tumour bearing mice. Indian Journal of Experimental
Biology 1999; 37 Suppl 1: 23-6.
Sawant L, Prabhakar B, Pandita N. Quantitative HPLC
Analysis of Ascorbic Acid and Gallic Acid in Phyllanthus
Emblica. Journal of Analytical and Bioanalytical Techniques
2010; 1: 111. doi:10.4172/2155-9872.1000111
Sharma A, Shailajan S. Simulataneous Quantitation of Gallic
Acid from Fruits of Phyllanthus emblica Linn., Terminalia
bellirica (Gaertn.) Roxb. and Terminalia chebula Retz. Asian
Journal of Chemistry 2009; 21 Suppl 9: 7111-7116.
Singh M, Kamal YT, Tamboli ET, Parveen R, Khalid M,
Siddiqui S. et al. Simultaneous Estimation of Gallic Acid,

29.

30.

31.

32.

33.
34.

35.

Ellagic Acid, and Ascorbic Acid In Emblica officinalis And
In Unani Polyherbal Formulations By Validated HPLC
Method. Journal of Liquid Chromatography & Related
Technologies 2012; 35(17): 2493-2502.
doi:10.1080/
10826076.2011.636468
Vikas Kumar, kumar A, Aneesh K, Kshemada, Kumar G S,
Ajith, et al. Amalaki rasayana, a traditional Indian drug
enhances cardiac mitochondrial and contractile functions and
improves cardiac function in rats with hypertrophy. Scientific
Reports 2017; 7: 8588. doi: 10.1038/s41598-017-09225-x
Gao Y. Antioxidant Activities and Phenolic Acids in
Different Raw and Boiled Potatoes and Sweet Potatoes [thesis
on the Internet]. LSU Master's Theses; 2014; [cited 2018
September 20]. Available from: https://digitalcommons
.lsu.edu/gradschool_theses/3849/
Gonçalves B, Borges O, Costa HS, Bennett R, Santos M,
Silva AP. Metabolite composition of chestnut (Castanea
sativa Mill.) upon cooking: Proximate analysis, fibre, organic
acids and phenolics. Food Chemistry 2010; 122 Suppl 1:154160. doi:10.1016/j.foodchem.2010.02.032
Huber K, Brigide P, Bretas EB, Canniatti-Brazaca SG. Effect
of thermal processing and maceration on the antioxidant
activity of white beans. PLoS One 2014; 9 Suppl 7.
doi:10.1371/journal.pone.0099325
Bhisagacharya H, editor. Ashtanga Hridayam, 1st ed.
Varanasi: Chowkambha Krishnadas Academy: 2006. p. 925
Sudhakaran MV. Histo-Chromatographic Finger Printing
Profiles of the Root of Plumbago zeylanica Linn and
Quantification of Marker Compound, Plumbagin.
Pharmacognosy Journal 2017; 9 Suppl 6: s77-s88.
doi:10.5530/pj.2017.6s.161
Shrivastava A, Gupta V. Methods for the determination of
limit of detection and limit of quantitation of the analytical
methods. Chronicles of Young Scientist 2011; 2 Suppl 1: 21.
doi:10.4103/2229-5186.79345

Cite this article as:
Rajmohan V et al. Chromatographic finger printing and
quantification of gallic acid in Amla (Emblica officinalis
Gaertn.), Palasa (Butea monosperma Taub.) and amalaki
rasayana. Int. Res. J. Pharm. 2019;10(3):227-232
http://dx.doi.org/10.7897/2230-8407.1003109

Source of support: Nil, Conflict of interest: None Declared
Disclaimer: IRJP is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publish quality research, while
every effort has been taken to verify the accuracy of the content published in our Journal. IRJP cannot accept any responsibility or liability for
the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of IRJP editor or
editorial board members.

232

