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ABSTRACT
Objective: Boswellic acids (BAs) are active constituents of plant Boswellia serrata. In the
present study boswellic acids were extracted from Boswellia serrata and dry methanolic
extracts were quantified by HPLC and HPTLC. Method: A gradient HPLC method was
used for the quantification of the boswellic acids; 11-keto-β-boswellic acid (KBA) and
3- acetyl-11-keto-β-boswellic acid (AKBA). A direct HPTLC assay was developed for the
determination of KBA and AKBA at 254 nm. The UV detection of analytical assays were
used to examine the purity of KBA and AKBA peaks and compared with the standards.
Results: The quantitative results of both analytical methods did not show any major
differences between content of KBA and AKBA, although a trend to slightly lower values
were found for content of KBA and AKBA in HPLC. The amount of KBA and AKBA in the
Boswellia serrata extract was found to be about 3.3 % and 4.6 % by HPTLC and 3.03%
and 3.87% by HPLC respectively. Conslusion: Both methods are simple and effective for
quantification of KBA and AKBA in Boswellia serrata extracts and their pharmaceutical
formulations.
Key words: Boswellic acids, Quantification, Extraction, Boswellia serrata extract.

INTRODUCTION
Boswellia serrata is commonly known for its
medicinal values in the Indian traditional
systems of medicine. It has been used traditionally in “ayurvedic medicine” as an antiinflammatory agent. The anti-inflammatory
activity is attributed to the presence of four
pentacyclic triterpene acids i.e. β-boswellic
acid, α-boswellic acid, 11-keto-β-boswellic
acid (KBA) and 3-acetyl-11-keto-β-boswellic
acid (AKBA)1 (Figure 1). Out of these KBA
and AKBA have more pronounced antiinflammatory activity. Boswellic acids are
selective, non-competitive, non-redox and
potent inhibitors of 5-lipoxygenase, which
is the key enzyme of leukotriene biosynthesis
from arachidonic acid.2-4 In addition to this,
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they also reported to possess diverse biological
activities that include immunomodulation5,
anti-arthritic6-8, anti cancer9-11 and antiviral12
properties.
Boswellic acids from Boswellia serrata extract can
be detected by various analytical methods such
as nonaqueous titration method13, RP-HPLC
method14, HPTLC method15,16 whereas
HPTLC17, HPLC18-20, gas chromatographic–
mass spectrometric21 and liquid chromatographic–mass spectrometric22 methods are
reported for their estimation in human
plasma. An HPTLC system has been produced to quantitatively gauge the boswellic
acids content in the gum resins of Boswellia
serrata. HPTLC has turned into a successful
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and intense apparatus for the estimation of synthetic
and and biochemical markers.23-25 It also offers a better
resolution of active constituents with reasonable accuracy in a short time.26 A limited number of HPLC methods
are available for the estimation of boswellic acids. The
gradient HPLC method have so far been published for
estimation of KBA and AKBA in marketed formulation
and in crude extract.27 An RP-HPLC method has been
reported for the estimation of KBA in plasma. The
researchers reported this method which included solid
phase extraction and other techniques for the isolation
of KBA from plasma followed by gradient elution on a
PDA detector with a higher retention time 28,19-22 .
The purpose of the present work was to provide a simple
method to extract the boswellic acids form gum resins
of Boswellia serrata and development of conditions for
separation and quantitative determination of major
boswellic acids; KBA and AKBA using the simple, rapid
and economical HPTLC method and to make a comparison of results obtained by HPTLC and HPLC.
MATERIALS AND METHODS
Collection of plant material

Gum resins of Boswellia serrata for isolation of boswellic
acids was procured from local market of Rohtak,
Haryana (India) and was authenticated from National
institute of science communication and information
resources (NISCAIR) by Dr. H.B. Singh, Chief Scientist &
Head, Raw Materials Herbarium & Museum (RHMD),
NISCAIR vide ref. letter no. NISCAIR/RHMD/
Consult/2012-13/2054/62. Standard Markers were
procured from Sigma aldirich; Germany via National
Facility for Biochemical and Genomic Resources
(NFBGR), Institute of Genomics & Integrative Biology,
CSIR, New Delhi. All other solvents and reagents were
procured from E. Merck Ltd. (Mumbai, India).
Extraction and isolation of boswellic acids

Crushed lumps of gum exudates of Boswellia serrata
were soaked in methanol for twelve hours. This process
was repeated twice followed by filteration. Residue was
discarded and filterate was concentrated till reddish
brown syrupy mass was obtained. This syrupy mass
was basified with dropwise addition of aqueous solution
of potassium hydroxide (3%) until a pH of 9,10 was
obtained. The solution was stirred continuously until
a uniform emulsion was formed. This emulsion was
further extracted with three portions of dichloromethane
in a separator. Upper aqueous fraction was separated
and acidified with addition of dilute hydrochloric acid
until a pH of 3,4 was achieved. The precipitated acids

were centrifuged and washed with water untll neutral to
litmus. The product was then dried in oven at 40-45oC
to obtain yellow powder.29
HPLC analysis
Standard and sample solution preparations

The stock solution of both boswellic acids i.e. 11-KBA
& 3-AKBA were prepared by accurately weighing 1mg
of standards quantitatively transferred into a volumetric
flask and made up to volume with methanol to achieve
conc. of 1 mg/ml. Boswellia serrata extract sample solution
was prepared by weighing 5 mg of extract, dissolved in
5 ml methanol to achieve conc. of 1 mg/ml. Further
final conc. was made up to 50 ppm by dissolving 1 ml of
stock solution in to 20 ml of mobile phase A before inject.
Instrumentation

The HPLC system was Thermo Scientific, Ultimate
3000 series consisting of Dionex ultimate 3000 pump
with an auto-sampler and diode array detector. Data
acquisition and integration was controlled by chromeleon software; version 6.80 SR. An eclipse C18 column
(250×4.6 mm; 5µm) was used.
Chromatographic conditions

The mobile phase was a binary gradient system prepared
from 0.1% phosphoric acid in water (eluent A) and
0.1% phosphoric acid in acetonitrile (eluent B), properly
filtered and degassed for 15 minutes in ultra sonic bath
before to use. The gradient program was: 84-94% B
from 0–12.5 minutes, 94-100% B from 12.5-13.5 minutes,
100% B from 13.5-28 minutes. The flow rate was 1ml/min
throughout the analysis. Column temperature was maintained at 27±20C. The detection wavelength of DAD
was 250 nm. Injection volume was kept at 20 µl with a
run time of 28 minutes.
Percentage content of KBA and AKBA in boswellic
acids was calculated using the following expression:

Where;
A1 = area of the peak due to KBA/AKBA in the
chromatogram obtained with the test solution,
A2 = area of the peak due to KBA/AKBA in the
chromatogram obtained with the reference/standard
solution,
m = mass of the substance to be examined in grams,
m1= mass of KBA/AKBA in the reference/standard
solution, in grams,
p1 = percentage content of KBA/AKBA in standard.
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Figure 3: HPTLC chromatogram showing resolved peaks of
(a) KBA standard and (b) AKBA standard.
Figure 1: Chemical structure of boswellic acids.

Figure 4: 3D chromatogram of KBA, AKBA standard and
extract at 254 nm.

Figure 2: Overlaid HPLC chromatogram showing peaks of
KBA and AKBA in extract and reference standard.
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Figure 5: Overlapped peak of (a) KBA and (b) AKBA standard
with KBA and AKBA in plant extract at similar Rf value.
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HPTLC analysis
Standard and sample solution preparations

A 1000 µg/ml (1 mg/ml) of Boswellia serrata extract, KBA
and AKBA reference standards solutions were prepared
in methanol as sample and reference standard stock
solution.
Instrumentation

A CAMAG (Muttenz, Switzerland) HPTLC framework
outfitted with a specimen tool Linomat V with CAMAG
test syringe, 100 µl, twin harsh plate advancement
chamber (20 x 10 cm), TLC Scanner 3 and joining
programming WINCATS 1.4.8 was used. An aluminium
supported HPTLC plate (20 x 10 cm) pre-covered with
silica gel 60F 254 (E. Merck) was used as an adsorbent.
CAMAG TLC plate heater was used to pre-activation of
the HPTLC plates and for drying the developed plates.
Chromatographic conditions

Mixture of glacial acetic acid, n-hexane, ethyl acetate
and toluene (0.3: 1: 8: 2) (v/v/v/v) were used as a
mobile phase. The experimental conditions maintained
were temperature 25 ± 2oC, relative humidity 40%.
The different volume of standard stock solution 2, 4,
6, 8, 10, 12 and 14 µl were spotted on HPTLC plate
(20 x 10 cm) both for KBA and AKBA in order to
deliver concentrations of 2, 4, 6, 8, 10, 12, and 14 µg/spot
of KBA and AKBA respectively using vial I & II followed
by spotting of 4 µl of sample stock solution in triplicate.
Samples were applied as bands 4 mm wide, 12 mm apart,
by CAMAG Linomat V applicator using 100 µl test
syringe with a steady application rate of 150 nLs-1. After
sample application plates were developed in a developing
chamber pre-saturated with the mobile phase (20 ml) for
20 min. The plate was developed in CAMAG horizontal
twin tough glass developing chamber (20 x 10 cm) at the
room temperature up to 8 cm (80% of the total plate
size). Ascending mode was used for the development of
Thin Layer chromatography.

After development, plates were dried on CAMAG TLC
plate heater at 1200C temperature for 5 minutes. The
developed plate was then scanned at 254 nm using
CAMAG TLC densitometric scanner 3 incorporated
with WINCATS 1.4.8 programming. The calibration
curve was readied using standard concentration range
of 2-14 µg/spot for KBA and 4-14 µg/spot for AKBA.
Each concentration peak area was plotted against the
concentration of KBA and AKBA spotted in densitometric
analysis with in the integrated software. Quantification
of KBA and AKBA was done as the peak area of sample
spots were recorded and the amount of KBA and AKBA
was figured using standard curve. The superimposing
so as to distinguish proof of KBA and AKBA was
affirmed by the UV spectra of test and standard inside
of the same Rf window.
RESULTS AND DISCUSSION
Extractive value of the boswellic acids isolated from
gum exudates of Boswellia serrata was found to be
38.23%. The procedure for the determination of KBA
and AKBA in boswellic acids using HPTLC densitometry
in comparison with a HPLC method is reported. All
chromatographic systems were chosen experimentally.
HPLC analysis

A HPLC method with gradient elution was developed
for quantification of KBA and AKBA in boswellic acids
isolated from Boswellia serrata extract. The sample solution
was applied directly to the HPLC system without any
additional step. A typical overlaid chromatogram of
the boswllic acids extract and KBA and AKBA standard
is shown in (Figure 2). The identity of the KBA and
AKBA in extract was confirmed by comparison of
retention time and overlaying peak of KBA and AKBA
in extract and standard. The amount of KBA and
AKBA in the Boswellia serrata extract was calculated to
be 3.03% and 3.87%.
HPTLC analysis

The developed mobile phase consisting of glacial acetic
acid, n-hexane, ethyl acetate and toluene (0.3: 1: 8: 2)
(v/v/v/v) gave better, sharp and well defined peak resolution for both standards (KBA and AKBA) as well as
sample (Figure 3). The spot at Rf 0.39 was identified as
KBA and spot at Rf 0.42 was identified as AKBA with
the help of chromatogram of the standard compound
and HPTLC plate at 254 nm. The well defined spots
were obtained upon complete saturation of the solvent
chamber for 30 minutes.
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The TLC plate was scanned at 254 nm and the identity
of KBA and AKBA bands in the sample chromatogram
were conﬁrmed by the 3D (Figure 4) chromatogram
obtained after densitometric scanning and by comparing
peak of retention factor of KBA and AKBA from
sample and standard solution. This was further authenticated by overlaying spectra of KBA and AKBA
standards with extract (Figure 5). The peak corresponding
to KBA and AKBA from the sample solution had same
retention factor as that from standard KBA and AKBA
(Rf 0.39 and 0.42 respectively).
The calibration curves of KBA and AKBA was constructed by plotting peak area against concentration of
standard KBA and AKBA respectively. They conﬁrm
the linearity of the standard curves over the range studied.
The linear regression of KBA standard curve was determined with R2 ± SD= 0.984 ± 1.68%. with regression
line; y = 380.75x + 12716.380. The regression curve of
AKBA was determined with R2 ± SD= 0.997 ± 0.75%.
with regression line; y = 446.083x + 8885.082.
The contents of KBA and AKBA quantiﬁed using calibration curve was found to be 3.3% and 4.6 % respectively
in the extract of Boswellia serrata.

methods are simple and effective for quantification of
KBA and AKBA in Boswellia serrata extracts and their
pharmaceutical formulations.
ACKNOWLEDGMENTS
Financial support from University grants commission,
Ministry of Human Resources & Development, Government of India under special assistance programme is
acknowledged.
CONFLICTS OF INTEREST
The authors have no conflicts of interest.
REFERENCES
1.

Chatterjee gk and pal sd. Antiinflammatory agents from Indian Medicinal
Plants. Indian Drugs. 1984;21:431.

2.

Safayhi H, Mack T, Sabieraj J, Anazodo MI, Subramanian lR and Ammon
HP. Boswellic acids: novel, specific, nonredox inhibitors of 5-lipoxygenase.
Jourmal of Pharmacology and Experimental Therapeutics. 1992;261(3):114346. PMid:1602379.

3.

Safayhi H, Sailer Er and Ammon HP. Mechanism of 5-lipoxygenase
inhibition by acetyl-11-keto-beta-boswellic acid. Molecular Pharmacology.
1995;47(6):1212-6. PMid:7603462.

4.

Sailer ER, Subramanian LR, Rall B, Hoernlein RF, Ammon HP and Safayhi H.

HPTLC versus HPLC

Acetyl-11-keto-beta-boswellic acid (akba): structure requirements for binding

There was no significant difference between the content
of KBA and AKBA obtained by HPTLC and HPLC,
although the HPLC method showed slightly lower
values compared with HPTLC. Similar studies comparing
HPLC and HPTLC methods for determination of ethano
botanicals have also been reported.30,31 The major advantage of HPTLC over HPLC is reducing analysis time and
cost per analysis.32 Another advantage of HPTLC
discussed in the previously reported study is the capability
to detect more compounds than HPLC. In this regard,
the compounds which cannot be eluted still can be
detected. Moreover, the compounds having no UV
absorption, e.g. sugar, still can be detected by reagent
spraying.33 As HPLC method is widely accepted over
HPTLC as per pharmacopeial standards but looking at
the advantages of HPTLC over HPLC here in this study;
HPTLC-densitometry could be used for the quantitative
determination of KBA and AKBA in Boswellia serrta
extracts and their pharmaceutical definations and as
an alternative to HPLC in rapid screening or in routine
analysis.

1996;117(4):615-8.

and 5-lipoxygenase inhibitory activity. British Journal of Pharmacology.
http://dx.doi.org/10.1111/j.1476-5381.1996.tb15235.x;

PMid:8646405 PMCid:PMC1909340.
5.

Mikhaeil B, Maatooq G, Badria F and Amer M. Chemistry and
immunomodulatory activity of frankincense oil. Zeitschrift für Naturforschung.
2003;58(3-4):30-8. http://dx.doi.org/10.1515/znc-2003-3-416.

6.

Sharma Ml, Bani S and Singh GB. Antiarthritic activity of boswellic acids
in bovine serum albumin (bsa)-induced arthritis. International Journal of
Immunopharmacology. 1989;11(6):647-52. http://dx.doi.org/10.1016/01920561(89)90150-1.

7.

Gupta OP, Sharma N and Chand D. Application of papaya latex-induced rat
paw inflammation: model for evaluation of slowly acting antiarthritic drugs.
Journal of Pharmacology and Toxicological Methods. 1994;31(2):95-8. http://
dx.doi.org/10.1016/1056-8719(94)90048-5.

8.

Kimmatkar N, Thawani V, Hingorani L and Khiyani R. Efficacy and tolerability
of Boswellia serrta extract in treatment of osteoarthritis of knee- a randomized
double blind placebo controlled trial. Phytomedicine. 2003;10(1):3-7. http://
dx.doi.org/10.1078/094471103321648593 ; PMid:12622457.

9.

Uthaman S, Snima KS, Annapoorna M, Ravindranath KC, Nair SV and
Lakshmanan VK. Novel boswellic acids nanoparticles induces cell death in
prostate cancer cells. Journal of Natural Products. 2012;5:100-8.

10.

Park Y, Lee J, Bondar J, Harwalkar J, Safayhi H and Golubic M. Cytotoxic
action of akba on meningioma cells. Planta Medica. 2002;68(05):397-401.
http://dx.doi.org/10.1055/s-2002-32090 ; PMid:12058313.

11.

Jing Y, Nakajo S, Xia L, Nakaya K, Fang Q, Waxman S, et al. Boswellic
acid acetate induces differentiation and apoptosis in leukemia cell lines.
Leukemia Research. 1999;23(1):43-50. http://dx.doi.org/10.1016/S01452126(98)00096-4.

12.

Shah BA, Qazi GN and Taneja SC. Boswellic acids: a group of medicinally
important compounds. Natural Products Reports. 2009;26(1):72-89. http://
dx.doi.org/10.1039/B809437N.

CONCLUSION

13.

Present study was conducted in order to compare
HPLC and HPTLC methods for qualitative and quantitative determination of bioactive boswellic acids. Both
422

Gupta RK, Gupta VN, Gupta VK and Atal CK. Non-aqueous method for
estimation of total triterpene acids in salai guggal and its different forms.
Indian Drugs. 1984;21:523-5.

14.

Ganzera M and Khan IA. A reversed phase high-performance liquid
chromatography method for the analysis of boswellic acids in Boswellia serrata.

Indian Journal of Pharmaceutical Education and Research | Vol 50 | Issue 3 | Jul-Sep, 2016

Meenu Mehta et al.: Comparison of HPLC and HPTLC of determination of KBA and AKBA

Planta Medica. 2001;67:778-80. http://dx.doi.org/10.1055/s-2001-18346 ;

24.

PMid:11731931.
15.

Krohn K, Rao MS, Raman NV and Khalilullah M. HPTLC analysis of antiinflammatory triterpenoids from Boswellia serrata roxb. Phytochemical
Analysis.

2001;12(6):374-6.

http://dx.doi.org/10.1002/pca.606

;

leaves. International Journal of Pharma and Biosciences. 2010;1(2):1-14.
25.

Sane RT, Phadke MM, Hijli PS, Shah MC and Patel PH. A high-performance
thin-layer chromatography method for the simultaneous quantitative analysis

HPTLC. Journal of Chemical and Pharmaceutical Research. 2010;2(6):86-91.
26.

preparation. Indian Drugs. 1998;35:286.
Shah SA, Rathod IS, Suhagia BN, Patel DA, Parmar VK, Shah BK, et al.

2012;2(3):77-82. http://dx.doi.org/10.1016/j.jacme.2012.08.004.
27.

2007;848(2):232-8.

http://dx.doi.org/10.1016/j.jchromb.2006.10.026;

reversed-phase

high-performance

liquid

Sharma S, Thawani V, Hingorani L, Shrivastava M, Bhate VR and Khiyane SR.
Pharmacokinetic study of 11-keto beta-boswellic acid. Phytomedicine. 2004;

http://dx.doi.org/10.1078/0944-7113-00290;

PMid:15070181.
Tawab MA, Kaunzinger A, Bahr U, Karas M, Wurglics M et al. schubert-

11(2):255-60. http://dx.doi.org/10.1078/0944-7113-00290 PMid:15070181
29.

Pozharitskaya ON, Kosman VM, Shikov AN, Demchenko DV, Eschenko AY
and Makarov VG. Comparison between HPLC and HPTLC densitometry
for the determination of icariin from Epimedium koreanum extracts. Journal

method for the determination of 11-ketobeta-boswellic acid in human plasma.

of

Journal of Chromatography B. 2001;761:221. http://dx.doi.org/10.1016/

Separation

Sciences.

2007;30(5):708-12.

http://dx.doi.org/10.1002/

jssc.200600442.

S0378-4347(01)00335-8.
Büchele B and Simmet T. Analysis of 12 different pentacyclic triterpenic

Taneja SC. Boswellic acids compositions and preparation there of United
states patent no. 5629351, 1997.

30.

zsilavecz m. Development of a high-performance liquid chromatographic

31.

Urakova IN, Pozharitskaya ON, Shikov AN, Kosman VM, Makarov VG.

acids from frankincense in human plasma by high-performance liquid

Comparison of high performance TLC and HPLC for separation and

chromatography and photodiode array detection. Journal of Chromatography

quantification of chlorogenic acid in green coffee bean extracts. Journal

B. 2003;795(2):355-62. http://dx.doi.org/10.1016/S1570-0232(03)00555-5.

of

Kaunzinger A, Baumeister A, Cuda K, Haring N, Schug B, Blume HH, et al.

jssc.200700472 ; PMid:18183554.

Determination of 11-keto-β-boswellic acid in human plasma. Journal of
Pharmaceutical and Biomedical Analysis. 2002;28:729-39. http://dx.doi.

32.

2005;77(20):6640-5.

http://dx.doi.org/10.1021/ac0506478;

PMid:16223251.

2008;31(2):237-41.

http://dx.doi.org/10.1002/

Rathee D, Thanki M, Agarwal R and Anandjiwala S. Simultaneous

Sternb. Forma ligulata yeo (pasanbheda). Pharmaceutica Analytica Acta.

et al. Determination of boswellic acids in brain and plasma by highChemistry.

Sciences.

quantification of β-sitosterol using HPTLC from Bergenia ciliata (haw.)

Reising K, Meins J, Bastian B, Eckert G, Mueller WE, Schubertzsilavecz M,
performance liquid chromatography/tandem mass spectrometry. Analytical

Separation

quantification of bergenin, (+)-catechin, gallicin and gallic acid; and

org/10.1016/S0731-7085(01)00674-4.

23.

A

PMid:11731931.
28.

Sharma S, Thawani V, Hingorani L, Shrivastava M, Bhate VR, Khiyane SR,
2004;11(2):255-60.

22.

IA.

Planta Medica. 2001;67:778-80. http://dx.doi.org/10.1055/s-2001-18346;

et al. Pharmacokinetic study of 11-keto beta boswellic acid. Phytomedicine.

21.

Khan

Boswellia serrata extract and 11-keto β- boswellic acid in human plasma by

PMid:17101304.

20.

M,

chromatography method for the analysis of boswellic acids in Boswellia serrata.

B.

19.

Ganzera

Vaishnavi. Estimation of boswellic acids from market formulations of
high-performance thin-layer chromatography. Journal of Chromatography

18.

Gomathi D, Ravikumar G, Kalaiselvi M, Vidya B and Uma C. HPTLC
fingerprinting analysis of evolvulus alsinoides (l). Journal of Acute Medicine.

of gugul (Boswellia serrata) & turmeric (curcuma longa) from an ayurvedic
17.

Ramya V, Dheena DV and Umamaheswari S. In vitro studies on antibacterial
activity and separation of active compounds of selected flower extracts by

PMid:11793815.
16.

Patil AG, Koli SP, Patil DA and Chandra N. Phamacognostical standardization
and hptlc finger print of Crataeva tapia linn. Ssp. Odora (jacob.) Almeida

2010;1:104.
33.

Chen S, Liu H, Tian R, Yang D, Xu H, Chan A, et al. High performance
thin-layer chromatographic fingerprints of isoflavonoids for distinguishing

Dash S, Das C and Sahoo DC. Phytochemical and Anthelmintic screening

between Radix puerariae lobate and Radix puerariae thomsonii. Journal

of crude bark extract of Adenanthera pavonina linn. International Journal of

of

Pharmaceutical Compounding. 2010;2:1-4.

chroma.2006.04.082 ; PMid:16714027.

PICTORIAL ABSTRACT

Chromatography A.

2006;1121(1):114-9.

http://dx.doi.org/10.1016/j.

SUMMARY

• An HPTLC method was developed in comparison
to HPLC protocol for quantitative analysis of KBA
and AKBA in Boswellia serrata extract .
• The gradient HPLC method was and direct HPTLC
assay was used for the determination of KBA and
AKBA at 254 nm.
• Analytical assay showed lower values for content
of KBA and AKBA in HPLC as compared to HPTLC.
The amount of KBA and AKBA in the Boswellia
serrata extract was found to be about 3.3 % and
4.6 % by HPTLC and 3.03% and 3.87% by HPLC
respectively.
• The developed methods are simple, effective and
reliable for quantitative analysis of Boswellia serrata extracts and their pharmaceutical formulations.
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