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Abstract

and overall recoveries of the boswellic acids.

Background: Boswellia serrata, also known as Indian frankincense is a commercially important medicinal plant which
has been used for hundreds of years as an Ayurvedic medicine for the attempted treatment of arthritis. It contains
naturally occurring triterpenoic acids, called as boswellic acids (BA's).

Results: A highly reproducible High performance liquid chromatography-ultraviolet diode array detection (HPLC-
UV-DAD) method was developed for the simultaneous determination and quantitative analysis of eight major
triterpenoic acids in Boswellia serrata gum resin obtained by different extraction techniques. All the calibration curves
exhibited good linear regression (R? > 0.997) within the test ranges. The established method showed good precision

Conclusions: The eight triterpenoic acids coded as BS-1 (11-keto-beta-boswellic acid), BS-2 (3-O-acetyl-11-keto-beta-
boswellic acid), BS-3 (3-keto tirucallic acid), BS-4 (3-O-acetyl-alpha-tirucallic acid), BS-5 (3-O-acetyl-beta-tirucallic acid),
BS-6 (alpha-boswellic acid), BS-7 (beta-boswellic acid) and BS-8 (3-O-acetyl-beta-boswellic acid) were isolated from
the processed gum resin of Boswellia serrata by column chromatography. The proposed HPLC method is simple, reli-
able and has been very useful for the qualitative as well as quantitative analysis of boswellic acids in the gum resin of
Boswellia serrata. The proposed method allows to quantify boswellic acids in appreciable amounts by HPLC-UV (DAD)
method in the extracts and the available marketed formulations.

Keywords: Boswellia seratta, HPLC, UV (DAD), Triterpenoic acids, ESI-MS (electrospray ionisation mass spectrometry)

Background

Boswellin is methanolic/alcoholic extract of gum resin
exudates of Boswellia serrata. Many preparations of the
exudates of the plant are used in traditional medicines
and have number of ethanobotanical applications.
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Boswellia serrata, Linn F (Burseraceae) is commonly
used in Indian system of medicine (Ayurveda) as anti-
inflammatory, analgesic, anti-arthritic and anti-pro-
liferative agent [1]. Clinical studies have revealed that
Boswellia serrata plant may be effective in reducing
diarrhoea in patients with inflammatory bowel disease
[2]. A biopolymeric fraction of the plant has shown dose
dependent immunostimulatory effect with respect to
macrophage activation [3]. Anti-inflammatory activ-
ity of ethanolic extract of Boswellia serrata is primarily
due to inhibition of leukotriene synthesis. In three small
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clinical trials boswellia was shown to improve symp-
toms of ulcerative colitis and Crohn’s disease. It has been
reported that Boswellia plant is superior over mesala-
zine in terms of its alleged safety and benefit-risk ratio
[4]. Both the gum resin and Acetyl Keto Boswellic acid
(AKBA) exert moderate to low toxicity on the skin [5].
Eight major triterpenoic acids viz; 11-keto-beta-boswel-
lic acid (Fig. 1a), 3-O-acetyl-11-keto-beta-boswellic acid
(Fig. 1b), alpha-boswellic acid (Fig. 1c), beta-boswellic
acid (Fig. 1d), 3-O-acetyl-beta-boswellic acid (Fig. le),
3-keto tirucallic acid (Fig. 2a), 3-O-acetyl-alpha-tirucallic
acid (Fig. 2b) and 3-O-acetyl-beta-tirucallic acid (Fig. 2c)
have been isolated from the gum resin of Boswellia ser-
rata. These acids have been found to inhibit the synthe-
sis of DNA, RNA and protein in human leukemia HL-60
cells in a dose dependent manner with IC;, values rang-
ing from 0.6 to 7.1 pM. Among the eight above men-
tioned acids, 3-O-acetyl-11-keto-beta-boswellic acid have
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been reported to induce the most pronounced inhibitory
effects on DNA, RNA and protein synthesis [6]. Experi-
mental results suggest that boswellic acids are specific,
non-redox inhibitors of leukotriene synthesis either by
interacting directly with 5-lipoxygenase or by blocking its
translocation [7—10]. Boswellia tree abundantly grows in
dry hilly tracts of Gujarat and also in some parts of Mad-
hya Pradesh states of India. This plant yields oleo-gum-
resin which is used for variety of therapeutic purposes
[1, 6,11, 12, 13, 14, 15, 16, 17, 18, 19, 20]. Although the
oleo-gum-resin which was a component of European
Pharmacopoeia until the beginning of this century fell
into oblivion with the use of synthetic drugs and still it is
widely used in regions from North Africa to China. Alco-
holic extract of Salai guggal (AESG) has been reported
to possess anti-inflammatory and anti-arthritic activities
in animals [13, 20] which were due to BA’s. Salai guggal
contains 8—9 % essential oil, 20-23 % gum, and about
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Figure No. Name of Analytes
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2c 3-0-acetyl-B- tirucallic
acid

Fig. 2 Chemical structure of different Tirucallic acids
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50 % resin [21, 22]. A non-phenolic fraction of Boswellia
serrata has shown analgesic and psychopharmacologi-
cal effects [23]. The studies have revealed the synergistic
effect of boswellic acid mixture (BA) and glucosamine for
anti-inflammatory and anti-arthritic activities in rats and
this mixture has been found to give protection to gastric
ulcer [24, 25]. A number of HPLC and HPLC-MS meth-
ods for analysis of triterpenoic acids are available in the
literature [26-28] but there is no method so far avail-
able in the literature where simultaneous quantitative
analysis of eight different triterpenoic acids (including
Tirucallic acids) have been reported. We herein report a
reliable, simple and an efficient method for the simulta-
neous determination and quantification of eight triterpe-
noic acids by HPLC-UV (DAD) method in the extracts
obtained by different extraction techniques.

Results and discussion

The HPLC method developed is a robust one and in
order to develop the HPLC conditions for the separation
of eight triterpenoic acids, isolated from the gum resin
of Boswellia serrata, an artificial mixture of these triter-
penoic acids was prepared. There were reasonable differ-
ences in the retention times (Table 1) of said boswellic
acids which facilitated the quantification of these acids in
the samples.

Separation and detection of pentacyclic triter-
penic acids, consisting of six boswellic acids, namely,
11-ketobeta-boswellic acid, 3-O-acetyl-11-keto- beta-
boswellic acid, alpha-boswellic acid, beta-boswellic acid,
3-0O-acetyl-alphaboswellic acid, and 3-O-acetyl-beta-
boswellic acid was carried out by Subbaraju et al. whereas
we were successful in the separation and detection of
eight triterpenic acids including 3-keto-tirucallic acid,
3-0-acetyl-beta-tirucallic acid for the first time.

Quantification of these triterpenic acids were carried
out for the first time in the extracts obtained from dif-
ferent extraction techniques. Gradient mobile phase
was used by Subbaraju et al. whileas we used isocratic
mobile phase [acetonitrile: 0.5 % acetic acid in water
(95:5)] which is more reproducible and reliable. Pro-
posed method exhibits calibration curves in the range
of 2.0-120.0 pg (R2 > 0.998). This makes it more suitable
for quality control of these acids in different commercial
samples.

Shah et al. demonstrated the separation of only two
acids; they have estimated that calibration curve was
linear in the 11.66-58.30 and 6.50-32.50 pg/mL range
for 11-KBA and A-11-KBA, respectively. The limits of
detection were 2.33 and 1.30 pg/mL for 11-KBA and
A-11-KBA, respectively. The mean recoveries were
98.24-104.17 % and 94.12-105.92 % for 11-KBA and
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Table 1 Results of various chromatographic parameters for different Boswellic acids
Analyte Retention time MDL (png) LOQ (ug) Regression equation (Y = mx + b) Correlation
(min) coefficient
11-keto-beta-boswellic acid (BS-T1) 6.2 0.04 0.14 Y =1.17752x + (—17.18153) 0.9999
3-O-acetyl-11-keto-beta-boswellic acid 8.6 0.13 0.44 Y =0938111e—1x +(—135.28362) 0.9999
(BS-2)
3-O-keto-tirucallic acid (BS-3) 9.3 0.14 046 Y =9.04242e—1x + (—97.40996) 0.9999
3-O-acetyl-alpha-tirucallic acid (BS-4) 122 0.26 0.86 Y =1.01539x + (—73.37757) 0.9999
3-0O-acetyl-beta-tirucallic acid (BS-5) 139 048 0.75 Y =1.00921x + (—72.91381) 0.9998
Alpha- boswellic acid (BS-6) 14.7 0.93 143 Y =6.05811e—1x + (—105.76374) 0.9983
Beta-boswellic acid (BS-7) 16.6 0.84 1.12 Y = 5.54846e—1x + (—126.78319) 0.9993
3-O-acetyl-beta-boswellic acid (8S-8) 29.2 0.96 1.26 Y =4.65268e—1x + (—139.76004) 0.9998

A-11-KBA, respectively. The inter- and intra-day vari-
ation coefficients were less than 5 %. Where as in our
proposed method, we have successfully separated eight
different acids, calibration curve was observed linear in
the range of 2.0-120 pg/mL, and the method detection
limits were 0.04 and 0.13 pg/mL for 11-KBA and A-11-
KBA, respectively. The overall recoveries were 98.6—
100.2 % for 11-KBA and A-11-KBA. The assay precision
ranged between 0.51 and 3.02 % whereas accuracy was
between —2.37 and 6.44 % which shows the superiority of
the method proposed.

Out of the eight triterpenoic acids used as standards
in the study, boswellic acid and 3-O-acetyl-tirucallic acid
showed separate peaks for a and 3 isomers in the HPLC—
UV(DAD) chromatogram when separations were carried
out on a non-chiral column (Merck, RP-18, 4 x 250 mm,
5 pm). Thus out of eight triterpenoic acids, two are actu-
ally mixtures of a and B isomers. The two peaks each
for boswellic acid and 3-O-acetyl-tirucallic acid in the
chromatograms were due to the o and  isomers. The
responses of 11-keto boswellic acid, 3-O-acetyl-11-keto

boswellic acid and 3-keto tirucallic acid on the same col-
umn were on the expected lines.

The results have revealed that 3-keto- tirucallic acid is
a major constituent of the gum resin of Boswellia serrata
which exhibited concentration of 26.4 % in the Processed
Gum Resin (PGR). The results are the average of six sam-
ples taken up for quantification. Extracts obtained by
different extraction techniques were subjected to quan-
tification of eight major triterpenoic acids. The results
have been detailed in Table 2.

The compounds BS-1 and BS-2 showed maximum UV
absorption at 250 nm while as other compounds BS-3 to
BS-8 showed maximum UV absorption at 205 nm. Hence
the quantification of the compounds was carried out at
the aforesaid wavelengths (Fig. 3).

Proposed method is simple, precise, accurate and rapid
as compared to the method previously reported [27]. In
this method, eight boswellic acids were quantified in the
different extracts obtained by different extraction tech-
niques, which is not reported in the literature however
several authors [29, 30] have reported the separation and

Table 2 Results (%) of different boswellic acids in the extracts obtained by different extraction techniques

Compound USE-E-RT USE-E-HT USE-PE-RT USE-PE-HT SOX-E SOX-PE CPE-1 CPE-2 SCFE PGR
Extractive value (%) 25.28 54.55 19.30 34.14 47 49 27 22 39 57
BS-1 243 2.32 1.16 1.62 1.71 1.80 2.64 1.51 1.91 2.85
BS-2 1.79 1.24 1.33 1.79 0.91 2.23 2.21 2.01 451 5.64
BS-3 104 3.81 55 457 832 15.63 8.66 7.79 10.12 264
BS-4 1.08 0.62 1.6 1.77 0.93 2.1 1.32 191 2.73 2.72
BS-5 1.2 0.65 2.03 1.72 1.31 2.13 1.44 2.14 2.65 1.93
BS-6 7.07 457 7.24 4.81 2.88 9.86 6.05 8.77 6.01 8.58
BS-7 8.21 6.75 9.7 413 453 11.36 7.84 8.74 6.37 15.81
BS-8 33 236 53 757 4.15 9.34 4.51 8.02 7.87 9.18

USE-E-RT Ultrasonication in ethanol at room temperature, USE-E-HT Ultrasonication in ethanol at higher temperature, USE-PE-RT Ultrasonication in Petroleum ether at
higher temperature, USE-PE-HT Ultrasonication in Petroleum ether at higher temperature, SOX-E Soxhlet extraction in ethanol, SOX-PE Soxhlet extraction in Petroleum
ether, CPE-1 Cold Percolation extraction in ethanol, CPE-2 Cold Percolation extraction in Petroleum ether, SCFE Super critical fluid extraction, PGR Processed gum Resin
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Fig. 3 HPLC chromatogram showing the separation of different boswellic acids

detection of pentacyclic triterpenic acids, consisting of
six boswellic acids, namely, 11-ketobeta-boswellic acid,
3-O-acetyl-11-keto-beta-boswellic acid, alpha-boswellic
acid, beta-boswellic acid, 3-O-acetyl-alphaboswellic acid,
and 3-O-acetyl-beta-boswellic acid whereas we were
successful in the separation and detection of eight pen-
tacyclic triterpenic acids including 3-keto-tirucallic acid,
3-0O-acetyl-beta-tirucallic acid for the first time.

Different extraction techniques were employed for
the extraction of eight boswellic acids by using differ-
ent extraction solvents and conditions. It was observed
that out of the different extraction techniques employed,
the one in which the extract was treated with the base
to yield acid rich fraction, a creamish powder called as
processed gum resin (PGR) was an excellent technique
for the isolation of majority of compounds with a total
yield of 73.07 %. Soxhlet extraction with petroleum ether
(SOX-PE) as extracting solvent came out to be the best
technique next to processed gum resin with a total yield
of 54.45 %. Total percent yield obtained from processed
gum resin was 3.3 times more than that obtained from

ultrasonication with ethanol at higher temperature (USE-
E-HT), 1.7 times more than Supercritical fluid extrac-
tion (SCFE), 1.34 times than soxhlet extraction with
petroleum ether (SOX-PE), 1.78 times than cold perco-
lation in petroleum ether (CPE-2) and almost 2—-3 times
higher than what was obtained from other extraction
techniques.

Since the plant and the isolated compounds are well
known for their medicinal properties and uses in ayur-
veda, each of the extraction techniques can be employed
for the targeted extraction of any particular compound
from the plant extracts to get the maximum yield of the
desired compound. Soxhlet extraction with petroleum
ether has proved to be the best technique for the extrac-
tion and isolation of alpha boswellic acid (9.86 %). Simi-
larly supercritical fluid extraction can be used for the
isolation of acetyl-alpha tirucallic acid and acetyl-beta-
tirucallic acid, processed gum resin can be employed
in the case of acetyl-alpha-tirucallic acid and soxhelet
extraction with petroleum ether is the best technique to
be used for the isolation of acetyl-beta-boswellic acid.
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Experimental

Instrumentation and reagents

All chemicals and reagents used in study were of high
purity. HPLC grade acetonitrile and methanol were from
Merck, India and HPLC grade water was from milli-Q
water purification system. Analytical grade acetic acid
from Merck India was used in the mobile phase whereas
HPLC grade methanol was used for sample preparation.
All the six triterpenoic acids, used as standards in the
study, were isolated from the gum resin of Boswellia ser-
rata. The purity of BA’s was established by HPLC whereas
identity of these compounds was established by ESI-MS.
The gum resin samples of Boswellia serrata were pro-
cured from local market of Ahmedabad city -Gujarat
state of India and a specimen voucher of the samples was
deposited in herbarium of the institute. Ultrasonication
bath used was from Elma Sonic (Elma S 100 H) Singen,
Germany.

Isolation of markers from the gum resin

Ethanol (95 %) of 3 L was added in one kg of B. serrata
gum resin and kept the same in a percolator up to the
24 h, similar process was repeated three times. All the
solvent were filtered with the help of a filter paper, col-
lected in 6 L conical flask and subjected to thin film
rotavapor under reduced pressure at 40 °C to obtain a
thick brown ethanolic extract with an extractive value of
49 %. NaOH (3 %) solution was mixed with the ethanolic
extract to get a uniform emulsion. Filtration of aqueous
portion was carried out with the help of a fine cloth and
non-acidic part from the same was discarded by extract-
ing it with the mixture of hexane/ethyl acetate (95:5).
The total organic acids were precipitated out by acidi-
fying it with 1 N HCI and were filtered. Distilled water
was used to wash it sothat excess quantify of HCI can
be removed from it. Aforesaid procedure was repeated
to get precipitation of these acids and was dried at tem-
perature below 50 °C in a vacuum oven. Finally it yielded
280 g of creamish powder i.e. the mixture of acids which
contain triterpenoic boswellic acids. This mixture was
subjected to column chromatography for the separation
of individual acids. Hexane with increasing proportions
of ethyl acetate was eluted through the column to collect
different fraction. TLC was used to monitor these frac-
tions; similar patterns showing fractions were pooled
and evaporated to dryness over a rotavapor to get resi-
dues. These residues were subjected to crystallization
and re-crystallization in appropriate organic solvents
to yield pure crystals of different boswellic acids (BAs).
Various spectroscopic techniques i.e. 'H NMR, *C NMR
and mass spectral data were employed to identify these
compounds.
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The quantification of eight BA’s was carried out in dif-
ferent extracts prepared by using different extraction
techniques.

Extraction methods

Classical extraction by percolation

Cold percolation was carried out with two different
solvents (ethyl alcohol and petroleum ether). 10 g of
the plant material was taken and 40 mL of ethanol was
added. The solvent was changed after 3 h, three repeated
extractions were performed. These extractions were com-
bined and processed for analysis. Similar procedure was
adopted for extraction with petroleum ether. The extrac-
tive values obtained were 27 and 22 % in ethanol and
petroleum ether respectively.

Extraction under ultrasonic waves

For extraction under ultrasonic waves 10 g of plant mate-
rial was taken, 40 mL of the solvent was added and the
process was carried out with two different solvents (etha-
nol and petroleum ether) at two different temperatures
(room temp. and at higher temp. of 45 °C). The extrac-
tion time was 2 h to achieve good extractive values. The
marec left after filtration was extracted twice. All the three
extracts were combined and dried under reduced pres-
sure on a rotavapor. The extractive values for ultrasonica-
tion with ethanol at room temp and at higher temp were
25.28 and 54.55 % and for ultrasonication with petroleum
ether at room temp and at higher temp were 19.3 and
34.14 % respectively. The extracts so obtained were ana-
lyzed for their contents by HPLC.

Soxhlet’s extraction

Plant material (25 g) was extracted with two different sol-
vents (ethyl alcohol and petroleum ether) of 200 mL on a
water bath. After 5 h, the contents were filtered and the
filtrate was evaporated to dryness under reduced pres-
sure to yield semi dried extract. The extractive value
obtained was 47 and 49 % for ethanol and petroleum
ether.

Supercritical fluid extraction (SFE)

SFE of plant material (1000 g) was carried out under the
conditions wherein extraction pressure was 250 bars,
temperature 45 °C and CO, flow rate 20 kg/h, whereas
pressure of Separator-1 was 100 bars and temperature
was 40 °C and extraction was completed after 2 h. The
extractive value was 3.9 %.

Chromatographic conditions and apparatus
The HPLC system consisted of an Agilent series
1100 instrument equipped with a binary pump, an
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autosampler, an automatic electronic degasser, an auto-
matic thermostatic column oven, a diode array detec-
tor, and a computer with Chemstation software (version
06.03 [509]) for data analysis. The HPLC separations were
optimized using RP-18, Merck column (4 x 250 mm,
5 um) where mobile phase consisted of an isocratic
mixture of acetonitrile: 0.5 % acetic acid in water (95:5),
The mobile phase was delivered at a flow rate of 0.8 mL/
min. The column temperature was maintained at 30 °C
to provide sharpness to the eluting peaks. The UV chro-
matograms were recorded at 205 and 250 nm. 11-keto-
boswellic acid showed a peak at a retention time of
6.2 min in the HPLC-UV(DAD) chromatogram and simi-
larly 3-O-acetyl-11-keto-boswellic acid, 3-keto-tirucallic
acid, 3-O-acetyl-alpha-tirucallic acid, 3-O-acetyl-beta-
tirucallic acid, alpha-boswellic acid, beta-boswellic acid
and 3-O-acetyl-beta-boswellic acid exhibited peaks
at retention times of 8.7, 9.3, 12.2, 13.9, 14.7, 16.7 and
29.3 min. respectively (Table 1).

Preparation of standard solutions and sample solutions
Standard solutions

Eight BA’s i.e. BS-1, BS-2, BS-3, BS-4, BS-5, BS-6, BS-7
and BS-8 were properly weighed (5 mg) and each dis-
solved in 1 mL of HPLC grade methanol. All the eight
standards were mixed in equal volumes and serially
diluted. 10 pL of each of the above prepared mixtures
was injected (n = 6) into the column for preparation of
standard curves.

Sample solutions

Accurately weighed quantities of dried extract samples
from gum resin of Boswellia serrata were dissolved in
known volumes of HPLC grade methanol. The solutions
were filtered through Millipore (0.45 pum) filters before
injection into the HPLC system.

MS analysis

MS studies on BA’s were carried out on Bruker ion trap
(3000) Mass spectrometer because it is a straightforward
and well suitable method for the ionization of polar and
medium polar compounds. All the interface parameters
were optimized and all the six standard solutions of
BA’s were directly infused/injected into the mass spec-
trometer. The dry gas flow was 6 mL/min., nebulizer
value 12 p.s.i and dry gas temperature was 320 °C. The
mass range was 100-900 m/z, ICC target values were
8000 while the maximum accumulation time was set at
200 milli seconds. The six major BA’s exhibited molecu-
lar ion peaks at 471.2 ([M + H]™", BS-1), 513.3[M + H]™,
BS-2) 453(IM — H]~, BS-3), 497([(M — H]~, BS-4, BS-5),
455([M — H]~, BS-6, BS-7) and 496.9 ([M — H]~, BS-8)
respectively.
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Quantification

Quantification of various gum resin samples of Boswellia
serrata was carried out by external standard curve
method. Quantification of eight BAs 11-keto-beta-
boswellic acid, 3-O-acetyl-11-keto-beta-boswellic acid,
3-keto tirucallic acid, 3-O-acetyl-alpha-tirucallic acid,
3-O-acetyl-beta-tirucallic acid, alpha-boswellic acid,
beta-boswellic acid and 3-O-acetyl-beta-boswellic acid
was carried out and excellent calibration curves were
obtained for all the boswellic acids in the concentration
range of 2.0-120.0 pg (R* > 0.998). The recovery stud-
ies were within the concentration range of calibration
curves.

Validation of the LC method

Linearity

Linearity of the detector response was determined on the
basis of calibration curves. In the present study, linear-
ity of eight major triterpenoic acids (BA’s) was studied in
the concentration range of 2.0-120 pg by using standard
solutions of different boswellic acids respectively. Regres-
sion analysis co-efficient (r) was greater than 0.998.

Relative recovery

The relative recovery of the method was estimated by
spiking 0.5 mg each of the eight boswellic acids in 500 mg
of the extract. The recovery studies were carried out at
three different concentrations 10, 50, 90 pug/mL which
revealed that the recoveries of boswellic acids were in the
range of 97.8-100.2 % (Table 3).

Precision and accuracy

Intra-day precision and accuracy was determined by
assaying standard solutions of eight boswellic acids at
three different concentrations which fall within the range
of the calibration curve. The overall intraday and interday
precisions (% RSD) were set as less than 10 % whereas
accuracy (% RE) was less than £10 %. The values for
interday precision and accuracy for all the eight major
boswellic acids were measured by analysis of the stand-
ard solutions at three concentrations on three different
days. The calculated RSD and RE values from repeated
measurements are summarized in Table 4. The assay pre-
cision ranged between 0.51 and 3.02 % whereas accuracy
was between —2.37 and 6.44 %.

Limit of detection and limit of quantification

Method detection limit (MDL) was established as
the amount of analyte that provides a signal-to-noise
ratio of 3. The MDLs were 0.04, 0.13, 0.14, 0.26, 0.48,
093, 0.84 and 0.96 pg for 11-keto-beta-boswellic
acid, 3-O-acetyl-11-keto-beta-boswellic acid, 3-keto-
tirucallic acid, 3-O-acetyl-alpha-tirucallic acid,
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Table 3 Results of relative recovery analysis for different boswellic acids
Analyte Actual concentration (ug/mL) Detected concentration (ug/mL) % RSD Recovery %
11-Keto-beta-boswellic acid 10.0 9.86 +0.21 2.14 98.6
50.0 49.70 £0.51 1.02 994
90.00 90.25 £ 0.82 09 100.2
3-O-acetyl-11-keto-beta-boswellic ~ 10.0 9.90 +0.20 2.02 99.0
acid 50.0 50.06 £ 0.72 143 100.1
90.00 89.96 £+ 0.70 0.77 99.9
3-O-keto-tirucallic acid 10.0 9914023 232 99.1
50.0 49.82 + 044 0.88 99.6
90.00 89.92+£0.72 0.80 99.9
3-O-acetyl-alpha-tirucallic acid 10.0 9.78 +0.15 1.54 97.8
50.0 4980 +£0.73 146 99.6
90.00 89.75 £ 0.50 0.55 99.7
3-O-acetyl-beta-tirucallic acid 10.0 991 +£0.21 2.19 99.1
50.0 49.76 £1.19 241 99.52
90.00 8892 +£0.93 1.05 98.8
Alpha-boswellic acid 10.0 9.91 £+ 0.25 2.62 99.1
50.0 49.68 £ 1.25 251 99.36
90.00 89.48 £ 0.57 0.63 99.42
Boswellic acid 10.0 998 £0.13 1.31 99.8
50.0 49.77 £0.84 1.68 99.5
90.00 89.88 £0.82 091 99.8
3-O-acetyl-beta- boswellic acid 10.0 993+0.16 161 99.3
50.0 49.51 £0.10 0.20 99.0
90.00 89.96 £ 0.64 0.71 99.9

3-0O-acetyl-beta-tirucallic acid, alpha-boswellic acid, beta-
boswellic acid and 3-O-acetyl-beta-boswellic acid respec-
tively. Limits of quantification (LOQ) were established as
the amount of analyte that provides a signal-to-noise ratio
of 10. The limit of quantification (LOQ) was 0.14, 0.44,
0.46, 0.86,0.75, 1.43, 1.12 and 1.26 pg for for 11-keto-beta-
boswellic acid, 3-O-acetyl-11-keto-beta-boswellic acid,
3-keto-tirucallic acid, 3-O-acetyl-alpha-tirucallic acid,
3-O-acetyl-beta-tirucallic acid, alpha-boswellic acid,

beta-boswellic acid and 3-O-acetyl-beta-boswellic acid
respectively.

Conclusions

The proposed HPLC method is simple, reliable and has
been very useful for the qualitative as well as quantitative
analysis of boswellic acids in the gum resin of Boswellia
serrata. The method allows to quantify boswellic acids
in appreciable amounts by HPLC-UV (DAD) method. In
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Table 4 Results of interday and intraday precision (RSD %) and accuracy (RE %) for different boswellic acids
Analyte Actual concentration Detected concentration RSD (%) RE (%)
(ng/ml) (mean £ SD, n =6)
Interday Intraday Interday  Intraday Interday Intraday
11-Keto-beta-boswellic acid 8.0 790+ 0.10 804+£0.15 126 1.86 —1.25 0.50
250 24.90 £ 0.60 2643 £066 240 249 —1.25 5.72
100.00 99.60+£288 10035+£284 289 2.83 —0.40 0.35
3-O-acetyl-11-keto-beta-boswellic acid 8.0 7.96 +£0.20 8214+£020 251 243 —0.50 262
250 2508 £0.32 2650 £ 0.74 1.27 2.79 032 6.00
100.00 9970 +2.84 10061 £297 284 295 —0.30 0.61
3-O-keto-tirucallic acid 8.0 8.09 £0.10 8.02 £0.24 123 2.99 112 0.25
250 25.05 £ 0.66 2661+£080 263 3.00 0.20 6.44
100.00 9790+£296 10094+294 302 291 —2.1 0.94
3-0O-acetyl-alpha-tirucallic acid 8.0 8.03+£0.10 796 £0.11 1.24 1.38 037 —-0.5
25.0 2506 £0.13 2489+024 051 0.96 0.24 —044
100.00 100.21 £0.70 9983 £0.76  0.69 0.76 0.21 —-0.17
3-O-acetyl-beta-tirucallic acid 8.0 798 £0.16 792£016 20 202 —0.25 —1.00
25.0 2629 £ 064 2543 +£061 243 239 5.16 172
100.00 99.52£280 100.63 £252 2.81 2.50 —0.48 0.63
Alpha-boswellic acid 8.0 7.85+0.07 782+011 089 140 —1.87 —2.25
250 2473 £0.22 2561 £066 0.88 2.57 —1.08 244
100.00 9889+£090 10041 £167 091 1.66 —1.11 0.41
Beta-boswellic acid 80 794 £0.10 796+£022 125 2.76 —0.75 —05
250 2488 £0.72 2531£040 289 1.58 —0.48 1.24
100.00 100.13 £1.93 9763 +£288 192 294 0.30 —237
3-0O-acetyl-beta-boswellic acid 80 803+0.18 809+024 224 2.96 037 1.12
25.0 25.81 £ 0.60 2568 £062 232 241 324 2.72
100.00 100.18 & 2.53 9937 £269 252 2.70 0.18 —0.63

case of those boswellic acids which exhibited isomeric
peaks, both the isomeric peaks were considered for all
measurements. This method has allowed us to fix the
acceptance and rejection criteria for the selection of gum
resin samples of the plant which is being used by phar-
macologists to study its various attributes.
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