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Summary

Introduction: Boswellia serrata has been used in traditional medicine for treatment of
inflammatory diseases since antiquity. However human kinetic studies are lacking for this. Hence
to better elucidate its effects in humans and determine its optimal dosing, this study was planned.
Material and Methods: Twelve healthy adult men volunteers were given capsule Wok Vel� con-
taining 333 mg of Boswellia Serrata Extract, orally, after a seven days washout period. Venous
blood samples were drawn through indwelling canula from each volunteer prior to drug adminis-
tration and at 30, 60, 120, 150, 180, 210, 240, 300, 360, 480, 600, 720, 840 minutes after drug admin-
istration. Plasma obtained after centrifuge was analyzed to measure concentration of 11-Keto �-
Boswellic Acid (KBA) by HPLC. Various kinetic parameters were then calculated from the plasma
concentrations. 
Results: The results are expressed as mean ± Standard Error of Mean. The peak plasma levels
(2.72 × 10�3 ± 0.18 µmoles/ml) of BSE were reached at 4.5 ± 0.55 h. The concentration declined with
a mean elimination half life of 5.97 ± 0.95 h. The apparent volume of distribution averaged 142.87
± 22.78 L and the plasma clearance was 296.10 ± 24.09 ml/min. The AUC 0-∞ was 27.33 × 10�3 ± 1.99
µmoles/ml h.
Conclusion: Elimination half life of nearly six hours suggests that the drug needs to be given orally
at the interval of six hours. The plasma concentration will attain the steady state after approxi-
mately 30 hours. BSE is a safe drug and well tolerated on oral administration. No adverse effects
were seen with this drug when administered as single dose in 333 mg.
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� Introduction

Traditional medicine from all the ancient civilizations
has come upfront during the last decade, throughout
the world as pressing need for the alternatives is
mounting. The richness and diversities of these drugs
are indeed appealing, enchanting and enticing. In India,

Ayurveda has been practiced for ages. There is some
overlap in the herbal and Ayurvedic medicines. Effort
is on to provide the scientific validity to these
medicines by applying the methodology of modern
medicine. Many herbal drugs are used without the sub-
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stantiative kinetic data. This study is one such attempt
to validate the usage of an ancient drug. 

Boswellia serrata, known as Gajabhakshya in San-
skrit, implying its ingestion by elephants has been
used in the Ayurvedic medicine since antiquity. The
interest in this herb was aroused by the fact that such
a heavy animal carried its weight on its limbs for so
long, yet lived longer than humans (Selected medici-
nal plants of India, 1992). This stimulated effort to
find the ingredients in its diet, where Boswellia was
found to be one. Boswellia has been mentioned in the
ancient Indian Ayurvedic texts – the Sushruta Samhi-
ta and Charak Samhita (Kulkarni et al. 1991; Alterna-
tive Medicine Review 1998). Boswellia is a tree of
moderate height, which grows widely on dry hills of
northwest India. In Ayurveda the oleogum resin of
BSE is known as ‘Salai Guggul’ or ‘Sallaki Guggul’.
It has been used in the treatment of rheumatism, ner-
vous diseases and as a topical anti-inflammatory
agent.

Preparations from the gum of Boswellia Serrata Ex-
tract (BSE) have been used in traditional/folk medicine
for treatment of inflammatory diseases. On stripping
the bark, it yields gummy oleoresins, which contain
oils, terpenoids and gums. Upto 16% of the resin is es-
sential oil, the majority being α thujene and p-cymene.
Four pentacyclic triterpene acids are also present, with
β-boswellic acid being the major constituent (Chatter-
jee and Pal, 1984; Kirtikar and Basu 1935).

BSE showed anti-inflammatory and antibacterial ac-
tivity while the non-phenolic fraction of gum resin ex-
hibited sedative and analgesic effects when tested in
rats (Alternative Medicine Review, 1998). Animal and
in vitro studies suggest its usefulness in many inflam-
matory and broncho-constrictive conditions. Animal
studies performed in India show that ingestion of defat-
ted alcoholic extract of BSE decreases polymorpho-nu-
clear leucocyte infiltration and migration, decreased
antibody synthesis and caused almost total inhibition
of the classical complement pathway. Recently, it has
been shown to be the inhibitor of 5-lipoxygenase and
also human leucocyte elastase (Safayhi et al. 2000;
1997; 1992) and consequently it has been proposed in
the treatment of various inflammatory conditions
(Gupta et al. 1997).

In 1992, the active principles within the multi-com-
ponent mixture of resin were identified, resulting in
recognition of Boswellic acids. The most important are
Acetyl 11-Keto β-Boswellic Acid (AKBA) and 11-
Keto β-Boswellic Acid (KBA).

The therapeutic importance of this drug is reflected
in the current efforts to characterize the biopharmaceu-
tical parameters. Besides various experimental investi-
gations, different clinical data from patient treatment
and several studies has been published. However

human kinetic studies are lacking for this substance,
and therefore need to be conducted to better elucidate
its effects in humans, as well as to determine optimal
dosing. Published kinetic studies on BSE are rare.
(Pubmed Search). 

Pharmacokinetic study is necessary to understand
the time course of a drug and its effect in the human
body. Kinetic data used to determine the optimum
dose, establish dosing schedule, provide a baseline
when treatment in disease is initiated, correlate plasma
concentration at which beneficial effects are observed,
monitor the course of patients experiencing adverse
drug reactions and overdose.

The present study was planned to detect the more
pronounced inhibitors of 5 Lipo-oxygenase AKBA and
KBA in human plasma.

� Material and Methods

Design
This was an oral single dose, open, uncontrolled phar-
macokinetic trial on 12 healthy men volunteers, with a
one week pre-drug wash out period. The study was
carried out at the Clinical Pharmacological Unit
(CPU) in the Department of Pharmacology, Indira
Gandhi Medical College, Nagpur, India. The study
was approved by the Institutional Ethics Committee
and performed according to the principles of the
Helsinki Declaration.

Drug
Drug Wok Vel™ containing 333 mg of Boswellia Ser-
rata Extract was supplied by Pharmanza (India). Each
capsule of Wok Vel™ contained the standardized BSE
gum with a minimum of 65% organic acids or mini-
mum 40% total Boswellic acids (BA). Main compo-
nents of boswellic acid in BSE used were 11-keto-β
BA (KBA) – 6.44%, 3-O-Acetyl-11-keto-β BA
(AKBA) – 2%, β-BA – 18.51%, 3-O-Acetyl-β BA-
8.58%, α BA – 6.93% and 3-O- Acetyl-α BA –
1.853%.

Subjects
Healthy men volunteers between 18 to 50 years of age,
free from significant, physical or psychiatric disorders
as determined by medical history, physical examina-
tion, clinical chemistry, hematology and urine analysis
were included for the study. Volunteers were excluded
from the study if they had any significant abnormal test
results or had received any drug treatment during past
three months. They were also excluded if they had any
history suggestive of allergy or blood donation in last
one month. Volunteers gave written, witnessed and in-
formed consent in vernacular language prior to partici-
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pating and were free to withdraw from the study at any
time. The well being of the volunteers was monitored
throughout the study and one week after the withdraw-
al of last blood sample. Occurrence of any adverse
event was recorded. Oral temperature, pulse rate and
blood pressure were monitored before drug administra-
tion and at intervals in the post- dosing period. Ade-
quate arrangements for entertainment were made for
volunteers so that they felt relaxed during the trial.
Standard diet was supplied as breakfast, lunch, snacks,
tea and dinner. Water was allowed ad libitum.

Study protocol
On the day of the trial, volunteers reported in CPU at
0800 hrs. After briefing, documentation and acclimati-
zation a standardized breakfast was given. Then, an in-
dwelling venous catheter (Vasofix no. 20) was fixed in
the forearm using all aseptic precautions. One capsule
of BSE was then administered orally with 100 ml of
water, under supervision. Volunteers remained inside
the CPU till the last blood sample was taken and dur-
ing this time they received same meals. Concomitant
medication, tobacco or other intoxicants were not per-
mitted during the study. Venous blood samples (5 ml
each) were drawn from each volunteer prior to drug
administration and at 30, 60, 120, 150, 180, 210, 240,
300, 360, 480, 600, 720 and 840 minutes after drug ad-
ministration. Blood samples were collected in EDTA
Vacutainer™ and were centrifuged (1500 rpm for 20
minutes) immediately to separate plasma. The collect-
ed plasma was refrigerated till analysis. The concen-
tration of KBA and AKBA in plasma was determined
by HPLC.

Analytical Procedure (Krohn et al. 2001; Kaunzinger et al.
2002) 
• Step 1 – Extraction: One ml of plasma was taken in a
stoppered conical test tube and 1 ml of 0.1N HCl was
added, and vortex for 1 minute. 5 ml of Diethyl Ether-
n-Hexane (2:1, v/v) was added and vortex for 1 minute.
This was centrifuged at 4000 RPM for 5 minutes.

Upper organic layer was transferred in a marked test
tube, and the organic layer evaporated to dryness at 40
degrees centigrade using nitrogen stream. 250 ml of re-
constituent (70% aqueous methanol adjusted to pH
10.7 with liquor ammonia) was added, vortex for 30
seconds and centrifuged at 3000 RPM for 1 minute.

1 milliliter of n-Hexane was added and vortex for 30
seconds, centrifuged at 3000 RPM for 1 minute and
lower layer analyzed by HPLC.

• Step 2 – Operational conditions: HPLC analysis
was carried out using hypersil-C-18 column 5 mm
ODS (250 × 4.6 mm), employing mobile phase consti-
tuting acetonitrile :methanol :0.6% acetic acid
(73:10:17, v/v) pH 3.0 in isocratic elution mode and

detection by UV at lamda max 260 nm. The standard-
ization method will be published elsewhere.

During analysis AKBA could not be detected in plas-
ma samples. This might have been due to decomposi-
tion of AKBA in blood stream or in GI tract. It has been
observed (Schweizer et al. 2000) that during extraction
and workup of Boswellia serrata AKBA gets decom-
posed to 3-O acetyl-9,11- dehydro BA and 9,11-dehy-
dro BA (Both decomposed components have shown 5-
LO inhibition). Hence all kinetic data was studied on
KBA.

Statistical Analysis
After consultation with statistician, sample size of 12
was considered to be sufficient. All the concentrations
were log transformed for calculation of various phar-
macokinetic parameters except Area Under Curve
(AUC). Data is shown as average with standard error of
mean (SEM).

Assumption of normality and consistency of vari-
ance were explored in all analysis and were found to be
valid.

Pharmacokinetic Analysis (Ritschel, 1980; Rowland
and Tozer, 1995; Gibalidi and Perrier,1975)
Non compartmental pharmacokinetic analysis of con-
centration time data was performed.

Actual blood collection times were used for all cal-
culations. Maximum observed plasma concentration
(Cmax) and the time to Cmax (tmax) were determined by vi-
sual inspection of individual concentration versus time
curves.

Area under the concentration versus time curve
through Clast, the last measurable concentration
(AUClast) was calculated by linear trapezoidal method.
Area under the concentration versus time curve, extrap-
olated to infinity (AUC0–∞) was calculated according to
the following equation:

AUC0–∞ = AUClast + Clast / Kel.

The elimination rate constant (Kel) and elimination
half life (t 1/2) were determined by log-linear regress on
data from the terminal monoexponential phase of the
concentration versus time profiles, while for calculat-
ing absorption rate constant (Ka) and absorption half
life (t 1/2 a) method of residuals was used.

Assuming complete absorption, clearance (Cl) and
Apparent Volume of Distribution (Vd) were calculated
as Vd (L) = Dose / Kel . AUC0–∞

Cl (ml/min) = Kel. Vd /60

Safety Assessment
Participants were monitored for adverse reactions, if
any, with special attention to epigastric pain, nausea,
vomiting and diarrhea.
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� Results

Demography

All the enrolled 12 volunteers completed the study. Sub-
jects were in the median age of 19years with mean age
being 21.92 ± 7.56 (range 18–45 years). They had the
mean height of 174.17 ± 7.18 cm (range 165–190 cm)
and the mean weight of 59 ± 9.19 kg (range 50–77 kg).

Pharmacokinetics

When plasma concentration of KBA versus time curve
was plotted, it was seen that there was an initial steep
rise in plasma concentration followed by a decline,
which again rose to attain the peak, which was then fol-
lowed by persistent fall (Fig. 1).

The plasma peak of KBA was seen at 4.5 ± 0.55 h
(tmax) (mean ± SEM) after administration of drug and
this occurred at the plasma concentration of 2.72 × 10–3

± 0.18 µmoles/ml (Cmax).
The absorption half life (t 1/2 a) was found to be 2.35

± 0.63 h. The plasma curve declined with elimination
rate constant (Kel) averaging 0.171 ± 0.038 with corre-
sponding elimination half life (t 1/2 b) of 5.97 ± 0.95 h.
The AUC0–∞ averaged was 27.33 × 10–3 ± 1.99
µmoles/ml h. The plasma concentration of KBA was
not detectable in four volunteers after 14 h of drug ad-
ministration.

The apparent volume of distribution was found to be
142.87 ± 22.78 l. The plasma clearance averaged
296.10 ± 24.09 ml/min (Table 2).
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Table 1. Plasma concentrations × 10–3 (µmoles/ml) of 11- Keto β-Boswellic Acid in 12 volunteers.

Time (h) 0.5 1 2 2.5 3 3.5 4 5 6 8 10 12 14

Vol. No C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13

1 0.00 0.00 1.68 2.57 3.91 3.53 3.67 2.25 1.56 1.06 0.86 0.00 0.00
2 1.89 2.08 1.17 0.79 0.64 0.85 1.09 1.62 1.41 1.19 1.28 0.96 0.78
3 0.89 1.17 1.67 1.64 1.57 1.35 2.15 2.25 1.84 1.24 1.05 0.89 0.81
4 1.79 0.95 0.71 1.17 0.97 1.42 1.56 1.73 2.18 1.19 1.05 0.90 0.92
5 0.83 0.67 2.65 3.25 3.56 3.42 3.77 3.27 1.75 2.40 1.02 1.33 0.00
6 1.70 1.50 1.11 1.50 1.81 2.12 2.84 1.99 2.73 1.06 1.11 0.79 0.67
7 0.34 0.40 0.33 0.72 0.81 1.09 1.34 2.03 2.39 2.00 1.95 1.40 1.51
8 0.76 1.64 0.24 2.44 2.42 2.16 2.41 3.10 1.79 1.11 1.70 1.40 1.26
9 1.04 1.09 1.00 1.01 1.41 1.23 1.26 1.30 1.20 2.56 1.22 0.97 0.95
10 1.82 1.18 1.29 2.26 1.52 0.96 0.93 0.88 0.99 1.09 1.45 0.59 0.00
11 0.70 0.60 1.32 1.18 1.23 2.16 1.22 1.00 0.86 0.86 0.77 0.69 0.00
12 1.84 1.60 1.03 1.47 3.07 2.62 2.71 2.65 3.18 1.70 1.40 1.30 1.21

Mean 1.13 1.07 1.18 1.67 1.91 1.91 2.08 2.01 1.82 1.46 1.24 0.94 0.68

SEM 0.33 0.31 0.34 0.48 0.55 0.55 0.60 0.58 0.53 0.42 0.36 0.27 0.20

SEM – Standard Error of Mean
C1, C2 – Concentrations at the given time

Table 2. Pharmacokinetic parameters after oral administra-
tion of 333 mg of BSE.

Pharmacokinetic Mean SEM
Parameters

Cmax (µmoles/ml) 2.72 × 10–3 0.18
tmax (h) 4.5 0.55
Kel (per h) 0.17 0.04
t 1/2 b (h) 5.97 0.94
AUC0–∞ (µmoles/ml h) 27.33 × 10–3 1.99
Ka (per h) 0.62 0.17
t 1/2 a (h) 2.35 0.63
Vd (l) 142.87 22.78
Cl (ml/min) 296.10 24.09

Fig. 1. Mean plasma concentration × 10�3 of 11-Keto β-Bos-
wellic Acid versus time.



cretion but all other pathways of excretion including
loss of drug by metabolism. It helps in determining
maintenance dose, depending upon required concentra-
tion at steady state, so that the therapeutic concentra-
tions are maintained with drug input, which balances
the drug loss from the body.

The kinetic data after oral administration of BSE
needs to be compared with intravenous BSE along with
determination of urinary concentration of its metabo-
lites, with different dosage strength and single as well
as multiple dosage administration to assess the phar-
macokinetic parameters including oral bioavailability
and renal clearance of BSE.

We intend to conduct an extended clinical trial of
BSE in patients of osteoarthritis using pharmacokinetic
and pharmacodynamic models. 

� Conclusion

The principal pharmacokinetic parameters derived
from this study are essential to understand the time
course of drug after its administration and will aid in
determining the optimum dosage schedule for better
therapeutic use. These parameters will provide a base-
line for the further exploration of what the body does to
the drug and the pharmacodynamic correlation. BSE is
a safe drug and well tolerated on oral administration.
No adverse effects were seen with this drug when ad-
ministered as a single dose in 333 mg. Extended trial is
being planned for clinical correlation using pharma-
cokinetic-pharmacodynamic model.
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BSE was well tolerated on oral administration, in sin-
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� Discussion

This study was planned in healthy men volunteers with
single oral dose of 333 mg BSE. Though, one research
paper (Gupta et al. 1997) has mentioned about publish-
ing the pharmacokinetic data of BSE, no data could be
seen in spite of intensive Internet search. Therefore, we
have reason to believe that ours is the first report being
published on pharmacokinetics of BSE. Since there is
no published study on pharmacokinetics of BSE, com-
parison is not possible.

It is known that acidic drugs are better absorbed
from the stomach. BSE being acidic, may be rapidly
absorbed from the stomach as is also supported by ab-
sorption half life. The first rise is suggestive of rapid
absorption, followed by a small decline and further rise
which then attains the peak.

BSE can cause gastro-intestinal (GI) irritation
(Gupta et al. 1997). Hence we gave BSE after meals,
since ethically it was not correct to deprive the volun-
teers of food and expose them to the risk, if any, of GI
irritation. Same standard diet was given to all the vol-
unteers, ruling out the subjective variation because of
food, if any. Moreover, it is the extent of absorption,
F, which is likely to be most affected by food rather
than the rate.

Elimination half-life of nearly six hours is indicative
that BSE needs to be given orally at the frequency of
six hourly intervals. Kinetically KBA will attain the
steady state plasma concentration after approximately
30 hours (Ritschel, 1980). Since various clinical stud-
ies (Kulkarni et al. 1991; Gupta et al. 1997, 1998) with
BSE in the dose range of 300–350 mg at 8 hourly fre-
quency have been reported effective, we believe that
333 mg of BSE, three times a day will give adequate
therapeutic plasma concentration.

Though KBA was not detectable in four volunteers
at 14 hours, the possibility of slower elimination after
14 hours cannot be ruled out.

In a single dose, BSE shows very high volume of
distribution. It indicates that the drug either goes
specifically to “deep” tissues in peripheral compart-
ments or is stored or pooled somewhere in the periph-
eral compartment, such as fat or is bound to specific bi-
ological material (Ritschel, 1980).

Clearance of a drug from the body indicates the loss
of drug. Total clearance comprises not only of renal ex-
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