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Abstract

Objectives Despite its historical-religious, cultural and medical importance, Boswellia has
not been thoroughly studied, and gaps still exist between our knowledge of the traditional
uses of the resin and the scientific data available. Here we review the pharmacology of
Boswellia resin and of the small molecules identified as the active ingredients of the resin.
Key findings The resin of Boswellia species (‘frankincense’, ‘olibanum’) has been used
as incense in religious and cultural ceremonies since the beginning of written history. Its
medicinal properties are also widely recognized, mainly in the treatment of inflammatory
conditions, as well as in some cancerous diseases, wound healing and for its antimicrobial
activity. Until recently, work on Boswellia focused on the immunomodulatory properties of
the resin and boswellic acids were considered to be the main, if not the only, active
ingredients of the resin. Hence, this family of triterpenoids was investigated by numerous
groups, both in vitro and in vivo. These compounds were shown to exert significant anti-
inflammatory and pro-apoptotic activity in many assays: in vitro, in vivo and in clinical trials.
We recently found incensole acetate and its derivatives, which are major components of
Boswellia resin, to be nuclear factor-kB inhibitors, thus suggesting that they are, at least in
part, responsible for its anti-inflammatory effects. Incensole acetate also exerts a robust
neuroprotective effect after brain trauma in mice. Furthermore, it causes behavioural as well
as anti-depressive and anxiolytic effects in mice. It is also a potent agonist of the transient
receptor potential (TRP)V3 channel. It thus seems that incensole acetate and its derivatives
play a significant role in the effects that Boswellia resin exerts on biological systems.
Conclusions Altogether, studies on Boswellia resin have provided an arsenal of bio-active
small molecules with a considerable therapeutic potential that is far from being utilized.
Keywords Boswellia; boswellic acids; frankincense; incensole; olibanum

Introduction
The Burseraceae family and Boswellia species
The Burseraceae family consists of 17 genera and 500–600 species, which are either trees
or shrubs, often spiny. Many of them contain latex, gum-resins or oils, which can be
strongly aromatic. This family is widespread in all tropical regions, extending into the
subtropics, and is often a dominant constituent of the vegetation in dry lowland Eastern
African areas. The resins of several species of this family are of considerable commercial
value as raw material of incense, balm and myrrh.[1]

Boswellia species are trees or shrubs. The genus Boswellia Roxb. Ex Colber (1807) is
centered in North-East Africa, where about 75% of the species are endemic. About
20 species are known in the dry regions of tropical Africa and in India, and one species is
found in Madagascar.[1] Boswellia trees, when cut, exude a gum resin, which is gathered by
making scrapes in the bark of the tree.[2] In Oman, where Boswellia trees grow and are
cultivated, the pale whitish resin is either scraped off the tree with an iron implement or
collected on palm mats on the ground as it drips off. Harvesting begins in December,
reaching a peak from March to May.[3]

The history and applications of Boswellia resin
The resin of Boswellia species (‘frankincense’, ‘olibanum’) (Figure 1) is mentioned in
numerous ancient texts. Prized by many civilizations, the resin of Boswellia once ranked
along with gold and ivory as a precious valuable for trading and barter.[2]
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The first mention of the use of Boswellia resin as a drug
is in the Ebers papyrus, approximately 1500 BC.[3] Early
Egyptian myth describes the resin as representing the ‘tears of
Horus’ (son of Osiris and Isis). Later texts of Greek and
Roman origin describe the trade of these prized resins, which
were exported to Rome, China and North Africa.[2] Dioscor-
ides (1st century C.E.) wrote that it caused madness.[4] Celsus
(2nd century C.E.) recommended that frankincense be used to
treat wounds and sources of bleeding, and as a possible
antidote to hemlock. If mixed with leek juice, it was thought to
stop internal bleeding and superficial bruising.[2] In ancient
Judea the use of the resin as incense was a central ceremony in
the Temple. In the Babylonian Talmud (3rd–6th centuries C.E.)
Boswellia resin is stated to be administered in wine to
prisoners condemned to death, to ‘benumb the senses’ or ‘not
to be sorry’.[5] Based on this text, some scholars assumed
that the drink given to Jesus before crucifixion contained
Boswellia resin.[6] The work of Ibn Sina (Avicenna) of the 11th

century refers to the use of frankincense in inflammation and
infection of the urinary tract,[2] and suggests that ‘it is
beneficial for amentia and amnesia’.[7]

The uses of Boswellia resin for its putative psychoactive as
well as its anti-inflammatory and wound healing properties
extend beyond the Near East. In the Christian world its use in
worship arose in the 4th or 5th century.[8,9] In Ethiopia, where
Boswellia trees are indigenous, it is believed to have a
tranquilizing effect.[10] In Kenya it is used for dressing wounds
and, when mixed with sesame oil, is taken to reduce the loss of
blood in the urine from schistosomiasis infestation. In India,
Boswellia resin is widely used in the treatment of inflamma-
tory conditions, including Crohn’s disease, arthritic diseases
and asthma; hence a considerable amount of work has been
done on the anti-inflammatory properties of Boswellia (see
herein). In Ayurveda, the Indian medical tradition, Boswellia
resin is also reported to ‘cause a strong action on the nervous
system’.[11] In China it was a constituent of several skin
remedies, including those for bruises and infected sores.[2]

Boswellia resin has various non-pharmaceutical applica-
tions. Today frankincense is widely employed as incense in
catholic Christian churches as well as other religious and
secular traditions. It is also an important component of
perfumes and toiletries.[2] Boswellia resin is widely marketed
as a food supplement.

The active constituents of Boswellia resin

More than 200 compounds have been identified in resins from
Boswellia spp.[12] (see Hamm et al.13 for examples). The long-
lasting traditions of the use of Boswellia resin for the treatment
of inflammatory conditions were successfully put to the test
by many research groups that focused on boswellic acids
(Figure 2). However, the use of crude extracts in inflamma-
tion-associated assays showed in some cases biphasic
potentiating/inhibitory effects, contrary to the effects attained
by purified compounds from these extracts,[14] and several
studies indicate that the activity of Boswellia resin can be
superior to that of purified boswellic acids.[15] These data
suggest that the anti-inflammatory activity of the resin is
modulated by several different constituents. When the early
studies on the anti-inflammatory effects of extracts of
Boswellia resin were performed, few constituents had been
isolated and identified. Some of the major components of the
resin were found to be the diterpenes incensole (Figure 3) and
isoincensole, their oxide or acetate derivatives (Figure 3), and
the triterpene boswellic acids, which are considered to be
biomarkers of olibanum.[13]
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Figure 2 b-Boswellic acid

Figure 1 Boswellia resin, photographed by the authors

RO

O

Figure 3 The structures of incensole acetate (R = Ac) and incensole

(R = H)

1282 Journal of Pharmacy and Pharmacology 2009; 61: 1281–1293



Due to their prevalence in the resin, the pentacyclic
triterpenoid boswellic acids were reported as constituents of
Boswellia resin relatively early (see Winterstein & Stein[16]).
In an attempt to identify the active components in the resin,
boswellic acids were examined for their anti-inflammatory
effects. From that point on, many reports have attributed the
anti-inflammatory and cytotoxic properties of Boswellia resin
solely to boswellic acids and their derivatives, specifically
acetyl-b-boswellic acid (AbBA), 11-keto-b-boswellic acid
and acetyl-11-keto-b-boswellic acid (AKBA). Pharmacologi-
cal studies indicate that the b-configured derivatives exert
better efficacy than the respective a-isomers. Büchele and
colleagues[17] identified pentacyclic triterpenes in human
plasma of patients treated with Boswellia resins extracts. The
resins were extracted using methanol, ethanol, ethyl acetate,
acetone, isopropanol, methyl ethyl ketone and hexane from
various sources indicating that these compounds are bioavail-
able, to a certain extent at least.

After the anti-inflammatory effects of boswellic acids
were established, Boden et al.[18] showed that 3-oxo-
tirucallic acid, an additional tetracyclic triterpene isolated
from B. serrata resin, as well as 3-acetoxy-tirucallic acid and
3-hydroxy-tirucallic acid, were biologically active. These
compounds were found to act as inhibitors of 5-lipoxygenase
in a cell-free assay, but in intact cells they were found to
activate 5-lipoxygenase, thus exhibiting a paradoxical effect.

Given this lack of clarity as to the active ingredients of
Boswellia resin, we initiated a bio-guided fractionation of
B. carterii resin, aiming to identify the major anti-inflamma-
tory constituents of the resin. Much to our surprise, while a
boswellic acid mixture showed no effect on inhibitory kB
(IkB)a degradation, two fractions – later shown to contain two
active components, incensole acetate and its non-acetylated
form incensole – inhibited IkBa degradation and nuclear
factor (NF)-kB activation.[19] These compounds were pre-
viously isolated from Boswellia resin,[20] but no biological
activity had been assigned to them before our study. In vitro,
incensole acetate showed anti-inflammatory effects in numer-
ous assays; in vivo, such an effect was seen in an anti-
inflammatory paw model.[19] Robust anti-inflammatory and
neuroprotective effects in mice following head trauma were
also reported.[21] Incensole acetate was then found to exert
anxiolytic and anti-depressive effects in mice models.[22]

Altogether, several active constituents were isolated from
the resin. Importantly, one should be aware that different
species of Boswellia contain a different mixture of active and
non-active ingredients.

The immunomodulatory effects of Boswellia
resin and its constituents

The genetic basis of the anti-inflammatory effects of a
standardized Boswellia extract (5-Loxin) was tested in a
system of tumour necrosis factor (TNF)-induced gene
expression in human microvascular endothelial cells. TNF-a
induced 522 genes and down-regulated over 140 genes. Of the
genes induced by TNF-a, 113 genes were sensitive to
treatment with Boswellia extract. These genes directly relate
to inflammation, cell adhesion and proteolysis. The extract
also prevented the TNF-induced expression of matrix

metalloproteinases and the inducible expression of mediators
of apoptosis. TNF-inducible expression of VCAM-1 and
ICAM-1 appeared to be strikingly sensitive to the resin
extract. These findings were further corroborated by realtime
polymerase chain reaction (PCR) analysis.[23]

Although the anti-inflammatory activity of Boswellia resin
probably involves boswellic acids to some extent, these were
only sparsely present in some preparations used in studies
that examined Boswellia for its immunomodulatory effects.
Moreover, these extracts possessed superior activity over
purified boswellic acids, suggesting that other ingredients
probably contributed to the effects noted.[15] In agreement
with these findings, and in contrast to the common view that
boswellic acids are the only active ingredients in Boswellia
resin, we found that incensole acetate and its derivatives are
the major NF-kB inhibitory components of the resin, and may
thus be the major anti-inflammatory constituents of Boswellia
carterii resin.[19]

These effects of Boswellia resin and its main active
constituents, boswellic acids, incensole acetate and their
derivatives, are probably mediated via several, probably
different, key pathways involved in inflammation and
carcinogenesis. In the following sections, we shall present a
summary of the effects of Boswellia and its active constituents
via several known pro-inflammatory pathways.

Boswellia and the nuclear factor-kB pathway
NF-kB is an inducible transcription factor, ubiquitously
expressed and involved in the activation of a multitude of
genes in response to various stress stimuli. It plays a pivotal
role in immune and inflammatory responses.[24,25] Several
recent studies of mouse models of cancer have also provided
direct genetic evidence for the critical role of NF-kB in
carcinogenesis (see Pikarsky & Ben-Neriah[26]).

AbBA and AKBA inhibited constitutively activated
NF-kB signalling by attenuating the activity of IkB kinase
(IKK), the major regulatory enzyme in the NF-kB pathway.
In lipopolysacharide (LPS)-stimulated human peripheral
monocytes, acetyl-a-boswellic acid (AaBA) and AKBA
down-regulate the TNF-a expression. AaBA and AKBA
inhibited the phosphorylation of recombinant IkBa and p65
by IKK immunoprecipitated from LPS-stimulated mono-
cytes. AaBA and AKBA also bound to, and inhibited the
activity of, active human recombinant GST-IKKa and
His-IKKb.[27]

We re-examined different extracts (petroleum ether, ethyl
acetate, methanol, ethanol–water) of the resin of B. carterii
for their anti-inflammatory activity, using IkB degradation as
a read-out system for the isolation of active constituents. We
found that the petroleum ether extract inhibited the degrada-
tion of IkBa in TNF-stimulated HeLa cells. We then
fractionated the active extract, and isolated its main active
ingredients. Their structures were elucidated as incensole
acetate and incensole. A mixture of boswellic acids did not
show an effect in our model. Incensole acetate inhibited
transforming growth factor b-activated kinase (TAK)/trans-
forming growth factor b-activated kinase-binding protein
(TAB)-mediated IKK activation loop phosphorylation, result-
ing in the inhibition of cytokine and LPS-mediated NF-kB
activation. While inhibiting IKK activity in TNF-stimulated
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cells, incensole acetate had no effect on IKK activity in vitro,
indicating that the kinase inhibition is indirect. We concluded
that the major NF-kB inhibitory compounds in B. carterii
resin are the macrocyclic diterpenoids incensole acetate and
incensole.[19]

The effect of incensole acetate on cytokines
downstream of nuclear factor-kB activation
Incensole acetate inhibited the formation of interleukin
(IL)-1b, IL-6 and TNF-a, as well as prostaglandin E2, in
LPS-stimulated human peripheral monocytes.[21]

Interaction of boswellic acids with lipoxygenases
Leukotrienes play a pathological role in inflammatory
diseases, such as asthma, allergic rhinitis, psoriasis and
atherosclerosis[28,29] and stand in the background of other
pathological condition, such as osteoporosis,[30] cancerous
diseases,[31,32] asthma[33] and cardiovascular diseases.[34,35]

Anti-leukotriene therapy has proven benefits in the treatment
of respiratory disease.[29]

The first committed step in the synthesis of leukotrienes is
the oxidation of arachidonic acid (AA) by 5-lipoxygenase.[29]

Leukotrienes primarily signal through the activation of
cell-surface specific G-protein-coupled receptors (GPCRs),
namely BLT1 and BLT2 for leukotriene B4 (LTB4)
signalling and CysLT1 and CysLT2 for CysLT signalling.[29]

Following a study by Ammon et al.[36] showing that
B. serrata ethanolic extract inhibits the formation of LTB4 in
rat neutrophils, Safayhi et al.[37] examined the effect of a- and
b-boswellic acids, as well as AKBA, on the formation of
LTB4 from AA in rat peritoneal neutrophils. AKBA induced
the highest inhibition of 5-lipoxygenase product formation
(IC50 = 1.5 mM). This inhibition probably indicates a direct
interference taking place via a pentacyclic triterpene selective
binding site that is different from the AA substrate binding
site.[38] This study also suggests that the pentacyclic triterpene
ring system is crucial for the binding of the inhibitor to the
highly selective 5-lipoxygenase site. b-Boswellic acid, as well
as the related pentacyclic triterpenoid amyrin, antagonized
AKBA-mediated 5-lipoxygenase inhibition.

Functional groups (i.e. the 11-keto and C4-carboxylic
moiety) were found to be essential for 5-lipoxygenase
inhibitory activity.[39] In cytosolic fractions of differentiated
HL-60 cells, Werz and colleagues[40] determined the
5-lipoxygenase inhibitory IC50 of AKBA to be 50 mM. In
the same study, the authors reported an IC50 of 15 mM for
intact cells. The fact that higher concentrations of boswellic
acids are required to directly inhibit 5-lipoxygenase activity in
vitro as compared with intact cells suggests that the inhibition
of leukotriene formation represents interference with cellular
events upstream of 5-lipoxygenase. Attempts were made to
explain the discrepancies in the effects of boswellic acids on
cellular versus in-vitro 5-lipoxygenase product synthesis;[15]

however, no conclusive evidence has been provided so far.
The labelling of 5-lipoxygenase by a photoaffinity

analogue that inhibited 5-lipoxygenase activity as efficiently
as the lead compound strictly depended on the presence of
free calcium ([Ca2+]) at levels above 500 nM, and was
abolished by prior incubation with a series of pentacyclic
triterpenes. AA reduced photoincorporation (IC50 ~ 10 mM),

whereas other long-chain fatty acids showed no effect. The
inhibitory arachidonate action on labelling was not affected
by blocking the substrate-binding site with a competitive
inhibitor. It was suggested that AKBA binds in the presence
of calcium to a site that is distinct from the substrate binding
site of 5-lipoxygenase.[41]

In intact human platelets and in platelet cytosolic
fractions, AKBA potently suppressed platelet-type 12-
lipoxygenase product formation (IC50 = 15 mM), with higher
potency for platelet-type 12-lipoxygenase in cell-free assays
than crude 5-lipoxygenase.[42]

Several studies support the notion that the immunomodu-
latory effects of boswellic acids are not all inhibitory. Altmann
and colleagues[43] found that in polymorphonuclear leuco-
cytes (PMNLs), 11-keto-boswellic acids stimulate the forma-
tion of reactive oxygen species (ROS), and stimulate the
release of AA as well as its transformation to leukotrienes via
5-lipoxygenase. Two other tetracyclic triterpenes extracted
from B. serrata resin, 3-oxo-tirucallic acid and 3-acetoxy-
tirucallic acid, were found to induce leukotriene formation in
stimulated PMNLs (2.5–15 mM).[18] In contrast to their effect
on cells, in cell-free 5-lipoxygenase assays, 3-oxo-tirucallic
acid showed an inhibitory effect (IC50 ~ 3 mM), implying that
the inductive effect is indirect.

Boswellia and cyclooxygenase
Boswellic acids, especially AKBA, inhibited cyclooxygenase
(COX)-1 product formation in intact human platelets (IC50 =
6 mM), as well as the activity of isolated COX-1 enzyme in
cell-free assays (IC50 = 32 mM).[44] This effect is reversible
and is impaired by increased levels of AA as substrate of
COX-1. Molecular docking of boswellic acids into X-ray
structures of COX-1 yielded positive Chemscore values for
boswellic acids, indicating favourable binding to the active
site of the enzyme. COX-2 was less efficiently inhibited by
boswellic acids.

We examined the effects of incensole acetate on COX-2
and found a significant inhibitory effect at 60 mM (unpub-
lished data).

Boswellia and calcium mobilization
The activation of cellular 5-lipoxygenase depends on an
increase in calcium concentration.[29] Boswellic acid induced
Ca2+ mobilization,[43] and AKBA or 11-keto-b-boswellic acid
(KBA)decreased the basal calciumconcentration andprevented
agonist-induced mobilization of Ca2+ in monocytic cells.[45]

Boswellia and mitogen-activated protein kinases
Mitogen-activated protein kinases (MAPKs) are fundamental
regulators of immune cell functions, including proliferation,
differentiation, survival and apoptosis, chemoattraction, and
production of inflammatory mediators.[46]

Boswellic acids activated the p42 and p38 MAPK in
isolated human PMNLs. The most pronounced activation was
noted with 11-keto-b-boswellic acid and AKBA (30 mM).[47]

Depletion of Ca2+ partially inhibited AKBA-induced MAPK,
indicating that Ca2+ may contribute to MAPK activation by
boswellic acids. Pertussis toxin, which inactivates G(i/0)
protein subunits, inhibited 11-keto-boswellic acid-induced
MAPK activation and Ca2+ mobilization, implying the
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involvement of a G(i/0) protein in boswellic acid signal-
ling.[43] Interestingly, 11-keto-boswellic acids (KBA or
AKBA) evoked only moderate Ca2+ mobilization and
activated p38 MAPK, but failed to induce phosphorylation
of ERK2 or Akt, in contrast to b-boswellic acid.[48] KBA and
AKBA also activated p42/44 MAPK in human PMNLs.[47]

Boswellia and reactive oxygen species
KBA and AKBA stimulated the formation of ROS in
leucocytes,[43] causing release of AA as well as its transforma-
tion to leukotrienes via 5-lipoxygenase. The production of
ROS by AKBA irreversibly inactivated the redox-sensitive
5-lipoxygenase enzyme in leucocytes. An isomeric mixture of
3a, 24-dihydroxyurs-12-ene and 3a, 24-dihydroxyolean-12-
ene from B. serrata also caused massive elevation of the
concentrations of ROS in HL-60 cells as well as in tumour cell
lines such as A-549, HCT-15, Molt-4 and MCF-7 cells.

Boswellic acids and human leucocyte elastase
Human leucocyte elastase (HLE) is a serine protease
produced and released by PMNLs. It has been suggested
that HLE may play a role in several diseases, including
pulmonary emphysema, cystic fibrosis, chronic bronchitis,
acute respiratory distress syndrome, glomerulonephritis and
rheumatic arthritis. It has also been suggested as a target for
boswellic acids by Safayhi et al.[49]

Molecular targets related to drug interactions
and metabolism

Boswellia spp. extracts (methanol 70% of Boswellia H 15
tablets) and boswellic acids potently and non-selectively
inhibited the drug metabolizing cytochrome P450 (CYP)
enzyme family.[50] In a set-up using a mixture of recombi-
nant CYP enzymes, b-boswellic acid, KBA and AKBA
(5–10 mM) inhibited the activity of CYP 2C8/2C9 and 3A4.

Boswellia extract, as well as the keto-boswellic acids, also
inhibited the transport activity of P-glycoprotein in a human
lymphocytic leukaemia cell line expressing Pgp and porcine
brain capillary endothelial cells using calcein acetoxymethyl
ester (calcein-AM) as P-glycoprotein substrate.[51] No effect
was observed when non-keto boswellic acids were examined.
These results imply that keto-boswellic acids may modulate
the interactions of many drugs with P-glycoprotein at the
level of the intestine and the blood–brain barrier.

The pro-apoptotic and cytotoxic
effects of Boswellia resin

Boswellic acid derivatives induced apoptosis in several
glioblastoma cell lines,[52] human leukaemia cell lines,[53–55]

brain tumour cell lines,[54] liver cancer HepG2 cells,[56] colon
cancer HT-29 cells,[57,58] prostate cancer cell lines,[17,59,60]

human fibrosarcoma HT-1080 cells and mouse melanoma
B1610 cells.[61] Interestingly, human normal lung fibroblasts
did not undergo apoptosis, indicating selective cytotoxicity
of AKBA towards transformed cancer cells.[62] In HL-60 and
CCRF-CEM cells AKBA (IC50 = 30 mM) induced apopto-
sis.[53] In agreement with this study, different boswellic acids
(IC50 = 0.5–7.1 mM) – with AKBA being the most potent
derivative – inhibited DNA, RNA and protein synthesis in
HL-60 cells.[63] In another study, addition of b-boswellic

acid, 3-O-acetyl-b-boswellic acid, 11-keto-b-boswellic acid
or AKBA to human leukaemia HL-60 cell culture inhibited
DNA synthesis in the cells in a dose-dependent manner with
IC50 values ranging from 0.6 to 7.1 mM.[64] Yet another
study, done on boswellic acid acetates isolated from
B. carterii, found induced differentiation and apoptosis of
leukaemia cells. Based on cell morphology and nitroblue
tetrazolium reduction, they were shown to induce monocytic
differentiation of myeloid leukaemia HL-60, U937 and ML-1
cells at a dose lower than 24.2 mM. Ninety per cent of the
cells showed morphologic changes and 80–90% of the cells
showed nitroblue tetrazolium reduction.[65] Boswellic acid
acetates induced apoptosis of human fibrosarcoma HT-1080
cells, as demonstrated in several assays: acridine orange
fluorescence staining, Wright–Giemsa staining, electromi-
croscopy, DNA fragmentation and flow cytometry.[61] It was
suggested that boswellic acid acetates induce myeloid
leukaemia cell apoptosis by increasing the levels of death
receptors and indirectly activating caspase-8.[55] However,
the apoptosis exerted by boswellic acid derivatives may be a
result of topoisomerase inhibition. Indeed, AKBA, but not
amyrin, potently inhibited topoisomerase I from calf thymus
and induced apoptosis in topoisomerase I-expressing HL-60
cells at a concentration of 30 mM.[53] Syrovets et al.[66]

demonstrated direct binding of acetyl-boswellic acid immo-
bilized analogue to purified human topoisomerases I and IIa
with IC50 values comparable with those found for AbBA
(IC50 = 10–30 mM) and AKBA (IC50 = 30–50 mM). Inter-
estingly, AaBA was the most potent analogue (IC50 =
1–3 mM), indicating different structural requirements for
target binding as compared with 5-lipoxygenase.

HCT-116 p53(-/-) cells were sensitized to the apoptotic
effect of AKBA, suggesting that p21 may protect cells
against apoptosis by inducing a G1 arrest. AKBA showed no
p53-induced effect on the growth of the cells.[58]

Kiela et al.[67] postulated inhibition of the anti-apoptotic
transcription factor NF-kB by boswellic acids. This assump-
tion is strongly corroborated by the work of Syrovets and
colleagues,[27,62] who suggest this pathway as another
mechanism of boswellic acid-mediated apoptosis. The
inhibition of NF-kB signalling in LPS-stimulated monocytes
by AaBA and by AKBA is implicated to be specific by the
lack of effect of the compounds on the luciferase expression
driven by the interferon-stimulated response element. No
effect was noted on the binding of NF-kB to the DNA.[62]

The impaired phosphorylation of p65 and the reduced
nuclear translocation of NF-kB proteins were associated with
down-regulation of the anti-apoptotic proteins Bcl-2 and
Bcl-x(L). The expression of cyclin D1, a crucial cell cycle
regulator, was reduced as well.[62] A direct inhibition of IKK
activity was excluded.[68] Given the controversial data on
direct IKK inhibition (Takada et al.[68] vs Syrovets et al.[27]),
the search for an AKBA target upstream of IKK should be
further pursued. Takada and colleagues[68] found that many
anti-apoptotic genes (e.g. Bcl-2, Bcl-xL, XIAP, survivin)
were down-regulated by AKBA. They also found that AKBA
modulated the expression of several anti-apoptotic gene
products regulated by NF-kB. The TNF-induced Fas
expression was also suppressed by AKBA.[68] When the
apoptotic effects and the mechanisms of action of AKBA
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were studied in LNCaP and PC-3 human prostate cancer
cells, both cell lines showed a pro-apoptotic response at
concentrations above 10 mg/ml. This effect was correlated
with the activation of caspase-3 and caspase-8 as well as with
poly(ADP)ribose polymerase cleavage. The activation of
caspase-8 was further correlated with increased levels of
CAAT/enhancer binding protein homologous protein and
death receptor 5, but not of Fas or DR4.[60]

An improved pro-apoptotic effect of b-boswellic acid and
AKBA was noted when a 4-amino analogue was prepared
from the compounds, where the carboxyl group in the ursane
nucleus was replaced by an amino function. These novel
molecules also exhibited pro-apoptotic activity by inducing
DNA fragmentation.[69]

AKBA (10 mg/kg daily) also inhibited Matrigel+bFGF-
induced angiogenesis,[70] indicating that the in-vivo anti-
cancerous effects of boswellic acids may involve an
inhibition of angiogenesis as well as a pro-apoptotic effect.

An isomeric mixture of 3a,24-dihydroxyurs-12-ene and
3a,24-dihydroxyolean-12-ene, isolated from B. serrata
inhibited cell proliferation in HL-60 cells (IC50 ~ 12 mg/
ml) and induced apoptosis.[71]

Given our findings showing that incensole acetate,
incensole and their derivatives are NF-kB inhibitors,[19] it
is plausible that these components of Boswellia resin are also
involved in its pro-apoptotic effects.

Boswellia resin constituents and transient
receptor potential ion channels

Transient receptor potential (TRP) ion channels are involved
in the transduction of a wide variety of sensations: mechano-
sensation, vision, olfaction, taste, chemo-sensation and
thermo-sensation. Members of the TRP family have been
implicated in a variety of mechanical transduction processes
in diverse organs and species.[72] They are widely distributed
in various tissues, including peripheral neurons and the
central nervous system (CNS).[73,74] These facts make TRP
channels important targets for treatment of diseases arising
from the malfunction of these channels.[75] Following our
findings that incensole acetate elicits behavioural effects on
the CNS, particularly anti-depressive and anxiolytic effects
(see below),[22] we screened incensole acetate for its action
on different potential pharmacological targets in the CNS.
We found that incensole acetate is a potent activator of
TRPV3 channels, while no (or very mild) effects were
observed for other TRP channels examined. Incensole acetate
did not bind to a battery of receptors, ion channels and
transport proteins with known activity on the CNS. These
results suggest for the first time a possible role for this
channel in the CNS. Incensole acetate is currently the most
potent specific modulator of the TRPV3 channel, and is
hence a tool of considerable value in research on this
channel, its functions and mechanism of action.

In-vivo studies on Boswellia gum resin and
its constituents

Immunomodulatory effects of Boswellia
Agents that suppress the expression of TNF-a, IL-1b, COX-2,
5-lipoxygenase, or agents that are known to suppress the

activation of NF-kB have potential for the treatment of
arthritis.[76] In the case of Boswellia studies, anti-inflamma-
tory in-vivo assays preceded the cellular and molecular
examination. Singh and Atal[77] examined the in-vivo effects
of an alcoholic extract of B. serrata in carrageenan-induced
oedema in rats and mice and dextran oedema in rats. They
found that it caused marked suppression of the carrageenan- or
dextran-induced oedema, and exerted anti-arthritic activity.
No analgesic or antipyretic effects were observed in this study.
Many studies that followed this work corroborate the anti-
inflammatory effects of Boswellia resin and its constituents on
several inflammation models, both acute and chronic. The
anti-inflammatory effect shown in these studies can be
attributed, at least partially to incensole acetate, boswellic
acids and their derivatives, as was determined by us[19] and
by Singh and colleagues,[78] respectively, in carrageenan-
induced paw inflammation assays.

A biopolymeric fraction from B. serrata was shown to be
a potent enhancer of antigen-specific immune responses with
adjuvant activity that is superior to that of the conventional
adjuvant alum.[79] It potently enhanced antigen-specific Th1
(IFN-g and TNF-a) and Th2 (IL-4) immune responses to
hepatitis B surface antigen and the production of cytokines
(IFN-g TNF-a and IL-4) by spleen cells isolated from
immunized animals and T-lymphocyte subsets (CD4/CD8).
Total IgG and its subtypes (IgG1 and IgG2a) antibody titres
in serum were significantly enhanced. A dose-related
increase in the delayed hypersensitivity reaction in mice
was also demonstrated following oral administration of a
Boswellia resin extract (BOS 2000; 1–10 mg/kg).[80] These
results are intriguing, and should probably be further pursued
in terms of the ingredients of the resin that are responsible for
them.

Boswellia and arthritis
Boswellia resin is marketed as an anti-arthritic herbal remedy,
and several studies have examined the anti-arthritic effect of
the resin and its constituents. These indicate that boswellic
acids exert a beneficial effect in bovine serum albumin-
induced arthritis in rabbits (see Sharma et al.[81]). Boswellic
acids attenuated elevated levels of connective tissue meta-
bolites (hydroxyproline, hexosamine and uronic acid) in the
urine of adjuvant-induced arthritic rats, especially in the
chronic phase of the disease.[82] The degradation of glycosa-
minoglycans was found to be reduced markedly following
treatment with boswellic acids or Boswellia resin extract.[83]

Studies done on extracts from B. carterii and B. serrata
(e.g. Fan et al.)[84] support the notion that components of
these resins may ameliorate arthritic conditions.

Boswellia and inflammation-associated
intestinal diseases
B. serrata commercial extract (H15), as well as AKBA,
significantly attenuated indometacin-induced ileitis in rats.
The rats received oral treatment of extract (17.1 or 34.2 mg/
kg daily) or AKBA (low dose, 3.4 mg/kg orally per day, or
high dose, 5.1 mg/kg orally per day). The authors note that
AKBA accounts for 2.2% of boswellic acids in the extract,
and preliminary experiments with AKBA at this concentra-
tion did not achieve any significant anti-inflammatory effect.
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They hence concluded that other boswellic acids in Boswellia
extract may also have anti-inflammatory properties, and
therefore the doses of AKBA given were adjusted to
represent the content of all boswellic acids present in the
extract (~20%). At these doses, the effects of AKBA
treatment were comparable with those of the extract.[85]

Treatment with AKBA or dexamethasone significantly
reduced dextran sodium sulfate -induced bowel shortening and
improved histological parameters, such as cellular infiltrate,
destroyed crypt architecture, colonic mucosa histological
score and recruitment of adherent leucocytes and platelets
into inflamed colonic venules of dextran sodium sulfate-
challenged mice.[86] The treatment of colitis with AKBA
(5 mg/kg daily, i.p.) also largely prevented the P-selectin up-
regulation normally associated with dextran sulfate sodium
colitis.[86]

Although probably not through an inflammatory mechan-
ism, B. serrata extract (hydroalcoholic extract, standardized
to contain 95% boswellic acids) was shown to prevent
experimental diarrhoea and to normalize intestinal motility in
pathophysiological states in mice without slowing down the
rate of transit in control animals.[87] This inhibitory effect of
B. serrata extract on acetylcholine-induced contractions was
reduced by the L-type Ca2+ channel blockers verapamil and
nifedipine, but not by the sarcoplasmic reticulum Ca2+-
ATPase inhibitor cyclopiazonic acid, by the phosphodiester-
ase type IV inhibitor rolipram or by the 5-lipoxygenase
inhibitor zileuton.

Boswellia and atherosclerosis
In a study by Cuaz-Pérolin et al.,[88] treatment of athero-
sclerotic lesions in apoE-/- mice with AKBA significantly
reduced lesion size by approximately 50%. Furthermore, NF-
kB activity was also reduced in the atherosclerotic plaques,
and a significant downregulation of several NF-kB-dependent
genes, such as MCP-1, MCP-3, IL-1a, MIP-2, VEGF and TF,
was noted.

AKBA did not affect the plasma concentrations of
triglycerides, total cholesterol and anti-oxidized LDL anti-
bodies. It thus seems that the anti-atherosclerotic effect
observed is due to the NF-kB inhibitory effect of AKBA.

In-vivo anti-cancer studies
Huang and colleagues[64] have demonstrated the effect of
methanol extract from the resin of Boswellia serrata on
cancerous pathologies. Survival time of rats after inoculation
of C6 glioma cells following administration of boswellic acids
(3 ¥ 240 mg/kg) was more than twice as long as that of the
control group.[89] Tumour volume also decreased.

Topical application of AKBA-g-cyclodextrin on PC-3
tumours induced concentration-dependent inhibition of pro-
liferation as well as apoptosis. In nude mice carrying PC-3
tumours, systemic application of AKBA-g-cyclodextrin
inhibited tumour growth and triggered apoptosis in the
absence of detectable systemic toxicity.[62]

The use of Boswellia resin
in the treatment of wounds
Although Boswellia resin has been used as a wound healing
remedy, especially as part of herbal remedy mixtures,[90] this

putative feature of the resin constituents has not been
examined. As the healing process of wounds is closely
related to the inflammatory cascade, it is plausible that the
use of the resin as a wound-healing agent is due to its anti-
inflammatory qualities that indirectly improve wound heal-
ing. It may also involve antimicrobial activity (see below).

Antimicrobial activity of Boswellia resin
A few studies on the antimicrobial activity of Boswellia resin
suggest that the resin indeed exerts such activity. Camarda and
colleagues[91] examined the essential oils from B. carterii,
B. papyrifera, B. serrata and B. rivae oleogum gum resins.
B. carterii and B. papyrifera showed the best activity against
fungal strains with minimum inhibitory concentration values
as low as 6.2 mg/ml. Moreover, it seems that the resin of
Boswellia species also inhibits the development of biofilms
in vitro, as established by Schillaci et al.[92] They examined
the anti-biofilm activity of commercially available essential
oils from B. papyrifera and B. rivae. The viability of
staphylococcal and Candida albicans biofilms was deter-
mined by methyltiazotetrazolium staining. At concentrations
ranging from 217.3 mg/ml to 6.8 mg/ml, the essential oil of
B. papyrifera showed considerable activity against both
Staphylococcus epidermidis DSM 3269 and Staphylococcus
aureus ATCC 29213 biofilms.

Neuroprotective effects of Boswellia resin
Schuhmann and colleagues (presented as an abstract)[93]

suggested that the resin of B. carterii exhibits a neuropro-
tective effect after controlled cortical impact. We examined
the effects of incensole acetate on the inflammatory process
and on the recovery of neurobehavioural and cognitive
functions following head trauma, using a mouse model of
closed head injury (CHI).[21] Incensole acetate reduced glial
activation, inhibited the expression of IL-1b and TNF-a
mRNAs, and induced cell death in macrophages at the area
of trauma in the brains of post-CHI mice. Subsequently, it
inhibited hippocampal neurodegeneration and exerted a
beneficial effect on functional outcome after CHI (i.e.
reduced neurological severity scores and improved cognitive
ability in an object recognition test). Hence, our study
concurs with the results of Schuhmann and co-workers, and
our findings suggest that the neuroprotective effect of
B. carterii resin can be attributed, at least partially, to
incensole acetate and its derivatives. However, unlike the data
presented by Schuhmann et al.,[93] our data suggest that
incensole acetate has no significant inhibitory effect on the
post-traumatic cerebral oedema formation in mice.

The effects of Boswellia resin on the central
nervous system
Despite its wide use and long-lasting renown, many aspects
of the pharmacological activities of Boswellia resin have not
been sufficiently studied thus far. The effects of extracts of
Boswellia resin on the CNS have already been suggested by
Kar and Menon.[94,95] They found that the non-phenolic
fraction of B. serrata resin distillation ether extraction was
sedative and analgesic in albino rats. However, until recently,
no attempt was made to isolate the active ingredients
responsible for this putative psychoactivity. In light of the
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historical and literature data, implying the existence of
psycho-active ingredients in the resin, we re-examined the
effects of Boswellia resin and its constituents on the CNS.
Our aims were to identify novel psycho-active compounds
from the resin and to elucidate their mechanism of action.
Using behavioural models we found that incensole acetate
exerted anxiolytic- and anti-depressive effects, as well as
a sedative effect; these findings were corroborated by an
immunohistochemical mapping of mice brains following
incensole acetate administration.[22] To pursue a mechanism
of incensole acetate’s central effects, we then examined
incensole acetate for its binding to an array of related
receptors, ion channels and transport proteins. Incensole
acetate bound to none of the known pharmacological targets
tested, but robustly activated the TRPV3 channel in several
in-vitro assays: activated a calcium influx in HEK293 cells,
and primary keratinocytes, as well as a TRPV3 current in
HEK293 cells stably expressing TRPV3. We tested incensole
acetate for its behavioural effects on TRPV3 null mice, and
found that it exhibited no effect in the assays used to assess
anti-depressive and anxiolytic effects, while retaining its
sedative effect.[22] These findings may have several implica-
tions. They suggest that incensole acetate exerts anti-
depressive and anxiolytic effects, thus possibly explaining
the long-lasting and widespread use of Boswellia resin
burning as a major feature of religious and cultural
ceremonies. They also imply that these effects take place
via TRPV3 channels in the brain, thus suggesting for the first
time a role for this channel in the CNS. It is also potentially a
novel prototype anti-depressant and anxiolytic drug distinct
from the chemical groups of such drugs in current use. It
should be noted that the finding that incensole acetate
exhibits its effects on the CNS via TRPV3 channels in the
brain may suggest that this channel can perhaps be used as a
novel pharmacological target for the amelioration of such
disorders.

Clinical trials

Ernst[96] reviewed the clinical trials that have been performed
on B. serrata resin, and found that Boswellia extracts showed
some promise in treating asthma, rheumatoid arthritis,
Crohn’s disease, knee osteoarthritis and collagenous colitis.

He concluded that ‘the evidence for the effectiveness of
B. serrata extracts is encouraging but not compelling’.
Although the results in animal models are very promising, we
are inclined to accept this conclusion.

Several clinical trials have been conducted with the resin
of Boswellia spp. for its effects on chronic inflammatory
conditions, as well as cancerous diseases. These studies pose
methodological problems, partly because they use extracts
rather than pure compounds and partly because they examine
small numbers of patients. Although Boswellia resin seems to
exert anti-inflammatory and anti-cancer effects in several
clinical trials, these remain to be further corroborated and the
underlying mechanisms are to be characterized.

Gupta and colleagues[97] examined the effects of Boswellia
serrata resin (300 mg 3 times daily for 6 weeks) in patients
with bronchial asthma. Seventy per cent of the patients
showed improvement of the disease as shown by disappear-
ance of physical symptoms and signs such as dyspnoea,

rhonchi and number of attacks, as well as a decrease in
eosinophilic count.

In a study with patients suffering from chronic colitis,
B. serrata resin (300 mg 3 times daily for 6 weeks) was
examined and compared with sulfasalazine (1 g 3 times daily
for 6 weeks) which served as control.[98] The patients were
then tested for stool properties and histopathology, as well as
scanning electron microscopy, besides determination of
haemoglobin, serum iron, calcium, phosphorus, proteins,
total leucocytes and eosinophils. Out of 20 patients treated
with Boswellia gum resin, 18 showed an improvement in
one or more of the parameters. In the control group 6 out of
10 patients showed similar results. Out of 20 patients treated
with Boswellia gum resin, 14 went into remission while in
the case of sulfasalazine the remission ratio was 4 out of 10.

A B. serrata extract (5-Loxin) enriched with 30% AKBA
reduced pain and significantly improved physical function-
ing, as well as pain and stiffness scores, and led to reduction
of synovial MMP-3 levels in osteoarthritis patients.[99]

In another study,[100] 12 patients with brain tumours and
progressive oedema were treated with B. serrata (H15)
extract. All patients tolerated the extract well. There were no
side effects and no worsening of clinical signs attributable
to Boswellia extract. There was no tumour response to
Boswellia extract in any patient. MRI showed a significant
reduction of oedema in two of the seven patients with
glioblastoma. The reduction in oedema was associated with
clinical improvement. Oedema was also reduced in three of
five patients with treatment-related leukoencephalopathy. All
patients with leukoencephalopathy improved clinically for
several months.[100]

In October 2002, B. serrata resin extract (orphan designa-
tion EU/3/02/117) was approved for sale by the European
Commission, for the treatment of peritumoral oedema due to
brain tumours. However this product was withdrawn from
the Community Register of designated Orphan Medicinal
Products on November 2006 upon request of the sponsor.

Adverse effects

When the effects of a B. carterii acetone extract on persistent
hyperalgesia and oedema in rats with peripheral inflamma-
tion were examined, no noticeable adverse effects were
observed in rats treated with 900 mg/kg per day for 7 days,
but adverse effects in some rats were observed at 1800 mg/
kg per day; in the acute toxicity study, the maximal single
dose of 2500 mg/kg produced no adverse effects in the
treated rats during the 14 days of observation.[101] A single
case report of contact dermatitis was reported following the
topical use of B. serrata resin in a cream made with natural
plant extracts.[102] No other side effects from the topical
application of B. serrata extract were found in this case
study. Differentiated and undifferentiated keratinocytes
(HaCaT and NCTC 2544) and foetal dermal fibroblasts
were tested, using neutral red uptake and MTT, and DNA
assays were used to compare the sensitivity of different
human skin cells to B. serrata extract and to AKBA. These
indicated that the gum resin and AKBA exert moderate to
low toxicity to the skin, about similar to that of the reference
compound SDS.[103] Kimmatkar and colleagues[104] found
that B. serrata extract was well tolerated in human patients,
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except for minor gastrointestinal adverse effects. No adverse
effects were observed when 19 children and adolescents with
intracranial tumours received Boswellia extract at a dose of
126 mg/kg per day for a median 9 months’ application.[105]

The extract was also well tolerated by all 12 patients with
tumours and tumour-associated oedema in another study.[100]

Pharmacokinetic studies of Boswellia resin
constituents

Studies in rats have presented data on the bioavailability of
KBA and AKBA.[106,107] KBA and AKBA were bioavailable
in female albinoWistar rats following oral administration.[106]

Topical application of a methanolic extract of the gum resin of
B. serrata on the backs of mice markedly inhibited a phorbol
ester-induced increase in skin inflammation.[64] Amore recent
work reported that boswellic acids administered by topical
application were also effective in inflammatory disorders.[108]

Topical application of water-soluble AKBA-gamma-cyclo-
dextrin on PC-3 tumours xenografted onto chick chorioallan-
toic membranes induced concentration-dependent inhibition
of proliferation as well as apoptosis.[27] In nude mice carrying
PC-3 tumours, systemic application of AKBA-g -cyclodextrin
inhibited tumour growth and triggered apoptosis in the
absence of detectable systemic toxicity.[27]

Preliminary pharmacokinetic studies found only very low
concentrations of KBA in human plasma after oral adminis-
tration of B. serrata extract, ranging from 0.17 mM following
a single dose administration of 786 mg,[109] to 2.7 mM

subsequent to the intake of 333 mg.[110] A concentration of
0.1 mM AKBA was determined after a multiple-dose admin-
istration of 786 mg of B. serrata extract.[111]

Conclusions

The reputation of Boswellia resin as an immunomodulating
agent has found support in numerous studies, some of them
with crude extracts, others with pure compounds (Table 1).
Boswellic acids exert diverse intracellular effects, which
depend on the cell type and the chemical structure of
the boswellic acid derivative. There is a considerable
inconsistency between the results (particularly the IC50
values) determined in cellular and cell-free experimental
settings for boswellic acids, and it seems that several
different cellular mechanisms govern the imunomodulatory
effects of boswellic acids.

In-vivo studies provide evidence for the anti-inflamma-
tory activity of boswellic acids. In contrast to data from these
studies, no measurable efficacy of B. serrata extracts was
evident in a controlled trial of rheumatoid arthritis.[112] It
should be noted, however, that although it was a multicentre
study, it was done with a small number of patients (37).

The differences in the results of tests between the crude
extract and the isolated pure compounds on 5-lipoxygenase
led to an investigation of analogues of boswellic acids;[113]

however, a better result than the inhibitory effect of AKBA
has not yet been demonstrated. On the contrary, the tirucallic
acids that were identified in an extract of B. serrata were
found to enhance 5-lipoxygenase product formation. Thus,
3-oxotirucallic acid and 3-O-acetyl-tirucallic acid were found

to be involved in the production of LTB4, which is
considered the strongest mediator in leukotriene biosynthesis
involved in some of the diseases mentioned above.[18] In
some of the cell lines tested for the cytotoxic and pro-
apoptotic effects of boswellic acids, the effect of the total
extract was significantly more potent than pure AKBA.

These findings imply that Boswellia resin contains several
active ingredients, boswellic acids being only some of them.
Indeed, we found incensole acetate and its derivatives, which
are significant components and biomarkers of Boswellia
resin, to be the major constituents of the resin inhibiting
NF-kB activation. Incensole acetate also provides potent
neuroprotection, apparently via its anti-inflammatory effects
on the brain.[21] We further found that incensole acetate
exerts significant effects on the CNS.[22] These effects are
presumably mediated via TRPV3 channels in the brain;[22]

thus using incensole acetate as a powerful ligand, we were
able to suggest for the first time a possible role for this
channel in the CNS. As the TRPV3 channel is known to
mediate sensations of warmth, it is plausible that incensole
acetate and its derivatives cause a sensation of warmth, thus
contributing to the feeling of exaltation in ceremonies
involving burning of frankincense.

Several clinical trials with Boswellia extracts – many of
them suffering from methodological flaws and relatively
small numbers of patients – have been performed. The results
of some of these studies are encouraging. However additional
investigations are required to demonstrate the efficacy of
extracts of Boswellia resin and draw conclusions regarding
effectiveness and safety of Boswellia resin, and particularly
of its constituents.

Boswellia resin has provided mankind with a potentially
rich arsenal of drugs for the treatment of a variety of
pathological conditions of inflammatory, carcinogenous,
degenerative and mental nature. It is gratifying to realize
that, after almost 40 years of research, the ancient traditions
of thousands of years have found support using modern
science, providing us with some novel drugs of potentially
considerable importance. Moreover, following our recent
study on the effects of incensole acetate on the CNS, it now
seems that the pharmacological leads from Boswellia resin
may offer insights into mammalian and human physiology,
especially neurophysiology. While the incentive for research
on Boswellia resin is obviously encouraged by the great
cultural and religious importance of this resin, the pharma-
cological data stand very much by themselves.

Given the importance of Boswellia resin in religious,
medical and cultural traditions, as well as the therapeutic
potential of compounds isolated from the resin, the scientific
data available so far seem inadequate. Despite its common
use as an anti-inflammatory remedy, it is only recently that
the resin has been screened for its anti-inflammatory
components.[19] The information available on the anti-cancer
effects of the resin is still poor, with only a few in-vivo
studies. Our study on the neuroprotective effects of incensole
acetate suggests that this compound and its derivatives can be
utilized in several neurodegenerative diseases, and related
pathologies.

It is only now that we realize that the widespread cultural
and religious use of the resin is probably due to the presence
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of psycho-active compounds in the resin, namely incensole
acetate and its derivatives.[22] Our study on the psycho-
activity of incensole acetate also suggests that compounds
from Boswellia resin may be used not only as leads for novel
pharmacological therapies, but also as ligands for novel
pharmacological targets to be found especially in the CNS.

We are confident that research on Boswellia resin and
its active ingredients will gain more impact in the years
to come.
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