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a b s t r a c t 

Background: The oral administration of the gum resin extracts of Indian frankincense ( Boswellia ser- 

rata Roxb. ex Colebr) results in very low plasma concentrations of boswellic acids (BAs), being far be- 

low the pharmacologically active concentrations required in vitro for anti-inflammatory activity. For that 

reason the use of Indian frankincense in clinical practice and pharmaceutical development has substan- 

tially lagged behind. Recently the application of new formulation technologies resulted in a formulation 

of frankincense extract with lecithin, which revealed improved absorption and tissue penetration of BAs 

in a rodent study, leading for the first time to plasma concentrations of BAs in the range of their anti- 

inflammatory activity. 

Purpose: In order to verify these encouraging results in humans, the absorption of a standardized 

Boswellia serrata extract (BE) and its lecithin formulation (CSP) was comparatively investigated in healthy 

volunteers. 

Study design: According to a randomized cross-over design with two treatments, two sequences and two 

periods, 12 volunteers alternatively received the lecithin-formulated Boswellia extract (CSP) or the non- 

formulated Boswellia extract (BE) at a dosage of 2 ×250 mg capsules. 

Methods: The plasma concentrations of the six major BAs (KBA , AKBA , βBA , αBA , A βBA , A αBA) were 

determined using LC/MS. 

Results: With the exception of KBA, a significantly higher (both in terms of weight-to-weight and molar 

comparison) and quicker absorption of BAs from the lecithin formulation was observed, leading to C max 

in the range required for the interaction with their molecular targets. 

Conclusion: These findings pave the way to further studies evaluating the clinical potential of BAs, and 

verify the beneficial effect of lecithin formulation to improve the absorption of poorly soluble phytochem- 

icals. 

© 2016 The Authors. Published by Elsevier GmbH. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

Abbreviations: αBA, Alpha-boswellic acid; A αBA, Acetyl- alpha-boswellic acid; 

A βBA, Acetyl- beta-boswellic acid; AKBA, Acetyl-11-keto-boswellic acid; βBA, Beta- 

boswellic acid; BAs, Boswellic acids; BE, Boswellia extract; catG, Cathepsin G; CI, 

Confidence interval; COX-1, Cyclooxygenase-1; ECG, Electrocardiogram; ESI, Electro 

Spray Ionization; HBSAg, hepatitis B surface antigen; HCV, Hepatitis C virus; HIV, 

Human immunodeficiency virus; HLE, Human leuokocyte elastase; IL, Interleukin; 

KBA, 11-keto-boswellic acid; LSM, Least squares means; 5-LO, 5-lipoxygenase; 

mPGES-1, microsomal prostaglandin E synthase-1; NF- κB, nuclear factor-kappaB; 

S.A.S., Société Anonyme Simplifiée (form of organization for companies); SIM, single 

Introduction 

The belief that natural medicines are safer than synthetic drugs 

led to a tremendous growth of phytopharmaceuticals, reaching a 

ion mode; SAS®, Statistical Analysis System; THF, tetrahydrofurane; TNF α, tumor 

necrosis factor alpha. 
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Fig. 1. Chemical structures of the six characteristic boswellic acids of Boswellia serrata . 

worldwide 25% share of the pharmaceutical arsenal ( Bhattaram et 

al., 2002 ). Especially the interest in alternative, well-tolerated anti- 

inflammatory herbal remedies has re-emerged in the last decades, 

as all effort s aiming to develop safe synthetic anti-inflammatory 

drugs are still far from achieving a real breakthrough. Gum resin 

extracts of Boswellia serrata Roxb. ex. Colebr. (Indian frankincense) 

have been found to represent a promising anti-inflammatory 

herbal remedy. Numerous experimental data from in vitro studies 

and animal models support the potential of boswellic acids (BAs) 

( Fig. 1 ), a class of pentacyclic triterpenoids representing the major 

active principles of B. serrata , for the treatment of various diseases. 

Hence it was shown that a number of pivotal enzymes in inflam- 

mation like 5-lipoxygenase (5-LO), cyclooxygenase-1 (COX-1), hu- 

man leuokocyte elastase (HLE), cathepsin G (catG) and the micro- 

somal prostaglandin E synthase-1 (mPGES-1) as well as the nuclear 

factor-kappaB (NF- κB) and several cytokines like TNF α, IL-1 β and 

IL-6 are inhibited by BAs with IC 50 values in the range of 0.6 μm to 

24 μm (Abdel-Tawab et al., 2011 ; Poeckel and Werz, 2006 ). Mod- 

ern research has highlighted the relevance of the whole fraction 

of triterpenoid acids for the anti-inflammatory activity of Boswellia 

extracts, since all BAs show significant in vivo activity in animal 

models of inflammation ( Bannoa et al., 2006 ). This represents a 

dramatic change compared to the early studies, that emphasized 

the relevance of a single constituent (AKBA, a minor constituent 

of the BAs bouquet) and a single target (5-lipoxygenase, 5-LO) 

( Safayhi et al., 1992 ). 

However, various pharmacokinetic studies in human and ani- 

mals revealed very low plasma concentrations of BAs, far below 

the pharmacologically active concentrations determined in vitro , in 

spite of administering very high doses of Boswellia extract reaching 

up to 30 0 0 mg/day ( Abdel-Tawab et el., 2011; Du et al., 2015 ). This 

limited the use of B. serrata in clinical practice and pharmaceutical 

development. Consequently the anti-inflammatory potential of BAs 

could as yet not been translated into an approved clinical applica- 

tion, ( Ernst, 2008 ). The dismally low oral absorption of BAs is not 

surprising, since these compounds are very poorly soluble in water, 

suggesting a strong tendency to self-aggregation. This hypothesis is 

supported by the marked increase of absorption observed when B. 

serrata extracts are administered with food, as expected from the 

disruption of self-aggregates by biliary salts ( Skarke et al., 2012 ). 

These considerations provided a rationale for the development of 

a lecithin formulation of BAs, which revealed a significantly im- 

proved absorption of BAs accompanied with enhanced tissue pen- 

etration in rats, leading for the first time to plasma concentrations 

of BAs in the range of their anti-inflammatory activity ( Huesch et 

al., 2013 ). 

In the wake of these promising animal studies, we have carried 

out a comparative pharmacokinetic study in healthy volunteers 

on weight-equivalent (500 mg) dosages of the lecithin-formulated 

Boswellia extract (CSP) and the non-formulated Boswellia extract 

(BE) used for its preparation. Since CSP contains only 33% Boswellia 

extract on molar basis, this involved comparison between 150 mg 

of extract formulated with lecithin and 500 mg of non-formulated 

extract. 

Materials and methods 

Products 

Gum resin extracts of Boswellia serrata Roxb. ex. Colebr. (plant 

name checked with http://www.theplantlist.org ) (Batch N.: 11239, 

Code # 36BW60090) (BE) and its lecithin formulation Casperome®

(Batch N.: 12146, Code # 36BWP0090) (CSP) used in the study 

were produced by Indena S.A.S. (Tours, France). Both were assigned 

voucher numbers and representative voucher specimen has been 

deposited in the Central Laboratory of German Pharmacists, Es- 

chborn, Germany. CSP is composed of B. serrata extract and soy 

lecithin in a 1:1 ratio, with about half part of microcrystalline cel- 

lulose being added to improve the physical state and to standard- 

ize the product to a content of total triterpenoid acids by HPLC 

of at least 25%. For this study, 250 mg of BE or CSP were formu- 

lated by Indena S.p.A. (Milan, Italy) into Swedish orange size “0”

hard gelatin capsules containing: 54.0 mg of corn starch and prege- 

latinized starch (StarCap 1500 ®, Colorcon, UK), 50.0 mg of Citric 

Acid Anhydrous, 9.0 mg of Croscarmellose Sodium (Solutab ®, Blan- 

ver, San Paolo, Brazil), 4.0 mg of Silicon Dioxide (Syloid 

® 244 FP, 

W. R. Grace & Co., Conn., Columbia, USA), 9.0 mg of magnesium 

stearate, and 4.0 mg of talc. Before releasing the hard gelatin cap- 

sules containing BE (Batch # 89035) or CSP (Batch # 89036), the 

appearance, average mass, uniformity of mass (Eur. Pharm. 2.9.1.), 

HPLC content of BAs, disintegration time ( < 10 min according to 

Eur. Pharm 2.9.1) and microbiological quality were tested. For the 

detailed quantification of the six major BAs contained in the cap- 

sules see Table 1. 

Subjects 

In order to standardize all variables that may affect the pharma- 

cokinetics of BAs, twelve healthy non-smoking subjects aged be- 

tween 20 to 51 years of Caucasian race were recruited and consid- 

ered eligible for enrolment as per protocol inclusion and exclusion 

criteria. The screening procedures included collection of anamnesis 

and demographic data (gender, age, race, body weight [kg], height 

http://www.theplantlist.org
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