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Summary
The gum of Boswellia serrata has been widely used in ayurvedic and traditional system of
medicine for the treatment of inflammation. 3-acetyl-11-keto-β-boswellic acid (AKBA) is the most
potent pentacyclic triterpenic acid present in gum of Boswellia serrata for anti-inflammatory and
antiarthritic activity. The objective of the present investigation was to study the anti-inflammatory
activity of nanogel formulation of AKBA against carrageenan induced rat paw edema. Topical gel
for in-vivo study of AKBA and AKBA polymeric nanoparticles was formulated by using 1%
Carbopol 940. Results of in-vivo comparison study showed much higher anti-inflammatory
activity of AKBA nanogel compared to AKBA gel of equivalent concentration.
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Introduction
Boswellia serrata, family Burseraceae, is a medium to large branching tree, generally found in dry
hilly areas of India, North Africa, and the Middle East. It has been mentioned in the ancient
ayurvedic texts Sushruta Samhita and Charak Samhita [1]. The gum resins of Boswellia serrata has
been used for a variety of therapeutic purposes such as cancer [2-4], analgesia [5-6], asthma [7-8],
inflammation [9-10], arthritis [11-14], colitis [15], Crohn’s diseases[16] and hyperlipidemia[17].
The main biologically active principles of Boswellia serrata for anti-inflammatory and antiarthritic
activity are boswellic acids. 3-acetyl-11-keto-β-boswellic acid (AKBA) with an IC50 value of 1.5
µM proved to be the most potent pentacyclic triterpenic acid present in Boswellia serrata.
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Figure 1. Chemical structure of AKBA
The current therapeutic treatment of arthritis with modern anti-inflammatory drugs is associated
with side-effects. AKBA act by 5-lipoxygenase directed, non-redox, non-competitive mechanism
[18-20] and therefore posses little toxicity and limited side effects compared to other antiinflammatory drugs. However AKBA possess poor oral bioavailability [21-24] and elimination
half life of 4.5 ± 0.55 hours [21]. For treatment of arthritis and reduction of inflammation higher
concentration is required at the site of inflammation. Furthermore, topical application proved to be
highly beneficial to the rheumatic patients because it can be directly applied to the target tissues
for more effective results. So topical delivery of AKBA seems to be a preferred alternative to the
oral dosage form, which provide sustained and constant plasma level and reduce frequency of
administration.
In the present study topical gel of AKBA and AKBA polymeric nanoparticles has been formulated
and comparison study between two was done to evaluate their anti-inflammatory activity.
Material and Methods
Materials
Creamish dry powdered methanolic extract of the resin of Boswellia serrata was procured from
Sanat Products, Delhi, India. All chemicals and reagents used were of analytical grade and were
purchased from Merck, Mumbai, India.
Extraction of pure AKBA
Methanolic extract of the resin of Boswellia was subjected to silica column chromatography using
5% to 30% ethyl acetate/hexane mixtures. The fractions were monitored by TLC and those
containing AKBA (30% - 60%) were combined and subjected to crystallization in hexane and
ethyl acetate mixtures to obtain pure AKBA.
Identification of AKBA
Identification of pure AKBA was done by HPTLC and DSC:
HPTLC of AKBA: HPTLC analysis of AKBA was achieved using silica gel coated aluminium
plates as stationary phase and toluene–ethyl acetate 7:3 (v/v) as mobile phase. Samples were
applied as 5-mm bands, 10 mm apart, by means of a Camag (Switzerland) Linomat V sample
applicator fitted with a Camag microlitre syringe. Densitometric scanning at 250 nm was
performed with a Camag TLC scanner III in absorbance mode operated by winCATS software
(version 1.2.0).
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DSC of AKBA: Isolated AKBA of weight of 5±2 mg were sealed in aluminum hermatic pans and
analysed by DSC (Pyris 6, Perkin Elmer, Germany). Scanning rate was 10ºC/min over the
temperature range of 10-300ºC.
Formulation of Topical Gel
For the preparation of topical gel the specified quantity of different polymers (Table1) were taken
and dispersed in the distilled water. The polymers alone as well as in the combination were tried
for the gel preparation. Gels containing different concentrations of polymers and combination of
polymers were evaluated on the basis of different parameters to find out the most suitable polymer
for the formulation of gel for comparison study.
Homogeneity test
A small quantity of gel was pressed between the thumb and the index finger and the consistency of
the gel was noticed (whether homogeneous or not).
Organoleptic characteristics
Gel was tested for color, odor, texture, as well as the feel upon application (stiffness, grittiness,
greasiness and tackiness) ones the preparation was on the skin and also after two minutes of
application.
pH
The pH of the gel was measured using digital pH meter (HI84240, Microcomputer pH meter,
Italy). One gram of gel was dissolved in 100 ml distilled water and stored for 2 hours. The
measurement of pH of each formulation was done in triplicate and average values were calculated.
Viscosity
The viscosity of gel was studied by using Brookfield Viscometer (RTV model) at 100 rpm with
spindle no. 7.
Extrudability
A simple method was adopted for determination of extrudability in terms of weight in grams
required to extrude a 0.5 cm ribbon of gel in 10 sec from a collapsible tube.
Spreadability
Spreadability was measured on the basis of “slip” and “drag” characters of gel. A modified
apparatus consisting of two glass slides containing gel in between with the lower side fixed to a
wooden plate and the upper one attached to a balance by a hook was used to determine
spreadability, which was calculated using the following formula,
S = m × 1/t
Where S represents spreadability (g/sec), m is the weight in pan (g), and t is time (sec).
Formulation of final topical gel
Final topical gel of AKBA and AKBA loaded nanoparticles was prepared using Carbopol 940. 1%
gel of Carbopol 940 was prepared for the study by dispersing 1 gm of Carbopol 940 in 100 ml of
distilled water. After complete dispersion equivalent quantity of AKBA and AKBA loaded
nanoparticles was added to the aqueous dispersion under overhead stirring at 800 rpm. Carbopol
dispersion was then neutralized using 0.05 % (w/w) triethanolamine to form the gel.

313

Pharmacologyonline 3:311-318 (2009)

Goel et al.

Skin irritancy test
Skin irritation test was carried out on male Swiss albino mice, weighing 25-30 g. The animals were
kept under standard laboratory conditions, temperature (25±1ºC) and relative humidity (55±5%).
The animals were housed in polypropylene cages, six per cage, with free access to standard
laboratory diet (Lipton Feed, India) and water ad libitum. A single dose of 10 mg of the gel was
applied to the left ear of the mice, with the right ear as a control. The development of erythema
was monitored for 6 days.
In vivo anti-inflammatory activity on carrageenan induced rat paw edema
Approval to carry out in vivo studies was obtained from the Institutional Animal Ethics Committee
(approval no: 173/CPCSEA-28/01/2000) and their guidelines were followed throughout the
studies. The anti-inflammatory activity of the optimized formulations was evaluated by the
carrageenan-induced hind paw edema method developed by Winter et al. [25] in wistar rats.
Young male wistar rats, weighing 180-220g were used for the study. The animals were housed in
polypropylene cages, five per cage, with free access to standard laboratory diet (Lipton Feed) and
water ad libitum under standard laboratory conditions (temperature: 25±2ºC; relative humidity:
55±5%). Paw edema was induced by injecting 0.1ml of the 1% w/w homogenous suspension of
carrageenan in saline. A total of three groups were used: Group 1 injected with carrageenan only
and serve as control, Group 2 and Group 3 received carrageenan + topically applied AKBA gel and
carrageenan + topically applied AKBA nanogel respectively. Volume of the paw was measured
with a digital plethysmometer (UGO basile 7140 Plethysmometer).
The edema rate and percentage inhibition of each group was calculated as follows:
Edema rate (E) = Vt – Vo / Vo
Inhibition (%) = Ec – Et / Ec × 100
where Vo is the mean paw volume before carrageenan injection, Vt the mean paw volume after the
carrageenan injection at time t, Ec is the edema rate of the control group and Et is the edema rate of
the treated group at time t.
Results of anti-inflammatory activity were compared using the Dunnett test of one-way analysis of
variance (ANOVA).
Results and discussion
Present study was aimed at evaluating nanogel of 3-acetyl-11-keto-β-boswellic acid for its antiinflammatory activity. Isolation of pure AKBA was achieved by column chromatography using
hexane-ethyl acetate mixture. Identification of 3-acetyl-11-keto-β-boswellic acid was done by
HPTLC and DSC analysis. A single sharp peak at Rf value 0.52 by HPTLC (Figure 2) and sharp
crystalline peak at 274.347ºC by DSC (Figure 3) confirmed the purity of 3-acetyl-11-keto-βboswellic acid extracted from Boswellia serrata extract.
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Figure2. HPTLC chromatogram of AKBA (Rf 0.52).

Figure3. DSC graph of AKBA
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AKBA gels of different polymers in different concentrations were made as shown in Table1. The
viscosity of the formulation ranges from 3200 to 5760 cps. The pH of formulation ranges from 6.87.4. From all the developed formulations, F1 showed excellent homogeneity and extrudability and
there were no lumps in the formulation. On the basis of results of different evaluating parameters
formulation F1 containing 1% Carbopol-940 was finally selected for gel formation.
Table1. Evaluation of AKBA gel of different polymers.
Formulation

Viscosity
(cps)

Extrudability

Spreadability
(gm/sec)

Homogeneity

pH

1% Carbopol-940

3250

***

35.6

***

7.2

20% PVA

5250

*

30.4

**

6.9

4%HPMC-K4M +
0.5%Carbopol-940

5040

*

34.5

*

7.3

5% HPC-M+ 0.5%
Carbopol-940

3200

*

31.2

*

6.8

6% SCMC+ 0.5%
Carbopol-940

5760

*

31.4

**

7.4

The skin irritancy test was performed to confirm the safety of the optimized gel formulation. Van
Abbe et al [26] mentioned that a value of skin irritancy score between 0 and 9 indicates that the
applied formulation is non- irritant to human skin. The skin irritancy score for nanogel formulation
(Table 2) indicates that the applied formulation is non irritant to human skin.
Table2. Skin irritancy studies of developed gel
S.No.

Mice group

Score after (days)
1

2

3

4

5

6

Mean
score

1

I

1

1

0

0

0

0

0.29

2

II

0

1

0

0

0

0

0.14

3

III

0

1

0

0

0

0

0.14

In-vivo anti-inflammatory activity studied by carragenan induced rat paw oedema method showed
that nanogel formulation has maximum anti-inflammatory activity (Table 3). The enhanced antiinflammatory effect of AKBA nanogel could be due to the enhanced permeation of AKBA through
the skin.
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Table 3. In-vivo anti-inflammatory activity of developed gel.
Formulation

Edema rate (%)
1h

2h

3h

4h

6h

12h

Control

42.1±1.2

56.3±1.3

82.2±1.2

67.2±1.5

60.3±1.5

52.1±1.3

AKBA gel

37.4±1.0
(11.2)

45.4±1.3*
(19.4)

56.6±1.4**
(31.1)

42.9±1.5**
(36.2)

35.4±1.7**
(41.3)

29.1±1.8**
(44.1)

AKBA
nanogel

31.9±1.1*
(24.2)

35.2±1.2**
(37.5)

45.1±1.4**
(45.1)

26.1±2.2**
(61.2)

16.8±2.3**
(72.1)

9.8±2.1**
(81.1)

Values represent the mean ± S.D. of five animals for each group. Each value in parenthesis
indicates the percentage inhibition rate. Statistically significant from control: *P < 0.01 and **P <
0.05.
Conclusions
AKBA and AKBA nanogel are biocompatible and do not cause any skin irritation. In-vivo antiinflammatory activity of AKBA nanogel was much higher compared to AKBA gel of equivalent
concentration. This could be attributed to the ultra small size of the polymeric nanoparticles as
well as their mucoadhesiveness. From in-vivo data it can be concluded that the developed nanogel
has great potential for transdermal drug delivery.
References
1. Kulkarni RR, Patki PS, Jog VP, Gandage SG, Patwardhan B. Treatment of osteoarthritis with a
2.
3.
4.
5.
6.
7.
8.
9.

herbomineral formulation: a double-blind, placebo-controlled, cross-over study. J. Ethnopharmacol.
1991; 33: 91-95.
Yu S, Ho CT, Chin CK, Badmaev V, Ma W, Huang MT. Inhibitory activity of boswellic acids from
Boswellia serrata against human leukemia HL-60 cells in culture. Planta Med. 1998; 64: 328-331.
Liu JJ, Huang B, Hooi SC. Acetyl-keto-beta-boswellic acid inhibits cellular proliferation through a p21dependent pathway in colon cancer cells. Br. J. Pharmacol. 2006; 148: 1099-1107.
Huang MT, Badmaev V, Ding Y, Liu Y, Xie JG, Ho CT. Anti-tumor and anti-carcinogenic activities of
triterpenoids, beta-boswellic acid. Biofactors 2000; 13: 225-230.
Bishnoi M, Patil CS, Kumar A, Kulkarni SK. Analgesic activity of acetyl-11-keto-β-boswellic acid, a 5lipoxygenase enzyme inhibitor. Indian J. Pharmacol. 2005; 37: 255-256.
Menon MK, Kar A. Analgesic and psychopharmacological effects of the gum resin of Boswellia serrata.
Planta Med. 1971; 19: 333-341.
Sailer ER, Subramanian LR, Rall B, Hoernlein RF, Ammon HPT, Safayhi H. Acetyl-11-keto- βboswellic acid (AKBA):structrure requirements for binding and 5-lipoxygenase inhibitory activity. Br. J.
Pharmacol. 1996; 117: 615-618.
Gupta I, Gupta V, Parihar A, Gupta SL, Udtke R, Safayhi H, Ammon HPT. Effects of Boswellia serrata
gum resin in patients with bronchial asthma: results of a double-blind, placebo-controlled, 6-week
clinical study. Eur. J. Med. Res. 1998; 3: 511-514.
Ammon HP. Boswellic acids in chronic inflammatory diseases. Planta Med. 2006; 72: 1100-1116.
317

Pharmacologyonline 3:311-318 (2009)

Goel et al.

10. Dahmen U, Gu YL, Dirsch O, Fan LM, Li J, Shen K, Broelsch CE. Boswellic acid, a potent antiinflammatory drug, inhibits rejection to the same extent as high dose steroids. Transplant Proc. 2001; 33:
539-541.
11. Sharma ML, Bani S, Singh GB. Antiarthritic activity of boswellic acids in bovine serum albumin (BSA)induced arthritis. Int. J. Immunopharmacol. 1989; 11: 647-652.
12. Singh S, Khajuria A, Taneja SC, Khajuria RK, Singh J, Qazi GN. Boswellic acids and glucosamine
show synergistic effect in preclinical anti-inflammatory study in rats. Bioorg. Med. Chem. Lett. 2007;
17: 3706-3711.
13. Gupta OP, Sharma N, Chand D. Application of papaya latex-induced rat paw inflammation: model for
evaluation of slowly acting antiarthritic drugs. J. Pharmacol. Toxicol. Methods 1994; 31: 95-98.
14. Kimmatkar N, Thawani V, Hingorani L, Khiyani R. Efficacy and tolerability of Boswellia serrata extract
in treatment of osteoarthritis of knee-a randomized double blind placebo controlled trial. Phytomedicine
2003; 10: 3-7.
15. Gupta I, Parihar A, Malhotra P, Gupta S, ludtke A, Safayhi H, Ammon HP. Effects of gum resin of
Boswellia serrata in patients with chronic colitis. Planta Med. 2001; 67: 391-395.
16. Gerhardt H, Seifert F, Buvari P, Vogelsang H, Repges R. Therapy of active Crohn disease with
Boswellia serrata extract H-15. Z. Gastroenrol. 2001; 39: 11-17.
17. Pandey RS, Singh BK, Tripathi YB. Extract of gum resin of Boswellia serrata L. inhibits
lipopolysaccaride induced nitric oxide production in rat macrophages along with hypolipidemic
property. Indian J Exp Biol. 2005; 43: 509-516.
18. Sailer ER, Schweizer S, Boden SE, Ammon HPT, Safayhi H. Characterization of an acetyl-11-keto-βboswellic acid and arachidonate binding regulatory site of 5-lipoxygenase using photoaffinity labeling.
Eur. J. Biochem. 1998; 256: 364-368.
19. Safayhi H, Mack T, Sabieraj J, Anazodo MI, Subramanian LR, Ammon HPT. Boswellic acids: novel,
specific, nonredox inhibitors of 5-lipoxygenase. J. Pharmacol. Exp. Ther. 1992; 261: 1143-1146.
20. Safayhi H, Sailer ER, Ammon HPT. Mechanism of 5-lipoxygenase inhibition by acetyl-11-keto- βboswellic acid. Mol. Pharmacol. 1995; 47: 1212-1216.
21. Sharma S, Thawani V, Hingorani L, Shrivastava M, Bhate VR, Khiyani R. Pharmacokinetics study of
11-keto-β-boswellic acid. Phytomedicine 2004; 11: 255-260.
22. Kaunzinger A, Baumeister A, Cuda K, Haring N, Schug B, Blume HH, Raddatz K, Fischer G, Zsilaveez
SM. Determination of 11-keto-β-boswellic acid in human plasma. J. Pharm. Biomed. Anal. 2002; 28:
729-739.
23. Shah SA, Rathod IS, Suhagia BN, Patel DA, Parmar VK, Shah BK, Vaishnavi VM. Estimation of
boswellic acids from market formulations of Boswellia serrata extract and 11-keto-β-boswellic acid in
human plasma by high-performance thin-layer chromatography. J. chromatogr., B: Anal. Technol.
Biomed. Life Sci. 2007; 848: 232-238.
24. Krueger P, Daneshfar R, Eckert GP, Klein J, Volmer DA, Bahr U, Muller WE, Karas M, Zsilavecz MS,
Tawab MA. Metabolism of boswellic acids invitro and invivo. Drug Metab. Dispos. 2008; 36: 11351142.
25. Winter CA, Risley EA, Nuss GW. Carrageenan induced edema in hind paw of rat as an assay for antiinflammatory drugs. Proc. Soc. Biol. Med. 1962; 11: 502-507.
26. Van-Abbe NJ, Nicholas P, Boom E. Exaggerated exposure in topical irritancy and sensitization testing.
J. Soc. Cosmet. Chem. 1975; 26: 173-187.

318

