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ABSTRACT: Omani (Dhofari) frankincense is world famous for its high quality and fragrance. The oleo-gum 
resin obtained from the tree of Omani species i.e., Boswellia sacra (local name: luban) is widely used by the 
natives. The aim of the study was to determine the presence of phytochemicals in chloroform and ethanol 
extracts of B. sacra resin and to evaluate the in vitro cytotoxic, antimicrobial- and antioxidant-activities. The 
ethanol and chloroform extracts of Hojari luban were obtained in good yield.  The extracts were subjected to 
phytochemical screenings, quantification of total phenolics (TP) and evaluation of in vitro biological activities 
viz. antioxidant, antibacterial and cytotoxic potential. The bioactivities of four boswellic acids, the major 
constituents of the oleo-gum resin, were also predicted with the help of PASS and CLC-pred software. Both the 
extracts showed similar level of TP (14.67 mg/g and 14.79 mg/g in terms of gallic acid equivalent) but polar 
fraction was noted to be more active against E. coli. A moderate antioxidant activity was shown by the resin 
extracts however their cytotoxic activity was observed to be quite remarkable at 1000 µg/l which could be 
attributed to their high boswellic acid content. Results of in silico PASS studies showed boswellic acids to 
possess an array of useful biological activities including chemopreventive activity. Further, CLC-pred software 
revealed that only keto boswellic acid is expected to exert antineoplastic activity against pancreatic carcinoma 
cell lines, however all the four major boswellic acids are likely to be active against non-tumor embryonic lung 
fibroblast (MRC5). The study confirmed that frankincense is rich in bioactive metabolites which are of 
significant economic and therapeutic importance.   
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INTRODUCTION  
 Boswellia sacra (B. sacra) is the scientific 
name of the oleo gum resin obtained from the tree 
of Omani frankincense (in Arabic: luban) which 
belongs to the family Burseraceae. This species of 
Arabian Peninsula has been regarded as the source 
of one of the highest quality and the best aromatic 
gum-resins.1 It’s obtained by making an incision in 
the tree bark. The secreted resin upon drying is 
hardened and is called “tears”. There are different 
types of frankincense which are graded according 
to various parameters such as age, shape, color, 
purity and aroma. Among all the types of 
frankincense, native people consider Hojari variety 
to be of superior quality because of its white color, 
aroma and purity.2 
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 Oman is known for the trade of Dhofari 
frankincense to the other parts of the world since 
ancient time. The oleo gum resin is one of the most 
common house hold items in Oman. It is used in 
day to day life either for therapeutic or spiritual 
purposes forming a part of the traditional Omani 
life and therefore is considered as a sign of Omani 
culture.3 These trees contain resin as a mechanism 
of defense against its injury, to protect against 
insects, fungal attack and decay. Frankincense is 
widely used in perfumes, aromatherapy, anti-aging 
and anti-wrinkle preparations. In addition, it can be 
used in cold and flu, inflammation, pain and to 
relive the symptoms of indigestion.4 
 The main biologically active phytochemicals 
of frankincense have been identified as a group of 
pentacyclic triterpenes known as boswellic acids 
(Figure 1). Several biochemical studies indicated 
the role played by these boswellic acids in the 
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inhibition of pro-inflammatory enzymes. The most 
important boswellic acid is acetyl keto boswellic 
acid (AKBA), which has shown its effectiveness 
against a considerable number of inflammatory 
diseases and cancer. AKBA is a selective, non-
competitive and non-redox inhibitor of 5-
lipoxygenase (5-LO) enzyme. It inhibits this 
inflammatory enzyme reversibly and in a calcium-
dependent manner.5  
 Recently, the overspread of detrimental 
microorganisms and their drug resistance has 
become challenging to the pharmaceutical world. 
Most of the antibiotics available in the market to 
treat severe infections are becoming ineffective due 
to the development of resistance. In the drug 
discovery and development process, natural plants 

and their bioactive compounds are used as source 
of lead molecules, an alternative to antibiotics.6 To 
overcome the challenge of antimicrobial drug 
resistance, new compounds with the ability to 
potentiate the existing drug regime, are very much 
sought after. Considering the vast potentiality of 
medicinal plants as sources for antioxidant, 
antimicrobial and cytotoxic drugs, the present study 
was designed to explore the in vitro antioxidant, 
antibacterial and cytotoxic activities of the 
chloroform and ethanol extracts of Oman’s Hojari 
variety of oleo gum resin including the presence of 
phytochemicals. In silico studies using PASS and 
CLC-pred software were also carried out to support 
the results of experimental studies.    

 

 
 

Figure 1. Chemical structure of four naturally occurring β-boswellic acids. 
 

MATERIALS AND METHODS  
 Collection of the resin. The frankincense 
(luban) was purchased from Muscat in the month 
of August, 2017 and was authenticated by a 
phytochemist (BP/PHAR425/2017-A3). The 
samples were coarsely powdered using domestic 
blender and stored in air tight glass containers until 
use. 
 Chemicals and solvents. Analytical grade 
chemicals and solvents were used in the study and 
were procured through a local supplier and were 
used without further purification. 
 Preparation of B. sacra oleo gum resin 
extracts. The extracts were prepared by cold 
maceration method. The powdered resins (184.7 g 
and 165.5 g respectively) were exhaustively 
extracted with 2x400 mL ethanol and chloroform 
for 7 days at room temperature with the help of a 
magnetic stirrer. The collected filtrates were 
concentrated under vacuum with a rotary 

evaporator to get the semisolid residue. The ethanol 
and chloroform extracts were obtained in good 
yield (13.5% and 11.1% respectively) and 
preserved in the air tight containers in a refrigerator 
until used.  
 Phytochemical screening of ethanol and 
chloroform extracts of B. sacra resin. The B. 
sacra resin extracts were subjected to qualitative 
screenings to detect the presence of different 
groups of bioactive phytochemicals such as 
triterpenoids, steroids, saponins, alkaloids, proteins, 
free amino acids, phenols and carbohydrates using 
standard procedures.7 

 Quantification of total phenolic content. The 
content of total phenolic compounds in 
the frankincense extracts was assessed colorimetri-
cally employing Folin-Ciocalteu reagent (FCR).8 

Gallic acid was employed as a reference material to 
calculate the amount of total phenolics from its 
standard plot. Briefly, 1 ml of the resin extract (8 
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mg/ml) was thoroughly mixed with 1.5 ml of the 
FCR (1:10 dilution with distilled water) followed 
by the addition of 4.5 ml of 7.5% w/v sodium 
bicarbonate solution. The solution in the test tube 
was allowed to stand at an ambient temperature for 
30-35 min with occasional shaking for the 
completion of the reaction. The absorbance of the 
test and standard solutions was measured at 765 nm 
using a colorimeter. The quantity of phenolic 
compounds in both the extracts have been 
expressed as gallic acid equivalents (GAE) and 
were computed with the help of the standard 
equation for line (y=mx+c) obtained from the gallic 
acid plot. 
 Determination of antioxidant activity by 
DPPH- scavenging assay. The free radical 
scavenging activity of the frankincense extracts 
was investigated using DPPH radical scavenging 
assay method as per the standard procedure.9 The 
test solution was prepared by mixing 2 ml of (40 
µg/ml) DPPH solution dissolved in ethanol and 1 
mL of both polar and non-polar resin extracts of 
four different concentrations (2.0 to 8.0 mg/ml) 
were used. The resulting reaction mixture was 
rapidly mixed and kept in the dark place for 30-35 
min. The absorbance of each solution was 
measured at 517 nm using colorimeter against the 
blank. The percentage of DPPH radical scavenging 
(%) was determined by the following formula:  
% Free radical scavenging activity

=
Ac −As

Ac
x 100 

where, Ac=Absorbance of control; As= Absorbance 
of sample. 
 Evaluation of in vitro cytotoxicity using 
brine shrimp lethality (BSL) assay. The cytotoxic 
activity of both the test extracts was assessed by 
following brine shrimp lethality assay method.10 
The artificial sea water (30 g of sodium chloride in 
3 L water) was prepared and added to a water tank 
to hatch the brine shrimps. Few milligrams of brine 
shrimp eggs were sprinkled on the surface of water 
and the tank was half covered to have an equal 
light and dark region. The aerated water tank was 
kept in a well-lighted area for hatching. The nauplii 
hatched within 36-48 hours. Test sample was 
dissolved in 2 mL DMSO (Dimethyl sulfoxide) to 
obtain the stock solution of 10,000µg/L 

concentration. The toxicity of samples was tested at 
various concentrations (10, 100 and 1000 μg/L). 
Ten nauplii were used in each test tube. After 24 
hour, the numbers of survivors were counted and 
the percentage of the mortality (% M) at each dose 
was calculated.  
 Evaluation of antimicrobial activity. The 
antibacterial activity of the frankincense extracts 
was determined using the agar disc diffusion 
protocol.11 DMSO was used to prepare the stock 
solutions (1000 g/mL) of extracts. Streaking 
method was adopted to culture the four bacterial 
strains (Staphylococcus aureus, Bacillus subtilis, 
Proteus vulgaris and Escherichia coli - ATCC 
Bacteriology Collection) in the agar plates. Filter 
paper disc impregnated with the extracts at three 
different concentrations (250, 500 and 100 μg/disc) 
were added to the plates. Ciprofloxacin antibiotic 
(30 g) disc was used as a standard drug to 
compare the results. DMSO was used as a negative 
control. Plates were incubated for 24 hours and 
then zone of inhibitions were measured in mm.  
 In silico prediction of bioactivity and 
cytotoxicity of boswellic acids. Computational 
studies were also carried out on the four major 
boswellic acids (-boswellic acid (BA), 11 keto--
boswellic acid (KBA), 3-acetyl-- boswellic acid 
(ABA) and 3-acetyl-11-keto-- boswellic acid 
(AKBA)  to correlate the results of in vitro 
pharmacological studies.  PASS and CLC-pred 
online software were used to predict the bioactivity 
and cytotoxicity of boswellic acids.12,13   
 
RESULTS AND DISCUSSION  
 Phytochemical screening. Qualitative testing 
of the extracts revealed the presence of major 
groups of phytochemicals such as tannins, 
alkaloids, carbohydrates, terpenoids, etc. (Table 1). 
Protein and amino acids were not detected in the 
extracts. The presences of these components 
indicate the biological potential of frankincense. 
For instance, the presence of phenols could be 
responsible for its antioxidant and anti-
inflammatory activities. Triterpenoids are highly 
lipophilic molecules which are known to exhibit 
antimicrobial and cytotoxic activities. Tannins 
precipitate the proteins and can kill the bacteria by 
destroying its cell membrane. Based on the 
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presence of secondary metabolites, the chloroform 
and ethanol extracts were further evaluated for in 
vitro biological activities. 
 
Table 1. Preliminary phytochemical analysis of frankincense 

extracts.  
 

Chemical class Ethanol 
extract   

Chloroform 
extract 

Phenols + + 
Steroids - + 
Saponins + - 
Proteins and amino acids - - 
Alkaloids + + 
Carbohydrates + + 
Terpenoids + + 

 (+) means detected; (-) means not detected 

 Total phenolic content. The quantification of 
total phenolics was done using the following linear 
equation obtained from the standard plot of gallic 
acid Y=0.0056X - 0.0067, R2= 0.9942. The total 
phenolic content expressed in terms of GAE of 

ethanol and chloroform extracts were found to be 
(14.66 ± 0.12 mg/g) and (14.79 ± 0.97 mg/g) of 
GAE respectively. The phenolic content of both the 
extracts is almost similar and thus expected to have 
the similar antioxidant spectrum.  
 Free radical scavenging activity. The results 
of the antioxidant activity expressed as inhibition 
(%) of DPPH radical are shown Table 2. The 
scavenging level of the resin extract is indicated by 
the degree of discoloration of DPPH solution. 
Frankincense extracts showed a dose dependent 
increase in scavenging activity. In this study, the 
ethanol extract showed a slightly higher antioxidant 
activity (14.26-47.69%) than the chloroform extract 
(13.0-44.75%). The other species of frankincense 
namely Boerhavia diffusa and Boswellia serrata 
have also been reported to exhibit antioxidant 
activity.14  

 

 
Figure 2. Comparison between % mortality obtained with ethanol and chloroform extracts of B. sacra after 24 hrs. 

 

Table 2. % Inhibition of DPPH free radical activity of 
ethanol and chloroform extracts of B. sacra.  

 

Sl. 
No. 

Concen-
tration 
(mg/ml) 

% inhibition (Mean  SD) 

 Ethanol extract  Chloroform extract 

1 2 14.260.43 13.000.64 

2 4 26.850.81 22.373.14 
3 6 39.300.43 29.792.76 

4 8 47.690.49 44.751.44 
 

  In vitro cytotoxicity activity by Brine 
shrimp lethality assay. The results of the 
cytotoxicity activity are expressed as % mortality 
as shown in Figure 2. The highest mortality was 
observed at 1000 µg/l in both ethanol and 
chloroform extracts, indicating that frankincense 
has the best cytotoxic activity at high 
concentrations. The LC50 for cytotoxicity was 
calculated using the probit analysis. Ethanol extract 
had a LC50 of 87.9 µg/l while that of the chloroform 

extract was found to be 74.51 µg/l, which 
suggested that the non-polar extract has different 
composition than polar extract. Furthermore, the 
chloroform extract should have higher content of 
cytotoxic phytoconstituents than the ethanolic 
extract. 
 Antimicrobial activity. The antimicrobial 
activity of the extracts at different concentrations 
and  ciprofloxacin are shown in Table 3. Ethanolic 
extract exerted antibacterial activity against E. coli 
(gram negative) only. On the other hand, the 
chloroform extract showed antibacterial activity 
against both E. coli and B. subtilis but was more 
effective against the E. coli bacteria. Both the 
extracts inhibited the growth of E. coli better than 
the standard drug ciprofloxacin (30 g/disc) at the 
tested concentrations. Surprisingly, neither of the 
extracts inhibited the growth of P. vulgaris and S. 
aureus. Thus, the results of this study confirm that 
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frankincense extracts have the ability to inhibit the 
bacterial growth. Our results are in agreement with 
the previous study done to evaluate the 

antimicrobial activity of frankincense (B. serrata) 
which have also shown high antibacterial activity 
against gram negative bacteria (E. coli).14,15  

 
Table 3. Antibacterial activity of ethanol and chloroform extracts of B. sacra and standard ciprofloxacin. 
 

Bacteria Zone of Inhibition (mm) 
Ciprofloxacin 
(30 g) 

 Ethanol extract  Chloroform extract 

E. coli 30 
 

 1000g/mL → 37 
500g/mL → 34 
250g/mL → 31 

 1000g/mL → 36 
500g/mL → 34 
250g/mL → 30 

P. vulgaris 33 - - 
S. aureus 28 - - 
B. subtilis 24 - 1000g/mL → 31 

500g/mL → 25 
250g/mL → 21 

 
Table 4. In silico PASS predicted bioactivities of boswellic acids (Pa > 0.5). 
 

Sl. No. Bioactivity predicted Pa bioactivity score for 
BA KBA ABA AKBA 

1. Hepatoprotective 0.932 0.929 0.943 0.939 
2. Chemopreventive 0.882 0.898 0.908 0.920 
3. Hypolipemic 0.910 0.888 0.925 0.906 
4. Anti-inflammatory  0.897 0.905 0.899 0.894 
5. Antineoplastic 0.859 0.861 0.875 0.869 
6. Antinociceptive 0.737 0.644 0.704 0.603 
7. Antifungal  0.626 0.593 0.649 0.624 

 
Table 5.  In silico prediction of  cytotoxicity of boswellic acids for tumor and non-tumor cell lines using CLC- Pred.  
 

Boswellic  
acid 

Pa Pi (Non-tumor/ Cancer) 
Cell line 

Cell line name Tissue affected 

BA 0.651 0.007 Non tumor 
(MRC5) 

Embryonic lung fibroblast Lung 

KBA 0.540 0.005 Cancer cell 
(PANC-1) 

Pancreatic carcinoma Pancreas 

0.570 0.010 Non tumor 
(MRC5) 

Embryonic lung fibroblast Lung 

ABA 0.687 0.006 Non tumor 
(MRC5) 

Embryonic lung fibroblast Lung 

AKBA 0.621 0.008 Non tumor 
(MRC5) 

Embryonic lung fibroblast Lung 

0.526 0.020 Non tumor 
(WI-38VA13) 

Embryonic lung fibroblast Lung 

 
 In silico and cytotoxicity studies of boswellic 
acids. The bioactivity score of four naturally 
occurring boswellic acids predicted by PASS is 
presented in the Table 4. The probability of the 
compound to exhibit bioactivity is predicted with 
the help of Pa value. A Pa value of more than 0.5 
indicates 50% probability of the compound to be 
active. Based on the Pa values, all the four 
boswellic acid analogs are predicted to possess 
potent hepatoprotective (0.929-0.943), chemo-
preventive (0.882-0.920), hypolipemic (0.888-
0.910) and anti-inflammatory activities (0.894-
0.905).  Moderate antifungal and antinociceptive 
activities are also predicted for boswellic acids. The 

chemopreventive potential of the boswellic acids 
were found to be the highest for AKBA followed 
by ABA, KBA and then BA. It could be inferred 
that the presence of acetyl group at 3rd position as 
in AKBA and ABA augments the chemopreventive 
activity. BA is predicted to have lowest Pa value of 
0.882 for chemopreventive activity, which could be 
due to the absence of both acetyl group and keto 
group in its structure. Interestingly BA, devoid of 
acetyl and keto groups, is predicted to be the most 
potent compound with antinociceptive activity. On 
the other hand, both KBA and ABA were predicted 
to be the most potent hepatoprotective and anti-
inflammatory compounds.  
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 Furthermore, to support and correlate the 
results of in vitro cytotoxicity test, the CLC-pred 
tool was used to predict the chemopreventive 
activity of boswellic acids against tumor and non-
tumor cell lines. All the four boswellic acids are 
predicted to be active against non-tumor embryonic 
lung fibroblast (MRC5), while only KBA is 
expected to exert antineoplastic activity against 
pancreatic carcinoma cell lines (PANC-1). The Pa 
values against MRC5 cell lines were found to be in 
the range of 0.570-0.687 (Table 5) and the activity 
was found in the following order, ABA>AKBA> 
BA>KBA.   
 
CONCLUSIONS  
 Phytochemical analysis of the ethanol and 
chloroform extracts of the B. sacra revealed the 
presence of phenolic compounds and alkaloids. 
Saponins were detected in ethanol extract only 
while steroids were present in the chloroform 
extract. A satisfactory in vitro free radical 
scavenging activity was exhibited by both the 
extracts but the ethanol extract showed slightly 
better activity. Cytotoxic activity by the brine 
shrimp lethality assay revealed a very good activity 
for both extracts and was found to be dose 
dependent. Frankincense extracts showed excellent 
antibacterial against E. coli strain but failed to 
inhibit the growth of S. aureus and P. vulgaris. The 
ethanol extract was active against gram negative 
bacteria while the chloroform extract was effective 
against both gram positive and gram negative 
bacteria with better activity against later. 
 The study demonstrated that the frankincense 
extracts have potentials for being a leading product 
in drug and cosmetic industries.  
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