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Abstract 

   
Colorectal cancer (CRC) represents one of the highest malignancies causing death globally. Although the 

cytotoxic and apoptotic-inducing effect of the chemotherapy-based drug,5-Fluorouracil (5-FU), its side effects 

are severe. Indeed, Boswellia carterii (B.C.) gum resin, with its active components possess anti-inflammatory 

and anti-cancer activities. This study aims to develop new natural-based anticancer drug via evaluating the 

cytotoxic, anti-proliferative and apoptotic effects of B.C. gum resin on the HCT-116 colon cancer cell line.B.C. 

gum resin active components were characterized using Gas Chromatography coupled Mass Spectrometry 

(GC/MS) and heavy metals analyses. The cytotoxic effect of B.C was evaluated via cell viability assay and 

morphological changes. Apoptotic-inducing effect of B.C. was assessed via caspase-3 activity and flow 

cytometry assay. Results revealed that the four terpenes; 24-Norursa-3,12-dien-11-one (56.53%), 24-Norursa-

3,12-diene (20.66%), 24-Norursa-3,9(11),12-triene (11.278%) and 24-Noroleana-3,12-diene (7.678%) 

represents >96% of the total active B.C. components. Heavy metals results showed78% calcium, 18% 

magnesium with an excellent Selenium concentration. B.C. gum resin exhibited IC50 level of 1.74 ± 0.1 µg/ml 

accompanied with cell shrinking, organelles degradation and vacuoles formation in a concentration 

dependent manner. caspase-3 activity was significantly increased (p 0.03) by 3- and 4-fold in cells treated 

with 1.7 and 5 µg/ml from B.C. gum resin respectively, compared to the untreated cells. Flow cytometry 

analysis showed that cells treated with 1.7 and 5µg/ml of B.C. gum resin exhibited 78% and 84% of apoptotic 

cells respectively. In conclusion, B.C. gum resin is a promising natural therapeutic agent against CRC through 

its potent cytotoxic and apoptotic-inducing effects. 
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Introduction 

CRC, one of the most common tumors throughout the 

world, was the prominent cause of death from cancer 

among adults (Aman et al., 2016). The classical 

chemotherapy agent, 5-Fluorouracil (5-FU), was 

previously the first choice for CRC treatment 

(Meyerhardt and Mayer, 2005). Its apoptotic effect 

leads to cancer cells growth inhibition. However, the 

drawbacks of 5-FU uses are its limited response rate 

in the advanced CRC stages (Tebbutt et al., 2002) in 

addition to its severe impact on many organs, 

including skin and gastrointestinal tract (Barbara et 

al., 2011). Thus, novel effective and safe therapeutic 

agents, multitargeted to several mechanisms of 

carcinogenesis, are severely needed. Traditional 

medicine from natural compounds have been used for 

thousands of years and still until now considered the 

most promising source of therapeutic agents (Gusella 

et al., 2009).  

 

Boswellia (family Burseraceae) are short-lived trees 

having enormous and diverse species. A unique type 

of resin with specific chemical composition was 

produced by each species (Al-Harrasi and Al-Saidi, 

2008). Olibanum (frankincense), are exuded from the 

trunks of Boswellia genus trees in a milk-like form, 

which subsequently hardens into orange-brown gum 

upon exposing to air (Fig.1). Aromatic gum resin has 

been widely used as traditional medicine for various 

diseases treatment. Actually, more than three 

quarters of its composition was alcohol-soluble resin, 

while the essential oil and the water-soluble gums 

represent the remaining amount. Boswellia resins 

have been used in ancient remedies since the Ancient 

Egyptian time (Nagwa et al., 2013). Several studies 

have recorded various biological activities of 

compounds and extracts isolated from these resins. 

Trees of the Boswellia genus are mainly distributed 

over the northeast Africa countries, the Arabian 

Peninsula as Yemen, Oman, in addition to its 

prevalence in India.  

 

The most economically important species 

are Boswellia sacra (Arabian frankincense; Yemen, 

Oman) (Sunnichan et al., 2005), Boswellia 

carterii (Somalian Frankincense; Somalia),  

Boswellia papyrifera (Ethiopia, Eritrea, Sudan) 

and Boswellia serrata (Indian Frankincense) 

(Ogbazghi et al., 2006). 

 

The present study focused on the boswellia Carterii 

(B.C.) gum resin as a safe and effective natural 

compound-based therapeutic agent for the human 

colon cancer cell line. B.C. gum resin and its bioactive 

constituents including boswellic acids, several 

triterpenoids and essential heavy metals have 

powerful anti-oxidant, anti-inflammatory as well as 

anti-cancer activities (Nishimura et al., 2006). 

Triterpenoids, isolated from B.C. gum resin have 

shown to possess anti-proliferative, cytotoxic and 

cytostatic effects (Poeckel and Werz, 2006). Many 

previously in vitro findings have reported the potent 

anticancer activity of boswellic acid via its apoptotic 

and anti-proliferative impacts in a number of human 

cancer cell lines, in particular, the human colon 

cancer one(Nishimura et al., 2006).  

 

The crucial proteases activity of Caspase-3 and 

Caspase-7 during apoptosis have been previously 

demonstrated. Caspase-3 activation lead to many 

morphological changes including; cell disassembly, 

organelles degradation, cell shrinking and DNA 

fragmentation (Aman et al., 2016). Hence, several 

studies demonstrated that successful anticancer 

agents should exert their effects by inducing 

apoptosis and inhibit cell proliferation with a good 

IC50 level (Stein et al., 2011). However, the 

mechanism induced by B.C. gum resin against colon 

cancer is not yet elucidated. Therefore, the present 

study aims to evaluate the cytotoxic, the anti-

proliferative as well as the apoptotic effects of B.C. 

gum resin with referring to the standard 5-FU drug 

on the human colon cancer cell line (HCT-116). 

 

Materials and methods  

Plant materials  

Dried B.C. gum-resin, were purchased from one of the 

Egyptian spices herbal store, Cairo, Egypt. The dried 

gum resins were crushed into fine powder using 

electric blender. The powder was freshly used after 
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reconstitution.  

 

GC-MS analysis of Boswellia Carterii gum resin 

The phytochemical examination of the B.C. gum resin 

was accomplished on a GC-MS equipment (Agilent 

technologies model; GC-MS-5977 A/7890 B). 

Analytes were loaded on a 30 m × 0.25 mm nonpolar 

capillary column with 0.25 μm thickness and 

interfaced with a quadrupole mass spectrometer. 

Injector and interface temperature were adjusted at 

300 °C and 275 °C respectively. The carrier gas, 

Helium was used with 10.066 psi and the total flow 

rate was 46.419 ml/min.  

 

Heavy metals analysis of Boswellia Carterii gum 

resin 

The total contents of heavy metals in the B.C. gum 

resin sample was evaluated through samples 

digestion according to the method of (Yeihseu et al., 

2002) with HNO3-H202 mixture in a microwave ovens 

of Inductively Coupled Argon plasma, iCAP 6500 

Duo, Thermo Scientific, England.  

 

HCT-116 cell lines and cultures 

The human colon cancer cell lines (HCT-116) were 

obtained from VACSERA Tissue Culture Unit. 

Dulbecco’s Eagle’s medium (DMEM) supplemented 

with 10% heat-inactivated fetal bovine serum, 1% L-

glutamine, HEPES buffer and 50µg/ml gentamycin 

was used for cells propagation. Cells were maintained 

at 37ºC in a humidified atmosphere with 5% CO2 and 

were sub-cultured twice a week.  

 

Cell viability assay and morphological changes 

examination 

In order to determine the cytotoxic effect of B. C. gum 

resin on the HCT-116 cell line, viable cells percentage 

was evaluated using the tetrazolium salt according to 

(Mosmann, 1983) method.  

 

In order to examine the morphological changes 

resulted from the effect of various B.C. gum resin 

concentrations on the HCT-116 cells. Cell viability 

staining assay was conducted according to the 

method of (Gomha et al., 2015).  

Apoptotic-inducing effect of Boswellia Carterii gum 

resin  

In order to evaluate the apoptotic inducing effect of 

the B.C. gum resin on the HCT-116 cell line, Caspase-

3 activity level was determined according to the 

instructor’s manual of the quantitative ELISA human 

active Caspase-3 immunoassay kit R&D systems; Cat. 

No. KM300 (Minneapolis, MN, USA). 

 

Apoptosis assay using flow cytometry 

HCT-116 cells were cultured for 2 days, medium was 

replaced with fresh one and two different 

concentrations of B.C. gum resin; 1.7 μg/ml and 5 

μg/ml were added. 48 hours post-treatment, both 

floating and adherent cells were collected for 

apoptosis assay using Annexin V-FITC Apoptosis 

Detection Kit (Beckman Coulter, PN IM3546), 

according to the manufacturer’s instructions. 

 

Statistical analysis 

Statistical analysis of data was carried out using the 

Statistical Package for the Social Science (SPSS) for 

Windows (version 22.0, Chicago, IL, USA). Data were 

presented as mean values ± SD. Results were 

analyzed by t-student test. P<0.05 was considered 

statistically significant. 

 

Results 

B.C. gum resin characterization  

The GC/MS results of the B. C. gum resin revealed the 

identification of 14 different compounds (table 1). 

Results showed that four triterpernes represent the 

highest percentage (>96%)of the total B.C. active 

constituents. 

 

These four main triterpenes are 24-Norursa-3,12-

dien-11-one (56.53%), 24-Norursa-3, 12-diene 

(20.66%), 24-Norursa-3,9(11),12-triene (11.278%) 

and 24-Noroleana-3, 12-diene (7.678%). They 

represent 93% of the total contents of the B.C. gum 

resin.  

 

Their deconvoluted mass spectra enabled us to 

identify these compounds as dehydrated, 

deacetoxylated and decarboxylated forms of boswellic 
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acids (Fig. 2). 

 

Heavy metals contents of Boswellia carterii gum 

resin  

Results shown in Table 2 and Fig.3 revealed the 

presence of 15 metals with different concentrations. It 

is also interested to denote that calcium (3.4 g/kg) 

represents the highest percentage (78%) of the total 

metals found in B.C. gum resin sample. In addition, 

magnesium (793.5 mg/kg), iron (78.88 mg/kg), and 

aluminum (87.825 mg/kg) represent 18%, 2% and 2% 

respectively of the total heavy metals identified. 

Moreover, selenium which is a trace essential element 

was detected with a good level of 430.4 g/kg in B.C. 

gum resin sample.   

 

Table 1. Compounds identified in the Boswellia carterii by GC-MS analysis. 

PK RT Area Pct (% value) Name of compound 

1 16.2845 0.3072 (S,E)-8,12,15,15-Tetramethyl-4-

methylenebicyclo[9.3.1]pentadeca-7,11-diene 

2 17.169 1.8058 Isopropyl-1,5,9-trimethyl-15-oxabicyclo[10.2.1]pentadeca-5,9-

dien-2-ol 

3 17.2714 1.4064 3-Nonen-2-one, 3-ethyl- 

4 17.5694 0.2466 Thunbergol 

5 17.9139 1.7649 1-Isopropyl-5,9,13-trimethyl-4,16-

dioxatricyclo[11.2.1.03,5]hexadec-8-en-12-ol 

6 17.9465 0.3 3-Cyclopentylpropionic acid, undec-2-enyl ester 

7 18.2211 0.8371 3-Cyclopentylpropionic acid, undec-2-enyl ester 

8 18.4725 0.2246 Thunbergol 

9 18.5051 0.2684 Pyridine, 3-(5-furan-2-yl-[1,2,4]oxadiazol-3-yl)-2-methoxy-6-(4-

methoxyphenyl)- 

10 18.6122 0.8107 trans-Geranylgeraniol 

11 19.1382 0.2666 (E)-3-Methyl-5-((1R,4aR,8aR)-5,5,8a-trimethyl-2-

methylenedecahydronaphthalen-1-yl)pent-2-en-1-ol 

12 19.9622 0.331 24-Norursa-3,12-dien-11-one 

13 19.9808 1.0456 24-Norursa-3,12-dien-11-one 

14 20.5721 23.2164 24-Norursa-3,12-dien-11-one 

15 21.2983 1.204 5H-Dibenz[b,f]azepine-5-carbonitrile 

16 21.5822 1.9607 24-Norursa-3,9(11),12-triene 

17 21.964 9.3173 24-Norursa-3,9(11),12-triene 

18 22.0524 7.6784 24-Noroleana-3,12-diene 

19 22.3923 12.9817 24-Norursa-3,12-diene 

20 23.6213 0.6709 6-Chlorothiocarbonyl-3-nitro-1-methyl-2-pyridone 

21 23.8121 1.2253 A:D-Neooleana-12,14-diene, (3.xi.,5.alpha.)- 

22 24.1892 1.7595 24-Norursa-3,12-dien-11-one 

23 24.4034 0.1869 MDMA methylene homolog 

24 24.706 30.1841 24-Norursa-3,12-dien-11-one 

 

Evaluation of the anticancer effect of Boswellia 

carterii against HCT‐ 116  

In order to elucidate the inhibitory effects of B.C. gum 

resin on the colorectal cancer in vitro, different 

concentrations of B.C. were used on the HCT-116 cell 

lines for 48 hrs.  
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Table 2. Heavy metals content in the Boswellia carterii gum resin. 

Parameter  Results 

Aluminum, mg/kg 87.825 

Calcium, mg/kg 3369.5 

Cadmium, mg/kg 0,0006 

Cobalt, mg/kg 0.1325 

Chromium, mg/kg 3.8925 

Copper, mg/kg 7.07 

Iron, mg/kg 78.875 

Magnesium, mg/kg 793.5 

Manganese, mg/kg 2.3925 

Molybdenum, mg/kg 0.1975 

Nickel, mg/kg 3.015 

Lead, mg/kg 1.105 

Vanadium, mg/kg 0.01 

Zinc, mg/kg 6.635 

Selenium, µ/kg 430. 4 

 

Table 3. Caspase-3 activity level in HCT-116 cells treated with different concentrations of B.C and 5-FU. 

         Groups 

 

 

Parameter 

untreated Cells 

Control group 

 

Cells treated with B.C. Cells treated with 7.5 µg/ml  

5-fluorouracil 

0.5 µg/ml 1.7 µg/ml 5 µg/ml 

Caspase-3 conc. 

(ng/mg protein) 

0.31± 0.17 0.49± 0.25 0.95± 0.34* 1.26± 0.42* 0.87± 0.21* 

Data are expressed as mean ± SD, t-test, *p<0.05 was statistically significant. 

  

The results showed that the low concentration of B.C. 

gum resin (up to 0.5 µg/ml) exerted moderate 

inhibition of cell viability (0-36%), whereas, 90% of 

HCT-116 cells were inhibited upon treatment with 60 

µg/ml of B.C.  

 

The inhibitory effect of B.C. gum resin was dose 

dependent. Moreover, the treated HCT-116 cells 

showed a good IC50 level of 1.74 μg/ml after 48 hours 

treatment with the gum resin of B.C. and indicated its 

promising cytotoxic effect on the colorectal cancer 

cells as shown in Fig.4a.As shown in Fig.4b, the anti-

proliferative impact of the B.C. gum resin on the 

HCT-116 cell line was morphologically observed. The 

effect of 1µg/ml of B.C. treated cells showed more 

dead cells and low confluence compared to the 

control group. Additionally, some cells contained 

small vacuoles. By increasing the concentration of the 

B.C. gum resin, treatment (3.9, 7.8 µg/ml), the 

number of dead cells increase accompanied with a 

decrease in the cell confluence. Whereas, the 

15.6µg/ml of the B.C. gum resin showed high number 

of dead cells with cell shrinking and appearance of 

many vacuoles.  

 

The most effective concentration of the B.C. gum 

resin; 31.25µg/ml showed death of most cells. These 

results showed the inhibitory impact of the B.C. gum 

resin on the HCT-116 cells via apoptotic induction. 

 

Apoptotic-inducing effect of B.C. via caspase-3 

activation 

HCT-116 colon cancer cells treated with 0.5 μg/ ml, 

1.7μg/ml and 5μg/ml from the gum resin of B.C., 
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showed a significant increase in the caspase-3 activity 

(p 0.03) by 1.5-fold, 3-fold and 4-fold respectively 

compared to the untreated control cells. Whereas, 7.5 

μg/ml of 5-FU induces a significant increase in the 

caspase-3 activity level by 3-fold on the HCT-116 cells, 

compared to the control group (Table3 and Fig.5a). 

 

Evaluation of B.C. apoptotic-inducing effect by flow 

cytometry 

The apoptotic inducing impact of B.C.gum resin was 

confirmed by flow cytometry after staining with 

Annexin V/PI. The present results evaluate the 

apoptotic activity of 1.7 μg/ml and 5 μg/ml B.C.gum 

resin on the HCT-116 cells 48 hours after treatment 

compared to the untreated cells. Fig. 5bshows that the 

apoptotic cells, including those both in early (lower 

right quadrant, c4) and late (upper right quadrant, 

c2) apoptosis, induced by 1.7µg/ml and 5 µg/ml B.C. 

gum resin were 78% and 84% respectively. While, the 

cytogram indicates that only 21.9% of apoptotic cells 

were detected in the untreated cells.  

 

Fig. 1. Boswellia carterii gum resins. Frankincense tree incision and tears (a), Somalia B.C. gum resin (b). 

These results prove and confirm the potent inducing 

apoptotic effect of B.C. gum resin on the HCT-116 cell 

line. 

 

Discussion 

 CRC is one of the uppermost occurrences with 

highest mortality frequency of any cancer. Surgery 

only, or synergized with 5-FU-based chemotherapy is 

the current and mainstay treatment option for the 

different CRC stages (Stein et al., 2011). 5-FU induces 

apoptosis via the activation of caspases level in the 

target cells (Flanagan et al., 2016). However, 5-FU 

has many limitations. Besides, it’s low response rate, 

it exhibits multiple undesirable side effects in the 

CRC treatment such as; severe hepatotoxicity as well 

as general organ toxicity; including myelotoxicities, 

neurotoxicities and cardiotoxicities (Alvarez et al., 

2007).At the same time, it was found to cause highly 

elevated levels in the liver enzymes, bilirubin, 

associated with hyperammonemia (Zorzi et al., 2007). 

Additionally, Serious bone marrow suppression, 

gastrointestinal toxicity, including stomatitis was also 

demonstrated especially when it’s administrated via 

intravenous bolus injection. Moreover, multiple 

histopathological abnormalities in the liver were 

revealed apoptotic cell death, necrotic cells and 

appearance of numerous areas of inflammatory cells 

after intraperitoneal administration (Ouyang et al., 

2012). 

 

Thus, development of novel safe therapeutic 

strategies is critically needed.  
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Fig. 2. Mass spectral deconvolution of the four main terpenes identified in the B.C. using GC/MS analysis. 

The increasingly promising source of therapeutic 

agents is the traditional treatment with natural agents 

(Yadav et al., 2012). B.C. gum resin has been 

historically used as a traditional medicine for many 

years. It has been shown to alleviate various 

inflammatory conditions and were used as 

antibacterial, antifungal, immunomodulatory and 

anti-hyperlipidemic agents (Takahashi et al., 2012).

 

Fig. 3. The percentage value of the heavy metals identified in the Boswellia Carterii gum resin. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22983985
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B.C. gum resin characterization 

The GC/MS analysis of the B.C. gum resin result in 

the identification of triterpenes, sesquiterpenes, 

alcohols as well as esters. The four main identified 

triterpenes; 24-Norursa-3, 12-dien-11-one, 24-

Norursa-3,12-diene, 24-Norursa-3,9(11),12-triene and 

24-Noroleana-3,12-diene were exhibited to account 

for the highest percentage of the components present 

in the tested sample (93%).  

 

Fig. 4(a &b). Morphological and anti-proliferative effect of different concentrations of B.C. on the HCT-116 cell 

line.  

The inhibitory effect of B.C. gum resin on the growth of the HCT-116 CRC cells. The cells were exposed to 

different concentrations of B.C. gum resin treatment for 48 hrs. And the cell proliferation % was determined. The 

data showed a highly anti-proliferative effect of B.C. gum resin on the HCT- 116 cells viability with a good IC50 

level of1.74±0.1 µg/ml (a). Morphological changes on the HCT-116 cells following treatment with 1 µg/ml B.C, 3.9 

µg/ml B.C, 7.8 µg/ml B.C, 15.6 µg/ml B.C and 31 µg/ml B.C. gum resins were photographed with a microscope 

after staining. The results showed that the inhibitory effect of B.C. gum resin was concentration dependent (b). 
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These main triterpenes reflect the high content of 

boswellic acids and alpha-amyrin found in the fresh 

resin. Boswellia sp. produced many crucial 

phytochemicals as amyrins and their acetates and 

oxidized forms (Chudzik et al., 2015).By contrast, 24-

nortriterpenoids such as 24-Norursa-3,12-dien-11-

one, 24-Norursa-3,12-diene, 24-Norursa-3,9(11),12-

triene are much more specific to the Boswellia resin 

and are produced throughchemical modification of 

boswellic acids and their corresponding acetates(Van 

Bergen et al., 1997). Triterpenes have caught great 

research attention. Several studies have demonstrated 

the apoptotic, cytotoxic, cytostatic, and anti-

proliferative activity of triterpenoids isolated from 

B.C. gum resin against a multiple number of cancer 

cell lines, especially the colon cancer cell 

line(Nishimura et al., 2006).  

 

Fig. 5(a). Boswellia carterii gum resin induces caspase-3 activity. 

Caspase-3 activity was determined in the HCT-116 cell supernatants after 48 hrs. post treatment with 3 different 

concentrations of B.C. (0.5, 1.7 and 5 µg/ml) as well as 7.5 µg/ml of 5-FU using the human caspase-3assay ELISA 

kit. Data represented as mean ±SD. Significant results were detected; *P<0.05 compared to the untreated control 

cells. 

The potent effect of boswellic acids, in preventing or 

blocking the CRC metastasis has been previously 

reported (Takahashi et al., 2012). Boswellic acids 

exerts its anticancer property by inhibitingthe 5-

lipoxygenase (5-LO) enzyme. It is an essential enzyme 

in the leukotrienes biosynthesis from arachidonic 

acid. 

 

These findings are in agreement with Badria et al., 

2003, who previously demonstrated that the total 

extract of B.C. exhibited better cytotoxic, anti-

proliferative as well as antiviral activities than that of 

any of the isolated pure compounds. This may be due 

to the synergistic effect among the different 

components of the total extract.   

 

Heavy metals contents of Boswellia carterii gum 

resin 

In addition to terpenes, the dietary intake of certain 

nutrients has been associated with a reduction in the 

risk of CRC, especially, Ca, Mg and Se. The heavy 

metals identified in our sample, revealed the presence 

of calcium 78%, magnesium 18 % with a ratio of 4:1. 

Moreover, B.C. gum resin was shown to contain a 

good level of selenium (430.4 µg/kg). Calcium was 

the most abundant metal identified in our B.C. gum 

resin natural component. Its relationship with 
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colorectal cancer has constituted an intense area of 

research. It’s great ability to decrease the risk for 

colorectal cancer was closely correlated to the 

inflammation (Garland et al., 1985). Calcium binds to 

the free fatty acids and bile acids, lead to their 

precipitating in the colon, which is turn reduce 

oxidative stress and inflammation in the colon, and 

hence block their tumor promoting effect by 

sequestering them and so they can no longer activate 

the protein kinase C (PKC), which thought to play a 

role in tumor carcinogenesis (Fitzer et al., 1987). The 

potent anti-inflammatory effects of calcium 

supplementation have been proven to refer to its 

reducing effect on the tumor-promoting pro-

inflammatory markers. Moreover, calcium has a great 

role in the cell cycle and differentiation events and by 

activating the calcium sensing receptor, and 

promoting the cell-cell and cell-matrix adhesion 

(Lamprecht and Lipkin, 2003).  

 

Fig. 5b. The effect of Boswellia carterii gum resinon the HCT-116 cell line. 

Mg plays an essential role in reducing colorectal 

carcinogenesis by means of various inflammatory 

responses (Kuno et al., 2013). Moreover, it controls 

crucial cell functions, such as proliferation, 

differentiation, migration and apoptosis. Several 

studies have linked high intake of calcium(Dai et al., 

2007), to magnesium ratio to a reduced risk of 

colorectal cancer. However, the observed beneficial 

effect of magnesium intake against CRC appeared to 

be independent of calcium intake and restricted to 

colon cancer only (Ma et al., 2010).  

 

The dietary intake of selenium (Se) has been 

associated with a reduction in the risk of CRC (Zeng, 
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2009). As a single agent, Se has been proven to 

inhibit tumor growth and induce apoptosis in many 

cancer cells [61].It arrests cells in the G1-phase of the 

cell cycle by inhibiting cyclins and cyclin-dependent 

kinases (CDKs), and many other transcriptional 

factors. Se, decrease the free radical’ slevels generated 

by cancer cells due to its antioxidant activity. The 

anticancer effectively of Se compounds, proven in 

many types of cancer, especially CRC, is correlated 

with their chemical conjugations and doses 

(Valdiglesias et al., 2010). 

 

Evaluation of the anticancer effect of Boswellia 

carterii against HCT‐ 116 

Cancer cells have known to grow rapidly and multiply 

uncontrollably as well as to evade the apoptotic 

pathways through different mechanisms. Therefore, 

the basic features essential to be present in the 

powerful anticancer drug, is its apoptotic inducing 

effect andanti-proliferative impacton the cancer cells 

(Abraha and Ketema, 2016). In the present study, the 

investigation of the cytotoxic activity of B.C. gum 

resin on the HCT-116 cell line revealed its potent 

inhibitory effect on the cancer cell proliferation. Cell 

growth was shown to be significantly inhibited with a 

satisfactory IC50 level of 1.74 ± 0.1 µg/ml. This 

excellent IC50 level obtained in this study indicates 

that B.C. gum resin lies within the range of biological 

availability. Additionally, the anti-proliferative effect 

of the natural B.C. resin on the HCT-116 cells was 

shown to be a concentration dependent. Hence it can 

be inferred that B.C. gum resin treatment led to the 

lysis of HCT-116 cells with increasing concentrations 

via the induction of apoptosis. At the same time, the 

48 hrs. post treated HCT-116 cells with B.C. gum resin 

showed many morphological changes such as cell 

shrinkage, membrane blebbing, degeneration of 

organelles and appearance of multiple vacuoles. 

These morphological changes confirmed the anti-

proliferative impact of B.C. via apoptosis induction 

(Liu et al., 2002). 

 

Apoptotic-inducing effect of B.C. via caspase-3 

activation 

Apoptosis presents a crucial defense mechanism 

against cancer, which leads to the death of potentially 

harmful cells. Induction of apoptosis is a major 

cytotoxic mechanism of anticancer therapies (Liu et 

al., 2017). Caspases are cysteine proteases, crucially 

involved in the morphological and biochemical 

changes occurring during apoptosis (Ouyang et al., 

2012). Caspases present a proteolytic network within 

the cell in which upstream initiator caspases are 

activated early in the apoptotic process (caspase-9), 

leading to the activation of downstream caspases 

(caspase-3). Caspases-3 targets the structural 

substrates leading to cell disassembly and DNA 

fragmentation (John et al., 2015). Hence, the 

apoptosis induction target is a potentially promising 

approach for cancer therapy. The inducing-apoptotic 

ability of the B.C. gum resin via activating the 

caspase-3 level in human cancer cell line was 

evaluated. The concentrations of B.C. (1.7 µg/ml and 

5 µg/ml) used throughout the study, exhibited a 

significant increase with a *p value = 0.03 in the 

caspase-3 activity (0.95 and 1.26 ng/mg protein), 

indicating its potent apoptosis-inducing effect against 

the HCT-116 colon cancer cells. The results obtained 

in this study are in agreement with Liu et al.,2002 

who previously reported that boswellic acid induced 

apoptosis in both colon and liver cancer cells by a 

pathway dependent on caspase-8 and caspase-3 

activation but independent of Fas/Fas ligand 

interaction. The pro-apoptotic effects and the cell 

differentiation induction of B.C. gum resin at low 

concentrations in HL-60 cells have also been 

reported. 

 

Evaluation of B.C. apoptotic-inducing effect by flow 

cytometry 

The flow cytometric assay confirms the apoptotic-

inducing effect of B.C. As shown in figure 5b; 78% and 

84% total apoptotic cells were revealed on HCT-116 

cells treated for 48 hrs with 1.7 µg/ml and 5 µg/ml of 

B.C. respectively, compared with the untreated cells. 

These obtained results are obviously promising ones, 

since treatment with low concentrations of B.C. 

induce apoptosis. On the other hand, 5-FU, targeting 

the thymidylate synthase, one of the key enzymes 
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controlling DNA replication, was previously shown to 

induce apoptosis of HCT-116 colorectal cancer cells; 

however, it requires very high doses and a long 

treatment time (Marsh, 2005).While, a very low dose 

of 5-FU was not found to have an apoptotic effect on 

the HCT-116 cells (Subramanian et al., 2016). 

 

Conclusion 

In conclusion, there is a serious need for natural-

based agent to treat the colorectal cancer.B.C. gum 

resin showedgreat cytotoxic and anti-proliferative 

impact on the HCT-116 colon cancer cell line. It has 

the ability to induce apoptosismore than the 

chemotherapy-based drug, 5-FU.These were 

confirmed by the observed morphological changes; 

such as enlargement of cell, reduction of nucleus and 

formation of many vacuoles. The apoptotic-inducing 

effect of B.C. gum resin on the HCT-116 cells is linked 

to the caspase-3 activation in a concentration 

dependent manner. These results boost the promising 

role of B.C. gum resin as an anticancer natural agent 

against CRC. The potent anticancer effect of B.C. gum 

resin was thought to be due to its main active 

constituents of terpenes, Ca and Se. 
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