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ABSTRACT 

 

The integrated Boswellic acid and Phycocyanin nanoparticle has important medical applications and major advantage than using individually. This 

study investigates various properties of integrated nanoparticle in comparison with individual particles. The Boswellic acid was extracted from Boswellia 
serrata and Phycocyanin from Oscilllatoria cortiana. The compounds were purified using precipitation, dialysis and chromatography methods. The 

characterizations of the purified compounds were done using SDS-PAGE, HPLC and FTIR. The purified compounds were then integrated and 

characterized using SEM, Zeta potential measurements, EDAX and cytotoxicity studies. The Boswellic acid extracted from Boswellia serrata had a 
total organic content of 55%. The Oscillatoria cortiana gave high yield of 63% of Phycocyanin. The integrated Boswellic acid and C-PC coated selenium 

nanoparticle had a size of 210 nm determined using SEM and the stability was high with -50.0mV by Zeta potential measurements compared to 

individual compounds. The elemental composition using EDAX studies showed selenium 3.07% by weight and carbon 65.70% by weight along with 
oxygen, nitrogen and negligible quantities of sodium and chlorine. The best IC50 was observed for integrated Boswellic acid and C-PC coated selenium 

nanoparticle at 16.87μg/ml. The herbal extracts find several medical applications and act as potential alternatives for various drugs. The integration of 

poly herbal drug finds more advantage and efficacy when compared to that of the individual compound. 
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INTRODUCTION 

 

Cancer is probably the biggest medical concern of people living 

in affluent societies. Cancer refers to a group of disease in which 

a cell or a group of cells divide and replicate uncontrollably, 

leading to intrusion into adjacent cells and tissues (invasion) and 

ultimately spreading to other parts of the body other than the 

location at which they originated metastasis1. Cervical cancer, 

next to breast cancer, is the second common and fifth most deadly 

cancer in women. The urgency to manage the disease is reflected 

from the fact that more than 500 000 new cases of cervical cancer 

are diagnosed yearly of which nearly 80% account from 

developing countries resulting in more than 250 000 deaths2. 

There are many factors involved in the development of cervical 

cancer but the main risk factor seems to be human papilloma virus 

(HPV) infection. Even though there are several strains of HPV, 

two strains (HPV 16 and 18) account for more than 70% of all 

cervical cancer cases3. Additional factors that increase the risk of 

developing cervical cancer includes smoking, oral contraceptive 

use, high parity (3 births or more), weak immune system and 

multiple sexual partners4. Most cervical cancer patients receive 

combined therapy of radiation as well as chemotherapy that 

decreases the risk by 30–50% where the prognosis remains very 

poor in advanced cervical cancer5. With the chemotherapeutics, 

only 5-yr survival rate is increased in patients with advanced 

cervical cancer due to poor chemosensitivity of cervical cancer 

cells to chemotherapeutics6. Therefore, novel therapeutics need to 

be developed that is useful to manage the progression of cervical 

cancer and to have an effective quality of life. Traditional 

medicine uses sources from nature particularly plants and an 

impressive number of modern drugs have been isolated. Novel 

natural product leads will be optimized on the basis of their 

biological activities to yield effective chemotherapeutic and other 

bioactive agents using medicinal chemistry and combinatorial 

chemical and biosynthetic technology6. Currently more than 50% 

of drugs are derived from medicinal plants, which still continue 

to provide a novel source of anticancer therapeutics3. Boswellia 

serrata is a kind of deciduous tree native to arid parts of India and 

China, containing Boswellic acids that chemically resemble 

steroids7. In addition, the boswellic acids and their analogs such 

as 11-keto-b-boswellic acid, 3-O-acetyl-b-boswellic acid and 3-

O-acetyl-11-keto- boswellic acid also exhibit strong anti-cancer 

activities against brain tumors and leukemia cells8.  The 

pentacyclic triterpenic acid named Boswellic acid present in the 

gum resin is responsible for its anti-inflammatory property7. 

Besides anti-inflammatory effects, recent research studies have 

shown that Boswellic acid also has anticancer effects8. Boswellic  

acid causes anticancer effect by triggering apoptosis in cancer 

cells via a pathway dependent on caspase 8 activation9 and it shuts 

down the master inflammation regulatory complex NF-κβ in 

tumor cells, bringing about early tumor death and regression10. 

Boswellic acid also acts as leukotriene inhibitor and provides 

protection against gastric ulcer11. In addition to the plant derived 

anticancer property another promising lead is the 

Phycobiliproteins. These are responsible for about 50% of light 

capitation from cyanobacteria and red algae and are accessory 

photosynthetic pigments that participate in an extremely efficient 

energy transfer chain in photosynthesis. Phycocyanins, 

Allophycocyanins and Phycoerythrins forms three main groups 

of phycobiliprotein12. Phycocyanin (PC) is a blue protein pigment 

located in the thylakoid system in the cytoplasmic membrane of 

Cyanobacteria. The phycocyanins have an apparent molecular 

mass of 140–210 kDa and two subunits, α and ß. Studies of crystal 

structure in phycocyanin have shown that all of these have a very 
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similar three-dimensional structure. The subunits are associated 

in an (αß) protomers, which in turn can be associated in trimmers 

(αß)3 and hexamers (αß)613. The pigment has a single visible 

absorption maximum between 615 and 620 nm and a fluorescence 

emission maximum at ~650 nm. C-phycocyanin (C-PC) extracted 

from cyanobacteria is widely used as a natural blue dye in the 

food and cosmetic industry. Recent studies have demonstrated the 

hepatoprotective14, anti-inflammatory2,14 and antioxidant 

properties of C-PC. Phycocyanin has been reported to exert a 

strong photodynamic action on tumor cells and no side effects 

have been observed. Hence it can be potentially used as a new 

type of phytodynamic therapeutic agent15. Animal model studies 

have reported that phycocyanin administration enhances bone 

marrow reproduction, thymus growth and spleen cell 

proliferation and in some cases, the stimulation of hematopoiesis 

(especially erythropoiesis). This property of phycocyanin is a 

promising agent in the treatment of leukemia16. Phycocyanin 

induces apoptosis in cancer cells by reducing the levels of anti-

apoptotic proteins like Bcl-2 and promoting the expression of 

death receptor genes like Fas/FasL and ICAM. Phycocyanin 

promotes higher level expression of caspase cascades which play 

a central role in all known apoptotic signaling pathways17. 

 

MATERIALS AND METHODS 

Materials and Equipments 

 

Boswellia serrata resin was purchased from a local herbal sale 

market, Coimbatore. All the chemicals used in the present study 

were of highest purity and of analytical grade. The analytical 

instruments used in the present study include UV 

Spectrophotometer (Make: Perkin Elmer; Model: Lambda 35 & 

Country: USA), Electronic Balance (Make: Mettler Toledo; 

Model: AB 265-S & Country: Switzerland), pH meter (Make: 

Sartorius; Model: PB-11 & Country: India), Orbital shaker 

(Make: Scigenics & Model: Orbitek-L), Hot Air Oven (Make: 

Heraeus 7000 series; Model: UT12 & Country: Germany), 

Lyophilizer (Make: Christ & Model: Alpha 1-2 LD Plus), Gel 

Documentation System (Make: Bio-Rad), High Performance 

liquid Chromatography (HPLC) (Make: Shimadzu & Model: 

LC20AD), Magnetic stirrer (Make: Remi & Model), SEM 

equipped with EDAX (Philips, Netherlands), Zeta  Potential 

(Zeises), FTIR (PerkinElmer, Spectrum GX, USA). 

 

Extraction of Boswellic acid and Nanoparticle Synthesis 

 

12.5 g of Boswellia serrata resin was added to 50 ml of methanol 

with continuous stirring using a magnetic stirrer to dissolve it 

which was then concentrated under high vacuum. This 

concentrated extract was subjected to repeated solvent extraction 

using hexane (pH 12). The obtained extract was further 

concentrated under high vacuum which was precipitated with 

concentrated HCl. The precipitate was then dried using vacuum 

oven at 45˚C. The powder thus obtained was subjected to solvent-

antisolvent precipitation (nano-precipitation). The addition of 

water to ethanol dissolved powder will show turbid nature which 

indicates the presence of Boswellic acid nano-particles18. 

 

Estimation of Total Organic Acids in the extract 

 

The estimation of total organic acid content in the extract 

prepared was done by volumetric analysis. The Boswellic acid 

powder was mixed with ethanol and neutralized with 0.1M NaOH 

under stirring condition. The organic content is evaluated using 

the formula, 

 

Organic acid content = (V*N*75*100)/(1000*volume of 

sample)18 

 

HPLC Analysis 

 

Boswellic acid extract was characterized according to a HPLC 

characteristic spectrum compared with the commercial sample, 

which was used as a control. Chromatography conditions for 

detecting Boswellic acid included a C18 reverse phase 

chromatographic column (46 mm × 250 mm, 5 µm); the mobile 

phase, which was a mixture of Acetonitrile and water (at a ratio 

of 90:10); a flow velocity of 2.0 mL/min; a column temperature 

of 27°C; an injection volume of 20 µL; and a detection 

wavelength of 260 nm19. 

 

FTIR Characterization 

 

IR spectroscopy is one of the most powerful analytical 

techniques, which offers the possibility of chemical 

identification. The IR spectra of Boswellic acid were obtained by 

KBr pellet method. Spectral scan analysis was carried out at wave 

number ranging from 400 to 4000 cm−1 by using a FT-IR 

spectrometer (Perkin Elmer, Spectrum GX) with resolution of 

0.15 cm−1 to evaluate functional groups that might be involved in 

particle formation process18. 

 

Culture conditions and growth of Cyanobacteria for 

Phycocyanin preparation 

 

The Cyanobacterial cultures procured from Bharathidasan 

University, Trichy, India were grown in standard ASN III 

medium at room temperature for 30 days with intermittent 

shaking. The light intensity is provided for a period of 16hrs and 

maintained at dark for 8hrs. The growth was monitored to select 

best Cyanobacterial species to obtain maximum phycocyanin 

from the cells.  

 

Freezing-Thaw cycle 

 

Fully grown cell culture was harvested by centrifugation at 10000 

g for about 20 min at 4oC to settle the biomass. One volume of 

washed cell mass was re-suspended in five volumes of the 

phosphate buffer and subjected to repeated freeze–thaw cycles of 

-20 °C and 4 °C temperature shocks for the release of 

Phycocyanin20. The cell debris was removed by centrifugation at 

10,000 g for 20 min at 4 °C. The supernatant was pooled and citric 

acid was added to stabilize the pigment coloration21. The amount 

of phycocyanin was calculated as mg phycocyanin per ml using 

the equation 

(O.D at 615 nm – 0.474 (O.D at 652 nm))/5.34 

The blue supernatant crude extract was stored at 40C for further 

purification process. 

  

Purification of C-PC 

 

The precipitation of C-PC from crude extract was carried out by 

slow addition of ammonium sulphate [(NH4)2SO4] at 4°C under 

constant stirring. 50% saturation of (NH4)2SO4 was used to get 

maximum yield of C-PC. This C-PC containing higher salt 

concentration is dialyzed with the membrane having a molecular 

cut-off 12,000 Da. This ensures the removal of unwanted salt 

from C-PC which will hinder further purification process22. 

 

Size Exclusion Chromatography 

 

The powdered Sephadex G-100 matrix was regenerated at 90 °C 

for 5 h and packed in the column (150 mm×10 mm, bed height 75 

mm). A 0.1 M Phosphate buffer (pH 7.0) was used as the mobile 

phase. Elute was collected in 1 ml fractions. Each fraction was 

analyzed by UV-VIS spectroscopy and same fractions were 
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pooled. The purified sample was analyzed by polyacrylamide gel 

electrophoresis23. 

 

Spectrophotometric estimation of Phycocyanin 

 

The UV-Vis absorbance spectra (250–650 nm) were recorded 

during each stage of purification by UV Spectrophotometer. The 

amount of C-PC in the sample was calculated from the following 

equations12. 

 

Formula: C-PC (mg/ml) = (OD620- 0.474×OD652)/5.34 

 

HPLC Analysis of Phycocyanin 

 

The purified fraction was characterized according to a HPLC 

characteristic spectrum compared with the commercial sample 

(C-PC, from Sigma), which was used as a control. Chromatogram 

conditions for detecting PC included a C18 reversed phase 

chromatographic column (46 mm × 250 mm, 5 µm); the mobile 

phase, which was a mixture of deionized water and Acetonitrile 

(at a ratio of 40:60); a flow velocity of 1.0 mL/min; a column 

temperature of 30 °C; an injection volume of 20 µL; and a 

detection wavelength of 280 nm24. 

 

Phycocyanin characterization by SDS-PAGE 

 

To check the purity of the phycocyanin and to estimate molecular 

mass, sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS–PAGE) was performed25. Stacking (7.5%) 

and separating (12.5%) gels were prepared and 30 µl of samples 

(Crude and purified samples of each stage) were loaded in the 

wells. Mixed protein markers of Myosin 205 kDa, Phosphorylase 

B 97.4 kDa, BSA 66 kDa, Ovalbumin 43 kDa, Carbolic 

Anhydrase 29 kDa, Soyabin Trypsin Inhibitor 20.1 kDa, 

Lysozyme 15.3 kDa, Aprotinin 6.5 kDa and Insulin 305 kDa were 

used26. Sample was electrophoresed at 100 V for 90 minutes. 

Coomassive Brilliant Blue G250 solution was used for staining. 

The gel was visualized in the Gel documentation system and the 

molecular weight of the sample was found with the help of the 

molecular weight of marker. 

 

C-PC Nano-particle synthesis 

 

In a typical synthesis of selenium nano-particles, the protocol 

consists of drop-wise addition of phycocyanin to sodium selenite 

solution (10 mM). Addition of the C-PC was carried out under 

constant stirring condition. The content was later placed on to a 

rotatory orbital shaker operating at 200 rpm for 24 h. The 

incubation of the mixture was performed at 30ºC in dark 

condition. The reduction of selenium ions was monitored by 

sampling an aliquot (3 ml) of the mixture at intervals of 12 h, 

followed by measurement of the UV–Vis spectra using 

spectrophotometer (Lambda 35). In order to find the absorption 

maximum, a spectral scanning analysis was carried out by 

measuring optical density of the content from wavelength, 200-

600 nm27. 

 

Integration of Boswellic acid and C-PC Nano-particles 

 

The synthesis of nanoparticle from two sources is followed by 

their integration into a single nanoparticle. For this, a suitable 

solvent capable of dissolving both the extract was identified. Prior 

to this a simple docking study was performed to find the extent of 

affinity between the compounds to be integrated. The Boswellic 

acid nanoparticle and C-PC nanoparticle were made to dissolve 

in a common solvent of acetone under constant stirring condition. 

In order to evaluate the efficacy of different composition as 

nanoparticles, five different kinds of nanoparticles with different 

composition were prepared. Boswellic acid nanoparticle (S1), 

Crude C-PC (S2), C-PC coated selenium nanoparticle (S3), 

integrated nanoparticle of Boswellic acid and C-PC (S4), 

integrated nanoparticle of Boswellic acid and C-PC coated 

selenium (S5). 

 

Characterization of Integrated Nanoparticle 

 

The average particle size of the nanoparticles was analyzed with 

SEM while the surface charges and the colloidal stability of 

particles with Zeta potential measurement. To check the various 

chemical compositions of nanoparticles, EDAX studies were 

carried out. 

 

Cytotoxicity Studies 

 

The human cervical adenocarcinoma cell line (HeLa) was 

obtained from National Centre for Cell Science (NCCS), Pune 

and grown in Eagles Minimum Essential Medium containing 

10% fetal bovine serum (FBS). The cells were maintained at 

370C, 5% CO2, 95% air and 100% relative humidity. Maintenance 

cultures were passaged weekly, and the culture medium was 

changed twice a week28. 

 

MTT Assay 

 

3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetrazolium bromide 

(MTT) is a yellow water soluble tetrazolium salt. A mitochondrial 

enzyme in living cells, succinate-dehydrogenase, cleaves the 

tetrazolium ring, converting the MTT to an insoluble purple 

formazan. Therefore, the amount of formazan produced is 

directly proportional to the number of viable cells.After 48 h of 

incubation, 15µl of MTT (5mg/ml) in phosphate buffered saline 

(PBS) was added to each well and incubated at 370C for 4h. The 

medium with MTT was then flicked off and the formed formazan 

crystals were solubilized in 100µl of DMSO and then measured 

the absorbance at 570 nm using micro plate reader. The % cell 

inhibition was determined using the following formula28.  

 

% Cell Inhibition = 100- Abs (sample)/Abs (control) x 100 

 

Nonlinear regression graph was plotted between % Cell inhibition 

and Concentration and IC50 was determined using GraphPad 

Prism software. 

 

RESULTS AND DISCUSSION  

Boswellic Acid Extraction 

 

The Boswellic acid was extracted and the total organic acid 

content in the boswellic acid extract was determined to be 55%, 

which is close to that of 63% as reported by18. 

 

Phycocyanin Production 

 

Six different Cyanobacterial species Oscillatoria cortiana (BDU 

92022), Phormedium valderianum (BDU 10121), Nostoc calicola 

(BDU 180601), Synechococcus elongatus (BDU 70542), 

Spirulina subsalsa (BDU 141021), Oscillatoria salina (BDU 

92071) procured from Bharathidasan University was subjected to 

species selection based on the high phycocyanin pigment yield by 

spectrophotometric analysis reported by20.  The percentage yield 

was calculated according to the following formula, 

 

C-PC = (OD 620 – 0.474 OD 652) / 5.34 

 

Out of six species only two showed a promising yield from which 

the best Cyanobacteria was identified to be Oscillatoria cortiana. 
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Table 1: Percentage yield of Phycocyanin by two different Cyanobacterial species 

 
Species Absorbance at 620 nm Absorbance at 652nm % Yield 

Oscillatoria cortiana 3.4474 0.1768 63 

Pharmidium valderianum 1.2514 0.1541 22 

 

With the isolation of C-PC from Oscillatoria cortiana, its identity 

was confirmed by UV-Spectrophotometry at 620 nm by 

employing a general spectral scan from 200 nm to 700 nm. 

Smooth increase in the peak height at 620nm substantiated the 

presence of C-PC in the crude extract along with other related 

protein as obtained by repeated freeze-thaw cycles.  

 

The most accepted mechanism behind the success of freezing–

thawing extraction protocol was that it causes cells to swell and 

ultimately break, due to sharp ice crystals formed during the 

freezing process and then contract during thawing. In this study 

the buffer used for extraction of Phycocyanin from O. Cortiana 

by freeze-thaw cycles of -20 °C and 4 °C was optimized and it 

was Sodium Phosphate buffer of neutral pH. To protect 

Phycocyanin from photo-denaturation, the next purification steps 

were carried out in dark condition at 4 °C. After freeze-thaw cycle 

it was separated from biomass by centrifugation at 10,000 rpm for 

20 min. The supernatant showed its highest absorption peak at 

615 nm indicating, a higher concentration of Phycocyanin than 

others phycobiliproteins like Allophycocyanin and 

Phycoerythrin. At this stage the A620/A280 ratio was 1.303 (Stage 

I). 

 

Ammonium Sulphate Precipitation 

 

Two-steps of fractionation were performed during this stage of 

purification. First 20% saturation (initial) was done to precipitate 

proteins other than phycobiliproteins and then 70% saturation 

was done to precipitate Phycocyanin. This was clearly visible in 

SDS-PAGE as numbers of unwanted bands were reduced as 

compared to crude extract (Figure 4.12). The 70% ammonium 

sulfate precipitate was re-suspended in 0.1 M Phosphate buffer 

and dialyzed overnight at 4 °C against 50 times volume of the 

same buffer, with changes of buffer four times to enhance dialysis 

process. A purity ratio 2.425 was achieved at the end of this step 

(stage II). The previous study reported that purity ratio 1.26 was 

achieved at the end of ammonium sulphate precipitation23.  

 

 

 

Size Exclusion Chromatography 

 

High molecular weight proteins other than phycocyanin were 

eliminated by size exclusion chromatography. Sephdex G-100, 

size exclusion column was loaded with 2 ml of dialyzed protein 

while 1 ml fractions were collected. A 0.1 M Phosphate buffer 

(pH 7.0) was used as mobile phase. The cobalt blue-colored 

Phycocyanin started eluting from the 12th fraction whereas 17th 

fraction was colorless, indicating an absence of Phycocyanin. 12–

16 fractions were pooled after UV-VIS scan was done. The purity 

ratio A620/A280 at this stage was to be 3.377 (stage III). Similar 

investigation reported that 20 mg of pure phycocyanin of purity 

ratio of 3.31 was produced from 10 g of biomass- Oscillatoria 

quadripunctulata23. 

 

Fraction from each purification stage were verified with SDS-

PAGE of which gel filtration chromatographic fraction revealed 

two distinct bands at 17 and 19 KDa indicating the presence of 

two subunits α and ß in C-PC (Figure 1). 

 

 
 

Figure 1: SDS-PAGE Profile of crude and purified C-PC fractions 

 

High Performance Liquid Chromatography 

 

The Figure 2. shows HPLC chromatogram of C-PC isolated from 

Oscillatoria cortiana, Standard Boswellic acid and Boswellic 

acid extract.  

 

 
 

Figure 2 (a) 

 

 
 

Figure 2 (b) 

 

 
 

Figure 2 (c) 

 

Figure 2: HPLC chromatogram of a) C-PC isolated from Oscillatoria cortiana b) Standard Boswellic acid and c) Boswellic acid extracted 

from Boswellia serratta 

 

From the chromatogram, it was observed that the retention time 

for the C-PC was found to be 4.856min. In a similar manner 

HPLC performed for Boswellic acid isolated from Boswellia 

serratta was compared with the standard Boswellic acid available 

in the market of pharmacological grade. The combinations of six 

compounds eluted at different time interval and AKBA (3 – 

Acetyl -11- keto – β Boswellic Acid) fractions that is more potent 

among the six compounds had a retention time of 5.429min. 
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Fourier Transform Infrared Spectroscopy 

 

The functional groups present in the C-PC and Boswellic acid were studied to identify the major groups present in the compounds 

using Fourier Transform Infrared spectroscopy and shown in Figure 3.  

 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 

 

Figure 3: FTIR spectrum of (a) standard boswellic acid, (b) boswellic acid extract, (c) standard C-PC and (d) purified C-PC 

 

By comparing the FTIR spectrum of extracted and standard 

Boswellic acid, the frequency range between 2950-2850 (cm-1), 

1700-1400(cm-1) and 860-680(cm-1) with wavenumber of 2947 

(cm-1), 1458 (cm-1) and 733 (cm-1) respectively indicates the exact 

presence of alkyl C-H stretch, aromatic C=C bending and 

aromatic C-H bending. With the FTIR spectra of C-PC, aromatic 

C-H bending, N-H amide bending, C=O amide stretching and C-

N stretching were observed at 1350-1470 (cm-1), 1590-1650(cm-

1), 1630-1695 (cm-1) and 1000-1250 (cm-1) respectively.  

 

The synthesized nanoparticle C-PC coated selenium when 

subjected to FTIR spectra, revealed the presence of carboxylic 

acid derivatives, amide groups, alkenes and alkynes with a 

wavenumber of 1708.02(cm-1) and 1242.20 (cm-1), 1654.01 (cm-

1), 991.44 (cm-1), 616.28 (cm-1) respectively. FTIR spectra for 

integrated C-PC and Boswellic acid nanoparticles were studied. 

The following functional groups were present in common with 

Boswellic acid C-PC coated selenium nanoparticles. Carboxylic 

C-O bond at 1710 (cm-1), C=C bending at 1450 (cm-1) and 

aromatic C-H bending at 733-739 (cm-1). 

 

 

 
 

a 

 
 

b 

 

 
 

c 

 

 
 

d 

 

 
 

e 

Figure 4: Scanning electron microscopic image of (a) Boswellic acid (b) Raw C-PC (c) C-PC coated selenium (d) Integrated raw C-PC and 

boswellic acid nanoparticle (e) Integrated C-PC coated selenium and boswellic acid nanoparticle 
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Scanning Electron Microscopy was employed to determine the 

size and morphology of the nanoparticles under study. An 

average particle size of 230nm, 3µm, 190nm, 200nm and 210nm 

were evaluated for Boswellic acid nanoparticle, raw C-PC, C-PC 

coated selenium nanoparticle, integrated nanoparticle of raw C-

PC and Boswellic acid, integrated C-PC coated selenium and 

Boswellic acid respectively. 

 

 
 

a 

 
 

b 

 

 
c 

 

 
d 

 

 
e 

Figure 5: Zeta potential distribution of synthesized nanoparticles (a) Boswellic acid (b) Raw C-PC (c) C-PC coated selenium (d) Integrated 

raw C-PC and boswellic acid nanoparticle (e) Integrated C-PC coated selenium and boswellic acid nanoparticle 

 

Stability of nanoparticles determined by zeta potential showed 

varying degree of stability. For Boswellic acid the stability was 

found to be around -39.8mV which is close to that of -42.88mV 

reported by18. For raw C-PC it was -9.66mV which indicates the 

pigment has lower stability. With the C-PC coated selenium 

nanoparticles the stability had a hike with -13.1mV. The stability 

increased for integrated nanoparticles of raw C-PC and Boswellic 

acid with -45.1mV and -50.0mV for integrated C-PC coated 

selenium and Boswellic acid respectively. 

 

 
 

a 

 
b 

 

 
 

c 

 

 
d 

 

 
e 

 

Figure 6: Elemental analysis of synthesized nanoparticles (a) Boswellic acid (b) Raw C-PC (c) C-PC coated selenium (d) Integrated raw C-PC 

and boswellic acid nanoparticle (e) Integrated C-PC coated selenium and boswellic acid nanoparticle 
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The elemental compositions of synthesized nanoparticles were 

confirmed with energy dispersive X-ray spectroscopic analysis. 

With the Boswellic acid, raw C-PC nanoparticles the major 

elements were Carbon, Nitrogen, and Oxygen along with 

Chlorine as 46.04 weight percentage in raw C-PC. EDAX 

analysis for C-PC coated selenium nanoparticles had Oxygen 

content of 35.50 weight% and selenium of 7.87 weight% with 

very negligible amount of Palladium and Zirconium. But with the 

integrated Boswellic acid and raw C-PC there were no impurities 

of any external elements. The carbon content higher constituted 

about 89.78% by weight along with oxygen and nitrogen as 

supporting elements. The impurities of Zr and Pd were absent in 

integrated nanoparticles of C-PC coated selenium and Boswellic 

acid with selenium comprising only 3.07% by weight and carbon 

65.70% by weight along with oxygen, nitrogen and negligible 

quantities of sodium and chlorine.  

 

Docking Studies 

 
Table 2: Affinity between Boswellic acid and C-PC generated by 

Auto-Dock with the α-subunit 

 
Mode Affinity 

(kcal/mol) 

Distance 

rmsd l.b. 

Distance 

rmsd u.b 

1 -7.7 0.000 0.000 

2 -7.6 45.808 49.990 

3 -7.5 2.727 4.104 

4 -7.4 21.653 26.440 

5 -7.3 17.783 21.467 

6 -7.2 20.577 25.918 

7 -7.2 11.490 15.146 

8 -7.1 13.434 18.928 

9 -7.0 12.410 17.888 

 

 

Table 3: Affinity between Boswellic acid and C-PC generated by 

Auto-Dock with the ß-subunit 

 
Mode Affinity 

(kcal/mol) 

Distance 

rmsd l.b. 

Distance 

rmsd u.b 

1 -7.5 0.000 0.000 

2 -7.4 18.850 23.234 

3 -7.2 2.050 2.757 

4 -7.2 22.399 24.849 

5 -7.1 62.654 65.135 

6 -7.0 62.651 65.821 

7 -7.0 22.633 25.206 

8 -6.9 19.593 25.771 

9 -6.9 62.238 65.45 

A fundamental auto-dock was performed to check the affinity between Boswellic acid and two subunits (α and ß) of C-PC. From the 

negative free energies (-7.0 and -6.9 Kcal/mol) it was evident that the two molecules interacted positively which restrained from using 

couplers for integration of nanoparticles as they naturally had affinity. 

 

Cytotoxicity Studies 

 
Table 4: Cell inhibition percentage of samples at five different concentrations 

 
 Cell inhibition (%) 

S1 S2 S3 S4 S5 

Concentration 
(µg/ml) 

12.5 5.124 6.36 8.077 11.56 24.45 

25 14.28 14.98 22.521 65.60 99.30 

50 36.56 38.19 55.82 100 100 

100 56.36 71.27 100 100 100 

200 70.03 98.91 100 100 100 

             

 
(a) 

 
(b) 

 

 
(c)  

(d) 
 

(e) 

 

Figure 7: Cytotoxic profile of (a) Boswellic acid (b) Raw C-PC (c) C-PC coated Selenium (d) Integrated raw C-PC and boswellic acid 

nanoparticle (e) Integrated C-PC coated selenium and boswellic acid nanoparticle 
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The inherent efficiency of synthesized nanoparticles was tested 

for its cell cytotoxicity with HeLa cells lines meant for cervical 

cancer. All the five samples when tested in triplicates in five 

different concentrations showed varying degree of cell inhibition. 

Most of the integrated nanoparticles of Boswellic acid and 

Phycocyanin demonstrated 100% cell inhibition at a 

concentration range of 50 – 200 µg/mL. At a concentration of 25 

µg/mL, integrated nanoparticles of Boswellic acid and raw C-PC 

displayed 65.60% of cell inhibition. Out of the five samples under 

study, integrated nanoparticles had higher inhibition rate even at 

lower concentration proving its efficiency. 

 

IC50 values were evaluated for all the five samples. Nano-

boswellic acid exerts 70% inhibition at a concentration 200 μg/ml 

which is relatively more efficient compared to 40% inhibition at 

1000 μg/ml as reported by29. Raw C-PC exerts 50% inhibition at 

a concentration of 67.89 μg/ml this is relatively more efficient 

compared to 50% inhibition at 800μg/ml as reported by30. C-PC 

coated Selenium nano-particles exerted 50% inhibition at a very 

low concentration 47.31 μg/ml. Integrated nano-particles of 

boswellic acid and C-PC exert 50% inhibition at 21.48 μg/ml. 

Integrated nano-particles of boswellic acid and C-PC coated 

Selenium nano-particles exerted 50% inhibition at 16.87 μg/ml. 

IC50 value of a compound represents the maximal concentration 

required to inhibit biological process by half. IC50 value of 

integrated boswellic acid nano-particles and C-PC was least 

compared to the values of individual boswellic acid nanoparticle 

and C-PC. 100% cell inhibition was observed in integrated nano-

particles of C-PC –Boswellic acid nano-particles and Selenium 

C-PC nano-particles at a concentration of 50 μg/ml, these results 

clearly depicts that the efficacy of integrated poly herbal drug is 

high compared to that of the individual compound. This suggests 

that various compounds having different properties can be 

integrated together to obtain a component with multitude 

properties. 

 

ACKNOWLEDGEMENT 

 

The authors would like to thank the management of institute for 

providing the facilities to carry out the work, Karunya University 

and Sri Ramakrishna Engineering College, Coimbatore for 

helping in SEM and Zeta potential studies, KMCH, Coimbatore 

for helping in Cytotoxicity studies. 

 

REFERENCES 

 

1. Mishra SK, Shrivastav A, Mishra S. Effect of preservative for 

food grade C-PC from Spirulina platensis. Process 

Biochemistry 2008; 43: 339-345. 

2. Bhat VB, Madyastha KM. C-phycocyanin: a potent peroxyl 

radical scavenger in vivo and in vitro. Biophysical and 

Biochemical Research Communications 2000; 275: 20-25. 

3. Cox J. Epidemiology and Natural History of HPV. Journal of 

Family Practice 2006; 9: 553-559. 

4. Sarada R, Manoj GP, Ravishankar GA. Phycocyanin from 

Spirulina sp: influence of processing of biomass on 

phycocyanin yield, analysis of efficacy of extraction methods 

and stability studies on phycocyanin. Process Biochemistry 

1998; 34: 795-801. 

5. Cañizares-Villanueva R, Santiago-Santos M, Ponce-Noyola 

T, Olvera-Ramirez R, Ortega-López J. Extraction and 

purification of phycocyanin from Calothrix species. Process 

Biochemistry 2004; 39: 2047–2052. 

6. Cragg GM, Kingston DGI, Newman DJ. Anticancer Agents 

from Natural Products. CRC/Taylor & Francis 2005; Boca 

Raton. 

7. Dahmen U, Gu YL, Dirsch O. Boswellic acid, a potent anti-

inflammatory drug, inhibits rejection to the same extent as 

high dose steroids. Transplantation Proceedings 2001; 33: 

539-541. 

8. Frank MB, Yang Q, Osban J. Frankincense oil derived from 

Boswellia carteri induces tumor cell specific cytotoxicity. 

BMC Complement Alternative Medicine Review 2009; 9: 6. 

9. Jian JL, Ake N, Stina O, Vladimir B, Wan ZZ, Rui DD. 

Boswellic acids trigger apoptosis via a pathway dependent on 

caspase-8 activation but independent on Fas/Fas ligand 

interaction in colon cancer HT-29 cells. Carcinogenesis 2002; 

23: 2087-2093. 

10. Prasad C, Singh S B, Chandra S, Prakash S, Prakash A. 

Screening for different type of leukemia by observing 

peripheral blood smear in patients of Rajendra Institute of 

Medical Sciences, Ranchi, Jharkhand. Research Journal of 

Pharmaceutical, Biological and Chemical Sciences 2013; 4 

Suppl 1: 1256-1261. 

11. Soni B, Kalavadia B, Trivedi U, Madamwar D. Extraction, 

purification and characterization of phycocyanin from 

Oscillatoria quadripunctulata isolated from the rocky shores 

of Bet-Dwarka Gujarat, India. Process Biochemistry 2006; 

41: 2017-2023. 

12. Bennett A, Bogorad L.: Complimentary Chromatic 

Adaptation in a Filamentous Blue-Green Alga. The Journal of 

Cell Biology 1973; 58: 419-422. 

13. Ganbold B, Nam J, Lee S S. Biomolecule-Mediated Synthesis 

of Selenium Nanoparticles using Dried Vitis vinifera (Raisin) 

Extract. Molecule 2014; 19: 2761-2770. 

14. Salz T, Gottlieb SL, Smith JS, Brewer NT. The Association 

between Cervical Abnormalities and Attitudes toward 

Cervical Cancer Prevention. Journal of Women's Health 

2010; 19 Suppl 11: 2011-2016. 

15. Wang SC, Song W. A large-scale preparation method of High 

purity C-Phycocyanin. International Journal of Bioscience 

Biochemistry Bioinformatics 2013; 3: 293-297. 

16. Ratana C, Chirasuwan N, Bunnag B. Stability of Phycocyanin 

extracted from Spirulina sps: Influence of temperature, pH & 

Preservative. Process Biochemistry 2012; 47: 659-664. 

17. Li B, Gao MH, Zhang XC, Chu XM. Molecular immune 

mechanism of C-phycocyanin from Spirulina platensis 

induces apoptosis in HeLa cells in vitro. Biotechnology and 

Applied Biochemistry 2006; 43: 155-64. 

18. Lakshmanan VKM, Uthaman S,  Snima KS, Annapoorna M, 

Ravindranath KC, Shanti VN. Novel Boswellic acid 

Nanoparticles induces cell death in Prostate cancer cells. 

Journal of Natural Products 2012; 5: 100-108. 

19. Singh SA, Khajuria SC, Taneja RK, Johri, JS, Qazia GN. 

Boswellic acids: A leukotriene inhibitor also effective 

through topical application in inflammatory disorders. 

Phytomedicine 2008; 15: 400. 

20. Shah SA, Rathod IS, Suhagia BN, Pandya SS, Parmar VK. A 

Simple High-Performance Liquid Chromatographic Method 

for the Estimation of Boswellic Acids from the Market 

Formulations Containing Boswellia serrata Extract. Journal 

of Chromatographic Science 2008; 46: 735-738. 

21. Romay CH, Gonzalez R, Ledon N. C-phycocyanin A 

Biliprolein with antioxidant, ant-inflammatory and 

neuroprotective effects. Current Protein Peptide Science 

2003; 4: 207–216. 

22. Devakate RV, Patil VV, Waje SS, Thorat BN. Purification 

and drying of bromelain. Separation and Purification 

Technology 2009; 64: 259–264. 

23. Tan Y, Huang B, Ren YM, Liu KW. A study of pervasion 

character and PDT effect of phycocyanin subunits on cancer 

cell treatment. Acta Laser Biology Sinica 2007; 16: 684–689. 

24. Mosmann T. Rapid colorimetric assay for cellular growth and 

survival: application to proliferation and cytotoxicity assays. 

Journal of Immunological Methods 1983; 65: 55-63. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16316316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=16316316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20XC%5BAuthor%5D&cauthor=true&cauthor_uid=16316316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20XM%5BAuthor%5D&cauthor=true&cauthor_uid=16316316


Ranganathan B.V et al. Int. Res. J. Pharm. 2017, 8 (7) 

 

88 

25. Chitra Devi T, Manonmani E, Ravikumar R. Isolation and 

purification of proteins from cow and buffalo milk. 

International Journal of Engineering research and Industrial 

Applications 2013; 6 Suppl 1: 45-55. 

26. Laemmli UK. Cleavage of structural protein during assembly 

of the head of bacteriophageT4. Nature 1970; 227: 680-685. 

27. Kumar SP, Patela H, Patela T, Patela K, Selvaraj K. 

Biosynthesis of Se nanoparticles and its effect on UV-induced 

DNA damage. Colloids and Surfaces B: Biointerfaces 2013; 

103: 261-266. 

28. Moussaieff A, Shohami E, Kashman Y, Fride E, Schmitz ML, 

Renner F et al. Incensole acetate, a novel anti-inflammatory 

compound isolated from Boswellia resin inhibits nuclear 

factor-kappa B activation. Molecular Pharmacology 2007; 

72: 1657-1664. 

29. Kim HR, Kim MS, Kwon DY, Chae SW, Chae HJ. Bosellia 

serrata-induced apoptosis is related with ER stress and 

calcium release. Genes and Nutrition 2008; 2(4): 371-374. 

30. Alfonso GG, Luis EGM, Miguel VCA, Evelia AF, Armando 

BH, Marco LTA et al. Antiproliferative and antibacterial 

activity evaluation of red microalgae Rhodosorus marinus. 

African Journal of Biotechnology 2014; 13 Suppl 43: 4169-

4175. 

 

Cite this article as:  

 

Ranganathan B.V et al. Preparation and characterization of 

integrated Boswellic acid and phycocyanin nanoparticle for 

medical applications. Int. Res. J. Pharm. 2017;8(7):80-88 

http://dx.doi.org/10.7897/2230-8407.087122   

   

 
Source of support: Nil, Conflict of interest: None Declared 

 

Disclaimer: IRJP is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publish quality research, while 
every effort has been taken to verify the accuracy of the content published in our Journal. IRJP cannot accept any responsibility or liability for 
the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of IRJP editor or 
editorial board members. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Moussaieff%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17895408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shohami%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17895408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kashman%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17895408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fride%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17895408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schmitz%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=17895408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Renner%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17895408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=18850233
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=18850233
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kwon%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=18850233
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chae%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=18850233
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chae%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18850233

