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ABSTRACT
Boswellic acid was successfully extracted from gesin and its nanoparticles were
prepared without using any surfactants or polynteroam temperature. Boswellic
acid nanoparticles were prepared by controlled peeuipitation method and were
characterized by dynamic light scattering (DLS)arsting electron microscope
(SEM), atomic force microscopy (AFM) which showstihe size of the particle less
than 200nm and spherical in shape, x-ray diffract{¥RD), fourier transformed
infra-red spectrum (FTIR), thermo gravimetric ais&dy (TGA) and differential
thermal analysis (DTA) were also done. Its in-vitsgotoxicity was assessed against
different human cancer cell lines and it showedeaigr level of cytotoxicity towards
prostate cancer. In order to assess whether thadielgs causes apoptosis DNA
fragmentation assay was also carried out, resultswiich showed that the
nanoparticles causes fragmentation of DNA whica &ll mark of apoptosis. So the
developed boswellic acid nanopatrticles formulat®a promising anticancer agent in
the treatment of prostate cancer.
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INTRODUCTION
Cancer is a disease characterized by a group d¢$ ¢teat grow and divide
uncontrollably with respect to normal cells, invagliand destroying adjacent tissues
and even to distant anatomical sites, by a procaksd metastasis. Basically cancer
is a genetic disease. The vast catalogue of cazelephysiology that collectively
dictate malignant growth, self sufficiency in grémsignals, insensitivity to anti-
growth signals, evasion of apoptosis, limitless licapion potential, sustained
angiogenesis, tissue invasion and metastasis (Bsugt al., 2000). Evasion of
apoptosis is a key defence strategy of cancer.dd#ace any anticancer agent that
activates apoptosis would be a potential anticathm¥apeutics. The anticancer agents
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may Kill the cells either by activation of extringpathway (death receptor mediated)
or intrinsic pathway (mitochondrion dependent) dptip pathway (Gousia, et al.,
2011). Many approaches have been made over théhpestdecades to tackle cancer.
Most recent of these approaches is the use ofalaiutheir semi synthetic products.

Boswellia serrata is a kind of deciduous tree found in dry parts radih and
China. The gum resin of it has been used for teattment of inflammatory and
arthritic diseases from the very beginning of humailization (Hans, et al., 1994).
The pentacyclic triterpenic acids named Boswell@dA present in the gum resin is
responsible for its anti-inflammatory propert8afayhi, et al, 1992). Besides anti-
inflammatory effects many recent research studmesved that Boswellic Acidilso
have anticancer effects. Studies shows that Bomwdids trigger apoptosis via a
pathway dependent on caspase 8 activation (Jiargl.et2002), inhibit several
leukemic cell lines in vitro, inhibit melanoma grbwand also dual inhibitor of human
topoisomerase | and Il (Gousia, et al., 2011; Zlea@l., 2003), it modulate immune
response (Ammon, et al., 2010), possess anti-turpoaperties (Agrawal, et al.,
2011) and leukotriene inhibitor (Singh, et al., 80@nd against gastric ulcer (Singh,
et al., 2008).

The objective of this study was to prepare nanotdation of Boswellic Acid
extracted from naturaBoswellia serrata gum resin without using any polymer at
room temperature and also to check the anticaraesity of the nanoformulation.
According to Noyes-Whitney equation, the administraof a substance in a reduced
particle size is a promising way to improve biogadaility of poor soluble substances
(Noyes and Whitney, 1987). The technique used isenanoprecipitation which is a
physical method to prepare ultrafine or nano-sizadicles on the basis of change in
the super saturation caused by mixing solution @mitsolvent. This technique has
been earlier used in many studies to prepare niaed-Bydrophobic drugs (Zhang, et
al.,, 2006; Wang, et al., 20p7In this method ethanol was used as solvents and
distilled water was as anti-solvent. Pure Boswellicid nanoparticles were
successfully precipitated without using any sudats at room temperature. The
Boswellic nanoparticles were characterized with agit light scattering (DLS),
scanning electron microscope (SEM), atomic forcecrosicopy (AFM), x-ray
diffraction (XRD), fourier transformed infra-red esgroscopy (FTIR), thermo
gravimetric analysis (TGA) and differential thermahalysis (DTA). Its in-vitro
cytotoxicity was assessed against different hunaaicer cell lines.

MATERIALSAND METHODS
Plant materials: Gum resins oBoswellia serrata were purchased from the Holistic
Medicine Pharmacy, Amrita Institute of Medical Swe, Kochi.
Chemicals: Cell culture media like Minimum Essential Medium M), Dulbecco’s
modified eagle medium (DMEM), 3(-4, 5-dimethylthade-2yl)-2, 5-diphenyl
tetrazolium (MTT) purchased from Sigma Aldrich. Meufibroblast cell line (L929),
human prostate cancer cell line (PC3), human aragtamelanoma cell line (A375),
human pancreatic carcinoma cell line (MIA-PaCa @) €ell culture use were
purchased from NCCS, Pune. All other chemicals wss@ of analytical grade.
Extraction of Boswellic Acid and Preparation of Nanoformulation: Nanoparticles of
boswellic acids were prepared by nanoprecipitatechnique. Briefly 100mg of
Boswellia serrata gum resin was added to 300ml of methanol and le@4h stirring
at room temperature. After 24h the solution waterdd and the supernatant was
collected. The total extract was concentrated suuan and kept for lyophilisation for
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48h. The lyophilized powder was dissolved in etthara water (anti solvent), was
added drop wise under constant stirring conditidintie solution turns turbid in
colour. The turbidity shows the onset of nanophlasidormation. The solution is the
gently heated to remove the excess ethanol coriféetresulting nanoparticles were
pelleted out by centrifugation at 20,000 rpm forrBhutes. The pellets so obtained
were washed and resuspended in distilled water kapd for lyophilisation. The
lyophilized powder was used for further charactgran and studies.

Estimation of total organic acids (boswellic acids) in the extract: The total organic
acid content of the extract prepared was done hymnetric analysis. Briefly adequate
amount of lyophilized extract powder was dissolwedethanol. Few drops of the
indicator phenolphalein are added to it. Underriatir condition the solution was
titrated with 0.1M NaOH solution.

Nanoparticle size analysis and stability studies: The size distribution of the boswellic
acid nanoparticles was analysed by dynamic lighttedng (DLS using DLS ZP or
particle sizer NicomP"3680 ZLS). The surface morphology and average afizhe
nanoparticles was further analysed by scanningtreleanicroscopy (SEM using
JEOLJSM-6490LA) and atomic force microscopy (AFMings JEOLJSPM5200)
respectively. For SEM and AFM sample preparatidres tanoparticle suspensions
were diluted and dropped on to metallic studs amhmheet pasted on AFM stud
respectively. The stubs were then dried, sputtetecb and scanned. The surface
charge and thereby colloidal stability of the naamtiple were also analysed by zeta
potential measurement (DLS-ZP or Particle sizeoNip™380 ZLS).

Nanoparticles Characterizations. Spectral analysis of the extract before and after
nanoparticles preparation was analysed by fouragrstormed infra-red spectroscopy
(FTIR) using KBr method. The physical nature and thermal behaviour of above
said samples were done by X-ray diffractometer (X&&hg PAN analytical X'pert
PRO XRD), thermogravimetry and differential thernmalalysis (TG/DTA using
SIITG/DTA6200EXSTAR) respectively.

Cdll Culture: L929, A375, MIA-PaCa cell lines were maintainedMEM while PC3
cell line in DMEM respectively supplemented with%@oetal bovine serum (FBS).
The cells were incubated at optimal temperatur876C in CQ incubator with 5%
CO,.. Upon confluency the cells were trypsinized ane tell suspension was
centrifuged at 3000 rpm for 30 min and then resoded in growth medium for
further experiments.

Cytotoxicity studies. For cytotoxicity experiments, cells were seeded density of
10,000 cells/well into a 96 well plate. MTT assawswperformed to evaluate
cytotoxicity of the prepared nanoparticles. Bridfly T is a colorimetric test based on
the selective ability of viable cells to reduce terazolium component of MTT in to
purple colored formazan crystals. Four differenhcamtrations of (2, 1, 0.5 and
0.25mg/ml) were prepared by diluting the sampldhie media. After reaching 90%
confluency, the cells were incubated with differeahcentrations of the nanoparticles
for a period of 24h. Cells in media alone devoidnahoparticles acted as positive
control and wells treated with Triton X-100 as rnega control. The cells were
incubated with MTT solution for 4h followed by lhcubation with solubilization
buffer. The optical density of the solution was swead at a wavelength of 570nm
using a Beckman Coulter Elisa plate reader (BioPekver Wave XS). Triplicate
samples were analyzed for each experiment. Cebilitia was expressed as the
percentage of the negative control.
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RESULTSAND DISCUSSION
Volumetric analysis: Volumetric analysis shows that the total organid glboswellic
acid) in the extract is 60%.
DLS and zeta potential: The size distribution of the nanoboswellic acidtigégs in
solution is determined by DLS and showed (Figyréhat the average particles size
of nanoboswellic acid particles in solution is 268¢hydrodynamic diameter) and the
prepared particles showed zeta potential valud288 mV,which indicates that the
nano-suspension is having a good stability. In ortte confirm the size and
morphology of the prepared particles SEM and AFMlysis were carried out.
Scanning electron microscopy (SEM) and Atomic force microscopy (AFM): SEM
image of the nanoboswellic acid particles were showFigure 2. SEM image of the
nanoparticles clearly shows the size and shapleeoparticle. The size of the particle
less than 200nm and it has a spherical morpholdgg. two dimensional and three
dimensional picture of nanoboswellic acid partielere analysis by AFM and shown
in Figure 3, which also shows the size of the plartis about 190nm and spherical in
shape. In order to be used for drug delivery appba the nanoparticles size should
be tuned in such a way that the NPs should be langeigh to prevent the rapid
leakage into blood capillaries at the same time tleould escapes the capture by
macrophages lodged in the reticuloendothelial sygahr, et al., 2006). Hence the
boswellic acid nanoparticles lying in the optimialesrange (below 200nm) is suitable
for drug delivery applications.
X- Ray diffraction analysis (XRD): XRD graph of the crude boswellic acid extract
and nanoboswellic acid were shown in Figure 4. Botide boswellic acid extract
and nanoboswellic acid showed a crystalline nattf@ewever a reduction in the
intensity of the peak was observed in nanoboswatlid particle which is the due to
the reduction in the size of the particle and theréeading to peak broadening.
Thermo gravimetric analysis (TGA): In order to assess the thermal stability and
degradation of both crude boswellic acid and naswletlic acid TGA were done and
shown in Figure 5. It was shown that up to 200°@hkbe samples were thermally
stable and above 200°C both started degradatiothbutanoformulation had a faster
degradation rate compared to crude.
FTIR spectra: FT-IR spectra of crude boswellic acid extract dwbswellic acid
nanoparticles were shown in Figure 6. On converfiimm crude to nanoformulation
most of the peaks were retained which shows tleatdmstituents in nanoformulation
are same as that of crude extract. In the crudevddbs acid, the peaks were found at
3448 cmt* corresponding to hydroxyl group, 2954 ¢wf C=C and 1703 cthof the
carboxyl group. Similar peaks were found in bosweltid nanoparticles too.
MTT: Different concentrations of boswellic acid nanojtets were treated with
different cancer cell lines such as PancreaticagiteMelanoma and Prostate in order
to study the anti-cancerous activity. For that @mrtions ranging from 0.25mg/ml
to 2mg/ml were used. MTT results were shown in &dhlin all the cell lines selected
for the study anti-cancerous activity of the boswealanoparticles was found to be
concentration dependent, which is as concentratiecreases the percentage of
viability increases. In all cell lines the highgstrcentage of viability was observed for
0.25mg/ml concentration. Overall from the table wan conclude that 0.25mg/ml
concentration is relatively non cytotoxic concetitnain most of the cancer cell lines
while the higher concentration of 1mg/ml and 2mgéare highly cytotoxic. In PC3
cell lines except for 0.25mg/ml rest all concentradé showed much similar
percentage of viability in comparison with the n@ga control. Hence the novel

Copyright © 2012, Journal of Natural Products, INDBY. Sudhanshu Tiwari, All rights reserved
103



Saji Uthaman, et al., /Journal of Natural Products, Vol. 5(2012):100-108

boswellic nanoparticles showed a greater cytotoxmctivity towards prostate cancer
cell lines (PC3), melanoma cell lines and panceezll lines in comparison to that of
breast cancer cell line.

DNA fragmentation assay: To test whether boswellic acid nanoparticles eaus
apoptosis in PC3 cells, DNA fragmentation assay @#ased out and it is shown in
Figure 7. From which, it is clear that the nanobelfiw acid particles in Lane B and
Lane C causes DNA fragmentation which is knownalbrark of apoptosis. Lane A
having the positive control, camptothecin did rfat\v8 any DNA fragmentation as the
PC3 cells may have develop resistance to it (Hagaget al., 2006).

CONCLUSION
Boswellic acid, the active component in the guminred Boswellic serrata was
successfully extracted and made in to nanoformaniaising a controlled precipitation
technique. Size analysis by SEM and AFM revealed the prepared nanoparticles
have spherical shape with a size below 200mmvitro cytotoxicity studies of the
nanoparticles towards various cancer cell linesfiooed its anticancer activity
against prostate cancer especially. In order tcerstdnd the mechanism of action,
DNA fragmentation assay was done and the resultsvesth that the prepared
nanoparticles had the potential to fragment the DWWAich is the hall mark of
apoptosis.
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Table-1l: MTT assay of nanoboswellic acid particles in different cancer cell lines at different
concentrations.

Different cancer % of cell viability at different concentration
cell lines Ctrl+ Ctrl- 2mg/ml 1mg/ml 0.5mg/ml 0.25mg/ml
MIAPaCa 100 12 14 15 26 96
MCF7 100 24 25 26 48 84
A375 100 12 11 12 55 82
PC3 100 10 13 12 14 96
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Figure-1: Sizedistribution of nanobaswellic acid particlein DLS.
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Figure-2: SEM picture of nanoboswellic acid particle.
¢ (a) Lower magnification (b) Higher magnification.
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Image(512) : Topography
4.00 x4.00 um x 5.04 nm

Figure-3: AFM picture showing the surface morphology of the nanoboswellic acid particles.
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Figure-4: XRD graph of crude boswellic acid and nanoboswellic acid.
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Figure-5: Thermo gravimetric analysis of crude boswellic acid and boswellic acid nanoparticles.
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Figure-6: FTIR spectra of crude boswellic acid (a) and boswellic acid nanoparticles (b).
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Figure-7: Showsthe DNA fragmentation assay of boswellic acid nanoparticlesin PC3.
. Lane A; 4M camptothecin drug, Lane B; 2mg/ml boswellic acidnoparticles, Lane C; 1mg/ml
nanoboswellic acid and Lane Without any treatment.
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