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ABSTRACT

Chemotherapeutics approaches used to cure cancer are frequently faced a problem of drug
resistances. Secondary metabolites of plants having anticancer potency can be effectively raised
by formulating them at nanoscale. Betulinic acid (BA) is a pentacyclic triterpenoid molecule that
has a potency to kill cancer cells by interfering in cellular proliferation. Femara (FEM) is an
adjuvant molecule used to specially treat breast cancer. It is chemically known as Letrozole. To
improve the bioavailability and to generate synergetic effect, BA and FEM loaded dammar gum
nanoparticles (BFDNPs) were synthesized by oil in oil (O/O) emulsion solvent evaporation
techniques. The zeta potential value of BFDNPs was come out to be -45.9 mV representing
relative stability of nanoparticles. The percentage encapsulation efficiency value was found to be
72.5% for BA and 76.6% for FEM. The BFDNPs possess particle size in the range of 45 — 55nm
as revealed by TEM. The BFDNPs exhibited sustained release and their anti-oxidant and anti-
cancer potency was much more pronounced than free BA and FEM particles alone. The in
vitro studies demonstrated that BA and FEM encapsulated in dammar gum inhibited growth of
MCEF-7 cell lines more effectively than BA and FEM alone which proved their robust anticancer
potential.
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INTRODUCTION

Nanotechnology in cancer treatment opens a new emerging area of pharmaceutical findings.
Nanosized drug molecules provides novel highly potent bioactive loaded nanoplatform to fight
cancer cells. Chemotherapy is frequently utilized to manage various cancers [1]. In contrast,
these conventional curative approaches are linked to brutal effects, particularly drug tolerance or
resistance [2, 3]. Nanotechnology enabled solutions for life-threatening diseases are popular
now-a-days. The bioactive agents at nanometric scale exhibit high bioavailability at low dose and
enhanced antioxidant and anticancer potential. In USA, National Institute of Cancer has
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promoted the examination of the antitumor effect of many secondary metabolites of plants [4, 5].
Phytochemicals like boswellic acid and Betulinic acid (BA) have already reported in literature to
exert cytotoxic effects [6]. Contemporary studies have shown that the morphological properties
of nanoparticles are extremely important for attaining anticancer activity with less side effects
[7].The size, shape & surface traits of nanoparticles influence the pharmacokinetic as well as
pharmacodynamic properties of nanoparticles.

BA (pentacyclic triterpenoid) occurs either as aglycone of saponins or as free carboxylic acid
[8]. In its presence, glucocorticoid receptors get transformed leading to the reduction of Bcl2
(anti-apoptotic proteins) in breast cancer cell lines (Michigan Cancer Foundation-7) of humans
[9, 10]. Due to its low level of toxicity, BA is generally used in pharmaceutical formulations that
could be administered both orally & topically [11, 12].

Biodegradability & biocompatibility are ideal features considered for selection of an
agent for encapsulating numerous drugs [13, 14]. Dammar gum is a novel encapsulation
compound employed for therapeutic action and has shown proportional augmentation in
encapsulation efficiency with increase in gum concentration [15].

Femara (FEM) is a new orally active, potent and selective aromatase inhibitor for the
hormonal treatment of advanced breast cancer in postmenopausal women and used to treat breast
cancer [16, 17]. It is a nonpolar molecule which acts by blocking the enzyme aromatase, which
turns the hormone androgen into small amounts of estrogen in the body. [18-19]. Its structural
specificity with the cell membrane and adjuvant hormonal therapy provides anticancer activity
[20].

In the present study, BA co-delivered FEM polymeric nanoplatform were prepared with
the aim to improve bioavailability, bring synergism and to overcome the side effects. The
encapsulation of FEM and BA in the polymeric nanoparticles renders sustained release & higher
therapeutic efficacy at low dosage.

Materials and Methods

Materials

Gum dammar was purchased from MP Biomedicals, LLC, France. Betulinic acid (>90%) and
Femara were procured from Sigma Aldrich, India. Cell line MCF-7-Human breast
adenocarcinoma cells was procured from National Centre for Cell Science (NCCS), Pune. All
the chemicals used in the present study were of analytical grade.

Preparation of BA & FEM loaded dammar gum nanoparticles (BFDNPs)

The BFDNPs were synthesized by oil in oil emulsion solvent evaporation method [21]. 200 mg
of dammar gum, 60mg of BA and 8mg of FEM were dissolved in 100ml of propanol. 25 mg of
Magnesium stearate was added to the above solution, and the resulting mixture was kept under
magnetic stirring (800 rpm) for 30min. 60 ml of liquid paraffin oil was poured slowly to the
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mixture with continuous stirring at 800 rpm at 40° C for 10h and centrifuged at 8800 rpm, 4°C
for 40 minutes. The pellet was isolated and suspended in cryoprotectant (D-Mannitol, 5% wi/v)
and freeze-dried.

Characterization of synthesized BFDNPs

Zetasizer Nano ZS-90 was used to assess the average size and size distribution (polydispersity
index) of optimized nanoformulation of BFDNPs. After centrifugation at 8800 rpm (4°C) for 40
minutes, the supernatant having the unbound drug was collected and analyzed by HPLC and
encapsulation efficiency was calculated using following formula:

Percent Entrapment efficiency = (Total Drug-Unbound Drug/Total Drug) x 100

The size and morphology of optimized batch of BFDNPs was analyzed by transmission electron
microscope. The FTIR analysis of BA, FEM, dammar Gum and BFDNPs was analyzed by
Fourier transform infrared spectrophotometer in range of 4500-500 cm ™.

In vitro release profile of BFDNPs

The dialysis sac method was used to study the release profile. 10 mg of BA co-delivered FEM
loaded dammar gum nanoparticles were transferred to dialysis sac and positioned in water
(10ml) and immersed in ethanol (25%) - phosphate buffer (0.1 M) saline pH 7.4 and constantly
stirred at 100 rpm at a steady temperature of 37 °C [21]. One ml sample was withdrawn and
collected at regular intervals of 1, 2, 3, 6, 12, and 24 h and examined by HPLC BA (210.7 nm,
6.43 min, FEM (256 nm, 7.89 min).

Antioxidant activity
The antioxidant potential of BA, FEM, Dammar Gum and BFDNPs was evaluated by 1,1-
diphenyl-2-picrylhydrazyl (DPPH) assay [22]. DPPH is a free radical was homogenously mixed
in methanol (3.9 mg/100 ml). Pure BA, FEM, Dammar Gum and BFDNPs were incubated along
with DPPH for 30 min in dark condition to evaluate the inhibition of DPPH in triplicate run and
the absorption peak was recorded using UV spectrophotometer at 517 nm. Blank dammar NPs
were treated as a negative control while pure Betulinic acid and FEM were used as positive
control. The percentage inhibition of DPPH by pure BA, FEM and BFDNPs was calculated by
formula as under:
Percent antioxidant activity = Absorbance of control- Absorbance of sample X 100

Absorbance of control
In-vitro assay for cytotoxic activity (MTT assay)
Cell lines (both normal and cancer) were raised in media supplemented with inactivated FBS
(10%) solution, antibiotic streptomycin 80pl/ml with 80ul/ml penicillin concentration, incubated
at 37°C temp, 5%CO; enviorment [21, 23]. After attaining 75% confluence, 0.25% trypsin
solution were used for subcultured in laminar air flow under sterile conditions. The seeding of
cells was experimented in 96 — well plates (10* per 100ul per well).The growth characteristics
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pattern was analyzed to evaluate density of each cell line. For optimization the wells were treated
after 8 h incubation with various concentration of BFDNPs (0.1-500ug/ml) & Betulinic acid for
three days (in triplicate). Subsequently, after raising cells, the medium was replaced by 3ul of
MTT solution (5mg/ml) and incubated for 3 h. The percent of metabolically active cells were
compared with untreated controls on the basis of the mitochondrial conversion of 3-(4, 5-
dimethylthiazol-2-yl) 2, 5 diphenyltetrazolium bromide (MTT) to Formazan crystals. The
formazan crystals were dissolved in DMSO and its absorbance was calculated by 96 wells
microplate reader at 570 nm. The anticancer activity of BFDNPs was evaluated using pure BA
and FEM as standard by MTT assay against cell line MCF-7 (human breast adenocarcinoma
cells). The percentage cell growth inhibition (1) and percentage cytotoxicity (2) was calculated
by following formula:

%viability = (At— Agi) / (Ace—Agi) x 100 .......... (1)
Where At = Absorbance for treated cells (drug); Asi= Absorbance for blank

Act = Absorbance for control (untreated)
%cytotoxicity = 100 — Percent cell survival (%) .......... (2)
Results and Discussion
Particle size and Zeta Potential
The BFDNPs were analyzed for particle size and zeta potential. The BFDNPs size was found to
be 240.9 nm (Fig 1) with zeta potential value of -45.9 mV (Fig 2), signifying relative stability of
prepared nanoformulation.
Encapsulation efficiency
The percentage encapsulation efficiency value depends upon the structure of molecule, type of
technique involved, the chemical nature of encapsulating materials and dielectric constant of
medium of nanoparticles synthesis [21, 24]. The percentage encapsulation efficiency was
calculated using HPLC analysis of supernatant having unbound drug in order to determine the
percent of bound drug and was found to be 72.6% for BA and 77.1 % for FEM (Fig 5). BA and
FEM are non-polar hydrophobic in nature. They are greatly soluble in gum solution synthesized
in propanol. Due to hydrophobic nature of dammar gum, there was a high affinity between gum,
BA and FEM. This same nature affinity resulted in increased encapsulation efficiency of the
drug in dammar gum.

Morphological characterization of BFDNPs by SEM

The BFDNPs were segregated and uniformly spherical with size range of 40 — 58 nm as revealed
by Transmission Electron Microscopy (Figure 3). A variation in size was experimentally found
in the nanoparticles evaluated through PSA and SEM. This is because PSA works on the
principal of fluidized ionic surrounding of the nanoparticles, whereas TEM based on the
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principle of the particle dimension in the isolated dried atmosphere leading to shrinkage of
particle. The size dimension of nanorange particles affects drug release rate [25, 26]. NPs
undergo distribution to different concentration to various body organs according to their shape &
size. The relative stability, biocompatibility with natural body environment and penetration of
nanoparticles inside the cell plasma membrane are likewise governed by morphology & size of
nanoparticles [26]. Nanoparticles having small size range are maintained in systemic circulation
for an longer period in comparison to large size nanoparticles [27].

FTIR Analysis of Drug Samples

The FTIR spectroscopy is used to study both the interaction [27] and evaluation of the
nanoencapsulation of bioactive molecules [28]. The FTIR spectra of pure drug BA, FEM,
dammar gum and BFDNPs is shown in Figure 4. The FTIR spectrum of BA showed absorption
peak bands at 3440 cm ! for the -OH and 2928.0 cm & 2359 cm ! for the terminal —CHs
groups. The FTIR spectrum of FEM in Figure 4 B showed characteristic absorption band for =C-
H stretching at 2942 cm and 1598 cm * for C=C ring stretching. The value of wave number at
1465 cm * and 3389 cm “Isignified -NHastretch. The FTIR spectrum of dammar gum in Figure 4
C showed the FTIR peak at 3428cm “*for —OH stretch and peak at 2926 cm “lindicate aliphatic —
CH stretch of dammar gum. Figure 4 D representing the FTIR spectrum of BFDNPs showed
variations between wave numbers 3372 cm™!, 1418 cm 1,2348 cm and 2982 cm™! in BFDNPs.
This region is the IR stretching vibration zone of functional groups like—OH, C=C Stretch,-CH3
Stretch and the C-H stretch. The weak-physical bonds such as dipole-dipole interaction,
hydrogen bonding and weak Van der Waals forces take place between the C-H present in the
drug molecule and OH present in dammar gum. The drugs & excipients revealed characteristic
peaks in FTIR spectrum. The decrease in peak intensity and bands were shifted, confirmed
presence of physical interaction among FEM, BA &dammar gum.

In-vitro drug release

The persistent release of bioactive potent molecule out of nanoparticles cage protects it from
rapid metabolism and degradation [29]. Figure 5 shows the in vitro drug release profile of BA,
FEM, and BFDNPs. The in-vitro drug release data showed that 92% of the pure BA and 96% of
pure FEM was released in 5h only, while the BFDNPs exhibited sustained release of the drug
due to high better and efficient entrapments of drug in dammar gum. The BFDNPs showed
release of 18% BA and 19.2% FEM after 1 h of administration. After 24 h, 76% of BA and 82%
FEM was released from BFDNPs. Overall drug release of BFDNPs showed sustained release
profile of BA and FEM with the passage of time which is due to hydrophobic (nonpolar) nature
of BA and FEM. Dammar gum also create a thick, strong walled and dense matrix around the
BA and FEM particles thus ensuring its sustained release.
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HPLC Conditions:

1Equipment Model: Agilent 1200 Infinity Series

2Column: ZORBAX SB C-18,Dimension(mm): 150 x 4.6;Particle size(p):5;
3Detector: DAD

4Pump: Isocratic

5Mobile Phase: Acetonitrile:Water (80:20)

6Flow Rate: Iml/min

TWavelength: Betulinicacid (210 nm)

8Injection volume: 2 ul

9Retention Time(min.)Betulinicacid (6.6
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1Equipment Model: Agilent 1200 Infinity Series

2Column: ZORBAX SB C-18,Dimension(mm): 150 x 4.6;Particle size(n):5;
3Detector: DAD

4Pump: Isocratic

5Mobile Phase: Acetonitrile:Water (80:20)

6Flow Rate: Iml/min

7Wavelength: Betulinicacid (210 nm)

8Injection volume: 2 ul9Retention Time(min.)Betulinicacid (6.67

Anti-oxidant activity

The DPPH analysis is technique is used to evaluate quantitatively the antioxidant
potency/activity of encapsulated molecules [31]. DPPH (1,1-diphenyl-2-picrylhydrazyl) is a
stable free radical, that contain unpaired electrons that delocalized over the molecule, absorbing
light to show excitation and during emission emit a deep violet coloration. It shows absorption
near 517 nm [32]. When a DPPH solution is uniformly mixed with a molecule that can donate
(oxidizing nature) a hydrogen atom the violet color is disappearance. The BA and FEM are well
known antioxidant potency. The solution of antioxidant molecules BA and FEM were incubated
with DPPH and a stable non-radical form of DPPH was obtained resulting in the change of violet
color to pale yellow. Thus, a decrease in absorbance band was observed. The BA and FEM
contain labile hydrogen atoms that liberation leads to inhibit DPPH. The BFDNPs exhibited
higher percent inhibition of DPPH as compared to BA and FEM alone due to nanometric
dimension with a large surface area during dark incubation that provided protection to BA and
FEM from being oxidized (Fig 6).
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Anti-cancer activity

The cytotoxic efficacy of nanoparticles represented in Figure 7, 8 was primarily due to their
larger surface area, which enabled highly efficient drug delivery and anticancer potency [33].The
nanoparticles of size 100 nm range are better competent to infiltrate tumor cells effortlessly or
effectively via retention effect and better vascular permeation [34]. Hence, potency of NPs
against the cancer cell lines depends on size [35,36]. The nano range particles can enter deep
inside the tumor cells with greater efficiency. In the present study, the anti-cancer activity of
BFDNPs was found to be more efficient than pure active drug alone. In vitro study showed that
BA and FEM encapsulated in dammar gum inhibited the growth of MCF-7 more effectively than
the free drugs alone. The IC50 values (pug/ml) of synthesized nanoparticles along with standard
drug tamoxifen & Betulinic acid are given in Table 1.The results revealed that BFDNPs showed
potent anticancer effect with IC50 of 3.85 pg/ml in comparison to standard drugs FEM and BA
alone as analyzed under optical microscope (Fig.10) MCF-7. The potent anticancer action of
BFDNPs was primarily due to the combined synergistic effect of FEM and BA in BFDNPs.

CONCLUSIONS

Significant achievements in drugs formulation world leads to open a gate for nanotechnology
interventions to address and treat diseases effectively. Nano-drug delivery systems have broad
potential to deliver nanoparticles with bigger payloads including dual drug delivery to create
synergetic effects of secondary metabolites with drugs at therapeutics size. In spite of the
discovery of abundance of anticancer drugs molecules, the major problems of these drug
molecules are tolerance/resistance along with low bioavailability as well as low drug residence
time in the body. Thus it is important to develop novel nanoformulations consisting more
powerful excipients inorder to enhance solubility in water, bioavailability to blood from
intestine, therapeutic potential to kill cancer cell lines and to reduced dosage. In the current
study, the synergistic antioxidant as well as anticancer potential of novel nanoformulation
containing Betulinic acid co-delivered Femara loaded dammar gum nanoparticles based on dual
drug delivery approach have emerging as promising molecule to combat cancer effectively.
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Figure 1. PSA image of BFDNPs
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Figure 2. Zeta potential of BFDNPs
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Figure 3: TEM image of BFDNPs
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Figure 5. In-vitro release study
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Figure 6. Antioxidant activity of UA, TAM and BFDNPs
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Table 1: 1C50 values of BFDNPs along with standard drug Femara and Betulinic acid

Sample code MCF-7

IC50 | pIC50

Femara 5.48 -0.7387

Betulinic acid | 26.66 | -1.4258

BFDNPs 3.8 -0.5797
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Figure 7. MTT assay on (A) MCF-7 cell line
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Figure 8. Optical microscope images of Cytotoxic effect of BA (B1),FEM (F1) and BFDNPs
(N1), MCF-7 cell lines after 24 h.
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