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ABSTRACT

Introduction: Super-magnetically modulated nanosphere of carboplatin (CPt) capped
with vitamin C and uncapped Nano sphere of CPt were developed and evaluated for
their use as a targeted drug delivery system. Objectives: The objective of the study
was to encounter multiple problems such as to circumvent the snag caused by the
larger molecules, increase the target ability of magnetic particle and synergize the
impact of carboplatin with antioxidant effect. Methods: Particulate carriers for magnetic
drug delivery were prepared by an emulsion-solvent evaporation method. The in vitro
parameters such as drug entrapment efficiency, particle size analysis, Scanning Electron
Microscopy (SEM), Differential Scanning Calorimetry (DSC), percentage magnetite
content, swelling kinetics, /in vitro magnetic responsiveness, in vitro drug release and
kinetics study, /n vitro antioxidant study were conducted followed by an in vivo anti-
cancer study in rats to confirm the product efficacy or therapeutic benefits. Results: The
maximum drug entrapment efficiency was found to be 88.93 % + 0.77 at the higher
concentration of polymers and considered to be good. SEM ensured spherical shape and
coating of vitamin C, mean particle size and PDI value of F3 was found to be 150 nm and
0.251 respectively, DSC proved no significant interaction, maximum magnetite content
was found in F3. Vitamin C coated carboplatin Nano sphere showed excellent in vitro
antioxidant free radical-scavenging activity. Biphasic behaviour was not observed in the
formulations F1-F3 however, F4-F6, displayed initial burst release followed by sustained
release over a period of 24 h. The kinetic study suggested diffusion coupled with erosion
release pattern. in vivo results showed that F-3 in the presence of the magnetic field had
effectively suppressed breast cancer cells. Conclusion: The current study opens up new
vistas in cancer treatment and established better in vitro-in vivo co-relationship under the
diseased state.
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INTRODUCTION

The prevelance of cancer has increased
worldwide, as indicated by the global can-
cer statistics.! Statistics also indicated that
despite several novel and innovative strat-
egies, the detection and treatment of can-
cer is extremely difficult. Among Indian
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women, breast cancer is the most common
type of cancer prevalent in India. Breast
cancer is now the most common cancer
in most cities in India and 2! most com-
mon in rural areas.” Despite the prodigious

effort made by researchers worldwide, this
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complex and diverse disease is one of the most dreadful
conditions in the developed world as well. This scenatrio
is expected to intensify in the future too and therefore
effective and targeted treatment is required to tackle the
intensity of breast cancer. Breast cancer is made of fat,
glands and connective (fibrous) tissue and it has several
lobes, divided into lobules that end in the milk glands.
Tiny ducts run from the many tiny glands and at the end
of nipple, they connect together. 80% of breast cancers
occur in these tiny lobes and the condition is known as
ductal cancer. Lobular cancer develops in the lobules and
is accountable for 10-15% of breast cancers. Although,
primarily breast cancer is a disease of women which is
the leading cause of deaths in women, however, 1% of
breast cancers occur in men too. The majority of breast
cancers are triple-negative breast cancers because they
do not overexpress oestrogen receptors, progesterone
receptors, or human epidermal growth factor receptors
2.2and 2.3.° The effective option to treat such cancers is
chemotherapy; however, because of large dose require-
ments and random distribution of the drugs in the body,
chemotherapy is always associated with several sets of
side effects.*

Nanosphere (NS) with super magnetic power is gaining
popularity in the treatment of cancer therapy.”’ They
are made up of a solid core that is surrounded by thick
polymer and the size ranges from 100-500 nm.* Nano-
sphere manifests several advantages such as uncom-
plicated surface modification, high circulation time in
the plasma, enhances drug loading and highly stable in
the reticuloendothelial system. Magnetic Nanosphere
(MNS) as drug carriers provide a huge opportunity in
the treatment of cancer as targeted carriers and thereby
reduce the side effects associated with conventional
chemotherapy.” Magnetic drug delivery, a particulate
carrier system, is a very efficient method of delivering
the drugs to the localized disease site. This method of
drug delivery can deliver very high concentrations of
chemotherapeutic or radiological agents near the target
site, such as a tumour, with a minimum scope of toxic
effects to normal surrounding tissue or the whole body.’
Magnetic Nanosphere (MNS) are capable of accumu-
lating in desired locations within the body under the
influence of the applied magnetic field."""" Magnetic
Nanosphere (MNS), ie., incorporation of magnetic
particles into drug carrier (polymers) system and appli-
cation of an external magnetic field is a unique way of
targeting the drugs directly to the desired site. MNS is
tiny particles (100-200 nm), so they can circulate through
the blood capillaries without producing embolic occlu-
sion however, they are susceptible (ferromagnetic) to be
captured in minor vessels and dragged into the adjacent
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tissue by magnetic fields of 0.5-0.8 Tesla (T). Size, shape
and surface charge of MNS can determine the endo-
cytosis, trans-cellular transport, passive targeting and
retention effect and thus determine the performance of
the delivery system. Bulte JWM e¢# a/. Report applica-
tion of a magnetic field to be nontoxic to biological sys-
tems and adaptable to any part of the body."” It was also
reported that up to 60% of an injected dose could be
stored and released in a controlled manner in selected
non-reticuloendothelial organs."” The novelty involved
herein, MNS can target tumours with fewer side effects
and toxicity and can bypass p-glycoprotein leading to
better efficacy.'*!*

Carboplatin  (CPt) is an alkylating agent prevent-
ing DNA synthesis and RNA transcription in cancer
affected cells. They have reported it that administration
of CPt by IV route can cause setious or life-threatening
side effects like haematologic, gastrointestinal, hepatic,
neurologic toxicities and acute nephrotoxicity which
limit the amount of drug to be given to the patient.”
Nevertheless, it is possible to deliver a relatively high
dose of antineoplastic drugs to tumour-bearing regions,
while minimizing the systemic exposure to the drugs.'®
Hence, to overcome the stumbling block in the par-
enteral drug delivery of CPt, the current study was an
attempt to provide a new lease of life to parenteral deliv-
ery of CPt by using magnetically responsive nanosphere
which enhanced the therapeutic efficacy of the drug at
lower doses and thereby reduced the toxic effects. It has
been reported in a few scientific literatures that the use
of vitamin C in combination with chemotherapy drugs
increases the antitumor activity and also enhances the
bioavailability of the magnetic cartier.!” The circula-
tion time of nanoparticles in blood increases with the
decreasing particle size and generally, large particles are
swiftly engulfed by the macrophages and also speed-
ily absorbed by the reticuloendothelial system which is
later accumulated in the liver and fend off the bioavail-
ability in the blood." Therefore, the capping of MNS
was done by using Vitamin C to increase the circulation
time of MNS in the blood with the synergistic effect in
the therapy. Vitamin C is water soluble and renowned
for its antioxidant property and can also target redox
imbalance, epigenetic reprogramming and oxygen sens-
ing regulation.'®*’

Therefore, the magnetic nanosphere with vitamin C
(MNSVC) was developed to encounter multiple prob-
lems such as to circumvent the snag caused by the larger
molecules, increase the target ability of magnetic par-
ticle and synergize the impact of carboplatin with anti-
oxidant effect.
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MATERIALS AND METHODS

Materials

Carboplatin and DMBA (7, 12 dimethylbenz (a) anthra-
cene) were procured from Sigma-Aldrich Corporation,
(St Louis, USA). Ethyl cellulose, sodium phosphate,
sodium chloride, Di sodium hydrogen phosphate, ferric
chloride and sodium thiosulphate were procured from
CDH (P) Ltd, (New Delhi, India). Magnesium stearate
was obtained from Thomas Baker, (Mumbai, India).
Vitamin C (L-Ascorbic acid 99%) was purchased from
Loba chemie Pvt, Ltd. Mumbai, India. Potassium dihy-
drogen phosphate was procured from Hi-Media Labo-
ratories Pvt Ltd, (Mumbai, India). Sodium hydroxide,
Tween 80 and Liquid paraffin were purchased from
Merck India Limited, (Mumbai, India). All other chemi-
cals/reagents used were of analytical grade.

Animals

Antitumor efficacy study was carried out using 4-7
week-old female Sprague-Dawley rats weighing 150-
200 g Group of rats were housed in polypropylene
cages. Paddy husk was provided as bedding material for
rats, which was changed every day and provided with
standard food pellets (diet composition, wheat broken-
moisture 9.0%, crude protein 11.5%, crude fat 1.9%,
crude fibre 4.0%, ash 0.2% and nitrogen-free extract
73.4%) and tap water. The animals were maintained at
a controlled temperature (28+1°C) and the light con-
ditions (12-12 hr, day and night cycle). Cleaning and
sanitation work was done on alternate days. The ani-
mals were allowed to acclimate for 1 week before the
experiment. The animals were maintained as per CPC-
SEA regulations and the experimental protocol was
approved by the institutional animal ethics committee
(KSHEMA/AEC/23/2010) KSHEMA, Deralakatte,
Mangalore (Karnataka).

Methods

Compatibility studies

Compatibility of the drug CPt with excipients such as
ethyl cellulose, magnetite (Fe,O,) and Ascorbic acid
used to formulate MNS and MNSVC was established
by Infrared (IR) spectral analysis using FTIR spectrom-
eter (Alpha Bruker, Japan). IR spectral analysis was car-
ried out to evaluate any chemical interaction of the drug
with the excipients after combining them.

Preparation of Carboplatin nanosphere (CPtNS)
and Carboplatin magnetic nanosphere coated
with Vitamin C (CPtMNSVC)

CPtNS and CPtMNSVC were prepared in two steps
The first step involves the preparation of magnetite by

the oxidation of ferrous hydroxide. The second step is
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the preparation of MNS using biodegradable polymer
and magnetite prepared in the first step along with the
drug, Ethyl cellulose (polymer) encapsulates the drug in
matrix and facilitates controlled release, while magnetite
imparts magnetic properties to the formulated MNS.

Preparation of magnetite

Magnetite was synthesised by dissolving 13.9 g of fer-
rous sulphate in 70 mL of water and this solution was
aerated. Sodium hydroxide (4.1 g) solution in 30 mL of
water was added to the above solution. This mixture
was heated at 50°C, in a temperature-controlled water
bath and maintained for five hours along with aeration
to give cubic magnetite powder and also pH maintained
at 4.5. At the bottom of the beaker, the magnet was
placed to allow the magnetite particles to sediment. The
supernatant fluid was removed. The settled particles
were washed with 3X100 mL of distilled water and
dried at room temperature. Later, digested MNS (1 mL)
solution allowed reacting with 1 mL (5% w/v) solution
of potassium ferrocyanide to get an intense blue pre-
cipitate, which was insoluble in dilute hydrochloric acid
and decomposed on the addition of sodium hydroxide
solution.”*

Preparation of CPtNS AND CPtMNS

Emulsion-solvent evaporation technique was followed
to prepare the nanosphere by using the polymer (ethyl
cellulose). Ethyl cellulose was dissolved in 10 mL of
acetone followed by addition of drug in the polymer
solution and shaken vigorously to form uniform drug-
polymer dispersion. To the above solution, magnetite
was added and dispersed, which imparts magnetic prop-
erties to the prepared nanosphere. This organic solution
was poured into light liquid paraffin (50 mL) containing
one drop of span 80, stirred for 30 min at 1000 rpm and
then the dispersion was sonicated. Sonication was done
in 2 cycles. During the first cycle, the dispersion was
sonicated at 80% amplitude with a pulse of 0.5 cycles
per s for a period for 1 min, followed by 1 min rest.
After 1 min, the second cycle was processed for 1 min at
80% amplitude with 0.5 s pulse for another 1 min. and
then the system was continuously stirred for four hours
to allow complete evaporation of the solvent. The MNS
was filtered, washed with n-hexane and dried at room
temperature.”>*

Preparation of CPt MNSVC

By adjusting the pH and temperature, the prepared mag-
netite nanospheres were capped with ascorbic acid and
the pH of the dispersion was maintained at 12.5 by add-
ing 10 N ammonia. vitamin C (10 mg) was added into
the magnetite dispersion and stirred for 1h at 60°C to
secure stable vitamin C coated magnetic nanospheres.®
The MNSVC was subjected to dialysis against water for
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three days to remove access to ascorbic acid and base.”
Total six batches of ethyl cellulose nanospheres with
vitamin C in the presence of magnetite and the absence
of magnetite and vitamin C were prepared. (Table 1)
To examine the solvent evaporation rate, all the dis-
persed and continuous phase removed into a vessel and
weighed and then dried at 105°C for 6h in an oven and
reweighed again. The amount of residual solvent was
calculated from the weight loss after drying. The per-
centage of solvent evaporation was determined from
the following equation™

Initial amount — residual amount
Percentage evaporated = — x 100
initial amount

Characterization of CPtMNSVC and CPtMNS
Determination of drug entrapment efficiency (%)

CPtMNS was analysed by quantifying both the unen-
trapped and entrapped drug. CPtMNS (15 mg) was
weighed, mixed with water and stirred for a certain
period (30 s). The suspension was filtered through 0.45
w filter and the supernatant was analysed using a UV-
Visible spectrophotometer (UV-1700 Shimadzu Corpo-
ration, Tokyo, Japan) at 224 nm for free drug content.
The residue obtained was extracted in 50 mL of solvent
mixture (2.5 mL 0.1 N HCl and 47.5 mL PBS pH 7.4) by
stirring for 15 min at 1500 rpm. The digested homog-
enate was centrifuged and the supernatant was analysed
spectrophotometrically at 224 nm to calculate the drug
concentration from the standard curve. The impact of
the coating of vitamin C in the nanosphere were also
accessed.”™*

Experimental drug content
% Drug entrapment Efficiency = X 100
Theoretical drug content

Particle size analysis

The average particle size (in nm) and size distribution,
poly dispersibility index (PDI) of the CPtMNSVC and
CPtNS were measured using a Malvern nano zeta sizer
instrument (Malvern Zeta Sizer Nano ZS, Malvern
Instruments Ltd., Malvern, UK).

Scanning electron microscopy (SEM)

SEM is a widely used technique for the structure char-
acterisation of nanoparticles and was employed to
characterise the surface topography of nanosphere.
CPtMNSVC was compared with CPtNS because surface
and texture changes occured after the coating of nano-
sphere, which was performed using JEOL, JSM5610-
LV Scanning microscope (Japan).”

Determination of percent magnetite content

The determination of Fe O, content in CPtNS was
measured by employing a conventional method using
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thiosulphate and potassium iodide for quantitative anal-
ysis. This was done by destroying the MNS by gently
heating while mixing them with the help of a magnetic
stitrer for a few min, which resulted in the formation of
a yellow homogeneous solution. An accurately weighed
amount of MNS (after destruction by gentle heating)
was dissolved in the mixture of water (200 mL) and
Conc. HCI by heating it to the boiling point. The solu-
tion was then boiled for 15s and cooled rapidly. Then
potassium iodide (3 g) was added and kept in the dark
for 15 min, the liberated iodine was then titrated with
0.1 N sodium thiosulphate (Na,S,O ) using starch as
an indicator. A blank titration was carried out. The dif-
ference between titrations gave the amount of iodine
liberated by ferric ion. Each ml of 0.1 N sodium thio-
sulphate = 0.005585¢g of fertic ion.

Swelling kinetic

Swelling kinetics of the CPtMNSVC was determined by
the swelling ratio (SR) at a given time. Dried MNS were
immersed in distilled water and were frequently weighed
after removing the excess water on the surface using fil-
ter paper. The SR, (Ws + Wd) / Wd, is defined as the
ratio of the total weight of water in swollen MNS to the
weight of the dried MNS, where, Ws is the weight of
absorbed water (wet weight of the MNS was recorded
during the swelling period at regular time intervals) and
Wd is the weight of the MNS at dry state.™

Differential scanning calorimeter (DSC)

The thermal behaviour of carboplatin, magnetite and
ethyl cellulose nanosphere was analysed using a DSC
instrument (Shimadzu, Kyoto, Japan). The samples
were heated at a rate of 5°C/min from 25 to 300°C and
purged with the atmosphere of nitrogen at a flow rate
of 30 mL/min. Indium (m.p.=156.8°C) was used as the
standard reference materials to calibrate the tempera-
ture and energy scales of the DSC instrument.**

In vitro magnetic responsiveness

This special apparatus was fabricated to conduct an
in vitro magnetic responsiveness study, consisting of a
Millipore pump, as shown in Figure 1. The experiment
was conducted at room temperature (21-25°C). Air was
pumped into the flask, thereby a flow of normal saline
through the glass tube was improved and consequently,
it was exposed to an electromagnet. The flow within
the glass tube was controlled at a rate of 3 mL/min
(0.5 cm/s) by regulating the pump pressure. CPENS (15
mg/mlL) were dispersed in normal saline containing
0.1% w/v tween 80 and run through the capillaries. To
resemble the blood flow rate which passed through the
capillaties, a flow of 0.5 cm/s of normal saline were
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maintained and a 1 mL aliquot of the CPtMNS was
injected into the injection site. The 0.21 K gauss mag-
netic field was established at a distance of 3 cm from
the tube for 15 min and a sample was collected every
min. Further, the magnetic field was removed and sam-
ples were collected for 5 min. In the collected samples,
CPtNS content was evaluated using a UV-Visible spec-
trophotometer at 224 nm.***

In vitro drug release study

The in vitro release study of CPtMNSVC and CPtNS was
carried out using the dialysis tube method. CPtMNSVC
and CPtNS (15 mg/mL) were placed in the dialysis bag,
which was immersed in 20 mL 0.2M PBS containing
0.1% (v/v) tween 80. The pH and temperature of the
dissolution medium were maintained at 7.4 and 37°C
respectively, with 100 rpm shaking. Test samples were
withdrawn from the medium at predetermined time
intervals for a period of 12 hr. At each time point, an
equal volume of the dissolution medium was added into
the beaker to maintain the sink condition.*" Triplicate
experiments were conducted for each study and analyse
to quantify carboplatin and ascorbic acid content spec-
trophotometrically at a wavelength of 224 nm and 271
nm respectively. The 7 vitro drug release data that was
obtained from CPtMNSVC and CPtNS were kinetically
treated using various mathematical models like zero
order, first order, Higuchi model and Korsmeyer-Pep-

pas model to determine the order of drug release.***

In vitro antioxidant study

The free radical scavenging activity of CPtMNSVC
was measured using the 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) method. An amount of a 0.2 mM solution of
DPPH in methanol was prepared and 100 L of this
solution was added to CPtMNSVC (15% w/w of ascot-
byl-6-palmitate) at concentrations of 10, 20, 30, 40 and
50 pg/mL. After 30 min, absorbance was measured at
517 nm using an ELISA plate reader (AM-2100, Alere
Inc., USA) vitamin C was used as the reference stan-
dard. The following equation was used to calculate the
petcentage of anti-oxidant activity.**

Absorption (control) — Absorption (sample)

% Inhibition of DPPH = ab tion (control) X 100
sorption (contro

In vivo anticancer studies

The main objective of the 7 vivo targeting study was
to assess the impact of the presence and absence of a
magnetite. Therefore the study was carried to compare
the targeting efficiency of drug loaded magnetic nano-
sphere with vitamin C and drug-loaded nanosphere
without vitamin C. The selection of doses of drug was
done based on the human prescribing doses and these
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human doses were selected and converted into animal
dose.”** The dose of CPt to be administered in rats was
calculated according to the body surface ratio of the rat
to human beings.

Rats were divided into four groups consisting of six
animals in each group as a standard, breast cancer con-
trol (BCC), test 1 and test 2. They were maintained at a
temperature of 28%1°C with the relative humidity of
60% (12 hr light and 12 hr dark cycle) and provided with
standard food pellets (diet composition, wheat broken-
moisture 9.0%, crude protein 11.5%, crude fat 1.9%,
crude fiber 4.0%, ash 0.2%, nitrogen-free extract 73.4%)
and tap water. Rats were administered with a single s.c
injection of DMBA (7, 12-dimethylbenz (a) anthracene)
in 1 mL sesame oil at a dose of 25 mg to the breast by
air pouch technique. After 28 days of induction, animals
were palpated weekly and the following parameters were
evaluated. (Table 2)

Tumour yield and size were stabilized after 90 days after
induction and these served as Breast Cancer Control
(BCC) animals without any treatment. Whereas the stan-
dard group of rats received CPt injection i.v. (5.4 mg/
kg-5.67 mg/kg-CPt), test group 1 received the magnetic
nanosphere coated with Vitamin C (CPtMNSVSC) at a
dose of (4.46 mg/kg-5.67 mg/kg-CPt equivalent MNS
i.v.) and the test group 2 received uncoated nanosphere
in the absence of magnetic field (CPtNS) at a dose of
(4.46 mg/kg-5.67 mg/kg-CPt equivalent NS iv.) by a
single iv injection through the tail vein (before injecting
the tail was rubbed with xylene with a cotton in order to
visualize the vein cleatly).

After 90 days, all the animals were starved overnight and
sacrificed by cervical decapitation. The breast tumour
was surgically dissected out; from the breast cancer con-
trols, as well as the experimental groups were investi-
gated for histopathology study of breast tissues. The
antitumor efficacy of the nanosphere formulation-test
1 (F-3 formulation in presence of a magnetic field), test
2 (F-6 formulation in the absence of magnetic field) and
standard (free CPt) was evaluated based on the changes
in tumour volume (mm in diameter) and the % tumour
inhibiting activity.*!

% tumor inhibiting activity

Average tumor volume of the treated group

=100 X 100

Average tumor volume of the control
RESULTS AND DISCUSSION

Super-magnetically modulated nanosphere of CPt
capped with vitamin C and uncapped nanosphere of
CPt were developed and evaluated for their use as a tar-
geted drug delivery system. Several studies were con-
ducted in the past by the researchers at formulating
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and designing efficient drug delivery systems to coun-
ter cancerous cells. This super-magnetically modulated
nanopshere is considered being a potential candidate to
counter the disease with the utmost clinical safety and
efficacy. However, the important challenge in the suc-
cessful delivery of polymeric drug delivery system is a
capability of encapsulating the active ingredient within
its structure and later delivers the active form to the
cancerous tissue. The performance of the formulation
in vivo depends significantly on the 7 vitro performance
of the developed drug delivery system and thus 7z vitro
characterization of the drug loaded capped nanosphere
becomes essential.

Preformulation study was carried out by analysing the
FTIR spectrum of physical mixtures. To assess the
compatibility of CPt with ethyl cellulose, magnetite and
vitamin C, FTIR spectrum of pure drug (CPt), vitamin
C, magnetite, ethyl cellulose MNS, ethyl cellulose with
drug and coated with vitamin C were recorded. The
principal peak of CPt was found at wave number 3499
cm’ which correspond to N-H stretching frequency
of amino groups, wave number 1785 cm™ showed the
presence of carbonyl function. Characteristic peaks at
2853 cm™ and C=O absorption at 2877 cm™ corre-
sponds to aliphatic C-H vibrations. The peaks observed
for magnetite showed at 602 cm™ and 663 cm™ were
the same even after formulating MNS. From the FTIR
spectrum of ascorbic acid, it was confirmed that the
drug is absent and an absorption peak was found at
3066 cm™ and 2881 cm™ indicates C-H stretching and
1052 cm™ indicated C-O stretching present in vitamin
C. From the FTIR spectrum of ethyl cellulose, poly-
mer absorption peak was found at 3038 cm™ and 2881
cm indicated C-H stretching and 1052 cm™ indicated
C-O stretching present in polymer whereas IR spectra
of ethyl cellulose with drug and coated with vitamin
C showed an absorption peak at 1052 cm™ indicated
the presence of C-O confirmed there is no interaction
between drug and polymer and absorption peak at 1235
cm indicated the presence of C-O and 3114 cm™ indi-
cates N-H stretching that confirmed that the interac-
tion between drug and polymer was nil. FTIR spectra
of CPt, excipients and formulation are depicted in Fig-
ure 2. From the above results it was confirmed that the
drug and excipients showed all the characteristic peaks
of the Cpt without showing any interaction between
drug and excipients and therefore they are suitable for
the formulation of CPtNS and CPtMNSVC. In this
study emulsion-solvent evaporation technique was fol-
lowed to prepare the nanosphere because of the relative
simplicity and reproducibility of the method. Solvent
evaporation involves in the emulsification of polymer
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which showed that the maximum acetone was rapidly
dispersed into the liquid paraffin and was removed
from the system within the few min. This phenomenon
happened because acetone is sparingly soluble in liquid
paraffin and therefore slowly evaporated. Once the tem-
perature began to rise at a constant rate, acetone started
evaporating at a faster rate. Solvent evaporation profile
illustrated that the constant rate of change of tempera-
ture was found to be useful in achieving a precisely
controlled solvent evaporation rate.”>> The parameters
such as evaporation temperature, rate of evaporation
and rate of stirring can play a pivotal role in controlling
the size of the particle.

Nanosphere of formulation F1, F2, F3, F4, F5 and F6
were prepared with different drug: polymer concentra-
tions of 1:1, 1:2 and 1:3 capped and uncapped with
vitamin C, respectively (Table 1). Drug content was
obtained from all the batches of CPtNS from the initial
amount of drug (15 mg) added in each batch and was
used to calculate the drug entrapment efficiency. The
% drug entrapment efficiency was found to be between
31.13%1.51 to 88.93%0.77. The results clearly suggested
that the high polymer concentration lead to a high %
drug entrapment efficiency and a low polymer concen-
tration lead to a less % drug entrapment efficiency. The
% drug entrapment efficiency was evaluated to be in the
range of satisfactory to good and the good range was
achieved by increasing the polymer ratio. The degree
of the partition of the drug in the polymer solution
phase, determines the amount of drug entrapped in
nanosphere that is potentially depended on the prep-
aration by the emulsion and evaporation method.” It
was reported in the literature that the decrease in the
amount of polymers may produce droplets with lesser
viscosity polymer phase in the emulsion process, which
may lead to migration of drug to the outer part of the
nanosphere or even to the external phase during the
evaporation process. Consequently, a high polymer
concentration may lead to a relatively high drug loading
and a low polymer concentration is likely to produce
nanosphere with relatively low drug loading. Another
important reason behind the high entrapment with the
higher ratio of polymer is due to the precipitative nature
of ethyl cellulose which tends to precipitate fastly in the
continuous phase. Results of drug contents, % drug
entrapment efficiency, % magnetite entrapment and
particle size analysis were given in Table 3.

The particle size analysis of the sonicated CPtNS and
CPtMNSVC was determined using a Malvern zeta sizer
instrument. The particle size of the CPtNS and CPt-
MNSVC ranging from 125 nm-195 nm with the mean
particle size being 150 nm. Particle size plays a pivotal
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role in the overall performance of the formulation 7
vivo as it can directly affect the physical stability, cellu-
lar uptake, bio-distribution and drug release from the

nanospheres.””’

Another important observation was
made here coating of nanosphere significantly enhances
the size of the nanosphere (p<<0.05) (Table 3). The PDI
value of the F3 formulation was found to be 0.281
which is considered being an ideal and monodisperse.
The amount of magnetite content per 10 mg of nano-

spheres was determined from the formulation (F1-F3),

Table 3 shows the result of the magnetite content in
each formulation. It was observed that entrapment of
magnetite increased with the increase in the concentra-
tion of polymer added in consecutive formulations. The
maximum magnetite content was found in F-3.

SEM imaging was found to be quite useful as it differ-
entiated the coated nanosphere with uncoated nano-
sphere. Figure 3A clearly showed a rough appearance of
uncoated nanosphere and Figure 3B showed a smooth
appearance of coated nanosphere which was evident

Table 1: Drug and polymer ratios in presence and absence of Fe,O, and Vitamin C.

Formulation code Drug: polymer Drug Polymer Fe,O, Vitamin C
ratio (mg) (mg) (30 % w/w of polymer) (mg)
(mg)
F1 1:1 15 15 4.5 10
F2 1:2 15 30 9 10
F3 1:3 15 45 13.5 10
F4 1:1 15 15 - -
F5 1:2 15 30 - -
F6 1:3 15 45 - -

Table 2: Tumour inductions with evaluated parameters.

S.No. Characterization

Noted parameters

1. Latency period

Appearance of 1sttumour time

2. Tumour incidence

Number of rats with tumour

3. Tumour burden

Number of tumour per rat

4. Total tumour volume

Per no.of animals in each group

5. Tumour multiplicity

No. of tumours per rat

6. Estimated tumour weight (ETW)

larger diameterx (shorter diameter)2/2mg

8. Tumour doubling time

(Td1) = tIn % (In V1 = In Vo)

t=time of tumour appearance

V1=ETW 90 days after DMBA administration

Vo=ETW at the time of tumour appeared

determine tumour volume

9. Width and length of the tumour was measured weekly to

V (mm3) = [(width) 2 + (length)] / 2

Table 3: Results of drug contents, % entrapment efficiency, mean particle size and % magnetic

responsiveness.

Formulation Drug: Theoretical Experimental Entrapment Mean particle Drug retained
Polymer | drug content drug content efficiency size as Magnetic
ratio (%) (%) (%) (nm) responsiveness (%)
F1 1:1 15 7.06+0.05 47.06+1.63 128.4+2.45 61.12+1.63
F2 1:2 15 9.76+0.12 65.06+1.32 140.4+1.59 71.18+1.41
F3 158 15 13.34£0.33 88.93+0.77 195.3+3.56 90.57+0.54
F4 1:1 15 4.67+0.18 31.13+£1.51 134.3+2.80 21.7940.34
F5 1:2 15 5.77+0.24 38.46+1.42 141.3+1.49 25.82+0.21
F6 1:3 15 9.89+0.67 65.7310.46 167.3+1.15 36.16+0.44

Values are expressed as mean + SEM (n=3)
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from the SEM images. SEM images were used to evalu-
ate the topography of nanosphere which clearly differ-
entiated from rough to a smooth surface.” The water
swelling kinetics of the prepared magnetic nanosphere
was measured at room temperature. The samples swelled
and reached equilibrium at room temperature in the 8hr.
In the first hour, the swelling kinetic was found to be
0.2785 and saturated at the 8" hr with the value 0.3235
and 0.3236 in the 6™ and 8™ hr, respectively. Swelling
kinetics and SEM were basically carried out to support
the drug release mechanism.*®

DSC thermograms of pure drug (CPt), polymer (ethyl
cellulose) and coated formulation (F3) were analysed
to detect the phenomenon of interactions if any. The
curves of the DSC are shown in Figure 4. DSC ther-
mogram of CPt (Figure 4A) exhibited endothermic
peaks at 107.23°C which eventually corresponds to the
melting temperature (Im) of carboplatin. The DSC
thermogram of ethyl cellulose (Figure 4B) exhibited
an endothermic peak at 114.60°C which corresponds
to its melting temperature (Tm). The thermogram of
formulation F3 (Figure 4C) showed endothermic peaks
at 155.76°C and 167.76°C and did not show any signifi-
cant shift in peaks compated to that of CPt and ethyl
cellulose. The compatibility between the pure drug and
the excipients was confirmed by DSC results which
indicated no significant interactions in the formulation.
The percentage of the nanosphere failed to remain in
the glass tube in the absence and presence of a magnetic
field was compared. Formulations (F1-F6) were sub-

Table 4: Average tumor volume of different animal
groups.

S. Animal groups Average Increase in
No. tumour tumour volume
volume (mm?3) (%)
BCC 62.14 100.00
2 BCC+ standard 48.32" 77.78
(free CPt)
8 BCC+F-6 MNS 22.00" 35.41
4 BCC+F-3 MNSVC 16.00™ 25.75

The values are expressed as Mean + SEM, n=6 rats in one group. **P< 0.01
highly significant when compared with BCC.

Table 5: % Tumour inhibition in different animal

groups.

jected to the magnetic responsiveness test and Figure
5 showed the result of magnetic responsiveness. The
magnetic responsiveness, after 15 min was found to
be highest 90.57£0.54% for formulation F-3 and least
61.12+1.63% for formulation F-1 under the influence
of magnetic field. It was observed that the majority of
the nanospheres in 0.21 kilogauss (from a distance of 3
cm) magnetic field and in a flow rate equal to 0.5 cm/s
was retained and did not exit the glass tube. The mag-
netic responsiveness was found to be increased with the
increase in entrapped magnetite content and irrespec-
tive of the increase in the concentration of polymers. In
the presence of a magnetic field, the retention of nano-
spheres was significantly high (»<0.05) compared to the
absence of a magnetic field. Therefore, it was predicted
that the super magnetically modulated nanospheres can
accumulate in the capillaries following 7 vivo administra-
tion. Magnetic targeting of the nanospheres was devel-
oped to overcome the two major problems encountered
in drug targeting, such as poor stability in the reticuloen-
dothelial system and limited target site specificity.” Vita-
min C was aimed to coat the magnetic nanosphere to
serve a dual purpose of increasing the circulation time
of MNS #n vivo and manifest antioxidant activity to syn-
ergize the therapy.”’ Therefore, this study was conducted
to evaluate and measure the antioxidant properties of
vitamin C after coating. The 7 vitro antioxidant activity
of CPtMNSVC was evaluated as free radical scavenging

> South Pole
Nanospheres
attracted by
magnet

Figure 1: Special apparatus to conduct in vitro magnetic re-
sponsiveness. Connection to pump (1), thermometer (2), PBS
7.4 pH (3), injection site (4), magnet (5), collecting sample (6).

Table 6: Evaluation of different parameters during in
vivo study.

S.No Animal groups % Tumour S. No. Parameters Observation
inhibition Latency period (day) 27.00
1. BCC 00.00 2. Tumour burden (tumour/ 1.33
2. BCC+standard (free CPt) 22.22 rats)
&, BCC+F-6 MNS 54.25 Tumour incidence (%) 83.00
4. BCC+F-3 MNSVC 74.59 Tumour doubling time (day) 32.00
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Figure 2: IR spectra of Carboplatin (A), magnetite (B) and
formulation (C).

activity (% of DPPH scavenged). The % inhibition of
DPPH by CPtMNSVC was compared with % inhibition
of DPPH by standard (Ascotbic acid) at 10-50 pg/mL
concentrations. The % inhibition of DPPH at 50 ng/
mL concentration by ascorbic acid and CPtMNSVC was
found to be 85.75£2.51% and 60.53+1.13%, respec-
tively, the results are depicted in Figure 6. The obtained
findings of the in »itro experiment indicated that vitamin
C possesses good antioxidant free radical scavenging
activity even when used at low concentrations. Vita-
min C in CPtMNSVC in a concentration of 15% w/w
showed good antioxidant free radical-scavenging activ-
ity and, consequently, it may have good protection and
healing action against the cancerous cell.”’ The adminis-
tration of vitamin C as a coating agent considered as an
impregnable substitute for its use.

The 7n vitro release study was carried out for all the pre-
pared batches and the results are displayed in Figure 7.
Biphasic behaviour was observed for the formulation
F4, F5 and F6, which displayed initial burst release
(45% in 4h) followed by sustained release (85%) over
a period of 24 hr. The initial burst release of drug was
seen probably due to the release of CPt that was loosely
bound or adsorbed on the surface of the nanosphere.
On the other side, formulations F1, F2 and F3 did not
display burst release (45% in 4hr) but showed sustained

p.‘& "
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=5 kY @ Lol
lAccV  Spot Magn Det wD b——m
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a8 - i &
Figure 3: SEM photograph of coated nanosphere (A) and
uncoated nanosphere (B).
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Figure 4: DSC thermogram of CPt (A), ethyl cellulose (B) and
formulation F3 (C).
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release (90% in 24hr) that may be due to slow diffusion
of the drug from the polymer matrix. Biphasic behav-
iour was not observed in the formulation F1, F2 and
F3 probably due to vitamin C coating, that was con-
firmed by SEM. Another observation was made in the
drug release study was with the low concentration of
ethyl cellulose, release of carboplatin was found to be
swift than those with a higher concentration of ethyl
cellulose.® An increase in the concentration of polymer
probably leads to the formation of a bushy and slighter
porous polymer matrix. The 7 vitro release of vitamin C
from F1, F2 and F3 was swift and almost 80% of vita-
min C released after 10 hr. Such a result was recorded
probably happened due to the solubilisation of vitamin
C in the medium which eventually not entrapped in the
polymers but coated around the nanophere. The coat-
ing of the nanosphere constrains the burst release of
carboplatin, which was not observed in the F4, F5 and
F6 batches. The release of CPt from MNS is not likely
to be a dissolution-controlled mechanism because CPt
is water soluble and has poor solubility in the polymers.
The release of CPt during this period could be attrib-
uted to the diffusion from the MNS through the pores
and channels on and close to the surface of the nano-
sphere. From the result, it is apparent that maximum
lineatity from the plot and high correlation value from
Higuchi diffusion model suggested carboplatin release
followed diffusion controlled mechanism. The data were
fit to Korsmeyer 7 a/. equation and slope (n) values were
obtained indicated that the drug release deviates slightly
from fickian trend following an anomalous or non-fick-
ian trend. To evaluate the mechanism of drug release,
initial 60% of the cumulative drug release data were fit-
ted as Korsemeyer-Peppas is valid upto 60% cumula-
tive drug release.”* The value of release exponent (n)
was found to be 0.5432 where n value is >0.5 suggested
non-fickian diffusion (diffusion coupled with erosion).”®

In vitro magnetic responsiveness

£
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70 4
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40
I

30

o
2 - =
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0 .

F1 F4 F2 5 B f6
Formulations

I presence of magnetic field

In absence of magnetic field

% Drug retained
8

Figure 5: In vitro magnetic responsiveness of magnetic
microspheres in presence and absence of magnetic field.
Values are expressed in mean = SEM (n=3).
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The formation of the pores and channels initially due
to the early release of the drug which was located on
and close to the surface of the nanosphere. With the
penetration of release medium through the pores, the
drug was dissolved in the medium and diffused out of
the microspheres through the aqueous channels. As
the channels formed deeper into the nanosphere, more
amount of drug was released. Meanwhile, the polymer
matrix gradually breaks down by hydrolytic cleavages
and the matrix permeability increases with time.*%

Concerning the methodology, the present iz vivo study
was conducted to assess the impact of the presence
and absence of a magnetic field with or without cap-
ping of Vitamin C and compared. The average tumour
volume of different animal groups was given in Table 4,
which showed that 3.88-folds increased tumour volume
of BCC rats during 45 days of the treatment. When
compared with CPt solution, the tumour volume of
BCC rats was found to be raised by 3.02 fold. Most sig-
nificantly, tumour growth was suppressed in the group
which received F-3 (CPtMNSVC) in the presence of a
magnetic field compared to F-6 (CPtNS) in the absence
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Figure 6: % Inhibition of DPPH by standard (Ascorbic acid)
and CPtMNSVC. Values are expressed in mean = SEM (n=3).
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Figure 7: In vitro drug release profile of all formulations. Val-
ues are expressed in mean + SEM (n=3).
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of a magnetic field. In Figure 8A BCC group rat show-
ing excessive tumour metastasis, whereas in Figure 8B
the tumour induced rat treated with standard free CPt
showed less metastasis without decrease in tumour vol-
ume. Another observation was made herein with the
F-6 (CPtNS) formulation in the absence of a magnetic
field showed the absence of metastasis with decreased
volume in the rats and the result is displayed in Figure
8C. The crucial observation was made herein with the
F-3 (CptMNSVC) in the presence of a magnetic field
showed the absence of metastasis with a significant
decrease in tumour volume. (Figure 8D).

Another observation was made when rats were treated
with F-3 (CptMNSVC) in the presence of magnetic
field and showed a 1.15-fold increase in tumour inhibit-
ing activity confirming that CptMNSVC showed better
tumour inhibiting activity in the presence of external
magnetic field applied in comparison with rats treated
with CPtNS in the absence of externally applied mag-
netic field. (Table 5) These observations were con-
firmed by pairwise statistical comparison test which
indicated that, compared to BCC group, the relative
tumour volume of the animals that received CPt solu-
tion, F-6 (CPtNS) in presence and absence of magnetic
field applied were significantly different (P < 0.05).
Before initiating the histopathological study of rat, we
examined the vatious evaluated parameters during i
vivo studies such as latency period (day), tumour bur-

Figure 8: Tumour induced and treated rats: Breast Cancer
Control Group showing excessive tumour metastasis (A), tu-
mour induced rat treated with standard free CPt showing less

metastasis with no decrease in tumour volume (B), tumour

induced rat treated with the F-6 NS formulation in absence
of magnetic field showing absence of metastasis with de-
creased tumour volume (C), tumour induced rat treated with
the F-3 (MNSVC) formulation in presence of magnetic field
showing absence of metastasis with a significant decrease in
tumour volume (D).
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den (tumout/rats), tumour incidence (%) and tumour
doubling time (day) and the results are shown in Table
6. A 10-14% increase in the mean body weight of all
the group animals were recorded throughout the study.
However, a statistically significant difference in the body
weights of the rats was observed between the groups
neither before treatment nor when euthanized.

Histopathological analysis of rats in BCC group tissues
mainly showed a significant progression of muscle mass,
skin and adipose tissue. Tumour mass was appeared
and consists of spindle cells which were arranged in an
irregular pattern and appeared to be malignant. Closer
to the tumour mass, a well-defined epithelial tumour
is noted showed ductal proliferation, which suggested
being adenoma and spindle cell sarcoma Figure 9A. The
animals treated with the pure drug solution of CPt, tis-
sue section showed skin epithelium, hair follicles and
small foci of cartilage, fatty tissue, skeletal muscles and
tumour mass. Tumour mass mainly consists of spindle-
shaped cells arranged in fascicles showed features of
malignancy like pleomorphism, abnormal mitosis; few
tumour giant cells were also seen. The tumour is also
infiltrating adjacent muscles and the impression of the
slide suggested aggressive spindle cell sarcoma depicted

¢ 084

Figure 9: Histopathology of BCC rat tissue (A), pure drug
solution treated rat tissue (B), F-6 NS treated rat tissue in ab-
sence of magnetic field (C) and F-3 (MNSVC) treated rat tissue
in presence of magnetic field (D).
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in Figure 9B. The animals treated with the F-6 (CPtNS)
in the absence of magnetic field tissue sections showed
muscle, fibrous connective tissue and a small portion
of adipose tissue. A part of connective tissue showed
tumour mass, consisting of sheets of spindle-shaped
cells showed features of malignancy like pleomorphism
and increased and abnormal mitosis is noted. Connective
tissue has also shown infiltration with chronic inflamma-
tory cells. The impression of this slide suggested spindle
cell sarcoma decreases comparatively from the first slide
and the result is displayed in Figure 9C. The animals
treated with the F-3 (CPtMNSVC) in the presence of
magnetic field tissue sections mainly showed muscle
mass, skin and adipose tissue. Tumour mass arrange-
ment of spindle cells in the irregular pattern is signifi-
cantly absent and these cells were free from malignancy/
carcinoma. A portion of connective tissue showed a
significant reduction of the tumour mass, absence of
spindle-shaped cells without any features of malignancy
like pleomorphism and increased and abnormal mitosis.
Connective tissue has also demonstrated a lack of infil-
tration with chronic inflammatory cells. (Figure 9D).
Histopathological results indicated that the F-3 (CPt-
MNSVC) in the presence of the magnetic field had
effectively suppressed the breast cancer induced by the
DMBA. Therefore contrary to conventional therapy,
super-magnetically modulated novel parenteral carrier
capped with vitamin C can specially target tumours
with the reduced after effects and toxicity after bypass-
ing p-glycoprotein associated drug resistance mecha-
nism leading to better efficacy.®® Nanosphere formed
by loading carboplatin and capped with vitamin C was
found to be efficiently internalized by cells and showed
toxicity to cancerous cells, which was considered to
be dose-dependent cytotoxicity. Coating of vitamin C
enhanced the circulation of nanosphere and thus lead to
sufficient accumulation in tumour tissues and this find-
ing followed the Akbarzadeh A ¢7 a/. in which modified
magnetic nanoparticle increased circulation time.”” Since
vitamin C is an antioxidant and can play a vital role in
collagen synthesis; therefore, its antioxidant ability was
also assessed 7z vivo. It was apparent from the histopath-
ological result that vitamin C coat enhanced the circula-
tion time of nanosphere, thereby demonstrated better
target ability by curbing the growth of the tumour with
the mutation.”"!

CONCLUSION

The present study concluded that ethyl cellulose is a
suitable and compatible biodegradable polymer for
preparing magnetically responsive nanosphere of CPt.
Vitamin C capping helped to enhance the circulation
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time, increase the target ability of magnetic particles
and synergize the impact of carboplatin with the anti-
oxidant effect. The results of i witro characterization
of the developed carboplatin nanosphere were found
to be ideal. Magnetic field strength and gradient, distri-
bution of the magnetite in the nanosphere, application
time of the magnetic field and 7 vitro-in vivo co-relation-
ship under diseased state were successfully established.
Hence, the current study was found to be a satisfactory
preliminary attempt for the development of a super-
magnetically modulated novel parenteral carrier of car-
boplatin capped with the vitamin C and opens up new
vistas in cancer treatment.
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SUMMARY

Magnetic Nanospheres is a class of nanoparticle that
are designed using magnetic field and have many
advantages associated such as ability to bind targeted
ligands, biodegradability and low toxicity. Hence, the
super-magnetically modulated novel parenteral carrier
of carboplatin capped with the vitamin C was formu-
lated to increase the target ability of magnetic particle
and synergize the impact of carboplatin with antioxi-
dant effect. Current magnetic nanospheres provide a
tremendous opportunity as targeted carriers for the
treatment of breast cancer.
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