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Abstract: Corn silk contain inherently substantial flavonoid that contribute to its antioxidant and anticancer activity. The
objective of the present study was to fabricate a system for efficient delivery of the anticancer compounds using
microencapsulation technique. Methanolic corn silk extract was microencapsulated in the polymer Poly (d,l-lactide-co-glycolide)
— PLGA using the solvent extraction method. The physicochemical properties such as size, morphology and physical state of free
and encapsulated microparticles were measured by dynamic light scattering, scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The in vitro release of compounds were studied and quantified using High
Performance Liquid Chromatography (HPLC). Spherical and relatively small (d=485.9) polymeric microparticles were obtained
containing flavonoids with encapsulation efficiency (EE) of 60.66%. In vitro release profile exhibit a slow, sustained release and
follows the first order kinetic with release rate 3.34 x 10° m™'s”". The release characteristics data showed that the drug is released
from the microsphere even after 108 h. For in vitro cell-based assays, the MTT cell viability assay was performed on HeLa, NIH
3T3 cell lines while cellular uptake of the drug was studied using fluorescence microscopy. Fluorescence studies confirm drug
uptake by the cells within 24 h of treatment. For confirmation of mode of cell death Flow Cytometry and DNA ladder assay was
performed. The blank polymeric microparticles were non-toxic to cell while, the drug loaded microparticles exhibit apoptic cell
death. Thus an efficient delivery system is achieved after encapsulation, that provides protection and controlled release of the
bioactive compounds.
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effective treatments for cancer but the efficacy of
chemotherapy treatment is limited and severe drug related side
effects, prolonged chemotherapy treatment weakens the
immunological defense system of the body and leaves patients
susceptible to other disease and infections. Surgery is the least
harmful conventional form of cancer treatment but not for all
type of cancer treatment [7, 8]. Radiation therapy has also a
number of potential harmful side effects such as weakened
resistance to other diseases and the potential to be
carcinogenic itself [9]. Chemoprevention is a rapidly growing
area of oncology, which focus on the prevention of cancer
using naturally occurring or synthetic agent [10-13]. There are
increasing numbers of studies on the identification of novel
sources of bioactive compound to prevent cancer. Bioactive

1. Introduction

Cancer is a heterogeneous disease triggered by irreversible
impairment of cellular homeostasis and function. The
uncontrolled cell growth and differentiation along with loss of
apoptotic functions lead to massive expansion in neoplastic
cells populations [1, 2]. Internal factors such as lack of apoptic
function, genetic mutations, oxidative stress and hypoxia,
while excessive exposure to ultraviolet rays radiations,
population, smoking and stress are the external factors [3].
There are several technique used for cancer treatment such as
chemotherapy, surgery, radiations therapy and
immunotherapy [4-6]. Chemotherapy is one of the most
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compounds are of natural origin, particularly from a dietary
source. From ancient times plants has been used in the
treatment of a number of forms of cancer and they provide
leads for the development of potential novel agents [14, 15].
Corn silk is a well-known traditional functional food and
Chinese herbal medicine. Corn silks are fine, soft threads 4-8
inches long, cultivated in warm climate. It is medicinally used
as a mild stimulant, diuretic, demulcent of uric acid and
chronic cystitis in the bladder irritation of wuric acid,
phosphatic gravel and Gonorrhea [16]. Corn silk exhibits
various pharmaceutical activity like antioxidant [17-20],
anti-diabetic [21, 22], antibiotic [23] and antitumor activity
[24]. Several studies have revealed that Corn silk consists of
polyphenolic compound such as flavonoids, chlorgenic acid,
p-coumaric, ferulic acid, saponins, phytosterols, volatile oil,
fixed oil, resin, sugar, allantoin, tannin and minerals [25-29].

Flavonoids in their natural form get absorbed poorly in the
intestine. They are degraded extensively by the intestinal
microorganisms and/or enzymes to form different metabolites.
[30, 31]. Thus direct consumption of flavonoids leads to poor
bioavailability, poor permeability, instability and extensive
first-pass bioavailability of flavonoids. While encapsulation
helps to protect the trapped biological material against
oxidation, isomerization and degradation. These techniques
increases the shelf life of material over a period of time and
control/sustained delivery of functional substances when
ingested in the body [32].

Thus targeted drug delivery reduces the toxic side effects to
normal cells and increases the delivery of such drug to tumor
tissue [33]. Encapsulation in Poly(lactic-co-glycolic acid)
(PLGA) (Figure 1) has been approved by the US Food and
Drug Administration (FDA) with a wide therapeutic efficacy
and easy availability. The controlled release of drug delivery
system provides drug release at a controlled rate and maintains
the overall therapeutic concentration of drug in the body
[34-38].

v
Figure 1. Structure of Poly lactic-co-glycolic acid (PLGA).

In the present study we intend to microencapsulate the
flavonoid compounds extracted from corn hair in a
biocompatible PLGA polymer, thereby creating a system for
efficient drug delivery, which may simultaneously help shield
the normal cells from the cytotoxic drug.

2. Materials and Methods
2.1. Materials

Corn hair was available from local market (Pune,
Maharashtra). Chloroform (CHCIls), methanol (MeOH), ethyl
acetate, acetonitrile, isopropyl alcohol (IPA), ethanol

(C,HsOH), dimethyl sulfoxide (DMSO0),
2,2'2" 2"-(ethane-1,2- diyldinitrilo) tetraacetic acid (EDTA),
sodium chloride (NaCl) were obtained from Spectrochem.
85:15 Poly (D, L-lactide-co-glycolide) (PLGA) (viscosity =
0.28 dL/g in CHCl; @ 30°C) was obtained from
Sigma-Aldrich, methyl ethyl ketone (MEK) was available
from sisco research laboratories pvt. Itd, India. (Dulbecco’s
Modified Eagle’s Medium) DMEM, Fetal Bovin serum (FBS),
0.1% antibiotic solution, polyvinyl alcohol (PVA) were
obtained from Hi Media laboratories pvt. Ltd. India.
ApoBRdU Tunel Kit was procured from Invitrogen Lab.
Standard compounds were obtained from Sigma Aldrich. The
phosphate buffer saline (PBS) (pH 7.4), sodium Acetate,,
paraformaldehyde, hematoxylin stain, eosin, Xylene, Agarose
gel, Ethyl ©bromide, Tris borate EDTA (TBE),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) buffer, Lysis buffer, Proteinase k solution,
Tris HCL, SDS, TE buffer was procured from Sigma Aldrich.
High quality Milli-Q water purified in system (Millipore Elix)
was used in all experiments.

2.2. Methods

2.2.1. Extraction of the Bioactive Compounds from Corn
Hair

Corn hairs were collected from the local market in Pune,
Maharashtra. Corn hairs were dried at 50°C in oven for
overnight. The bioactive compound from dried corn hairs
were extracted in the methanol (100 gm dried powder) using
soxhlet extraction method. The methanolic extract was
concentrated at 40°C, under vacuum by using a rotatory
evaporator (Rotavapor R-210, Buchi, Switzerland). The
concentrated extract was stored at 4°C for further use.

2.2.2. TLC (Thin Layer Chromatography) Profiling of
Compound Extracted from Corn Hair

The concentrated corn hair extract was spotted on silica gel
60 F254, eluted with Ethyl acetate: n-Hexane (4:6). In Lane 1:
methanolic extract (Batch 1), Lane 2: Mixture of standard
such as Luteolin, Apimaysin, Maysin, Rhamnosyl isoorientin
and Rhamnosyl Maysin with detection at 254 nm., Lane 3:
methanolic extract from batch 2.

2.2.3. Preparation of Polymeric Microparticles

PLGA microparticles were prepared by solvent extraction
method with minor modification using a previously described
protocol [39]. PLGA (100 mg) was dissolved in 2.5 mL of
methyl ethyl ketone (MEK) under magnetic stirring (REMI 5
MLH Magnetic Stirrer) for 2 min, 1000 RPM, at 25°C. The
resulting PLGA solution was then slowly added to a 2% PVA
aqueous solution using a syringe, during addition the solution
of 2% PVA was stirred using magnetic stirring at 1000 RPM
for 2 min to produce an O/W emulsion. After 2 minutes, the
emulsion was transferred into 30 mL of 0.5% PVA aqueous
solution and stirred to 1000 RPM for 1 hour at 25°C. The
entire solution was again transferred into 70 mL of 0.5% PVA
aqueous solution and stirred to 1000 RPM for 3 hour at 25°C.
The microcapsules formed were filtered and washed thrice
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with distilled water and centrifuged at 7000 rpm for 10
minutes at room temperature, the pellet was resuspended in
distilled water at 4°C and then stored for 12 h at -20°C and
further freeze dried at -70°C (10™ Torr) for 48 h using a
commercial freeze dryer (Thermo Electron Corporation
Freeze Dryer). The lyophilized microparticles dispersion was
stored at 4°C until further use. To prepare flavonoid—PLGA
loaded microparticles, flavonoids extracted from corn hair
were dissolved into the PLGA-MEK solution prior to
microparticle synthesis (Drug-loaded microparticles).

2.2.4. Preparation of Calcium Alginate Beads

The concentrated corn hair crude methanolic extract (2
mL) was added to a 10 mL of 1% sodium alginate solution
prepared in distilled water. The mixture of crude methanol
extract and 1% sodium alginate solution was added
drop-wise into a beaker containing 0.75% of calcium
chloride solution. Perfectly spherical beads of calcium
alginate were obtained, spherical beads were subsequently
strained and washed with distilled water and stored at 4°C.
Similarly, sodium alginate blank beads were prepared
without addition of corn hair crude methanolic extract. [40]

2.3. Characterization

2.3.1. Microscopic Examination

The microparticles were observed using the Light
microscope and Fluorescent microscopes (HB050 Ziess Axio
Scope Al) using filter FS3 with excitation wavelength at 340
nm. 50 pl of sample solution was prepared in distilled water
and used for the analysis.

2.3.2. Morphology

The morphology of the microparticles was studied by
Scanning Electron Microscope (SEM) (JEOL JSM-7600F
Field Emission Scanning Electron Microscope (IITB) and FEI
Quanta 200 3D Dual Beam ESEM with EDAX (NCL, Pune).
Microparticles suspended solution in distilled water coated
with platinum using Autofine Sputter Coater with gold
particles and then observed under high vacuum conditions
with an electron microscope and the morphology of the
microparticle was also studied by Tunnelling Electron
Microscope (TEM) (TECNAI G FEI, NCL, Pune).

2.3.3. Particle Size and Polydispersity Index (PI)

The mean particle diameter and polydispersity index (PI) of
the microparticles were determined by dynamic light
scattering (90 Plus Particle Size Analyzer, Brookhaven
Instruments Corporation). The sample were suspended in
distilled water and sonicated (LABSONIC ® M 230V/50 Hz,
Sartorius) for 5 minutes to ensure the number of particle
counted per second was within the range of instrument
sensitivity. Measurements were made at 90° angle for 3 min at
25°C.

2.3.4. Percentage Yield

The percentage yield was determined by calculating the
weight of microcapsules and the total expected weight of drug
and polymer by using the following formula.

_ Weight of the microspheres obtained X 100

Percentage (%) Yield Total weight of drug + polymer
2.3.5. Encapsulation Efficiency

Drug Entrapment Efficiency (EE) was determined by High
Performance Liquid Chromatography (HPLC) technique
(LC-6AD  Shimadzu Liquid Chromatography). The
microparticles were dissolved in a certain volume of methyl
ethyl ketone (MEK). The solution was placed in a desiccator
for complete evaporation of MEK, after which acetonitrile /
sodium acetate (pH 4) solution was added and centrifuged
(SPINWIN MC-02, TARSONS). The drug content in samples
was analyzed using reverse phase HPLC [Mobile phase:
Acetonitrile: water (0.1% Formic acid) 90:10] at 550 nm. The
flavonoid content remaining within the microparticles was
calculated from the actual amount of the drug present in the
polymeric carrier relative to the total amount of drug added.
The Drug Entrapment Efficiency (EE) of the flavonoids was
determined as follows.

__Actual amount of the drug present

EE (%) x 100

Total amount of drug loaded
2.4. Drug in Vitro Release from Microparticles and Drug
Release Kinetics

The flavonoids loaded microparticles were incubated in
phosphate buffer saline (PBS, pH 7.4) in centrifuge tubes and
magnetically stirred at constant speed in a water bath
(Constant temperature Bath PP1 UniX96, Bio Technics India)
maintained at 37°C. This helps to emulate the conditions
present in tissues. Aliquots collected at fixed time points were
centrifuged at 7000 rpm at 37°C for 8 minutes and replaced by
fresh phosphate buffer. The amount of flavonoids released
from the microparticles was monitored at2 h,4 h, 6 h, 8 h and
168 h until 7 days by the HPLC technique with solvent system
chloroform, ethyl acetate and methanol (4:1:5). The in vitro
drug released from the polymeric microparticle was quantified
using the peak area from the HPLC curve. The amount of drug
released was fitted to a kinetic plot.

2.5. Biological Systems in Vitro Studies

2.5.1. Culture and Maintenance of Mammalian Cell Lines

The cell lines HeLa and NIH3T3 were obtained from
National Centre for Cell Sciences Repository, University of
Pune, Pune. The cells were maintained in DMEM media, with
10% FBS and 0.1% antibiotic solution at 37°C in the
steri-cycle CO, incubator (Thermo Electron Corporation) with
HEPA Class 100 filters at 5% CO..

2.5.2. Revival Protocol for HeLa Cell Lines

Cell lines were thawed after removing from -70°C. A
mixture of 500 pl of cells and 500 pl growth medium was
added and centrifuged at 5000 rpm for 5 minutes. After 5
minutes 800 pL of supernatant liquid was discarded and fresh
800 pL of growth medium was added. The 200 uL pellet was
made to a volume of 1 mL. This solution was added into a
T-flask along with 9 mL growth medium and incubated at 37°
C in the CO, incubator.
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2.5.3. Preparation of Samples for Cell Line Testing

The flavonoids extracted from corn hair were encapsulated
into the PLGA polymeric microparticle, washed with distilled
water and stored at 4°C. Just before addition the
microparticles were centrifuged and re-suspended in sterile
conditions in filter-sterilized PBS. This solution was kept
under UV for 10 minutes. After 10 minutes the solution was
diluted appropriately and added in the wells.

2.5.4. Cell Growth Inhibition

The drug-loaded and empty microparticles were suspended
in filter-sterilized PBS and added to the cells seeded in 96-well
plates and 24-well plates. Optical microscopic technique was
used to observe the cell death and cell morphology changes
[41].

2.5.5. Cell Uptake Assay

To investigate the in vitro cellular uptake of the
microparticles, the intrinsic fluorescence of the flavonoids
was used. Coverslips were sterilized and kept in 6-well plates.
HeLa cells were cultured in these plates for 24 hours, therefore
grew on the pre-laid coverslips before addition of medium
containing fluorescent microparticles, followed by incubation
for another 24 hrs. The drug release from the microparticle
and internalization within the cell were studied by
fluorescence microscope [42].

2.6. Staining of Cells for Detection of Changes in
Morphology

After the culture of HeLa cells on coverslips for 24 h and
incubation after treating with microparticles for another 24 h,
the treated coverslips were transferred into another 6- well
plate, where the cells were fixed with 1% paraformaldehyde.
Next, hematoxylin stain was added for 3-5 minutes then the
coverslip was washed with PBS and dried. Next, 0.4% Eosin
stain was added for 2-5 minutes and coverslips were washed
with PBS to remove excess stain. The coverslip was dipped in
alcohol and allowed to dry. After drying the coverslip was
dipped in xylene and mounted using DPX. The images were
captured in a Carl Zeiss Axio Scope Al fluorescent
microscope with filter set no. FS3 excitation at 340 nm [43].

2.7. Quantification of Cell Death via MTT Assay

The anticancer activity of the free and encapsulated
flavonoids were evaluated on cancerous (HelLa) and
noncancerous (NIH3T3) cell by following established
protocols [44]. HeLa cells and NIH3T3 cells were seeded in
96-well plates and treated with free and encapsulated
flavonoids microparticles suspended in PBS. Appropriate
controls with DMEM medium and only PBS were taken. The
solution of 5 mg/mL MTT was dissolved in PBS and the
solution were filter-sterilized using a syringe filter. After
incubation for the stipulated time, 20 pl of MTT solution was
added to each well. The plate was incubated for 2 h in the CO,
incubator. After incubation the media was removed and 200 pl
of DMSO added to each well to dissolve the crystals. The
plate was put into the incubator at 37°C for 5 minutes.

Absorbance was measured at 540 nm and 620 nm on plate
reader (ELISA Plate reader -SpectraMax M5 SoftMax® Pro5,
Molecular Devices). The anticancer activity was calculated
for 24 h, 48 h, 72 h and 96 h.

2.8. DNA Ladder Assay

The apoptosis of free and encapsulated microparticles was
estimated by the DNA ladder assay, adapting our system to the
previous established protocols [45]. HeLa cells were plated on
6-well plates with control i.e. no microparticles were added,
free and encapsulated flavonoids microparticles. For the DNA
extraction the HeLa cells were trypsinised, centrifuged and
put in microfuge tubes. The suspension was resuspended in 20
ul Lysis buffer (Lysis Buffer: 50 mM Tris-HCL (pH 8.0), 10
mM EDTA, 0.5% SDS, 0.5 mg/mL proteinase K added
freshly on ice. 5 pl proteinase K solution was added and the
solution was mixed gently to ensure complete lysis.
Suspension was incubated at 55°C for an hour. The cell debris
was pelleted out and 5 pul RNase A was added to the separated
supernatant. The sample was incubated for another hour at
55°C. A brief spin was given to remove any other cell debris
and the supernatant was collected. 20 pl, 5 M NaCl was added
to the supernatant and 120 pl isopropanol was added to this.
The tubes were kept at -20°C for overnight. The tubes were
spun at 14000 x g for 10 minutes. The supernatant was
discarded and the pellets were left to air dry. 20 pl TE buffer
was added to the tubes. Agarose Gel Electrophoresis (BioEra
Life Sciences Pvt. Ltd) was carried out on 1.5% Agarose gel
(with EtBr) at 150 V, in TBE buffer. The gel was visualized
and image was captured using Alpha Innotech Multimager II —
Alphamager ®HP.

2.9. Protocol for Flow Cytometry

For preparation of cells for FACS, the APO-BrDU™
TUNEL Assay kit from Invitrogen was used. HeLa cells were
plated on 6-well plates. Microparticles were added to specific
wells. The wells were designated as unstained control, control
(without any treatment), only PBS, free drug, empty
microparticles and drug-loaded microparticles. The plates
were incubated for 24 h and the cells were fixed according to
the manufacturer’s protocol.

2.10. Protocol for Cell Fixation

Cells were trypsinized and suspended in 0.5 mL PBS. The
cell suspension was added to 5 mL 1% paraformaldehyde (w/v)
in PBS and placed on ice for 15 minutes. The cells were
centrifuged at 300xg for 5 minutes and the supernatant was
discarded. The cells were washed with 5 mL PBS and pelleted
again by centrifugation. The cells were re-suspended in 0.5
mL PBS and added to ice-cold 70% ethanol (v/v). The cells
were stored at -20°C till use. The cells get stained as per given
in the protocol in the Invitrogen APO-BrdU™ TUNEL Assay
kit. The FACS analysis data was acquired using BD FACS
Calibur. The data was analyzed using the Cell Quest Pro
software.



16 Prajakta Kulkarni et al.:

Microencapsulation of Extracts from Corn Hair: A Study on Drug

Release and Anticancer Activity

3. Result
3.1. TLC Profile of Compounds Extracted from Corn Hair

I-» Luteolin

- Apimaysin

[ e

- V12 sin

E_ = = s

- Rhamnosyl isoorientin
- R hamnosy| Maysin
]

Figure 2. Corn silk extract separated on silica gel 60 F254, eluted with Ethyl
acetate: n-Hexane (4:6) Lane 1: methanolic extract (Batch 1) Lane 2: Mixture
of standard with detection at 254 nm.; Lane 3: methanolic extract batch 2.

3.2. Morphological and Electrical Properties of
Microparticles

The functional performance of the microparticles based
delivery system depends on the physiochemical properties
such as size, morphology and physical state of the
microparticles [46, 47]. The mean particle diameter and
polydispersity index (PI) of the polymeric microparticles by
DLS technique was 485.9 nm with narrow distribution
(PI=0.186) were obtained. The electron microscopic images
studies (SEM and TEM) confirmed that the free and
encapsulated PLGA microparticles were relatively small
spheres with the similar dimensions. SEM studies showed that
Figure 3 (A) and (B) all particles formed were spherical with
particle diameter 0.3-1 pm. The TEM image showed that
empty microparticles are hollow Figure 4 (A), while the drug
loaded microparticles are packed with the drug. The Figure 4
(B) showed that the polymer coat was dissolved from the
outside when in contact with water due to the hydrolysis of
PLGA resulting the release of the drug to the outside medium
and also confirmed that the particle size around 0.3 to 0.5 um
Figure 4 (C) and (D).

The PI values (PI=0.186) indicated that the free and loaded
microparticles obtained by solvent extraction method were
homogenous and that the method employed was reproducible
and stable [48]. DLS studies showed that mean particle
diameter was around 485.9 nm Figure 5 (A). The multimodal
distribution curve Figure 5 (B) showed that two or more
modes of populations present, this is because the sample was
not sieved prior to taking the reading. Therefore there was
more than 2 size of particle getting formed in high frequency.
The mean diameter given by this distribution is 402.4 nm.
Figure 5 (C) showed the lognormal size distributions curve
was bell shaped with median diameter at 225.5 nm. The drug
entrapment was confirmed by fluorescence imaging of the
microparticles Figure 6 (A) and (C). Under filter FS3 with
excitation wavelength at 340 nm showed the drug entrapped in
PLGA microparticles Figure 6 (B) and (D). Empty
microparticles exhibited no fluorescence while drug loaded
microparticles show bright fluorescence.

3.3. Encapsulation Efficiency

The Encapsulation Efficiency (EE) of flavonoids with the
PLGA microparticles was 60.66%. These results were lower
than the expected due to the fact that some flavonoids may
have been present with surrounding aqueous phase because of
concentration of PVA used, which increase solubility of
flavonoids in water and thus more flavonoids molecule may
partition out rapidly to the aqueous phase [49, 50], thereby
decreasing the Encapsulation Efficiency.

3.4. In Vitro Release Studies

We investigated the release of flavonoids from PLGA
microparticles as a function of pH (pH-7.4) with constant
stirring in PBS at 37°C. The experiment was performed in
PBS at pH 7.4, stimulating the pH conditions in the small
intestine (6-7) in the absence of enzyme. The result gives the
information about how to understand the protection and
release of bioactive flavonoids at pH 7.4 and neutral pH
condition in small intestine.

®)

(B)

Figure 3. SEM micrographies (A)-Empty PLGA microparticles, (B)-Drug
loaded PLGA microparticle.

There are several methods viz. HPLC, UV-Vis and
fluorescence spectroscopy to study the in vitro release profile
of flavonoids from polymeric microparticles. The advantages
of using HPLC is that this technique allows to monitor in real
time, the release of bioactive compounds from the polymeric
microparticles using at same time, low amount of sample
quantity and with greater accuracy. Table 1 shows the peak
area obtained for flavonoids release from PLGA microparticle
in PBS buffer (pH 7.4) during a 108 hours’ time period. These
values were interpolated in curve Figure 7, (Peak area Vs
Time) used to determine the flavonoids release during the
experimentation time. The in vitro release of flavonoids from
PLGA microparticles showed gradual release at longer time
up to 48 hours. Graph (Peak area Vs Time) followed the
biphasic release of flavonoids release from PLGA
microparticle up to 72 hours and then gradual release up to
108 hours.
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[(&] (D)

Figure 4. TEM micrographies (4)-Empty PLGA microparticles, (B)-Drug
loaded PLGA microparticle, (C)-Empty PLGA microparticles and (D)-Drug
load PLGA microparticle with depict.
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Figure 5. (A)-Mean particle diameter, polydispersity index, (B)-Multimodal
size distribution curve and (C)-Lognormal size distribution curve of the PLGA
microparticle.

Table 1. HPLC data for in vitro release study in PBS (pH-7.4) at 37 for during
108 hours.

Time (Hours) Area

4 1191793
8 1084756
24 1000274
48 938726
72 87563
96 53928
108 39271

(A)

Figure 6. Microscopic image under bright light and green fluorescence
(A)-Empty PLGA microparticle under bright light, (B)-Empty PLGA
microparticle under green fluorescence, (C)-Drug loaded PLGA
microparticle under bright light, (D)-Drug PLGA microparticle under green
Sfluorescence.
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Figure 7. Peak Area of Flavonoids obtained by the release from loaded PLGA
microparticles in PBS (pH-7.4) at 37 during 108 hours of analysis period by
HPLC technique.

3.5. Drug Release Kinetics

The release of flavonoids from PLGA microparticles as a
function of pH (7.4) with constant stirring in PBS at 37°C was
monitored. The release study gives the information to
understand the release kinetics of bioactive flavonoids at
neutral pH 7.4 in the small intestine. Figure 9 Shows the
concentration of flavonoids released from PLGA
microparticles during time period of 6 days. These values
were plotted (Conc. pm Vs days) in the software that were
used to determine the drug release kinetic during the
experimentation time. The result showed that the curve was
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very smooth, fast release on dayl and follows the first order
kinetics. There was initial burst on dayl and then the release
was slow and sustained over a period of almost a week, the
rate of dissolution of the drug from graph was 3.34 x
10°M™'S™. As some authors have claimed the burst release of
flavonoids species due to the diffusion of the flavonoids
molecules that are dispersed closer to the surface of the PLGA
nanoparticles [51-53].
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Figure 8. Drug release kinetic curve from PLGA microparticle in PBS
(pH-7.4) at 37 by spetrophotometric.
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Figure 9. Effect of drug encapsulation on HeLa cells in calcium alginate bead
(A)-Treated with empty microparticle, (B)-Treated with drug loaded
microparticle.

3.6. Drug loaded Calcium alginate Beads

To investigate the ability of free and encapsulated bioactive
compounds extracted from corn hair in methanol extract
(flavonoids) in PLGA microparticle to affect the cell (HeLa) in
calcium alginate bed to leach out across a barrier and
subsequently affect cells, the compounds were encapsulated in
calcium alginate beads which have a large pore size. The
beads were administered on the cells after filtering them and
dispersing them in PBS. Figure 9 Shows the changes in the
cell number and morphology of cell (HeLa), after the
treatment with free and drug loaded bioactive compound on
calcium alginate beads. The study showed that cell death
occurred as the cell number reduced and the cell morphology
was altered.

It also showed that the cell number specifically around the
beads reduced indicating that the effective compound leached
out of the bead and render cytotoxicity to the cell. Therefore, it
was concluded that the drug was stable even inside a coating
and able to leach out, to affect the cells.

3.7. Biological Systemsin Vitro Studies

3.7.1. Cell Uptake Assay

The successfully drug internalization by the cells and
release from the microparticles was studied by florescence
microscopy using HeLa cells. Figure 10 Shows there was no
fluorescence under green filter in control cells viz. empty
PLGA microparticles. While the encapsulated microparticles
with extract fluoresce using the green filter. The obtained data
showed that the drug is efficiently internalized within the
cells.

3.7.2. Cell Growth Inhibition

The effect of free and drug loaded microparticles on the
HeLa cells were observed under a light microscope. Figure 11
shows the cell viability of HeLa cells by free and drug loaded
microparticles over a 96 hour time period. Our result showed
that cells were healthy and no decrease in the cell numbers
was observed in the control cells, cells treated with PBS and
cells treated with empty PLGA microparticles. However, the
cells treated with drug loaded microparticles exhibit cell death
and decreased number of cells. These results suggest that the
drug release from drug loaded PLGA microparticles affect
cancer cells resulting cell death. The study may be useful to
the incorporation of bioactive flavonoids with the aim to
inhibit the cancer cell growth in the human body.

(C) (D)

Figure 10. Fluorescent study of Cellular uptake of drug by PLGA
microparticle (4)-Control cells, (B)- Control cells under fluorescence, (C)-
Empty microparticles, (D)- Drug loaded Microparticles
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Figure 11. Light microscopy images for the effect of addition of
microparticles to HeLa cells (4)-Control cells, (B)- cells treated with only
PBS, (C)- Cells treated with empty microparticles, (D)- Cells treated with
drug loaded microparticles.
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Figure 12. (A)-Cell viability assay on HeLa cell lines at one specific time of
experimentation (24, 48, 72 and 96 hours) and (B)- Cell viability assay on
NIH3T3 cell lines at 24 hour.

3.7.3. Cell Toxicity Assay for HeLa Cells

The cell viability assay for the free and drug loaded
PLGA microparticles on the cancerous cell (HeLa) were
assessed by the MTT cell viability assay for 24, 48, 72 and
96 hours’ time period. Our result showed that the drug
loaded microparticles affects to a greater extent on cell
survival and cell count rather than the empty PLGA
microparticles. The drug loaded microparticles drastically
reduced the cell count almost by 50% in the 24 hours. This
can be attributed to the initial burst of the drug up to 4 h
after addition. The cell death remains fairly constant over
48 and 72 hour time period indicating the slow drug release
over time. The cell death further reduces after 96 h of
treatment Figure 12 (A). The data obtained from the cell
toxicity assay were correlated with slow drug release after
initial burst studied by drug release from the drug loaded
microparticle by HPLC technique. These results suggest
that drug loaded PLGA microparticle are suitable for cell
toxicity exhibit slow and sustained released of the drug in
the biological environment.

3.7.4. Cell Toxicity Assay for Non-cancerous Cell Line —
NIH3T3

We also evaluated the effect of free and drug loaded PLGA
microparticles to the cell death or cell viability assay on
non-cancerous cell lines NIH3T3 after the treatment of 24
hour time period. Figure 12 (B). Showed that the % cell
viability of empty and drug loaded PLGA microparticles after
24 hour treatment. Our results suggest that the addition of
empty and drug loaded microparticle did not show the
significant changes on the cell death or cell viability.
Therefore drug loaded PLGA microparticle may be suitable to
protect the non-cancerous or normal cells.

3.7.5. Mode of Cell Death-Cell Staining for Detection of
Changes in Morphology

The cells were then stained with Hematoxylin and Eosin to
observe the changes in morphology. Staining after addition of
microparticles for 24 h showed no changes in cell shape or
size. This indicated that the cell mode was not necrotic, as the
cell structure integrity was intact. This was therefore taken as
the indication that the mode of cell death was most likely by
apoptosis

(A) (B)

Figure 13. Cell staining for detection of changes in morphology. The cells
were stained with (4)-Hematoxylin (B)-Eosin.

3.7.6. DNA Ladder Assay

To show that the mode of cell death is apoptosis, the DNA
ladder assay was done. In apoptotic cells, the DNA gets
disintegrates into small fragments. These fragments can be
detected on the agarose gel to indicate apoptosis. From the
agarose gel image it can be seen that there is some shearing of
DNA in the wells containing the microparticles showed in
Figure 14. This showed that the treatment with microparticles
brought about apoptotic cell death.

3.7.7. Flow Cytometry Analysis for Apoptosis

The mode of cell death was confirmed using Terminal
deoxynucleotide transferase dUTP Nick End Labeling
(TUNEL) Assay. During apoptosis, the DNA get fragmented
into small parts. In this assay, the enzyme terminal
deoxynucleotidyl tranferase (TdT) transfers
bromodeoxyuridine triphosphate (Br-UTP) to the ends of the
many fragments formed. A fluorescein-labelled antiBrDU
antibody is then used to count the fragments. Thus, more
intensity of dye means more number of fragments, indicating
more amount of apoptotic cell population. Propidium Iodide
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(PI) is also added to the sample, as even PI stains DNA,
indicator of apoptosis. Thus, we checked for dual positive
population i.e. cells showing both FITC (Fluorescien) and PI
staining, which confirmed apoptotic cells.

I I 111 IV

I  Marker

II Control

Il Empty PLGA micropartide

IV Drugloaded PLGA microparticde

Figure 14. DNA ladder assay for apoptosis of empty and drug loaded PLGA
microparticle by gel electrophoresis.
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Figure 15. Histogram showing intensity of PI for (4)-Sample treated with the
empty microparticle and (B)-Sample treated with the drug- loaded
microparticles.

Furthermore, the difference can also be seen in the intensity
of the PI levels. PI levels help us to understand the cell cycle
phase the cells were in. The phases were divided into M1, M2,
M3 and M4. M4 denoted the phase wherein the apoptotic cells
are present. M2 is the synthetic phase, and M3 is the G2/ M
phase. Thus, an increase in the M4 on a graph of intensity of PI
levels (FL2), indicates an increase in the count of apoptotic
cells. From the obtained data we can conclude that the more
number of apoptotic cells were found in the drug-loaded
microparticles sample. This was in coherence with the HPLC

data which showed the slow release of the drug.

4. Conclusion

Polymeric microparticles prepared by solvent extraction
technique using non chlorinated solvent were used to
encapsulate, protect and release the bioactive compound
extracted from corn hair. Our result showed that flavonoids
were successfully encapsulated in PLGA microparticles
spherical in shape with 485.9 nm diameter and 66.60%
encapsulation efficiency (EE), also in vitro release study
showed that after initial burst on day first the drug release
was slow and followed the first order reaction curve with
3.34x 107 m’'s™ release rate. The drug loaded microparticles
were non-toxic to the normal or non-cancerous cell (NIH3T3)
and cytotoxic to the cancerous cell (HeLa). Hematoxylin and
Eosin staining study investigated that the mode of cell death
was apoptotic not necrotic and confirmed by the DNA ladder
assay and flow cytometry assay. The flow cytometry result
revealed that the cell death was apoptotic and apoptotic
population was less in sample treated with empty PLGA
microparticle rather than the drug loaded microparticle.
Therefore, the release profile method used for the
encapsulation of bioactive compound extracted from plant
remedies was reproducible and stable for delivery of
bioactive compound by targeted, sustained release. This
delivery system may be helpful as novel therapeutic system
to delay the development of diseases related to the oxidative
stress like cancer and diabetic mellitus. In general, our results
have important implications for the encapsulation of
bioactive compound into the polymeric material for delivery
system for human health and wellness.
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