BIOTECHNOLOGIA ACTA, V.10, No 1, 2017

UDC 57.065.38 https://doi.org/10.15407 /biotech10.01.052

SYNTHESIS AND CHARACTERIZATION OF
POLY(LACTIC-CO-GLYCOLIC-ACID) MICROPARTICLES
LOADED WITH FOOT-AND-MOUTH DISEASE VIRUS
40—60 SYNTHETIC PEPTIDE

Yildiz Technical University, Chemical and Metallurgy Faculty,
Istanbul, Turkey

Z. Mustafaeva

E-mail: zmustafaeva@yahoo.com
Received 27.12.2016

The aim of the research was to synthesize and characterize the poly (lactic-co-glycolic-acid)
microparticles loaded with foot-and-mouth disease virus 40—-60 synthetic peptide. Single emulsion
solvent evaporation method was used for the production of microparticles with theree diferent (5;
10 and 15 mg) peptide amounts and obtained microparticles were characterized by using yield
reaction, encapsulation efficiency, drug loading, particle size, polydispersity index, and zeta
potential.

Key words: virus of the foot-and-mouth disease, poly (lactic-co-glycolic-acid) microparticles.

Foot-and-mouth disease (FMD) virus, the
pathogen of FMD disease which is a member of
the Picornaviridae family Aphthovirus genus,
has a single positively charged RNA chain
containing 8500 nucleotides. The un-enveloped
capsule of the virus contains VP1, VP2, VP3
and VP4 structural proteins. The synthetic
peptide used in this study is defined as the
40-60 viral peptide series of VP1 Foot-and-
Mouth disease capsid protein [1-4].

Food-and-mouth disease is an infectious
disease that affects the cloven-hoofed animals
including cattle, goat, sheep and pigs. This
highly infectious disease can be transmitted
via infected or contaminated animals, animal
products and humans. This disease can be seen
all around the globe and can cause enormous
economic losses due to production losses and
international commerce sanctions. The control
and prevention of the disease is extremely
difficult. Vaccination is one of the precautions
that can be taken against this disease [5—17].

Vaccination with the intention to prevent
and control FMD has been used since the
1900 s. Currently, vaccination against this
disease depends on cultivation of FMD virus
in bio-secure conditions and inactivation via
chemical methods. Due to the disadvantages of
inactive vaccines such as requirement of safety
precautions and cold chain or short shelf life,
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new generation more effective vaccines need
to be developed. In the last few decades the
studies to develop a biotechnological vaccine
for FMD is ongoing [8—10].

New vaccine studies involve synthetic
peptides, recombinant protein subunits,
protein-polysaccharide conjugates and plasmid
DNAs [11, 12]. Despite its advantages, these
approaches produce weak immune response.
For this reason, using adjuvants in order to
obtain a more robust immune response is aimed
[13, 14].

With the recent studies showing that the
size of the particles is crucial for adjuvant
activity, using nano- and microparticles as
adjuvants has been focused on vaccine studies.
Particle carriers are effective delivery systems
for antigens and increase the antigen uptake on
cellular level. They are effective on controlled
antigen release and can protect the antigen
integrity from degradation [15].

Carrier polymers, co-polymers, proteins
and lipids are widely used in vaccine delivery
system production [16—22]. Biocompatibility,
biodegradability, rate of degradation,
hydrophilic property of the chosen polymer
affects the micro-particles formed. Poly
(lactic-co-glycolic-acid) (PLGA), which
one of the most widely used co-polymer,
is a biopolymer approved by FDA and has
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several advantages such has inert properties
in physical environments, degradability
in biological environments, biocompatible
properties and being able to be degraded into
non-toxic products. PLGA degrades into
lactic acid and glycolic acid monomers in body
which enter the citric acid cycle where they
are metabolized into carbon dioxide (CO,) and
water (H,0) [15, 23, 24].

In this study, FMDYV 40-60 peptide epitope
(Trp-Val-Lys-Ile-Asn-Asn-Thr-Ser-Pro-
Thr-His-Val-Ile-Asp-Leu-Met-GIn-Thr-His-
Gln-His-Gly), synthesized via solid phase
peptide synthesis method, encapsulated
PLGA micro-particles were synthesized
for using vaccine models. Synthesized
microparticles were characterized by methods
of ZetaSizer, scanning electron microscopy
(SEM) and Fourier transform infrared (FTIR)
spectroscopy. Loading and capsulations yields
were calculated, bio-release experimentations
were performed.

Materials and Methods

Materials

Foot-and-mouth disease 40—60 antigenic
peptide (FM) (Trp-Val-Lys-Ile-Asn-Asn-Thr-
Ser-Pro-Thr-His-Val-Ile-Asp-Leu-Met-GIn-
Thr-His-Gln-His-Gly) was synthesized in
our previous study via F-moc chemistry [3].
Poly(lactic-co-glycolic acid) ~PLGA — (lactic
to glycolic acid ratio in the copolymer is 50:50,
inherent viscosity 0.45-0.60 dL/g, Mw —
38-54 kDa P50/50), polyvinyl alcohol (PVA),
dichloromethane (DCM) was purchased from
Sigma-Aldrich (St. Louis, Mo, USA). All other
chemical reagents were of analytical grade.
Ultra-pure water was acquired from Millipore
MilliQ Gradient system.

Preparation of Microparticles

In the present study peptide loaded PLGA
microparticles were produced according to a
previously published single emulsion solvent
evaporation methods [25, 26] with brief
modifications. Firstly, the synthetic peptide
and PLGA, which will form the organic
phase, were dissolved in ethanol and DCM,
respectively. Peptide solutions were prepared
in three different amounts (5 mg, 10 mg,
15 mg) and added to PLGA solutions and
mixed. Prepared organic solutions are added
on 4 mL of 3% PVA solution, sonicated in
ice bath for 2 min with 70 W and a power of
80% (Bandelin Sonopuls, Germany). Obtained
uniform emulsion was stirred overnight on a
magnetic stirrer for evaporation of the organic

solvents. Subsequently, the particles are
collected by centrifugation (Sartorius-Biofuge)
for 40 min at 10 000 rpm, washed three times
with ultrapure water. The microparticles were
lyophilized and stored at —80 °C.

Characterization of Microparticles

In the study, obtained microparticles were
detailed analyzed by following parameters:
reaction yield (RY), encapsulation efficiency
(EE), drug loading (DL), particle size (Z-ave),
polydispersity index (PDI), and zeta potential
(ZP).

Reaction Yield, Encapsula-
tion Efficiency and Drug Loading.

In the present study, the reaction yield was
calculated gravimetrically using the formula
given below:

The drug loading and entrapped peptide
was assayed by fluorescence spectroscopy
(excitation wavelength 270 nm and emission
wavelength 280-600 nm) analysis. EE was
determined by using of the supernatants
obtained after centrifugation for each of
microparticles.

The peptide entrapment efficiency (EE) was
determined using the formula given below:

The drug loading (DL) of peptide was
calculated using the formula given below:

Particle Size, Polydispersity Index and
Zeta Potential Measurements of Microparticles

Particle size, polydispersity index and zeta
potential of microparticles were determined
by dynamic light scattering (DLS) (Malvern
Zetasizer, ZS, Malvern, UK). Measurements
were done in triplicate, at 25 °C, using
0.8872 cP viscosity and 1.330 refractive
index for the solutions, dielectric constant
79; f(ka) 1.50 (Smoluchowski). Before the
measurement all samples were diluted to
1:30 dilution factors with ultra-pure water
(Millipore).

FT-IR Measurements of Microparticles
Fourier transform infrared (FTIR)
spectroscopy measurements were performed
by IR-Prestige 21 FTIR spectrophotometer
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(Shimadzu, Japan) in the range from 4000
cm! to 650 cm™! and a resolution of 4 cm™
and each sample were scanning 32 times.
FTIR spectroscopy was used to characterize
structural changes between free peptide and
microparticles consisted after encapsulation
process.

SEM Measurements of Microparticles

The surface morphology of microparticles
was evaluated by scanning electron microscopy
(SEM, Zeiss, EVO-LS 10) as previously
described [27]. Lyophilized microparticles were
fixed on metallic studs and then coated with
gold under vacuum. SEM photomicrographs
were taken at an acceleration voltage of 5 kV.

In vitro release

In vitro peptide release was studied at
pH 7.4 in phosphate buffer solution (PBS)
according to our previous study[27, 28]. 10 mg
of peptide loaded microparticles were dissolved
in 5 ml (PBS)-0.01% sodium azide and the
microparticles suspension was incubated in
a shaking incubator (120 rpm) at 37 °C. At
specified time intervals (1, 2, 3,4 h; 1, 2, 3,
7,10, 16, 24, 30, 33 days), medium was fully
removed and fresh medium (PBS) was added.
Released peptide amount in the supernatant
was measured with fluorescence spectroscopy
at 270 nm excitation and 325 nm emission
wavelength and calculated by using previously
constructed standard calibration curve.

Results and Discussion

Reaction Yield, Encapsulation Efficiency
and Drug Loading of Microparticles

In the present study, FMDV 40-60
synthetic peptide loaded PLGA microparticles
was synthesized via single emulsion solvent
evaporation methods by using different
peptide amounts (b mg > FMMP1, 10 mg >
FMMP2 and 15 mg > FMMP3). Produced
microparticles were detailed characterized
for RY, EE, DL using gravimetric method and
fluorescence spectrophotometer, respectively.
Obtained results were given in Table.

Additionally, the changes in microparticles
properties depending on the initial peptide
amount are given in Fig. 2. It can be seen
that, the DL of the microparticles increases
with increasing of initial peptide amount.
Conversely, the reaction yield of the
microparticles decreases by the increasing of
initial peptide amount.

Particle size and Zeta Potential Analysis of
Microparticles

Also, produced microparticles were
analyzed Zeta-sizer for particle size,
polydispersity index (PDI) and zeta potential.
The size distributions of the produced
microparticles were shown in Fig. 2 and both
zeta potential and PDI values were summarized
in Table. It can be concluded that all particles
have particle size around micrometers. The
size distributions are narrow and there is no
agglomeration in the particles.

Fourier transform infrared (FTIR) spec-
troscopy — FTIR Analysis of Microparticles

Synthesized microparticles were analyzed
by FTIR spectrophotometer in comparison
with FMDV 40-60 peptide and PLGA polymer,
obtained spectrums were shown in Fig. 3. In
the FT-IR spectrums, PLGA molecule showed
peaks such as carbonyl —C=0 stretching
(1751 c¢m™! strong and narrow), C-O
stretching (1087 cm™'). Pure FMDYV peptide
(FM) sample showed amide C =0 stretching
(1660 cm™!). When the obtained spectrums
are compared, it is seen that the FT-IR
spectrums of microparticles and PLGA have
the same chemical characteristics. In the FTIR
spectrums of FMMP1, FMMP2 and FMMP3
peptides loaded microparticles, the main peak
of peptide at 1 660 cm ! were dramatically
lowered and this situation indicates that
FMDYV 40-60 peptide was successfully loaded
to PLGA microparticles.

Microparticles properties including RY, EE, DL, particle size, zeta potential and PDI

Formulation P;‘_r;‘i,‘;l‘(’usljlz)e Zeta (1:;’3’)““31 PDI RY (%) | EE(%) | DL (%)
FMMP1 1.82+0.078 | -4.86=0.13 | 0.458+0.066 | 74.97 | 40.64 2.58
FMMP2 0.55=0.012 | +11.9+0.56 | 0.403=0.017 | 73.00 | 40.66 5.06
FMMP3 1.89+0.010 | +3.37=0.54 | 0.505+0.040 | 72.59 | 33.07 5.94
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Fig. 1. A — effect of initial peptide amount on EE (bar) and DL (line); B — RY (bar);
C — Z-ave of particle size (bar) and PDI (line)

Fig. 2. Particle size distribution of FMMP1, FMMP2 and FMMP3, respectively
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Fig. 3. FT-IR spectrums of FMDYV peptide (FM), PLGA, FMMP1, FMMP2 and FMMP3

Fig.4. A — SEM image of FMMP1 microparticles; B— SEM image of FMMP2 microparticles;
C — SEM image of FMMP3 microparticles

SEM -Analysis of Microparticles

Microparticles synthesized wusing
different amounts of peptides were analyzed
morphologically by scanning electron
microscopy (SEM). Obtained SEM images were
shown in Fig. 4, A, B, C.
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When the SEM images of the obtained
microparticles are examined, it can be
concluded that the microparticles are
synthesized smooth/spherically and the size
distributions of the particles are in a narrow
range. Additionally, obtained SEM results
were in agreements with Zeta-Sizer particle
results.
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In vitro Release of Microparticles

Fig. 5 illustrates the in vitro release pattern
of FMDV 40-60 peptide from microparticles
prepared with different initial peptide
amounts. Obtained release pattern shows that
controlled release of the peptide is observed for
33 days from the microparticles. First two days
initial burst release was observed than slow
peptide release occurred from microparticles
in the subsequent period. The last part of the
pattern peptide release continuous release
almost close to linear was observed after the
15% days.

Fig. 5. In vitro release profile of FMDV 40—-60
peptide from microparticles in phosphate buffer,
pH7.4
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CHUHTE3 I XAPAKTEPUCTHUKA
MIKPOYACTHHOK ITIOJII(MOJIOYHOI-
KOT'JIIKOJIEBOI) KHCJIOTH,
HABAHTAKEHUX CHHTETUYHUM
IEIITHOM BIPYCY AIILYPY 40—60

3. Mycmadgpaesa

MunguscbKuii TexHiYHMI yHiBEpCHUTET,
Crambyi, TypeuunHa

E-mail: zmustafaeva@yahoo.com

MerToto mocutimsKeHHs 6yJI0 CHHTe3yBaTH Ta 0Xa-
paxkTepu3yBaTH MiKPOYACTUHKU ITOJi(MOJOYHOI-
KOTJIIKOJIeBO1 KHCJIOTU), HaBaHTaKeHi CHH-
TEeTUUYHUM IMenTumaoM Bipycy amypy 40-60.
Hdna oxepskaHHA MIKpPOYaCTHHOK 3 TphoMa
pisHuMu Kinmbkoctamu nentunpy (5; 10 i 15 mr)
0yJl0O BUKOPUCTAHO METOJ OJHOEMYJIbCilAHOTO
BumapoByBaHHA. OTpuMaHi MiKpoUacTUHKU
OyJio nmeTaJlbHO OXapaKTepu30BaHO 3a JIOIO-
MOTOI0 METOJiB BH3HAUEHHS BUXONY DPeakIrii,
e(heKTUBHOCTI iHKamNCyJIOBaHHSA, HaBaHTaXKeH-
HA JIiKaMu, PO3Mipy YacTUHOK, KoedimieHTy
TOJIIAWCIIEPCHOCTI Ta 3eTa-MOTEHITiaY.

Knarmouwosi cnosa: Bipyc dIypy, MiKpOUacTUHKU
OJTi(MOJIOUHOI-KOTJIiK0JIEBO1 KUCJIOTH).

CHUHTE3 U XAPAKTEPHUCTHEA
MHUKPOYACTHIL ITOJIA(MOJIOYHOM-
KOT'JINKOJEBON) KUCJIOTHI,
HATPYSREHHBIX CHHTETUYECKUM
IIEIITUAOM BUPYCA AIYPA 40-60

3. Mycmagaesa

M BLIABIBCK Ui TEXHUUeCK Ui YHIBEPCUTET,
Crambya, Typriusa

E-mail: zmustafaeva@yahoo.com

ITenpb ucciaeqoBaHusa — CUHTE3UPOBATH U 0Xa-
PaKTepU30BaTh CUHTETUUECKUI HENTH] BUpPyca
amypa 40—60, Harpy:XeHHBIIT MUKPOUACTUAIIAMU
moIn(MOJIOUHO-KOTJIMKOJIEeBOM KUCJIOTHI). Ilasa
MOJIYUYeHUSA MUKPOUACTHUI[ C TPeMs Pal3JIUUHBI-
MU KosuuectBamu nentuga (5; 10 u 15 mr) 6n11
HUCIOJIb30BAH METOJ OJHO3MYJIbCUOHHOTO HCIIa-
penusa. I[lonyyeHHBIE MUKPOYACTUIHI OBLIN IIO-
IPOOHO 0XapaKTepPU30BaHBI C IIOMOIIILI0 METOLOB
oIpenesieHUA BbIX0Jla Peaknuu, 3P(PeKTUBHOCTU
MHKAICYJNPOBAHMUA, 3arpy3KM JeKapcTBaMu,
posMepa yacTuuek, KoaOUIreHTa IoJIugUCIep-
CHOCTHU U 3eTa-IIO0TeHIIAaIa.

Kntouesvle cnoea: BUPyC AMypa, MUKPOUACTUILHI
o1 (MOJIOUHOM -KOTJIMKOJIE€BON KHUCJIOTHI).

59



