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Tissue engineering is defined as the designing and engineering of structures to
rebuild and repair a  body damaged  tissue.  Scaffolding Poly Hydroxy Butyrate Valrate
(PHBV) has shown good biocompatibility and biodegradable properties. Nanofibers have
improved  the  performance  of  biomaterials,  and  could  be  considered  effective. One of
the important methods for designing nanofiber scaffold is the electrospinnig method. In
this study, PHBV nanofibers were well designed; then, modified with the immobilized
gelatin via the chemically method. The samples were evaluated by ATR-FTIR, SEM, and
finally, myocardiocyte culture.

ATR-FTIR  structural  analysis  showed  the  presence  of  gelatin  on  the
nanofiber surfaces. The SEM  images showed  the size average of nanofibers as  to be about
280 nm;  that  increased with  a  gelatin  coating  up  to  500  nm. Cellular investigations
(myocardiocyte) showed better adhesion and cell growth and proliferation of coated
samples than uncoated samples.

In this work, the PHBV nanofibers with a size average about 280 nm were designed.
Nanofibers  were successfully  coated with  gelatin  via  the  chemically methods.  These
gelatin-coated nanofibers could be used well for heart tissue engineering.

Key words: PHBV, Nanofiber, Gelatin Coating, Cellular Investigation, Cardiac Muscle Cells.

Tissue engineering is a rapidly growing
area that aims to create, repair and/or replace
tissues and organs by using combinations of cells,
biomaterials, and/or biologically active molecules.
Tissue engineering strategies promise to
revolutionize current therapies for irreversible
myocardial damage, heart failure, and significantly
improve the quality of life for millions of patients.
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The most challenging goal in the field of
cardiovascular tissue engineering is the creation
of an engineered heart muscle. Today, unlike heart
valves or blood vessels, heart muscle has no
replacement alternatives. Recent advances in
methods of stem cell isolation and culture in
bioreactors and the synthesis of bioactive materials
show promise to contribute to creation of
engineered cardiac tissue in vitro1-3.

The biomaterial scaffold plays a key role
in most tissue engineering strategies. To guide the
organization, growth, and differentiation of cells
in tissue engineered constructs, the biomaterial
scaffold should be able to provide not only a
physical support for the cells but also the chemical
and biological cues needed in forming functional
tissues4.

Poly Hydroxy Butyrate Valerate (PHBV)
is a biomaterial that is used in a variety of
applications including surgical sutures, wound
dressing, drug delivery and tissue engineering.
This is due to its specific properties such as good
biocompatibility,biodegradablity, non toxicity as
well as its piezoelectricity features. However, this
material is a hydrophobic polyester which should
be modified with other materials until it improves
its cell adhesion and hydrophilicity properties5-9.
It has been generally accepted that extracellular
matrix mimics may improve the attachment,
proliferation, and the viability of the cultured
cells10. Electro-spinning has been rapidly
developed into a technique to prepare nanofibers
with the diameter ranging from tens of nanometers
to several microns11-13.The electro-spun fibrous
mats also show extremely high surface area and
large porosity. Besides, the fibrous structure of
the electro-spun mats may mimic the extracellular
matrix. It is well-known that the gelatin is a natural
Biomaterial derived from the collagen inside animals
skin and bones13.Therefore; during the last few
years, many works considering the tissue
engineering of electro-spun nanofibers have been
reported. Most recently, electro-spun nanofibers
were prepared by Yang et al and were applied in
neural tissue engineering14. Although the presented
nanofibers may mimic the morphologies of
extracellular matrix to some extent, some
modifications are still required to create a friendly
environment for the cells attachment, proliferation
and functions such as communications. Some

natural materials such as collagen, fibronectin and
some peptides have been reported as scaffold
modifiers15,16. Controlling surface properties is very
important for the high performance of adhesion.
Biomaterials wettability is an important factor in
the surface modification of materials. Surface
modification of hydrophobic polymer surfaces can
be achieved by wet (acid, alkali), dry (plasma) and
radiation treatments (ultraviolet radiation and
laser)17-20.

In this study, the coated gelatin PHBV
nanofibers were obtained through the chemical
method. The samples were evaluated by ATR-FTIR,
SEM and also the cell culture with Cardiac Muscle
cells.

MATERIAL  AND METHODS

Nanofiber Preparation
A poly (3-hydroxybutyrate-co-3-

hydroxyvalerate) PHBV containing 5 mol% of 3-
hydroxyvalerate with 680,000 molecular weight was
purchased from Sigma Chemical Co. 2, 2, 2-
trifluoroethanol (TFE) to prepare PHBV solution
was also purchased from Sigma-Aldrich Chemicals
and was used as received without further
purification. An electro-spinning apparatus used
in this study was prepared from the Asia
Nanomeghyas Company (Iran). The PHBV was
dissolved at determined concentration in TFE. The
PHBV solution (2%w) in a glass syringe was
controlled by the syringe pump. A positive high
voltage source through a wire was applied at the
tip of the syringe needle. In this situation, a strong
electric field was generated between the PHBV
solution and a collector. When the electric field
reached a critical value with increasing voltage,
the mutual charge repulsion overcame the surface
tension of the polymer solution and the electrically
charged jet was ejected from the tip of a conical
shape as the Taylor cone. Ultrafine fibers were
formed by the narrowing of the ejected jet fluid as
it underwent increasing surface charge density due
to the evaporation of the solvent. The electro-spun
PHBV nanofibrous mat was carefully detached from
the collector and was dried in vacuo for 2 days at
room temperature to remove solvent molecules
completely. The used parameters for this
nanofibers preparation can be seen in
Table1.
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Gelatin Immobilization
Gelatin (Sigma) was immobilized onto the

nanofiber surface based on the following protocol.
The nanofibrous mat was submerged into the
Gelatin solution (10 mg/mL in distilled water
solution) and was shaken gently for 2 h at 40 °C.
The samples were exposured to glutaraldehyde
12% in hot water bath. The obtained samples were
placed inside a vacuum oven so that they would
fully lose humidity.
Fourier transmission infrared spectroscopy

The samples were examined by FTIR
(Bruker-Equinox 55; Bruker Optics, Billerica, MA)
before and after adjustment. The samples were
scratched into powder and were produced as
capsules using KBr, and then were investigated.
Scanning electron microscopy

The surface characteristics of various
modified and unmodified films were studied by
scanning electron microscopy (SEM; Cambridge
Stereo-scan, model S-360; Cambridge Instruments,
Wetzlar, Germany) to analyze the changes in the
surface morphology. The films were first coated
with a gold layer (Joel fine coat, ion sputter for 2
hours) to provide surface conduction before their
scanning.
Cellular analysis

Primary cultures can be initiated from
cardiac muscle tissues of newborn rats as described
below.
1. Digest minced cardiac muscle tissue with

0.1% trypsin (gibco) in Ca2+ and Mg2+ free
PBS for 20 min at 37°C. Satellite cells can
also be isolated by digesting minced adult
muscle with 0.2% (w/v) collagenase (Roche)
in HBSS followed by 0.1% (w/v) trypsin in
PBS. Inactivate the trypsin with an equal
volume of 0.1% soya bean trypsin inhibitor
(Sigma) in PBS. Cells enzymatically released
from muscle tissue usually contain a
significant number of fibroblasts in addition
to myogenic cells.

2. Separate fibroblasts from myogenic cells
using differential adhesion: incubate cells
for 30 min on non-coated plastic culture
dishes, and collect the non-adherent  muscle
cells. Repeat this differential cell adhesion
step.

3. Plate myoblasts on to gelatin-coated dishes
in Eagle’s minimal essential medium (MEM)

(Life Technologies) supplemented with 10%
horse serum (Hyclone) and 2% embryo
extract (Difco). It is advisable to add
ascorbic acid (Sigma) to 100 Il-M to enhance
collagen production.

Myoblasts enter the post-mitotic  G0
phase and myoblast fusion (fusion- burst)
becomes evident within 48 h after plating. Around
the time of fusion-burst, transcription of muscle-
specific genes is up-regulated. The activation of
muscle-specific genes is also observed in fusion-
arrested myoblasts in low calcium medium.
Myofibrillogenesis takes place in multinucleated
myotubes and spontaneous twitching can be
observed within 7 days of plating. Aliquots of cell
suspension in RPMI medium including 300,000
cardiomyocyte cells were seeded on a 6-multiwell
cell culture plate (Orange County Industrial
Plastics) which was precoated with samples. The
film was put in an incubator (37°C, CO

2
) over three

hours for cell attachment, followed by rinsing of
the loosely attached cells with phosphate buffer
solution, and adding 2 mL of fresh medium to the
cell culture in the incubator for seven days.
Proliferation of cells was determined from measure-
ment of viable cell numbers by MTT assay.

The MTT tetrazolium compound was
reduced by living cells into a colored formazan
product that was soluble in tissue culture medium.
The quantity of formazan product was directly
proportional to the number of viable cells in the
culture. The assays were performed by adding 1
mL of MTT solu-tion (Sigma-Aldrich) and 9 mL of
fresh medium to each well after aspirating the spent
medium, and incubating at 37°C for four hours with
protection from light. The colorimetric measurement
of formazan dyeing was performed at a wavelength
of 570 nm using a microplate reader
(Rayto,Shenzhen, People’s Republic of China).

RESULTS

FTIR Results
The results, from the ATR-FTIR spectrum

of the uncoated nanofiber sample and the nanofiber
sample modified with Gelatin, have been shown in
figure 1. In figure 1a, the strong band in 1722 cm-1

has been shown to be related to the C = O group.
The stretching band in 800-975 cm-1 has been
shown to be related to the- C-O-C- group and the
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stretching band in 2900-3000 cm-1 has been shown
to be related to the -CH

3
 groups. Fig. 1b also shows

the strong band in 1722 cm-1 as related to the C=O
group, the stretching band in 800-975 cm-1 as
related to the -C-O-C- group and the stretching
bands in 2800-3000 cm-1 as related to the -CH

3

groups. The stretching band in 3400 cm-1 and 3761
cm-1 are related to the OH and NH groups due to
the presence of gelatin.

SEM Investigations
The Figs. 2 & 3 show the Electron

Microscopy Images of the uncoated and the coated
nanofibers with gelatin in different magnifications.
Figure shows the nanofiber mat prepared to the
electro-spinning method of different
magnifications (2a ; 5000x - 2b; 20000x).

Fig. 3 shows the coated nanofiber mat
prepared to the electro-spinning method of

Table 1. Used parameters for nano fibers preparation

Syringe Dram speed Injected Syringe tip Voltage Temperature Time
Diameter (rpm ) speed)mL/min) distance to (kv) (°C) (h)
(mm) deram (mm)

17 1000 2 75 20 30 7

Fig. 1. FTIR analysis of uncoated nanofiber film (a) and coated nanofiber film (b)

Fig. 2. SEM images of PHBV nanofibers in different magnifications (2a ; 5000x - 2b; 20000x)
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Fig. 3. SEM images of coated gelatin PHBV nanofibers in different magnifications (3a; 5000x - 3b; 20000x)

Fig. 4. Fiber diameter analysis of normal and coated PHBV nanofibers. The average fiber
diameter were about 280 and 500 nm for normal (A) and coated (B) PHBV nanofibers respectively

Fig. 5. MTT analysis of the samples
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Fig. 6. Cardiac Muscle Cells growth on the samples. (a) Control (TCPS), (b) Coated nanofiber

different magnifications (3a; 5000x - 3b; 20000x).
Image analysis of the electrospun normal

nanofibers fabricated from 2wt% PHBV-TFE
solution and coated nanofiber revealed an
unimodal distribution of fiber diameters with an
observed average diameter of 280 nm and 500 nm
respectively (Fig. 4).
Cellular Study

Fig. 5 shows the MTT assay for TCPS
(control), the uncoated nanofiber and the coated
nanofiber samples. The results showed a high

viability for the samples of the uncoated nanofiber
and the coated nanofiber (110, 132 % respectively),
but the coated nanofiber showed a better viability
than the uncoated nanofiber. Also, these samples
caused more cells to proliferate. Fig. 6 showed
images of the cell culture on the coated nanofiber
and the control sample. The image a is related to
the control sample and the image b is related to the
the coated nanofiber. Cellular images showed well
growth in the vicinity of the coated nanofiber.

DISCUSSION

In this study, the PHBV nanofibers with a
size average about 280 nm were designed.
Nanofibers were successfully coated with gelatin
via the chemical methods shown in the analysis
The smooth and homology modified nanofibers
have been clearly shown in the figures. The size
average was obtained for the modified nanofibers
to be about 500 nm, whose increasing is due to
gelatin coated on the PHBV surfaces. The results
showed a high viability for the samples of the
gelatin coated nanofibers. Also, these samples
caused more cells to proliferate. Cellular images
showed well growth in the vicinity of nanofibers
especially the coated nanofiber. These gelatin
coated nanofibers could be used well for heart
tissue engineering
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