CHAPTER YV
DELIVERY OF CRUDE BONE PROTEIN FORM GELATIN
MICROSPHERES AND MICROSPHERES INTEGRATED
HYALURONAN-GELATIN BLENDED SCAFFOLD FOR
BONE TISSUE REGENERATION

5.1 Abstract

This study aimed to develop a protein delivery HA-Gelatin hlended scaffold
for bone tissue regeneration. The designed scaffold was composed of gelatin
microspheres as the part of integrated delivery device in which the crude bone
protein (CBP) extracted from bone extracellular matrix was encapsulated. Gelatin
microspheres were prepared with the thermal gelation in water-in-0il emulsion
technique. Two types of gelatin (A and B) at three different pH which were
physiologic (5.2 and 4.95 for type A and B respectively), 7.4, and 10.0 were
specified as the preparative conditions and investigated for their influences on the
microspheres properties. The results showed the effect of interaction between gelatin
type and pH on microspheres size, zeta potential, swelling ability, and encapsulation
of the CBP, but not on the CBP release characteristic. The significantly highest
encapsulation of CBP (> 93%) was achieved in gelatin A, pH 10.0 and gelatin B, pH
4.95 microspheres. Astoundingly, the controlled release of CBP from any gelatin
microspheres was not observed, implying that the anticipated ionic interaction
between CBP and molecules of gelatin may not occur. However, the microspheres
integrated composite scaffolds presented phase of sustained CBP release which
suggests the essential influence of scaffold matrix on the release mechanism.

(Key-words: bone scaffolds; bone protein; gelatin microspheres; controlled release)
5.2 Introduction

Tissue engineering is an approach to regenerate living tissue with an aim at
establishing healthy tissue or organ for being a substitute of the damaged or the
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diseased tissue (Hoffman, 2002). Progression in tissue engineering research since
1990 has been encouraging a reappraisal of the surgical approach for the treatment of
trauma and degeneration of an individual (Hollander and Hatton, 2004). Regarding
dental practice, sufficient bone support is a major requirement to achieve favorable
function and esthetic in the replacement of a losing tooth with a dental implant.
Unfortunately, perfect bone structure is not always presented in most patients. Bone
resorption easily occurs even in a simple tooth extraction case as the consequence of
would heal process (Jahangiri et al, 1998; Bodic et al., 2005). Prevention of the
alveolar bone resorption caused by a tooth extraction has been of great concern,
particularly through the principle of tissue engineering (Hanne et al, 1998; Wiesen
and Krrzis, 1998; Yaffe etal, 1999; Altundal and Guvener, 2004).

Basically, the fundamental of tissue engineering coalesces cell, supportive
material termed “scaffold” and growth-inducing substance to promote three-
dimensional tissue growth (Langer and Vacanti, 1993). Scaffold, which is a three-
dimensional construct, serves as a temporary territory for cells ingrowths. Ideal
scaffold should perfectly imitate the extracellular matrix and provide the necessary
support for cells to proliferate and maintain their differentiated function (Hutmacher,
2000; Mikos et al, 2004). Scaffolds design was initially focused on their capabilities
in supporting cell growth mostly at the physical and mechanical aspects. However,
the design has been recently paradigmatically shifted to serve the function of a
cellular guidance. This deliberation is in accordance with the concept of cellular
guidance which has been extensively discussed and progressively revised as a new
knowledge of the cell-material interaction in tissue regeneration (Causa et al, 2007,
Tessmar and Gopferich, 2007). Scaffolds have been designed as a route to transport
biological factors for cell growth and differentiation and be able to guide and induce
cell adhesion, proliferation, differentiation or even recruit the desired cells. The
novel tissue engineering scaffold, therefore, can be considered as a special type of
drug delivery apparatus (Tessmar and Gopferich, 2007), or as a drug delivery
scaffold.

Drug delivery scaffold can be designed by the integration of a drug
encapsulated delivery device into a designated scaffold. Such model has been
broadly studied for their efficacy in controlled release and tissue engineering
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enhancement (Kimura et al, 2003; Kasper et al., 2005; Holland et al., 2005; Lee and
Shin, 2007). The drug delivery device itself has been designed in several profiles and
configurations. However, most systems base on the encapsulation or entrapment of
active substances in biocompatible polymeric devices (Baldwin and Saltzma, 1998).
Among numerous applicable drug delivery devices, Gelatin microspheres have heen
frequently studied with several therapeutic agents such as antihypertensive
(Vandervoort and Ludwig, 2004), signaling proteins like aloumin (Lee etal, 2007),
chondroitin 6-sulfate (Brown et al, 1998), bFGF (Kimura et al, 2003), IGF and
TGF-P (Holland et al, 2005), or even the plasmid DNA (Kasper et al, 2005) can
also be encapsulated in gelatin microspheres in which the release profiles was under
control. These studies demonstrated satisfactory results of controlled release and
tissue regeneration in animal test (Brown et al, 1998). Gelatin microsphere
apparently is a utility drug delivery device.

Gelatin is commonly used in pharmaceutical and medical application due to
its biocompatibility and biodegradability. Structurally, gelatin is a heterogeneous
mixture of single or multiple stranded polypeptides (and their oligomers) each of
which contains about 300-4000 amino acids (Tabata and Ikada, 1998; Young et al,
2005; Chaplin, 2007). Molecules of gelatin are polyelectrolyte, presenting diverse
isoelectric point (IEP) which are about 3-5 and 7-9 for the alkaline and acidic treated
gelatin, respectively. Gelatin with different IEP can he selectively used to from
complex with the oppositely charged molecule like proteins, to be the polyion
complexation which is quite stable and improbable to dissociate simultaneously.
Polyion complexes thus are durable than bonding between low molecular weight
electrolytes (Young et al, 2005).

With an aim to regenerate bone in the dental socket, the crude bone protein
(CBP) extracted from hone extracellular matrix is the material of interest. CBP
evidently encompasses enormous active proteins and growth factors (Somerman et
al, 1983; Syftestad and Caplan, 1984; Hauschka et al, 1986; Cho et al, 1992; Hou
et al., 2000) which facilitates new bone formation (Urist, 1965; Somerman et al,
1983). Extraction of the crude bone protein with the intricate procedures does not
obliterate bioactivities of those factors, and these presumptions initiate the plan to
exploit CBP extracted from demineralized bone in regenerating bone tissue by
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applying the concept of the polyion complexation in achieving a degree of molecular
interaction between gelatin microspheres and CBP.

This contribution proposes to fabricate a novel scaffold used for alveolar
bone regeneration. On the basis of multi-functional scaffold, scaffold is designed and
expected to function as not only a delivery device of the crude hone protein but also
a supporting structure for the growth of bone cells. Concept of the polyion
complexation is applied to achieve a degree of ionic-molecular interaction between
the gelatin microspheres and crude bone protein. And it is also applied in fabricating
a porous scaffold of which the polyelectolyte HA-gelatin blends are the materials of
choice. The encapsulated gelatin microspheres are anticipated to be securely bound
in the scaffold and provide controlled release of the crude bone protein in order to
facilitate bone tissue regeneration.

5.3 Experimental Section

53.1 Materials
Gelatin from porcine skin (type A, Bloom no.170-180) was purchased
form Fluka (Switzerland). Gelatin form bovine skin (type B, Bloom no.175-225) was
purchased from Sigma Aldrich (USA). Hyaluronan (MW 1.35x106) was purchased
from  Coach Industries Inc  (Japan). — Albumin  from  bovine  serum,
tetramethylrhodamine conjugate (MW 66,000 Da) was purchased from Molecular
Probes Inc (USA). Rhodamine protein label kit was purchased form Pierce (USA).
Saturated Glutaraldehyde aqueous solution (5.6 M) was purchased from Fluka
(Switzerland). |-ethy-3-(3-dimethylaminopropyl)carbodiimide (EDC) was purchased
form Fluka (Switzerland). Acetone (AR grade) was purchased from Lab-Scan
(Thailand). All other chemical agents were of analytical grade and used without
further purification.
5.3.2 Gelatin microspheres preparation
Gelatin microspheres were prepared by a thermal gelation technique
with modification. In detail, 10 ml of 15% w/v gelatin (type A or B) aqueous solution
was prepared at 40°C. In addition to the physiologic pH which is 5.2 or 4.95 for the
gelatin type A or B respectively, pH of the gelatin solution was adjusted to be 7.4



and 10.0 by adding IN HCL or 1M NaOH with an aim to study the effects of pH and
type of gelatin on behaviors of the as-prepared microspheres. Then, the solution was
added dropwise into 200 ml of Soya oil preheated at 40°C under continuously
stirring at 1,000 rpm with a homogenizer to form water-in-oil emulsion. After 10 min,
temperature of the emulsion was reduced to be 4°C with an ice bath while stirring
was continued for an additional 30 min to induce physically thermal gelation of the
gelatin. Afterward, 200 ml of pre-cooled (4°C) acetone was added and stirred for the
next 60 min in order to dehydrate and flocculate the coaceravate droplets. The
microspheres were collected by filtration through a sintered glass filter (1 pm pores
size) under vacuum, washed three times with 100 ml of cool (4°C) acetone to remove
residual oil, and dried in air at room temperature over 24 h,

To crosslink the gelatin microspheres, 250 mg of the dry microspheres
was suspended in 10 ml of acetone-water (2:1, v/v) containing 1% (w/v,~100mM)
Glutaraldehyde solution and stirred at 4°C, 500 rpm for 1 h. The crosslinked
microspheres were collected through a sintered glass filter and washed with
precooled (4°C) acetone. Then, the crosslinked microspheres were suspended in 20
ml of 10 mM aqueous glycine solution containing Tween 80 (0.1 wt%), shaken at 37
°c, 50 rpm for 1 h to block the residual aldehyde groups of the unreacted
glutaraldehyde. The crosslinked microspheres were then washed twice with 60 ml of
the cool deionized water (4°C), with cool acetone, filtered, and eventually air-dried at
room temperature for over 24 h.

5.3.3 Crude Bone Protein preparation

CBP was extracted from the bovine jaws bone. In particular, bone was
initially washed and cleaned thoroughly in tap water and then sectioned into small
pieces with a diamond disc driven by a rotor. Pieces of bones were further crushed
into powder in liquid Nitrogen. Then, the as-prepared powder was immersed in 0.6 N
HC1 at 4°C and shaken continuously on an orbital shaker. After three days, the bony
solution was centrifuged and the supernatant was collected, dialyzed for 48 h and
lyophilized. The dry CBP was kept in desiccators until use.
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5.3.4 Fluorescent labeling of Crude Bone Protein
Crude Bone Protein was fluorescent-labeled with the 5-(and 6)-
carboxytetramethylrhodamine, succinimidyl ester (NHS-Rhodamine). Briefly, 10
mg/ml of CBP solution was prepared with 50mM borate buffer, pH 8.5 and
transferred to a reaction tube. Then, 10 mg/ml of NHS-Rhodamine in DMSO was
added. The reaction solution was gently mixed well and incubated in the dark at
room temperature for 1 hour. To remove the non-reacted NHS-Rhodamine, the
reaction solution was filtered through a D-salt dextran desalting column using 10
mM phosphate buffered saline (PBS) with 0.15 M NaCl as a filtrating medium. The
effluent solution was collected in 500-pl fraction. All fractions were subsequently
detected by measuring the absorbance with spectrophotometer at 280 nm to identify
the fraction containing NHS-Rhodamine-labeled CBP (hereafter, CBP-Rhod). The
concentration of the CBP-Rhod existing in the selected fraction was further
determined using spectrofluorometer (Cary Eclipse™) at 541 and 572 nm for the
excitation and emission wavelength respectively, based on a BSA-Rhod (Molecular
Probes™) standard curve over the concentration range 1-50 pg/ml (r2=0.996). The
CBP-Rhod fraction was stored at 4°C and protected from light until ready to use.
5.3.5 CBP-Rhod loading into gelatin microspheres
Crosslinked gelatin microspheres were loaded with CBP-Rhod by
diffusion method. In particular, the aforementioned CBP-Rhod fraction was diluted
with 10 mM PBS, 0.15 M NaCl, pH 7.2 to achieve the concentration -700 pg/ml.
Gelatin microspheres were immersed in the diluted CBP-Rhod solution to attain the
loading dose of 4 pg CBP-Rhod per mg dried microspheres. The resulting mixture
was vortexed for 1 h and incubated at 4°C for 24 h to let the CBP-Rhod infuse. The
impregnated microspheres were frozen at -40°C for 24 h, lyophilized, and kept in the
dark at 4°C until use.
5.3.6 Fabrication of porous composite hyaluronan-gelatin scaffolds
Porous composite hyaluronan-gelatin scaffolds were fabricated by the
solvent casting and freeze-drying technique. Briefly, 2% ( / ) aqueous solution of a
HA and gelatin mixture (1:1, / ) was prepared at 50°C and left to cool down to
room temperature. Then, in order to facilitate the blending of HA and gelatin, ionic
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strength ofthe mixture was adjusted by adding the equal amount of NaCl to HA (L:1,
mole/equ) and being mixed up for 30 min. The resulting mixture became clearer and
more translucent. To crosslink the polymers, calculated amount of EDC (Ix to HA,
mole/equ) was added and reacted under 200 rpm stirring at room temperature for 2 h.
Afterward, the neat or the CBP-Rhod labeled microspheres were suspended in FLA-
gelatin mixture at 1% ( / ) concentration, which equals to 50% ( / ) of the
polymer weight. The suspension was continuously stirred until the microspheres
were well dispersed in the mixture and the then was cast in polypropylene discs at a
constant weight, freezed at -40°C and lyophilized at -50°C. The samples were kept in
desiccators until use.
5.3.7 Characterization
53.7.1 Size and morphology of gelatin - microspheres and

microspheres integrated HA-Gelatin scaffold

Gelatin - microspheres were initially inspected under the
computer connected Polarizing Optical Microscope (DMRXP, Leica) at 20x
magnification. The images were recorded and further used to measure the diameters
of the microspheres with the UTHSCSA Image Tool version 3.0 software. One
hundred microspheres were measured for each preparative condition and the average
values of their sizes were calculated. The data were also used to determine size
distribution of the microspheres hoth before and after crosslinking with 100mM
Glutaraldehyde. For the morphological study, gelatin microspheres and the as-
prepared scaffolds were mounted on brass stubs, coated with gold using a JEOL JFC-
1100 sputtering device, and observed for their microscopic morphology using JEOL
JSM-5200 scanning electron microscopy (SEM).

5.3.7.2 Swelling ability ofgelatin microsphere

Swelling ability was determined by the alteration of
microspheres’ size after water uptake. 20 mg of the dry crosslinked microspheres
were incubated in 10 ml of 10 mM PBS with 0.15 M NaCl at 37°C for 24 h. Then,
sizes of the swelling microspheres were examined with the same procedure as
previously described in 5.3.7.1. One hundred microspheres of each preparative
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condition were measured and the average diameters were calculated. The swelling
ability was calculated according to the following equation:
Swelling = 0 3%i 70dry

where o swii and odry are the averaged diameter of the

microspheres before and after incubation, respectively.
5.3.7.3 Zetapotential determination

Zeta potentials (or electrophoretic mobility) of the gelatin
microspheres were determined using Zeta-Meter 3.0+ (Zeta-Meter, Inc., USA).
Briefly, the suspension of 25 mg gelatin microspheres in 10 ml of deionized water
was filled in an electrophoresis cell. Two electrodes were inserted into the cell and
connected to the Zeat-Meter 3.0+ unit. Once the electrodes were energized,
microspheres were aroused to move toward one electrode. A microsphere was
observed under a microscope for its movement along a specific distance which was
indicated by a built in grid. The zeta potential value was detected at a right time point
when the microsphere moved to the end. Measurement was repeated 10 times for
each preparative condition and the average values were calculated.

5.3.7.4 Actual loading of CBP-Rhod in gelatin microspheres

Five mg of Rhodamine-labeled gelatin microspheres were
suspended in I ml of 10 mM PBS with 0.15 M NaCl ina 1.5 ml microcentrifuge tube.
The tube was then placed in cool water and sonicated with the Sonicator (Vibracell™,
Sonic, USA) at 20% amplitude. After 1 h, the suspension was centrifuged at 5,000
rpm for 5 min and the supernatant was collected. The actual amount of the CBP-
Rhod in supernatant was determined using spectrofluorometer (Cary Eclipse™) by
the same procedure done in the step of NHS-Rhodamine labeling (2.4). The
experiment was carried out in triplicate and the results were presented in terms of
Encapsulating efficiency of CBP-Rhod (EE) and Loading capacity of gelatin
microspheres (LC), which were determined according to the following equation
(Freiberg and Zhu, 2004).

Encapsulating efficiency (%) = total ug CBP-Rhod encapsulated x 100
initial pg CBP-Rhod loaded

Loading capacity (%) = total mg CBP-Rhod encapsulated x 100
total mg microspheres
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5.3.7.5 Invitro CBP-Rhod release
In vitro release of CBP-Rhod from gelatin microspheres and
the microspheres integrated HA-gelatin scaffold were investigated in buffer solution
by a standard sampling-separation method. In the release assay, 5 mg of the CBP-
loaded microspheres and one piece of the microspheres integrated HA-gelatin
scaffold (circular shape with 10 mm in diameter and 2 mm in height), which
contained 2.5 mg of gelatin microspheres, were separately immersed in 1 mL of 10
mM PBS with 0.15 M NaCl, and incubated in a shaking water bath (70 rpm) at 37°C.
At a given time point, 500 pi of the buffer solution (hereafter, the sample solution)
was withdrawn and an equal amount of fresh medium was added in order to maintain
a constant volume of the medium. The sample solution was centrifuged at 5000 rpm
for 5 min at room temperature and the amount of CBP-Rhod in the sample solution
was determined by spectrofluorometry at 541 and 572 nm for the excitation and
emission respectively, as previously described. An average value was calculated at
each time point. The experiment was done in triplicate.
5.3.8 Statistical analysis
Data were analyzed using the SPSS software version 14.0 for window.
Initially, the normal distribution was assessed by the Shapiro-Wilk test. The normal
distribution data, representing the homogeneity of the variances, shown by the
Levene’s test, were then investigated by the one-way analysis of variance (ANOVA)
with the Tukey HSD post hoc multiple comparisons. Otherwise, the Dunnett T3
would be applied if the data did not exhibit the homogeneity of the variances. For the
data of which the normal distribution was absent but the variance was homogeneous,
the Kruskal-Wallis H was applied. To compare the means hetween 2 data groups, the
students’ unpaired t-test was used. The significant level was indicated atp < 0.05 in
any case.

54 Results and Discussion

54.1 Morphology of gelatin microspheres and microspheres integrated HA
Gelatin scaffold



68

The selected SEM images of the uncrosslinked gelatin microspheres
are shown in Figure 5.1. As observed, the microspheres prepared at any given
condition presented entirely spherical geometry with a smooth surface, on which the
macroscopic pores were not detected. Aggregation of the various sizes microspheres
into many small clusters was shown in all cases. In our opinion, such aggregation
was caused by the direct contact between the adjacent particles once the solvent was
expelled during microspheres preparation. The electrical charge on the surface of
particles might be diminished in dry environment so that the electrostatic repulsive
force was also weakened; as a consequence, repulsion among particles was unlikely
illustrated.

Figure 5.2 show the selected SEM images of internal architecture of
the composite HA-gelatin scaffold. A well-defined porous structure and the inter-
pore connectivity were observed throughout the bulk. The incorporated gelatin
microspheres were extensively embedded into the wall of scaffold without
deterioration of their geometry. Nevertheless, exceptional for the quite small
particles, almost microspheres were not thoroughly submerged in thin walls of
scaffold. This manifestation may be responsible for controlled release of the
absorbed protein since the releasing medium could transport through the exposed
microspheres differently from the one covered with walls of scaffold.

5.4.2 Effectof gelatin type and pH on size ofthe gelatin microspheres

Upon the preparation of gelatin microspheres by thermal gelation
technique, the average size of particles depends on several manufacturing parameters,
for instance, the type and dimension of stirrer, diameter of the vessel or container,
volume ratio between aqueous and oil phases and their respective viscosities, stirring
speed, and the surface tension between the two immiscible phases governed by type
of the selected oil phase (Arshady, 1990). In this study, all parameters were
identically controlled in order to investigate the effect of gelatin type and pH on the
microspheres size, and it was found that sizes of the as-prepared microspheres varied
from ~4 to ~40 pm in which over 85% of the microspheres range between ~8 to ~25
pm (Figure 5.3). For all given conditions, the size distributions presented a similar
pattern of which the curves of normal distribution were observed.
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The average sizes of the as-prepared gelatin microspheres at various
conditions are presented in Figure 5.4. Diameters ofthe uncrosslinked samples range
between ~10 and ~20 pm for gelatin A microspheres, and between ~11and ~ 23 pm
for gelatin B microspheres. Average sizes of the microspheres were apparently in the
same dimensional range for any preparative condition. However, when the data were
statistically analyzed with the Univariate analysis of variance; test of between-
subjects effects, sizes of the as-prepared microspheres were significantly different
through the influence of the interaction between type of gelatin and pH. Effect of
gelatin type or pH on microspheres size, therefore, can not be individually analyzed.
The data were thus reorganized into six discrete groups and analyzed further with
one-way ANOVA. The results presented that sizes of both gelatin A and B
microspheres prepared at pH 7.4 and 10.0 are statistically the same, in contrast to the
microspheres prepared at their physiologic pH at which gelatin A microspheres were
significantly smaller than those of gelatin B. The effect of interaction between gelatin
type and pH are thus limited at a certain condition, probably only at the physiologic
pH.

Considering the crosslinked samples, only gelatin A microspheres
prepared at its physiologic pH (pH 5.2) presented a significant reduction in particle
size comparing with the others which were ~11 and ~15 pm respectively. The
difference in particle sizes might be due to the difference in crosslinking intensity of
gelatin A from the others which was particularly favored at its physiologic pH,
resulting in a denser network and smaller particle sizes (Vandervoort and Ludwig,
2004). Such observation was also detected in the size of swelling microspheres.
Since the CBP was anticipated to be incorporated into gelatin microspheres by
diffusion method, swelling ability of the microspheres was required to facilitate
absorption of the CBP solution. The as-prepared microspheres illustrated ability to
absorb and retain water as the hydrated swelling characteristic was remarkably
observed in every study group (Figure 5.5). With the crosslinking condition done in
this study, the as-prepared microspheres could swell in water significantly at ~1.3 to
1.6 folds over their sizes in the dry state (Table 5.1). However, the difference of their
swelling ability was not noticeably observed at any particular preparative condition.
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The type of gelatin used and pH, thus, did not have a clear effect on
the resulting size of the microspheres behaving in the uncrosslinked, crosslinked or
swelling condition. The result of this study partially corresponded to that of
Vandervoort and Ludwig in 2004 which found that type of gelatin did not influence
the resulting size of nanoparticle prepared by desolvation method whereas the pH did
(Vandervoort and Ludwig, 2004).

5.4.3 Zeta potentials

The zeta potentials value of the microspheres was measured at all
given conditions with an aim to study the influence driven from gelatin type and pH.
The value would also be beneficial in the study of CBP loading and releasing
through gelatin microspheres.

Zeta potentials values of the as-prepared microspheres are shown in
Figure 5.6. Evidently, both gelatin A and B microspheres presented different zeta
potentials values at different pH. In addition, those samples prepared with the same
type of gelatin but at different pH also presented different zeta potentials values.
Only the pH 10.0 at which statistic analysis was carried out due to the zeta potential
values were so close as — 54 and — 58 mV for gelatin A and B microspheres,
respectively in order to ensure the significance of difference. The analysis revealed
their statistically different, therefore, both type of gelatin and pH do have significant
influences on the zeta potential value of the microspheres obtained.

Since zeta potential is an indicator of charge density (Brown et al,
1998), the pH-induced disparity of zeta potential value can be explained with the
isoelectric point (IEP), which factually is the pH at which net molecular charge and
thus zeta potential is equal to zero. The IEP of gelatin A and B are  and ~5,
respectively (Vandervoort and Ludwig, 2004; Young et al, 2005), bringing about a
different electrical charge of both gelatin types in function of the pH. The electrical
charges of gelatin A and B are both positive at their physiologic pH since the pH was
under IEP. At pH 7.4, gelatin A has a net positive charge by the under-1EP pH, while
gelatin B is charged negatively by the over-IEP pH. And eventually at pH 10.0 which
is over the IEP, they both present negative charge.

Concerning gelatin microspheres, the IEP of type A and B gelatin
microspheres located somewhere in between pH 7.4-10.0 and pH 4.95-7.4,
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respectively (see Figure 5.6). The IEP of the obtained microspheres corresponded to
the theoretical IEP of gelatin precursor at any given pH. Therefore, the procedure of
microspheres preparation used in this study, the thermal gelation in water-in-oil
emulsion technique, does not affect the microspheres zeta potentials.

54.4 Loading of CBP in gelatin microspheres

Encapsulation of CBP into gelatin microspheres in this study was on
the basis of polyion complexation. It was expected that a degree of molecular
interaction was able to take place between bone proteins and gelatin microspheres of
opposite charges (Young et al, 2005); as a consequence, a higher yield of the ionic
complexes should result in higher encapsulation efficiency and loading capacity
(Tabata and Ikada, 1998; Hoffman, 2002; Young et al, 2005).

In order to overcome either the inactivity of bone protein from those
procedures of microspheres preparation or the low loading yield of bone protein
which was available in limited quantity, this study designed to incorporate CBP into
the preformed empty gelatin microspheres by rehydrating the freeze-dried gelatin
microspheres with a solution of the CBP-Rhod at 4°C for 24 h. Such condition
should be favorable for the complete absorption (Tabata and lkada, 1998). The
amount of CBP-Rhod that had heen loaded in gelatin microspheres was reported as
either the encapsulating efficiency (EE) or the loading capacity (LC) as shown in
Table 5.2,

As observed, the EE of CBP-Rhod ranges highly between ~70 to ~
90 % for both gelatin types. Comparatively, pH was deemed to influence on the EE
with an opposing manner between gelatin A and B microspheres. The EE in groups
of gelatin A microspheres was found to be significantly highest at pH 10.0 in which
the electrostatic charge was negative; whereas such statistically indifferent highest
EE was also found in groups of gelatin B microspheres but at the physiologic pH in
which the charge was positive (see also Figure 5.6). Basing on the polyion
complexation, this observation suggests the existence of both positively and
negatively charged protein molecules in the crude bone extracts.

In addition, the encapsulation of CBP was not only influenced by the
pH but also the gelatin type. The EE at pH 10.0 was found to be significantly
different between gelatin A and B microspheres while the EE at pH 7.4 were
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insignificantly different. A disparity of zeta potential value due to pH change was not
the only answer of the case as shown by the Univariate analysis of variance; test of
between-subjects effects (data not shown) that the interaction between gelatin type
and pH affect significantly to the EE and LC. As a consequence, both factors could
not be separately considered.

Concerning the LC, the result ranges between ~ 280 to -370 pg of the
CBP-Rhod per 100 mg of microspheres. Reliance of the LC on type of gelatin and
pH at any given condition was found to be identical with the EE. Therefore, the
encapsulation of the CBP into microspheres evidently depends on both type of the
gelatin and pH.

54.5 Invitro CBP-Rhod release

5.45.1 CBP-Rhod releaseform gelatin microspheres

The CBP-Rhod release form gelatin microspheres and the
composite scaffolds were presented in term of CBP-Rhod cumulative releasing
percentage from which the actual quantity of CBP-Rhod loaded in gelatin
microspheres was calculated, as shown in Figure 5.7.

The profiles of CBP-Rhod release form gelatin microspheres
are apparently different from the composite scaffolds. Though the release profiles are
similar at any given condition of either gelatin microspheres or the composite
scaffolds, the amounts of CBP-Rhod release are remarkably different. In particular,
the extremely high and low release is observed at the pH 10.0 of gelatin B and A
microspheres respectively, where as those of the other conditions are quite the same.
However, all profiles astoundingly illustrate the initial burst release of CBP-Rhod
within the first hour which was about 73-96 %.

In order to study the CBP release kinetics, the semi-empirical
equation based on a power-law expression was introduced as follows (Ritger and
Peppas, 1987a; Arifm etal, 2006)

Mt/Moo = ktn

where Mt/Moo is the fractional release ofthe CBP-Rhod, k is a

constant concerning the structure and geometry of the releasing device and s the
releasing exponent indicating the mechanism of drug release. By using the least
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square method, the k and can be detected from a profile in the plot of log Mt/Moo
as a function of log t (min), as presented in Figure 5.8 and Table 5.3.

From the log Mt/Moo - log t plot, The CBP-Rhod release
profiles showed biphasic modulation characterized by an initial relatively rapid
release period within the first 30 minutes followed by a slower release phase. The
phase separation is indicated by the difference of the value calculated as the slope
of a straight line fitted to the profile with a satisfactory high correlation coefficient
(see table 5.3). The values of all samples are close to zero particularly in phase 2
which is the slower release phase, leading the factor “tn” of the semi-empirical
equation close to 1 at any time point. Comparatively, the results are much different
form what have been theoretically identified as the  values of the monodispersed
sphere are 0.43 and 0.85 for Fickian diffusion and the Case-II transport respectively,
or 0.30 and 0.45 respectively for the mixture of multiple sizes microspheres (Ritger
and Peppas, 1987a, b). The CBP-Rhod releases from gelatin microspheres, therefore,
are constant and hardly depend on the time observed. The fast release implies that the
anticipated polyion complexation between the CBP-Rhod and gelatin microspheres
did not completely occur. This may be due to the molecule of Rhodamine which
from the covalent amide bond to primary amine on the protein restricts the ionic
interaction between the molecules of protein and gelatin.

5.4.5.2 CBP-Rhod releaseform composite scaffolds.

Comparing to the gelatin microspheres, the releases of CBP-
Rhod from the composite scaffolds are slower and a period of sustained release is
illustrated at any preparative condition. The amount of CBP-Rhod release within the
first hour was approximately 36-50%. Interestingly, the extremely high and low
release is also observed at scaffolds incorporated with pH 10.0 gelatin B and A
microspheres respectively.

From the log Mt/Moo - log t plot, The CBP-Rhod release
profiles showed three phases of release according to the calculated  values (see
Figure 5.8 and Table 5.3). Phase 1 correlated to an initial burst release of CBP-Rhod
from the scaffolds within the first 30 min. The values in this phase range from 0.37
to 0.62 which correlate to the theoretical value as mention earlier. Phase 2
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corresponded to the sustained release of CBP-Rhod starting from 1 hour to 7 days.
The values of this slow release phase are much lesser than those in phase 1, but are
in the same range as the  values of the initial burst CBP-Rhod release form gelatin
microspheres. Phase 3, eventually, represented the CBP-Rhod release with an
increasing rate from phase 2 but not faster than phase L

Considering the mechanism of CBP-Rhod release from the
composite scaffolds, the initial burst release may be the combination of diffusion and
dissolution release since the  values are in between 0.30 and 0.45 (Ritger and
Peppas, 1987a, b) (except for. gelatin B pH 7.4). Such observation is not found in
case of CBP-Rhod release from gelatin microspheres. It is believed that CBP-Rhod
might partially release into the HA-Gelatin blended solution in which the CBP-Rhod
encapsulated gelatin microspheres were dispersed during the process of composite
scaffolds fabrication. As a consequence, the releasing CBP-Rhod was also integrated
in the mass of HA-Gelatin scaffolds. The initial burst release, therefore, may be the
release from the scaffold matrix instead of the incorporated gelatin microspheres.

The mechanism of the sustained release in phase 2 may be the
same as that of the initial burst release form gelatin microspheres, but occurs at a
slower rate due to their comparable  values and lesser constant (k) values in most
samples of the former case. This observation suggests that the sustained release
concerns the release of CBP-Rhod from the incorporated gelatin microspheres
exposing into porosities within scaffolds.

During phase 3 release, the degradation of HA-Gelatin
scaffold might occur, as being observed during sampling, and induce the exposure of
the underneath scaffold matrix including the gelatin microspheres which were
previously submerged. The rate of CBP-Rhod release is thus higher, but the
mechanism can not be truly described regarding the theoretical values because the
mostly values of phase 3 are lesser than the lower range of the theoretical  values.
However, it is believed that phase 3 release is influenced by degradation and
diffusive processes.

In this study, the difference in size between the gelatin
microspheres was probably not large enough to result in a significantly different
CBP-Rhod release rate (Berkland et al, 2002; Arifin et al, 2006). However, the
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ongoing mechanism of the CBP controlled release can be the organization of a
diffusion-erosion process contributed by the capability of water uptake into the
gelatin microspheres and the ability of protein transportation through the scaffold.
Microspheres formulation mainly controls the induction time necessary to achieve
protein release while the composition of polymeric scaffold controls the release rate
(Ungaro et al, 2006). Therefore, a temporal and spatial control of signaling
molecules may be obtained by the combination of the appropriated microspheres and
scaffold formulations.

5.5 Conclusion

Type of gelatin and the preparative pH are the two factors that should be
considerably controlled in the design of bone protein delivery scaffold which
contains gelatin microspheres as an incorporated delivery device. Interaction
between those two factors influences significantly on size of the as-prepared
microspheres, surface charge or the zeta potential, swelling ability and encapsulation
capability of the CBP. This effect, however, is not observed in the drug release
studies. The ionic interaction between molecules of bone protein and gelatin in the
microspheres was not large enough to provide sustained release of the CBP.
Incorporation of the CBP loaded gelatin microspheres into HA-Gelatin blended
scaffold create a complex environment and the synergistic functions between gelatin
microspheres and scaffold in which controlled release was evidently presented.
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Table 5.1 Swelling ratio of the gelatin microspheres prepared with gelatin types A
(a) and type B (b) at various pH

Type Condition Swelling ratio
Gelatin A pH 5.2 (physiologic) 1.600
pH 7.4 1.606
pH 10.0 1.485
Gelatin B pH 4.95 (physiologic) 1.429
pH 7.4 1.285

oH 100 1441



Table 5.2 Encapsulating efficiency of the CBP and Loading capacity of the gelatin
microspheres.abcdare significantly different atp < 0.05; One-Way ANOVA with
Tukey HSD (Mean £ SD, =3)

Type Condition Encapsulating Efficiency (%) Loading Capacity (%)
(P9 cBP encap/pg loaded CBp) (m g detected CBp/mg spheres)
Gelatin A pH5.2 72.89 £0.12ab 0.291 £0.000ab
pH 7.4 79.82 £2.330c 0.319 £0.009hc
pH 10.0 95.90 £ 4.12d 0.383 £0.016d
Gelatin B pH4.95 92.87 £2.22d 0.371 £0.009d
pH 7.4 8347 £2.50° 0.333 +0.010°

oH 10.0 70483842 ' 0.281 £0.015a
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Table 5.3 Constant (k), releasing exponent ( ) and correlation coefficient (r2) of
CBP release from gelatin microspheres and microspheres integrated HA-Gel

scaffolds at three releasing intervals (nl, 2, and n3). k and  values were calculated

with the least squares method.

Release time
0-30 mins 1h-4days
. ki 1 12 k2 2 12
L mp Bl
Sl B
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ki nl 4 k2 2 r2 k3 3
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Figure 5.1 SEM images illustrating morphology of the gelatin microspheres
prepared with gelatin type A at physiologic pH (5.2) (a), pH 7.4 (b), pH 10.0 (c) and
gelatin type B at physiologic pH (4.95) (d), pH 7.4 (e), and pH 10.0 (f).
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Figure 5.2 SEM images of the as-prepared microspheres integrated HA-gelatin
scaffold illustrate thorough distribution of gelatin microspheres within the scaffold
(a) and the embedded gelatin microspheres in the walls of scaffold’s chamber (b), (b)
is the magnified image of the selected area from (a).
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(b)

mages from Optical microscope illustrate morphology of uncrosslinked,
dry gelatin microspheres (a) and crosslinked, wet and swelling gelatin microspheres
(the samples were prepared with gelatin type A at pH 5.2).
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