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Abstract: Bone tissue engineering is now used as an alternative for the treatment of bone-related diseases. In this study,

chitosan-gelatin scaffold with olibanum microspheres containing dexamethasone has been produced by the freeze-drying

method. SEM and FTIR were used to characterize the scaffolds synthesized. The rate of drug release from these scaffolds

was measured by a UV spectrophotometer. The synthesized scaffold was measured in terms of the swelling and deg-

radation rates. In vitro studies were conducted to evaluate bioactivity and the environmental compatibility of the scaffold

with an MTT test. A good controlled release was achieved. The bioactivity analysis confirmed the formation of apatite.

The results of the MTT test showed that the synthesized scaffold was biocompatible and had an appropriate interaction

with the cell. The results showed that the produced scaffold had the properties necessary to regenerate and repair bones.

Keywords: Olibanum, microsphere, scaffold, freeze-drying, dexamethasone.

Introduction

Various factors such as diseases, aging, accident, etc., can

cause bone damage affecting bone function. Recovery and

improvement of bone function are important issues in the med-

ical field. Therefore, autograft and allograft sources are used,

but there are problems in these methods such as transmission

of diseases, rejection by the immune system, and resource

shortages. Another solution is the use of bio-compatible

degradable scaffolds that can handle bone problems.1,2 Con-

sequently, tissue engineering is used to treat lost tissues and tis-

sues that are in trouble. Scaffolds are three-dimensional and

porous structures that can mimic extra cellular matrix (ECM)

due to this structure. ECM is required for cell functions such

as adhesion, growth, migration, differentiation, and the for-

mation of new tissues. Scaffolding design is one of the most

important research areas.3

Chitosan,4-9 alginate,2 collagen, gelatin5-9 and poly-lactic gly-

colic acid,8-11 and poly-caprolactone,4 as natural or synthetic

biodegradable polymers, are used for tissue engineering appli-

cations, due to their excellent biological properties, low prices,

and high availability.2 Chitosan is a natural biopolymer that is

structurally similar to glycosaminoglycan (GAG). GAG has an

important structure for ECM regeneration. Chitosan has good

properties such as high biocompatibility, hydrophilicity, anti-

bacterial properties, biodegradability, non-toxicity, and non-

allergenicity. It is used in wound healing applications, scaf-

folding, drug release, and gene therapy to treat cancers.3,6,12,13

Gelatin is a natural macromolecule that is also widely used in
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the biomedical and biotechnology fields due to its low anti-

genicity and its physical and chemical stability. In addition, it

has an arginine-glycine-asparagine (RGD) sequence, which is

essential for cell adhesion, differentiation, and cell prolifer-

ation.5,6,14,15 Today, biodegradable polymers are useful options

in drug delivery systems. In advanced drug delivery tech-

nologies, there are new plant-based approaches. The use of

plants is very practical and useful because it has the advantages

of being affordable, economical, biodegradable, non-toxic, and

chemically neutral. Recent views are that these materials are a

substitute for synthetic materials, because, in addition to the

above properties, such as synthetic polymers, they do not pol-

lute the environment and have the potential for chemical opti-

mization. Their very important feature is their biocompatibility.16

One of these natural polymers is olibanum. Olibanum is com-

posed of three main parts: essential oil (5%-9%), resins (65%–

85%) and gum (21%-22%).17-21 Several studies have been done

on olibanum in the field of drug release. These studies are

related to the synthesis of drug-carrying microspheres and

microcapsules,22,23 the coating of olibanum on the drug loaded

microspheres,24-26 and the synthesis of drug tablets.25,27-29

Here are some ways to synthesize the tissue engineering

scaffolds: Freeze-drying,5,7,8,15,30 electro-spinning,31-33 freeze-

casting,2,34 phase-separation35 and gas-foaming.11 Freeze-dry-

ing is a useful method for the synthesis of polymer scaffolds.

There are three stages in the freeze-drying procedure: Freez-

ing, initial drying, and secondary drying. The freezing process

occurs through the placing of the liquid sample in a cold envi-

ronment (freezer or liquid nitrogen), and then the sample is

placed in a freeze dryer. In this step, the solvent is frozen, sub-

limated, and, the solvent is removed from the vacuum created.

The freezing step in this protocol is very important because it

plays an important role in the production of a porous structure.

During the freezing, first, solvent crystals are formed, and then

they grow and complete freezing occurs, and the solvent is

removed. In this method, the freezing temperature, solution

concentration, and solvent type have an effect on the porosity

structure. The faster the freezing process, the smaller is the

porosity. By applying the freeze-drying method, a structure with

a porosity of more than 90% and a thickness of 20 to 200 µm

can be achieved.36 In the production of this composite system,

different cross-link methods have been used, such as physical

or chemical cross-linking.5 One of the most important cross-

linker is (3-glycidoxypropyl) methyldiethoxysilane (GPTMS).

GPTMS is a silane-coupling agent having epoxy and methoxy-

silane groups. The epoxy rings on the GPTMS molecules

react with the amino groups on the gelatin and chitosan

chains.15

J. S. Patil et al. demonstrated that the synthesized olibanum

microspheres coated with Rifampicin displayed a slow release

from the drug and kept the drug for a long time.25 Satyajit

Panda et al. showed that in microcapsules containing zid-

ovudine and coated with olibanum resin, drug release was per-

formed at a slow and controlled rate.23 I. R. Serra et al. showed

that using a freeze drying technique, porous and three-dimen-

sional scaffolds with open porosity and a high percentage of

porosity could be obtained that are suitable candidates for the

reconstruction of bone tissue.5 P. Gentile et al. examined the

chitosan-gelatin scaffold with the microspheres carrying the

drug Simvastatin and proved that this scaffold with the drug

carrier microspheres was a suitable system for drug delivery

and was used in bone tissue engineering. This scaffold was

synthesized by a freeze-drying technique.6 C. Tonda-Turo et al.

compared the effect of Genipin and GPTMS cross-linkers on

gelatin scaffolds, and it was observed that cross-linking scaf-

folds with GPTMS had greater mechanical properties because

GPTMS was able to bind to amino groups on the gelatin

chains.15 Martins et al. showed that dexamethasone caused the

differentiation of bone marrow mesenchymal stem cells due to

the osteogenic effect of this drug.37 Son et al. showed that

dexamethasone had osteoinductivity property on the HA/

DEX-loaded PLA scaffolds. In samples containing dexameth-

asone, an increase in alkaline phosphate concentration, an

increase in proteins, and calcification of bone tissue was

observed.38

According to the review of these articles, it is observed that

all attempts are focused to increase the efficacy of the drug, the

comfort of the patient, the reduction of the rate of drug re-

administration and, ultimately, the reduction of the side effects

of inappropriate dosages. These points highlight the impor-

tance of the research ahead. In addition, many efforts have

been made to build drug scaffolds in bone tissue engineering,

and research to achieve a proper scaffold with controlled drug

release rates continues. One of the challenges ahead is the

mechanism for entering the drug into the structure of the scaf-

fold.  The amounts of drug loading and the complete destruc-

tion of the drug are the effective parameters in this field.

Accordingly, if it is possible to control the release rate of the

drug by controlling the scaffold parameters, then the proper

functioning of the scaffold can be expected.  In addition, the

achievement of a field of knowledge that demonstrates the

impact of different parameters in the dynamics of drug release
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is one of the important gap and necessities in this field of

research that is being addressed in this study.

In this research, a chitosan-gelatin scaffold with dexameth-

asone-containing olibanum microspheres was synthesized by

the freeze-drying method and the synthesized scaffold was

evaluated. Bioactivity of the scaffold was studied for bone tis-

sue engineering applications.

Experimental

Materials. Gelatin (Mw = 40-50 kDa), (3-glycidoxypropyl)

methyldiethoxysilane (GPTMS), acetone, PBS tablet, meth-

anol, and MTT powder were obtained from Merck Co. Ltd.

(Germany). Chitosan and Tween80 were obtained from Sigma

Aldrich Co. Ltd. (USA). Dexamethasone was obtained from

Darou Pakhsh Co. Ltd. (Iran). Indian olibanum was used.

Olive oil was purchased from Monini Co. Ltd. (Italy). Deion-

ized water was used for all aqueous solutions.

Synthesis of Olibanum Microspheres and Chitosan-

gelatin Scaffold. For the preparation of olibanum micro-

spheres, the olibanum first came in the form of a powder and

was placed under purification. The powder was first dissolved

in water and subjected to centrifugation (Sigma, 4 k 15, USA).

Then it was dried by oven (Memmert, Germany) and dissolved

in alcohol. The remaining material was dried and the resulting

powder was dissolved in water and subjected to centrifuga-

tion.39 The single-emulsion method (water-in-oil) was used to

prepare the olibanum microspheres.40 Ten cc solution 15%

w/v of purified powder was prepared and GPTMS added 1:1.

Emulsifier Tween80 was added to the solution at the rate of

0.5%. The resulting polymeric solution was added to the oil

phase (500 cc olive oil) as a droplet and at a uniform rate,

while the oil phase was mixed with a mechanical mixer (IKA

RW 20 Digital). The resulting solution was placed in a refrig-

erator for 15 days. After that, it was washed with cold acetone,

and the microspheres were dried.

Next, 100 mg of microspheres were immersed in a 50 mg/

mL dexamethasone solution and placed in a vacuum at a pres-

sure of 0.01 Pa for 15 min. The microspheres remained in the

drug solution for 24 h. Then the microspheres were separated

from the drug solution and washed 3 times with distilled water

to remove the unloaded agent from the surface of the micro-

spheres. The drug-loaded microspheres were dried by a freeze-

dryer (Christ, Alpha 1-2 LD plus, Germany) at a temperature

of -58 oC and 0.5 Torr for 24 h.41

Chitosan-gelatin scaffolds were synthesized by the freeze-

drying method using 3% (w/v) gelatin and 3% (w/v) chitosan

solutions. For this purpose, 0.03 g of chitosan was dissolved in

1 cc solution of 2% (v/v) to the acetic acid and placed in a stir-

rer (Heidolph, MR HET-End, Germany) at 37 oC for 48 h and

0.03 g of gelatin per 1 cc of deionized water was dissolved in

a stirrer for 4 h. Then, these two solutions were mixed and

stirred for 4 h. Next, the GPTMS was added to the polymer

solution in a ratio of 0.5 to 1. The resulting solution was mixed

for 2 h. Then, 5% (w/w) dexamethasone-loaded olibanum

microspheres were added to the polymeric solution and dis-

persed.2 The solution was poured into the mold and placed in

the freezer for 24 h. The frozen samples were then placed in

a freeze-dryer at a temperature of -58 oC and 0.5 Torr for

48 h.3,7,42 The scaffold was stored in a desiccator until next

usage.

Freeze-dry Scaffold Evaluation. SEM Study: To study

the morphology and topography of microspheres, scanning

electron microscopy (SIRON AIS-2100, Belgium) was used.

Moreover, the microstructure and morphology of scaffold syn-

thesized by SEM (VEGA/TESCAN, Republic Czech) were

characterized. The surface of the samples was coated with a

thin layer of gold. At random, 30 measurements from each of

five images were made using the software image measure-

ment, (KLONK Image Measurement Light, Edition 11.2.0.0),

the diameter of the microspheres and the porosity size in the

synthesized scaffold were obtained. Their average and stan-

dard deviations were also calculated.

Porosity of Scaffold: The immersion-in-ethanol method

was used to measure the porosity of the scaffold. Ethanol %96

was used as a transfer agent, because ethanol can easily pen-

etrate inside holes and does not cause shrinkage and swelling,

and the scaffold does not dissolve in ethanol at room tem-

perature. The following equation was used in the fluid dis-

placement method:

(1)

In eq. (1), V1 is the volume of ethanol consumed inside the

cylinder and then the scaffold was added to ethanol. The scaf-

fold was vacuumed for 1 h in ethanol. V2 is the total volume of

ethanol and the scaffold after the placement of the scaffold in

the ethanol. After this, the scaffold was removed from the eth-

anol and V3 calculated. By adding the resulting numbers in eq.

(1), porosity was obtained.43

Biodegradation Percentage: To determine the biodeg-

radation of scaffolds, their weight loss was calculated. For this

Porosity(%)
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purpose, a certain number of scaffolds were weighed and

placed in 35 cc PBS (pH=7.4) in a thermoshaker (Stuart, Si 50,

England) at 37 oC and 40 rpm, and the weight loss was mea-

sured after 1, 2, 3, 4, and 5 weeks. It should be noted that the

PBS was replaced every week. After the specified time, the

samples were washed 5 times with distilled water and dried by

freeze dryer at -58 oC and pressure of 0.5 Torr for 24 h, then

the dry weight was obtained and the biodegradation percentage

calculated using the following eq.:

Biodegradation (%) = (2)

W0 is the initial weight of the scaffold and W is the dry

weight of the scaffold.3 To obtain the mean and standard devi-

ations, the test was repeated five times.

Water Absorption Percentage: The synthesized scaffold

was investigated to determine the absorption of water and

inflation. In this case, the scaffold was placed in 20 mL of PBS

with pH=7.4 at 37 oC. Its weight was measured at the intervals

of 15, 30, 45 min, and 1, 2, 4, 6, and 24 h. To obtain the wet

weight of the samples, they were placed on a filter paper and

the surface water was dried, and then weighed. The water

absorption was calculated using the following eq:

Water absorptiom (%) = (3)

W0 is the initial weight of the scaffold and W is the wet

weight of the scaffold.3,15 To obtain the mean and standard

deviation, the test was repeated five times.

FTIR Study: In order to study the chemical bonds in the

synthesized scaffold, the infrared spectrum was studied in the

range of the wave number 400-4000 with a resolution of 4.0

(byThermo Nicolet-Nexus 870, USA) for each raw materials

and scaffolds synthesized. For this purpose, FTIR spectra were

taken from olibanum, GPTMS, Dex, chitosan, gelatin, and chi-

tosan-gelatin scaffold. For this purpose, 1 mg of the powder

samples was mixed with 300 mg of KBr.2,30

In Vitro Release Study and Release Kinetic: The drug

major spectrum peak was first determined to assess the release

of drug from the chitosan-gelatin scaffold containing dexa-

methasone-loaded olibanum microspheres. This peak for dexa-

methasone was 242 nm. To measure its release rate, 35 mg of

scaffold was cut and placed in 5 cc of PBS (pH=7.4) in a ther-

moshaker at 37 oC and 50 rpm. PBS was collected one day

apart and replaced with 5 cc of new PBS. An UV-Vis spec-

trophotometer (Varian-cary 50, USA) at a wavelength of 242

nm was used to calculate the time variation of the concen-

tration of drug released in the medium. The drug release test

was repeated for 5 samples in order to obtain the correct mean

and standard deviation. To study the mechanisms of drug

release, the drug release pattern was compared with four

kinetic models. The four models were: zero-order, first-order,

Higuchi, and Korsmeyer-Pepas.44

Mechanical Characterization: Mechanical behavior of the

scaffold was studied using a compressive strength test by a ten-

sile strength test system (ZWICK/Roeal Z020, Germany). The

test samples were 1 cm in diameter and 1.5 cm in height. The

speed of the load was 1 mm/min and the test was repeated for

five samples.15

Scaffold Bioactivity Determination: Bioassay tests were

used to determine the bioactivity of the scaffold and to exam-

ine the scaffold support in the formation of apatite layers in the

external environment. The amount of scaffold in the 20-cc

simulated body fluid (SBF) solution was placed in a ther-

moshaker at 37 °C and 40 rpm. The SBF solution was

refreshed every 2 days, and after 7 and 21 days, the samples

were washed 5 times with deionized water and dried by a

freeze dryer at a temperature of -58 oC and pressure of 0.5 Torr

for 24 h and then analyzed using FESEM-EDX (VEGA/TES-

CAN, Republic Czech), XRD (3003 PTS- SEIFERT, GE-

USA) and FTIR (Thermo Nicolet-Nexus 870, USA). These

analyses were performed to investigate the microstructure and

confirm the formation of the mineral compounds on the scaf-

fold.45 The test was repeated for five samples. 

MTT Test and Cell Morphology: In order to study the bio-

compatibility of the synthesized scaffold, the scaffold was first

washed and sterilized and examined by an MTT test. The

MTT powder was prepared at a concentration of 5 mg/mL in

PBS, and then stored in darkness and 4 oC. First, the samples

were separated for a 24-well cell culture. Next, the G292 fibro-

blast cells—10000 cells per well—were placed in a 24-cell cell

culture plate and kept for 48 h in an incubator at 37 oC and

90% humidity. After 48 h, the medium in each well was

replaced with 200 µL of medium containing 10% MTT solu-

tion, and incubated for 4 h in darkness at 37 oC. The MTT

medium was then removed and 100 µL of dimethyl sulfoxide

was added to dissolve blue crystals. It was pipetted 15 min

after this process and examined by an ELISA reader with a

570 nm wavelength. After cell culturing on the scaffold,

images were prepared to confirm the presence of the cells, cell

adhesion, and examine the morphology of the cells using a

scanning microscope.

W W
0
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W
0
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W W
0
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Results and Discussion

SEM Study. In tissue engineering applications, the structure

of the scaffold and the porosity structure are very important

because they should mimic the ECM.2 Using scanning electron

microscopy images, the microsphere morphology and struc-

tural morphology of the scaffold were investigated. Figure 1

illustrates the SEM micrographs of olibanum microspheres.

It is observed that the resulting microspheres are morpho-

logically appropriate and spherical, the microspheres are sep-

arated, and not adhesive; the surface of the microspheres has

roughness and porosity that is suitable for loading and main-

taining the drug. The size distribution of microspheres is in the

10-120 µm range (Figure 2). Figures 3(a) and 3(b) demonstrate

the SEM micrographs of the chitosan-gelatin scaffold and chi-

tosan-gelatin scaffold with dexamethasone-loaded olibanum

microspheres, respectively. The resulting images appear clearly

on the scaffold, revealing an interconnection between the

pores, which play an important role in giving the cells nutrition

and disposal of cell-derived waste and have an average size of

105.65 µm. Cavities are often of an elliptical morphology and,

in many places, they show a closely interconnected structure,

which is very important for the growth and penetration of bone

tissue into the scaffold. In SEM image, it can be seen that the

microspheres have been well adapted to the scaffold. The

Figure 1. SEM micrographs of dexamethasone-loaded olibanum

microspheres.

Figure 2. Microsphere size distribution of olibanum microspheres.

Figure 3. (a) SEM micrographs of chitosan-gelatin scaffold; (b)

SEM micrographs of chitosan-gelatin scaffold with dexamethasone-

loaded olibanum microspheres.
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important thing about this scaffold is that the porosity created

in its structure has been created without adding any porosity

factor, and the reason for this is, in fact, the proper nature of

the gelatin polymer. Gelatin captures water molecules by dis-

solving in water and when crosslinked, and when the scaffold

begins to dry during the freeze-drying process, the water mol-

ecules are removed and replaced by porosities that remain in

the structure.

Porosity of Scaffold. The scaffolds have a porous and

three-dimensional structure, whose primary function is con-

duction of tissue. Scaffolds should provide cellular functions

such as binding, replication, migration, differentiation, and sur-

vival. The porosity percentage of the chitosan-gelatin scaffold

with the dexamethasone-loaded olibanum microsphere scaf-

fold, investigated by the method of immersion in alcohol, was

equal to 92.93%±1.63. This percentage of porosity can be a

suitable and desirable structure for use in bone tissue engi-

neering because the high porosity and the uniformity of the

size of the scaffold pores make it a better, faster, and easier

means for the placement of cells, as well as the diffusion of

nutrition.

Biodegradation Percentage. Degradation of the scaffold

is one of the essential factors because it allows the formation

of a new ECM. Here is another important topic called the scaf-

folding degradability rate. The biodegradation rate of the scaf-

fold should coincide with the formation of the new tissue, and

the scaffold decomposition should begin when the cells are

able to maintain themselves without the need for scaffolds.46

Moreover, scaffolds used in the body should have the ability to

decompose into non-toxic products. Hydrolytic degradation

was used to determine the percent of degradability of chitosan-

gelatin dexamethasone-loaded olibanum microspheres. Weight

loss was calculated for 1, 2, 3, 4, and 5 weeks (Figure 4). 

The degradation process was appropriate in this scaffold and

it was seen that, after 5 weeks, 37.9% of the scaffold had been

degraded. The degradation rate increased over time. In the syn-

thesis of this scaffold, hydrophilic chitosan and gelatin were

used, since water absorption in the degradation process plays

a significant role. It should be noted that GPTMS causes cross-

linking of polymers and prevents their rapid degradation. This

causes the scaffold to have a good degradation rate, and

because the olibanum natural polymer is also hydrophilic,

water is absorbed into the polymer mass, and absorption of

water over time can degrade the microspheres. This process of

microsphere degradation helps the release of the loaded drug.

This is because olibanum biocompatibility does not produce

toxic products, and the degradation products do not have a

negative effect on the viability of the cells.

Water Absorption Percentage. The process of water

absorption in drug release systems and hydrogels is very

important and has an undoubted role in cellular processes.

Open and regular porosity leads to more and better fluid

exchange and a high percentage of water absorption. The pres-

ence of hydrophilicity in the scaffolding is very important

because it facilitates the transfer of gases and food across the

entire cell surface. As it is shown in Figure 5, water absorption

is a function of time. Inflation increased in the first 2 h, and

then the increase in inflation, until the end of the test, is less.

In the synthesized scaffold, hydrophilic polymers were used,

and the presence of high porosity in the scaffold caused high

water absorption. The gelatin in the structure of the scaffold

increased the ability to absorb water and had a significant

impact on the water absorption behavior due to the presence of

functional groups of amines and carboxylic in the gelatin struc-

ture.2 Owing to the scaffold porous structure, fast primary

swelling could occur, which allowed the PBS to penetrate inside

the scaffold. Sustained swelling followed gelatin water bonds.47

Figure 4. 1, 2, 3, 4 and 5weeks biodegradation for chitosan-gelatin

scaffold with dexamethasone-loaded olibanum microspheres.
Figure 5. Water absorption as a function of time for chitosan-gelatin

scaffold with dexamethasone-loaded olibanum microspheres.
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FTIR Study. FTIR spectroscopy is widely used in iden-

tifying chemical bonds and functional groups. Materials,

microspheres, and scaffold FTIR spectra are shown in Figure

6. In the olibanum FTIR, the 3422 cm-1 peak is related to the

O-H stretching band. The 1609 cm-1 peak represents the car-

bonyl group. The 1075 cm-1 peak is related to C-O ester

bands.48,49 In the FTIR of GPTMS, there are epoxy and metoxy

groups in which these peaks are represented in 1255 cm-1 and

820 cm-1, respectively. The 1092 cm-1 peak represents the Si-

O-Si and the 909 cm-1 peak is related to the Si-OH group.15

When GPTMS is added to the olibanum powder, they form

siloxane groups (Si-O-Si) since GPTMS has its own structure

of Si-OH groups and the silane groups are hydrolyzed. Silox-

ane groups are linked to the substance and cause cross-linking.

In the FTIR of chitosan, it is seen that the 3456 cm-1 peak is

related to the N-H stretching and the O-H group. The

1600 cm-1 and 1381 cm-1 peaks represent amide I and amide II,

respectively. The stretching band C-O-C is seen in 1082 cm-1.3,12

In the FTIR of gelatin, the N-H peak of the stretching amine

is seen in 3556 cm-1. The 1648 cm-1 and 1523 cm-1 peaks rep-

resent the amide I and amide II, respectively, and the 1235 cm-1

peak is related to the band of amide III.50 In the FTIR of the

synthesized scaffold of chitosan/gelatin-dexamethasone-loaded

olibanum microspheres, peak 3407 cm-1 is related to the over-

lapping N-H and O-H groups. The peak shown in 1664 cm-1 is

related to the dexamethasone carbonyl group and the gelatin

amide group that overlaps each other. The peaks of 1552 cm-1

and 1412 cm-1 represent the amine I and II of gelatin, respec-

tively. The 1086 cm-1 refers to the Si-O-Si contained in

GPTMS and C-O-C, the chitosan stretch band and the P-O

dexamethasone drug that overlaps. Since the GPTMS has its

own epoxy group in its structure and the epoxy ring is able to

Figure 6. (a) FTIR spectra of the raw materials (olibanum, GPTMS and dexamethasone) and microspheres; (b) FTIR spectra of the chitosan,

gelatin, olibanum microsphere with dexamethasone and scaffold.
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bind to the amine group, it can react with the amino groups in

chitosan and gelatin to bind. The silicate ions in GPTMS also

make the cells differentiate into bone cells.12,15

In Vitro Release Study and Release Kinetic. Today,

researchers use different methods to make interconnected

porous scaffolds. These scaffolds are used to regenerate the tis-

sue and release controlled pharmaceutical and biological

agents. Scaffolds that are used for controlled release should

have large pores for the drug to be released.51 The amount of

drug release from the chitosan-gelatin dexamethasone-loaded

olibanum microsphere scaffold was investigated by the UV-

spectrophotometer. Figure 7 shows the continuous release of

this scaffold for up to 18 days. During the process of drug

release, increased water absorption and degradation rates have

a significant impact. The hydrophilic groups used in the syn-

thesis of this scaffold, especially the hydrophilic groups of gel-

atins, also have an important role in the process of drug

release. During the release process, and in the course of time,

the degradation occurs in the olibanum polymer and cavities

are formed in the polymer structure. This increases the drug

release rate. In addition to water absorption and polymer deg-

radation, the collapsing of cavities and porosity of the scaffold

are important factors in increasing the release levels between

days 4 and 7. To determine the mechanism governing the

release of the drug from this scaffold, four kinetic models of

drug release (zero order, first order, Higuchi and Korsmeyer-

Pepas) were used and fitted with these models. The correlation

coefficients of the fitting curves were compared, and the

results are presented in Table 1. The results show that the

mechanism of drug release follows a zero-order model. For a

precise analysis of the drug release mechanism, its release data

were also fitted to the Korsmeyer-Pepas equation and the value

of n was calculated. With regard to the obtained n, since 0.45

< n < 0.89, it can be concluded that its release mechanism was

non-Fickian diffusion.

Mechanical Characterization. Ideally, tissue-engineering

scaffolds should have a good stability. Proper and adequate

scaffold integrity is required during the tissue regeneration pro-

cesses. One of the problems of the engineering of texture is the

production of scaffolds with desirable mechanical properties.46

Figure 8 shows the strength value of the chitosan/gelatin scaf-

fold with dexamethasone-loaded olibanum microspheres,

fabricated by the freeze-drying technique. The force-strain dia-

grams for these porous scaffolds show that the graph is divided

into three regions with different mechanical behavior. In the

first region, which is an elastic region with a low strain value,

a linear behavior is observed, and the slope of this region is the

elastic modulus of the scaffold (E). The second region in the

middle strains corresponds to the viscoelastic behavior of the

scaffold, and the curve slope in this region is called the module

Table 1. Correlation Coefficients of the Fitting Curve to Different Kinetic Models and the Obtained ‘n’ in Peppas’s Equation

Correlation coefficient (R2) values
‘n’ in Peppas’s equation

Zero order First order Higuchi Peppas

0.9849±0.0108 0.9637±0.0185 0.972±0.0053 0.973±0.0051 0.52

Figure 8. Strength value of chitosan/gelatin scaffold with dexa-

methasone-loaded olibanum microspheres. The three different

curves represent three different samples.

Figure 7. Drug release behavior of chitosan-gelatin scaffold with

dexamethasone-loaded olibanum microspheres until 18 days.
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collapse (E*). The intersection of regression lines for E and E*

with collapse strain (ε*) and collapse stress (σ*) is shown, and

the compressive strength (σ) is the point where the scaffold

can withstand the maximum input force. From this point, the

curve enters the third region. The third region in the higher

strains is related to the densification process in which the scaf-

fold is tightly compressed and very small deformations occur.

This compression is due to the closure of porosity. Table 2

shows the parameters obtained from the curve in Figure 8.

According to the above numerical results, this synthesized

polymer scaffold has a suitable and acceptable compressive

strength. Compared to gelatin scaffolds and cross-linked gel-

atin scaffolds linked to GPTMS,15,52 this chitosan-gelatin-cross-

linked scaffold with GPTMS has better mechanical properties

and is usable in sponge and alveolar bones for tissue engi-

neering.

Scaffold Bioactivity Determination. The synthesized scaf-

fold was tested by immersion in SBF and placed for 7 and 21

days at 37 oC for bioactivity study. For this purpose, FESEM-

EDX, FTIR, and XRD were used to observe the microstructure

or confirm the formation of the mineral part. Figure 9 shows

the apatite formed on the scaffold. The FESEM-EDX results

of the scaffold after immersion in a SBF solution show the

weight ratio Ca/P equal to 1.12 for 7 days and equal to 1.43 for

21 days. This means that, with increasing time, the Ca/P ratio

is increased and more apatite is formed on the surface. Figure

10(a) shows the amorphous structure of the scaffold. When the

scaffold was immersed in SBF for 21 days and was subjected

to X-Ray analysis, X-ray results showed peaks at 2 angles

26.5o, 32o and 39o, which are indexed as JCPDS760694 (HA).2

The inorganic phase is apatite and, therefore, recommended for

use in bone tissue engineering (Figure 10(b)). It is noteworthy

that dexamethasone, with its appropriate release level, plays an

important role in stimulating the absorption of calcium and

phosphate. From a comparison of chitosan-gelatin scaffold

with dexamethasone-loaded olibanum microspheres and a

scaffold immersed in a SBF for 21 days FTIRs (as shown in

Figure 11), it can be concluded that apatite layers are formed.

The peaks 570 and 602 cm-1 correspond to P-O, which rep-

resents apatite formed and the peak 1410 cm-1 corresponds to

the carbonate group, which confirms the presence of apatite.

MTT Test and Cell Morphology. One of the most import-

ant features for using scaffolds in tissue engineering is bio-

compatibility.53 To confirm the synthesized scaffold compatibility,

the MTT test was used and the result is shown in Figure 12.

Figure 9. FESEM and SEM-EDX of chitosan-gelatin scaffold with

dexamethasone-loaded olibanum microspheres after (a) 7 days; (b)

21 days immersion in SBF.

Table 2. Elastic Modulus (E), Module Collapse (E*), Collapse

Strain (ε*), Collapse Stress (σ*) and Compressive Strength (σ)

of the Chitosan-gelatin Scaffold with Dexamethasone-loaded

Olibanum Microspheres

E (MPa) σ* (MPa) ε* (MPa) E* (MPa) σ (MPa)

6.22±1.2 0.25±0.02 7.48±2.4 0.058±0.04 0.37±0.03
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As it is seen in the figure, there is 86% survival of cells com-

pared to the control sample after 48 h, indicating a favorable

biocompatibility of the scaffold. To investigate the presence of

cells on the scaffold, the morphology of the cells was exam-

ined using a scanning electron microscope. As it is shown in

Figure 13, the cells are well attached to the scaffold and have

good adhesion. Fibroblastic spindle cells are also seen on the

surface of the scaffold. The cells that were cultured on this

scaffold exhibit a good attachment, proliferation, and mor-

phology of cells on this scaffold.

Figure 10. XRD for (a) chitosan-gelatin scaffold with dexametha-

sone-loaded olibanum microspheres; (b) chitosan-gelatin scaffold

with dexamethasone-loaded olibanum microspheres after 21 days

immersion in SBF.

Figure 11. FTIR spectra of chitosan-gelatin scaffold with dexamethasone-loaded olibanum microspheres and chitosan-gelatin scaffold with

dexamethasone-loaded olibanum microspheres after 21 days immersion in SBF.

Figure 12. MTT assay for chitosan-gelatin scaffold with dexameth-

asone-loaded olibanum microspheres.

Figure 13. Morphology of the cells on the chitosan-gelatin scaffold

with dexamethasone-loaded olibanum microspheres by FE-SEM.
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Conclusions

The scaffold in tissue engineering should be, in fact, a mimic

of the extracellular matrix (ECM) in the body. One of the

important features in the extracellular matrix is the provision of

suitable conditions for the exchange and interaction of cells

with each other and with their surroundings, and, with hydro-

philic characteristics and proper topography, can be useful in

realizing this trend. The presence of hydrophilic characteristics

facilitates the transfer of gases, food, and waste on the cell sur-

face. In the synthesized scaffold, due to the presence of gelatin

and its high hydrophilic property, these cases are met. On the

other hand, the existence of a topographic feature has a sig-

nificant influence on the induction of pathways involved in

messaging in the formation of a phonotype. The synthesized

scaffolds produced 93% porosity of 105.65 microns on aver-

age. This porosity percent and porosity size are a good choice

for bone tissue engineering. Cross-linking and scaffolding sta-

bility were achieved using the GPTMS cross-linker. GPTMS

has its own epoxy ring in its structure, which can be bonded

with amine groups in chitosan and gelatin. This helps to sta-

bilize the scaffold. The Si-O-Si and Si-OH groups contained in

GPTMS can also induce bone formation. By observing the

release of the dexamethasone drug from the synthesized scaf-

folds, the drug was released from the scaffold after 18 days at

a controlled rate, due to the proper structure of the olibanum

microspheres. These microspheres had a rough spherical sur-

face and holes that held the drug well, thus enabling a slow

release from them. In the process of drug release, several fac-

tors play a significant role including the degradation kinetic of

polymers, the physicochemical properties of polymers and

drug, the shape of microspheres, the type and form of porosity

of the three-dimensional scaffold. In addition, in the drug

release behavior, the process of water absorption by the scaf-

fold plays an important role. Since the chitosan and gelatin has

been used in the synthesis of this scaffold, and these polymers

are hydrophilic, they absorb much water and help release the

drug. Gelatin was able to absorb a large amount of water in its

structure and show proper inflation. This rate of water absorp-

tion and degradation were consistent with each other in this

release process. The swelling was initially quick, due to the

porous structure of the scaffold, which allows porosity to pen-

etrate the water into the scaffold. Sustained swelling is due to

the presence of gelatin in the scaffold, and the water absorption

capability of gelatin is due to the presence of amine and car-

boxylic groups in the gelatin structure. On the other hand, gel-

atin in the structure of the scaffold played a significant role in

supporting cellular processes, because of the amino groups and

the existing RGD sequence, it promotes cellular adhesion, and

since the synthesized scaffold has a suitable porosity rate and

size, it can allow cellular functions, cell adhesion and tissue

growth are enhanced. The bioactivity analysis showed that the

interaction of formation material supports apatite in the sim-

ulated body fluid (SBF). This was confirmed by FESEM,

XRD, and FTIR. Ultimately, the environmental scaffold com-

patibility was investigated and the results of cell adhesion,

MTT assay, and cellular morphology indicated that the scaf-

fold was biocompatible, and that this porous scaffold could

mimic structure, composition, and biological function of the

external matrix. The cells cultured on this scaffold exhibited

appropriate attachment, proliferation, and morphology. The

results show that the produced scaffold has the properties nec-

essary for regeneration and repair of bone defects. These fea-

tures also make the scaffold stable until the formation of new

tissues. Finally, it could be said that this three-dimensional

structure has the necessary criteria for being used as a potential

candidate for bone tissue engineering.
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