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Abstract:- Hydroxyapatite (HA) crystals inside the 

pores of hydroxyethyl cellulose (HEC) sponges have 

been developed using simulated body fluid (SBF) in a 

green chemistry approach and has been used as a 

scaffold material. Porous HEC sponges were prepared 

by freeze-drying method. HEC is a water soluble 

polymer which is non-toxic and biocompatible. The 

crystallization of hydroxyapatite (HA) was done by 

immersing HEC sponges (1 wt%, 3 wt% and 5 wt%) 

into various concentration of simulated body fluid (SBF) 

for different time periods. For the analysis of these 

materials, various bulk and particle level 

characterization techniques have been employed, which 

includes Field transmission scanning electron 

microscopy (FESEM), Scanning Electron Microscope 

(SEM), Fourier transform infrared spectroscopy 

(FTIR), X-ray diffraction spectroscopy (XRD) and 

mechanical testing. Energy dispersive X-ray (EDX) 

analysis was used to confirm the deposition of apatite on 

the surface of HEC sponges. It was found that porosity, 

pore size and pore inter connectivity depends upon the 

concentration of the HEC. The size of the HA crystals 

increased with the concentration of the HEC. The 

sponges had pores with diameter~2-200μm and pores 

were interconnected. In-vitro testing with human dental 

pulps stem cell (DPSC) was also conducted to assess its 

biocompatibility. In-vitro bioactivity and 

biodegradability studies showed that the HEC/HA 

scaffolds were bioactive as well as bioresorbable. 

Combining hydroxyapatite into hydroxyethyl cellulose 

may generate a composite with favorable mechanical 

and chemical properties that are appropriate for 

various medical applications. 
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I. INTRODUCTION 

 

A key component in tissue engineering for bone 

regeneration are the scaffold that serves as a template for 

cell interactions, and the formation of bone-extracellular 

matrix to provide structural support to the newly formed 

tissue. Scaffolds for bone regeneration should meet certain 

criteria to serve this function, including mechanical 

properties similar to those of the bone repair site, 

biocompatibility and biodegradability at a rate 

commensurate with remodelling. Scaffolds serve primarily 

as osteoconductive moieties, since new bone is deposited 

by creeping substitution from adjacent living bone 

(Groeneveld et al. 1999). Scaffolds for osteogenesis should 

mimic bone morphology, structure and function in order to 

optimize integration into surrounding tissue. Bone is a 

structure composed of hydroxyapatite (Ca10(PO4)6(OH)2) 

crystals deposited within an organic matrix ∼95% is type I 
collagen (Marks et al. 2002). The requirements for a 

synthetic bone substitute appear deceptively simple, that is, 

to supply a porous matrix with interconnecting porosity that 

promotes rapid bone ingrowth, yet possesses sufficient 

strength to prevent crushing under physiological loads 

during integration and healing. The ideal bone substitute is 

not a material that interacts as little as possible with the 

surrounding tissues, but one that will form a secure bond 

with the tissues by allowing, and even encouraging new 

cells to grow and penetrate. One way to achieve this is to 

use a material that is osteophilic and porous, so that new 
tissue, and ultimately new bone, can be induced to grow into 

the pores and help prevent loosening and movement of the 

implant. Resorbable bone replacements have been 

developed from inorganic materials that are very similar to 

the apatite composition of natural bone (Groeneveld et al. 

1999). Porosity is defined as the percentage of void space 

in a solid (Leon et al. 1998)  and it is a morphological 

property independent of the material. Porosity and pore size 

of biomaterial scaffolds play a critical role in bone 

formation in vitro and in vivo. Porous hydroxyapatite (HA) 

and related calcium phosphate ceramic materials with open 

pore structures are of particular interest, since they have 
excellent permeability and a large surface area as well as 

excellent biocompatibility (Suchanek et al. 1998) and 

(Deville et al. 2006). These properties allow them to be used 

in biomedical engineering applications, such as bone 

scaffolds and drug carriers (Deville et al. 2006). In recent 

years, considerable attention has been given to the 

development of fabrication methods to prepare porous 

ceramic scaffolds for osseous tissue regeneration (Deville 

et al. 2006; Almirall et al. 2004; Charriere et asl. 2003; del 

Real et al. 2002; Kawata et al. 2004; Milosevski et al. 1999; 

Ramay et al. 2003; Tian et al. 2001). The ideal fabrication 
technique should produce complex-shaped scaffolds with 
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controlled pore size, shape and orientation in a reliable and 

economical way. Although extensive efforts have been put 

into the development of porous scaffolds for bone 

regeneration, with encouraging results, all porous materials 

have a common limitation: the inherent lack of strength 

associated with porosity. Hence, the development of porous 

hydroxyapatite scaffolds has been hindered to low-stress 

locations, such as broken jaws or fractured skulls. 
Therefore, the unresolved dilemma is how to design and 

create a scaffold that is both porous and strong.  

 

Several technologies exist today for manufacturing 

porous bioceramics. Important advantages have been found 

in the production of macroporous ceramics by freeze drying 

methods. Freeze casting is a simple technique to produce 

porous complex-shaped ceramic or polymeric parts 

(Fukasawa et al. 2001).  In freeze casting, a ceramic slurry 

is poured into a mold and then frozen. The frozen solvent 

acts temporarily as a binder to hold the part together for 

demolding. Subsequently, the part is subject to freeze 
drying to sublimate the solvent under vacuum, avoiding the 

drying stresses and shrinkage that may lead to cracks and 

warping during normal drying. After drying, the compacts 

are sintered in order to fabricate a porous material with 

improved strength, stiffness and desired porosity. The result 

is a scaffold with a complex and often anisotropic porous 

microstructure generated during freezing. By controlling 

the growth direction of the ice crystals, it is possible to 

impose a preferential orientation for the porosity in the final 

material (Kang et al. 1999). The technique was applied 

more specifically to polymeric materials, for tissue 
engineering. A wide variety of materials have already been 

investigated, including chitin (Madihally et al. 1999), 

gelatin (Kang et al. 1999) and (Huang et al. 2005) collagen 

(Schoof et al. 2000) PLA (Zhang et al. 1999; Ho et al. 

2004), PDLLA, PLGA ((Zhang et al. 1999; Maquet et al. 

2004), poly(HEMA) (Oxley et al. 1993), agarose (Stokols 

et al. 2004), sericin (Tao et al. 2005)  and alginate (Stokols 

et al. 2004; Shapiro et al. 1997; Zmora et al. 2002; Chung 

et al. 2002; Tampieri et al. 2005). Although not stiff and 

strong enough for load-bearing applications, all these 

materials have in common an homogeneous structure with 

open porosity, favorable for rapid cell proliferation. In 
particular, pore size and its structure can be controlled by 

heat transfer rate. We show here how freeze casting can be 

applied to hydroxyapatite (HAP), an osteophilic ceramic 

related to the inorganic component of bone, to process bone 

substitute materials with suitable physical and mechanical 

properties. In particular, we describe here how the 

processing conditions (concentration, freezing rate, 

sintering) affects the scaffold characteristics (size and 

amount of porosity, compressive strength) and discuss the 

limits of the technique. Scaffold properties, depend 

primarily on the nature of the biomaterial and the 
fabrication process. The nature of the biomaterial has been 

the subject of extensive studies including different materials 

such as metals, ceramics, glass, chemically synthesized 

polymers, natural polymers and combinations of these 

materials to form composites. Properties and requirements 

for scaffolds in bone tissue engineering have been 

extensively reviewed. Calcium hydroxyapatite (HA: 

Ca10(PO4)6(OH)2), the main inorganic component of the 

hard tissues in bones , is a member of the `apatite’ family, 

including compounds with similar structure but not 

necessarily of identical composition.  

 

The biologically beneficial characteristics of HA, not 

just the fact that it is the major inorganic component of bone 

matrix, such as its specific affinity to many adhesive 
proteins and its direct involvement in the bone cell 

differentia-tion and mineralization processes, make HA 

especially suited for utilization in the bone regeneration 

field. Formation of apatite on surface of biomaterials by the 

treatment of simulated body fluids (SBF) is frequently used. 

SBF is an electrolyte solution, has inorganic composition 

similar to human blood plasma. Initially SBF designed to 

test the bioactivity of artificial bone material in vitro 

because its composition is very close to human blood 

plasma. SBF have the ability to form calcium phosphate 

containing apatite on the surface of artificial materials 

(Kokubo et al. 1990). There is a technological need for 
porous polymer/hydroxyapatite (HA) composites to be 

produced in an environmentally friendly manner. 

 

In this study, hydroxyethyl cellulose (HEC) which is 

one of the polymers is used for the formation of 

hydroxyapatite (HA) on it through crystallization process. 

The effect of the concentration of HEC sponges on 

crystallization of HA and cell growth will be determined. 

These can be used to compare with the previous study that 

used other polymer or synthetic method. 

 

II. METHODOLOGY 

 

A. Materials and methods 

HEC with molecular weight of 250000 was purchased 

from Sigma Aldrich, Glutaraldehyde, 25% in H2O was 

purchased from Sigma-Aldrich, USA. Phosphoric acid was 

purchased from R&M Chemical, UK. Analytical reagent 

grade acetone was purchased from Bendosen. Sodium 

chloride (NaCl) was purchased from Merck KGaA, 

Germany, calcium chloride dehydrate, (CaCl2.2H2O) was 

purchased from Fisher Chemical, UK, sodium bicarbonate 

(NaHCO3), potassium chloride (KCl), magnesium chloride 
hexahydrate (MgCl2.6H2O) and sodium dihydrogen 

phosphate (NaH2PO4.H2O) were purchased from Sigma-

Aldrich, USA. Human Dental Pulp Stem Cell, DPSCs were 

obtained from Department of Biology of University 

Malaya. The cells were cultured and maintained in 

Molecular and Cellular Biology Lab, Integrated Centre for 

Research Animal Care and Use (ICRACU), IIUM. 

 

B.  Preparation of Hydroxyethyl Cellulose Solutions 

Three sets of different HEC concentration solutions: 1 

wt%, 3 wt%and 5 wt% were prepared by dissolving 1g, 3g, 
and 5g of HEC powders in 100ml of deionized water, taken 

in beakers. After that, all these five beakers were covered 

by aluminium foil and stirred for 24 hr at room temperature 

to ensure the formation of homogenous HEC solution. 
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C. Preparation of HEC sponges 

The HEC sponges were prepared by the freeze drying 

process. Freeze drying is a process of removing frozen 

solvents from a material through sublimation and 

desorption. Before the samples were placed into the freeze 

dryer, all HEC solutions were put into a freezer with the 

temperature of -80°C for five days until the samples were 

completely turned into solid form. Then, the samples were 
put into the freeze dryer for four days to remove the water 

contained in the samples and formed a HEC sponges. All 

samples were crosslinked by using glutaraldehyde in the 

presence of acetone and phosphoric acid.  

 

D. Preparation of Hydroxyapatite coated Hydroxyethyl 

Cellulose (HEC/HA) sponges 

In order to form the HA crystal on HEC sponges, SBF 

solution is required. In this research, two different sets of 

SBF concentration solution (10xSBF solution and 20xSBF 

solution) were prepared based on Tas and Bhaduri(Chalal 

et al., 2013). The purpose of preparing two different sets of 
SBF solutions were used to study effect of SBF 

concentration solution on crystallization of HA on HEC 

sponges.  

 

E. Characterization  

The surface morphology of HEC/HA crystals were 

observed by using ZEISS EVO 50 Scanning Electron 

Microscopy. The functional groups present in HEC/HA 

sponges were recorded by using a Perkin Elmer Fourier 

Transform Infrared Spectrometerin the range of 400 cm-1 to 

4000 cm-1 with resolution of 4 cm-1. Thermal Gravimetric 
Analysis (TGA). The samples werethen undergoing 

“Vickers hardness test” using a 136 diamond pyramid for 

mechanical testing.  

 

F. Cell expansion and seeding  

The DPSC cells were cultured in DMEM containing 

10% fetal bovine serum and 5% penicillin/ streptomycin in 

75 cm2 cell culture flasks. The DPSC cells were incubated 

at 37 ◦C in a humidified atmosphere containing 5% CO2 for 

3 days. The HEC/HA sponges were cut into minuscule disks 

with 10 mm in diameter marinated in 100% ethanol for 24 

h, and then sterilized under UV light for 3 h. These scaffolds 
were again sterilized with 70% ethanol for 30 min then 

washed with phosphate buffer saline, PBS for 15 min three 

times and subsequently immersed in cell culture medium 

overnight. The scaffolds were washed thrice with sterile 

PBS and transferred into 96-well tissue culture plate. DPSC 

cells grown in 75 cm2 cell culture flasks were detached on 

confluency by integrating 1 ml of 0.25% trypsin containing 

0.1% EDTA. Detached cells were centrifuged and counted 

by Trypan blue utilizing heamocytometer, seeded on HEC 

sponges scaffold at a density of 1 × 104 cells/cm2 and 

incubated to facilitate cell magnification. The medium was 
refreshed every 3 days. 

 

All cell cultures were examined customarily and 

routinely microscopically. The cell morphology, colour, 

and turbidity were checked by microscope to ascertain there 

is no presence of contaminants. Media (DMEM) was 

transmuted once for each day to eschew the cells from 

depleting, depriving of concrete nutrients, or becoming 

acidic. For media transmuting, the spent media was 

abstracted and equal volume of fresh media (5 ml) was 

integrated to the cell culture flasks.  

 

The flasks were stored and maintained in 5% carbon 

dioxide (CO2) humidified atmosphere at 37 ºC in the 

incubator. The cell cultures were passaged when they have 
occupied 80-90% confluence of the surface area of a flask 

to maintain salubrious magnification. Cell culture media 

(DMEM) were abstracted and discarded. TrypLE was 

integrated to each flaskto detach the cells. The solution was 

swirled across the adhered cells to ascertain TrypLE reaches 

all cells. The flasks were returned to the incubator for 5 

minutes.   

 

The detachments of the cells were checked by utilizing 

microscope. Once the cells were detached from the flask, 

the cell suspensions were transferred into 15mL tube and 

centrifuged at 800rpm for 5 minutes. Then, TrypLE were 
abstracted and fresh cultured media (DMEM) containing 

serum was then integrated to inactivate the TrypLE in the 

cell suspension. The aliquot of cell suspensions was placed 

into an incipient flask containing 5 mL of cell culture 

medium (DMEM), then stored in the incubator. After 24 

hours, the cultures were checked to ascertain that cells were 

reattached. The medium in each flask was transmuted as 

indispensable until the next subculture. 

 

G.  Cell proliferation study  

To determine cell viability, the colorimetric MTT 
metabolic activity assay was utilized. DPSCs (1 × 104 

cells/well) were cultured in a 96-well plate at 37 °C, and 

exposed to 3 wells of variant of HEC cellulose sponges for 

72 h. Cells treated with medium only accommodated as a 

negative control group. After abstracting the supernatant of 

each well and washing twice by PBS, 20 μl of MTT solution 

(5 mg ml-1 in PBS) and 100 μl of medium were then 

introduced at 37 ◦C for 4 h. 100 micro liter of DMSO were 

integrated to each well to dissolve the MTT formazon 

crystals. The absorbance was recorded at reference wave 

length 620 nm by spectrophotometer. Since the absorbance 

reference wave length 620 nm is proportional to cell 
viability, all experiments were performed in quadruplicate, 

and the relative cell viability (%) was expressed as a 

percentage relative to the untreated control cells. Relative 

viability is then expressed as percent of control and 

calculated as in Eq. 1: 

 

% viability = mean OD sample x 100 / mean OD controls                    

            (1) 

 

III. RESULTS AND DISCUSSION 

 
A. Morphological structure of HEC-HA sponges 

FESEM was done to determine the morphology of the 

HA crystals. Fig. 1 and shows the FESEM images of HA 

crystals formed on 1 wt%, 3 wt% and 5 wt% of HEC 

sponges respectively. From the images obtained, the pores 

of the HEC sponges cannot be seen clearly at certain area, 

this is because the surface of the HEC sponges are covered 
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by the HA crystals and the pores were blocked by the HA 

crystals. The results revealed that the HA crystals formed 

were in spherical and polyhedral shapes. The average size 

the HA crystals formed on HEC sponges were in the range 

of 0.1 – 1.0 μm, for spherical particles and 0.10-1.5 μm for 

the polyhedral shapes. The size of the polyhedral shaped 

HA crystals were increasing with the concentration of the 

HEC sponges.  
 

Zhang et al. (2009) stated that the crystal growth in 

HEC is strongly depends on the interaction between the 

HEC molecules and the crystal surface. HEC with higher 

concentration may lead to the interaction between the HEC 

molecules and crystal surface sufficient to lower the crystal 

surface energy as well as to stabilize the crystals in 

metastable phase. The difference in concentration of HEC 

will affect the morphology and size of the crystals formed. 

When the HEC concentration increased, there is less space 

between the HEC molecules and become entangled or 

aggregated. This will alter the interaction between the HEC 
molecules and HA crystals. Polar hydroxyl side groups of 

the HEC molecules tend to interact with Ca2+ during the HA 

crystallization process, to create the nucleation sites. The 

interface energy is then reduced and eases the formation of 

metastable phase.  

 

 
Fig 1: FESEM images of porous scaffolds with 

hydroxyapatite (a) 1 wt% HEC, (b) 3 wt% HEC and (c) 5 

wt% HEC. 

 

B. ATR-FTIR spectroscopy analysis 

Fig.2 shows the FTIR spectra of SBF treated HEC 

sponges.  The carbonate group  (CO3
2-) peaks of HA appear 

at 1428.73, 1431.46 and 1427.78 cm-1 for 1 wt%, 3 wt%,  

and 5 wt%, respectively, this suggests that the HA is type B 

carbonate apatite (CO3 substituting PO4) The characteristic 

absorption bands of PO4 are formed as P-O stretching at 
1012.82 (ν3) cm-1 and 1135.91 cm-1 for 1 wt% HEC, 

1012.85 (ν3) and 1132.25 cm-1 for 3 wt% HEC, and 1024.91 

(ν3) cm-1 and 1132.40 cm-1 for 5 wt% HEC. These bands 

correspond to the commercial HA. The other characteristic 

peaks of PO4 are seen between 962-959 cm-1 (ν1), 609.40 

cm-1 (ν4) and also the absorption band of PO4 was seen at 

611.49 cm-1. The O-H bending for water molecules existing 

in the unit cell of dicalcium phosphate dehydrate is seen at 

3500-3400 cm-1 and around 1650 cm-1. From the ATR-FTIR 

result we confirmed the present of hydroxyapatite without 

contamination. 

 

 
Fig 2: ATR-FTIR analysis for HEC/HAP at (a) 1 wt%, (b) 

3 wt%, and (c) 5 wt%. 

 

C. EDX analysis 

EDS were performed to confirm the mineral phase. 

Fig. 3 shows the EDS image of images of porous scaffolds 

with hydroxyapatite. The major elements in the mineralized 

scaffolds consisted of carbon (C), oxygen (O), phosphorus 

(P), and calcium (Ca). The peaks from carbon and oxygen 
could be from HEC and the phosphorus and calcium could 

be from the mineral phase. This observation suggested that 

the mineral deposited on the porous scaffolds might be 

similar to hydroxyapatite. 

 

 
Fig. 3. EDS image of porous scaffolds with hydroxyapatite 

 

D. Mechanical Study 

One of the most important characteristic of a scaffold 

to be used in tissue engineering is that it has particular 

strength to maintain their integrity while maintaining their 

shape for cell ingrowth and matrix production until later 
neo-tissue formation. 

 

Mechanical properties such as tensile strength and 

elongation of hydroxyethyl cellulose sponge scaffolds were 

evaluated during this study. Typical nonlinear stress–strain 

curves of hydroxyl ethyl cellulose sponge scaffolds at 

different ratio are shown in figure below. The calculated 

Young’s modulus based on slope shown in the elastic 

region was measured and found to be approximately 0.135 

GPa for 5wt% HEC, 0.125 GPa for 3wt% HEC and 0.12 

GPa for 1 wt% HEC as shown in Fig. 4. 

100 nm 100 nm

100 nm

(a) (b)

(c)

(a)

(b)

(c)
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The stress at breakage was found to be 5 MPa, 4.7 

MPa and 4.6 MPa, with elongation at break of 83%, 79% 

and 77% for sample 5 wt% HEC, 3 wt% HEC and 1 wt% 

HEC respectively. Higher tensile stress and strain values 

were obtained with the increasing of weight percentage of 

hydroxyethyl cellulose value. So, the 5 wt% of HEC 

scaffolds are more mechanically stable and could serve 

scaffold as compared with 1wt% and 3wt% HEC. Plotted 
graph below show stress vs strain behavior of 3 different 

concentration of wt % of hydroxy ethyl cellulose in the 

sample. 

 

 
Fig. 4: Stress-strain curves for porous HEC/HA scaffolds 

 

E. Cell proliferation 

In vitro is one of the famous method uses to study 

orgasm cell demeanor. It is a process of analysis on 

biological minuscule structures and cells outside its 

mundane biological environment/ body. It mundanely run 

on artificially fabricated medium. Some researcher calls it 
as “test tube experiment” because of the way we run it 

artificially. Anteriorly, in vitro analysis has been run on test 

tube, petri dishes, flasks and many more opportune types of 

equipment. The sample needs to be analyzing far away in 

its isolated artificial medium that has virtually the same 

with its mundane biological medium. This let the researcher 

to have more accommodation space in fixating on certain 

angle of the respective research field. On another hand, 

there is an virtually homogeneous term that mundanely use 

erroneously by people. It is in vivo. Authentically in vivo 

additionally is an analysis of biological molecules and cells 
same as in vitro but the different is the in vivo analysis 

transpired in the authentic human/animals or mundane 

biological environment not in the environment fabricated 

by the researcher. 

 

Table 1 shows the morphology of human Dental Pulps 

Stem Cells DPSC on different scaffolds wt% (5 wt%, 

3wt%, 1wt%) on days 1 and 3 observed by SEM. Seeded 

DPSC cells were adhered and had spread well on the 

scaffolds in a time depended manner. It was observed that 

at 3 days time point, the cells started to adhere and attracted 

at the surface of sponges in a flat morphology. The attached 
cells become rounded and appeared in globular morphology 

on the scaffolds after day 3 (Mei et al.,2012). These cells 

were growth with effective spreading, indicating that 

scaffolds exhibited excellent biocompatibility. 

 

Table 1: Cell Proliferation activity after 3 days of culture. 

 
 

IV. CONCLUSION 

 

In this present work, HEC sponges were prepared 

using freeze drying method. All the initial characterizations 

were performed. The HEC sponges showed good porosity 
and had excellent inter connected pores. The sponges had 

diameter in the range of 2-200 µm. The pore size decreased 

with increase in the concentration of HEC. Among the 

various concentration of HEC, 1wt % showed good 

porosity. The 10 wt % HEC was too viscous, too thick and 

did not show much interconnected pores. For further studies 

1 wt%, 3 wt % and 5 wt % HEC were chosen. The HEC 

sponges were cross linked and made water insoluble and the 

initial characterizations were made. The hydroxyapatite 

coating was done on the HEC sponges using SBF solution. 

The FTIR and FESEM-EDX confirmed the formation of 

apatite minerals on the HEC sponges. The chemical, 
mechanical properties and in-vitro tests show that HEC 

sponges are suitable for bone tissue engineering in the 

future.  
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