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Abstract  
 

The aim of this study is to tissue engineer a 3D scaffold that can be used for load bearing segmental bone defects (SBDs) 
repair. Three different scaffolds were fabricated using cockle shell-derived CaCO3 aragonite nanoparticles (CCAN), gelatin, 
dextran and dextrin with coated framework via Freeze-Drying Method (FDM) labeled as 5211, 5211GTA+Alginate, 5211PLA. 
Scaffolds were assessed using Scanning Electron Microscopy (SEM). The cytocompatibility of the organized scaffolds was 
assessed using cells multiplication and alkaline phosphatase (ALP) concentration via In Vitro cell culture using human Fetal 
OsteoBlast cells line (hFOB). The results showed a substantial difference in ALP concentrations between the cultures of 
different scaffolds leachable medium during the study period. The biological evaluation also showed that three scaffolds did 
enhanced the osteoblast proliferation rate and improved the osteoblast function as demonstrated by the significant increase in 
ALP concentration. Engineering analyses showed that scaffolds possessed 3D interconnected homogenous porous structure 
with a porosity ranging 6%-49%, pore sizes ranging 8-345 µm, mechanical strength ranging 20-65 MPa, young’s modulus 
ranging 166-296 MPa and enzymatic degradation rate between 16%-38% within 2-10 weeks. The in vitro evaluation revealed 
that the scaffold 5211, 5211GTA+Alginate and 5211PLA fulfill all the main requirements to be considered as an ideal bone 
replacement. 
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والمغلفة  األصيلةسقالة الثالثية األبعاد المسامية المركبة النانوية لالتوصيف والتقييم في المختبر ل
 إلصالح العظام

 

  ، ١، لقمان دمحم يوسف٢انتان سميحة بنت عبد الرزاق ،،ب٢سفانه خضر محمود ،،أ١إبراهيمسحر دمحم 
   ٤،٢دمحم زوكي ابو بكر زكرياو  ٥فوفا كيمبا ، ٣زيد خضر محمود

  
 ٤ ،قسم الدراسات السريرية البيطرية، كلية الطب البيطري ٣، قسم العلوم ما قبل السريرية البيطرية ٢، قسم الطب والجراحة الحيوانية المصاحبة ١

  مختبر الطب الحيوي الجزيئي، معهد العلوم البيولوجية، جامعة بوترا ماليزيا، سيردانغ، سيالنجور دارول إحسان، ماليزيا
 مكافحة إنفلونزا الطيور، مكونات حيوانية، وزارة الزراعة والموارد الطبيعية، جالينغو، والية تارابا، نيجيريا مشروع ٥
  العراق ،الموصل ،جامعة الموصل ،كلية الطب البيطري ،التشريح البيطري فرعب وعلم تناسل الحيوان، الجراحة  فرعأ 

  

  الخالصة
 

 .والتي يمكن استخدامها إلصالح عيوب قطعية الحاملة للعظام األبعادية ثالثية هدفت هذه الدراسة هو تصميم سقالة نسيج
ممزوجة مع  مشتقة من القواقعال ممختلفة من السقاالت باستخدام جسيمات نانوية أراغونيت من كربونات الكالسيو أنواعتم تحضير ثالثة 
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تم تقييم  .5211PLA و GTA+Alginate 5211و  5211ا تسميتهوتم  تجميدعبر التجفيف بال بإطارالجيالتين، ديكستران والدكسترين والمغلفة 
 لسقاالت باستخدام معدل تكاثر الخاليا وتركيزلالتوافق الهيولي  وجرى تقييم السقاالت باستخدام الفحص بالميكروسكوب اإللكتروني

بين  ALP أظهرت النتائج وجود اختالف كبير في تركيز داخلها. الجنينية البشرية عن طريق زراعة الخاليا العظمية الفوسفاتيز القلوية
أظهر التقييم البيولوجي أيضا أن السقاالت الثالثة عززت معدل انتشار الخاليا  .ارتشاحات السقاالت المختلفة خالل فترة الدراسة أوساط

لتحليالت الهندسية أن السقاالت تمتلك بنية أظهرت ا. ALPز العظمية وحسنت وظيفة الخاليا بانية العظم من خالل زيادة الكبيرة في تركي
مايكرون، والقوة الميكانيكية  ٣٤٥-٨٪، أحجام مسام تتراوح ما بين ٤٩-٦بمسامية تتراوح بين  األبعادمترابطة متجانسة مسامية ثالثية 

 ١٠-٢٪ خالل  ٣٨- ١٦بين  ةاألنزيميميجا باسكال ومعدل التحلل  ٢٩٦-١٦٦اوح بين رميجا باسكال، معامل يونغ ت ٦٥- ٢٠تتراوح بين 
تلبية جميع المتطلبات الرئيسية التي يمكن من خاللها اعتبارها بديال مثاليا  بإمكانهاكشف التقييم في المختبر أن السقاالت الثالثة  .أسابيع
  .للعظام

 

  
Introduction 
 

The thoughts of restoring a damaged body have been in 
existence since the start of humankind with early history 
manifesting them as myths and magic. Tissue engineering 
in biomedical research is concerned with repairing damaged 
tissues and restoring their functions (1-7). The human bone 
represents one of the most important organs of the human 
body. These rigid organs play an essential role in providing 
the needed support, protection and movement. Over a 
century, the process of bone grafting has been utilized by 
orthopedic surgeons due to the constant need for bone 
replacement. Presently the alternatives for treating injuries 
are inadequate as they depend on allografts, autografts, and 
biomimetic or variety of synthetic materials and strategies 
(8). Base on (9), definition tissue engineering is known as a 
multidisciplinary area that uses the values of engineering 
and the life sciences in the direction of the improvement of 
biological alternatives which maintains, reestablish or 
progressive function of tissue. The replacements are 
commonly branded as “scaffolds”. Scaffolds serve a 
significant part in the field of tissue engineering in terms of 
providing the required 3D architecture that facilitates the 
regeneration of new tissues. The 3D scaffold design is the 
ideal structure that has sufficient porosity, inter-
connectivity and suitable pore size that permits proper 
transportation and adequate migration of cells, nutrients, 
signal molecules, metabolites, innervations and proper 
vascularization of the newly grown tissues (10-11). A 
number of polymers are normally used in bone scaffolds, 
including collagen, gelatin, alginate, chitosan, polylactic 
acid (PLA), polyglycolic acid (PGA) and polycaprolactone 
(PCL). There exist several developed approaches for 
manufacturing scaffolds. Numerous recognized procedures 
comprise of gas foaming, solvent casting, phase separation, 
textiles and manufacturing freeform are accepted 
techniques. 

The cockle shell consists of about 96% CaCO3 whilst 
other components include organic substances and other 
oxides like SiO2, MgO and SO3. Based on the previous 
studies, it was recommended that the cockle shell-derived 

CaCO3 powder (CCP) can be used as good optional 
biomaterial for bone replacement in organization of bone 
defects (12-17). In past 10 years, CCP was used to fabricate 
a novel porous scaffold. Aragonite is synthesized through 
the combination of calcium and carbonate salts as the 
primary substances. This type of production needs the 
occurrence of all the types of organic additives or many 
extra double ions (18). 

Practically, the cockle shell permeable forms are used as 
bone scaffolds to ascertain an upgrade bone ingrowth and 
osseointegration. Though, the fragility and low strength 
narrow their widespread applications in hard tissue 
implantations to be used efficiently in weight bearing parts, 
the mechanical properties of the CCAN porous body have 
to be enhanced (19,20). Among the most significant 
property and advantage of scaffold tissue engineering is its 
biological response; the achievement of bone tissue 
engineering implantations depends largely on using suitable 
biological reaction in vivo. The capability of the scaffold to 
sustain the cells attachment, growth and the possible 
differentiation of cells in the appropriate tissue depends on 
the pore interconnectivity, chemistry, surface properties and 
permeability of the scaffold. Thus, tissue engineering of 
bone, osteoblasts and a suitable matrix could be used to 
restore continuity of the skeleton and normality of bone 
(21-22). 

The human Fetal Osteoblast cells (hFOB 1.19 
(ATCC®CRL-11372)) is capable to distinguish into 
matured osteoblasts expressing the usual osteoblast 
phenotype. hFOB cells are a frequently used cell line that 
represents the human osteoblast cells. the hFOB cells are 
becoming well established in the field of bone tissue culture 
studies due to their ability to produce a bone specific 
alkaline phosphatase (ALP) response and osteocalcin in 
response towards an inducing agent as an indicator of 
osteogenic differentiation in addition to exhibiting many 
other bones forming cell traits and characteristics that 
makes them an excellent choice for in vitro studies (23-25).  

The production and assessment of the novel coated 
nanocomposite 3D scaffolds prepared by a mixture of 
aragonite CaCO3 nanoparticles, gelatin, dextran and dextrin 
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as a potential bone matrix for tissue engineering have not 
been done, thus the purpose of this research was to produce 
and assess the morphological, physicochemical and 
mechanical properties of the novel coated nanocomposite 
3D scaffolds as a potential bone matrix for tissue 
engineering and determining the biological properties of 
them by measuring and evaluating the effects of materials 
used (CCAN, gelatin, dextrin, dextran, GTA, alginate and 
PLA) on cell behavior.  
 
Materials and methods 
 
Cockle shell-derived CaCO3 aragonite nanoparticles 
powder preparation 

The CCP was prepared using the technique described by 
(26). However, some modifications were made to obtain the 
best results of micro and nanoparticles size. The shell was 
dried in oven (Memmert, UM 500, Germany) at 50 °C for 
5-7 days, ground using stainless steel blender (Good and 
Well®, Taiwan) and sieved through 75 µm sieve (Endecotts 
Ltd, London, England). The micron sized powder was 
additionally desiccated in the oven (Memmert, UM 500, 
and Germany) at 50°C for 5 days and kept in air tight 
polyethylene plastic bag (JP Packaging) until used. The 
obtained micron sized powder 75 µm was transformed into 
nanoparticles using a mechano-chemical technique in the 
occurrence of surfactant BS-12 (dodecyl dimethyl bataine) 
that was achieved from Sigma-Aldrich (Steinheim, 
Germany) and Ball mill (Wisd®). Briefly, mechanical 
stirring of the 2 grams of 75 µm powder with the 50 ml 
deionized water (DW) (HPLC-grade of resistance >18 MΩ 
obtained from a MilliRO6 plus Milli-Q-Water System 
(Organex) and 0.5 ml of surfactant BS-12 at 1000 rpm at 
room temperature for 90 minutes through the use of the 
heating homogenize stirrer machine (Wise Stir® Heating 
Multiple Stirring). The resultant slurry was then filtered 
using filter paper size 12.5 cm (Filtres Fioroni, China) and 
dried at 80°C overnight then stored at 50°C in a sterile 
container prior to use (27). The obtained nanosized powder 
was mechanically rolling again using roll mill machine 
(Wisd® Ball Mill, Korea) for 7 days. 
 
Development of the scaffolds 

Three materials; gelatin, dextran and dextrin, were 
mixed with CCAN powder to formulate the three scaffolds 
according to (27) method and conclusion: Scaffold 5211 
(S1): Cockle shell-derived CaCO3 aragonite nanoparticles 
(CCAN) 50%, gelatin 25%, dextran 10% and dextrin 15%. 
Scaffold 5211GTA+Alginate (S2): CCAN 50%, gelatin 25%, 
dextran 10% and dextrin 15%, soaked in crosslinking GTA 
and coated using Alginate. Scaffold 5211PLA (S3): CCAN 
50%, gelatin 25%, dextran 10% and dextrin 15%, coated 
using PLA. 

The numbers 5211, 5211GTA+Alginate and 5211PLA 
represent the percentages of CCAN, gelatin, dextran and 
dextrin respectively with and without cross linked and 
coated framework, and the scaffolds were prepared by deep 
freezing method. Combination of the three materials 
(gelatin, dextran, dextrin) was first dissolved in hot 
deionized water at 70°C for 90 minutes using the heating 
homogenize stirrer machine (Wise Stir® Heating Multiple 
Stirring) at 400 rpm and CCAN powder (coated and non-
coated) was added to the mixture and stirred until a 
uniformly smooth slurry was achieved. The combination 
was poured into a cylindrical mold of aluminum foil 4cm 
height x 1cm diameter, allowed to set slightly before being 
transferred to -20 °C for 24 hours then transferred to the 
deep freezer at -80°C and the scaffolds was later freeze 
dried in a freeze drier (LABCONCO Freezon6 USA) for 
lyophilization till it is completely dried for 4 days at -50°C, 
and later kept in a sterile container before future use. 
S2 was soaked in Glutaraldehyde (GTA) 0.25% the most 
popular crosslinking treatments for biological tissues for 30 
minutes and later coated using polymer Alginate 5% before 
being transferred to -20 °C for 24 hours then transferred to 
the deep freezer at -80°C and the scaffolds was later freeze 
dried in a freeze drier (LABCONCO Freezon6 USA) for 
lyophilization till it is completely dried for 4 days at -50°C. 
While S3 was coated using polylactic acid (PLA) 5% 
solution that was achieved from Sigma-Aldrich (Steinheim, 
Germany) in room temperature.  
 
Scaffold characterization 
Scanning electron microscopy (SEM)  

Examination of prepared scaffolds was done by 
Scanning Electron Microscopy (JEOL JSM 6400 SEM 
ATTACHED WITH EDX, Germany) according to (19,20) 
methods. Cutting of the scaffolds into smaller circular and 
longitudinal sections were done and sent to the Electron 
Microscopy Unit, Institute of Bioscience, Universiti Putra 
Malaysia (UPM) for SEM analysis. Microstructural 
characterization and average pore diameter of measurement 
based on 300 measurements that was taken from six 
replicates.  
 
Porosity evaluation 

Porosity of the organized scaffolds was examined via 
fluid dislocation using ethanol; this method was adopted 
from (28). The scaffolds where been cuts into reduced 
circular discs, 1cm in thickness and 1cm width. The 
primary dry weight (Wd), the radius (R) and the thickness 
(T) of 6 samples per scaffold were calculated preceding 
immersions. Samples were later dipped in 20 ml ethanol 
alcohol and later preserved with an evacuation-
repressuriztion system till there were no bubble coming out 
of the samples and left in ethanol for 48 hours, to allow 
thorough saturation, and were weighed and recorded as 
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(Ww). Scaffold porosity was determined using the formula 
below. 
Porosity Percentage = (Ww-Wd)/Pet x πR2Tx100% 
While (Pet) represent the density of ethanol. 
 
Swelling evaluation 

Swelling work was conducted following (29) method. 
This measured the absorption/diffusion of the nutrients to 
the scaffolds which is important for cell capability and 
growth. The swelling test determined the proportion of the 
uptake of the medium by every scaffold. Six samples of 
each type of the fabricated scaffolds were used in this 
study; the weights of each sample were measured earlier 
and after phosphate buffer solution soaking (PBS) pH 7.4 
for 10 minutes. The differences amongst the weight of wet 
and dry scaffolds denote the amount of PBS solution from 
which the proportion of medium uptake was determined 
using the below formula:  

 
 Percentage of Medium Uptake = (W2-W1)/W1x100% 

 
Where, (W1) is the original sample weight prior to 

immersion (dry) and (W2) is the sample weight after 
immersion (wet). The above process was repeated after 
drying the same scaffolds samples for another 10 minutes. 
The finest sample was recognized based on the comparison 
between the scaffolds for the first and the second 
percentage of PBS absorption. 
 
Water absorption evaluation 

Water absorption study was carried out using six 
samples of each type of scaffold. The weights of samples 
were measured before and after immersion in deionized 
water for 10 minutes. The variances amongst the weight of 
wet and dry samples denote the amount of absorbed water 
from which the proportion of absorbed water was 
determined using the formula below:  
Water Absorption Percentage = (W2-W1)/W1 x 100% 

Where, (W1) is the early sample weight before soaking 
(dry), and (W2) is the sample weight after soaking (wet). 
The above method was repeated after drying the scaffolds 
for another 10 minutes.  
 
Degradation test 

3D nanocomposite scaffolds degradation was 
investigated in PBS solution pH 7.4 using two approaches. 
The first approach enzymatic method entailed the study of 
the degradation rate using lysozyme, in adoption of (30) 
method. Six samples measuring 1cm in diameter and 1cm 
in thickness each were tested from each scaffold type. The 
samples were immersed in PBS solution comprising 10,000 
U/ml lysozyme at 37 ºC for 2 weeks. The liquids were 
changed each 3 days to guarantee continuous enzyme 
activity. The early weights of each sample of the scaffolds 

were recorded as W0. The samples were removed after 2 
weeks and freeze dried for 4 days at -50 ºC. The samples 
were later weighed and the dry weight recorded as (W1). 
The degradation percentage was later determined using the 
formula below: 

 
Degradation Percentage = (W0-W1)/W0x100% 

 
For the second semi-quantitative method, six samples 

measuring 1cm in diameter and 1cm in thickness each were 
collected from each scaffold type for the 2 weeks semi-
quantitative experiment. Photographs were obtained at 
fixed time intervals to show the physical changes of the 
degrading scaffolds. During the degradation of the samples, 
the pH changes were also concurrently measured at 
changeable intervals. 

For third semi-quantitative method, this study adopted a 
direct visual examination method (by naked eye) to assess 
the degradation rate. At different periods of time, 
comparison of the scaffold condition by monitoring the 
changes in the scaffold dimensions soaked in special 
environment. Six samples were collected from every 
scaffold measuring 1cm in width and 1cm in thickness each 
were used for these 2 weeks semi-quantitative experiment. 
The samples were immersed in deionized water. The 
information provided by the degradation in PBS solution 
pH 7.4 using the two approaches and through the direct 
visual observation method was acceptable to judge the 
differentiation in degradation rates of different types of 
scaffolds with different manufactured components. 
 
Mechanical strength evaluations  

The compressive mechanical ability and modulus of 
scaffolds were tried through the use of an Instron 3365 
mechanical tester (Instron 3365, 10 KN load-cells, Canton, 
MA, USA) with 10 kN load cells (31). Six samples were 
collected from every scaffold which was made as circular 
discs of 1cm in width and 1cm breadth. The speed of a 
crosshead which used was 0.4 mm/min and the load was 
applied until the samples were compacted to about 100% of 
its early height.  
  
Fourier Transform InfraRed (FTIR) analysis 

To find out the chemical functions of the 3D 
nanocomposite scaffolds, the spectroscopic technique 
utilizing a Fourier Transform InfraRed (FTIR) 
spectrophotometer (Perkin Elmer) was used in the ranges of 
400cm-1 to 4000cm-1. 1-2 grams of samples was prepared 
and used through UATR procedures. 
 
Powder X-Ray Diffraction (PXRD) analysis 

1-2 grams of samples of each scaffold type were ground 
and used for this analysis. The x-ray powder diffraction 
analysis is a sensitive test used for the recognition of 
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crystalline phases of inorganic compounds (Shimadzu 
XRD-6000 powder diffractometer using CuKα 
(λ=1.540562 Å) at 40 kV and 30 mA) (32). The scaffolds 
powders were sent to the Material Science Laboratory, 
Department of Chemistry, Faculty of Science (FOS), 
Universiti Putra Malaysia for PXRD analysis. The x-ray 
powder diffractometer is a very useful analytical method 
that is based on the principle that x-rays of wavelength that 
is known passes through a sample to be recognized in 
identifying the crystal configuration. The crystals lattice 
diffract the wave nature of the x-rays giving an exceptional 
shape of peaks of 'reflections' at different viewpoints and of 
diverse strength, as light can be deflected by means of a 
rough suitably spaced shapes. According to Bragg 
principle, the deflected rays from atoms in succeeding 
planes cancel except they are in phase. Preparation of 
samples for PXRD entailed packing about 2 grams of 
scaffold powder to the holder through the use of a standard 
back fill technique appropriately secure adequately for it 
not to drop out throughout the 90ø tilt test. The analysis 
entailed performing wide-angle x-ray diffraction to 
differentiate the nature of amorphous and crystalline 
components of the samples at room temperature. The 
diffraction form was collected at a rate of scanning 0.02 
degrees per second in 2θ at a range of 20° to 60° at 37oC. 
The PXRD using Scherrer’s formula to equate with the 
value gotten from TEM analysis results. The crystallite 
sizes Dv is an easy technique that openly distinguishes 
between strain induced and size induced peak extending 
through seeing the peak length as a function of 2θ (33). 

 
Differential Scanning Calorimetry (DSC) analysis 

Differential Scanning Calorimetry (DSC) was 
performed on scaffold samples to examine their thermal 
characteristics. The thermal change of the scaffolds powder 
developed from different combinations was examined 
through the use of differential scanning calorimeter 
(METTLER TOLEDO DSC822e Switzerland). About 1-2 
grams of samples of each scaffold were grounded, prepared 
and used for this analysis. The sample powders were 
scanned at room temperature. The samples were heated up 
to 250°C at the rate of 10ºC/minutes, held isothermally for 
five minutes and cooled again to 25°C during each cycle. 
During the first cycle, the heat of the melting temperature, 
(Tm), was recorded in order to find out the crystallinity. 
The minimum of the melting peak was defined of melting 
temperature. During the second cycle, the glass transition 
temperature (Tg) was calculated as the inflection point of 
the glass transition. 
 
In vitro culture  

hFOB cells 1.19 acquired from American Type Culture 
Collection (hFOB 1.19(ATCC®CRL-11372TM) which 
were full-grown in the cell culture material in an 

atmosphere that is controlled using the manufacturer’s 
guide. Cells from each vial were seeded into a T25 culture 
flask which contains Ham’s F12 Dulbecco’s Modified 
Eagle Medium with 2.5 mMl-glutamine (without phenol 
red) (DMEM Ham’s F&#8208; 12 with L & # 8208; Gin, 
sodium Pyruvate and HEPES, deprived of phenol Red) 
supplemented with 10% Fetal Bovine Serum (FBS: JRS12-
43640, USA) and 1% Geneticin Solution (G418, nacalai 
tesque, Japan) at 34°C temperature and 5% CO2 (following 
the manufacturer’s guide). The solution was replaced with a 
new solution after each 2-3 days, the cells were consistently 
divided into 1:2 every 3-4 days at 80% convergence. The 
cells were separated by the used of trypsin/EDTA (0.25%-
Trypsin/1mM- EDTA Solution, nacalai tesque, Japan), 
concentrated through centrifugation process for 5 minutes 
at 1200 rpm and resuspended in fresh medium. Cells in the 
fourth and fifth passage were used for seeding purposes in 
the experiments. 
 
Preparation of scaffolds extracts 

The scaffolds were initially cut into cylindrical blocks 
shapes measuring 1 cm in diameter x 1 cm height. The 
precut scaffolds were stored in scotch bottles and sterilized 
by Ultraviolet light (UV) irradiation for about 5 hours prior 
to use in the experiments. Extracts from three scaffolds 
developed in this study preparation was done in accordance 
to (30) method which was for MTT assay purpose as well 
as ALP analysis. Sterilized scaffolds prepared earlier were 
nurtured in 20 ml complete culture media for 24 hours at a 
temperature of 34°C to achieve the scaffold leachable. The 
leachable from every scaffold were later collected into 
separately labeled falcon tubes which are sterile and were 
kept for further use at 4°C. 
 
MTT (3-(4, 5-dimethyl-2-thiazolyl)-2, 5-
diphynyltetrazolium bromide) colorimetric assay 

The assay of MTT was done in accordance to (30) 
methods. Six well plate was used to seed the hFOB cells at 
a density of 1 x 104 cells/well. Cells were nurtured for 24 
hours in normal culturing settings this is to permit primary 
attachments. Medium were removed from every single well 
after 24 hours and were exchanged with medium that 
contains the leachable extracts of scaffolds and which was 
again incubated for 24, 48 and 72 hours, and continue the 
incubation for 5, 7 and 14 days for three scaffolds. After the 
period of incubation, the medium with scaffold extracts 
were taken in every well and substituted with new medium 
which contains 10% of MTT solution ((3-(4, 5-dimethyl-2-
thiazolyl)-2, 5-diphynyltetrazolium bromide, nacalai tesque, 
Japan). The cells were later incubated for 4 additional hours 
at 34°C this is done to achieve the standard MTT assay. 
Medium were removed after 4 hours and 0.8 ml dimethyl 
sulfoxide (DMSO, Mediatech, Inc.; A corning Subsidiary, 
Manassas, VA 20109, USA) was added to conclude the 
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reaction as a solubilization buffer to all the wells for 
formazan crystals dissolution. The lysate absorbance 
reading was taking at a 495 nm wavelength using ELISA 
reader (TECAN-infinite M200 PRO) and the result was 
given as absorbance obtained from every well and 
compared with the control which was cultured with 
standard medium of culture. 
 
Alkaline Phosphatase (ALP) activity 

ALP activity was resolute in culture medium according 
to the methods of (34). The activity of enzyme was 
determine using a pNPP (p-nitrophenyl phosphate) assay. 
The assay is sensitive and can reproduce technique that is 
preferably suitable for determining ALP actions by 
incubating 0.8 ml of collected medium samples with 0.8 ml 
of 0.5 ml of Alkaline Buffer Solution (Sigma 221) and 0.5 
ml of Stock Substrate Solution (40 mg p-nitrophenyl 
phosphate disodium (Sigma 104) diluted in 10 ml of 
sterilized purified H2O. The solution was incubated at 34°C 
for 1 hour in a 6 well plate to determine the ALP activity in 
regards to the formation of p-nitrophenol. In this technique, 
the ALP changes the hydrolysis of ρ-Nitrophenyl phosphate 
(pNPP) to ρ-Nitrophenol. pNPP which is neutral in color 
(colorless) but ρ-Nitrophenol has a high absorbance at 405 
nm. The increased level of absorbance at 405 nm is relative 
to the action of the enzyme. ELISA (TECAN-infinite M200 
PRO) was used to read the absorbance of the solution and 
was conveyed as absorbance reading from every well and 
compared with the control which was cultured with 
standard medium of culture. 
 
Statistical analysis 

First of all, the quantifiable outcomes were evaluated 
using Explore for Normality of data then One-Way 
Analysis of Variance (ANOVA) and Kruskal-Wallis Test. 
The outcomes were shown as Mean ± Standard Error (SE). 
Post Hoc Test were calculated for significant values 
(P<0.05) through the use of Tukey’s Multiple Comparison 
Test. All descriptive and inferential statistical analyses was 
conducted using Excel version 2013 and SPSS version 21.0 
and 22.0. 
 
Results 
 
Characterization of cockle shell-derived CaCO3 
aragonite nanoparticles 

The TEM for nanoparticles revealed aragonite calcium 
carbonate nanoparticles with range size of 15.94-55.21±6 
nm (Figure 1). There was no change in the elemental 
configurations of the gotten CCAN post synthesis using of 
BS-12 and roll mill. This reflects the surfactant role of BS-
12 and roll milling in the break of the larger sized aragonite 
rods into smaller spherical ones. 
 

 

 
 
Figure 1: Transmission electron micrographs show the 
shape and the size of cockle shell-derived CaCO3 aragonite 
nanoparticles using roller mill, (A and B), Bar=50 nm. 
 
Characterization of scaffolds 

Figure 2 shows the non-coated and coated developed 
scaffolds in different compositions. The scaffolds formed 
were found to be stiff in structure. The whiteness of the 
scaffolds varies based on the cross linked and coated 
copolymers. The scaffolds were also found to be hard 
enough to bear up the physical manual compression in dry 
state especially those coated with alginate and PLA, which 
allows it to be simply handled and cut into desired sizes for 
further studies. 
 
Scanning Electron Microscopy (SEM)  

The scaffolds that were prepared by freeze dry method 
gave rise to structures that consisted of open networks of 
pores, with pore sizes that ranged from 8.1 to 345 μm 
(Table 1). The pores revealed a high level of 
interconnection, which is crucial for cell seeding and 
development. With this method it was promising to control 
the porosity ratio and the pores size. SEM analysis showed 
excellent micro pores structure. However, the scaffolds S2 
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and S1 showed an extremely wide pore structures ranging 
from 8.1-252 µm and 8.97-337 µm respectively (Figure 3 
and Table 1). The pores were round in structure with 
diameters ranging between 64.45–73.72 µm. However, the 
group of scaffolds showed higher calcium carbonate 
crystallites deposited on the surface of the gelatin, dextran 
and dextrin polymer. Noteworthy to mention that there was 
a negative relation between the pore size and using coated 
framework and the type of coating copolymer. No 
significant differences were observed between the scaffolds 
for pores diameters at (P>0.05). 

 
A B 

 
C 

 
 
Figure 2: Photographs show scaffolds S1 (A), S2 (B) and 
S3 (C) after drying in the freeze dryer machine, which 
ready to be used. 
 
Table 1: Summary of pores diameters of each scaffold 
(Mean± SE) 
 
Scaffold Range of pores diameter Mean of pores diameter 

S1 8.97-337 µm 71.27 µm ± 4 
S2 8.1-252 µm 64.45 µm ± 6 
S3 9.25-345µm 73.72 µm ± 6 

 
Porosity evaluation 

Scaffolds from different compositions showed 
significant differences at (P<0.05) in the porosity 
percentage between 6.4%-48.9% (Figure 4). The results 
showed that the lower percentage of porosity is depended 
on the type of copolymer that used in coated framework. 
 
Swelling evaluation 

Figure 5 shows the percentage of medium uptake of 
each scaffold at a given period obtained by manipulative 

changes in scaffold weight. S3 showed the lowest PBS 
solution absorbing ability at 26.99±1% and 23.15±1% in 
the first and second 10 minutes. The PBS solution ability of 
the three scaffolds were found to vary between 27% to 46% 
for first 10 minutes and between 23%-29% for second 10 
minutes with significant differences between the scaffolds 
for first and second 10 minutes at (P<0.05). 
 
Water absorption evaluation 

Figure 5 shows the outcome of water absorption test for 
different composition of scaffolds. After the first 10 
minutes, no substantial differences were witnessed between 
the scaffolds at (P>0.05). The second 10 minutes of 
immersion was done after the scaffolds were left to dry. 
The percentage of water absorption had dropped in all 
scaffolds especially S3. All types of scaffolds showed 
significant difference between the scaffolds for the second 
10 minutes at (P<0.05). 
 
Degradation test 

The degradation study of the scaffolds was carried out 
using an enzymatic way as well as two semi-quantitative 
methods for a time period of 2, 4 and 10 weeks. The results 
show that S3 showed higher degradation rate at 38% and S1 
showed lower degradation rate at 16% compared to other 
scaffolds (Figure 5). The degradation rate of the scaffolds 
was different from one to other, S1 showed lower 
degradation at 16% at day 10 of test, while S3 and S2 

degraded at 38% at 4 weeks and 27% at 10 weeks 
respectively (Figure 5 and Table 2). Coated scaffolds 
showed moderate degradation rate within 4-10 weeks 
(Figure 5 and Table 2). Moreover, there was significant 
differences in the degradation percentage of all the 
scaffolds studied at (P<0.05). The results from scaffold 
degradation periods showed different model of degradation 
as observed throughout the enzymatic degradation studies, 
coated scaffolds showed slow degradation approach with 
very small surface defects and very little fissure within 4-10 
weeks.  
 
pH Changes during degradation study 

Tables 3 and 4 show the changes in pH during the 
experimental period. There were significant changes in the 
pH within the scaffold groups, in addition significant 
changes between groups were observed after 24, 288 and 
336 hours in PBS; and after 24, 168, 288 and 336 hours in 
Lysozyme at (P<0.05). No significant changes were seen 
between groups after 72 and 168 hours in PBS; and after 72 
hours in Lysozyme at (P>0.05). There was a substantial rise 
in the pH in S1 compared to other scaffolds at the end of 
the study period at (P<0.05). An increased pH to a basic 
condition was observable within most of the scaffolds with 
a maximum pH of 9.09 and 8.89 in S1 in PBS and 
Lysozyme correspondingly. 
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Figure 3: Scanning electron micrographs show the surface structure (I, X200), the internal structure and pores diameters (II, 
X50) and the presences of CaCO3 aragonite nanoparticles crystallites depositions on the internal matrix (III, X1000) of each 
scaffold. 

 

 
 
Figure 4: The mean of porosity percentage of three 
scaffolds tested through liquid displacement method. * 
Significant difference was observed between the scaffolds 
at P<0.05. 

 
 
Figure 5: The mean of medium uptake percentage, the 
mean of water absorption percentage (first and second 10 
minutes) and the mean of degradation percentage using 
Lysozyme. * Significant difference was observed between 
the three scaffolds at P<0.05. 
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Mechanical strength evaluation 
The stiffness and yield were determined from the 
compression test. Figure 6 shows the compression strength 
and Young’s Modulus of three scaffolds. The compression 
strengths of S3 was 65.04±2 MPa and found to be 
considerably higher compared to the other scaffolds at 
(P<0.05). While S1 displayed the lowest compression 
strength at 20.31±4 MPa in spite of a remarkable tendency 
of increase in the compression strength with the coated 
scaffolds. The Young’s Modulus of S2 was 295.818±11 
MPa and found to be higher compared to the other 
scaffolds. While S3 displayed the lowest Young’s Modulus 
at 165.68±19 MPa. Scaffolds from different compositions 

showed significant differences in the compression strength 
and Young’s Modulus at (P<0.05). 
 
Table 2: Summary of degradation period of each scaffold 
during degradation test 
 

Scaffold 
Degradation 

using 
Lysozyme 

Degradation 
using 
PBS 

Degradation 
using 
DW 

S1 10 days 6 days 2 weeks 
S2 10 weeks 16 weeks 4 weeks 
S3 4 weeks 2 weeks 2 weeks 

 
 
Table 3: The mean of pH during degradation period using PBS 7.4 
 

Scaffold After 24 hours After 72 hours After 168 hours After 288 hours After 336 hours 
S1 7.67±0.2 b 7.16±0.02 7.13±0.03 8.53±0.01 b 9.09±0.01 c 
S2 7.50±0.01 a* 7.07±0.02 6.91±0.04 7.35±0.1 a* 7.73±0.04 a* 
S3 7.90±0.02 c 6.92±0.3 7.59±0.4 8.34±0.1 b 8.51±0.07 b 

a,b,c different in superscripts show significant difference at P<0.05. 
 
Table 4: The mean of pH during degradation period using Lysozyme 
 

Scaffold After 24 hours After 72 hours After 168 hours After 288 hours After 336 hours 
S1 7.59±0.04 b 7.34±0.1 7.57±0.1 b 8.79±0.01 b 8.89±0.02 c 
S2 7.42±0.01 a* 7.47±0.2 6.80±0.1 a* 8.50±0.01 a 8.76±0.02 b 
S3 7.57±0.04 b 7.27±0.2 8.35±0.03 c 8.48±0.01 a* 8.61±0.02 a* 

a,b,c different in superscripts show significant difference at P<0.05. 
 

 
 
Figure 6: The mean of compressive strength (MPa) and 
Young’s Modulus (Mpa). *Significant difference was 
observed between the three scaffolds at P<0.05. 
 
Fourier Transform InfraRed (FTIR) analysis 

The FTIR spectra of the scaffolds are represented in 
Figure 7. In the entire scaffolds, a comparable pattern of 

spectra was witnessed with minor different in scaffolds 
were coated. The bands signify some key groups signifying 
the elongation of hydroxyl, carboxyl, amide, amine and 
aromatic bands. The occurrence of N–H, C–N, C=C, C-H, 
C-O, C=O and O-H groups of the gelatin, dextran, dextrin, 
GTA, alginate, PLA and aragonite bands of CCAN are also 
stated. Wave number of 3288-3030, 2926-2918 and 1657-
1642 cm-1 were allocated to N–H, C–H and C=O extension 
vibrations, correspondingly. Additionally, the highest 
absorption was seen at 1481-1460 cm-1 which was 
attributed to C–H bending vibration initiated from 
methylene group, whereas 1239 cm-1 was related with C–N 
elongating vibration. In conclusion, 857-854 and 567-516 
cm-1 were equivalent to the vibrations transpired as a result 
of C–C ring and C–N bending.  
 
Powder X-Ray Diffraction (PXRD) analysis 

Crystallinity stages were resolute with diffraction angles 
from 20-70° at 37°C. The PXRD configuration of the 
prepared scaffolds is shown in Figure 8 that informed the 
PXRD absorption peaks in the scaffold's powders matched 
each other. This shows that the crystalline excellence of 
aragonite CaCO3 nanoparticles in these powders is 
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sustained during the scaffolds production procedure. PXRD 
absorption peaks in the CCAN matched each other. Three 
prominent peaks were found each in CCAN spectra. The 
first sets of heights were within 2θ = 26.2° to 26.5° while 
the second set were within 2θ = 33.2° to 33.4° and the third 
set were within 2θ =45.9° to 46.1°. This shows that the 
crystalline quality of CCAN is sustained during the course 
of production. These findings are further supported by 
PXRD diffractograms indicating presence of aragonite in 
the entire three samples as equated to a standard calcium 
carbonate diffractogram having peaks from the shell 
powders seen to matched closely to the aragonite phase of 
Joint Committee of Powder Diffraction Society (JCPDS) 
file no. 00-041-1475. The PXRD investigation done 
showed essential information on mineral phase of the 
materials existing in the scaffolds. The obtained evidence 
from the spectrums established the existence of the 
distinctive peaks of aragonite. The powder x-ray diffraction 
(PXRD) and transmission electron microscopy (TEM) 
methods were used to investigate the phase configuration, 
the morphology and size of made CaCO3 powder. The 
isolated and ideal high strength diffraction peaks namely, 
(26.2), (26.4), (26.5), (33.1), (33.3), (33.4), (45.9), (46) and 
(46.1) were selected for estimating the nanostructure 
parameters through several models using Scherrer’s 
formula (Table 5). 

The PXRD patterns of scaffolds powders are 
comparable and display numerous diffraction points that 
could be apportioned to sphere-shaped crystal structure. 
Furthermore, the diffraction points are distinctly wider 
signifying that the particles of prepared powder were in 
nanosize. Powder x-ray diffraction (PXRD) was utilized in 
limiting the composition and pureness of the produced 
CaCO3 nanoparticles. The PXRD patterns of scaffolds 
powders revealed typical peaks having high density 
between 2θ of 26° and 46°. 

 
 
Figure 7: FTIR spectra of scaffolds’ powders. 
 

 
 
Figure 8: Powder X-Ray Diffraction analysis and the 
strongest three peaks. 
 

 
Table 5: Briefing of the structural of CaCO3 at different percentage in the scaffolds composition 
 

Scaffold 2θ ± 0.001 FWHM ± 0.001 d (nm) DXRD (nm) DTEM (nm) 

S1 (50%) 
26.2245 0.21550 33.9549 37.9 

 
15.94-55.21±6  nm

 

33.1189 0.23790 27.0271 34.8 
45.8562 0.22290 19.7728 38.7 

S2 (50%) 

26.4575 0.28230 33.6612 28.9 
33.3583 0.33000 26.8386 25.1 
46.0822 0.38220 19.6811 22.6 

S3 (50%) 
26.3653 0.32440 33.7768 25.2 
33.2550 0.35000 26.9196 23.7 
45.9760 0.37600 19.7241 23 

2θ= Two theta, FWHM= Full Width at Half Maximum, d= crystallite size (nm), DXRD= crystallite size (nm) using XRD, 
DTEM= crystallite size (nm) using TEM. 
 
 

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

0

170

340

510

0

79

158

237

0

80

160

240

 

In
te

n
si

ty

 (
C

aC
o

3)

Diffraction angle

Scaffold 5211 26.2

33.1 45 .9

 

In
te

n
si

ty

 (
C

aC
o

3)
Scaffold 5211GTA+Alginate

26.5

3 3.4
46.1

 

In
te

n
si

ty

 (
C

aC
o

3)

Scaffold 5211
PLA

26. 4

33.3 4 6

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

In
te

n
si

ty
 



Iraqi Journal of Veterinary Sciences, Vol. 33, No. 1, 2019 (157-173) 

 

167 
 

Differential Scanning Calorimetry (DSC) analysis 
Thermal characteristics of the scaffolds were analyzed 

using DSC scans as shown in Figure 9. There was no 
crystallization peak throughout the first run; hence the ratio 
of crystallinity was determined solitary with the heat of 
fusion. Firstly, heating rises from room temperature 25°C to 
250°C at 10°C/min. throughout this rise, the material shows 
information on its real physical and morphological 
condition. This rise was utilized to assess the melting 
Temperature, (Tm) of the materials. While, the second 
heating rise was utilized to calculate the glass transition 
Temperature, (Tg) which is investigative of polymer chain 
length and hence polymer degradation. The DSC curve for 
S1 showed a glass transition point for the non-cross-linked 
sample at 226°C and at 223°C for the cross-linked scaffold 
(S2). The heating of scaffolds results in a loss of the 
compound structure, and the temperature at which melting 
procedure occurs was a helpful tool to differentiate these 
powders preparations, and this transition can be observed 
by DSC. Endothermal reactions start between 67°C-74°C, 
depending on the powders resource, processing and PH. It 
can be seen that the thermal mark of the powder mix had a 
minimum melting peak at about 67.16, 72.15 and 73.98°C 
for S2, S3 and S1 correspondingly and the second 
minimum glass transition peak were between 223°C-226°C. 
 

 
 
Figure 9: The graphs show the endothermic DSC peak 
(denaturation) of the coated and non-coated scaffolds’ 
materials (gelatin, dextran, dextrin, GTA, alginate, PLA 
and CCAN). 
 
MTT (3-(4, 5-dimethyl-2-thiazolyl)-2, 5-
diphynyltetrazolium bromide) colorimetric assay 

Figure 10 shows the hFOB cells after reactivation; and 
Figure 11 shows the results of the MTT assay performed on 
different scaffolds’ leachable. The absorbance reading from 
the assay corresponds to the cell practicality when cultured 
in the medium containing the leachable of the scaffolds. 
Cell viability was observed to be higher in the presences of 
culture medium containing scaffolds leachable compared to 
normal culture medium (control) that was used as a blank 

for the experiment. A significantly higher absorbance 
reading was obtained during 14 days of the culture period 
for cells grown in the medium containing leachable of 
coated scaffold (S2) compared to control at (P<0.05). An 
increasing trend on cell viability is notable to be relative to 
the coated framework and type of polymer that used in this 
framework during 14 days. 
  

 

 

 
 
Figure 10: Inverted micrographs of human Fetal OsteoBlast 
(hFOB) cells, (A) reactivation, (B) 24 hours, (C) 48 hours, 
(D) 7 days and (E) 10 days of full confluence of cell line 
culture, (X400). 
 

 
 
Figure 11: Results of MTT assay on hFOB cells grown in 
scaffolds S1, S2 and S3 extracts after 24, 48 and 72 hours, 
5, 7 and 14 days of culture period. * Significant difference 
was observed from control at P<0.05. 
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Alkaline Phosphatase (ALP) analysis 
Figure 12 shows the ALP activity of hFBO cells 

cultured in medium containing the leachable of scaffolds. 
The substantial differences in ALP levels were witnessed 
between the cultures of different scaffold leachable medium 
within the time frame of the study. However, a significant 
increasing trend of ALP levels were observed in cells 
cultured in medium containing leachable of coated scaffold 
S2 compared to control at (P<0.05). The cells cultured in 
medium containing leachable of scaffolds showed an 
increase in the ALP activities from day 2 to day 7 in 
medium containing leachable of three scaffolds and 
decrease in the ALP activities by day 7. A similar trend was 
also seen for the control group cultured in normal culture 
medium for the increasing of the ALP activity from day 2 
to day 7. A significant increasing trend of ALP levels were 
observed in cells cultured in medium containing leachable 
of coated scaffold S2 during first 7 days and in medium 
containing leachable of non-coated scaffold S1 in day 14. 
An increasing of ALP level is notable to be relative to use 
or not use the coated framework and type of polymer that 
used in this framework during 14 days. 
 

 
 
Figure 12: ALP activities of hFOB cells cultured in medium 
containing the leachable of scaffolds S1, S2 and S3 after 24, 
48 and 72 hours, 5, 7 and 14 days of the culture period. * 
Significant difference was observed from control at P<0.05. 
 
Discussion 
 

This study aimed at evaluating the gelatin, dextrin, 
dextran and CCAN, as scaffold materials for bone tissue 
restoring applications, in addition to improving 
nanoparticles usage and coated framework in scaffold 
design. Dextran was selected for this work for the reason of 
its known resistant to both protein adsorption and cell 
adhesion. The quantity of dextran used in scaffold is a 
determinant of its porosity and interconnectivity (19). More 
so; it is suitable to work with a scaffold that has explicit 
sites for cell recognition (35,36). In this study 
lyophilization method produced scaffolds with brilliant 
porosity (37). Freeze drying method was the main means of 

evaporation of water in this study which made the mixture 
concentrated and dense enough to entrap the air bubbles 
thus, increasing the porosity after the mixture was dried. 
Similar results were reported by (38-40). 

The SEM investigation of the developed scaffolds 
revealed micro-pores with multiple sizes. The physical 
structure of this micro-porosity of the scaffolds was mainly 
attributed to air cavities. These supplied spaces to 
accommodate the effect of swelling on the scaffolds. This 
observation was similar to those of (19,20,39). It was 
observed that the coated scaffolds (S3) have less than 7% 
porosity via liquid displacement method using ethanol. 
Nonetheless, coated (S2) and non-coated (S1) scaffolds 
showed a relatively higher porosity (Less than 50%). 
Similarly, (41-43) reported the similar results. This could 
be due to the water evaporation during lyophilization 
process, type of coated copolymer and coated framework. 
The coated framework controlled the size of pores (41,42).  

A vital aspect that is negatively related to porosity is the 
mechanical characteristics of the scaffold. Porosity of a 
scaffold undesirably upsets its mechanical strength. Any 
increase in porosity often occurs as reduction in the 
mechanical strength of the scaffold. This flaw phenomenon 
is frequently appearing in polymer-based scaffold and 
coated framework, as developed in this study. Many studies 
have reported the enhancement of mechanical 
characteristics of scaffolds by integration of inorganic 
biological substances (44-46). Gelatin, dextrin and dextran 
are known natural polymers that form a fragile hydrogel 
like scaffolds. The blend of CCAN powder with gelatin, 
dextrin and dextran resulted in advanced nanocomposite 
scaffold with tremendously enhanced mechanical 
characteristics. The results from a study showed a 
significant rise in equally the mechanical characteristics and 
Young’s Modulus of the scaffold that were combined with 
CCAN as shown in non-coated scaffold (S1) (27). The 
results from this study was observed that the mechanical 
properties (compressive strength and Young’s Modulus) of 
the scaffolds were positively related to the type of coating 
copolymer and coated framework (scaffold-coating 
system). This relation was obvious in scaffold S2 and 
scaffold S3 that showed an increase in their mechanical 
strength and modulus regardless of scaffold-coating system. 
This is possibly due to the decreased porosity of scaffolds 
that have eventually resulted in increasing their mechanical 
properties. 

Spherical pores have good tendency to resist higher 
compression loads (47,48). Some of the factors that 
scaffolds must have to control its mechanical properties are 
pore size and its interconnectivity (19,20,49). In this study, 
scaffold S2 demonstrated a good mechanical property that 
ranged between the hard bone structure of 296±11 Mpa 
with a compressive strength of 41±5 MPa creating this 
combination the most appropriate conditions of mechanical 
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properties as earlier reported by (41,42,50) of scaffold-
coating system. Mechanical strength of nanocomposite 
scaffolds is believed to be added by strong ionic interaction 
that happens between ions in a compound substance 
(20,51,52). In this study, the interaction of calcium ions 
provided by CCAN powder with the carboxyl groups, 
aldehyde groups and ester groups are possibly the 
contributing factor. These results were very obvious and 
interpretable via the FTIR analysis. 

The swelling performance of coated and non-coated 
scaffold improves its pore size (19,20,47,50,53). Swelling 
ratio of scaffolds is an average below 50% of medium 
absorption ability during the first 10 minutes. These results 
agreed with those of the previous research by (29), who 
reported that higher swelling rates are positively related to 
the higher porosity of a scaffold. Nevertheless, (30), 
reported that swelling ratio was seen to decreased when the 
scaffold is designed as nanocomposite structure similar to 
those fabricated in this study, (54), who reported that slow-
degrading ceramic or biomineralized surfaces are projected 
to continue longer after the time when the quantity of the 
coating is dissolved and no longer efficient, (53,55), 
reported that the coating on the Mg scaffold surface 
prevents the substrate from fast dissolution into the SBF. 
One probable interpretation for this increase is attributed to 
the increase surface area of interaction of CCAN with the 
gelatin, dextrin and dextran networking which enhanced 
bonding properties of non-coated scaffold. Expectedly, the 
investigations in this study showed that the swelling rate 
was significantly decreased with the type of coated 
copolymer and scaffold-coating system (coated 
framework). In addition, the porosity ratio was seen to be 
significantly increased with non-coated scaffolds. 

Degradation behavior of the polymer-based scaffolds 
and a coated scaffold is another essential aspect in the area 
of tissue engineering. Biodegradability is primarily initiated 
by polymer and copolymer chain back bone hydrolysis and 
to a minor extent via enzymatic activity (56,57). Scaffold’s 
weight loss increases from pure to high content during 
incubation period (58,59). The degradation development 
displayed by the scaffolds was found to be associated with 
the coated or non-coated framework and type of copolymer 
for coating. Studies on the degradation of the scaffolds 
showed incomparable development as of the swelling ratio. 
Negative correlation was investigated between the swelling 
performance and the degradation rate for scaffolds 
(19,20,57). The non-coated scaffold (S1) showed the lowest 
degradation rate during both the enzymatic degradation 
study and the semi-quantitative study (19,20), while coated 
scaffolds showed the highest degradation rate (57). All the 
studied scaffolds showed intermediate results being more 
advantageous for bone tissue engineering applications 
(19,20,57-59). In this study enzymatic degradation 
investigation was presented as a short period observation 

based on the type of lysozyme enzymes. Lysozyme 
enzymes breaking down the link groups of the gelatin, 
dextran dextrin, GTA, alginate and PLA network (56). The 
enzymatic degradation experiment showed that the 
breakdown of linkages between the scaffolds materials was 
accelerated as direct result of the raise in fluid uptake. 
Therefore, the loss of networking structure was initiated in 
few days of soaking to weeks. There was a positive 
relationship between the degradation time and the chain 
scission for coated and non-coated scaffolds that results in 
decreasing the modulus values (57,59). The structural 
reliability, constancy and the coated framework led to 
degradation offset within days up to weeks of the 
experimental period. Many factors that affect degradation 
time include polymer crystallinity, scaffold-coating system 
(coated framework), thermal history, molecular weight, 
porosity, monomer concentration, the location of the 
implant and geometry (56,57). 

The osteoblast is such a cell that is vulnerable to pH 
changes and the acidity of the surrounding environment. In 
addition, pH is a significant factor that affects the electrical 
charges of the incubation solution (60). The degradation of 
gelatin, dextran and dextrin polymers and GTA cross 
linked, alginate and PLA copolymers result in decline in pH 
values. Such change of pH has been reported to 
significantly lower osteoblast activity, ALP activity and 
collagen synthesis (56). This study theorized that the 
leaching of CCAN powder from the scaffolds matrices 
throughout the degradation time results in an increase in the 
primary pH value of the solution toward more alkaline 
environment. Such situation related to the concentration of 
CCAN powder in the scaffolds as well as GTA cross linked 
and coated copolymers. This alkalinizing and neutralizing 
effect of CCAN powder towards the potential acidification 
(low pH) of the solution during degradation creates an ideal 
mixture for bone grafting functions. Additionally, previous 
studies have reported a raise in osteoblast activity and 
fracture healing speed via metabolic alkalosis and/or 
acidosis (56,57). This explains positive side of the raised 
pH of all degrading scaffolds under the study. 

In this study, the FTIR spectra analysis of the scaffolds 
was clear that three scaffolds shown with a comparable 
configuration of spectra with slightly different in some 
peaks of coated scaffolds (S2 and S3). This is as a result of 
the existences of similar substances in variable 
configuration. The difference may be ascribed to the acuity 
and wideness of the peaks formed. These changes or 
differences were found to be related to coated framework 
and type of coated copolymers. Moreover, the CCAN 
powder quantity may designate the development of the 
ionic interaction between the positive charge of calcium 
ions and the negative charge of the carboxyl group of 
gelatins, dextrin, dextran, alginate, aldehyde group of GTA 
and ester group of PLA (19,20,30,61-66). 
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The PXRD analysis show vital information on the 
mineral phase of the components of the scaffolds. The 
obtained spectra revealed characteristic aragonite peaks. 
Previous studies by (20,27,64,66-68), also reported the 
existences of dominant peaks characteristic of aragonite at 
26.2 and 46.1 similar to those observed in this study. It 
appeared that all scaffolds that have CCAN powder also 
have the aragonite form of calcium carbonate. This 
aragonite form was presented as the only mineral phase 
presented in the scaffolds with no impurities or other 
substance created through the development procedure. On 
the other hand, the intensity of the peaks well matched 
CCAN contained in coated scaffolds. Both showed 
additional intense distinct peaks of aragonite when 
compared with non-coated scaffolds (S1) that showed 
broader and vague peaks. The DSC was utilized to 
investigate the physical conversions or phase transitions of 
the nanocomposite scaffolds. Melting or glass transition 
temperatures of the substance were thus determined. The 
latter, provided an indication of the physical configuration 
of these scaffolds. The peak found at 67°C-74°C was 
ascribed to gelatin, dextrin, dextran, GTA, alginate and 
PLA melting. The temperatures are close with those utilized 
to extrude the mixture. Additionally, there are smaller 
peaks about 223°C-226°C that possibly correlated to glass 
transition Temperature (Tg). When the temperature raises 
the sample ultimately reach its melting Temperature (Tm). 
The outcomes of the DSC of this study were in agreement 
to those of (20,27,49,59,62-64,66,69-71). Glass transitions 
Temperature (Tg) may happen as the temperature of an 
amorphous solid is improved. The transitions came out as a 
step in the baseline of the recorded DSC indicator.  

The established records on the use of human osteoblast 
cells in testing of cell-biomaterials interactions has been 
previously given by some authors (20,72). The use of 
culture medium containing the scaffold leachable was used 
as a representative of the scaffolds biodegradation model to 
test the viability and proliferative properties of the cells in 
the presence of substances leached out from the scaffolds. 
Findings from a study by (73,74), also showed the release 
of substances from a nano biocomposite material which 
could possibly stimulate cells proliferation as indicated by 
the expression of the ALP biochemical marker for 
osteoblast cells proliferative activity. The results obtained 
showed that there is a growing level in cell increasing rate 
as CCAN powder in the scaffolds composition leaches 
which correlate with the calcium concentration increase 
leaching out from the scaffolds as well as the type of coated 
polymer. Calcium ions leaching out from the scaffolds 
directly improves the cells propagation rate as a result of 
calcium ions are well recognized biomolecules that are vital 
in defining initial cell conduct (50,75,76). A study by (30), 
concluded that the capability of growing cells in the 
extracts of a scaffold as being cytocompatible in nature 

hence supporting the finding of this study in proving the 
cytocompatible effects of the scaffolds. 

There were substantial differences in the ALP levels in 
the cells cultured in different scaffold extracts; it is worth 
mentioning that a common trend was observed between the 
ALP levels with those of the MTT. Increasing levels of 
ALP directly indicate the presences of a system that is 
favorable in supporting the cells proliferation rate as well as 
the subsequent mineralization of the matrices. A study by 
(77), further supported that the increase in ALP levels 
which is one of the appearances of three proteins (alkaline 
phosphatase, collagen and osteopontin) involved in bone 
remodeling as an indicator of osteoblast cells activity that 
indirectly increases the concentration of phosphoric acid in 
addition to supporting matrix mineralization. In this work, 
the ALP obtained is similar to the results reported by 
different researchers (78-80). Report shows that ALP is 
related with calcification with an improved manifestation of 
this enzyme is outwardly vital earlier than the 
commencement of matrix mineralization, providing 
restricted enhancement of inorganic phosphate which is one 
of the apatite constituents of the mineral phase of bone (81). 
The ALP activities in this work was shown to be highest 
within 5 days, the observation is similar to (79), who also 
stated that the peak ALP expression was observed within 3 
days. Nonetheless, the result does not agree with (78) 

observations who demonstrate that ALP activity improved 
as the experiment progresses for all samples and 
particularly after day 14 of incubation. The cells that were 
cultured on the scaffolds extract reached highest total ALP 
content at day 5 in the medium containing leachable of 
three scaffolds which decreased meaningfully on day 14 
and reached the peak total ALP content on day 7 in medium 
containing leachable of scaffold S2 which is similar to the 
work done by (78,82-85), who reported the unceasing 
action of the cells in spite of deposition of calcium in the 
culture.  

The decline of ALP may possibly symbolize a 
reoccurrence to osteoprogenitor cells or maturation to 
osteocytes, which usually express small amounts of this 
enzyme. Our result in this study is similar to the result 
obtained from previous study by (80,81). The ALP activity 
reduction is related to fast Ca+2 buildup by the matrix 
vesicles. According to (86) the increase in ALP levels on 
porous scaffolds is noted as an indication of early cell 
differentiation followed by a drop that is observable with 
the initiation of the mineralization process, this further 
justify the findings from this study. Studies by (87), also 
reported similar trends in ALP levels that were found to 
correspond well to the increase and decrease in the levels in 
regards to the proliferation and growth pattern of the 
osteoblast cells on the respective scaffold materials. 
Conclusively, the findings revealed that there is substantial 
differences (P<0.05) between scaffolds; this was due to the 
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indications that the entire scaffolds configurations have the 
similar prospective and even quality that can be used in 
vivo. At days 7 and 14, a drastic increase of ALP and cell 
proliferation were seen on scaffold S1, S2 and S3 which 
were cultured under usual conditions; obviously suggest 
that these scaffolds were accountable for the improved 
hFOB cells mineralization. 
 
Conclusion  
 

This study concluded that using an innovative mixture 
of calcium carbonate in the form of aragonite cockle shell-
derived nanoparticles and gelatin, dextrin and dextran is the 
most appropriate composition that may guarantee the 
achievement of the developed scaffold purposes in true 
biological system. This innovative mixture is also essential 
in achieving the porous structure of the scaffolds which 
controlled the scaffold-coating system (coated framework) 
that determined their successive characteristics. The 
findings showed that three scaffolds were characteristically 
favorable in terms of its physiochemical evaluation, 
morphology, mechanical strength as well as biological 
performance. Furthermore, this study concluded that three 
scaffolds were excellent biocompatible scaffolds of the 
third-generation biomaterial-based scaffold category in 
regards to its in vitro performance. This study also 
concluded that the MTT and ALP level that was observed 
in the nanocomposite scaffolds leachable during 14 days of 
the culture period is significant, clear evidence of its 
biocompatible composition and porous structural design 
that is capable of promoting and facilitating cell 
proliferation was also seen.  
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