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Response to the Examiner-II 
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Chapter 2 

Table 2.1 Comparative study of the raw materials used in this study w.r.t natural materials 

using matrix mapping. 

Sr. 

no. 

Properties C H G Coll

agen 

SF A HAA 

1. Biomechanical [125,182,189] 2 3 2 1 3 1 1 

2. Cost [111,114] 1 2 1 3 2 1 3 

3. Stability [46,77,115] 2 3 2 2 2 -q 1 

4. %Composition [185-188] Nil 50 Nil 20 Nil Nil 0.7  

5. Biocompatibility 3 2 3 3 2 2 3 

* Matrix score: 1-low, 2-intermediate, 3-high or strong. 

Chitosan-C, Gelatin-G, Hydroxyapatite-H, Silk Fibroin-SF, Alginate-A, and Hyaluronic acid-

HAA 

 

Table 2.3 Comparative study on the methods of fabrication (in terms of being innovative) 

Sr.no Fabrication Methods  State of scaffold Contami

nation 

Accessi

bility  

Mechanical 

property 

1. Lyophilization 

[22,23,29-30] 

Rapid-

solidification  

Reduce 

chances  

High Superior 

2. Dry/wet-spinning based 

extrusion [57-60] 

Amorphous 

consistency  

Low low Inferior 

3. Gas-foaming [184-187] Highly viscous Relativel

y higher 

interme

diate 

Intermediate 

4. Cryo-tropic gelation 

[111,125,187] 

Interconnections 

not guaranteed 

Intermed

iate 

high Inferior 

 

 

 



 

Chapter 3 

3.5.8.3 Glucose diffusion analysis 

3.5.8.3b Measurement of the D value 

Two slots in the 12-well cell culture plate were used for single-point data collection.  

Each well was 7.3cm3 in volume (dimension of the cylindrical well: 2.2cm diameter X 1.9 cm 

depth). Each well can hold up to 1.2ml media volume. 

The wells were incubated with cell culture media saturated ‘cell-scaffold’ combination. The 

set-up was kept at 37ºC. Glucose at 1mg/ml was added to saturation in one in every two wells. 

The 12 well plates were incubated in the CO2 incubator.  

As per Fick’s law, Diffusion flux, J is directly proportional to the concentration gradient of the 

particle (dΦ/dx). Provided there was no change in the volume of the diffusion cell.  

 

J= -D dΦ 

 dx 

=-DA Φd- Φr/x 

J is the diffusion flux, mass transfer through an area per unit time 

Φ is the concentration of the diffusing solute 

x is the scaffold thickness, 

A is the area of the scaffold 

D is the effective diffusivity of glucose in the seeded scaffold 

V is the volume of the well 

 

D was calculated by fitting the experimental values into the equation for J. All experiment was 

performed at n=3. Also, no significant deviation among the data values were recorded. 

3.5.8.3b Measurement of D value for cell-scaffold saturated cell culture media 

A UV spectrophotometer was used to record the change in glucose concentration w.r.t time at 

190nm. Each well was filled to saturation using 1.2 ml of glucose (1mg/ml). Sampling was 

done from both the wells, with and without cell-scaffold saturated with water after 1,2,4,6 and 

8 hours. All the readings were recorded in triplicate. 



 

Chapter 4 

Results and Discussion 

4.3.7.2 Determination of the Glucose Diffusion Coefficient (D) 

The varying surface and core morphology tend to influence the diffusion of the glucose 

moieties. Hence, the value of D is directly correlated to both, the porosity and morphology. 

Figure illustrates the changes in glucose concentration over a period of eight hours from 0 to 

27 culture days. 

The GH based scaffold depicts lesser degree of diffusion than the CGH scaffold. Also, rTCGH 

displayed maximum glucose diffusion, independent to its rate of biodegradation. 

Also, the rT seeded groups (rTGH and rTCGH) displayed marginally lower resistance to 

glucose diffusion over the rM seeded groups (rMGH and rMCGH). 

The effective glucose diffusion coefficient was higher for CGH groups than the GH groups.  

From the study done by H.Suhaimi et.al. the diffusion coefficient for the scaffold material 

increases at 37ºC. 

 

 

Figure 4.42 Variation in the glucose concentration w.r.t time factor among the four cell-

scaffold groups: hMGH, hMCGH, hTGH and hTCGH 



 

 

 

Table 4.11 Effective diffusion coefficient with standard deviation for glucose across cell-

scaffold saturated with cell culture media. 

Sr. no. Cell-scaffold group Std Deviation (σ) D (m2/s) After 27 culture days 

1. hMGH 2 ±2.67* 10-10 2.05±0.77* 10-10 

2. hMCGH 2.05±0.11* 10-11 1.05±0.1* 10-11 

3. hTGH NA 1.011±2.66* 10-10 

4. hTCGH 9.01±0.66* 10-9 7.05±0.12* 10-9 
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PREFACE 

 

 

Despite great progress in the available bone healing procedures. Large scale production had 

been lagged by the mismatch between the demand and requirement.  Over a decade tissue 

engineering have evolved to cater substitutes for damaged tissue/organ. Bone related 

degeneration could be reduced in the elderly by utilizing scaffolds when seeded and cultured 

with osteoblast. Combining technologies in engineering scaffolds which can mimic the 

extracellular matrix of the bone in terms of the morphological and mechanical properties, 

directly influences the healing step employing bone tissue engineering. The scaffold was 

evaluated both before and after seeding them with either rabbit osteoblast followed by the 

human osteoblast, derived from both bone tissue and bone marrow mesenchymal stem cells. 

The innate properties of the scaffold constituents, namely chitosan, gelatin and hydroxyapatite 

were modified by combining them by gelate freeze-drying. The obtained scaffold variations 

were characterized by studying their morphology, chemical structure, crystallinity and mineral 

content, degradation to mineraliztion behaviour, antibacterial response and mechanical to 

porosity parameter. The most bone extracellular biomimic scaffolds were studied in vitro at 

different time-points to scrutinize the osteoblast-scaffold combination for further in vivo 

implantation studies. Data suggested that the osteoblast-scaffold when used together as bone 

extracellular matrix substitute can have great potential in promoting bone repair during clinical 

practices. The presented study also highlighted the areas on which research is needed with 

relevance to enhance the understanding of the complex role of scaffold and osteoblasts in bone 

tissue engineering.  
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