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Here, we have developed porous, antimicrobial, biodegradable, pH and blood compatible CTS-PEG-HAP-ZnO 

nanocomposites having good mechanical properties and osteoblast cell proliferation abilities to mimic cancellous 

bone in bone tissue engineering. 
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Development of porous and antimicrobial CTS-PEG-

HAP-ZnO nano-composites for bone tissue 

engineering 

Arundhati Bhowmick,a Nilkamal Pramanik,a Piyali Jana Manna,a Tapas Mitra,a Thirupathi 

Kumara Raja Selvaraj,b Arumugam Gnanamani,b Manas Dasc and Patit Paban Kundu*a 

Here, we have developed hybrid nanocomposites of chitosan, poly(ethylene glycol) and nano-

hydroxyapatite-zinc oxide with interconnetced macroporous structures for bone tissue engineering. 

These nanocomposites were characterized by different spectroscopic and analytical techniques. The 

percentage of porosities and tensile strength of these materials were found to be similar to that of the 

human cancellous bone. Moreover, these hybrid materials exhibited bio-degradability, neutral pH (7.4) 

and erythrocyte compatibility. Addition of nano-hydroxyapatite-zinc oxide into the nanocomposites 

increased antimicrobial activity and protein adsorption ability. The water uptake ability was found to 

increase with increasing the proportion of poly(ethylene glycol). Finally, osteoblast-like MG-63 cells 

were grown, attached and proliferated with these nanocomposites without having any negative effect and 

showed good cytocompatibility. 

 

1.  Introduction 

Hydroxyapatite [Ca10(PO4)6(OH)2, HAP], which has a chemical 
similarity to the inorganic  portion of human bone, has attracted 
considerable attention in the emerging trend of bone tissue 
engineering due to its bioactivity, osteoconductivity and 
biocompatibility.1 HAP can form a direct chemical bond with 
neighboring bone tissue and promotes bone formation required 
for implant osseointegration which is an essential property to 
reduce damages to surrounding tissues and to increase the 
implant efficiency.2 Most biological apatites are non-
stoichiometric because of the presence of trace ions such as 
Mg2+, Mn2+, Zn2+, Na+, Sr2+, HPO4

2−, CO3
2− .These trace ions 

have effect on various properties of apatite such as lattice 
parameters, crystallinity.3 In this context, one of the primary 
aims in the field of biomaterials is to get improved quality 
material for artificial bone substitution which can be achieved 
by incorporation of additives into HAP.  Hence, with the 
inclusion of trace metal ions such as zinc, silver and manganese 
into HAP, enhanced its biological performance.4 Among 
various metals, synthesis of Zn substituted HAP is of major 
interest because it is present in abundance as a trace element in 
bone minerals.5 Zinc also has properties to support the bone 
density and impede bone loss.6 Recent report showed synthesis 
of zinc oxide doped nano-hydroxyapatite (nano HAP-ZnO) and 
observe antimicrobial activity against zinc oxide content.7 

 In recent year, extensive research has been done for the 

fabrication of organic-inorganic materials to mimic natural 

bone which is composed of the combination of organic collagen 

fibrils and inorganic nano-hydroxyapatite.8,9 Among different 

polymer used, chitosan (CTS, a natural polysaccharide present 

in chitin in which glucosamine and N-acetylglucosamine units 

are connected via β (1-4) linkage) is attractive as it is flexible, 

biocompatible, and nonimmunogenic.10-12  

 However, poor mechanical strength limited its applications 

in bone tissue engineering. Although, osteogenesis and 

angiogenic activity was improved by CTS,13,14 the poorer 

mechanical strength of CTS15 makes it impracticable to bear the 

load similar to the load of bone and it tends to collapse when 

applied to bone defects in animal model. To improve the 

mechanical properties, CTS was blended with several synthetic 

(poly[vinyl alcohol], polycaprolactone, poly [acrylamide], 

poly[ethylene glycol]) polymers.16-19 Among these, 

Poly(ethylene glycol) (PEG) is one of the widely used polymer 

applied for medical implants. PEG is commonly used in 

polymer blend as it has several advantages such as its wide 

range of molecular weights, excellent solubility in water, low 

toxicity, chain flexibility, and biocompatibility. PEG is readily 

excreted from the body and forms non-toxic metabolites.20 

Recently nano HAP were embedded in PEG polymeric 

matrices.21,22 Though, a few approaches have been made for 

blending CTS with PEG.23,24 Therefore fabrication of 

composites containing CTS and HAP with PEG to obtain a 

suitable scaffold for bone regeneration is in demand.  

 Moreover, an ideal scaffold should have interconnected 
porous structure which can support cell penetration, new tissue 
ingrowths, nutrient diffusion and neovasculariation, good 
mechanical property and biocompatibility. Therefore, 
fabrication of a porous material for successful bone 
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regeneration is highly desirable.25-27 In addition, it should have 
antimicrobial properties for successful bone regeneration to 
prevent bacterial infection in orthopedic implants. In this 
context, incorporation of metals having antimicrobial properties 
such as copper, silver, zinc is becoming frontier area of 
research. Recent report showed that zinc doped hydroxyaptite 
can reduce bacterial adhesion.28 Therefore, in this paper we 
report development of novel porous multicomponent nano-
composites by blending CTS, PEG, nano-HAP-ZnO (CPHZ). 
The nanocomposites were thoroughly characterized by fourier 
transform infrared spectroscopy (FT-IR), powder X-ray 
diffraction (XRD) and scanning electron microscopy (SEM) 
and investigated their water uptake abilities, porosity, pH, 
mechanical properties and antimicrobial activities.  
 

2.  Results and Discussion 

Initially, we have synthesized nano-HAP-ZnO hybrid material 
by stirring aqueous dispersion of ZnO NPs (20 mg) and HAP 
(980 mg) at room temperature for 2 hrs followed by drying at 
60o for 6 h. The detailed procedure is given in experimental 
section. The nano-HAP was synthesized by using a wet-
chemical precipitation method which was previously reported 
by us.29 On the other hand, ZnO NPs were synthesized by 
condensing Zn(OAc)2 in presence of NaOH following 
previously reported protocol30 (See experimental section). The 
formation of HAP and ZnO NPs were confirmed by FT-IR, 
powder XRD and SEM studies. Next, we have synthesized 
different porous nanocomposites (CPHZ I–III) by 
multicomponent blending of different weight percent of CTS, 
PEG and HAP-ZnO NPs (Table I) (See experimental section).  

 

Table 1: Composition of CPHZ I-III 

 

 

Physicochemical Properties 

 

The physicochemical properties of the synthesized nano-
composite materials were investigated by using Fourier 
transform infrared (FT-IR) spectroscopy, powder X-ray 
diffraction (XRD) studies. The presence of ZnO NPs was 
confirmed by characteristic absorption peak at 464 cm-1 in the 
FT-IR spectrum of HAP-ZnO composite (See Fig. 1, ESI-1) 
whereas bands at 1092 cm-1, 1028 cm−1 and 964 cm−1 were 
attributed to phosphate stretching vibration of HAP.  
 Next, we performed FT-IR of CPHZ I-III. In CPHZ I-III, 
the absorption band for hydroxyl (O-H) groups present in PEG 
as well as CTS appeared at in the region of 3300-3350 cm−1 as 
broad band (Fig. 1). In contrast, O-H band for CTS alone was 
appeared in ~ 3432 cm-1. This lowering of frequency of 
vibration of the O-H absorption band in composites could be 
attributed due to intermolecular H-bonding between CTS and 
PEG. This occurs because the hydrogen bonding pulls on the 
O-H bond, and dynamically changes the spring constant of that 
bond. Also bands at 1634, 1637 and 1632 cm−1 respectively 

were attributed to amide I of CTS (C=O stretching mode along 
with an N–H deformation mode). Broad bands were appeared 
for phosphate stretching vibration in HAP at 1132-979 cm−1, 
1130-974 cm−1 and 1128-970 cm−1 respectively. The band 
corresponding to –O- was appeared at 1078 and that of C-H 
stretching were at 2873 and 2942 cm−1. These bands indicate 
the presence of both CTS and PEG in the nanocomposites 
CPHZ I-III. A detailed comparative study of FT-IR absorption 
band of individual components and CPHZ I-III was also given 
in Table 1, ESI-2.  
  
. 
 
 
 
 
 
 
  

 
 
 
 
 

 
 
 
Fig. 1 FT-IR spectra of (a) CPHZ I (b) CPHZ II (c) CPHZ III 
 
 
 The powder XRD study of as-prepared ZnO NPs (Fig. 2a) 
was studied and presence of peaks at 2θ = 32.18o, 34.02o, 
36.67o, 47.95o, 57.01o, 63.26o, 68.33o corresponds to the lattice 
planes (100), (002), (101), (102), (110), (103), (112) of ZnO 
respectively. These X-ray diffraction data were in good 
accordance with reported values.31 No diffraction peaks of 
other impurities were detected. In Fig. 2b, characteristic peaks 
for nano-HAP were observed at 26.51o and 32.57o in powder 
XRD spectrum of nano-HAP-ZnO. 
 

In vitro degradation test 

 

To eliminate the risk for further surgery, bone tissue 

engineering composite materials should have the ability to 

degrade naturally over time as new tissue grows. Therefore, in 

vitro degradation study of CPHZ I was investigated. Along with 

CTS, another biodegradable polymer, PEG, was added into the 

nanocomposites. Fig. 3 gives the percentage of weight loss of 

CPHZ I as a function of soaking time in SBF. The rate of 

weight loss of CPHZ I from week 1 to week 4 was mainly due 

to the decrease in the CTS/PEG weight ratio. It was observed 

that the percentage of weight loss was highest in the first week 

CPHZs  CTS  
(wt %)  

PEG  
(wt %)  

HAP-ZnO 

NPs (wt %) 

CPHZ I  55  40  5 

CPHZ II  55  35  10 

CPHZ III   55  30  15 
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i.e. 26 %. After fourth week, 38 % of weight loss of CPHZ I 

was observed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Powder XRD patterns of (a) ZnO NPs (b) nano-HAP-

ZnO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Percentage of weight loss of CPHZ I as a function of 

soaking time. 

 

 

 

Water uptake (swelling) studies  

 

Water uptake studies of CPHZ I-III were done which is one of 
the essential properties required for bone tissue engineering 
applications. The nanocomposites started swelling rapidly 
within the first hour, signifying good characteristic swelling. 
Fig. 4 showed that with increasing the amount of PEG (CPHZ 
III to CPHZ I) from 30 wt % to 40 wt %, the water uptake 
ability of the composites increased with fixed amount of CTS 
(55 wt %). Further, it was observed that water uptake abilities 
of nanocomposites reduced with increasing the amount (5 to 15 
wt %) of nano-HAP-ZnO (CPHZ I to CPHZ III). These results 
are in good agreement with previously reported results.32 Thus, 
these composites will serve as good materials for bone tissue 
engineering. 
 

Microstructure of composites 

 

The size of the ZnO NPs was studied via Field emission SEM 
(Fig. 5). The average sizes of ZnO NPs were in the range of 19-
28 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Water uptake with time of CPHZ I-III 

 

 

 The morphology of CPHZ I-III was also studied through 

SEM as shown in Fig. 6 where porous structures were 

observed. The pores were macroscopic in nature, with size of 

approximately 1 to 10 µm (Fig. 6a, 6c, 6e). It appeared that 

pores were interconnected with each other (Fig. 6f). On the 

macroscopic pores walls, many fine pores that have size of less 

than 1 µm, were also observed (Fig. 6b). This kind of porous 

structure was observed for silver–chitosan–poly(ethylene 

glycol) nanocomposites.33 The presence of ZnO NPs in the 

nanocomposite was also confirmed by the analysis of Energy-

Dispersive X-Ray Spectroscopy (EDS) of CPHZ I. It clearly 

showed the presence of zinc and oxygen. In addition, it also 

showed peaks of carbon, calcium and phosphorous (Fig. 2, ESI 

3).  
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Fig. 5 FESEM image of ZnO NPs 

 

E F

A B

C D

 
 

 

Fig. 6 SEM images of CPHZ I (A & B), CPHZ II (C & D), 
CPHZ II (E & F). 

 

Porosity and density measurement 

  

 Porosity with pore interconnection is necessary for cell 

infiltration and nutrient exchange.34,35 Table 2 listed the 

measured density and porosity of CPHZ I-III. From table 3, 

porosity of 60.40 %, 67.78 % and 72.25 % for CPHZ I, CPHZ 

II and CPHZ III respectively was observed. The porosities 

observed for CPHZ I-III were in the range of cancellous bone 

(50-90 % porosity).36 Porosities of CTS membrane was also 

measured as a control sample and listed in Table 2. It was 

observed that porosity of CTS (46.10 %) was lower compare to 

CPHZ I-III.  

 

Table 2 Porosity and density of CPHZ I-III 
 

(CPHZs) Density (g/cm3)  Porosity (%)  

 

CPHZ I 0.396 60.40  
 

CPHZ II 0.307  67.78 
 

CPHZ III 
 
CTS                              

0.277 
 
0.496 

72.25 
 
46.10 

 

Mechanical properties 

 

 The mechanical properties such as tensile strength, 
percentage total elongation at fracture, Young’s modulus and 
stiffness of CPHZ I-III were determined and listed in Table 3. 
The tensile strength increased significantly from CPHZ III to 
CPHZ I, in presence of fixed amount of CTS and with decrease 
in the amount of nano-HAP-ZnO. With 30 wt % PEG, CPHZ 
III has tensile strength 10.26 MPa, while with 40 wt % PEG, 
CPHZ I has 15.83 MPa of tensile strength. The decrease in 
tensile strength from CPHZ I- CPHZ III is possibly due to the 
addition of more amount of nano-HAP-ZnO which increased 
brittleness in the nanocomposites. However, percentage total 
elongation at break decreased from CPHZ I to CPHZ III (5.50-
2.74 %). CPHZ I showed much higher stiffness (87365 N/m) 
and Young’s modulus (1820 MPa) compare to CPHZ II and 
CPHZ III.  
 It is well known that porous scaffold is associated with low 
mechanical strength which restricts its orthopedic application. 
However, for CPHZ I-III, we observed good mechanical 
strength along with porosity. Notably, tensile strength, percent 
elongation at break obtained for CPHZ I-III matches with the 
tensile strength and percent elongation at break of cancellous 
bone.36 

 

Table 3. Mechanical properties of CPHZ I-III 
 

CPHZs Tensile 

Strength 

(MPa)  

Total 

Elongation 

at Fracture 

(%)  

Young’s  

Modulus 

(MPa) 

Stiffness  

(N/m)  

CPHZ I  15.83  5.50  1820  87365  

CPHZ II  12.54  3.12  708  32132  

CPHZ III  10.26  2.74  746  15927  

 

Antimicrobial activities 

 

Next, we investigated the antimicrobial activities of the 
individual components and CPHZ I-III against gram-negative 
bacteria Escherichia coli XL1B strain and gram-positive strain 
Lysinibacillus fusiformis strain and Bacillus cereus. The 
detailed procedure has been provided in Experimental section.  
 The antimicrobial activities of CTS, nano-HAP, ZnO NPs, 
PEG and nano-HAP-ZnO were shown in Fig. 7. All the 
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individual components except PEG exhibited antimicrobial 
properties against three different bacterial strain Escherichia 
coli, Lysinibacillus fusiformis and Bacillus cereus. The 
maximum bactericidal activity was observed for ZnO NPs 
against Bacillus cereus.  
 Fig. 8 represented the antimicrobial activities of CPHZ I-III 
where antimicrobial activities increased with increasing the 
nano-HAP-ZnO content that is CPHZ I to CPHZ III. With 
CPHZ III (15 wt % nano-HAP-ZnO), zone inhibition for cell 
growth was 12.0±0.57, 11.4±0.77 and 11.6±0.75 against 
Escherichia coli, Lysinibacillus fusiformis and Bacillus cereus 
respectively. 
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Fig. 7 Antimicrobial activities of CTS, nano-HAP, ZnO NPs, 
PEG and nano-HAP-ZnO 
 
 These results suggest that the cell-growth inhibited effect 
was more prominent in case of gram-negative bacteria strains 
(Escherichia coli) compare to gram-positive strains. The better 
inhibitory effect on gram-negative strain compare to gram-
positive strain was due to the presence of a thicker 
peptidoglycan cell-wall in gram positive bacteria, which 
protects inner parts of the cell from the penetration of CPHZ I 
in the cytoplasm.37 Overall, CPHZ I-III exhibited good 
antimicrobial properties which are essential to prevent bacterial 
infection in orthopedic implants for successful bone 
regeneration. 

 

pH study 

 

6.2 mg of CPHZ I was taken in a bottle filled with 30 ml (150 
mM) physiological saline solution, which was setting for 
stirring continuously at 37 ◦C. The pH of the solution was 
measured by a pH meter periodically upto 14 days. The 
changes of the pH values from 1 to 14 days were given Fig. 9. 
It can be concluded from the above study that the pH value of 
CPHZ I was equal to the human plasma (pH 7.4), therefore the 
nanocomposite should be nontoxic to an organism in the human 
body. There is not much change in pH value (ranging from pH 
6.8-7.42) observed from the day 1 to day 14. Thus, a low 
alkalinity pH (7.4) of CPHZ I, similar to the pH of human 
plasma, is very much desirable for the application in bone 
tissue engineering. 

CPHZ I 

CPHZ II

CPHZ III

10.2

10.4

10.6

10.8

11

11.2

11.4

11.6

11.8

12

Escherichia coli 

XL1B  Lysinibacillus 

fusiformis 
Bacillus cereus

11.2 ± 0.51

10.8 ± 0.75
11.0± 0.57

11.5 ± 0.55

11.0 ± 0.55

11.3 ± 0.51

12.0± 0.57

11.4 ± 0.77

11.6 ± 0.75

Z
o
n
e
 o
f 
in
h
ib
it
io
n
(m

m
)

Microorganisms
 

 
Fig. 8 Antimicrobial activities of CPHZ I-III 
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Fig. 9 pH study of CPHZ I 

 

 

Hemolytic assay 

 
The hemolysis assay is a significant test for the materials used 
in biomedical application which might be exposed in blood 
environment and damaged the erythrocytes in certain degree. 
For the present study the assay was carried out to evaluate the 
blood compatibility of CPHZ I. The detailed procedure was 
given in experimental section. The results in Fig. 10 showed 
that there was no damage of erythrocytes in presence of CPHZ 
I which confirmed that prepared biopolymer is compatible with 
erythrocytes. 
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Fig. 10 Hemolysis studies of CPHZ I. Positive control (50 µl 

RBC + 950 µl H2O, negative control (50 µl RBC + 950 µl PBS) 

and 10, 20, 30, 50, 75 and 100 µl of CPHZ I was made upto 950 

µl with PBS and then 50 µl of RBC sample was added and 

mixed. 

 

Protein adsorption study 

 

The BSA adsorption results showed that the maximum protein 

adsorption was found to be 66.34 % for CPHZ III having 15 wt 

% of nano-HAP-ZnO content after 24 hours (Fig. 11). This 

could be due to the fact that the addition of nano-HAP-ZnO 

would have increased the surface area of the nanocomposites, 

and hence more proteins were adsorbed. The BSA adsorption 

onto CPHZ II and CPHZ III was found to be 62.13 % and 66.34 

% respectively (Fig. 11). The result was in good accordance  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with the result of porosity measurements where percentage of 

porosity increased from CPHZ I to CPHZ III, therefore 

increased the surface area of the nanocomposites and improved 

the protein adsorption. Increased protein adsorption of the 

nanocomposites would lead to have better cell matrix 

interaction, adhesion and spreading on the scaffolds.38  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Protein adsorption study of CPHZ I-III.   

 

In vitro cell proliferation study and MTT assay 

 

With reference to the cytotoxicity of the prepared 

nanocomposites CPHZ I and CPHZ III, cell proliferation assays 

were carried out. MTT assay was done to check the toxicity of 

the prepared nanocomposites (CPHZ I and CPHZ III).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 Inverted phase contrast micrographs of MG-63 cells grown over (a) non coated (control), (b) CPHZ I and (c) CPHZ III 

coated tissue culture plate for 24 h. The scale bar measures 0.1 mm. (all the values are the mean ± SD of triplicates) and MTT 

assays for proliferation of MG63 cells cultured with scaffolds after 24 h, compared with the control (without scaffolds) under 

the same culture condition. ($, #) p < 0.05, compared to control. 
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 The cell viability of CPHZ I and CPHZ III were higher than 

that of control. This might be due to addition of hydroxyapatite 

crystals in the scaffold. The cell proliferation of MG-63 on 

CPHZ I and CPHZ III scaffolds was observed to be high as 

compared control (Fig. 11). This indicates that the newly 

developed scaffolds benefit for the osteoblast-like cells growth, 

attachment and proliferation, and there was no significant 

difference among the uncoated and coated scaffolds. The 

biocompatibility assessment demonstrated that the modified 

scaffolds had no negative effect on osteoblast-like MG-63 cells 

and showed good cytocompatibility. 

 

3.  Experimental section 

Materials 

Chitosan was purchased from Acros Organics. Molecular 
weight of CTS was 230 kDa, determined by the well-known 
Ubbelohde viscometric methods. Degree of deacetylation 
(DDA) of CTS was 86% and it was determined by 
potentiometric titration method. Nano-hydroxyapatite (nano-
HAP) was synthesized following the protocol reported in our 
previous paper.29 For the synthesis of nano-HAP, calcium 
nitrate tetrahydrate [Ca(NO3)2.4H2O], diammonium phosphate 
[(NH4)2HPO4], and 25% ammonium hydroxide were purchased 
from Merck. For the synthesis of zinc-oxide nanoparticles, zinc 
acetate [Zn(OAc)2], sodium hydroxide [NaOH]  were purchased 
from HiMedia Private Ltd. Polyethylene glycol (PEG) was 
purchased from Merck, has molecular weight 20000. 
 

Detailed experimental procedure for the synthesis of 

chitosan-PEG-nano-HAP-ZnO porous multicomponent 

nano-composites (CPHZs) 

 

Synthesis of ZnO nanoparticles (NPs) 

Synthesis of ZnO NPs was done following a reported 
procedure.30 0.45 M aqueous solution of zinc acetate Zn(OAc)2  
and 0.9 M aqueous solution of NaOH were prepared in distilled 
water. Then the beaker containing NaOH solution was heated to 
about 550C. Then zinc acetate solution were added drop-wise 
(slowly for 1 hr) to the above heated solution under high speed 
stirring. The beaker was sealed at this condition for additional 2 
hrs and the precipitated ZnO nanoparticles were cleaned with 
deionised water and ethanol & then dried in air at 60 0C.  
 

Synthesis of nano-HAP-ZnO 

Aqueous solutions of 20 mg of ZnO NPs and 980 mg of nano-
HAP were prepared and mixed. The mixed solutions were 
stirred vigorously for two hours. The obtained suspensions 
were filtered and dried in a hot air oven at 60 0C for 6 h. 
 

Synthesis of chitosan-PEG-nano-HAP-ZnO porous 

multicomponent nano-composites (CPHZs) 

 

For the synthesis of CPHZ I-CPHZ III, a fixed amount of CTS 
(55 wt %) were dissolved in 15 ml of 85 % formic acid with 
stirring for 2 hours. After that different amount of PEG (40, 35, 
and 30 wt %, respectively) and HAP-ZnO NPs (5, 10, and 15 
wt %, respectively) were added to the CTS solution. The 
resulting mixture was stirred vigorously overnight to get a 
homogenous mixture of the composites. It was then transferred 
to petri-dishes for formic acid evaporation at room temperature 
to get the film. It was then dried at 60 oC for 48 h. 

 

Characterizations 

Fourier Transform Infrared Spectroscopy (FT-IR) study was 
carried out with Attenuated Total Reflectance (ATR)–FT-IR 
spectrophotometer (model alpha, Bruker, Germany). All 
spectrums were recorded with scanning range from 4000 to 500 
cm-1. X-ray diffraction patterns of CPHZ I-III were obtained by 
using X-ray diffractometer (Goniometer Miniflex, JAPAN). 
The samples were tested at 30 Kv and 15 mA with Cu Kα 
radiation. The relative intensity was recorded at a 2θ of 4o/min 
and in the range of 5o to 70o.  
 The in vitro degradation study of CPHZ I was conducted in 
a simulated body fluid (SBF) medium composed of (per lit) 
NaCl (7.996 g), NaHCO3 (0.350 g), KCl (0.224 g), 
K2HPO4.3H2O (0.228 g), MgCl2. 6H2O (0.305 g), CaCl2 (0.278 
g) and Na2SO4 (0.071 g). 1000 ml of saline solution was 
buffered at physiological pH 7.4 at 37oC with tri-(hydroxyl-
methyl) amino-methane (6.057 g) and hydrochloric acid. The 
ionic strength of the as prepared fluid solution was very close to 
those of human blood plasma. For the degradation study, the 
dried samples were weighed and immersed in a vial containing 
10 ml of SBF solution and it was kept at 37.0 ± 0.5oC water 
baths under constant shaking. Then, the soaking capability of 
the respective samples was monitored for 1, 2, 3 and 4 weeks 
and withdrawn from SBF. Finally, it was gently rinsed with de-
ionized water and weighed again after being dried. The rate of 
weight loss (WL) was calculated according to the formula- 
 WL = [(W0-W1)/ W0] ×100%,  
Where, W0 and W1 denote the weight of the sample before and 
after soaking, respectively.  
 For the study of water uptake abilities of CPHZ I-III, five 
replicates were used for each study. At first, dry scaffolds were 
weighed (Wd) and immersed in distilled water. Then, the 
scaffolds were gently blotted with filter paper to remove the 
excess water and weighed (Ww) again after 0.5, 1, 2 3, 4, 5 and 
24 hours to determine water uptake. The percentage of water 
absorption (EA) of the composites at equilibrium was calculated 
using Equation (1)39: 
         EA = [(Ww - Wd)/ Wd] × 100       ………. (1) 
 The size of ZnO NPs (Fig. 4) was examined using a field 
emission scanning electron microscope (FESEM) (JEOL 
JSM7600F). For FESEM examination, sample was 
sputtercoated with gold using E-1010 Hitachi Ion Sputter 
(Made in Japan). The structural morphology of CPHZ I-III was 
examined using a scanning electron microscope (SEM) (Model 
EVO-18, Carl-Zeiss, Germany). For SEM examination, dry 
samples were coated with gold layer using a Hitachi sputter 80 
coater (model-E1010 Ion sputter, made in Japan).  
 Porosity and density of the prepared scaffolds were 
determined by the liquid displacement method.40 Initially, the 
volume of the ethanol (V1) and dry weight (W) of the scaffolds 
were measured. The scaffolds were then immersed into the 
dehydrated alcohol for 25 h until it was saturated by absorbing 
the alcohol, and the scaffolds were weighed again. The total 
volume of the ethanol and scaffold was then recorded as V2. 
Then, the scaffold was removed from the ethanol and the 
residual ethanol volume was measured as V3. In addition, to 
measure the volume of ethanol adsorbed by the bulk materials 
of the CPHZ I-III, we have weighed the dried scaffolds after 
removing from ethanol. The measured volume of ethanol was 
added to V3. 
 The density (d) of the scaffold was expressed as: 
d = W/ (V2- V3)    …………… (2) 
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 The porosity (ε) of the samples was calculated based on the 
following formula: 
ε = (V1-V3)/ (V2- V3)   ………….  (3) 
 Mechanical properties of CPHZ I-III were measured using a 
Universal Testing Machine (UTM) of Lloyd Instruments Ltd. 
(Model LR01KOLPLUS, ENGLAND). These tests were 
performed in tensile mode. The measurements were performed 
with a cross-head speed of 5 mm/min with 30-mm gauge length 
at room temperature. Width and thickness of each sample were 
measured before testing. At least five specimens were tested for 
each sample. The dimensions of scaffolds were 18 mm in 
diameter and 0.08 mm in thickness. Tensile strength, Young’s 
modulus, stiffness and percentage elongation at break were 
obtained from tensile testing.  
For the antimicrobial study, the test bacterial cultures, 
Escherichia coli XL1B strain (gram-negative), Lysinibacillus 
fusiformis strain (gram-positive) and Bacillus cereus (gram-
positive strain) were collected from the Department of 
Microbiology, University of Calcutta. CPHZs were tested for 
antimicrobial activity by disk diffusion method41 against 
Escherichia coli XL1B strain (gram-negative), Lysinibacillus 
fusiformis strain (gram-positive) and Bacillus cereus (gram-
positive).  The inhibitory effect was tested on a sterilized agar 
plate of liquid nutrient broth medium which contains animal 
tissue (5.0g/l), NaCl (5g/l), beef extract (1.5g/l) and yeast 
extract (1.5 g/l).  The broth was solidified by using 1.3g/l of 
agar.  Approximately 105 colony-forming units (CFU) of each 
strain (gram positive and gram negative bacterial strain) was 
swabbed uniformly on an agar plate using sterile cotton swabs 
to incubate at 37oC.  Different sets of composite films were cut 
into spherical shaped and placed it after sterilization onto each 
of selected zones of the agar plate and kept for 24 hours to 
observe the bactericidal effect on those microorganisms at 
37oC. 
 Blood compatibility of CPHZ I was examined by hemolysis 
assay. Fresh human blood was used for this study. It was 
centrifuged at 3000 rpm for 10 min at 4◦C. The RBC pallet was 
then washed with PBS solution to adjust the pH at 7.4 and 
centrifuge in the same way. One type of substance will cause 
lysis of the RBCs leading to the release of hemoglobin in 
presence sample.  The cell debris and intact cells were 
separated by centrifugation. The amount of hemoglobin 
corresponds to the number of cells lysed by CPHZ I. At first 
different amounts of samples in tubes (10, 20, 30, 50, 75, 100 
µl) were taken and made up to 950 µl with PBS. After that, 50 
µl of RBC sample was added and mix. The samples were 
incubated in dark for 10 minutes and then centrifuged for 10 
minutes at 6,000 rpm. The OD values of the supernatant were 
measured at 540 nm using a spectrophotometer. The obtained 
sample values were compared with Positive control (50 µl RBC 
+ 950 µl H2O) and negative control (50 µl RBC + 950 µl PBS). 
Each concentration was evaluated in triplicate.  
 The surface adsorptions of protein on the surface of 
nanocomposites [CPHZ I, CPHZ II and CPHZ III] were 
investigated by incubating the films separately in 5 ml 
(2mg/ml) of bovine serum albumin (BSA) solution for 24 hours 
at 37oC. About 300 µl of protein solution was withdrawn from 
the sample solution within a definite time interval and the 
change of concentration of solution was recorded by using a 
UV-Visible spectrophotometer at 280 nm.  
 For in vitro cell proliferation study and MTT assay, MG-63 
cells, procured from NCCS, Pune, India, were used. MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide) 
was procured from Sigma Aldrich. The cultures were 

maintained in DMEM supplemented with 10% Fetal Bovine 
Serum (FBS), 200 mM Glutamine, 2 mg ml-1 sodium 
bicarbonate and 1× antibiotic and antimycotic solution. 
Periodically the medium was replaced. The cells were cultured 
in tissue culture flasks and incubated at 37°C in a humidified 
atmosphere of 5% CO2. Trypsin at 0.05% was used to detach 
the cells. For cell proliferation study (MTT assay), cells were 
grown in DMEM (Dulbecco’s modified Eagle’s medium) 
supplemented with 10% (v/v) fetal bovine serum and 1% 
antibiotic and were incubated at 37°C in 5% CO2 humidified 
atmosphere. Polystyrene 96 well culture plates (Tarson, India) 
were coated with CPHZ I and CPHZ III solutions. The plates 
were dried in a laminar airflow hood followed by the UV 
sterilization. The cells were seeded at the density of 0.5 × 106 
per well and incubated at 37°C in a humidified atmosphere 
containing 5% CO2. After 24 h of incubation, the supernatant of 
each well was replaced with MTT diluted in serum-free 
medium and the plates were incubated at 37°C for 4 h. After 
removing the MTT solution, a mixture of acid and isopropanol 
(0.04 N HCl in isopropanol) was added to each well and pipette 
up and down to dissolve all of the dark blue crystals and then 
left at room temperature for few minutes to ensure all crystals 
were dissolved. Finally, absorbance was measured at 570 nm 
using a UV spectrophotometer. Each experiment was 
performed at least three times. The sets of three wells for the 
MTT assay were used for each experimental variable. 
 

Conclusions 

In conclusion, porous multicomponent nanocomposites (CPHZ 
I-III) were fabricated containing CTS, PEG, nano-HAP-ZnO. 
FT-IR studies and X-ray diffraction study confirms the 
presence of individual components. SEM revealed 
interconnected macro porous structure. The water uptake ability 
of the CPHZ I-III was found to increase with increasing the 
amount of PEG. pH study indicated that CPHZs are nontoxic to 
the human body having pH similar to the human plasma. The 
tensile strength increased significant from CPHZ III (10.26 
MPa) to CPHZ I (15.83 MPa). Total elongation at fracture was 
also found to be 2.74 %, 3.12 % and 5.50 % in CPHZ I, CPHZ 
II and CPHZ III respectively. Moreover, good antimicrobial 
effect was observed for CPHZ I-III against three different 
bacterial strains. Overall, percentage porosities and tensile 
strength of CPHZ I-III were in the range of cancellous bone. 
Hemolysis assay showed that there was no damage of 
erythrocytes in presence of CPHZ I. Good biodegradability of 
the nanocomposite was also observed by in vitro degradation 
study in physiological-like conditions. Most importantly, these 
nanocomposites benefit for the osteoblast-like cells growth, 
attachment and proliferation, had no negative effect on 
osteoblast-like MG-63 cells and showed good 
cytocompatibility. All the above results suggest that these 
nanocomposites have a great potential to be used as bone tissue 
engineering materials. 
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