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Biomaterial; Template ; Bioactivity A B S T RA C T In situ biomimetic process has been used for synthesis of nano

hydroxyapatite (nHAp) crystals in gelatine matrix. In vitro bioactivity of prepared samples

was investigated by their immersion in SBF

after 7 and 14 days.

X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FT-IR)

have been used for confirmation of crystalline nHAp formation in SBF after passing time.

Size and morphology of the nHAp samples were characterized using scanning and

transmission electron microscopy

(SEM and TEM). Formation of apatite in a short period of time on nHAp/ gelatin composites after their

immersion in SBF, demonstrates high in vitro bioactivity of the

samples.

1. Introduction Bone is a nanocomposite of minerals and proteins.

It consists of 20% collagen, 69%

nano size inorganic phase (HAp) and 9% water. The inorganic phase of bone is

hydroxyapatite (HAp)

by Ca (PO ) (OH) ) 10 4 6 2 formula. The synthetic type of this mineral has been widely used as a
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bone implant and bone cement due to its compositional and biological similarities to

the mineral phase of bone and tooth [1]. Use of HAp is limited by its brittleness. One way for solving this problem is

making composite by combination of it with polymer. Key point for Corresponding author, Tel: +98 21 44120326 E-mail

Address: meskinfam@gmail.com creation of composites by good mechanical properties is the

strong interfacial adhesion between the inorganic fillers and the organic matrix

[2-5]. The

proper balance between biocompatibility and biodegradation

is gained by investigation of

a lot of non-biological and biological type of polymers.

The HAp-polymer mixture is a simple physical mixture so, it has deficiency in

mechanical properties, and resultant synthetic bone

will face

with difficulty. So, researchers have tried to find materials and techniques to

synthesis of composites by appropriate biological properties for the human skeleton replacement [1].

Most promising of these attempts is biomimicking approach for synthesis of artificial

bone like composite

https://app.ithenticate.com/report/8468692/similarity?source=2923348&dsc=1&id=2273&node=37&dn=f53bec8860619c0afd78cd539afcaa55e9bcb4590a44e2b31be42551b3688e49a82f0fed6575e691e59e27cf87fb42d4a232328d748f57c142d796e81c05b6db
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materials. It is believed that in biomimetic process, biologic systems store and 2 M. Meskinfam et al. / Journal of

Nanostructure in Chemistry 2 (1) (2011) process information at the molecular level [1, 6-9].

The interaction between the organic template and the organic filler

is base of this technique. It leads to

controlled nucleation and crystal growth of the inorganic part to

form a higher order hierarchical structure [10]. The collagen-HA composites have been synthesized by using biomimetic

method [11,12]. High

cost and the poor definition of commercial sources of collagen which makes it difficult to

follow up on well controlled processing

are practical problems of this material. So, collagen is replaced by gelatin in this study. . Another important factor for the

latest biomaterials is their in vivo studies. Interpretations of in vivo experiment results are difficult because of

the complexity of the various cellular responses.

So, In vitro studies are necessary to indication of in vivo performance of materials. Biomaterials should develop

biologically active hydroxy carbonate apatite by their surfaces after implantation for further

establishing the bonding with natural bone.

On the other hand, capability

https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=891&node=37&dn=a2a4f8292aee08a0d44dcaf6b7c2498fb4b8e81683db5d30b849a81f360b0db45f5bcb3acbdd4c4ebe55b3884f1e406b7f37a5f8089773057359dabfee448447
https://app.ithenticate.com/report/8468692/similarity?source=6660646&dsc=1&id=1819&node=37&dn=ea3709b62621e098ced49c26868afbcebc3920b28f8a91fa052206bd87d857ae7438be0c2fd3fa261c217e0227b89f4d9782efa318d094efda8530554b712501
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of hydroxy carbonate apatite formation on the surface of

materials in vitro can be sign of their bioactivity in vivo [13]. . Gelatin is a natural biopolymer by functional groups such as

amino acids. It can be obtained by thermal, physical or chemical denaturation of collagen [14]. Gelatin-hydroxyapatite

composites due to

their similar composition to the hard tissues, good biocompatibility and high

osteoconductivity are good candidates for hard tissue repairs[15-20]. Many researchers

have been worked on the preparation methods, physical and chemical properties

and in vitro studies of its composites [15, 21-26]. So, by this history we have decided to synthesis nano HAp in gelatin

matrix via biomimmetic route and investigate their bioactivity via

in vitro process. 2. Materials and experimental procedures

Food grade gelatin

was obtained from Merck. The entire chemical needed for synthesis of the hydroxyl

apatite and SBF,

Ca(NO 3) 2. 4H2O, Na3PO 4, NH4OH, NaCl, NaHCO 3,KCl, K2HPO 4.3H2O, MgCl 2. 6H2O, Na2SO 4, (CH2OH)

3CNH 2 and

HCl were also supplied from Merck and used without any further purification.

https://app.ithenticate.com/report/8468692/similarity?source=5155534&dsc=1&id=1372&node=37&dn=19e515bf554f5dc2bdca5a24a58702949f9786a3b880a5384b2761de8c2417e1f4dc145c896256d55e872d629de49023c194d2086e0bab5f3a942ef4cd14c1ce
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In situ synthesis of spherically hydroxyapatite was carried out in the matrix of food

grade gelatin. For comparison, pure HAp nano particles were also prepared in the absence of

gelatin. Different concentration of

gelatin (3.1, 4.2 and 5.6g of gelatin in 70ml

water were prepared. At first, for preparation of HAp in the presence of gelatin, the

required amount of food grade gelatin was added to 70ml of double-distilled water and

mixed continuously using a magnetic stirrer at its maximum speed with the simultaneous

application of heat

about 50ºC. After stirring about 2 hours, the solution of calcium nitrate (80ml, 0.1M) was slowly added to biopolymer

solution. After finishing the addition of calcium nitrate, heating was stopped. After stirring for 1 hour, proper amount of

sodium phosphate (48ml, 0.1M) was introduced drop by drop to the obtainedmixture. The maintained mixture was

stirred at ambient temperature. NH OH solution was added to maintain 4 and control pH

at

about 10 in the solution. The quantities of the reactants for formation of HAp were selected so that provides

a Ca/P molar ratio of 1.67. Obtained suspensions (with and without biopolymer) were

filtered on buchner funnel,

and then washed with double-distilled water. The resultant precipitate was dried

overnight at

https://app.ithenticate.com/report/8468692/similarity?source=7737658&dsc=1&id=2137&node=37&dn=3e80cf22e234a49fcb18224bf2b988ef4733e9121d729ebf3132ef47903ada8dfd390bb954d2978b66e4da9bb75639cd946309d91253ab6dcf7a94156350eca2
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were soaked in simulated body fluid (SBF) for

studying their bioactivity behaviour.

Reagent grade chemicals of NaCl, NaHCO , KCl, K HPO .3H O, MgCl

.6H2O, Na SO 3 2 4 2 2 2 4 and (CH OH) CNH were dissolved in distilled 2 3 2

water and buffered with HCl to pH 7.4 at 37 °C for preparation of SBF.

Ionic composition of SBF is very similar to human blood plasma which has been

shown in table1 [13, 27]. Each sample in the form of Powder was immersed in 30ml SBF

at 37 °C for 3, 7 and 14 days under static

condition.

After soaking in SBF, samples were washed by double distilled water and dried. As dried

products before and after immersion in SBF.

The as dried products

were characterized using a Fourier transform infrared spectroscopy ( Thermo Nicolet Nexus

870), X-ray Powder diffractometry (XRD; Seisert Argon 3003 PTC using nickel-filtered XD-3a

https://app.ithenticate.com/report/8468692/similarity?source=6599927&dsc=1&id=1957&node=37&dn=87b821e5b1db2fcdf059dd4b6849bfeb51eee9ab97d0fb4831e884720c558c0302bd8991d396804a98ad50caf6dfe2859ee15f3adba0a2be27fbaa1ec731b043
https://app.ithenticate.com/report/8468692/similarity?source=18225729&dsc=1&id=3808&node=37&dn=a316e52f4b77efb72e26ea6cfd5545ecac8ef926d607e6ba99ab1b5c73f4716db378ab61d27e95d5d303316fd007a921813d4cfe49f5551faf456173bd0218cd
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=932&node=37&dn=0b9838d94191d0783b76891541a61450d6d41af904b3c48aa2731b91cb8fa597b1a3f2c9352ffd35aa26e12740855c4db33ce02ae63791b417dfbcc7e823912e
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=935&node=37&dn=71e96c96bab7f3e4647c978c286c4f0ad677767824fdde5beae9de08ac3bd32f25c91995fad5be06943428de69357ebc539f88d3e803a308c74f1fb056c262b6
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=930&node=37&dn=7481fccfd61ab703d94da4c81812b51101aa58b7cec35d6c30db228dd8ab1f75873067faf5a49726f5fd3df74aaf3d397e3e3c9eb92c9e9f5b1556dadd13f6d8
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=940&node=37&dn=33a7e6d749d7588942b8ae05c62e5e98c6d1f5d31cbd421463e7828756e13aa341c26ae31bc62baf9b1b9e6a9e442a6ac59e98653e642ab84862bd6f29f5f885
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=947&node=37&dn=f6f780e3717964d98f1a5460611671eaa2ad874d32a865b35f11ba46ac56bc47c2c2a355015deafd53e57551cec56f3b7c3defd0835a00d090fef8706452d60e
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CuK a radiations ( l= 0. 154 nm)), Scanning Electron Microscopy (SEM; Philips electron

microscope)

and transmission electron microscope (TEM;

Philips EM208 and microscope operated at 100 kV).

3. Results and discussions FT-IR spectra for (a) gelatin, (b) HAp in absence of biopolymer, (c

)synthesized HAp in the presence of

4.2g gelatin, synthesized biocomposite

(d) after 7 days and (e) after 14 days immersion in SBF

are shown in fig.1. Here, we just investigate one sample IR spectra because of similar changes of all samples. . The –1

FTIR spectra

of gelatin shows peaks at 3450 cm –1 and 3423 cm due to -NH stretching of secondary –1 –1

amide, C=O stretching at 1700 cm and 1640 cm , –1 –1 -NH bending between 1550 cm and

1500 cm , -NH –1 out-of-plane wagging at 670 cm , and C-H stretching –1 –1 at 2922 cm and

2850 cm

[28]. In

FT-IR spectra -1 of HAp in the absence of

biopolymer, The 470 cm band belongs to the υ phosphate mode. 2 Fig. 1. FT-IR spectra for (a) gelatin, (b) HAp in

absence of biopolymer, (c) synthesized HAp in the presence of 4.2g gelatin, synthesized biocomposite

https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=947&node=37&dn=f6f780e3717964d98f1a5460611671eaa2ad874d32a865b35f11ba46ac56bc47c2c2a355015deafd53e57551cec56f3b7c3defd0835a00d090fef8706452d60e
https://app.ithenticate.com/report/8468692/similarity?source=26870375&dsc=1&id=2568&node=37&dn=cffc78d73c482b3a8ac04c4ab87f03e19dced3c314fdc6e9415481d9fa74cb97be2da4e4b4b21b7983b938c439a49380f1665d9abe197a5ee36660c80f48227a
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=959&node=37&dn=3e08088f465d55ab32a97f23047d3c206ce0fb2d5a24b159c42454c5a3d269f88bf4df31b175940adebde1377881480c96687f5c4d7e84ef294202ca1bbaf70c
https://app.ithenticate.com/report/8468692/similarity?source=1224021081&dsc=1&id=270&node=304&dn=81b0916f294895262e4e5fa6a74c2b10e87de6836feda0ae009b8a99c1b2dbc1f366c41d27a7176a3e52e8f886eea25921d1e81671a99ba8819ebe1ef997fe0e
https://app.ithenticate.com/report/8468692/similarity?source=15902895&dsc=1&id=3334&node=37&dn=eade71ae57e909e9ccb022f5f80e93eccf1a7be844fb10e7ff1ce17accfb95edcc9a0483f5b8cd5eea5d4e34f61058c3c3aeba2e578cc0aacf7da4c69cd3104a
https://app.ithenticate.com/report/8468692/similarity?source=7737658&dsc=1&id=2153&node=37&dn=da7dcae7c9779eafd985badd21d5436bd10640d9f4f7e37130dcfef621feb6323bb84a1093d59110b12328a959507a555514c209a2ab7e07583a5e8dfddbd8b8
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(d) after 7 days and (e) after 14 days immersion in SBF. -1 The

bands at 560, 600 cm are derived from the

υ 4 -1

phosphate modes. The peak at 960 cm is assigned to υ 1 phosphate mode. The bands at

1039 and -1 1086 cm stand for the υ phosphate mode. The 3 -1 absorption band at

1639 cm reflects H2O bending -1 mode. The band at 3439 cm band may come from lattice H2O

because this band exists in the range of -1 3200– 3550cm . The stretching vibration and

bending - -1 modes of the OH appeared at 3569 and 631 cm , -1 respectively.

Absorbance band obtained at 3425 cm corresponds to hydrogen bonded -OH stretching band [29]. FT-IR spectra of (c),

give more information about the interaction between the nHAp phase and gelatin

matrix. The

typical peaks of phosphate -1 vibration at 1030 cm and amide bands at 1650 and -1

1520 cm can be seen in spectra.

Absorption peaks - of asymmetric and symmetric R-COO groups

from 4 M. Meskinfam et al. / Journal of Nanostructure in Chemistry 2 (1) (2011) the gelatin amino acid groups appear at

1660 and -1 - 1420 cm , respectively. The COO ,C=O

https://app.ithenticate.com/report/8468692/similarity?source=1224021081&dsc=1&id=276&node=304&dn=b8920d60290a98dfd7b81203253495dad5fa55004162990290844780290149f263305f61ba3223d5d54e75199f005cf1588d02cecd066eb6a42a95729be50e7e
https://app.ithenticate.com/report/8468692/similarity?source=6725486&dsc=1&id=1725&node=37&dn=ea6ebb4d4311e84e7bd155273ba2ecda670f96c664d1746d3c7ef1050b5f5872cca86072a3a111fa6954455f6f6e74a79382dde8a995f99c1fc050494a6f9833
https://app.ithenticate.com/report/8468692/similarity?source=6725486&dsc=1&id=1727&node=37&dn=0e168ad676308f30e11c29132af8408dfece72e2198df05b8099b65e38b80afc803c632c73cc6343c9dcf4dde13193075f099429a68ff04664a93a698bcb7632
https://app.ithenticate.com/report/8468692/similarity?source=6429199&dsc=1&id=1093&node=37&dn=7aa9811077a58d0b618e553eb5c9a4345df333820ff55977684f1aa604e05723e4b28342a9bf105a4ea4c2e2b9d245e843bfc5c1aef2c0bb05a8369e334f5341
https://app.ithenticate.com/report/8468692/similarity?source=6429199&dsc=1&id=1097&node=37&dn=07a5d281fb71dfd8a670d1a759fee978201eea9d90ab07bfafb16470b48402d2e534eab6e8f460518302a0beeff74f454964822580e790215a85be3b7838c9f3
https://app.ithenticate.com/report/8468692/similarity?source=6429199&dsc=1&id=1101&node=37&dn=af1a65834caa3dfacf7fb2dfcf44312070eb2916fb1d5622678b4582008e7074d9fbd2af6b6b1207f67f1312428a46224e9d91be9637b8891d9fe52c97865d7f
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and amino groups can provide sites for nHAp through binding or chelating oppositely

charged ions, calcium and phosphate

leading to

formation of nHAp on the surface of gelatin network [29,30]. The

broad OH -1 stretching band centered around 3450 cm belongs to hydroxyl group of HAp and-NH stretching of

secondary amide in gelatin. Remained items which are belong to Samples after immersion

in SBF after 7 and 14 days (d,e) show the

peaks similar senthesized HA in absence of biopolymer. Existence of new -1

small peaks in the range between 1411-1460cm -1 (v 3 ) and

876 cm (υ 2)

indicate the presence of a 2- small amount of CO 3 groups

[1]. By these results it can be concluded

that the formed apatite on the surface of samples in SBF is carbonated apatite

which is similar

to bone apatite from composition 3- and structure point of view. Changes in the PO 4 stretching modes due to

https://app.ithenticate.com/report/8468692/similarity?source=6429199&dsc=1&id=1102&node=37&dn=3cf4db7191704f71703a4aa04f0c0f706a1643c99fed447c3c5cc55469a87700f3103eb29ed3a2595c6a41844f86110bbd3cce6b246f8c4f5a4ea1ace4590512
https://app.ithenticate.com/report/8468692/similarity?source=33045575&dsc=1&id=2573&node=37&dn=8d2f0648d3d4b3cf161efa3ccec019bac870af84902659bfd345c7343621b187bc8f93341b3f1b1a61adbde8ff5517d8e8b440020b7200891ff2039c1ef2378e
https://app.ithenticate.com/report/8468692/similarity?source=12937393&dsc=1&id=4124&node=37&dn=f1e78a4436b8033c68b20c89cf898fa8740ef04e730d2831f2dafd44d0b6a7c104b6f4a365746976c968ae5bbc4a16ad60de20d1eb13da5e253f2e46e168fa13
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=974&node=37&dn=428f18b75ffd3f864742a842f0194baff113cfd7a2bba6e2ab2ad6521ff023a516bac692554a0be545742d59a7db148161639ee1030c668fd2f89005a98ed103
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=977&node=37&dn=8b121f83fdc9b78b9a9e985c6f72911f2dc7876df8596598e55a399f120e783ea221517b2b5d1d3d549f46f3f169ab80ac65d5ec0affb918c908a8bc64f05b93
https://app.ithenticate.com/report/8468692/similarity?source=5155534&dsc=1&id=1345&node=37&dn=f97a8019dae1bf911964ec93c63211e0bcc4e687a6877cc469f7023f446cfbe438aaede4eeee07b6de24d7850c32612923b9d5e4f23ec7ead7541b20f375f7ed
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distortion of the HAp 2- crystalline structure occurring when the CO 3 ions replace the

phosphate groups in the HAp structure

can be cause of broadening the bands at -1 960, 1035 and 1088cm . Fig.2 shows

the X-ray diffraction patterns of (a) prepared nHAp, (b) nHAp in

presence of 4.2g gelatin, prepared nanobiocomposite after immersion

in SBF for (c) 7 days and (d) 14 days.

Here, we just present XRD patterns of one sample because of similar changes of all samples.

As shown in this figure, HAp and HAp in gelatin matrix

before and after soaking in SBF

have similar XRD patterns which the diffraction peaks can be assigned to monophase low

crystalline HAp.

There is just one point that

the intensity of apatite peaks increases gradually with immersion time which is the

sign of apatite growth on the surface of samples in SBF.

https://app.ithenticate.com/report/8468692/similarity?source=5155455&dsc=1&id=1174&node=37&dn=02287281566400bdc3cd7bd11d6cc397092e0a7e0682b5139ea610182aeb6f64afad7ea5ae29f1ba44f92b4ab92ab41a0fa8c8bb29e441035742cc5be635b256
https://app.ithenticate.com/report/8468692/similarity?source=4823222&dsc=1&id=2083&node=37&dn=b539e0c25cc250b6a2eb03f28bed0f0651b41f7fe001250986b09615b19484ea8354a7e1fb025ae3f1528bb41b812c1a617130f6dbe3e64139a21a81d9eeb11f
https://app.ithenticate.com/report/8468692/similarity?source=12937393&dsc=1&id=4076&node=37&dn=396682ba929beaad574fa8ab3a2abb539035326e3c4c73bf04a06949fd8430a77150931a530b9847f5c70014c1971742aac34b26c09a369a7ddc9740d039f91b
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=991&node=37&dn=017431a709c7d51bf10e4473055faa996cf887f13a4c9cc96ce87f478cb94c9ef9407e319a818e1eaa8eef708f28c2b44a7f9295f6c301142f19fe5493307312
https://app.ithenticate.com/report/8468692/similarity?source=7444122&dsc=1&id=1603&node=37&dn=cc9a401c79e455006a61bc4cc725f4a56a9fc3ca509cb5b209c72532b5e1221e0cbfd60d6c757e8d34030c0db2030819c2689c419afbc01e277d7b74e9b1afaf
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=994&node=37&dn=c6efcc3ea6b413b4dcda84953d7e6d862c218fc6e22e8a6ee8bb1c9ab855cd391843fb5eaf9bc300ef93d111c1748d864bf2c89eec3dccf1c9e2ba2d963150cf
https://app.ithenticate.com/report/8468692/similarity?source=5155534&dsc=1&id=1338&node=37&dn=1344ccb4f401ba1202328de502af2072f4f0f67e5228b9b77a862d7dabb426017627b9eb1193c5227e9ecaa41973c0d74abf0bf91ea8b4f8bdbbdbc1c2b9b4fb


14

14

1

1

12

3

3

Broadening the peaks in XRD pattern implying to

small size and low crystallinity of HAp similar to natural bone mineral.

Using low temperature procedure may be the cause of

poor crystalline nature of the prepared HA. In comparison to pure HAp the

peaks corresponding to HAp in gelatin matrix are slightly broader

which can be a sign for decreasing the HA crystallinity in the presence of matrix

[31, 32].

SEM micrographs of the HAp in

gelatin matrix

before and after soaking in SBF for 14 days are shown in Fig.

3a-f.

Nucleation of new mineral particles can be

observable for samples after soaking

in SBF for 14 days, but the growth of these

https://app.ithenticate.com/report/8468692/similarity?source=7823802&dsc=1&id=2178&node=37&dn=cba15080118b84f47d0d708d151e4a96b67cfe65e9997689172d1031d96e7f82ac286a5787c926944ab0ce85c2f3727b44e9abc6bd04afcf7fe374f743c058c1
https://app.ithenticate.com/report/8468692/similarity?source=7823802&dsc=1&id=2180&node=37&dn=66114ff37823636e7bcfaf18d511e98bf0d9171033c6586d19aac862a524260e71f478fcecd69287c379fd9ae9275b2b8378c9c9f41775c4439d1752ba21f926
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=1003&node=37&dn=d1009e151d614fb8e179df6794c8a94eada8826bee197a642b69a8792eb33d2b53a5a7083c638382eb262a8e6b5f403ad1ce5744a8acfea8a41d629e58c20244
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=1032&node=37&dn=795d373cfa66e6b4917758ea34696271ce00e545c1c859eecb7e3931355d693ba88a065d4e5d7ebb5f9fbaba6c8f3e64ca5ca388c94014e8fc902eb4cdb696db
https://app.ithenticate.com/report/8468692/similarity?source=7444184&dsc=1&id=3750&node=37&dn=a660812a68134b0d9f5a640137d662408cd22e72107786b34750736ac2def452e3e8e9c4165235937a074243a7a1f3c25cd013709dff9aa51c13c5c4ed4e506c
https://app.ithenticate.com/report/8468692/similarity?source=5155534&dsc=1&id=1327&node=37&dn=809429d9b7a8479e4e90feaae836ed181e39236281c3732545ce2ab887c8e09b6268e9fac84abb2ab7fb760dbd449fdc37b081f65560956af4110a2fb7f458cd
https://app.ithenticate.com/report/8468692/similarity?source=5155534&dsc=1&id=1326&node=37&dn=75369fb83094d5e48271881c8976adf3b7a3a8ef0761d3973c78e220dd91eed6ce3cb2b32b171acbee4f285142015ed872647747964a2c01587095b40bd5f02b
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Fig. 2. XRD patterns of (a) prepared nano HAp, (b) nHAp in

presence of 4.2g gelatin, prepared nanobiocomposite after immersion

in SBF for (c) 7 days and (d) 14 days.

M. Meskinfam et al. / Journal of Nanostructure in Chemistry 2 (1) (2011) 5 (a) (b) ( c) (d) (e) (f) Fig. 3.

SEM micrographs of synthesized HAp in the presence of

3.1g gelatin (a)

before and (b) after soaking in SBF, presence of 4.

2 g polymer (c)

before and (d) after soaking in SBF , and

presence of 5.6g gelatin (e)

before and (f) after soaking in SBF, for 14 days,

respectively. crystals are very slow. It seems that the overall morphology of the obtained powders

before and after immersion in SBF

is spherical.

https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=796&node=37&dn=9f2c36c0389f989f4319709c9c2271b766e144a842e16c37fb5182ce755c39eb4934a9748a154240064e57c55a86ea398bbfe1755ab90f5bf005f7f5ef4e9e0a
https://app.ithenticate.com/report/8468692/similarity?source=12937393&dsc=1&id=4079&node=37&dn=6c6cc3bfb99ea51765137f43edb683555b56e27d6572e2012a48ccb297088d853eb96c5a0c637ee93137da7dc8e42358c9c639616865d0b6734130cf88dd075a
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=1034&node=37&dn=2564c0083d1e44c7111007a44229b4cdfd31b57c86e9c7b0248359975f2fc774d517f85e0e119decb2f632adfda4bbf40bd65d0a0a0f16142ee55c3051877e25
https://app.ithenticate.com/report/8468692/similarity?source=1679385&dsc=1&id=2901&node=37&dn=a76bede3ccd467a7e9ed26373f35ab9721ba5614a9882f954cc8d0ad003db3582301767e5d455d5949a6c6a6080522979128897c3713f5c44570b46b3186533c
https://app.ithenticate.com/report/8468692/similarity?source=12937393&dsc=1&id=4109&node=37&dn=5fc241d0a633cdde503b7e3e3f84c3636622c287ec14f33dd383fe92028fc11b502c87ff0be0640e558ea5581c42fe7e00fd4cfb906752588ba0dab4813a856e
https://app.ithenticate.com/report/8468692/similarity?source=7444184&dsc=1&id=3756&node=37&dn=c8522d2a64d0ecbe75668e914b2a6f292c876676b63f60047925623abd1c4ef71de4820af918916c33e11f2abbb69f7509678ae8f89e4d945bbefb098f0e49e5
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=791&node=37&dn=fc9ee7d456b81aff838f306e46c2bc1402f438be4c5b407236688377f62f72b17414d5fb0b553869499027ac964663134017c346368ba769ac5fdcfb1e79b64f
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Fig 4a and b shows the transmission electron micrographs of HAp prepared in the

presence of

4.2g gelatine

before and after immersion in SBF for 14 days,

respectively. Morphology of HAp particles in both situations is spherical and there is no change in it due to soaking SBF.

The ultimate particle size of spherical HAp which is reveale by 6 M. Meskinfam et al. / Journal of Nanostructure in

Chemistry 2 (1) (2011) TEM is aboutd 10nm and 13 nm

before and after immersion in SBF for 14 days,

respectively which indicates nHAp particle growth due to immersion in SBF and its bioactivity. (a) 4. Conclusion Gelatin

has been used as a templating agent for synthesis of HAp particles at room temperature via biomimetic route. Formation

of the HAp has been confirmed by XRD patterns and

absorption bands in the IR spectra. HAp in

starch matrix in comparison to pure HAp showed slightly broader peaks in XRD patterns which may be due to

the small size and low crystallinity of HAp

in the presence of biopolymer matrix.

Experimental results obtained from SEM and TEM images showed that, the morphology of nanocomposites is spherical

and crystal size show growth due to soaking in SBF. Formation of

https://app.ithenticate.com/report/8468692/similarity?source=7737658&dsc=1&id=2158&node=37&dn=0aed5328bf5998f1a51df1fc9dc3e4534ff6e1c34aea9b2a8dc04cebf2dc902545124e3fa2aa8864207fe884fceed7b01c3cda8ce439d9fb941ce7ab1270282f
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=1044&node=37&dn=48fce21c1f065f6dc21847e41755fcc030032d31c1dea0983f5509a1cdb54a607957191b826213e8f69c03ef11a4a25667492b1e9b55f832439652ffdbb69e3a
https://app.ithenticate.com/report/8468692/similarity?source=30352172&dsc=1&id=1045&node=37&dn=dc1eb2927b74a4a784431eed976f82fb15b39816bc896054528f6417b4ed68f3e93452492f16d2558d70601cf0bed46f7c529753532eb880d10754233ab3406f
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biologically active carbonate apatite layer in a short

time after soaking the samples

in SBF indicated high in vitro bioactivity of the

composites. So, these samples can be applicable as bioactive material. Acknowledgment The financial and

encouragement support provided by Research

vice Presidency of Science and Research branch, Islamic Azad University and Iranian

Nanotechnology Initiative

(Govt. of Iran). References (b) Fig. 4. TEM images of nHAp in 4.2g gelatine matrix (a) before and (b) after immersion in

SBF for 14 days. [1] Myung Chul Chang, Ching-Chang Ko, William H. Douglas , Preparation, structural and mechanical

characterization of porous hydroxyapatite-gelatin composite scaffolds for bone tissue engineer. Biomaterials, 24(2003)

2853–2862. [2] Weeraphat Pon-On , Siwaporn Meejoo , I-Ming Tang., Formation of hydroxyapatite crystallites using

organic template of polyvinyl alcohol (PVA) and sodium dodecyl sulfate (SDS). Materials Chemistry and Physics,

112(2008) 453–460. M. Meskinfam et al. / Journal of Nanostructure in Chemistry 2 (1) (2011) 7 [3] V.M. Rusa, C.H. Ng,

M. Wilke, B. Tiersch, P. Fratzl, M.G. Peter, Size-controlled hydroxyapatite nano- particles as self - organized organic -

inorganic composite materials. Biomaterials , 26 (2005) 5414-5426. [4] M.G. Ma, Y.J. Zhu, J. Chang, , Monetite Formed

in Mixed Solvents of Water and Ethylene Glycol and Its Transformation to Hydroxyapatite. J. Phys. Chem. B 110(2006)

14226- 14230. [5] K. MiWoo, J. Seo, R. Zhang, P.X. Ma, Suppression of apoptosis by enhanced protein adsorption on

polymer / hydroxyapatite composite scaffolds. Biomaterials, 28(2007) 2622-2630. [6] Mann S , Ozin GA , Molecular

tectonics in biomineralization and biomimetic materials chemistry,Nature, 365 (1993) 499–505. [7] Mann S, Archibald

DD, Didymus JM, Douglas T, Heywood BR, Meldrum FC, Nicholas JR, Crystal- lization at Inorganic-organic Interfaces:

Biomaterials and Biomimetic Synthesis. Nature , 382 (1993) 313–318. [8] Muthukumar M, Ober CK, Thomas E.L.,

Competing Interactions and Levels of Ordering in Self- Organizing Polymeric MaterialsScience , 277 (1997) 1225–1231.

[9] Stupp SI, Braun PV. Molecular manipulation of microstructures : biomaterials , ceramics , and

semiconductorsScience, 277(1997) 1242–1248. [10] J. Pe˜na, I. Izquierdo-Barba, M.A. Garc´ýa, M. Vallet-Reg., Room

temperature synthesis of chitosan/ apatite powders and coatings. Journal of the Euro- pean Ceramic Society, 26(2006)

3631–3638. [11] AL Boskey Will , biomimetics provide new answers for old problems of calcified tissues? Calcif. Tissue

Int, 63 (1998) 179–182. [12] JE. Zerwekh, S. Kourosh, R. Schienbergt, Fibrillar collagen-biphasic calcium phosphate

https://app.ithenticate.com/report/8468692/similarity?source=29024144&dsc=1&id=1531&node=37&dn=86a310a9799f10081afd107fae62968774c70b43e5e0b27e4bd26bcb1d0f1c057f61f3c7835a5bd899db6ddcd7a7d35e3c63fde56eea0dc2ea24746250997baf
https://app.ithenticate.com/report/8468692/similarity?source=29024144&dsc=1&id=1537&node=37&dn=d23639580566115393d8dffe0b72d262ded9d5dff4fd91fca543dfa0b46cb70f9e091089f59435a31572e742300b3ff6a23a144a2314d6db93dc0025f6e0a54d
https://app.ithenticate.com/report/8468692/similarity?source=25875556&dsc=1&id=2783&node=37&dn=f54361274b48324a9225306721f67c107689ee7c8cf6d15174729888e9fa921945ba2f11911a7661dacd540633d63d4977e04d904f2d3faadd18def21f9985f4


composite as a bone graft substitute for spinal fusion. J. Orthop. Res., 10, (1992) 562–572. [13] G. Wu, B. Su, W.

Zhang, Ch. Wang, In vitro behaviors of hydroxyapatite reinforced polyvinylalcohol hydrogel composite , Materials

Chemistry and Physics, 107(2007) 364-370. [14] Shuhua Teng, Jingjing Shi, Lijuan Chen., Formation of calcium

phosphates in gelatin with a novel diffusion system. Colloids and Surfaces B: Biointer- faces, 49(2006) 87–92 [15]

Shuhua Teng, Lijuan Chen, Yanchuan Guo, Jingjing Shi., Formation of nano-hydroxyapatite in gelatin droplets and the

resulting porous composite micro- spheres. Journal of Inorganic Biochemistry , 101 (2007) 686–691. [16] H. W. Kim,

H.E. Kim, V. Salih., Stimulation of osteoblast responses to biomimetic nanocomposites of gelatin–hydroxyapatite for

tissue engineering scaffolds. Biomaterials, 26(2005), 5221–5230. [17] H.W. Kim, J.C. Knowles, H. E. Kim,

Hydroxyapatite and gelatin composite foams processed via novel freeze-drying and crosslinking for use as temporary

hard tissue scaffolds. J. Biomed. Mater. Res., 72A (2005) 136–145. [18] H. Ishikawa, T. Koshino, R. Takeuchi, T. Saito,

Effects of collagen gel mixed with hydroxyapatite powder on interface between newly formed bone and grafted Achilles

tendon in rabbit femoral bone tunnel . Biomaterials, 22 (2001) 1689–1694. [19] S. Busch, U. Schwarz, R. Kniep,

Morphogenesis and Structure of Human Teeth in Relation to Biomimetically Grown Fluorapatite - Gelatin

Composites.Chem. Mater., 13 (2001) 3260–3271. [20] J.Y. Rho, L. Kuhn-Spearing, P. Zioupos, Mechanical properties

and the hierarchical structure of bone Med. Eng. Phys., 20 (1998) 92–102. [21] H. W. Kim , J. H. Song , H. E. Kim ,

Nanofiber Generation of Gelatin-Hydroxyapatite Biomimetics for Guided Tissue Regeneration Adv. Funct. Mater., 15

(2005) 1988–1994. [22] M.C. Chang, C.-C. Ko, W.H. Douglas, Preparation of hydroxyapatite-gelatin nanocomposites.

Bio- materials, 24 (2003) 2853–2862. 8 M. Meskinfam et al. / Journal of Nanostructure in Chemistry 2 (1) (2011) [23]

G.K. Hunter, S.C. Nyburg, K.P. Pritzker, Hydro- xyapatite formation in collagen, gelatine and agarose gels. Coll. Relat.

Res., 6 (1986) 229–238. [24] N. Degirmenbasi, D.M. Kalyon, E. Birinci, Bio- composites of Nanohydroxyapatite with

Collagen and Poly(vinyl alcohol)Colloid. Surf. B 48(2006) 42–49. [25] P. Simon , W. Carrillo-Cabrera, P. Forma´nek, C.

Go¨ bel, D. Geiger,R. Ramlau, H. Tlatlik, J. Buder, R. Kniep, J. Mater. Chem., 14(2004) 2218–2224. [26] S. Busch, U.

Schwarz, R. Kniep, Chemical and structural investigations of biomimetically grown fluorapatite-gelatin composite

aggregates. Adv. Funct. Mater., 13 (2003) 189–198. [27] T. Kokubo, H. Kushitani, S. Sakka, T. Kitsugi, T. Yamamuro,

Solutions able to reproduce in vivo surface structure change in bioactive glass ceramic A-W. J. Biomed. Mater. Res.,

24(1990) 721-734. [28] YingJun Wang, JingDi Chen., Kun Wei, ShuHua Zhang, XiDong Wang, Surfactant-assisted

synthesis of hydroxyapatite particles. Materials Letters, 60 (2006) 3227–3231. [29] Zhai Y, Cui FZ. Recombinant human-

like collagen directed growth of hydroxyapatite nanocrystals. J. Cryst Growth, 291(2006) 202–206. [30] Tanaka S, Shiba

N, Senna M. Change in the mor- phology of hydroxyapatite nanocrystals in the presence of bioa.nitive polymeric species

under the application of electrical field. Sci. Technol. Adv. Mater., 7(2006) 226–228. [31] Li Wang, Chunzhong Li,

Preparation and physico- chemical properties of a novel hydroxyapatite/ chitosan–silk fibroin composite . Carbohydrate

Polymers, 68 (2007) 740–745. [32] A. Bigi, G. Cojazzi, S. Panzavolta, Chemical and structural characterization of the

mineral phase from cortical and trabecular bone. J. Inorg. Biochem, 68 (1997) 45-51.

 


