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Objective(s):	Various	methods	 for	 repairing	 bone	 defects	 are	 presented.	 Cell	 therapy	 is	 one	 of	 these	
methods.	Bone	marrow	stromal	cells	(BMSCs)	seem	to	be	suitable	for	this	purpose.	On	the	other	hand,	
lots	of	biomaterials	are	used	to	improve	and	repair	the	defect	in	the	body,	so	in	this	study	we	tried	to	
produce	a	similar	structure	to	the	bone	by	the	chitosan	and	hydroxyapatite.	
Materials and Methods:	In	this	study,	the	solution	of	chitosan‐nanohydroxyapatite‐polyethylene	oxide	
(PEO)	Nanofibers	was	produced	by	electrospinning	method,	and	then	the	BMSCs	were	cultured	on	this	
solution.	A	piece	of	chitosan‐nanohydroxyapatite	Nanofibers	with	BMSCs	was	placed	in	a	hole	with	the	
diameter	of	1	mm	at	 the	distal	 epiphysis	of	 the	 rat	 femur.	Then	 the	biomechanical	 and	 radiographic	
studies	were	performed.	
Results:	Biomechanical	 testing	 results	 showed	 that	 bone	 strength	 was	 significantly	 higher	 in	 the	
Nanofiber/BMSCs	 group	 in	 comparison	 with	 control	 group.	 Also	 the	 bone	 strength	 in	
nanofiber/BMSCs	group	was	 significant,	but	 in	nanofiber	group	was	nearly	 significant.	Radiographic	
studies	 also	 showed	 that	 the	 average	 amount	 of	 callus	 formation	 (radio	 opacity)	 in	 nanofiber	 and	
control	 group	 was	 not	 significantly	 different.	 The	 callus	 formation	 in	 nanofiber/BMSCs	 group	 was	
increased	compared	to	the	control	group,	and	it	was	not	significant	in	the	nanofiber	group.	
Conclusion:	Since	chitosan‐nanohydroxyapatite	nanofibers	 with	 BMSCs	 increases	 the	 rate	 of	 		
bone	 repair,	 the	 obtained	 cell‐nanoscaffold	 shell	 can	be	 used	in	tissue	 engineering	and	cell	
therapy,	especially	for	bone	defects.	
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Introduction	
One	 of	 the	 common	disorders	 in	 bone	 defects	 is	

the	 slow	 and	 often	 incomplete	 bone	 healing.	
Following	 ageing	 and	 delayed	 fracture	 union,	
decreased	bone	mass	density	entails	heavy	costs	for	
the	 person	 and	 the	 society.	 Numerous	 therapeutic	
methods	 have	 been	 presented	 to	 accelerate	 the	
process	of	bone	healing.	Cell	 therapy	is	one	of	these	
therapeutic	methods.	The	cells	used	for	this	purpose	
should	 have	 properties	 including	 easy	 availability,	
quick	extension	in	the	culture	medium,	long	survival	
and	 adaptation	 in	 the	 host	 tissue.	 The	 cells	 should	
also	 be	 immunologically	 inert	 (1).	 Regarding	 these	
characteristics,	 it	 seems	 that	 bone	 marrow	 stromal	
cells	 (BMSCs)	 are	 multi‐talented	 and	 nondifferen‐

tiated	cells	within	the	bone	marrow,	but	tissues	such	
as	blood,	embryo,	dental	pulp,	and	adipose	tissue	are	
also	 similar	 to	 these	 cells	 (2).	 The	 role	 of	 BMSCs															
in	 bone	 tissue	 engineering	 has	 been	 studied	
extensively,	 and	 they	 have	 been	 used	 as	 tissue‐
repairing	cells	(3,	4).	In	a	study,	application	of	BMSCs	
has	stimulated	bone	growth	after	fracture	(5).	BMSCs	
are	able	to	produce	different	types	of	growth	factors	
and	 cytokines	 (6)	 and	 can	 be	 differentiated	 into	
pseudo‐osteoblast	 cells	 (7).	 Accordingly,	 in	 clinics	
these	cells	are	used	to	treat	bone	disorders	and	their	
resulting	limitation	of	activity	(8).		

BMSCs	are	adherent	cells	and	can	properly	grow	
and	 proliferate	 on	 a	 scaffold.	 There	 are	 many	
methods	 for	 developing	 a	 scaffold	 where	 electro‐
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spinning	 is	 a	 routine	 and	 available	 method.	 In	 this	
method,	 the	 polymer	 of	 interest	 is	 exposed	 to	 a	
magnetic	 field	 and	 afterwards	 the	 process	 of	
nanofiber	 production	 begins	 by	 exerting	 a	 high	
voltage.	 Several	 types	 of	 polymers	 such	 as	 chitosan	
have	 been	 used	 so	 far	 in	 the	 process	 of	
electrospinning.	Chitosan,	a	co‐polymer	consisting	of	
N‐acetyl‐glucosamine	and	N‐glucosamine	units	(9),	is	
first	 discovered	 in	 1859	 (10).	 The	 enzymatic	
destructibility	of	chitosan	together	with	its	structural	
similarity	 with	 extracellular	 matrix	 has	 made	 this	
polymer	 very	 important	 in	 bone	 tissue	 healing												
(11‐15).	 In	 this	 research,	 to	 synthesize	 a	 chitosan‐
based	nanofiber,	polyethylene	oxide	(PEO)	was	used	
to	 reduce	 the	 viscosity	 of	 chitosan	 along	 with	
hydroxy	 apatite	 because	 of	 its	 similarity	 with	 the	
bone	 tissue	 (16).	 Hydroxy	 apatite	 is	 a	 bioactive	
material	 widely	 used	 in	 restoration	 of	 bone.	 This	
material,	 with	 its	 great	 similarity	 to	 the	 mineral	
phase	of	 the	hard	 tissue	 of	 the	body,	 is	 of	 the	most	
important	known	bioceramic	with	great	applications	
in	 the	 biomaterials	 science.	 Thermodynamically,	
hydroxy	 apatite	 is	 a	 ceramic	 based	 on	 calcium	 and	
phosphorous,	and	it	is	stable	in	the	physiological	pH	
and	temperature	of	human	body	(17).		

Based	 on	 aforementioned,	 in	 order	 to	 combine	
and	 perform	 these	 	 therapeutic	 interventions	
simultaneously,	 first	 it	 is	 required	 to	 synthesize	 the	
chitosan‐nanohydroxyapatite	 nanofiber	 using	
electrospinning	 and	 then	 cultivate	 the	 stromatic	
bone	cells	on	this	nanofiber.	This	structure	was	then	
used	to	be	evaluated	on	the	bone	defect	and	applied	
as	a	cell‐scaffold	cover	to	heal	the	bone	fractures.			

	
Materials	and	Methods	
Materials	

Chitosan	with	an	average	molecular	weight	of	109	
kD	and	with	85%	deacetylation	was	supplied	by	Sigma	
Co.	PEO	(Mw=900	kD),	nanohydroxy	apatite	with	mean	
diameter	 of	 150	 nm,	 mouse	 primary	 antibody	 of	
monoclonal	 antibody	 anti‐CD44,	 anti‐CD45	 and	 anti‐
fibronectin	 and	 the	 secary	 anti‐mouse	 antibody	 of	
avidin‐biotin	containing	HRP	(Horseradish	peroxidase)	
as	 well	 as	 DAB	 (3,3'‐Diaminobenzidine)	 dye	 were	
obtained	 from	 Sigma.	 The	 α‐MEM	 culture	 medium,	
acetic	 acid	 (glacial),	 gelatin	 powder,	 tripsin	 0.25%,	
ethylenediaminetetraacetic	 acid	 (EDTA)	 0.04%,	
detectors	and	dyes	and	Triton	X‐100	was	provided	by	
Merck,	Germany.	Wistar	rats	were	provided	by	animal	
laboratory	 in	 neuroscience	 center	 of	 Baqiyatallah	
Research	 Center.	 After	 the	 surgical	 operation,	 the	
animals	 were	 divided	 into	 three	 equal	 groups	
randomly.	 Control,	Nanofiber	 and	Nanofiber/BMSCs	
groups.	

	
Electrospinning	

Initially,	 2%	weight‐volume	 solution	 of	 chitosan	
and	 3%	 weight‐volume	 solution	 of	 PEO	 were	

separately	 dissolved	 in	 0.5	 M	 acetic	 acid.	 These	
solutions	 were	 then	 mixed	 with	 a	 9	 to	 1	 volume‐
volume	 ratio	 (Chitosan‐PEO),	 followed	 by	
electrospinning	 to	 obtain	 the	 optimal	 conditions.	 In	
order	 for	 the	 placement	 of	 nanohydroxy	 apatite	
within	the	nanofiber	structure,	0.2	g	of	nanohydroxy	
apatite	 powder	was	 added	 to	 5	ml	 of	 the	 chitosan‐
PEO	solution	prepared	in	the	previous	stage,	and	the	
solution	 was	 mixed	 for	 5	 hr	 resulting	 in	 a	 milky	
solution.	Then	the	electrospinning	was	repeated.		

To	 this	 end,	 0.5	 ml	 of	 the	 synthesized	 solutions	
poured	 into	 a	 2‐ml	 syringe	with	 a	 needle	 tip	 of	 0.5	
mm.	 They	 were	 then	 placed	 in	 an	 electrospinning	
instrument	 (FANAVARSAN,	 Iran)	 between	 two	
opposite	 poles,	 and	 the	 process	 of	 nanofiber	
synthesis	 started	 by	 exerting	 a	 potential	 difference	
from	 18	 to	 22	 KV.	 A	 scanning	 electron	 microscope	
(SEM)	 made	 by	 LEO	 Co.	 (VP	 1455,	 England)	
confirmed	 the	 shape	 and	 the	mean	 diameter	 of	 the	
nanofiber	 made	 through	 electrospinning.	 To	
determine	 the	mean	 thickness	of	nanofibers,	 5	 SEM	
images	 were	 taken	 from	 different	 points,	 and	 from	
each	image,	10	locations	of	nanofibers	were	selected	
and	 the	 average	 thickness	 was	 calculated.	 The	
chitosan‐	 PEO	 ‐nanohydroxyapatite	 nanofiber	 were	
characterized	 by	 Fourier	 transform	 infrared	
spectroscopy	(FTIR)	(Perkin	Elmer).	

	
Extraction	of	BMSCs	and	cultivating	on	nanofibers	

Through	 following	 the	principles	required	 to	work	
with	 laboratory	 animals,	 BMSCs	 were	 extracted	 from	
the	femur	of	adult	Wistar	rats	(6	to	8	weeks	old).	After	
anesthetizing	 the	animals	by	mixture	of	Ketamine	(50	
mg/kg)	and	Xylazine	(5mg/kg)	using	Betadine	surgical	
solution	 and	 70%	 ethanol,	 the	 posterior	 and	 dorsal	
limbs	of	the	animal	were	thoroughly	sterilized	(18).	The	
bones	were	then	cut	in	half,	and	the	bone	marrow	was	
aspirated	through	the	bone	canal	using	a	5‐ml	syringe	
containing	 1	 ml	 of	 α‐MEM	 culture	 medium.	 The	
contents	 of	 the	 syringe	was	 poured	 into	 a	 6‐cm	plate	
containing	 the	medium	 and	 fetal	 bovine	 serum	 (FBS)	
10%	and	was	put	into	a	CO2	incubator	(MMM,	England).	
After	24	hr,	 the	cellular	culture	medium	was	replaced	
with	 the	 fresh	medium.	 Stromal	 cells	 attached	 to	 the	
flask	 floor	 remained	and	 the	 floating	blood	cells	were	
removed.	When	the	density	of	cells	attached	to	the	flask	
floor	reached	70	to	80%,	the	cells	were	passaged	using	
Trypsin	0.25%	and	EDTA	0.04%.	This	was	repeated	up	
to	 three	 passages	 until	 the	 cells	 reached	 a	 similar	
morphology.	A	cellular	suspension	was	 then	prepared	
and	cultured	on	the	nanofiber.	For	this	purpose,	using	
gelatin	1%,	first	the	nanofiber	was	attached	to	the	plate	
floor	with	a	0.5	cm	diameter,	and	then	sterilized	using	a	
75%	 alcohol	 (16)	 and	 distilled‐washed.	 After	
performing	 viability	 test	 using	 Trepan	 blue,	 from	 the	
cellular	suspension,	5*103	cells	were	added	to	each	of	
the	cellular	culture	plates	and	were	then	placed	into	a	
5%	CO2	incubator	at	37	°C.	
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Table	1.	Evaluation	and	grading	of	bone	callus	
	
	

The	degree	of	bone	callus Grade	or	score 
Devoid	of	callus Zero 
Very	poor	callus One 
Poor	callus Two 
Medium	callus Three 
Good	callus Four 
Very	good	callus Five 
	
	

Immunocytochemistry	 	
After	 four	 days	 from	 cultivation	 of	 cells	 on	

nanofibers,	 in	 order	 to	 determine	 the	 purity	 of	
stromatic	cells,	first	BMSCs	were	fixed	on	a	coverslip	
using	 paraformaldehyde	 4%	 for	 30	 min.	 Cell	
cleansing	with	phosphate‐buffered	saline	 (PBS)	was	
performed	three	times	and	each	time	for	5	min.	The	
samples	 were	 exposed	 to	 the	mixture	 of	 10%	 Goat	
serum	and	0.3%	Triton	X‐100	for	1	hr.	After	dilution	
(1:100),	 the	 CD44	 and	 fibronectin	 primary	
antibodies,	 which	 both	 were	 murine,	 were	 poured	
onto	 the	 cells	 separately.	 In	 order	 to	 prevent	
antibody	 drying,	 the	 samples	 were	 covered	 by	 a	
piece	of	parafilm	and	were	then	incubated	at	4°C	in	a	
humid	Petri	dish	 for	one	night.	After	 cleansing	with	
PBS,	 the	 coverslips	 were	 exposed	 to	 the	 fresh	
solution	of	H2O2	10%	for	30	min.	Next,	cleansing	with	
PBS	 was	 performed	 three	 times.	 They	 were	 then	
exposed	to	anti‐murine	secary	antibodies	(1:200)	of	
avidin‐biotin	for	2	hr.	This	was	followed	by	exposure	
to	 DAB	 chromogene	 solution	 that	 generates	 brown	
sediment	 (for	 10	min).	 Cleansing	 with	 PBS	was	 re‐
performed,	and	the	samples	were	investigated	using	
an	invert	microscope.		

	
Making	a	bone	defect	

In	this	research,	21	male	adult	Wistar	rats	(with	an	
approximate	weight	of	200‐250	g)	were	used.	To	create	
a	 bone	 defect	 in	 the	 animal,	 the	 outer	 surface	 of	 the	
animal	 thigh	 was	 shaved	 and	 the	 area	 was	 cleansed	
with	betadine.	Using	a	fully	sterile	method,	the	area	in	
its	 right	 leg	 was	 cut	 2	 cm	 long.	 After	 pushing	 aside	
superficial	 muscles	 and	 deep	 fasciae,	 the	 femur	 was	
then	exposed.	Using	a	drill	with	a	1	mm	diameter,	a	hole	
was	created	transcortically	in	epiphysis	distal	region	of	
the	 femur.	 After	 the	 surgical	 operation,	 the	 animals	
were	 divided	 into	 three	 equal	 groups	 randomly.	
Control,	 was	 a	 group	 that	 received	 no	 treatments.	
Nanofiber	 was	 a	 group	 in	 which	 a	 piece	 of	 chitosan‐
nanohydroxyapatite	 nanofiber	 was	 dragged	 with	 a												
25‐mm2	area	at	the	defect	site.	Nanofiber/BMSCs,	was	a	
group	 that	 a	 piece	 of	 chitosan‐nanohydroxyapatite	
nanofiber	together	with	5*104	BMSCs	was	dragged	with	
a	25‐mm2	area	at	the	defect	site.		

	
Colleting	specimens	from	the	animals	

The	mice	were	slaughtered	28	days	after	the	first	
operation	using	high‐dose	chloroform.	The	bone	was	
then	removed	and	investigated	biomechanically	and	
radiographically.			

	
	

	

Figure	1.	Normalized	transmission	FTIR	spectra	recorded	at	room	
temperature	 in	 the	 (OH),	 (CO3‐),	 (NO3‐)	 and	 (PO43‐)	 region	 for	
chitosan‐	PEO	‐Nanohydroxyapatite	nanofiber	mixture	
	
Biomechanical	test	of	bones	

The	 bone	 biomechanical	 strength	was	 examined	
using	 three	 point	 bending	 test	 by	 Zwick	 2.5	
(Germany)	 device.	 The	 femur	 bone	 was	 put	 on	 the	
holder	 legs	 from	 both	 ends	 and	 the	 force	
perpendicular	 to	 the	 longitudinal	 axis	 of	 bone	 was	
exerted	 by	 the	 system	 operator	 in	 the	 posterior‐
anterior	 direction.	 The	 actuator	 speed	 was	 5	
mm/min	and	the	pressure	was	further	increased	on	
the	bone	until	its	fracture.	The	maximum	mechanical	
strength	of	the	bone	(Fmax)	was	calculated	in	terms	of	
Newton	by	drawing	the	force‐length	variation	curve.		

	
Radiographic	examination	

The	 radiographic	 investigation	 of	 the	 right‐leg	
femur	samples	was	carried	out	by	a	Senographe	600T	
Senix	H.F	 device	with	 a	 radiation	 dose	 of	 22	 KV	 at	 9	
mas.	 Radiography	 was	 performed	 at	 the	 posterior‐
anterior	and	lateral	views	on	mammographic	films.	The	
radiographic	 images	 encoded	 by	 orthopedic	 and	
radiologic	 specialists	 were	 evaluated	 and	 scored	 in	
terms	 of	 density	 and	 bone	 callus	 using	 the	 modified	
method	of	Madsen	and	Hukkhanen	(19)	(Table	1).	 

	
Statistical	analysis	

All	values	have	been	presented	after	 three	 times	
repetitions	of	the	experiment	in	terms	of	Mean±SEM.	
The	 information	 obtained	 from	one‐way	 analysis	 of	
variance	 (one‐way	 ANOVA)	 and	 Tukey	 test	 were	
compared	and	 the	significance	 level	was	considered	
at	P‐value<0.05.	 

 
Results	
FTIR	

Figure	 1	 shows	 the	 FTIR	 spectra	 obtained	 for	
chitosan‐	PEO	‐Nanohydroxyapatite	nanofiber	mixture.	
The	absorption	peak	observed	at	3434.03	cm‐1	is	typical	
of	the	vibration	stretching	of	the	hydroxyl	(OH)	group.	
The	 strong	 peak	 observed	 at	 2083.89	 cm‐1	 is	 the	
vibration	 stretching	 of	 the	 carbonate	 (CO3‐)	 band.	 As	
well,	the	strong	peak	observed	at	1633.36	cm‐1	is	typical	
of	 the	vibration	stretching	of	 the	nitrate	 (NO3‐)	group,	
and	 the	peak	observed	at	735.19	cm‐1	 is	 the	vibration	
stretching	of	the	phosphate	(PO43‐)	band.		
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Figure	2.	SEM	images	of	chitosan	nanofiber	(A)	and	chitosan‐nanohydroxyapatite	nanofiber	(B)		
	
Electrospinning	

According	 to	 SEM	 images,	 the	 nanofiber	 was	
fabricated	 homogenously	 with	 no	 nodes	 during	 the	
electrospinning	 process.	 The	 mean	 diameter	 of	
nanofibers	 was	 100	 nm.	 The	 nanofiber	 devoid	 of	
nanohydroxyapatite	 (Figure	2,	A)	had	a	better	quality	
than	 the	 nanofiber	 containing	 nanohydroxyapatite	
(Figure	2B).		

	
Determination	of	the	cell	viability	by	the	Tripan	blue	

Based	 on	 viability	 test,	 in	 which	 the	 live	 cells	
were	counted	24	hr	after	the	third	passage,	the	cell	
viability	was	91%.		

	
Immunocytochemistry	test	

Fibronectin,	 CD44,	 and	 CD45	 antibodies	 were	
used	 to	 prove	 the	 stromaticity	 of	 BMSCs	 and	 to	
determine	 their	 purities.	 Figure	3	demonstrates	 the	
cells	with	a	cytoplasm	containing	fibronectin	brown	
fibers	 (white	 arrows).	 To	determine	 the	percentage	
of	positive	cells,	the	nucleus	of	cells	was	changed	into	
violet	 by	 hematoxylin,	where	 92.75±3.86	%	 of	 cells	
reacted	with	anti‐fibronectin	and	94.3±4.66%	of	cells	
reacted	with	CD44.	At	 this	stage,	 the	CD45	antibody	
specific	to	hematopoietic	cells	was	expressed	in	only	
4.5±2.18%	of	the	cells	(Figure	3).		
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Figure	 3.	 The	 microscopic	 images	 of	 stromatic	 cells	 after	
immunocytochemistry	 assay	with	 a	 400‐X	magnification.	 Images	
(A),	 (B),	 (C),	 and	 (D)	 are	 related	 to	 CD44	 antibody,	 fibronectin	
antibody,	 CD45	 antibody,	 and	 negative	 control	 of	 BMSC	 cells,	
respectively	four	days	after	cultivation	of	cells	onto	the	nanofiber	
from	the	third	passage.	A	and	B	are	seen	as	brown	(white	arrows)	
due	to	the	presence	of	CD44	markers	and	fibronectin		

	

	
	

Diagram	1.	The	mean	Fmax	for	different	groups	four	weeks	after	
cell	grafting;	*Significant	difference	with	the	control	group	

	
Biomechanical	test	results	

The	biomechanical	test	results	for	the	femur	bones	
four	 weeks	 after	 BMSCs	 and	 nanofiber	 grafting																								
in	groups	indicated	that	the	mean	Fmax	against	flexural	
strength	was	59.1±1.15	in	the	control	group,	75.0±5.50	
in	 the	 nanofiber	 group,	 and	 80.8±4.96	 in	 the	
nanofiber/BMSCs	 group.	 According	 to	 the	 statistical	
tests,	 the	 mean	 Fmax	 had	 significant	 increase	 in	 the	
nanofiber	 and	 nanofiber/BMSCs	 groups	 compared	 to	
the	nontrol	group.	This	elevation	was	significant	in	the	
nanofiber/BMSCs	 group	 (P‐value<0.05)	 and	 close	 to	
significant	 (P‐value=	 0.09)	 in	 the	 nanofiber	 group.	
There	 was	 no	 significant	 difference	 between	 the	
nanofiber	 and	 nanofiber/BMSCs	 groups	 in	 terms	 of	
maximum	bone	strength	(Diagram	1).		

	
Radiography	

The	 radiographic	 results	 indicated	 that	 the	mean	
level	 of	 bone	 callus	 formation	 (the	 radio‐opacity	 of	
control	group	was	2.1±0.136	and	 the	nanofiber	group	
was	2.18±0.121)	did	not	 have	 a	 significant	 difference.	
The	 level	 of	 bone	 callus	 formation	 in	 the	
nanofiber/BMSCs	group	was	2.6±0.32,	with	an	elevated	
level	compared	with	the	nanofiber	group.	However,	this	
increase	was	not	significant	(Diagram	2).	
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Figure	4.	Images	obtained	from	the	impact	of	X‐ray	on	the	site	of	bone	callus	formation.	The	arrows	show	the	site	of	bone	callus	in	animals	
for	 (A)	 Control,	 (B)	 Nanofiber,	 and	 (C)	 Nanofiber/BMSCs	 groups.	 As	 can	 be	 observed	 from	 the	 images,	 the	 degree	 of	 bone	 callus	 has	
increased	in	(C)	and	(B)	compared	to	(A),	where	it	is	greater	in	(C)		

	

	
	
Diagram	2.	Comparison	of	the	mean	bone	callus	formation	among	
the	groups	four	weeks	after	grafting	

	
The	images	obtained	from	callus	formation	at	the	

site	 of	 defect	 can	 be	 observed	 in	 Figure	 4	 for	
different	 groups.	 Callus	 formation	 at	 the	 injury	 site	
was	 greater	 and	 clearer	 in	 nanofiber	 and	
nanofiber/BMSCs	groups	compared	with	the	control	
group.	 In	 addition,	 more	 callus	 formation	 by	 the	
femur	was	 observed	 in	 the	 nanofiber/BMSCs	 group	
compared	with	the	nanofiber	group.							

	
Discussion	

In	 this	 research,	 for	 bone	 tissue	 engineering,	
nanohydroxyapatite	was	 added	 to	 the	 composite	 to	
make	it	similar	to	the	natural	tissue.	Hydroxyapatite	
is	 a	 bioactive	 material	 and	 thereby	 has	 unique	
biological	 characteristics.	 This	 property	 enables	 the	
hydroxyapatite	to	directly	produce	bonds	with	body	
cells	 that	 induce	 bone	 growth.	 Studies	 have	 shown	
that	 the	 reason	 of	 this	 phenomenon	 is	 related	 to	 a	
protein	 called	 Osteocalcin	 that	 can	 attach	 to	
hydroxyapatite.	 This	 protein	 plays	 the	 role	 of	 a	
signaler	 for	 osteoblast	 cells	 (bone‐generating	 cells)	
(20).	 Zhang	 et	al	 (2008)	developed	 a	 scaffold	made	
from	 nanohydroxyapatite	 and	 chitosan	 nanofiber	
using	co‐deposition	method	(21).		

In	 this	 study,	 PEO	 due	 to	 its	 biocompatibility											
was	used	to	produce	the	desired	nanofiber	(16).	The	

results	of	research	 in	which	polyvinyl	alcohol	(PVA)	
(22)	 and	 polycaprolactone	 (PCL)	 (23)	 have	 been	
used	to	produce	the	Nnanofiber	were	also	similar	to	
our	 findings.	The	results	showed	that	chitosan	 itself	
has	 lower	 electrospinning	 ability	 and	 cannot	
synthesize	 nanofibers.	 FTIR	 data	 showed	 that	 the	
reason	 for	 better	 formation	 of	 PEO	 chitosan	
nanofiber	 is	 the	 formation	 of	 hydrogen	 bonds	
between	these	two	polymers.	Bhattaraia	et	al	(2005)	
electrospinned	 different	 percentages	 of	 composite	
solutions	of	chitosan	and	PEO	and	indicated	that	the	
chitosan‐PEO	 nanofibers	 with	 90:10	 ratio	
maintained	their	structure	well	in	water	and	result	in	
improved	 adherence	 of	 chondrocyte	 and	 osteoblast	
cells	 (16).	 Our	 results	 were	 very	 similar	 to	 their	
findings	 in	 terms	 of	 nanofiber	 synthesis	 and	 cell	
culture.		

In	 the	 present	 research,	 to	 determine	 the	 purity	
of	stromatic	cells	due	to	the	presence	of	glycoprotein	
fibronectin	 in	mesenchymal‐originated	 cells,	 BMSCs	
were	 stained	 against	 this	 glycoprotein	 using	 the	
immunocytochemistry	 method.	 High	 expression	 of	
fibronectin	in	the	cells	confirmed	that	they	are	stem	
cells	 (24).	 For	 confirmation	 of	 the	 purity	 of	 BMSCs,	
CD44	antibodies	were	used	and	the	results	indicated	
a	high	percentage	of	positive	cells	for	the	fibronectin	
antibody.	 This	 results	 has	 also	 been	 observed	 by	
others	 regarding	 mesenchymal	 stem	 cells	 (25).	
Through	application	of	anti‐fibronectin	antibody	and	
the	mRNA	 expression	 of	 Oct‐4	 gene,	 Lamoury	 et	 al	
cultured	 BMSCs	 of	 animals	 and	 humans	 in	 two	
separate	 media	 and	 verified	 that	 they	 were	 stem	
cells	(26).		

In	 this	 research,	 radiographic	 results	 obtained	
from	 the	 site	 of	minimal	 bone	 defect	 in	 femur	 four	
weeks	 after	 nanofiber	 grafting	 without	 cells	 and	
nanofiber	 plus	 BMSCs	 revealed	 that	 at	 the	 site	 of	
bone	 injury,	 the	 amount	 of	 bone	 callus	 (radio‐
opacity)	was	 increased	 insignificantly	 in	both	states	
compared	with	the	control	group.	In	agreement	with	
our	research,	Stockman	et	al	developed	a	single‐layer	
defect	within	the	cortical	region	in	the	pig	skull	and	
performed	 autologous	 grafting	 of	 BMSCs	 together	
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with	 collagen	 scaffolds.	 In	 that	 study,	 the	 groups	
consisted	of	a	 control	group	 for	which	collagen	was	
embedded	 alone	 and	 experimental	 group.	 For	
radiography,	 the	 skull	 capsule	 was	 removed	 and	
exposed	 to	 X‐ray	 to	 determine	 the	 degree	 of	 defect	
healing.	Thirty	days	after	grafting,	no	difference	was	
observed	 between	 the	 control	 and	 experimental	
groups,	 although	 their	 results	 were	 different	 from	
our	 findings	 in	 the	 30th	 day,	 because	 these	 results	
revealed	 a	 relatively	 insignificant	 increase	 in	 both	
groups	 compared	with	 the	 control	 group.	 However,	
Stockman	indicated	that	at	the	60th	and	90th	days,	the	
rate	and	degree	of	bone	mineralization	in	the	BMSCs	
graft	 group	 were	 significantly	 greater	 than	 the	
control	 group	 (27).	 In	 another	 research,	 grafting	 of	
BMSCs	 with	 TCP	 (Tri‐calcium	 phosphate)	 scaffold	
was	 performed	 in	 goats	with	 osteoporosis	 that	 had	
cylindrical	defects	in	condyle	of	the	femur	bone.	The	
animals	were	 investigated	 radiographically	 after	 16	
weeks.	 In	 the	 X‐ray	 analysis,	 formation	 of	 the	 new	
bone	and	its	healing	percentage	were	determined	as	
radio‐opaque	volume.	In	group	A	that	the	defect	site	
had	no	grafts,	 the	 radio‐opacity	was	minimized	and	
there	 were	 almost	 no	 bones	 formed	 at	 the	 site	 of	
defect.	In	group	B	that	the	defect	was	filled	with	TCP,	
no	 evident	 restoration	 was	 observed	 at	 the	 defect	
site	 and	 only	 in	 some	 regions	 related	 to	 the	 defect	
margin;	radio‐opaque	region	was	observed.	In	group	
C	in	which	the	stem	cells	were	grafted	with	TCP,	the	
bone	 formation	 was	 significant	 and	 was	 well	
integrated	 with	 the	 tissue	 around	 the	 defect.	
Therefore,	 the	 factor	 or	 percentage	 of	 new	 bone	 in	
the	 cell‐therapy	 group	 was	 increased	 more	 than	
other	groups	(28).		

Our	result	of	biomechanical	test	demonstrated	that	
the	mean	bone	strength	(Fmax)	had	a	significant	increase	
in	 the	 nanofiber/BMSCs	 group	 compared	 with	 the	
control	 group,	 while	 it	 was	 insignificant	 in	 the	
nanofiber	group	in	comparison	with	the	control	group.	
The	results	of	a	study	in	which	BMSCs	grafting	together	
with	collagen	Type	1	had	been	used	at	the	site	of	bone	
defect	 in	 the	 femur	of	mice	 suffering	 from	osteogenic	
defects,	 revealed	 that	 the	 biomechanical	 test	 of	 this	
group	compared	with	the	group	receiving	only	collagen	
Type	1	or	only	PBS	had	a	greater	mechanical	strength.	
It	 is	argued	that	differentiation	of	BMSCs	to	osteoblast	
is	 followed	by	bone	 formation	 in	 in	vivo.	On	the	other	
hand,	 in	 addition	 to	 BMSCs,	 endogenic	 cells	 also	 are	
applicable	 for	 restoration.	 This	mechanism	 is	 realized	
in	two	ways:	one	through	the	production	of	androgenic	
cells	 and	 the	 other	 through	 the	 factors	 of	 TGF‐β	
proteins	 family	 such	 as	 Bone	morphogenetic	 proteins	
(BMPs)	and	vascular	endothelial	growth	factors	(VEGF)	
(29).		

	
Conclusion	

It	can	be	concluded	that	as	BMSCs	could	easily	grow	
and	 proliferate	 on	 the	 chitosan‐nanohydroxyapatite	
nanofibers	 and	 could	keep	 their	 stemming	quality,	 an	

appropriate	cover	of	cell‐nanoscaffolds	was	obtained	to	
be	applied	 in	 fractures	and	defects	of	bones.	This	was	
further	 supported	 by	 elevation	 of	 bone	 healing															
rate	 through	 grafting	 chitosan‐nanohydroxyapatite	
nanofibers	with	BMSCs.		
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