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Introduction:  Hydroxyapatite is one of the most essential bioactive and biocompatible
ceramics. Due to its unique properties and its structural similarity to bone, it has many
applications in medicine, dentistry, and bone tissue engineering. Therefore, many methods and
strategies have been studied to prepare hydroxyapatite. The purpose of this study was to
optimize hydroxyapatite nanocrystals prepared from biological sources with higher efficiency
and quality.

Materials & Methods: This study synthesized and analyzed hydroxyapatite from White Sea
shells using simple and affordable methods like ultrasonic, hydrothermal, and thermal-
ultrasonic decomposition. White seashells contain carbonate-calcium (CaCOz). For the
synthesis of hydroxyapatite, environmentally friendly solvents such as water (green synthesis)
and di ammonium hydrogen phosphate (ADP) were used as a source of phosphate. The data
were analyzed using Graph Pad Prism V.10 statistical software, and the level of significance
was considered less than 0.05.

Results: Hydroxyapatite was synthesized by the ultrasonic method and was chosen as the most
appropriate. Because in the EDX results, the percentage of elements oxygen and phosphorus
(O, P) in the hydroxyapatite synthesized by the ultrasonic method corresponds to the data of
the standard card, HA~1.67, and for this reason, the ultrasonic method is better than the other
two methods (hydrothermal and thermal-ultrasonic decomposition) and is more suitable. In
FTIR, phosphate, hydroxide, and carbonate (PO4*), OH, and CO3s?* groups were observed,
which indicate the synthesis of hydroxyapatite. With SEM and FE-SEM, the morphology and
size of hydroxyapatite particles were observed to be between 16.5 and 70.80 nm. XRD
analysis, crystallinity, and needle-like structure of hydroxyapatite were observed. The blood
compatibility results showed that hydroxyapatite had no significant hemolysis. Examining the
cell compatibility of hydroxyapatite on bone-like cells (MG63) showed a survival rate of over
90%, and cell proliferation was statistically (Graph Pad Prism 10) significant (P < 0.05).

Conclusion: One of the most effective methods for preparing hydroxyapatite involves
conducting the reactions at the bottom; the ultrasonic method's affordability and cost-
effectiveness are among its positive features, as it can generate multiple processes throughout
the production process. The results demonstrated that this method produced a material with a
hexagonal structure, nanometer size, and suitable biocompatibility.
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Introduction

Hydroxyapatite (HA) is an excellent
biomaterial for various biomedical and medical

applications. These

decomposed into Ca?*, PO4* and toxic for local
cells. Hydroxyapatite is prepared from
biological sources such as fish, mollusk shells,
fish scales, and sea shells, which are an

compounds  are unlimited source of C.,COs (1). However,

biocompatible and biodegradable, slowly
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biomedical fields have been using new
biomaterials like hydroxyapatite, leading to
significant ~ progress  (2).  Researchers
investigated three methods  (ultrasonic,
hydrothermal, and thermal-ultrasonic) for the
preparation of hydroxyapatite (3). The
ultrasonic method provides rapid synthesis and
good particle size control, whereas the thermal
process is very stable, simple, and has excellent
crystallinity. The purpose of this study was to
optimize hydroxyapatite nanocrystals prepared
from biological sources with higher efficiency
and quality.

Methods

First, the shells of White Sea shells were
collected from the coastal areas and then
washed with a brush in running water. In the
next step, the oysters were dried in an oven at
40°C and powdered by a ball mill. The hand
powder contains calcium carbonate (C,COs),
which is used in three ways to synthesize
hydroxyapatite. Then, in a flask, 0.5 gram of
raw white oyster powder was dissolved in 50 ml
of distilled water and placed on a magnetic
stirer at 60°C for 5 min. 0.25 gram of
diammonium hydrogen phosphate (ADP) was
added to another flask and dissolved with 30 ml
of distilled water. In the next step, the solution
inside the second flask was added to the first
flask. The suspension was placed on a magnetic
stirrer at 60°C for 10 min to completely
dissolve, and then the pH of the solution was
adjusted to 10 with NaOH for one minute. Then
the suspension was ultra-sonicated for one hour
to synthesize hydroxyapatite. The obtained
hydroxyapatite nanoparticles were washed three
times with the same ratio of water and ethanol
(5 min with a 2000 rpm centrifuge). In addition,
that material was placed in an autoclave at a
temperature of 180°C and a pressure of 50 to
200 w for different times. According to the
previous method, the synthesized nanoparticles
were washed and dried. In the further approach,
the white seashells obtained were calcined in a
thermal furnace at a powder temperature of
800°C for two hours to remove all organic
materials and growths. At last, the suspension
was ultra-sonicated for one hour to synthesize
hydroxyapatite. The obtained hydroxyapatite
nanoparticles were washed three times with the
same ratio of water and ethanol (5 min with a
2000 rpm centrifuge). The data were analyzed
using Graph Pad Prism V.10 statistical
software, and the level of significance was

considered less than 0.05.

Results

T Hydroxyapatite was synthesized by the
ultrasonic method and was chosen as the most
appropriate. Because in the EDX results, the
percentage of elements oxygen and phosphorus
(O, P) in the hydroxyapatite synthesized by the
ultrasonic method corresponds to the data of the
standard card, HA~1.67, and for this reason, the
ultrasonic method is better than the other two
methods (hydrothermal and thermal-ultrasonic
decomposition) and is more suitable. FTIR
showed phosphate, hydroxide, and carbonate
(PO+*), OH, and CO,* groups, which show that
hydroxyapatite is being made. With SEM and
FE-SEM, the morphology and size of
hydroxyapatite particles were observed to be
between 16.5 and 70.80 nm. XRD analysis,
crystallinity, and needle-like structure of
hydroxyapatite were observed. The blood
compatibility results showed that
hydroxyapatite had no significant hemolysis.
Examining the cell compatibility of
hydroxyapatite on bone-like cells (MG63)
showed a survival rate of over 90%, and cell
proliferation was statistically significant (P <
0.05).

Conclusion

One of the most effective methods for
preparing hydroxyapatite involves conducting
the reactions at the bottom; the ultrasonic
method's affordability and cost-effectiveness
are among its positive features, as it can
generate multiple processes throughout the
production process. The results demonstrated
that this method produced a material with a
hexagonal structure, nanometer size, and
suitable biocompatibility.

Authors’ Contribution

Conceptualization, Investigation, Data
Curation, Supervision, Project Administration:
ZI1, Methodology, Validation, Formal analysis,
Investigation, Resources, Data Curation,
writing— Original Draft Preparation, Writing—
Review & Editing, Visualization: MA, HD, SK,
MS, Funding Acquisition:  Kermanshah
University of Medical Sciences Research Vice-
Chancellor

Ethical Statement
The study was approved by the Ethics
Committee of the Kermanshah University of

u.(.&ﬁ (ﬁ}l.o a@db 4.1>m

VEr 3T/ ek



https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

=S sy sl S 50 g iluag

5L

Medical Sciences (IR.KUMS.REC.1403.024).
The authors avoided data fabrication,
falsification, plagiarism, and misconduct.

Conflicts of Interest
The authors declare no conflict of interest.

Funding

This research resulted from a project
number (50004081) approved by Kermanshah
University of Medical Sciences, which was
carried out with the financial support of the
Kermanshah University of Medical Sciences
Research Vice-Chancellor. The funder has no
responsibility in the study design, data
collection, analysis, and writing of the article.

Acknowledgment

The authors of the article are extremely
grateful to the Kermanshah University of
Medical Sciences Research Vice-Chancellor for
the approval and financial support of this study.
Also, authors sincerely thank and appreciate the
research  vice-chancellor of Kermanshah
University of Medical Sciences for their
financial support.


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

ook (onlis 34 o 9 ObSuinila ke

VOFY-FYYA :P-ISSN
YOAA-Y\YO E-ISSN

JIUMS

131 BB b Sl § Qo 3 kg ST (S g 3000 (S Il 15 930 (5 3Ludings

S g 0

'S Oloabe dozme ¢ e8I Wi T L Sgw ¢ Tolgd Ol 58 Cpm ¢ | owbis Luge

Ol el Bt o8l el ke 0aSCails ¢ ot 03 5
Ol colisile S coliile S (SCasy ke o8s30 pshe it 5750
O oLl S g3l oKl (63,5187 o 03,5 ¢ ponds 0Kl T

Ol colile 7 (5531 o8l il 5T 5 55k 5 sk odSTils (539585 g sl 5

odus

dlio OleMb|

VS P PRVRCIUW R VIOV SRS [P TCIUNE P VLN SOV 1P S PRI R SR 1) JUUN PG NWIR I TN V-1
313 Ol el 3L ‘fﬂu\l.q.ﬂjéjrﬁ[)\u\}.}L&ﬁ))&)%dtﬁ}j}t{‘o‘}*‘QOTGJL‘.}L& Calld g3 pas e
Solwang anllas U’l' {a\}u' S Lol olian)llae C_.:JL!:TL;.‘S}).,\:A 3:.@5 st.! d\}‘; 6&)&“) E) LAAJ:'}J g;ﬂ\j{t{

25 AV iS5 T S e Sl oddiags ST S g 5un sladbiy S50

oz | 450005 ,20 5 OWT Sla 2oy L gb)s L st 5 ColT oS 5 da candllas opl 5o (B 595 § Sge
Sl S 63l (23 debe oo A il a2 5 e S sl A5l = Gl & 5 e s den 5K sl )
35 Gaw ) ST b G slame sy gadM 5 ST S 55 2w (6l Azws (CaCO3) edS

3 8 aslizel Slind ate Ol e (ADP) Slied 055 s 355 T 6

03 1t Sl s g Ol S gl Al s b okl i ST S e S ARG 5 (Saadl
Sl (slaeals b Sl Al a) b o e ST S 5 pdn 53 (0, P) i 5 05871 3 g2 g olie Ao ys (EDX
—o A sl g asn) S b 53 4 ol S gl 0l B 5, che nen 4 53 )13 Sisllas HA=L1.67 ¢ lteul
455 oaalzn -CO32 5 OH ((PO43-) il S 5 S g jun cSlind slaos & FTIR 535 5mlin (¢S5 sml 3]
M 55 CbT oS s 5den D13 55100 5 (55058550 FE-SEM 5 SEM L .izes ST oS 55 5w 52as0lis o
s 8 ol ST oS s et 03 g S8 55w 5 Sz sk XRD ot 54, 3255 53 o 03 Ve /A+ 6 5/16
LT oS 550 Sk )8 5 g 1 5 ol w231 (6 K 5 gon LT e 55k 487505 085 S (6,65
Graph pad ) (¢,LT ki 51 Jsbo 255 5 305 0l 1y doys 40 51 i cliy £5 «MGB3) il slas slad s

(P<0.05) 55 ,l5_sxs (prism vol.10

ez 53 L ST il o Sl ST S s pukon g8 Mo 2 e ) (S SSS sl Al s 1S o o 9 Sy
gl 03y GV b a5l o il gn L5 0 5 ol OT oo Gl S5 51 03 4600000 5 015 el
W3 bt (5 S5 b e 5 5T ks i S syl b eid 5 5ol o sl 0L gl ST O3 b

S PN I ON [P B PP R . PR P W L= T Y5 1

oy e £

VRO Y/ iedl 50 G b
VEF Y il g9 b
VEORLY/YY by st

VP2 400 LSl & 56

i e Ok 93

©35I005

(mals pade Dl S
olsile S (Sl o ple o8l
Ol eolisle S

Email:
Izadi_zh@razi.tums.ac.ir

ORI b fe S wbie Sl e T o 50 (sladbis S 5 (6 jlutings tazes  Saiilades D5 (53 5] Dhagor BB ¢y ol 55 0LES 33 g oo 23 ik
NYSIV YO Y 3T o3 Kt o sle olSC2 dloes iS5 S

QNOIE

NC Oy © ye 3> A Sy |A5Lc olBiils 1 il


https://orcid.org/0000-0002-6150-8006
https://orcid.org/0000-0002-0951-2729
https://orcid.org/0000-0001-8836-3647
https://orcid.org/0000-0002-4546-5202
https://orcid.org/0000-0002-7805-5066
https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

Ly S U (g luag

S soda slad

5L

$Ca* Sl y @lesliT (il — s 1S 02 b
5 A8 e &GS el gladshe S5 4 PO
Slllas (VF) das 5 0L 550 51 g ST 6 8
5 el b CSlT S e D380 gy (S
ool (Slabe 5 (35 3 (535 e S5 505 50
Al e las 5,8 5 ol byl C‘Jjﬁ sl
S o 3oy STl 1235 51 65 8 ST oS 5
5 JSelde ClT S syl S350 .(10) LS
5 Lol (Glestle sS4 4 s Sl ) s
(ped” Co,:) sliadndS (Slalsl )5 5 s 0| getal
S ol 3 eslimel s S e il Ol
0303 e 3 Sy 5 83,1l 53 LT S 550
SSaln ST S 5oda S35L (V) 3450
(W) 338 o oslinal os, oy Job= Olgsw
Gl e ol b LT S s de g syl
cl’.n 3ol (W)ssd o oslaiul ol (glas 5,8
5 OA) (e s O5p 5 do gy Ol i) a5 (s 5
DS gl Ol (IS sba obys b ssie
o andllas oyl 51 Coda k58 o w5l (CoCO3) S
L sl Jlcwle gy b ST S0
S5 (CLOs) Sl S olS a2 Olgea (2l
<S5 Olsea (ADP) Slis 0js)dn paislso

.b}f )\QCJM

b %59y 93g0
ARLLST U 0 G i) 4 adllas o)
s Sl Ghle I dde Gblus 5 4 el
s 5 LS))TC“-‘?'
(20 b (SSo I il T S g sld g
Sl sl Lde glalsds slaan s
i (6ol DT 53 g b e 5 (605 e L
o 8 Bl B3 P slos 53 05T 53 oo ke Ao e 3
2 A oy G LT Lg S
aw 4 &S Cl (CaCO3) b, S vmlf S 9l oka T Cowdas

ui)).d-“ 1S ealal ‘.‘-‘::liTg_f“{ﬁ)"\:“f““Ls‘j Ui})

4o

J 53T e a8 STl SN S
b Sl st HA)D oslT S pius o o
5SS dzes Cap (POAB(OH), olews Jep
T S poer (K 5 3L eilign Sl laeir
ol V) ced 0T 0se B e
355 4 e T ol 5 2003 GV b (6 iy S5
s 4 b sl o3l (1) Sl b b3 L
b o5 G ool 5 ol Ol giniad oK 5o ks
Cepo 1) Sl Gladole Ly 5 sls Ol gl
S JWl) 5 ot ol e 4 HALLS
CSLT oS 5t e et 0 4(F) 3,16 Ll STl
5ot 53k gl ) Glaygls bele S 0l e
PSP B WS PN P RV W I PR TCIN
Shoslizal (gl (glos 5l Sliios (sla i (F) 354
53 Ol gl o Kolor Ol o yomn ST oS 55
ol okl S ) 5 (S50 gl S
)

0I5 (Sl 5 O il Skae :bﬂ):m,..lfol.&mé
S5 Olsse SOl S e s s
sl PH Wb Sidpse Lls s N3ndS Slad
ST S o (A S ol .l Sl o
b osse C s a i gl 5 PB3M gl o5 8
4 ClT S s ke () syls gl /FM 5 /AFY
G0 V) psopr Sy ) de )l il Sla g,
G0 F AN Gl Fg) A sy X V) Jle g
2955 S 4 Sl By B () SSK slad
e V1) Gl m & 5 ON) J5 = oy # (1)
P55

e AL s LT S g s ol 5 bl
3 e SOy (el goa ¢S (o o i bs)
LoboT eddpme CobTeSome 5o SbS
GOy S LT S5t () uS o 5 )8 Sl

BL cé‘j)jﬁﬁs W BL C_,.ul au\.‘it‘}:iié' PO43_ }CaZ+


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

A3 8 B dol L@ pes b s sl a
(Sle 53 mblihn O30 (55 4653+ ke 4 ol o
e 033 8 o S5 b el 13 51 8 sl dr s 9
OT 3l g ooy 1+ 0S¥ 50 &K NaOH L J glone pH
b s SOl sl Cele VSl 4 O gl g
T S s oer S350 23 8 e ST a8 5500
Ole3onte) J 515 T DLy i 5l i obe Tz
oled JS8) s arads (5 g ;5L § 2000 555 L aids 0

QO

-
23 u—b\/'—yb

"¢ |
White Sea shell \y (L)
powder calcinated at PH=10,
850-1150 °C or not (NHA)QHPOA Stirring 1l\’l\jOH

L G s ha) o 66 sl Al 200
S sl A3l -
g9l il 459
Lho Glasds 3y 08 00 Ol S s
agm@)m&@ng}&m);ru&lﬁﬁ
31 E Sl dorys 90 Gles 45 pwbliae Ojen (g5, 4id>
(ADP) Sl 055,58 p s el 53 05 +/Y0.25 8 ) 3
3438 Jo e OT Al e ¥ Ly sl s 0t o

Al 50 55 i 0315 5l 3 cubline 5en (69, 42830 Dde 4

o cat
JAN VAN

60°C, 1h
Ultrasonic

0
i .
cat «
—> Chemical
structure
~E b it
o Hydroxyapatite

6h, 180 °C, 50-200
w

Jgsstn sy C eSSl Bl =0l & 2 hsy B eeSTsml Aol 2s) A LCLT oS 500 4 Y oled SO

Y e 4 ol Sl b3 Ave gles 3 ol 5,5
Codo 5y 5 JT slge den b s § S ol
S S5 (5lesl3TL s oyl s gl ol ki 5d
$E a5 eole s Sl S elS 187 (CO2)
S 53 0 kil 5351 p 8 40 e 355 0 gl
Laidsd Do 55 8 o Jlaie OT 2 a0 bl
e 6 035 513 050n 655 318 o B ys 0 gles
Ak ¥ 3 ADP e 5 /X0 (6 K305l 5055 jiow
smeblie 050 (695 42350 e 4 5 Ab Jo e T
st I s Ml Jols J gome by A o 5328 51 5
Db Sy i3 V0 Side & O gl g 3 5 LS
SlS™ 6 s o3l ) 5 51 8 Sl dom 580 (Glas 55 gmebline
Vo4 Ve ¢S NGOH b Jglos PH g 63557 Jo-
S el A3l Colir | ko 45 gl g 0T 51 g s
Sish saf e TS b a2
5T O o b5l s ol Tzt ST S 550

s (5 s 5l 92000 95 b a2ds 0 Olejoe) J bl

Sy s o9,

Lo Slasdo 53y 05 /D WL K
e a9 Ad o oo ST 2 L O 2 el gl
38 Sl i y3 #0 (gl 45 pblike Ojen (55, MINS
Yol Lol Ko ol 4 ADP o 8 10 .28 8 1
Ojon (555 4i830 Doty 3 5 8 for e OT 2 s
r}:Jl{&bd}lm‘.\a{&f):.u\iu\:)\}wbt&a
(S5 483Vt ke 0 0 gl g > 8 LIl
dsesls 41531 T Sl b ys 70 (gles 53 ol O jen
4 Y 50 ¢ NaOH U J gloes pH s 635 5 o= SalS" G
(Gl ? 5 F V) Caliden (S0l 53 ¢OT 1 uy oy Ve
b or Llzs g 5l 8 le dorys WA sles 53 S5 o
ok i Sy b ¢ ey B9y ol .28 5 L1 5W200
O oles JK8) s oSis g

igul sl b 9 (Tl 4 08
¢§1 95 odal sy b Law glasds o

VEY 3T/ o3l (S ke oSl alone


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

Ly S U (g luag

S soda slad

5L

Sl gl 3 dslas Hsba bl . AS o Lo g4 20
(SEM) (st3) oSN wsSms S doa b ol
Jods 56 5 s Sl (JSM-840A, JEOL, Japan)
Accura 2000,) (5,5 gl &S bug gl

010) 15 5 (& 510l (Intekplus, Seoul, Korea

FE-) o o™ i385 3559] 3Cug G0
(SEM

FE-) (gl Joe sta5 G5 S0 553 S

5K s 33 8 Sl b sl SEM Olas (SEM

& Sgeols psbai FESEM S S8 sy 53 S

23355 50 04alie SEM L acslia ,onm B0 LY ~ 555,

3,15 5 7S 505 Y W5 55 SEM (FE-SEM L 4y lis
()

Sl vy SFwts Sl (o y
PRrYS

PBS U slome b 5 i 45 5 (Olasl) b gls 510 g5
35 a5 Bdged 3 S 35, YYD e S b
ol 035 (5l 45w ST S aw) ke ¥ s
A heddGh) 0 Al S Yo 5 b as) (Gl
oy YV Gl 3 e 5 U35 HLSl s 5 S
Wy Al e 3 i 4SS Cele ) Sode 4 0l 5 sl
5 Sl 428510 ke 49 5000- 4000 e yr by ns o
Gladse I OlE g5y gl e (s £
GoF Sy s a5 b 8 e b ot sk il
by 538 o gb0RD £ ged b 53 aOT e 5 45 8
e e 045 S 5 ol ey oy Sn o
(V) 43 8 tloms 5 J3n 3 5 o0
Hemolysis = (Ct — Cnc)/(Cpc — Cnc) x 100

J S 1CPC 5 a5 1ONC (ot gas 5, 55Le :C

W

e \_~:-ﬁ
ssbiea 1 gl alad gl o Lo} w ) p
D (3-8 sy 5 Sleeks 5 Jshe &5l )y

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
(Sals 48 by s eslid (bromide) MTT

Lo b OV sliw 4 MGB3 il zulacs slad shus

(O oled JS8) Las

S 9 (O b Chogas olobs
(FTIR) 4555 b 3050500 griwcids

Je FTIR o&ews b o i 3T oS g kn
«5 S(BRUKER GERMANYVBRTEX 70 FT-IR)
35 le glaog & ol o), FTIR ¢SS ol 51 s
e 5 JT olge 53 s g ladisg 5 badised Skl
Ersf gl 53 & g sldel 55 gdes 13 58 o 0ol
O ol Frovem™® Gy e GIFTIR) 4,6 bis

AEDX) S/ 423 (53591 iy omiwisks

&S (EDX) oSSl dnsl (551 il o
LS 5 3 s ge pobe 8 Cul WSl dndl SKSS
ol S o S 1 0T doys 5 plalis [y Calesme
ks fuaze 55 S S s S (sl 4 LaolKes
ol CAB L1y b 3 sese ele
() dslei oo plobs o Sy S

XRD loeiga joui
SleMbl (XRD) Sl dnsl 3y o g4 520
Sl 5 (S5 ol el S S 5l Ly S
Glagp (YY) das e Ol 1y esle &K 315 S S
Lies 5ob S pnd b b ublines S sla g S
S S I P S N P A P O PR g
a..,\‘fw\.:;j u“&i\ 6\»},; XRD 3 ..b}.&uﬁ 4:3}3 w\.:\iuﬁ
ol 3lga gl 3l Gsa K (S 4 5 L3S b pmar
w.ﬁs‘}?& U&)L«.&j g);')"’}-'- cduu W‘-\:}&@
& cosle Calibes (GUls5 53 0kST,y sla g, Sl (OT

A 3 6 S S 00l

ST 5505,C0 (6 S THI (wiy
(SEM) iss.

bOGEM) gy G sy S

sl Ve o 5x 300000 51 i glicS s

o0 o) s o O | oua Tty Calibua 3 4 31 &S5

UM) ey S & (M) 25t 511y Gdme 5 JT 3lge


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

ST S st 53 gl Ll I (gl gomma bl )3
Cro5h (55 (S )l5 0) VA -AYOeM™ Aot )
Sl e)em-1 1565 53 o b ¢S5 5 555 o0 ol
odalin ¢l PO43- LY .byjﬁ 4\§ (ﬁ: ‘5&.&5- &.J-b-
P B S L LI
Sl g4 by e JenS 950 G0l Sl
S Ode Ly VIF-OPOMT Al s hes
sl sdalie B FRFY-¥Veemt Al s e S
5 b GLeLT STds 3 s glasly S
b (So3ssm GslT S e 4 15 LOT ¢ o sms
oM Aot s o il ST o bt YU (658 Sl
DL 4.{ g:.,w‘ (COSZ_) QL:; 4: Jo):f\f'ﬁ—“\??
Ol gl 4 45 L ol ol 1 S LT oS5 50
endS Il s ol s b (Sl &gy &S A 0ols
HPOW & Ly 1o (sla 15 5,1 5 olis S Il L
.»\:ﬁ.w Lg‘.hg}v\né :L‘Lﬂﬁ 2y Jo}fjb ;A:b BE] 6.)}:2-60 °"‘\i'>
U_1| sl a.&AU&AJ{G 9 JJ‘J S J.:* o.\..’;SA.Z:.MK &Ll):
J..fde C)LS‘ a..\fh;\:..w o5k B ‘) HA )}—é? J.A‘)_&

(AY S s S8)

Wavenumber (cm!)
283388

Wavenumber (em'!)

Intensity (a.u)

RZge oy oy5 Ve 3 RPMI 1640 folS™ oS’
4318 Sl b 3TV (los b, 5L S 55 5 s § csS
Lz Sy S 4 gl 5 55 el YF Soke
Ssl ESalr 2 4 e iy do s Ve oS5 4
BLA| Calzee sla gy Lot b (gladby S 56 e sho
b lad o Sleoi celu FA 5 YF Slaj a3l 55 45 5 A8
S lamn o le3T S5y 55 3,8 SLSIMTT i)
CLELMTT (gl 036 i Lo 5 (ol asSals i
A LS e (55l GlaeSalr 4 il e S e 0
e 835 13 HSLST sles 3 el ¥ e 4
J> &1 DMSO M- 5 Colm laeSaler ST Lo
3Y Sde s 5 3 5 Lo O3y 5 sladbiny ST O
Sok; Olje gyt shindy s S SE
bl (ST spde D36 L sles Sl e ad e
Trdsb 5 beSale Gl Gy ok oBs S eslizu

(Y¥) 05 5 i 0 5l OV
w9 sbasly

Sl 5 (O (hed  Shosas
(FTIR) 05095k iwcids Julnigd jxi
S 313 0L (FTIR) 0 30 95ke b fdow g4 2

26 (deg)

VEY 3T/ o3l (S ke oSl alone


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

Ly S U (g luag

S soda slad

5L

G iy e S el askn sy o T K gl I3l sy 50 3 08 ok Sl T oS5 ,an AL FTIR LY o led 3
oo D eSSl gl - Sl & e s @) Sl Il sy 4 e s LT S g pis B EDX ¢ (6855 sl sk 5,1~
S gl Dol 2l B b ek e S5 LT S s 5un C XRD 6 (gl d51 255 € edle jis 5

B Y o)les JS2) sl 0l gl s &SSml A4l i)
ST S dkr 3 b 4 el W i S
b iy ple & Cond sl sl o) b okl
Sl i (55 gl A5l = S5l &5 5 Jlo 55 540)
S glaosls b g ol ok 03587 V3 L J gt 43 &S

2l Casllas HA~L.67 ook

AEDX) LuS! 331 (5551 oly (xiwsisks
Ca,) ol i ST S 5508 53 3 2 g0 polis
S 0sS gl EDX L sdalin b ol ;5 (P, O
23k e OlE B LY yles S8 5 1) O3 sl olend
oo 3 b0 e GBS 055 4dS Lep s s
A5 S odalin b sa, Sos 5l 2eS jid e (gl 3
losls & &S5s5 IS 5 gy 53 jieb reelS” e

g{iﬁy\;ﬂ}‘*@)‘ﬁA‘\iﬁ)dkﬁj})@‘éﬁfr‘jﬁ)\é})haﬁwC,.:}'QT@S}).X:AEDX @U.‘ Q)MJBJ?

Mass Norm [%]Ca Mass Norm [%]P la b,
ATAAN 7/ &Sl Fsl s
VE/¥E /40
OA/FY V/¥ S fordr A
FE/F Yy S gl Al = G5l & s
YN £y

Sl Gl S ey @6
el skt

CabT S gyn SEM A Y 55ls So 5s
o8 Sl y3 8 (glas 53 &K gl 5l s 4y 0k 2
odalive dsa | ladlins S 5 585161 SEM s s O3 1
6313 O3 1y ST S 95 Sl (Kool oo (6 505 5355
50alis FESEM Low 5 Sl T S 558 Ol y3 ¢ gl sl
L g, S0l

Il 5 o (S5 5m s 2l o
“;},J_l,;ébﬁ.@f‘fwaupHAduﬁg
oS 55 S 3 yh g S 80y SN a5y g
5l s oSy Ko 4 Cod VL b
23 FE-SEM 5 87 (655 1 55 5L A ki Ol 5o
Sao b ek ST S gyda B Y Sl S
Aas o 0L 1y oL E sl G 3 0 (gles 3 oSG gl

o3lizal 0T Sde 5 ol 0 U VA/AY B YF/O a5k 55100

XRD ploige joi gl
sl S sl ol XRD e
L JCPDS .tz odalis b6 5 i CuslT S 550
GLeSy s 5 S Slels 1) beesls 4— FYY §jls
ol &7 Wb e SRl )3 331l sl L XRD
gl A5 Ol Rl b st b8 Dol
s G )l ralS ey s & Ud otalie
31004875 B o 5 3 S ey (5 ey S Ll
4 el ) 30l ALl 2alS (Sl 5 )3
Fo G a6 3 55 5 S S adi S sl ¥
N3l S ST S 55 XRD i 4 4 5 L ik
(CYojles JS8) Cnlodys s oSG gl B4l gy 4
2 OLS sy S A cdalie Sldles Wl
bdls S7 53 ol el Csl CoLT S 550
S HA (ol >« CO2 50580 L L(Y0) 355 o

(YF) b o Sl


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

LaVv <) & gl 35l Oldn 53 ocka Tty CibT S g 5oken

(5 ool F 51 O 9y 3ka T ot O3 b s ie 3 (20 95100

BY¥sAY: s K8 Cwl e 5 nm 115

CJ‘)S GFE'SEM PL s:,...u‘ C,.:?LLT&f}).A:a
IS5 S G5 DS Dot ST S s

Glosh S s odalie b6 5 LS

0 Y Jsen ASTM F756-08 (slas,lblonl ulul
FoS 56t san (oS 43O Y g St gas Ao
e S ok e 3 8 5 53 St gen b A3 Y
(PBS Ledsi38, 055) a IS 5 (T Leds 0 52)

(AF 6l S8 cul

cwbo s> (Gl Sl @l
el T (I 5k (SISl 5556

s Ko o&s 1 eslizal b g (6,8 5

AN&)\)QL&:}MA&\fnmS?O G}Ad)lﬁ)))u\i)

2 J.iJ; odalive au\fh_}:.’...» HA BE] (J«PJ) Y-0) Bl JI».{

VEY 3T/ o3l (S ke oSl alone


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

S 5t leang

s

=S 9yda sl

T

®
=

60 4

Hemolysis%

40 A

0 ]
Negative Control HA Thermal
decomposition +
Ultras onic

105 -
100 -
95 -
90 -

85 4

Cell viability %

80 4

75

HA Ultasonic

HA Hydrothemmal Positive Control

n48h

Control HA Thermal
decomposition +

Ultrasonic

HA Ultrasonic HA Hydrothermal

é(é&_}y\jﬂ)‘—éﬂfia_‘}qrj)J\Aj})@‘&:}y‘jﬂ}\)u:))wQc&pquk;f})@@fé)l?}bw)ﬁ.A.i G)MJ&:}
S sk (53,5 (6K gl 51 = ) &y 5 5 o )k Gl 1) o5 e b o i ST oS5y Sk 6587500 B

Slas

g [FYECR W ;:.«'ﬁ K] 6&\» u.wla cQL’JCJJ ;:.wﬁ cu.ab:
(Y0) dzwa CaCO3 I (g3 s5dsals & S >4
53 ST S gpd Lol Wdo 5l selns 5 el ol
Lgﬂia.&g- C,s,.:,ﬁ 9ol oslazul é‘;ﬂ o ) L;LQA,:.AJ
5 e e SSsl dsl o e she
u.:j) SJ\?—))‘M)@ 45‘)”) ;_.)}5- Q‘)JZ)‘JA‘J‘;}{
Sk 5 (Sole b ol W ST S g~
sdimJeiosb o pland Oy SR, el Cnla
S bl L Rl Gl i) S gl by
& P iy Sl S e 4 55 ol gl
3 P (i (s sl b ol Dbl
(Y9) 5405 L;<:.«4 S s ol

Lg C‘.:ﬂg_Tg..f)_)u\:A Qb.)}:\: ‘u:“h}}: ‘.ﬁ‘ B

el ol gl

sadiw S 56 Johe 6,650 b5 b
Sliulas gldde 53, gy LT S e
038 b auslio ;5 lad sk glis Ol oo &7 515 0L (MGB3)
ol dops &Sl VL Oles Os 05 8) IS
353,55 6l cnlis I sk (6,8 5le ol «(P<0.05)
Ly1s 1y Sl (slao sl 55 05 5 5L _owige Cslal
(B Foles JS2)
S 5 4o 9 Som

e sl & HA) Sl T o8 55
)l (S 5 (S5 Calibes (slas )8 6l
DI LIRRENIVAR NN WS P - I JCRNC g
A o B v (51 5 N30 4 25 POS Call,
Ol el ez ) lien (5 e 51 ST oS5 k0


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

3,8 o Doge o1 damn 53 Y s ST o8 55
P Sl 53 psel lajh sy e 4 g
Sl 4 OT 0 3415 OLSUl (5L T S 5 n
Lo copl 2 oogdle (YQ) 313 545 il T oS5 ks
oKiws U 5 Ol bl s 3 by o oddider T
slaceb 53 oyl gen (oplply sl 5 FTIR miwca b
odalin 35 odiods OT 4 bye ey FTIR
s

Olesode (sl L &8 sls olis FE-SEM il
3 &3P Fope A dal g S8 S D3I gl b
NM FE-SEM 5 SEM L 5 odé s HA &l 3 65100
35 OKea 5 o Lo dalllas )3 A3 oalin 80/70- 5/16
S350 83100 5 i)y ee & i esls Olas YN L
(PH 3 8o c1a3) oms 13 285 L T o5k
3 &S 0 56 8311 L ST S 5k 535 S 0
il (SO (giladled o) b el 00 1 S
b Jo S50 CslT S ok o bT1
2 Sl el 5 S S5 55,5 SIS0
S0l il il 53 ot (Gla(g o) 890 L s in
VO Sl Gl 5 5 (6 i Canenl

Sl sl Fay 4 ST WS gde e
354 i (G 5aS Oloj pd 5 oy 5 e on0s jhe
LT oS 5om sla s sb (636 &S5 s plonit K05 s
A N (4 Y) 31T Yy § ol 53 0L
e (0 F) 5 (FYY) (YY) YYY) o(FY 2 ) (YY) (¥ r)
sdalin B b5 5o S das o 0L 1) ol i HA &
o id Jls SOy sea HA O3 XRD b .l
o p 4 A5 ks XRD s pll s 8 odalia
O3 el i S sml Bl ooy LHA s Olejcis
X) S 53 48 b0les b5 o s Bl G5 5 5520
Laals dan o5kl ulul 545 s otal i (C
Y Cl Ll CslT S g pdn ass by e

HA ;3550 0 olie dus s EDX o g4 joi U

o 5 25 S gy S gl Fl By 4 ok e

G s dleiaska WSSl A5 s, 4w I eslizal
4 HA Wl oy 53 s g (&5 gl 35l — 5ol
38 2 pH=10 s Cola ) Sk 4y &G gl 3l 25
P ¥ bolide 5o IS SILHA g 555 50
o 3L E Sl Gy WA glos g0 =YW i iCsla
—SAlm AE) ese Sy 03 b JSsa s
(203 ks GACoo «S5 gl 5131 g (55 5l 35
543 5 dS (18 sl dmys Ar ) oy 8 Sleslizal b
E Al Las sl 15 S gl il S e
oy 0> odime HA & 5§ oaslie FTIR
—Sm A ey a edime HA L (S gl Al
45 o o ST A5 43 8 o 53 5 S sl )
CO; sl sl 31 5 sl dp3 A e slas 3 Syl ~
(0) (2b)s o G o Sl clhe (pan 4 6558 ol
S s odalie s ol s 8 eslizul HA 5z ol
03 Obagl il mis Gaelp Ol 4 a
iyt 5 e 5 o3
FTIR ;5 HA d> slajly dea FTIR s
5 o A5 otals FTIR (s 5 bl § Lot
S gl A3 gy a3 ok e ST S 55k
(S5l A3l =0l &2 sy 5 Jlissds )
Gy das olaTwsa Cab 53 .ol odalin L6
rede ls sy ST S sl 35y aateie
Dy 5Dl S Jale 05,8 4 bs e eSS (!
Al 5l eslizal b 4S8 5 dois Ol g oo ¢ opl ol teblacily
Ol ) sl 87 CsbT S g puben (555 5l 35
WHSer 5 dsy VY Jle s Sl eldm
R o - S FR e [P PR v
Olas OT FTIR Cab (YA LYY) Wi S i &S5 Jand g5 o
s VAEmt sl s Slidd gles 8 &S sl
Ls odalie YO o0 LY v e OMT ol 55 feuS g5k
=3y o FTIR) awiwcab 05037 5l esliul (YA)
Sl s SU ST oly ) gl 05l Ol sl (g0 see

S sl adeiin & sbolen (Cnl CSLT STy 0

VEY 3T/ o3l (S ke oSl alons


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

Ly S U (g luag

S soda slad

5L

059 5 S ke (ol s o5l
OLLES g ol 0Lt 33 pmm ¢ sl L]
(orlid by 5 S S e o K Olesk oo
le (G ooy S aslzel OlSle
— & ol s — S5 dmesls (55T

LT RN

23 el 5 058 fhd pobe s s 5 (sl 45 EDX
LY ¥ sl Ol 1y (ClT S 5 pdid) ok i 53Le
f b o e sladbi S5 Jsbo 5 S 656 Sl
okdpl Olallas ys . dzils of jon 4y g gllas & By
S e 53 I ¢ Sk S r 4 5 S oalie
@b 02 5 2N ey dle 0l 0 o 5 Jsk
GO 5l () sl otalin B Joho 5 S 6,8 5
odalie s ulal 5 A ot MTT s, b Jsb
5 ok lb odeTmsy LT S gon 43 S
(MGB3) gl ralacs gad s b owlin & s
AFB-YY) das o OLES

S oo sadbey S5 Sl ol Al s
N ) e Olgea b3 glasds I st T
ol o 8l CaBOISl g s 3 (ST S g s
ooy ol andllae ol Coda s a3 S 0 e bl L
S @l bl o sy bkl ol xe
o33h B R oy 93 b amlie s oS sl 3l
130U (65 2 Foli S Olej 5 0351 48 poass e e guazma
(S 53 T (S s pdn s 358 & 5 L
L5 o0 d g o) i Sla gy (Sloiigr 5 e daw 5
AL L5l e
S ol

S pde oRils Slidod p e isles |
238 o0 S5 5 g5 Jlo aslas o 4 oliile S
Blo o)W

S o oMo 1 s LT g O iy
O w5

S e Gladd b ) s dlie )
sliile S S5y pske ol lidiond Liglas 04+ FAY
ol IRKUMS.REC.1403.024 31 il |
Sh ol

S pshe oBils Sl p e islae |
338 o S5 5 s Jle Glatslr o 4 oliile S
O W o8 o5 5o

RSP T TR RS Y SVERE IR Y


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

References

1.

Chitra S, Rajeshkumar S, Ramya R, Bargavi
P, Balakumar S. Probing the biocompatibility
and antioxidant properties of Cissus
quadrangularis conjugated bioactive glass and

hydroxyapatite towards regeneration
application. Inorg Chem Commun
2023;157:111398. doi:

10.1016/j.inoche.2023.111398.

Abdian N, Etminanfar M, Sheykholeslami
SOR, Hamishehkar H, Khalil-Allafi J.
Preparation and  characterization  of
chitosan/hydroxyapatite scaffolds containing
mesoporous SiO2-HA for drug delivery
applications. Mater Chem Phys
2023;301:127672. doi:
10.1016/j.matchemphys.2023.127672.
Arokiasamy P, Abdullah MMAB, Abd Rahim
SZ, Luhar S, Sandu AV, Jamil NH, et al.
Synthesis methods of hydroxyapatite from
natural sources: A review. Ceram Int
2022;48:14959-79. doi:
10.1016/j.ceramint.2022.03.064.

Pavlychev A, Brykalova X, Korneev A,
Cherny A, Kornilov N. Specific Features of
the  Crystal  Structure of  Calcium
Hydroxyapatite in Native Bone Tissue.
Crystallogr Rep 2024;69:38-44.
d0i:10.1134/S1063774523601326.

Xiao D, Zhang J, Zhang C, Barbieri D, Yuan
H, Moroni L, et al. The role of calcium
phosphate surface structure in osteogenesis
and the mechanisms involved. Acta Biomater
2020;106:22-33. doi:
10.1016/j.actbio.2019.12.034.

Yang-Zhou CH, Cao JX, Dong SS, Chen SH,
Michael RN. Phosphorus co-existing in
water: a new mechanism to boost boron
removal by calcined oyster shell powder.
Molecules 2021;27:54. doi:
10.3390/molecules27010054.

Sricharoen P, Limchoowong N,
Nuengmatcha P, Chanthai S. Ultrasonic-
assisted recycling of Nile tilapia fish scale
biowaste into low-cost nano-hydroxyapatite:
Ultrasonic-assisted adsorption for Hg2+
removal from aqueous solution followed by
“turn-off” fluorescent sensor based on Hg2+-
graphene quantum dots. Ultrason Sonochem
2020;63:104966. doi:
10.1016/j.ultsonch.2020.104966.

Anandan D, Jaiswal AK. Synthesis methods
of  hydroxyapatite  and biomedical
applications: an updated review. ACSJ
2024;60:663-79. doi: 10.1007/s41779-023-
00943-2.

Indira J, Malathi K. Comparison of template
mediated  ultrasonic and  microwave
irradiation method on the synthesis of
hydroxyapatite nanoparticles for biomedical

10.

11.

12.

13.

14.

15.

16.

17.

18.

applications. Mater Today 2022;51:1765-9.
doi: 10.1016/j.matpr.2021.03.028.
Osuchukwu OA, Salihi A, Abdullahi I,
Etinosa PO, Obada DO. A comparative study
of the mechanical properties of sol-gel
derived hydroxyapatite produced from a
novel mixture of two natural biowastes for
biomedical applications. Sci Rep
2022;12:17968. doi: 10.1038/s41598-022-
22888-5.

Hajibeygi M, Mousavi M, Shabanian M,
Habibnejad N, Vahabi H. Design and
preparation of new
polypropylene/magnesium  oxide  micro
particles  composites  reinforced  with
hydroxyapatite nanoparticles: A study of
thermal stability, flame retardancy and
mechanical properties. Mater Chem Phys
2021;258:123917. doi:
10.1016/j.matchemphys.2020.123917.
Yinka KM, Olayiwola AJ, Sulaiman A, Ali A,
Igbal F. Preparation and characterization of
hydroxyapatite powder for biomedical
applications from giant African land snail
shell using a hydrothermal technique. EASR
2020;47. doi: 10356/66023.

Lin DJ, Lin HL, Haung SM, Liu SM, Chen
WC. Effect of ph on the in vitro
biocompatibility =~ of  surfactant-assisted
synthesis and hydrothermal precipitation of
rod-shaped nano-hydroxyapatite. Polymers
2021;13:2994. doi: 10.3390/polym13172994.
Molino G, Palmieri MC, Montalbano G,
Fiorilli S, Vitale-Brovarone C. Biomimetic
and mesoporous nano-hydroxyapatite for
bone tissue application: A short review.
Biomed Mater 2020;15:022001. doi:
10.1088/1748-605X/ab5f1a.

Kadu K, Kowshik M, Ramanan SR. Does the
nanoparticle morphology influence
interaction with protein: A case study with
hydroxyapatite nanoparticles. Mater Today
Commun 2021;26:102172. doi:
10.1016/j.mtcomm.2021.102172.

Upadhyay P, Ullah A. Facile synthesis of
hydroxyapatite nanoparticles from eggshell
biowaste using Azadirachta indica extract as
a green template. New J Chem 2024;48:1424-
35. doi: 10.1039/D3NJ01715J.

Prakash VCA, Venda |, Thamizharasi V,
Sathya E. A new attempt on synthesis of
spherical nano hydroxyapatite powders
prepared by dimethyl sulfoxide-poly vinyl
alcohol assisted microemulsion method.
Mater Chem Phys 2021;259:124097. doi:
10.1016/j.matchemphys.2020.124097.
Orasugh JT, Ghosh SK, Chattopadhyay D.
Nanofiber-reinforced biocomposites. Fiber-
reinforced nanocomposites: fundamentals and
applications: Elsevier; 2020. p. 199-233. doi:
10.1016/B978-0-12-819904-6.00010-4.

VEY 3T/ o3l (S ke oSl alons


https://sjimu.medilam.ac.ir/article-1-8278-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-02 ]

Ly S U (g luag

S soda slad

5L

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Raja PB, Munusamy KR, Perumal V, Ibrahim
MNM. Characterization of hanomaterial used
in nanobioremediation. Nano-
bioremediation: fundamentals and
applications: Elsevier; 2022. p. 57-83. doi:
10.1016/B978-0-12-823962-9.00037-4.

Jia B, Yang H, Han Y, Zhang Z, Qu X,
Zhuang Y, etal. In vitro and in vivo studies of
Zn-Mn biodegradable metals designed for
orthopedic applications. Acta Biomater
2020;108:358-72. doi:
10.1016/j.acthio.2020.03.009.

Kumar K, Das A, Prasad SB. Biodegradable
metal matrix composites for orthopedic
implant applications: A review. Advances in
Engineering Materials: Select Proceedings of
FLAME 2020. 2021:557-65. doi:
10.1007/978-981-33-6029-7_52.
Diaz-Cuenca A, Rabadjieva D, Sezanova K,
Gergulova R, llieva R, Tepavitcharova S.
Biocompatible calcium  phosphate-based
ceramics and composites. Mater Today
2022;61:1217-25. doi:
10.1016/j.matpr.2022.01.329.

Josephin A, Intan N, Basari B, Rahman SF,
editors.  Extraction of collagen and
hydroxyapatite from fish for bone scaffold: A
review. AIP Conference Proceedings; 2024:
AIP Publishing. doi: 10.1063/5.0198630.
Sans J, Sanz V, Puiggali J, Turon P, Aleman
C. Controlled anisotropic growth of
hydroxyapatite by additive-free hydrothermal

synthesis. Crystal Growth Design
2020;21:748-56. doi:
10.1021/acs.cgd.0c00850.

Verma R, Mishra SR, Gadore V,

Ahmaruzzaman M. Hydroxyapatite-based
composites:  Excellent  materials  for
environmental remediation and biomedical
applications. Adv Colloid Interface Sci
2023:102890. doi:
10.1016/j.cis.2023.102890.

Zastulka A, Clichici S, Tomoaia-Cotisel M,
Mocanu A, Roman C, Olteanu CD, et al.
Recent trends in hydroxyapatite
supplementation ~ for  osteoregenerative
purposes. Materials 2023;16:1303. doi:
10.3390/ma16031303.

Rajkumar P, Sarma BK. Role of Zn and Mg
substitutions on the mechanical behaviour of
biomimetic hydroxyapatite and insight of the

emergence of hydroxyapatite-ZnO
nanocomposite. Mater Charact
2021;176:111107. doi:

10.1016/j.matchar.2021.111107.

Filip DG, Surdu VA, Paduraru AV,
Andronescu E. Current development in
biomaterials—hydroxyapatite and bioglass
for applications in biomedical field: a review.
J Funct Biomater 2022;13:248. doi:
10.3390/jfb13040248.

29.

30.

31

32.

33.

34.

35.

Pu'ad NM, Haq RA, Noh HM, Abdullah H,
Idris M, Lee T. Synthesis method of
hydroxyapatite: A review. Mater Today
2020;29:233-9. doi:
10.1016/j.matpr.2020.05.536.

Gani MA, Budiatin AS, Shinta DW, Ardianto
C, Khotib J. Bovine hydroxyapatite-based
scaffold accelerated the inflammatory phase
and bone growth in rats with bone defect. J
Appl Biomater Funct Mater
2023;21:22808000221149193. doi:
10.1177/22808000221149193.

Surya P, Nithin A, Sundaramanickam A,
Sathish M. Synthesis and characterization of
nano-hydroxyapatite from Sardinella
longiceps fish bone and its effects on human
osteoblast bone cells. J Mech Behav Biomed
Mater 2021;119:104501. doi:
10.1016/j.jmbbm.2021.104501.

Khosalim IP, Zhang YY, Yiu CKY, Wong
HM. Synthesis of a graphene
oxide/agarose/hydroxyapatite biomaterial
with the evaluation of antibacterial activity
and initial cell attachment. Sci Rep
2022;12:1971. doi: 10.1038/s41598-022-
06020-1.

ljaz I, Gilani E, Nazir A, Bukhari A. Detail
review on chemical, physical and green
synthesis, classification, characterizations and

applications of  nanoparticles. GCLR
2020;13:223-45. doi:
10.1080/17518253.2020.1802517.

Elbasuney S.  Green synthesis  of

hydroxyapatite nanoparticles with controlled
morphologies and surface properties toward
biomedical applications. J Inorg Organomet
Polym  Mater 2020;30:899-906. doi:
10.1007/s10904-019-01247-4.

Vinayagam R, Pai S, Murugesan G,
Varadavenkatesan T, Kaviyarasu K, Selvaraj
R. Green synthesized hydroxyapatite
nanoadsorbent for the adsorptive removal of
AB113 dye for environmental applications.
Environ Res 2022;212:113274.  doi:
10.1016/j.envres.2022.113274.


https://sjimu.medilam.ac.ir/article-1-8278-fa.html
http://www.tcpdf.org

