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(V) Tetraethyl orthosilicate, formally named tetraethoxysilane (TEOS).

) (3-Aminopropyl)triethoxysilane (APTES).
) Christ lyophilization, freeze dryer.
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(v) Cetyltrimethylammonium bromide (CTAB).
(f) Teriparatide (PTH 1-34) is a medication that includes a sequence

of 34 amino acids contained in parathyroid hormone.

O¥



VF+Y Y b)m FY b)sb

zosd 4 Y ds el odel Cowd 4 0ad Jud HAP ¢ 3 als o )
Jols bolsro i dlsl V oals o 5 old s Jobxe 4
sl ;o aady Y Gl 4 ol oKyl edlatwl L
3 ookl b Gguy ()] 5l s A 03] o Lgamder 43 )3 Fe
g 4203 Ae0)55 S5 55 5 b s ()1 glyial S

APTES Yaugi Fe:0,@MCM-41/HAP glaw zo!
59y 4izel 095 (Bymo (lp APTES L Jol> o jorels il
APTES s Jole dig05 5tt (sl cplpl 15 Jlb o g
Jsibl 1) e B+ 5> Fes0J/MCM-41/HAP 5,5 Lo Y-
o celi YE Ste & APTES 12 Lo ¥ uges .45 0155
oy <ol J o b B3I Jolomo 4y ugblito 208 (2500
Bl (gl jb ke Jolie b s 9 )b 4w 05> ST L (sl oged
ogmdio a> D Ve glod 50 9 0 diwd SLs] gla saiad STy

Fes0.@MCM-41/HAP/APTES < jgeols $ibi (59, PTH (1-34) 6.5 34
£S5 N b ki Of b Ve odte ol il
4B Yo o & ble oyl e Ad oS 5 CojorelS gL ]
Cojorel ol CAISs @i B oS I3 Ly p gald gy cov
A8 Jie (yjen &) CojoralS gl Jolome (w29 Juol il
ol 4 2 ey p S 9sSe ¥oe clale L gl 5l e Y
oyl 3l ow Ad 0d) e Celw ¥ G 4 byl b adlsl
€85 )8 S50 gy ol (o pme ) Al Ve ke &y Jolore
Cojgelol oled ) 298 Bl Juale s (69> 4950 b

WD SulS deoxie () 4 9yl b edd 655k

CMC/MMT/HAP Jol> gib cébu g o210

(CMC) Jobo bio o35 o 15 - izl ko]
A5l (VIV) 3opd ¥ sl K5l opnd oo YO e &
S eS oier K il ool b bl glos > cdd b JMec] il
Sl Sz 1y CMC 5l (WIV) 7Y bty Joboro S g 15 plos
P35 ko YO s po cpl I (o 1085 )3 4l Ve e
O e 5B d8lal Jglore 4y By b (MMT) csgh yge Cige
3 oslizal b (gl a2 Sy a0l 8yl 29 Jols liab] olS
S 9p3p £55 (oo VO (gimy dls po )3 B 121 S £ (e
GBSy Lin b alspo ol A )ly Jslome 4y (HAP) eyl
A5 plul By g By b Jeloxe

AT

cen oLy (g8 (B 9l gl a8 5 5 (S

Ol (somd (owidiges 9 (ound &g il

sdolanddy CutiSe @l 36l ot y3 s plosl -0+ ) Joibil 4
& yie 45 XS lao I e oo jig O il dhe Be e

gy i FE30s gl (glp yid deo 0 p)5 o £,V clale
LA s S gl a3 0 glod > ans SO LBlaie

Fes0,@MCM-41 cébu

Canwl oo ylanss cdiand—diwgy 3ylkial Jldlo & Sliwd glp
gl ool J13 5 wmblise @ldgl o5 clale Cbsesl b«
S o e dl>se (nl 295 £y Sogol® el (Bpme 0
55005 S5 ol gy )3 gLty aix ol 1] S
MCM-41 |, Fes0s MNPS (¢,58 ey 035 S 5 uoS5 1 s
sy 3] g )3 39 o Pl (pgrslinas] | (6,5 sl (ol
Sligel Jylows (1¥8) 52 oo © 5 (55 1) FesOs <l
535 bslse (sl e 55551, Sy o U ) (s 00 L
Ok a3 Foo glod 3 48> ¥ e 4y bglses ¢yl 5l
TEOS Jolowo yu (oo Vo Lo .25 )3 Cigolp cos
eblian (jen S )3 Jslowe a3 L bl 4 )05 4,
WA 0d) pp Gl S Gdo 4y gmdio a3 0 Fr gled o
A5 48LsI NaF p)5 +,3% g NaOH (+,Y mol/L) p)5 + A& o) jl w
Jué Jele 25 F (ol 5l e 25 o2 K03 el G gl
15 Ll (el 4 g (Byme oI S5 e 4 CTAB gaws
Jols oSy e D 0d) pp sl VO Cle 4 g
Jlygia ol cov Mel S p» cels YA Cus o
5b M5 dogdin CojpalSyl K b S 3
Jolee bl iz Cojorelipl (Jlo i (Aily 5l ow
Gy alig 3 b gdtd (B0D0) ojigy Ol o bl
CondS ogmudio dayd Fee glod 10 0)8 SO ol s
S5 Fes0s@MCM-41 (50950 CujonolS dou ;0 9 b
VY Ve YA] s

Fe;0,@MCM-41/HAP cél
As pll gl A e aw w0l K gk 5l eSSl
sl e Vo 5 FEsOU@MCM-4L 28 .V ol dlsyo
e (S99 b oxS |y (HCI L ond wudais pH=0) 055925
WA 03l Gyl Ay £ Sde Ay g a3 ¥ glod
A e Ve ol 093l b HAP Y doje 4y S s L
Cows 3l odlizwl b (NaOH L oulas) pH=AD L oje
A b (0 @) Cuws &) Fes0s@MCM-41 & HAP i
g axpd Frooo gy o cele K Gde 4 bl
5 plosl dolr 56 (S SiS g LV (5 A5 03] o 4

R = (oole



VF.¥ D)l.o.n.:ﬁ FY D)sb

SRKialo )T Tty 43 918 yLidi! andline
5 gyt 38D sy ol odliel b by Jolsgil 1 s L]
Lo joralS U (gl 3L slie (13,8 9 dloge b o iole]]
g 43 DYV (clod ) laund 8l Sas Ol 3 g0 b o (65 )b
phaie Jolgd )3 by diged 5 plosl 85 9 V¥l PH golaw L
S o Vb ym g ud gl @en celw YF )W S XY
o D gyl 035 5l 139381 5l Ld GlLI PBS Jsloxe 5l
(HPLC) YU S b glo 31, gilog S 51 onlisl L (5lula, Lavsce
85 5 Wb 5 435 3,90 PTH (1-34) Calé (5,50l 4l
5IPTH (1-34) silolay aoys 9 45 5,85 )b aw iulesl ,a
o 5 2525 48,5 )8 (o)l 3y90 PH 93 )3 lace el
by PH 4 sS5uly )Ll 153, 1 (sl (ANOVA) (5 Lo
5 plool ol i
PTH (1 — 34) released (%) =

Amount of PTH released at time "t" (\N)

x 100

Amount of PTH loaded in the nanocomposite

T P o i
adllas cpl )3 (poyp )90 ool 93 (Jshe Cuon
Sldllas 3 oas 5 (sl Joalljgid Billae MTTY oo, 5l esliwl b
oy koo 23, 3 i ) sl J0A] 15 syl L3
A 03liw] SA05-2  Jslws 03 55 9 NIH3T3 igo (yuic Cawdlig pud

33,5 dgslee ¥ alsles 1 oslizul b Jsbu il 05) 0

Sample absorption

Cell Viability (%) = x 100 (%)

Control absorption

s a5 Sl 5u0lS 936 313
alox jl alises 508 5l odlaiinl b zols jab 4y oy jo0elS's3b
23,5 )8 b)) 5y SEM b sl DLS XRD FT-IR
cshole (slrog)S g (oleond (Slasisy Jdod 9 41525 1 FT-IR
goww olys S XRD w5 dy5o0 (gly oo odliwl dgg0
I g S8 5d CuKa (b & seeme 556 Y=o Soy
@iS Gan b s g 4o cpl b edlatel T S Sy
b plool 4l demyd 00 ) Sl oo b s A GV 5 YO
355l )b 5 o5l @i (2l (61 DLS Jelowi g 435

Oy Ko g (s Lo janos

Ol (somd (owidiges 5 oommd &g i

Qg3 g 0! ig 5 bawgi Jol> 93 59, PTH (1-34) .05,

el cble 4 b as 5,5 PTH (1-34) Ll )5 )40
cov byl ol ol 5l gy oy 1) e ) 55,500 0
e (gl 005 )5 (300 S5 (59) 2 SlABBI Y+ (y9rligSl Sy
CMCIMMT/HAP 55, Sy consts 3.5 413 (6,381
Sy S egim s yo 53 05 35T PTH (1-34) (g9l a2 )LSe
520590 38 4 a5 65 L ord 63550 Jigrken )y (e VO
Jole 1Y gl e8ll 89y s e YO ol a5 05 5l
coeboliie e Sy o0lizl b oS o 1359 Spang0 e U
b Jelgl Mgl b 4 Jjgyin e oo 03500 CAS 4
o o syae 52,5 5B 15 (55,8 a Sy S oy gl &S
B Iolee oo sladds Ve dlold SOl e b adla
(st 38) shatio ol 4y o)l o) 8> &y (2 (e ¥0) 52,5
bolowo aidy VO I oy g dbul (yamadgel SO B )y
G Y g Wl ddds O e 4y A 0db ojlal 5 lax yjen
o183 ) o3l b () 36 o] 31 o 155 oy 515l |, LY
50 st o553 s b ol 5 (6 e
A5 e i oo cdls jl aidy V0 e 4 FOee 4o L
dged yb () Sid gl 9,8 Sid slesdl oKy S
Jesu 5 slezdl b diges Il )5 .0 ool Iiee slajl 5,k 5l
oS S a] B eyl 5l u b dals g a5 =Y glod
W )‘Léi 3ol

(DL) 918 &105 3 9 (EE) g guS’ 31515 (e
(SilwdlguS 9 gl (ISl Lisgl o) Gl
ohgy & oad Sus gladelgil 5l S e )
Fe;04@MCM-41/HAP/APTES/PTH  (1-34) g3kl
3 ol 2 be ) > CMCIMMT/HAP@PTH (1-34) o
Jol 52 o VL o ebogil uses 505 > (PBS) clid
De glysiwl gy w2 g CojarelSeil pa b wad balswe ol
5 il dauS Moy duwbre glpy Ciy 4 Y g ) OYoleo

WS ekl gyl (6)lA5L el
Encapsulation Efficiency (%) =

(Total Amount of PTH )—(Free Amount of PTH)
Total Amount of PTH

x 100 ()

Loading Efficiency (%) =

(Total Amount of PTH )—(Free Amount of PTH) %
Total Amount of Nanocomposite

100 (v)

(1) Surfactant
() Bruker D2 Phaser

R = cole

(Y) MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
() Bruker Lynxeye

oF



VF+Y Y b)m FY b)sb

S Fe,0,@MCM- VHAP/APTESPTH (1-34)

e 0, @MOMALHAP

9 Si-0-8i ——

2= 1|

el \ T N\
- T .. J

= Si-0 — \J_

- T -

H

\.;':}0_.:.“(.\(4] = 0-H Fe-O —

- \,—'\/\,

[ 2 Yoo Fooo YO Yoou Voo Yooo Do
Wavenumber (mfl]

FesO4@MCM-41/HAP/APTES/PTH (1-34)
4]99.*)» ul.ww)‘ ¢ ,au"‘"LoJ 9

FesO4 dgos 93y LS‘):’ |) L;:L..S.» L;Lmd.:.[o FT-IR ol
I) LQ,J ).mjw&ﬁ}o cale a8 Kb uLu-\J Fe;:0,@MCM-41 9
Goyb I PTH (1-34) joas ) JS3 )3 ol ogdle 1S o sl
y¥ay cmr? Toe D4 C;é‘? Cc=0 09; " L5$§ A...,o] JL@I ;{,
09,5 CN (S o N-H (s o (hiSedp D9 dgpude
LVE] A5 VEYD zge das > (iniS Lo 4 e C-N-H
CMC/MMT/HAP@PTH (1-34) CyjaselS il 3y90
Cbl S5p0m (IR) 3058 (oo ik Lo 5 41329 plSin
(CMC) ok Jito (S 32,5 IMMT) Cigh y90 Cige (HAP) alls
d9de NS e Cajoreligl g (g b @ Y )
36 LAE MMT 5 CMC (HAP )3 3930 ploiie clazsl S
ol CMC/MMT/HAP@PTH (1-34) cyjselS il cib 5
MMT oo sl o 03l i Y= S 50 oS jglailonn .03l oo
w3 e olis VoYY emt g oYy emt ) Lbls alb
Ll Si-0 kS ¢ SIFO-Al S %5 4 by e cuiyi 4 &S
H0 & by o OH yiiod dy 00 0313 Coad cdianss 3 oS Hlg5 S
OH ylid bl S L badye jlg 20 (o0 odalie VEYA CMT )
AL CMC IFT-IR o o 455 [5Y] casl YEYY cmt 5
odiad sl a5 w0 LI YFFA om0 pS Cls 79l S
Yary cm? sla ald .ol OH= (slaog S U Lo po yiuiS Sl
C-0 4 C-H slasigy (iuiS wlils ) b sy 4 VeSO Cm?
g VY rem ! zgs dlacl (0 jlg g pizmed [VY] Wb callas
90 9 Ol Lileyl 4 Jgl &S 30 o odmlie VFY. cmt
VF] 295 0 03 Canand (S 935 09,5) ~COO yldio b ks )l &y

cen oLy (g8 (B 9l gl a8 5 5 (S

Ol (somd (owidiges 9 (ound &g il

@y (Sl dy90 3 1) (el i 9 <8)5 51,8 ealiil 3,90
i)l @l b5 Jesily GlagspSojlul )80 &l wges
SIS oS iy S50 slp a5 (Slinly mSUl Gl )0k
FE-SEM g SEM (ol ogde .3 plol cd il wiges
(0P8 (lord S 5 (bl lsloglh (owlis €5y (gwy sl
o3lo 13 39290 (5 )9k (slayal § (6 xS Ca o)lE b 9 42329 9
ol Sy egdn Nz g Jol5 b)) nl )5 118 e3lisl 590

ol 1) laca joualS 56 (sla Ss 5 olss

(FT-IR) 308 sg9bo 41388 Jond Juboi
Cujgrels g (19,0 ilike Gl FT-IR (sla il V- S0
Snlgd oS a3 o i3 |, Fes0s@MCM-41/HAP/PTH (1-34)
eals S o &) 00 155 cloy japelS 56 liond 3l (2l
@ barye a5 B4 osdaliio YYD+ YYD+ zgo dasl | glod pnS
pimad ] 0 Gls Ol g OH- gaw O-H _ied clilss))
Cadld 399 gy oyl s b Gllug Ve om? sgus
Fvacm? 31y MCM-41 jld Lo dasuie Gl jasg50 SluS 5 da
(S g et gl s 5l as ol L VeAd emty AY-emt
zoe el [W] Ssd o b SIFO-Si glasigy pliel g oyl
slacole  Fe-0 clils,)l b ey 4 0. cmt 5 0FY cm?
B Sonl pogde g olren (a2 Cudn g (k29 sk
cowadew dwgy 0 1) SI-0 S (sl )l VY e e em? s as
(bt dd lsic a1 Fes0s join 3,5 anli ' jslite 8
Fes0,.@MCM-41  ¢ly bbb awlie oS Wb
sl pasets LB @glis g HAP §Fes04@MCM-41/HAP
Fe;0.@MCM-4UHAPIAPTESIPTH (1-34) Jebsgih 3,90 > 0y
Fe-O-Si wg JSui Jl (3 (gSebew 3081 (63 j9d> dogyyo illo
A (Ui 1y JenSgyhn (sl 09,5 y9d> (yiomen 9 TEOS (33 )b |l
S50 55 CH i (S il o i 3
Iy TEOS ;I poewin (R1I0)SSIR2 SLL g5 sl Mgl
[PA] 23 o s VFe e cm? g VA=Y e e cm? zoo dlael )
ool eamd lis Veer emT dgus 3 YL s b bl
s ool FT-IR glacal > PO (glasy,S oS
Fe:04@MCM-41/HAP/APTES/PTH 4 FesO.@MCM-41/HAP
P s sy ol Jebgl il cwl (1-34)
S e sl Ao em? s 4 VAYY omt

290 sog)S CH iS5 ol (sl 09,5 &y bguyo iy &

(v) Amorphous

oy

R = (oole



VF.¥ D)l.o.n.:} FY 5)5.3

0 — RiOM@MCM-41/HAP/APTES/BTH (1-34) )
4 0 MCM41
0‘! 0@ HAP @
3 | (W I — FsOU@MCN41/HAP FeiOs A
il o Y 1 8
> l,” M‘J A
2 [l " h MMM‘WWMWMM,\me
£ \'.M '
g Wjﬁml M
+
E " WWMWWWWWW
.Gw.,"u'”.;‘-‘ .‘1"'1"—‘] l-,‘-‘.‘-'»“"“."'"\ (n‘ Kbl RTRTTU oy
Ve v Yo f b 5o Ve Ae
26 (degree)
b —CMC
—CMC/MMT
—CMC/MMT/HAP
E —— CMC/MMT/HAP@PTH (1-34)
=
2
%
A 'LI) T Moy
WMM | . IJM" AR
W " -
\ Y Y ¥ 7(‘5' I A4 = A
20 (degree)

o 3305 gl oS 5 S o g 4y 325 XRD clogI— ¥ S5
Fes0.@MCM-41/HAP/APTES/PTH (1-34) (a
CMC/MMT/HAP@PTH (1-34) (b 4

5 YA <5V ojlad JCPDS L) s LAl oS
ORIV )sy ol sl luiliv] S i dieS OFF—VF- )
i3 o Gl (Sl nSg)hm g S Iy gl 4y by
3B 9> S 5 > JSS (o s 3 (MCM-41) el (ppionen
Oil38l g yorls 4y yoxie aS 315 3959 (FE302@MCM-41) iy
235 o Gl s e
5 CMC (el ol andl iy clasSIl by S
HAP S illae a2 oo L 1) pod o 0dlo] Cu j9u0lS gl
(solidyoh JisLe 5 Cay (POg)(OH)s (s ptegsS gl S 5 L
S5 DS VE— o\ gye 3 Lausgs 45 psbolan ¢ el i
s dogyyo (glgsl i ;5 b 5o Cogigo |y unl 005
CMC/MMT/HAP 55008 9l (sl Socads 3 HAP 4 o 03l
CMC/MMT/HAP/APTES@PTH (1-34) (sl Jolssil
S e Wy G obel i boher 0l p g2g B el
Ao YF oYV R o5 aseis B il clad DY S5 »

R = cole

Oy Ko g (s Lo jinos

Ol (somd (owidiges 5 oommd &g i

3622 3570 3430 2932

1630 1410 1050 630 604

(f) CMC/MMT/HAP@PTH (1-54)

— ]
S| (e) CMC/MMT/HAP N
N (d) CMC/MMT L
Yl s
(c) HAP,
\/

(b) MMT

(a) CMC

Transmittance (%)
Y

Fooe Yoo Yeue 79 Yeoo Voo Yoor Bes
Wavenumber (cm™)

5ol 93 9,5 ilitsee (g1l FT-IR glacib —¥ JSuS
by po Ll ,1 igle g CMC/MMT/HAP/PTH (1-34)

MMT S g2 05,5 b a3 e VY et 48 CMCIMMIT ol >
b o 9y CMC & bgype VEYeom? b b ol plesl s &
Iy asdl il cud CMC @ly@d eiw cpl p ogdle
Wged 90 s 0 [FY] wad o olis YAY--YFFe cmt b
LCMC/MMT/HAP@PTH (1-34) 4 CMC/MMT/HAP
& byye (PO®) Slawd uis ol clblug oS Cunl 0 sinlie
Aedeem?t )y em? s luwl s (HAP) cusl] nSgyhn
(398 Dgad 93 ) ¢ yucrad [VO] b Ko pusi SYL glazge dac 4
A2 o 2,08V emT g F ¥ em?  lawd ied b lagye clils))
g iiS Sl sy 4 FYe cm? 5 YAV cmt slaly
wholid 35 V8FYem? 5oy b g G ciillas OH s
[VE] 3945 oo 03> s 0ds il Ol S 4 a8l o
Lawgs CMCIMMT/HAP & jgselS 6l g9, PTH (1-34) plal
Cawl ol Aol YFYe cm? 5 VoAV emT  Hleie sl 2ol
dad oo s |y -COOH g —NHz 3Lal slaog)S 559 b gl o]
[WV] 65,5 o Lis PTH (1-34) 55 39390 digel (sladl jl &S

Gl s el adliw
gk Sl Cnogs sl wiadj)l Jlpl So olgie 4 XRD
oS a S [VA] S (o oo (pmely (sla CojoralS il
i ximde i |y olbdl ol cujomslS il @S 5 XRD
Jibo 5 Cosl FeaOs ldgil g soa950 Jidlo 93 1o & by
55 5 Silogse (Bl et (ighs o 22l % Job 55 Ol gyl
bl S gyn )3 gl g cuiSe @l 36l a8 canl o a0l
2 Kl bwy oL dasuie cpl Q)b jeas dses S
b J9ed BB slbail g Slosds (6)liSuaMe baaiges (il 555

OA



VF+Y Y b)m FY b)gb

——Fe,0,@MCM-41/HAP/APTES/PTH (134)
20

——Fe,0,@MCM-41/HAP/AFTES 15

—Fe,0,@MCM-41

mu’g)

Magnetization (e

Magnetic Field (Oe)
Jols 53l (g13a) (cmublize dilowwy (v -F S
VSM (3901 3 Fes0s@MCM-41/HAP/APTES/PTH (1-34)

CjoalS U (SEM 8D ysgls 0 JSd
5k (e,d o (FesO4@MCM-41/HAP/APTES/PTH (1-34
(CMC/MMT/HAP@PTH (1-34 cy jgselS 36 ;1 FE-SEM

5 odaline 8,0-0 JSK&b SEM yolal wyp b aad o ol
ool b 4l iloalie 5 cdlgiSy IS5 HAP slaygly a5
HAP ol o1l ¢ jols job 4y wimd o ol 095 3l «hglate
Fogl Yoo o slasb b ggpSee U (y9)5ee ) golaw |
02958 39 yusite plogili Ve GOy Sl yo ) g plog)Sua VU
2o 4 yocie FE304@MCM-AL clao S So pebaw 43 HAP
(DDS) )5 1559 piums S S Y oAb g2 JB
A8 o i) s (gl (sl Sy 2 )b 0 bl i
ly dodscie s (53,50 S5 Jjgyan €,0-F JSS 4 a2 55 L
) Seo8 sl )S9)Sn &5 digy o & 38l b o8 3 00 (L5

cen oLy (g8 (B 9l gl a8 5 5 (S

O3] (ool (o digeo § (somsd & i

o3 (Ui (++7) 9 (++F) (TV)) Cldo & bappe iy &
Oszmed (+V ¥ \Y=++ o)las JCPDS) st MMT sl
Bg05 13 (Q) FlsS amuto 23 YEY 5 VY Ly sl
[VA]  (MWEV-¥¥—++ o)l JCPDS) s MMT
6l TS 48 595 o 0315 G Slgo nmbs o sLiio &4y )
s Gilolis B oS caol ol gl 253 0 1) b
al Sy (b-Y JS3) Lals CMC & Lgsye XRD (slagS
JA ] a3 o L5 1y o] Gygel Yl « YO = Ve © 303,58
Gl g WSSl g5y il (goaS Wiloaly lis L8 clalllas
YO (llg; o 1) el syl slealiws (XRD) aslbisys
XRD ol walllas oyl j> [VF]aad o lis a0 ¥oY g AR ol
A5 zg s el CMCIMMT/HAP@PTH (1-34) oo
e 53 by ol b dulie ) a2yd VooV 3l aygly 5
3 e o5 o I S5 4 5B 65 s el ] sty

b lio Lot axfltao

Sl o0kl b o 3oselS g5 13 cilisen sl &Y pablie olgs
82l BB sles 3 (BLS)) dges g pebline Sy
o1 gl ibolize sl ok ool s F- S5 5 &5 yobslas
el e )3 AB)S )8 gy 3)90 ueblissll g (sl gel
soebolite e 0 YL ool 6L 35 50 )3 FeaOs 393l
polie Lobogil el &Y (glial & o 5 60,8 e |, gl
Sl i Jolbsgil pdaw (w4 oyl 4 ) Ms ials 4
ading s MCM-41 &Y jgis > 4 Ylais! glusl iblise
Ao ialS Fes0s gl g 00 0305 iusey HAPJAPTES
o g5y HAPIAPTESIPTH (1-34) surblite i (cloyic
i (sl Joine padgi g Std (S5l pablite oSS
S5 ol da g Jl 0l b )b oles CujorelS Bl Ms a8
YU SK ojlil & cujonlS el aBly Ms jlade S cuwl ppo
5\t (gl 5 o3zl U publiie (gjlolis g ol ole L3l
D92y Sl

Sl y ) Juloxi g 4 32
(SEM) (sdugy S9ySl 98wy Sun pguai ab-0 S
odd  jiw (MMNPS')  cuife a0 CujemelSal
C,d-0 JS § Fes04@MCM-41/HAP/APTES/PTH (1-34)

FE-SEM Sl JeuS (sdngy (S9ySl oSugySue yguas
|, CMC/IMMT/HAP@PTH (1-34) . jspolS 53 4 Loy o

(V) Mesoporous Magnetite Nanocomposites (MMNPS)

04

R F = ole



VF.¥ D)l.o.n.:ﬁ FY D)sb

Fe;0,@MCM-41 Fes0s NPS (cladiges ad o (bis
Fes0s@MCM-41/HAP/APTES/PTH 5 FesOs@MCM-AL/HAP/APTES
Fogl FVY g YYE OV Y Ly i Lawgio Jlad (gl s a5 4 (1-34)
CoigelSol o 4Y jlad () (o jlasl & johailen idg
8l Gl aY e Jlgte Gids b 4 cabo ald Job 5
(Jio plyie 4 3950 et SEM Llos slaaidl b 95 4 o5
2l CojomelSgl SEM 5l osel canty yhad 1 Sle 039d5xe
D DLS zls I jiaS 5 cpiogil YVY dgds > gyls ol
1 Senliydgyian a8 DLS S sl s ol 4 G331 o)
ool wSyio (> AY (Jgome j5bo 4 LS oo ol 81 005 St
Ay Sy ol &S Wb meos 4 bl wlpgl
st Ggmmdliuges 13 DLS Lausgs a5 Canl 5550 (Sealizdgydon
TAD] 355 o g S0}

U5 Jeiliy €5 JS Billae «pgd Cujorelipl (b))l 5
~f-mV ;s CMC/MMT/HAP@PTH (1-34) CujssalS il iio
95 g0 0313 Cand CMC (gl jouly 9 liwd (50 sV (i S &
sl ol il Jle gyl onimd lis oxdaws J zalS o)
35 1 el lul VL (xaw byl Lol 1
Siliawlg xS gl yiiSon y HAP aie )b [AV] ks o L3
Cute )b b st STy el g A5 (oo Cogl | D o
Sog)S b loitus gl sl JsSge 29800 i 5
Sal)d onl 3 e G (Fiaren 9 Sl Sl slaisy
ly e¥lysS ilodels by (o5l @ls [AY] %)l
o) 2 oo a8 o anl ol o 43,5 a5 15 a8 jobo e
O OB e b Cojenliol ppwen 4 a2y L
wxl oy e )b U) Jewily plalejl @ls ead b
e b Lol Sl 4 ogenia) 33 lyam 41 5l
A3 e LB pgd Cujeeligl slp aSslS Jolxe 1
CMCIMMT/HAP@PTH  (1-34)  Suoludgyin b
W (6503l 4iegil VAY,FA £ YA

‘Ls"]/u"“%/uj d.}.ﬁyg ]oﬁl?w & )] ol qul).JLJ
S o a1, Jobogl ol G5l L gblse ol g oS

Oy Ko g (s Lo janos

Ol (somd (owidiges 5 oommd &g i

S yio pdans > Span 80 lga b yme sl il I Jobogil
Do oo (Hdaw kS dagr BB ials 4 oo cwsaJ—}i;J
sk g 3o I3l Ll (B19Ss puslSe ul izzen

Amd e bl 1y Ll (S8 03l Lo jeis

65 Jaudlig 5 (DLS') Saslis 399 SIS

CojoelSsl lipl ) Jeesly olie af S
a3 o oyl |y Fes0s@MCM-41/HAP/APTES/PTH (1-34)
Lojis Uy ogiome )3 okl 633 oSl o J &
b5 Jomity ialefl ) i 3pdie s Cyilen Y-
Colo S 3 o sy b b B KFp
Oldgl Uy Jewdly Hlage danl o ol ) Cojanlel
e b Jb cpl bl (6,805l VY mV > FesOq (NPS)
e Jlb Jole 5 oMo Jole o S iy o
cal Gll cdy Jo +YY @4 xhw L CTAB Sosls
Lol @J\ﬂ”f odaw C)'Lo‘ uv9) )mi Cuddge sl odiad Ol &
g o ¥V Liie ke FE;04@MCM-41/HAP _sxdas )b
Dgas oo 0313 Canns Slawd a0 (YL dio Jb 4 &S ol L
« Fes04@MCM-41/HAP/APTES/PTH (1-34) o008 93l (40
b pials cpl el als Sy (e TV 4 jlade
Ol 1wl b ool Jle gylul snimd ylis xdaw
TAY AT S5l5 (s 2 sl & bles 5Vl s sl
> g (Seliwlg Sl sl jiiSan 4 oxio HAP it )
WS (o0 ek 1) g )3 Cute )b.’le @l (S8l 93980
HAP S gpin (sloog,S b losituns g5l slaJgSJsa
9 Slwly Sl (sabigy & 488 (oo )18 (wsVgeS sabign
@l bl 2 JAY] 35,05 105 ] ) ege G SSgye
g2 045 B85 )5 3 &S pobolos cuiVlgoS gjljb Jle b,
Gl yihe

S8y o 5 4525 dagl @i 5 )3 031l s gl
4513 1,90 (UK)" 53Lsbi=536 y5llo 51 oolizal Ly (DLS) Ly 55
JAF] 15 ploul L5 adlllas og, b slle VSN ST,
ERLY (Z u..i)b.o) ol ojlul samsy i eas ybyli5 a8
o wess gl oS ol osalie 93 Gud Sig wSbe
|y aagslS @3 ol gjg D=5 S Cams 1Y ) s

(v) Dynamic light scattering (DLS).

R = cole

(v) Malvern Nano-Zetasizer ZS

Se



a 7 RINS
< £ —FY,Y
Fe;0,@MCM-
o YOO AR 41/HAP/APTES/PTH (1-34)
=N O \ARA Fe,0,@MCM-41/HAP/APTES
= v
4
o T Fe:0.@MCM-41
D 4
7
Yo Fez0,
o
By S 0 NV SR i e R A < . AR Y SRR Y TR
(s ohoo) 153 Ll
b FAVITA
v B Fe;0, @MCM-41/HAP/APTES/PTH (1-34)
o), P B Fe;0,@MCM-41/HAP/APTES TYENY
= o | JERLARL
,%9 . B Fe;0,@MCM-41 *
. |
) ‘
= Yo H Fe;0;, I’ \
Yo o
o /
. ) ¥ W £ 0y FIY £AQ a5
(si0g35) 5as
Fe - C - 1Y, FA d
o + A fe O 4+
-13 -
9 fe 4 = fe 4+
= ™
f{ Ye "i Yo +
] "
.}‘ -
% e = e
Ve + ) AR !
Yoo _Yes . Yoo Yoo . YOO AT BN AYY
(g sloo) U5 iy (SRegild) ,1a5

(¢d CMC/MMT/HAP@PTH (1-34) s FesO4@MCM-41/HAP/APTES/PTH (1-34) (a,b gb ol o6 1,5 0511 2555 9 b5 Jawusliy - U5

o (155 (55w dguaS’ (yloily g 9,15 (55135, duwglieo —Y Jguo
PTH (1-34) U saud g,i8,4 g ols 95U g1y

f o o] )
ol J ) J )
b5 (%) 35 | (%) kil s| &
Chitosan nanoparticles Yoo [Vv]
polyelectrolyte complexes ¥4/ [av]
PLGA microspheres - Yy [AV]
Fes0.@MCM-41/HAP AR VY, (V)]
PHBV/PLGA blend 5. Mo | ]
nanoparticles
Fes0,@MCM- /- q.. |
41/APTES/HAP ’ ol
adllas
CMC/MMT/HAP YA, AY,. N
& »° J
)

(LEE 9 7.LE) 9515 5oL 5 5 5,105 31 003b oy 2
s g Jasly g (ALE) ()35 oy J (gl Y Jgo>
SBLY 6 oo boad ()5 chlieo (laygaY g 253 (2EE)
auglio plamd o &l asdllas ! 5 oel Cawsd &y p3lide 3590 31,
A8 g0 45T b dallao > o Spmo (Sl joralS o s (55 »

) 918 LS 595 p axdllao
YE b1, PTH (1-34) (el Luld s Lzl gls ¥ 3
Slod Jolee YV °C (glod > (05) (siumsd PH 5 (V.¥) Jloy PH p» cebus
ol gl PH sl s o (i Gl by (05958
2 PH & ol b3)) g el o basoin 5l ol yig (tales

R = (oole



VF.¥ D)l.o.n.:} FY D)sb

VY

!! | | —IO—pHI=7.4 | pl-ll=5.6

Des Yowe YDos TYoeos Yheo Yeee Ydoo
(a883) yboj
Piah Ca ol eil Ol i plime - A JSS
PBS Jslxe ;s CMC/MMT/HAP@PTH (1-34)

-

KD o s STy Uy ) yims o 365 3y s Judd &y Ly J596
i o L5 (s sl S50 4 G |y (50 p)gi Cud 5
Chle wiiS ol g9 4 wuly (Jigpin (lacojonslSsl
o Jelge ol Coglite o557 )18, e(5porly e > (SWST
b iaS el oyl & i talS 1, U s Al o et s
Pagp 45 dmd oo i3 A JSb 395 0 oS J5Sge (6 pdydllan]
I e (g JB sk 4 (sl Laome )3 pyg5 457 395 0 omlie
ol pH & o] 581y ssiad lis o8l ands cél laxe
cloy cudS b Lol S o Lo Ul Caeyw a4 59y dal
s0bj e Jols & CMC .z o (Ui ]y (65 > o2 a3l
I oot Hgi s ol oSy (sloog)S g sl SilinS'se S
Siarden ooy (il el o Ko oo Lgigy JeuSgyin 9
Wb S o) o p PH G131 L bl 95 00 )95 Canns 9
el oS gl g0 SSE a8 Al SilenS S (glog )5 oS |

Do oo (& jeml Hlid yials

Sl b 5 3lule y Suaw adlliae
Fe;0s@MCM-41/HAP/APTES/PTH (1-34)
CMC/MMT/HAP@PTH (1-34)

dL"’JJ“’ dle> )l Ls’J""“’ L;leJ-\n 4)L-f«3~'5‘ S [addd d‘X

Woad (Byme T ugr plowysS 57 29Sen § gl 4dye o 455
A2 o s iz glay Jue b1y jlissl gla ooly 5l A S

Oy Ko g (s Lo janos

Ol (somd (owidiges 5 oommd &g i

—&— First Nanocomposite (pH=7.4)

Yoo
First Nanocomposite (pH=>5.6)
Second Nanocomposite (pH=7.4) Py
Ao Second Nanocomposite (pH=5.6) 4
} T
~ s
5; Fe 4
&Y
]
2 Fe
3
g
Ye d

S ;518§ 1Tl (555 (59,1 Ll GeNI-Y U
5 (Fe30s@MCM-41/HAP/APTES/PTH (1-34)) Jsf
PH=05V.¥ s 93 3 (CMC/MMT/HAP@PTH (1-34)) o5

Baos 5 0,5 s O B Y slowdl pos doy SULL (65 (5
b sl s b [A] 390 83 oS 5 45 s
Dy b Celoo VY 5o (anbo pH b anglio )5 (caul pH
$iolil S 1) 09,5 (igmuliisn (AalS Jo 42 pH ials
sl Jalo b 3,8 e 1y Jolo gl 3] sty Jdgaen (55,
Ulg g loaly (i 1) e B3l PH (5 iy tiSTy L
ly Sl slaJsbes alo I il slalaay; (21 51,8 Ban
oS 3 1y bbb oul adllo ol AY] wlosls ol
9yl 5l it ] Bdes moyw (gl B .,S a0l ond asle
S b 0 0,8 o sliie )l b o jorlS gl pdaw 4y oS
oialey ol el jloxl 5l el Ll Sl 86 (255 58
Ba0 o & S oy el 1y g5 00 S8 g Sl
Wy 4y 9> 8y a9 am3 oo 1] 09l (> 15 e
Witwd PH 4 onizdzwly (g pdy STy )b &8 ol Jobgil
oAb IR By el LUl @l cuj
[3 A wlodls lis Sl s (sl sk 0335 45 ¢ gl (slalamos
ly albanuy Cujoralisl 3 a2y BB b Shy ol (o 2

CMC/MMT/HAP@PTH (1-34) .09 55> 30 148 £ 19 5303
Jolee 395 > & &' ol (uols- b S 08 )3 95 )18,

bolge 2950 dbul el (yadly aSd (g0 JB (glab o,
)35 5l e )by ales oo Lod g w08 PH wille

(V) Zero-Order
() Higuchi

R = cole

(v) First-Order
(f) Korsmeyer-Peppas

Y



VF+Y Y b)m FY b)sb

cen oLy (g8 (B 9l gl a8 5 5 (S

Ol 2] (ol (origen 9 (coumnd &g i

120 -

epH=7.4 7 d t (h)
_ y = 3.3824x + 19.949 €ero-order b 0 $-ga
7l 100 | ®pH=SE LR
. R2=0.752 .. . PR W 15 20 25 30
- 05 . S .
80 4 . = y =-0.0237x - 0.638
2 =
Sy oo . O‘€ 1 N R2=0.9477
40 e T B = 15
e By 70810+ 4.3843 = ® pH=7.4
S R? = 0.9094 2 epise y =-0.0865x - 0.1787_
R R?=0.9368
Q [ ]
0 5 10 15 20 25 20 25 Fi d
Irst-order
t (h)
50 o H. .
= iguchi -
C @ pH=T4 Y=9.7249x-4.0676 & d 6 epira Korsmeyer-Peppas
40 | ®pH=56 R2=0.9674 .- ) y = 0.6693x + 2.6538
[ ] 5 ® pH=5.6 R?2=0.8541 ...t °
30 - — . T g s
=4 . SR e .
- ey = 7.738x - 1.9646 =N [ B o P
(=] 20 - . RZ =0.9839 : ______________ B
Rt 32 PR y=0.9344x + 1.1136
10 - T R e - R2=0.9196
g 1t
0o 0 . . . . . .
j’ 1 2 3 4 3 6 0 05 1 15 2 2.5 3 as
10
Square Root of Time (h) Ln (t)
70 ® pH=7.4 t(h)
€ | epnss y=2.3633x + 6.652 .. Lero-order f . .9
) Rzzo.sgﬁ?"" . 01 :.— . 15 20 25 30
50 0.2 .. ) Ve
s . o s T
= e Q04 y=-0.0157x - 0.0215"°
50 LI o, s o R2=0.9889
20 o Y 5 1.2894x + 2.5872 g 08
O oe S o7 | eprra
10 -0.8 ® pH=5.6 y=-0.036x - 620511_
-0.9 R2=0.976 e
o
-1
e s 1= » = 0 First-order
t (h)
g T, pH=7.4 Higuchi ]ln Korsmeyer-Peppas
5 =
80 | o pH=s 6 y=12.759x - 4.4089 _.® P Rl y=0.663x +1.9147 .
= R?=0.9824..." PR R2=0.9477 g0
40 i 35 . : L
- . 5! 3 . "
o - ‘;,’2'2 <y = 0.6903x + 1.199
20 e ® Y = 67617 - 3.021 [ I R2=0.9877
T e R?=0.9752 -
10 e 1
[t ST » 0.5
o s : 1]
203 : 2 2 4 5 & 0 05 1 15 2 25 3 35 P 45
Square Root of Time (h) Ln (t)

€0 39950 (8,0,0,0 by yaomsj95 9 (265D (S 4y oo 4 po S0 (bl 13 WUTHL (6,5 (59,13 iuley (St ld905 -4 IS
CMC/MMT/HAP@PTH (1-34) ¢y jmel8 5 (6,F,0,0 g Fes0:@MCM-41/HAP/APTES/PTH (1-34)

$9))> s Fes0s@MCM-41/HAP/APTES Lol 5il (sl S
Glp odslcwnd  Siwen colps )b cilhe 1Ulbgys
efGN-A JS5 13 o> Cujorell sl sl ol Ll 3 by don
Sy sk 4 Gl ) 9l il (slajlages &8 ams o (5 33
D5 oyt (25 Jle bokgd PH=0S 3 by Jue oyl 3l edlatwl b
‘_'j Slin! o oYlaal g a8 5 onds aidlbe Jobbgib jbslo b ol
ot liond 5 (e ) 5 b cadly 5o ol Sinlen
o IS J 503,8 bais Iy Jologlb (S o slia! 5 55

ol (S Ll 4 bses 25 baylyd o

sy

(Bl Jheo o pcasbio (oLl 5 93l Liale) St (b5 sl
b oBile e B 8as (o5l b Jse cnl 4 (gjlola (slaodls
t ol 0 gyls (oiludlil xems Hlade Qr dou) > WSS s
slp (RY) (Stren cops md oo ol ) (colo s )
A Al o )3l ot ly ead Ghjlp Je o
as Wl LS zolts a,b,c,d-A S gillas Jol o jouelS'ail 3590 1
) M o o (29 Sl o)l ey St
ly baos Jao ol (S5 & gllie (505 9 R jlade
o ilo | Jslme o8 b Joloo (slagls (gjludlil hrogs
b Mol a8 39 e oolitol Sub Ll b sy daw b dols

R = (oole



VF.¥ D)l.o.n.:} FY 0)5.3

Yfh

)
N
<
? V0
B Ve
g
i . U
v
U oA

Ad

Control CMC/NDMT/HAP/PTH (1-34) PTH (1-34)
BNIH3T3 B 5a0s-2

Oy Ko g (s Lo jinos

O] (oomd (owidigen g (sound & puld
Yfh
Y.
g\ﬂ T — R S
oA
Z s
<
»ofe
g
Control FesOs@MCM-41/HAP/APTES/PTH PTH 1-54)
(1-54)
NIH3T3 mSa0s2

Saos-2 9 NIH3T3 ‘5’9]»& 83, 93 )' oslw! b celw YE “;19 @939 ‘Jg‘ ds:‘b Jol> u.;,mls 9JLV 9d (MTT) ‘5]91.«: Canownt dlg.))l -y Jﬁw

sz 558 b yiiSen y iy jorlS U FTIR Llos g o0
sobs glo a5 amd o LS |y (had g ()9 sladisy Jolid
oo jgralS 9l (VL (U5 Jomsili 29500 5l ojlul (alS”
Olesily 5 o 20 1y sl (5l (g oo =¥+ B Y- L i)
Sb ol b Jolbegil Ly 1y aag BB 9 Vb doyd cg)ly okl ol 4
diwly Slwyg)hy sladiloln drwg sdimd lis iy oy
Dilw o mrly8 1y gyl o S Lislay Kl g cul pH «
Ol a8 Mol oo )3 stawsj 85 155 o0 Lol i
Ly silwglywl (Sloys Sl s @al g 1) g)ls (9o Jogos
hogd 0925 0 s slag)ls (Sl o)l iy il
ol st ol 9 457 5 Y5k 1) )l jae dagi cimd falS
55 HS ol 5,18 4l ol ol o b 4 i 39
WS (oo (ybgy (Sloyg > Blaal (gl 1y 0ad (Byme clacy joralS gl
$oo o s g k3 o i |y Vb (29l o815 4 oo Ul el

S g J5S g pdy Sl ]y gl e SVl (gLl

@'é )45

oBtslejl (8 0y (o 09,5 pyime Cenlyy | S insd
TS o S5 S ol i SIS s 0,5

VER/ P/ XN 2 oy gl € VBT /I 2l s s

& ol Caows (9037 L

Lgl.m;‘,g.)'%nlf 93[3 Cowl 045 313 ULM; e Jiw » LY 6)9L>Om
Jloy Cadligpd Joho 03) 59y el VT (b g)ls Jol>
l38l a4l ol Ui ew 3l o g5 & (NIHBT3) Logo (i
£S5 9550 Vo) Slil oyls 4 s i ol jloT g puiSS
Gl Cawj ) i &S ded e sdalie (PTH (1-34)
ph Jolw 03y dys0  Clialine pl cwl b Jelsgl
5 Gollas 3 Slas (Sly oS Cawl 0ids 394500 (Sa05-2) JSlgoein!
ool B ol ol S5 e 53 oy jorelS 5l

S5 4
ly gdaxio Ul ¢jg1530 dlgo 5 FE30s il )il 51 S )5
ol slagleyd alor I ailiee (slod )7L Slge e (61,
(b lize (65l edlatul b 3,50l 5 cangd] (goyl
S (o ) gt 0dmg (slalame Sl gyl (Bl @l (yizmen
YU 6,50l Cubyks Fes0,@MCM-41/HAPIAPTES .o 5
Cojgral gl (ppioned 3 oo Byl S5l B8lia ojll @595 9 91>
L By )b sl (sl &S CMCIMMT/HAP s> J5g)400
15 bl 49> (giluggadgal g il o3litl b (g 90 yobo 4
i3l )3 et i (Span 80) paw Jlub odle (3938l o y> oS
1845 ygmdial gy el 0l bl Ut uelS 5 (5l
g dsio Jolo gl sl SIgiSs Lais e @y ojlul ytals )3

&\ »

[1] Patel D., Wairkar S., Bone Regeneration in Osteoporosis: Opportunities and Challenges, Drug
Delivery and Translational Research, 13(2): 419-432 (2023).

R = cole

5¥


https://doi.org/10.1007/s13346-022-01222-6

[2] Somersalo A., Paloneva J., Kautiainen H., LONnroos E., HeinANen M., Kiviranta I., Increased
Mortality After Lower Extremity Fractures in Patients <65 Years of Age, Acta Orthopaedica,
87(6): 622-625 (2016).

[3] Riaz S., Shakil Ur Rehman S., Hafeez S., Hassan D., Effects of Kinect-Based Virtual Reality
Training on Bone Mineral Density and Fracture Risk in Postmenopausal Women with
Osteopenia: A Randomized Controlled Trial, Scientific Reports, 14(1): 6650 (2024).

[4] Albrecht B.M., Stalling I., Foettinger L., Recke C., Bammann K., Adherence to Lifestyle
Recommendations for Bone Health in Older Adults with and without Osteoporosis: Cross-
Sectional Results of the OUTDOOR ACTIVE Study, Nutrients, 14(12): 2463 (2022).

[5] Jones M.S., Waterson B., Principles of Management of Long Bone Fractures and Fracture Healing,
Surgery (Oxford), 38(2): 91-99 (2020).

[6] Chen J., Ashames A., Buabeid M.A., Fahelelbom K.M., ljaz M., Murtaza G., Nanocomposites
Drug Delivery Systems for the Healing of Bone Fractures, International Journal of
Pharmaceutics, 585: 119477 (2020).

[7] Cometa S., Bonifacio M.A., Tranquillo E., Gloria A., Domingos M., De Giglio E., A 3D Printed
Composite Scaffold Loaded with Clodronate to Regenerate Osteoporotic Bone: In Vitro
Characterization, Polymers, 13(1): 150 (2021).

[8] Russo T., De Santis R., Peluso V., Gloria A., Multifunctional Bioactive Magnetic Scaffolds with
Tailored Features for Bone Tissue Engineering, Magnetic Nanoparticles in Human Health and
Medicine, 87-112 (2021).

[9] Iranmanesh P., Ehsani A., Khademi A., Asefnejad A., Shahriari S., Soleimani M., Ghadiri Nejad
M., Saber-Samandari S., Khandan A., Application of 3D Bioprinters for Dental Pulp
Regeneration and Tissue Engineering (Porous Architecture), Transport in Porous Media,
142(1): 265-293 (2022).

[10] Karimi M., Asefnejad A., Aflaki D., Surendar A., Baharifar H., Saber-Samandari S., Khandan
A., Khan A., Toghraie D., Fabrication of Shapeless Scaffolds Reinforced with Baghdadite-
Magnetite Nanoparticles Using a 3D Printer and Freeze-Drying Technique, Journal of Materials
Research and Technology, 14: 3070-3079 (2021).

[11] Pavlychuk T., Chernogorskyi D., Chepurnyi Y., Neff A., Kopchak A., Application Of
CAD/CAM Technology For Surgical Treatment Of Condylar Head Fractures: A Preliminary
Study, Journal of Oral Biology and Craniofacial Research, 10(4): 608-614 (2020).

[12] Momesso G.A.C., Polo T.O.B., da Silva W.P.P., Barbosa S., Freitas G.P., Lopes H.B., Rosa A.L.,
Cordeiro J.M., Toro L.F., Chiba F.Y., Matsushita D.H., Louzada M.J.Q., da Cruz N.C., Bardo
V.AR., Faverani L.P., Miniplates Coated by Plasma Electrolytic Oxidation Improve Bone
Healing of Simulated Femoral Fractures on Low Bone Mineral Density Rats, Materials Science
and Engineering, C, 120: 111775 (2021).


https://doi.org/10.1080/17453674.2016.1210533
https://doi.org/10.1080/17453674.2016.1210533
https://doi.org/10.1038/s41598-024-57358-7
https://doi.org/10.1038/s41598-024-57358-7
https://doi.org/10.1038/s41598-024-57358-7
https://www.mdpi.com/2072-6643/14/12/2463
https://www.mdpi.com/2072-6643/14/12/2463
https://www.mdpi.com/2072-6643/14/12/2463
https://www.sciencedirect.com/science/article/abs/pii/S0263931919302649
https://doi.org/10.1016/j.ijpharm.2020.119477
https://doi.org/10.1016/j.ijpharm.2020.119477
https://www.mdpi.com/2073-4360/13/1/150
https://www.mdpi.com/2073-4360/13/1/150
https://www.mdpi.com/2073-4360/13/1/150
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119754725.ch4
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119754725.ch4
https://doi.org/10.1007/s11242-021-01618-x
https://doi.org/10.1007/s11242-021-01618-x
https://www.sciencedirect.com/science/article/pii/S2238785421009121
https://www.sciencedirect.com/science/article/pii/S2238785421009121
https://www.sciencedirect.com/science/article/pii/S2212426820301330
https://www.sciencedirect.com/science/article/pii/S2212426820301330
https://www.sciencedirect.com/science/article/pii/S2212426820301330
https://www.sciencedirect.com/science/article/pii/S0928493120336948
https://www.sciencedirect.com/science/article/pii/S0928493120336948

\fo\”‘\"o)w‘ﬂ”o,,: U')m5wl‘p)'\¢» u‘ﬁ‘wwé@,wdﬁw

[13] Al-Hourani K., Tsang S.-T.J., Simpson A.H.R.W., Osteoporosis: Current Screening Methods,
Novel Techniques, and Preoperative Assessment of Bone Mineral Density, Bone & Joint
Research, 10(12): 840-843 (2021).

[14] Kumar R., Sarkar C., Panja S., Khatua C., Gugulothu K., Sil D., Biomimetic Nanocomposites
for Biomedical Applications, «Biorenewable Nanocomposite Materials, Vol. 1: Electrocatalysts
and Energy Storage», American Chemical Society, 163-196 (2022).

[15] Kim T., See C.W., Li X., Zhu D., Orthopedic Implants and Devices for Bone Fractures and
Defects: Past, Present and Perspective, Engineered Regeneration, 1: 6-18 (2020).

[16] Bahari Javan N., Rezaie Shirmard L., Jafary Omid N., Akbari Javar H., Rafiee Tehrani M., Abedin
Dorkoosh F., Preparation, Statistical Optimisation and in Vitro Characterisation of Poly (3-
Hydroxybutyrate-Co-3-Hydroxyvalerate)/Poly (Lactic-Co-Glycolic Acid) Blend Nanoparticles for
Prolonged Delivery of Teriparatide, Journal of Microencapsulation, 33(5): 460-474 (2016).

[17] Verma R., Mishra S.R., Gadore V., Ahmaruzzaman M., Hydroxyapatite-Based Composites:
Excellent Materials for Environmental Remediation and Biomedical Applications, Advances in
Colloid and Interface Science, 315: 102890 (2023).

[18] Radulescu D.-E., Vasile O.R., Andronescu E., Ficai A., Latest Research of Doped
Hydroxyapatite for Bone Tissue Engineering, International Journal of Molecular Sciences,
24(17): 13157 (2023).

[19] Mondal S.K., Dorozhkin S.V., Pal U., Recent Progress on Fabrication and Drug Delivery
Applications of Nanostructured Hydroxyapatite, Wiley interdisciplinary reviews. Nanomedicine
and nanobiotechnology, 10(4): e1504 (2018).

[20] Oni O.P.,HuY., TangS., YanH., Zeng H., Wang H., Ma L., Yang C., Ran J., Syntheses and Applications
of Mesoporous Hydroxyapatite: A Review, Materials Chemistry Frontiers, 7(1): 9-43 (2023).

[21] Habraken W., Habibovic P., Epple M., Bohner M., Calcium Phosphates in Biomedical
Applications: Materials for the Future?, Materials Today, 19(2): 69-87 (2016).

[22] Hosseini S.M., Abdouss M., Mazinani S., Soltanabadi A., Kalaee M., Modified Nanofiber
Containing Chitosan and Graphene Oxide-Magnetite Nanoparticles as Effective Materials for
Smart Wound Dressing, Composites Part B: Engineering 231: 109557 (2022).

[23] Shuai C., YangW.,He C., Peng S., Gao C., Yang Y., Qi F., Feng P., A Magnetic Micro-Environment
in Scaffolds for Stimulating Bone Regeneration, Materials & Design, 185: 108275 (2020).

[24] Khalid A., Ahmed R.M., Taha M., Soliman T.S., Fe304 Nanoparticles and Fe304 @SiO2 Core-
Shell: Synthesize, Structural, Morphological, Linear, and Nonlinear Optical Properties, Journal
of Alloys and Compounds, 947: 169639 (2023).

[25] Marycz K., Sobierajska P., Wiglusz R., Idczak R., Nedelec J.-M., Fal A., Kornicka-Garbowska
K., FesOsMagnetic Nanoparticles Under Static Magnetic Field Improve Osteogenesis via
RUNX-2 and Inhibit Osteoclastogenesis by the Induction of Apoptosis, Int J Nanomedicine 15:
10127-10148 (2020).

R = cole

55


https://doi.org/10.1302/2046-3758.1012.BJR-2021-0452.R1
https://doi.org/10.1302/2046-3758.1012.BJR-2021-0452.R1
https://doi.org/10.1021/bk-2022-1410.ch007
https://doi.org/10.1021/bk-2022-1410.ch007
https://www.sciencedirect.com/science/article/pii/S2666138120300037
https://www.sciencedirect.com/science/article/pii/S2666138120300037
https://doi.org/10.1080/02652048.2016.1208296
https://doi.org/10.1080/02652048.2016.1208296
https://doi.org/10.1080/02652048.2016.1208296
https://www.sciencedirect.com/science/article/pii/S000186862300057X
https://www.sciencedirect.com/science/article/pii/S000186862300057X
https://www.mdpi.com/1422-0067/24/17/13157
https://www.mdpi.com/1422-0067/24/17/13157
https://pubmed.ncbi.nlm.nih.gov/29171173/
https://pubmed.ncbi.nlm.nih.gov/29171173/
http://dx.doi.org/10.1039/D2QM00686C
http://dx.doi.org/10.1039/D2QM00686C
https://www.sciencedirect.com/science/article/pii/S136970211500317X
https://www.sciencedirect.com/science/article/pii/S136970211500317X
https://www.sciencedirect.com/science/article/pii/S1359836821009239
https://www.sciencedirect.com/science/article/pii/S1359836821009239
https://www.sciencedirect.com/science/article/pii/S1359836821009239
https://www.sciencedirect.com/science/article/pii/S0264127519307130
https://www.sciencedirect.com/science/article/pii/S0264127519307130
https://www.sciencedirect.com/science/article/pii/S0925838823009428
https://www.sciencedirect.com/science/article/pii/S0925838823009428
https://hal.archives-ouvertes.fr/hal-03114297
https://hal.archives-ouvertes.fr/hal-03114297

[26] Ulu A., Noma S.A.A., Koytepe S., Ates B., Magnetic Fe304@MCM-41 Core-Shell
Nanoparticles Functionalized with Thiol Silane for Efficient L-Asparaginase Immobilization,
Artificial Cells, Nanomedicine, and Biotechnology, 46(sup2): 1035-1045 (2018).

[27] Shadabfar M., Abdouss M., Khonakdar H.A., Synthesis, Characterization, and Evaluation of a
Magnetic Molecular Imprinted Polymer for 5-Fluorouracil as an Intelligent Drug Delivery
System for Breast Cancer Treatment, Journal of Materials Science, 55(26): 12287-12304 (2020).

[28] Pourhasan-Kisomi R., Shirini F., Golshekan M., Introduction of Organic/Inorganic
Fe304@MCM-41@Zr-Piperazine Magnetite Nanocatalyst for the Promotion of the Synthesis
of  Tetrahydro-4H-Chromene and Pyrano[2,3-d]Pyrimidinone  Derivatives, Applied
Organometallic Chemistry, 32(7): e4371 (2018).

[29] Venedicto M., Carrier J., Na H., Chang C.-Y., Radu D.R., Lai C.-Y., Disulfide-Modified
Mesoporous Silica Nanoparticles for Biomedical Applications, Crystals, 13(7): 1067 (2023).

[30] Babaki M., Yousefi M., Habibi Z., Brask J., Mohammadi M., Preparation of Highly Reusable
Biocatalysts by Immobilization of Lipases on Epoxy-Functionalized Silica for Production of
Biodiesel from Canola Oil, Biochemical Engineering Journal, 101: 23-31 (2015).

[31] Jafarzadeh A., Sohrabnezhad S., Zanjanchi M.A., Arvand M., Synthesis and Characterization of
Thiol-Functionalized MCM-41 Nanofibers and Its Application as Photocatalyst, Microporous
and Mesoporous Materials, 236: 109-119 (2016).

[32] Nayl A.A., Abd-Elhamid A.l., Aly A.A., Brase S., Recent Progress in the Applications of Silica-
Based Nanoparticles, RSC Advances, 12(22): 13706-13726 (2022).

[33] Popova T., Tzankov B., Voycheva C., Spassova I., Kovacheva D., Tzankov S., Aluani D., Tzankova
V., Lambov N., Mesoporous Silica MCM-41 and HMS as Advanced Drug Delivery Carriers for
Bicalutamide, Journal of Drug Delivery Science and Technology, 62: 102340 (2021).

[34] Trzeciak K., Kazmierski S., Wielgus E., Potrzebowski M.J., DiSupLo - New Extremely Easy
and Efficient Method for Loading of Active Pharmaceutical Ingredients Into the Pores of MCM-
41 Mesoporous Silica Particles, Microporous and Mesoporous Materials, 308: 110506 (2020).

[35] Szewczyk A., Skwira A., Konopacka A., Sadej R., Prokopowicz M., Mesoporous Silica-Bioglass
Composite Pellets as Bone Drug Delivery System with Mineralization Potential, International
Journal of Molecular Sciences, 22(9): 4708 (2021).

[36] Asadi E., Abdouss M., Leblanc R.M., Ezzati N., Wilson J.N., Kordestani D., Synthesis,
Characterization and inVivo Drug Delivery Study of a Biodegradable Nano-Structured
Molecularly Imprinted Polymer Based on Cross-Linker of Fructose, Polymer, 97: 226-237 (2016).

[37] Esmaeilnejad-Ahranjani P., Kazemeini M., Singh G., Arpanaei A., Amine-Functionalized
Magnetic Nanocomposite Particles for Efficient Immobilization of Lipase: Effects of Functional
Molecule Size on Properties of the Immobilized Lipase, RSC Advances, 5(42): 33313-33327
(2015).


https://doi.org/10.1080/21691401.2018.1478422
https://doi.org/10.1080/21691401.2018.1478422
https://doi.org/10.1080/21691401.2018.1478422
https://doi.org/10.1007/s10853-020-04887-x
https://doi.org/10.1007/s10853-020-04887-x
https://doi.org/10.1007/s10853-020-04887-x
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4371
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4371
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4371
https://www.mdpi.com/2073-4352/13/7/1067
https://www.mdpi.com/2073-4352/13/7/1067
https://www.sciencedirect.com/science/article/pii/S1369703X1500162X
https://www.sciencedirect.com/science/article/pii/S1369703X1500162X
https://www.sciencedirect.com/science/article/pii/S1369703X1500162X
https://www.sciencedirect.com/science/article/pii/S1387181116303705
https://www.sciencedirect.com/science/article/pii/S1387181116303705
http://dx.doi.org/10.1039/D2RA01587K
http://dx.doi.org/10.1039/D2RA01587K
https://www.sciencedirect.com/science/article/pii/S1773224721000216
https://www.sciencedirect.com/science/article/pii/S1773224721000216
https://www.sciencedirect.com/science/article/pii/S1387181120305084
https://www.sciencedirect.com/science/article/pii/S1387181120305084
https://www.sciencedirect.com/science/article/pii/S1387181120305084
https://www.mdpi.com/1422-0067/22/9/4708
https://www.mdpi.com/1422-0067/22/9/4708
https://www.sciencedirect.com/science/article/abs/pii/S0032386116304207
https://www.sciencedirect.com/science/article/abs/pii/S0032386116304207
https://www.sciencedirect.com/science/article/abs/pii/S0032386116304207
https://pubs.rsc.org/en/content/articlehtml/2015/ra/c5ra02471d
https://pubs.rsc.org/en/content/articlehtml/2015/ra/c5ra02471d
https://pubs.rsc.org/en/content/articlehtml/2015/ra/c5ra02471d

\fo\”‘\"o)w‘ﬂ”o,,: U')m5wl‘p)'\¢» u‘ﬁ‘wwé@,wdﬁw

[38] Popescu S., Ardelean I.L., Gudovan D., Radulescu M., Ficai D., Ficai A., Vasile B.S,,
Andronescu E., Multifunctional Materials Such as MCM-41/Fe304/Folic Acid as Drug Delivery
System, Rom J Morphol Embryol, 57(2): 483-489 (2016).

[39]Rao Z., Ge H., Liu L., Zhu C., Min L., Liu M., Fan L., Li D., Carboxymethyl Cellulose Modified
Graphene Oxide as pH-Sensitive Drug Delivery System, International Journal of Biological
Macromolecules, 107: 1184-1192 (2018).

[40] Sandomierski M., Buchwald Z., Voelkel A., Calcium Montmorillonite and Montmorillonite with
Hydroxyapatite Layer As Fillers in Dental Composites with Remineralizing Potential, Applied
Clay Science, 198: 105822 (2020).

[41] Li D, Li P, Xu Y., Guo W., Li M., Chen M., Wang H., Lin H., Progress in Montmorillonite
Functionalized Artificial Bone Scaffolds: Intercalation and Interlocking, Nanoenhancement, and
Controlled Drug Release, Journal of Nanomaterials, 2022: 7900382 (2022).

[42] Hong H.-J., Kim J., Kim D.-Y., Kang I., Kang H.K., Ryu B.G., Synthesis of Carboxymethylated
Nanocellulose Fabricated Ciprofloxacine — Montmorillonite Composite for Sustained Delivery
of Antibiotics, International Journal of Pharmaceutics, 567: 118502 (2019).

[43] Dias E., Chalse H., Mutha S., Mundhe Y., Ambhore N., Kulkarni A., Mache A., Review on
Synthetic/Natural Fibers Polymer Composite Filled with Nanoclay and Their Mechanical
Performance, Materials Today: Proceedings, 77: 916-925 (2023).

[44] Ragunath S., Rathod M.L., Saravanan K.G., Rakesh N., Kifetew M., Optimization of Machining
Parameters of Natural/Glass Fiber with Nanoclay Polymer Composite Using Response Surface
Methodology, Journal of Nanomaterials, 2023: 9485769 (2023).

[45] Shahbaz A., Hussain N., Mahmood T., Igbal H.M.N., Bin Emran T., Show P.L., Bilal M., 17 -
Polymer Nanocomposites for Biomedical Applications, in: N. Ali, M. Bilal, A. Khan, T.A.
Nguyen, R.K. Gupta (Eds.), Smart Polymer Nanocomposites, Elsevier, 379-394 (2023).

[46] Azzaoui K., Mejdoubi E., Lamhamdi A., Jodeh S., Hamed O., Berrabah M., Jerdioui S., Salghi
R., Akartasse N., Errich A., Rios A., Zougagh M., Preparation and Characterization of
Biodegradable Nanocomposites Derived from Carboxymethyl Cellulose and Hydroxyapatite,
Carbohydrate Polymers, 167: 59-69 (2017).

[47] Pourmadadi M., Rahmani E., Shamsabadipour A., Samadi A., Esmaeili J., Arshad R., Rahdar
A., Tavangarian F., Pandey S., Novel Carboxymethyl Cellulose Based Nanocomposite: A
Promising Biomaterial for Biomedical Applications, Process Biochemistry, 130: 211-226
(2023).

[48] Mehrabi A., Jalise S.Z., Hivechi A., Habibi S., Kebria M.M., Haramshahi M.A., Latifi N., Karimi
A., Milan P.B., Evaluation of Inherent Properties of the Carboxymethyl Cellulose (CMC) for
Potential Application in Tissue Engineering Focusing on Bone Regeneration, Polymers for
Advanced Technologies, 35(1): 6258 (2024).

B3 = sole %


https://www.researchgate.net/profile/M-Radulescu/publication/306322485_Multifunctional_materials_such_as_MCM-41Fe3O4folic_acid_as_drug_delivery_system/links/5845a13208aeda69681a5b6d/Multifunctional-materials-such-as-MCM-41-Fe3O4-folic-acid-as-drug-delivery-system.pdf
https://www.researchgate.net/profile/M-Radulescu/publication/306322485_Multifunctional_materials_such_as_MCM-41Fe3O4folic_acid_as_drug_delivery_system/links/5845a13208aeda69681a5b6d/Multifunctional-materials-such-as-MCM-41-Fe3O4-folic-acid-as-drug-delivery-system.pdf
https://www.sciencedirect.com/science/article/pii/S0141813017322912
https://www.sciencedirect.com/science/article/pii/S0141813017322912
https://www.sciencedirect.com/science/article/pii/S0169131720303872
https://www.sciencedirect.com/science/article/pii/S0169131720303872
https://doi.org/10.1155/2022/7900382
https://doi.org/10.1155/2022/7900382
https://doi.org/10.1155/2022/7900382
https://www.sciencedirect.com/science/article/pii/S0378517319305447
https://www.sciencedirect.com/science/article/pii/S0378517319305447
https://www.sciencedirect.com/science/article/pii/S0378517319305447
https://www.sciencedirect.com/science/article/pii/S2214785322074314
https://www.sciencedirect.com/science/article/pii/S2214785322074314
https://www.sciencedirect.com/science/article/pii/S2214785322074314
https://doi.org/10.1155/2023/9485769
https://doi.org/10.1155/2023/9485769
https://doi.org/10.1155/2023/9485769
https://www.sciencedirect.com/science/article/pii/B9780323916110000128
https://www.sciencedirect.com/science/article/pii/B9780323916110000128
https://www.sciencedirect.com/science/article/pii/S0144861717302205
https://www.sciencedirect.com/science/article/pii/S0144861717302205
https://www.sciencedirect.com/science/article/pii/S1359511323001150
https://www.sciencedirect.com/science/article/pii/S1359511323001150
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.6258
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.6258

[49] Okuda K., Shigemasa R., Hirota K., Mizutani T., In Situ Crystallization of Hydroxyapatite on
Carboxymethyl Cellulose as a Biomimetic Approach to Biomass-Derived Composite Materials,
ACS Omega, 7(14): 12127-12137 (2022).

[50] Hasan A., Waibhaw G., Saxena V., Pandey L.M., Nano-Biocomposite Scaffolds of Chitosan,
Carboxymethyl Cellulose and Silver Nanoparticle Modified Cellulose Nanowhiskers for Bone
Tissue Engineering Applications, International Journal of Biological Macromolecules, 111:
923-934 (2018).

[51] Palem R.R., Rao K.M., Shimoga G., Saratale R.G., Shinde S.K., Ghodake G.S., Lee S.-H.,
Physicochemical Characterization, Drug Release, and Biocompatibility Evaluation of
Carboxymethyl Cellulose-Based Hydrogels Reinforced with Sepiolite Nanoclay, International
Journal of Biological Macromolecules, 178: 464-476 (2021).

[52] Saberi Riseh R., Gholizadeh Vazvani M., Hassanisaadi M., Skorik Y.A., Micro-/Nano-
Carboxymethyl Cellulose as a Promising Biopolymer with Prospects in the Agriculture Sector:
A Review, Polymers, 15(2): 440 (2023).

[53] Sun X., Shen J., Yu D., Ouyang X.-k., Preparation of pH-Sensitive Fe304@C/Carboxymethyl
Cellulose/Chitosan Composite Beads for Diclofenac Sodium Delivery, International Journal of
Biological Macromolecules, 127: 594-605 (2019).

[54] Aminatun D., Hikmawati P., Widiyanti T., Amrillah A., Nia W., Firdania I.T., Abdullah C.A.C.,
Study of Mechanical and Thermal Properties in Nano-Hydroxyapatite/Chitosan/Carboxymethyl
Cellulose Nanocomposite-Based Scaffold for Bone Tissue Engineering: The Roles of
Carboxymethyl Cellulose, Applied Sciences, 10(19): 6970 (2020).

[55] Manjubala I., Basu P., Narendrakumar U., In Situ Synthesis of Hydroxyapatite/Carboxymethyl
Cellulose Composites for Bone Regeneration Applications, Colloid and Polymer Science,
296(10): 1729-1737 (2018).

[56] Oprea M., Voicu S.I., Recent Advances in Applications of Cellulose Derivatives-Based
Composite Membranes with Hydroxyapatite, Materials, 13(11): 2481 (2020).

[57] Altaani B.M., Almaaytah A.M., Dadou S., Alkhamis K., Daradka M.H., Hananeh W., Oral
Delivery of Teriparatide Using a Nanoemulsion System: Design, in Vitro and in Vivo
Evaluation, Pharmaceutical Research, 37(4): 80 (2020).

[58] Amani N., Javar H.A., Dorkoosh F.A., Rouini M.R., Amini M., Sharifzadeh M., Boumi S.,
Preparation and Pulsatile Release Evaluation of Teriparatide-Loaded Multilayer Implant
Composed of Polyanhydride-Hydrogel Layers Using Spin Coating for the Treatment of
Osteoporosis, Journal of Pharmaceutical Innovation, 16(2): 337-358 (2021).

[59] Liuyun J., Yubao L., Chengdong X., Preparation and Biological Properties of a Novel Composite
Scaffold of Nano-Hydroxyapatite/Chitosan/Carboxymethyl Cellulose for Bone Tissue
Engineering, Journal of Biomedical Science, 16(1): 65 (2009).


https://doi.org/10.1021/acsomega.2c00423
https://doi.org/10.1021/acsomega.2c00423
https://www.sciencedirect.com/science/article/pii/S0141813017328210
https://www.sciencedirect.com/science/article/pii/S0141813017328210
https://www.sciencedirect.com/science/article/pii/S0141813017328210
https://www.sciencedirect.com/science/article/pii/S014181302100492X
https://www.sciencedirect.com/science/article/pii/S014181302100492X
https://www.mdpi.com/2073-4360/15/2/440
https://www.mdpi.com/2073-4360/15/2/440
https://www.mdpi.com/2073-4360/15/2/440
https://www.sciencedirect.com/science/article/pii/S0141813018369630
https://www.sciencedirect.com/science/article/pii/S0141813018369630
https://www.mdpi.com/2076-3417/10/19/6970
https://www.mdpi.com/2076-3417/10/19/6970
https://www.mdpi.com/2076-3417/10/19/6970
https://doi.org/10.1007/s00396-018-4393-9
https://doi.org/10.1007/s00396-018-4393-9
https://www.mdpi.com/1996-1944/13/11/2481
https://www.mdpi.com/1996-1944/13/11/2481
https://doi.org/10.1007/s11095-020-02793-0
https://doi.org/10.1007/s11095-020-02793-0
https://doi.org/10.1007/s11095-020-02793-0
https://doi.org/10.1007/s12247-020-09453-1
https://doi.org/10.1007/s12247-020-09453-1
https://doi.org/10.1007/s12247-020-09453-1
https://doi.org/10.1186/1423-0127-16-65
https://doi.org/10.1186/1423-0127-16-65
https://doi.org/10.1186/1423-0127-16-65

\f'v‘YD)LMS‘f‘"D)gb u')msww).\ﬂ» u‘ﬁ‘wwé@,wdﬁw

[60] Balakrishnan H., Husin M.R., Wahit M.U., Abdul Kadir M.R., Preparation and Characterization
of Organically Modified Montmorillonite-Filled High Density Polyethylene/Hydroxyapatite
Nanocomposites for Biomedical Applications, Polymer-Plastics Technology and Engineering,
53(8): 790-800 (2014).

[61] Garai S., Sinha A., Biomimetic Nanocomposites of Carboxymethyl Cellulose—Hydroxyapatite:
Novel Three Dimensional Load Bearing Bone Grafts, Colloids and Surfaces B: Biointerfaces,
115: 182-190 (2014).

[62] Lamkhao S., Tandorn S., Thavornyutikarn P., Chokethawai K., Rujijanagul G., Thongkorn K.,
Jarupoom P., Randorn C., Synergistic Amalgamation of Shellac with Self-Antibacterial
Hydroxyapatite and Carboxymethyl Cellulose: An Interactive Wound Dressing for Ensuring
Safety and Efficacy in Preliminary in Vivo Studies, International Journal of Biological
Macromolecules, 253: 126809 (2023).

[63] Kar S., Kaur T., Thirugnanam A., Microwave-Assisted Synthesis of Porous Chitosan—Modified
Montmorillonite—Hydroxyapatite Composite Scaffolds, International Journal of Biological
Macromolecules, 82: 628-636 (2016).

[64] Mahdavinia G.R., Afzali A., Etemadi H., Hoseinzadeh H., Magnetic/pH-Sensitive
Nanocomposite Hydrogel Based Carboxymethyl Cellulose—G-Polyacrylamide/Montmorillonite
for Colon Targeted Drug Delivery, Nanomedicine Research Journal, 2(2): 111-122 (2017).

[65] Ahmadi M., Pourmadadi M., Ghorbanian S.A., Yazdian F., Rashedi H., Ultra pH-Sensitive
Nanocarrier Based on Fe203/Chitosan/Montmorillonite for Quercetin Delivery, International
Journal of Biological Macromolecules, 191: 738-745 (2021).

[66] Heragh B.K., Javanshir S., Mahdavinia G.R., Jamal M.R.N., Hydroxyapatite Grafted
Chitosan/Laponite RD Hydrogel: Evaluation of the Encapsulation Capacity, pH-Responsivity,
and Controlled Release Behavior, International Journal of Biological Macromolecules, 190:
351-359 (2021).

[67] Saadatjoo N., Golshekan M., Shariati S., Azizi P., Nemati F., Ultrasound-Assisted Synthesis of
B-Amino Ketones Via a Mannich Reaction Catalyzed by Fe304 Magnetite Nanoparticles as an
Efficient, Recyclable and Heterogeneous Catalyst, Arabian Journal of Chemistry, 10: S735-
S741 (2017).

[68] Saadatjoo N., Golshekan M., Shariati S., Kefayati H., Azizi P., Organic/Inorganic MCM-41
Magnetite Nanocomposite as a Solid Acid Catalyst for Synthesis of Benzo[a]Xanthenone
Derivatives, Journal of Molecular Catalysis A: Chemical, 377: 173-179 (2013).

[69] Mahdi Eshaghi M., Pourmadadi M., Rahdar A., Diez-Pascual A.M., Novel Carboxymethyl
Cellulose-Based Hydrogel with Core&ndash;Shell Fe304@SiO2 Nanoparticles for Quercetin
Delivery, Materials, 15(24): 8711 (2022).

B3 = sole v


https://doi.org/10.1080/03602559.2014.886043
https://doi.org/10.1080/03602559.2014.886043
https://doi.org/10.1080/03602559.2014.886043
https://www.sciencedirect.com/science/article/pii/S0927776513007406
https://www.sciencedirect.com/science/article/pii/S0927776513007406
https://www.sciencedirect.com/science/article/pii/S0141813023037066
https://www.sciencedirect.com/science/article/pii/S0141813023037066
https://www.sciencedirect.com/science/article/pii/S0141813023037066
https://www.sciencedirect.com/science/article/pii/S0141813015300647
https://www.sciencedirect.com/science/article/pii/S0141813015300647
https://www.nanomedicine-rj.com/article_25441.html
https://www.nanomedicine-rj.com/article_25441.html
https://www.nanomedicine-rj.com/article_25441.html
https://www.sciencedirect.com/science/article/pii/S014181302101936X
https://www.sciencedirect.com/science/article/pii/S014181302101936X
https://www.sciencedirect.com/science/article/pii/S0141813021018973
https://www.sciencedirect.com/science/article/pii/S0141813021018973
https://www.sciencedirect.com/science/article/pii/S0141813021018973
https://www.sciencedirect.com/science/article/pii/S1878535212002742
https://www.sciencedirect.com/science/article/pii/S1878535212002742
https://www.sciencedirect.com/science/article/pii/S1878535212002742
https://www.sciencedirect.com/science/article/pii/S1381116913001970
https://www.sciencedirect.com/science/article/pii/S1381116913001970
https://www.sciencedirect.com/science/article/pii/S1381116913001970
https://www.mdpi.com/1996-1944/15/24/8711
https://www.mdpi.com/1996-1944/15/24/8711
https://www.mdpi.com/1996-1944/15/24/8711

[70] Xie W., Zang X., Immobilized Lipase on Core-Shell Structured Fe304-MCM-41
Nanocomposites as a Magnetically Recyclable Biocatalyst for Interesterification of Soybean oil
and Lard, Food Chemistry, 194: 1283-1292 (2016).

[71] Hosseini H.R., Abdouss M., Golshekan M., Hydroxyapatite Incorporated with Fe304@MCM-
41 Core-Shell: A Promising Nanocomposite for Teriparatide Delivery in Bone Tissue
Regeneration, ACS Omega, (2023).

[72] Abbas M., Parvatheeswara Rao B., Nazrul Islam M., Naga S.M., Takahashi M., Kim C., Highly
Stable- Silica Encapsulating Magnetite Nanoparticles (Fe304/Si02) Synthesized Using Single
Surfactantless- Polyol Process, Ceramics International, 40(1, Part B): 1379-1385 (2014).

[73] Zakharov N.A., Ezhova Z.A., Koval’ E.M., Kalinnikov V.T., Chalykh A.E., Hydroxyapatite-
Carboxymethyl Cellulose Nanocomposite Biomaterial, Inorganic Materials, 41(5): 509-515 (2005).

[74] Adinugraha M.P., Marseno D.W., Haryadi, Synthesis and Characterization of Sodium
Carboxymethylcellulose from Cavendish Banana Pseudo Stem (Musa Cavendishii LAMBERT),
Carbohydrate Polymers, 62(2): 164-169 (2005).

[75] Nazeer M.A., Yilgor E., Yilgor 1., Intercalated Chitosan/Hydroxyapatite Nanocomposites: Promising
Materials for Bone Tissue Engineering Applications, Carbohydrate Polymers, 175: 38-46 (2017).

[76] Guo X., Yan H., Zhao S., Li Z., Li Y., Liang X., Effect of Calcining Temperature on Particle
Size of Hydroxyapatite Synthesized by Solid-State Reaction at Room Temperature, Advanced
Powder Technology, 24(6): 1034-1038 (2013).

[77] Narayanan D., Anitha A., Jayakumar R., Nair S.V., Chennazhi K.P., Synthesis, Characterization
and Preliminary In Vitro Evaluation of PTH 1-34 Loaded Chitosan Nanoparticles for
Osteoporosis, Journal of Biomedical Nanotechnology, 8(1): 98-106 (2012).

[78] Tarig S., Raza A.R., Khalid M., Rubab S.L., Khan M.U., Ali A., Tahir M.N., Braga A.A.C.,
Synthesis and Structural Analysis of Novel Indole Derivatives by XRD, Spectroscopic and DFT
Studies, Journal of Molecular Structure, 1203: 127438 (2020).

[79] Laabd M., Brahmi Y., El Ibrahimi B., Hsini A., Toufik E., Abdellaoui Y., Abou Oualid H., El
QOuardi M., Albourine A., A Novel Mesoporous Hydroxyapatite@Montmorillonite Hybrid
Composite for High-Performance Removal of Emerging Ciprofloxacin Antibiotic from Water:
Integrated Experimental and Monte Carlo Computational Assessment, Journal of Molecular
Liquids, 338: 116705 (2021).

[80] Yadollahi M., Gholamali 1., Namazi H., Aghazadeh M., Synthesis and Characterization of
Antibacterial Carboxymethylcellulose/CuO Bio-Nanocomposite Hydrogels, International
Journal of Biological Macromolecules, 73: 109-114 (2015).

[81] Rajabzadeh-Khosroshahi M., Pourmadadi M., Yazdian F., Rashedi H., Navaei-Nigjeh M.,
Rasekh B., Chitosan/Agarose/Graphitic Carbon Nitride Nanocomposite as an Efficient pH-
Sensitive Drug Delivery System for Anticancer Curcumin Releasing, Journal of Drug Delivery
Science and Technology, 74: 103443 (2022).


https://www.sciencedirect.com/science/article/pii/S0308814615013527
https://www.sciencedirect.com/science/article/pii/S0308814615013527
https://www.sciencedirect.com/science/article/pii/S0308814615013527
https://doi.org/10.1021/acsomega.3c04931
https://doi.org/10.1021/acsomega.3c04931
https://doi.org/10.1021/acsomega.3c04931
https://www.sciencedirect.com/science/article/pii/S0272884213008134
https://www.sciencedirect.com/science/article/pii/S0272884213008134
https://www.sciencedirect.com/science/article/pii/S0272884213008134
https://doi.org/10.1007/s10789-005-0159-0
https://doi.org/10.1007/s10789-005-0159-0
https://www.sciencedirect.com/science/article/pii/S0144861705003176
https://www.sciencedirect.com/science/article/pii/S0144861705003176
https://www.sciencedirect.com/science/article/pii/S0144861717308317
https://www.sciencedirect.com/science/article/pii/S0144861717308317
https://www.sciencedirect.com/science/article/pii/S0921883113000460
https://www.sciencedirect.com/science/article/pii/S0921883113000460
https://www.ingentaconnect.com/content/asp/jbn/2012/00000008/00000001/art00010
https://www.ingentaconnect.com/content/asp/jbn/2012/00000008/00000001/art00010
https://www.ingentaconnect.com/content/asp/jbn/2012/00000008/00000001/art00010
https://www.sciencedirect.com/science/article/pii/S0022286019315479
https://www.sciencedirect.com/science/article/pii/S0022286019315479
https://www.sciencedirect.com/science/article/pii/S016773222101429X
https://www.sciencedirect.com/science/article/pii/S016773222101429X
https://www.sciencedirect.com/science/article/pii/S016773222101429X
https://www.sciencedirect.com/science/article/pii/S014181301400748X
https://www.sciencedirect.com/science/article/pii/S014181301400748X
https://www.sciencedirect.com/science/article/pii/S1773224722003537
https://www.sciencedirect.com/science/article/pii/S1773224722003537

\f'v‘YD)LMS‘f‘"D)gb u')&Ahswb).\ﬁ» u‘ﬁ‘wwé@,wdﬁw

[82] Joseph E., Singhvi G., Chapter 4 - Multifunctional Nanocrystals for Cancer Therapy: A Potential
Nanocarrier, in: A.M. Grumezescu (Ed.), «Nanomaterials for Drug Delivery and Therapy»,
William Andrew Publishing, 91-116 (2019).

[83] Mohebali A., Abdouss M., Afshar Taromi F., Fabrication Of Biocompatible Antibacterial
Nanowafers Based On HNT/PVA Nanocomposites Loaded With Minocycline For Burn Wound
Dressing, Materials Science and Engineering, C 110: 110685 (2020).

[84] Abdollahi E., Khalafi-Nezhad A., Mohammadi A., Abdouss M., Salami-Kalajahi M., Synthesis
of New Molecularly Imprinted Polymer Via Reversible Addition Fragmentation Transfer
Polymerization as a Drug Delivery System, Polymer, 143: 245-257 (2018).

[85] Strach A., Dulski M., Wasilkowski D., Matus K., Dudek K., Podwérny J., Rawicka P., Grebnevs
V., Waloszczyk N., Nowak A., Poloczek P., Golba S., Multifaceted Assessment of Porous Silica
Nanocomposites: Unraveling Physical, Structural, and Biological Transformations Induced by
Microwave Field Modification, Nanomaterials, 14(4): 337 (2024).

[86] Chen X., Chen J., Huang N., The Structure, Formation, and Effect of Plasma Protein Layer on
the Blood Contact Materials: A Review, Biosurface and Biotribology 8(1): 1-14 (2022).

[87] Eswaramoorthy R., Chang C.-C., Wu S.-C., Wang G.-J., Chang J.-K., Ho M-.L., Sustained
release of PTH(1-34) from PLGA microspheres suppresses osteoarthritis progression in Rats,
Acta Biomaterialia, 8(6): 2254-2262 (2012).

[88] Keegan M.T., 36 - Endocrine Pharmacology, in: H.C. Hemmings, T.D. Egan (Eds.),
«Pharmacology and Physiology for Anesthesia (Second Edition)», Elsevier, Philadelphia, 708-
731 (2019).

[89] Samadi A., Pourmadadi M., Yazdian F., Rashedi H., Navaei-Nigjeh M., Eufrasio-da-silva T.,
Ameliorating Quercetin Constraints in Cancer Therapy with pH-Responsive Agarose-
Polyvinylpyrrolidone -Hydroxyapatite Nanocomposite Encapsulated in Double Nanoemulsion,
International Journal of Biological Macromolecules, 182: 11-25 (2021).

[90] Liu Z.-S., Wen J., Huang C.-Y., Zhang P.-W., Miao Y.-L., Cheng H., Li S.-Y., Nanomedicines
Based on Responsive Nanocarriers for Cancer Therapy, Advanced Therapeutics, 7(2): 2300223
(2024).

B3 = sole v


https://www.sciencedirect.com/science/article/pii/B9780128165058000072
https://www.sciencedirect.com/science/article/pii/B9780128165058000072
https://www.sciencedirect.com/science/article/pii/S0928493119332382
https://www.sciencedirect.com/science/article/pii/S0928493119332382
https://www.sciencedirect.com/science/article/pii/S0928493119332382
https://www.sciencedirect.com/science/article/pii/S0032386118302672
https://www.sciencedirect.com/science/article/pii/S0032386118302672
https://www.sciencedirect.com/science/article/pii/S0032386118302672
https://www.mdpi.com/2079-4991/14/4/337
https://www.mdpi.com/2079-4991/14/4/337
https://www.mdpi.com/2079-4991/14/4/337
https://ietresearch.onlinelibrary.wiley.com/doi/abs/10.1049/bsb2.12029
https://ietresearch.onlinelibrary.wiley.com/doi/abs/10.1049/bsb2.12029
https://www.sciencedirect.com/science/article/pii/S1742706112001018
https://www.sciencedirect.com/science/article/pii/S1742706112001018
https://www.sciencedirect.com/science/article/pii/B9780323481106000363
https://www.sciencedirect.com/science/article/pii/S0141813021006905
https://www.sciencedirect.com/science/article/pii/S0141813021006905
https://onlinelibrary.wiley.com/doi/abs/10.1002/adtp.202300223
https://onlinelibrary.wiley.com/doi/abs/10.1002/adtp.202300223

