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ABSTRACT

Research Subject: This study aims to improve the biocompatibility, bioactivity, and mechanical properties of gelatin-based composite scaffolds by
coating them with polyethylene glycol (PEG) doped with bioactive glasses (BGs) containing zinc and magnesium.

Research Approach: A response surface methodology (RSM) was used to model and evaluate the effects of two independent variables: the PEG/Gel
weight ratio (X1) and the BG weight percentage (X2). The responses investigated included ultimate strength, Young's modulus, elongation at break,
swelling percentage, erosion percentage, and moisture absorption percentage.

Main Results: Optimal conditions were determined to obtain scaffolds with suitable mechanical strength, biocompatibility and degradability. Analysis
of variance (ANOVA) was used to obtain the best model describing the influence of each independent variable on the responses. The optimal scaffold
formulation was selected based on software-defined parameters. The FTIR spectrum was used to analyze the functional groups present on the surface
of the samples. The FTIR spectrum of the synthesized BGs showed a broad vibrational band in the range of 900 to 1100 cm™, which is attributed to the
asymmetric Si-O-Si stretching band. The FTIR spectrum of the PEG/Gel/BG composite confirmed the presence of BG in the scaffolds and the interaction
between the polymer matrix and BG. Increasing the amount of BG relative to the polymer scaffold led to a decrease in pore size and consequently, a
decrease in the scaffold's swelling percentage. The effect of varying the BG weight percentage on tensile strength was greater than that of the PEG/Gel
weight ratio. The tensile strength increased significantly due to the good interaction between the polymer scaffold and BG, as well as the uniform
dispersion of BG within the polymer matrix. SEM images indicated that cells penetrated well into the scaffolds and formed a suitable three-dimensional
cellular network. Cytotoxicity, cell attachment and proliferation, and osteogenic differentiation were evaluated using the MTT test and by culturing MG-
63 cells on the scaffold. Cell viability showed no significant difference between the tested and control samples.

* Corresponding author: bagheri.gita@iau.ac.ir


http://www.arcpe.modares.ac.ir/

O+-YF amiao NFY o ) ojleds (it Jlo pardi-cond (owiige 68,0, slaimgh 4 s

*

Souli— (o (cwiligo (59 39 )1 S i g 3 4 g

- » byt
Oy iardl gt

WWW.arcpe.modares.ac.ir :axio w7

Slsos allis
31030kt 4 ZN/MG b 00k 0T JUab Gt 5 Sl g s ) J5elS ot bt / o 5 ot 313 (5 iy
(RSM) gl gl s

eSS ol Ll

& g Z a - B e)

Tl leed gl Sl olRsls ) 5ol oy ¢ gl (sons 05 5
- g Z a B - . eV
Olrl b o ool al31 ol8ails )by doly ¢ cond (widige 05 5

oS>

E4

IS Ll b oadionls gy (Y5 (Fjorals Slotempyls (Seilio (olss 5 () Sollad )5l 290 Goid o jl Boe 13 £ 990
| 2 959, &55l> LJL‘IBWA) ébw L\ c..x..im.\.ﬁyi

G Jians jaiin 93 s oly b by, 5l e sl 5 DLl 5 il sl peiie 556 b3yl 5 225 S3lede sl aalllae cnl 50 GRS o)
5 il s 0o p e Ao yd WS 0 Job ol (Sl Jgae sl plSoninl Jolis lagwly .o oolizwl (X2) BG 539 ooy 3 (X1) PEG/Gel 54
el 0390 Cugb ) Ldx sy

Cawdts 6 ANOVA (ool o ond canlie 68y o )39 5 6,8l ) o Sl olss b i )ls 0551 sy (sl aige doyl i 1 ool g L
N5 3 205 gl ol g Sl Ll a3 ol Lol Jin sl i 1 2 o el (SigSr chost sl e e 0]
o1y (o a8 5l g sabiiie sLBG 5 FTIR cisbs g solid FTIR il jl awigas ehaos 2 35750 sbole (gloog,S alow (gl b s
slacun s ;0 BG 5455 PEG/GEI/BG uj5.alS FTIR (il 0 )ls (olaisl Si-O-Si () linels o2a5 Jlgs 4y a8 ols las YV -+ cmT G 4- - sogame
GiblS e ax D 10 g Al o3l jmalS 4y yoie (6 el Cewslo 4 2i BG )lm&i‘}é‘.b;%ﬁt‘)BejéM ol G GRS o2 g (S0 eeelS
Jedoas aiS ploinl 5 0oy o PEG/GEl S5 s b auslie jo aiS plSoxinl glie 5 BG yiie Jjs o)y 56 D Ca s pyg oo
3 Slozeinl ples 5 Jokw 355 5 Jlail ¢ Joku Coros .l ool sloml b Jsho 51 cowlin (gamsdns a0l 5 03,5 3945 acan)ls ls ;0 295 4 by Jolu
ol sals 5 Giolej] 5,50 diges (y (& o sime Sglas  Jaku leonss .85 (18 bl o 50 Syl 5y MG-63 (sla Jolu cotS b s MTT (y5051 Lawsgs

Lolas

Ao SN Bojlgudls’

AR K R VER SR PR 0 3900l5 Sl
(AR YRR VARIERVIRY oY

VEFL VYYD o iws JoSl8 Ll b
ISSN: 2588-5316

Online ISSN: 2588-5324 Jd ey adol

@*’l’ C”EJ““’ o9y

bagheri.gita@iau.ac.ir : Jgtuws eosems g *


http://www.arcpe.modares.ac.ir/

R arss 9550 sl leinl Slle, 5 Slesul plesl )1 sl »
bl a8 el puly sy S SIS BG ]y ogdle Lol 423 )5
Sibil > el 033 Jatez sl silail slos )5 sl o
9 PP 9 S L b 98 g obml Cel BG jpa> (gl
995000 2135, Gl g cundlgrinl sla sk jo 15 o Grizen
SeS s 2 Eoly G20 carge (s b Glagg 9y Jeow
Oy BG az 51 ogbioo b, laygSl 5 gy, wby
oS Wadne ol B e oo oolaiul gl Mg cdims b S
ol @) le rlnly cmlapl nd abali jee oL pShas Sl lass
Seple b gpolie ulul p (egman GlacojenslS (lpiee JSie
lyailoyy Jlas a1 adgl Cigie Jlas a5 g yebes sl 6 5Shas
5 w9Seens ol Sl & sy, o Sl OlFes ke o
ool caml gl JoSts (sl (0,28 Sl peizmen g Slelad
ge 45 Cunlom 5151 6l (1p coslio 555515 (59, [V0] 08
3 Sl (6970 DNA (gjluasilon )3 a5 d9d o0 (g n Jibw S5
INVF] o)ls Sloseinl slasbo pled 5 dnmgs ) 45 (coto Ui
dga> (sol> glggrwl il oSl eols lis Clidsd yiores
ol Kos 59y 35505 5 sl (G5, pris 39 oy [ YAV =+ /1Y
Olgise &5 5,500 pare [VO] 098 puno 331 0 oyl (S el
Pl b iete pate ) eolitul o) 5l Cuyls (Shg dlel sl
odle 5 co 5ol gl oo e 5 iS5 ey 4 sl ol SLas
Sl Pl 5 0l ke 55l 5 50 Sl G mate O
BG )] pogdle [VFVA] st o Sgupo 5 1 o uSits o35 lgsin]
Ly Plosl JL3 ) azeis 9 9 05,5 Jioa | ks a0 s e 51 JSCiiie

1141 5l condbgzinl ples p P B b 5 oocidu sge
J5e2 2 9y 3 priie s3> BG b o)l aslllas (ol jo Bas
Sl o Gadd (pl oS (g Sl PEG L oadosls yiligy (535
oadib S L w9 59y S S DheS pole &S
ooliiosl . canslonds oolil ¢ SolSo olss _Saimssgete 3 b, Sl
Jidcenn s aids ¢ b ey clale o ys 3G Design expert® l38le ;5|
Sl ln (RoealS )l (nl (G 5 (Seid (S elgS
i l8le 5 bawgh algs diged Cold 50 g 0ad g SleSeiul <L

] 0

S i ¥

2 0 — (59 JUad o § dllonds angd V-

ol 53 ol ploxil J5 = oo (958 e 59y JIdtumn ) il s
b slake O 1Sy sl Vg0 ¥ Jglono csomsl Jslons (53lo33) sy
JEIE o 0 035 o0 4883 10 Duedy 5 dgd VP gom> S
o Sl i lsaeas Tetraethyl Orthosilicate (TEOS) &S g5 )|
ooliiwl b (gl COS DT jsharoay ceels | Soody g 0 adlal Joloma 4

YA

doddlo )

aly yr Fare S8 (Tao )0 Ve dga a5 ol (nebs (S 50elS (g5
g5 o 5 bose 5 JT o1 100 (ide ol Slind 5 gl slacSas
FSi5 b a9 9SS 5 Lap Sl g5y wiile aloinaiyy ol jenas |
Sl sl eolaiul 850 slacaw o cEle o Codbge Ll oul
Coylo a5 058 00 Jol S jobay (Shg0 j0 L plgsinl 8L
9 S (S e alend Sleogas pla alide Slea jlendaisle
Lol b b Syl il cglis sl olysnl el a ared Sl
23 Olsil Gcwend 5l (S n) el (03l g3luil anl o
oSeedgiinl slaobe olis a0 R0 (S5 Nl
D] s o 5ol b ads SaodlS gl 5 S gl

SeeS sl i SLaS 5 g byt b placejgels el slalo o
el 50, 8koe 5 aluj dsne Bam b (8L lacewl Gl &
S o s b dlge ol o IS jgbay [¥-F] wloas >,k syl
Obgee 8L b anlite BB (SOl plSoviul widly pdycn B8
ol 5o 0] aiaas 1) cals Jome jo Jobo collad olal 5 asl arils
S SRy d9zs Jdoa plce i) b Sloyedy Gl
5 0% (SN FE e () ey wile g LB
loyoad Gl o dilod Sl 093 | (b 4z g5 (Sl B eizeen
w9l 5 2l mlis 5 03,05 sl Gelatin (GEL) V5 « ol
JS5E5 pUlgs 5] 098 oe oolitul L cwiign dlge (izeen
Ba?* oSr2* . Ca¥usile) (o> (2B lapysslS e o J59,900
Sl 5959] sty sl Y5 o0 (Sgm 30500 1 (o5 S 40
S)ls 053 slwoyomiy (80 Jlail 4 5l (Sojelen b slodasmme j3 oY
Wy oo e,e Jlasl e Y5 olesS 6 b (Jle olgieas [5-A]
Collasl SIS 4 yomie Wl oo 45 Aa0 i J5 4 sl Sl LSl
JSS LI b oY by 05 oy 1o s sl lfae
Iy Y5 slecgsgams (so90> U wilgs o Polyethylene Glycol (PEG)
5 chs sl Gl & el egian S perk PEG S )b
355 (6 yorly (SWoye75 Sl 53 JemSg 00 (slaog S 5 T o cold>
(ilont Slge 3l slos 1S il b ()l o5 Cuen Jdoay
23 00yS ysbay cpladl oy bawgi sllae ipdy 5 T 5o Yl e D>
Sl Cesgal podly (b ogdise edlitul (S slas )8
DI Y5 b S 5 Dy50 o 1) eleS sl

wie BB sblis s oyl Sbls, 5 Sl cools bl ol
o s3> oleicas Bioglass (BG) Jldcws; sloass 1 oolainl
9550 ey GlgZinsl poe i Glacewy o Clo (sl 5o b (SB9)
3 Sroch latujenls ploiul 5 64 IS8 Dol carge Slge ()
18] o5ge Cojgeals bl plan lzee 2l b ity 5 iy 55T
oz 5l 2Ktz sla iy il Slaeseze Jdoa 23 o]l ;5 BG
Ol Wgm Sl g (6 pdyn P (sl s ( Jbns



b oo obaw ) Jgox
Table 1 Levels of variables

Levels of variables Input variables

0.1-0.5 X1: PEG/Gelatin (w/w)

10-50% X2=BG (weight %)
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Table 2 Levels of responses

Young’s Tensile Moisture | Elongation
Modulus Strength

Responses Swelling

Uptake at break
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Table 3 Experimental design

RUN

X1: PEG/Gelatin | X2=Bioglass (weight I\/T:c;Jur}?Js S-trf:rfgfh Swelling I\{IJ(;JI::IiEe Elongation
(wiw) %) (MPa) (MPa) (%) (%) at Break (%)

0.3 30 20.71 1.087 39.21 2.7 18.95

0.3 30 22.72 1.819 37.25 45 24.56

0.3 30 30.85 2.044 32.43 1.5 21.56

0.3 58.2843 24.24 2.259 28.97 3.7 21.05

10

12

0.3 30 32.78 1.215 33.46 3.5 20.56

0.5 10 42.49 3.295 41.25 3.2 28.65
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Figure 2 Response surface plot of elongation at break versus PEG/GEL weight ratio and BG weight percent
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Figure 4 Response surface graph of erosion percentage versus PEG/Gel weight ratio and BG weight percent

bzl b ceslite glaJow glo T35 ¥ Jgur
Table 4 Characteristics of response-fit models

Responses Optimal level Predicted model P and F Values
Y1 = Young modulus . . _
(MPa) Maximize Quadratic 0.017 - 5.56
Y2 = Tensile strength _— .
(MPa) Maximize Quadratic 0.0149 -5.83
Y3 = Swelling (%) Maximize 2FI 0.0015 - 12.56
Y4 = Moisture Uptake (%) Maximize Quadratic 0.0124 - 5.89
Y5 = Erosion (%) Minimize Quadratic 0.0248 - 4.365
Y6 = Elong(%zt)m of Break Maximize Quadratic 0.00254 - 6.88

W (S joslS Cannylo Ll B Jgu
Table 5 Optimum composite scaffold conditions

Yi Y2 Y4
X1 X2 ) ; Y3 Moisture Y5 Y6 Elongation
PEG/Gel BG Young’s Tensile . . Uotake | Erosion | .
(wiw) (Weight %) Modulus Strength (/.) Swelling p. (%) (/.) at Break
(MPa) (MPa) (4
0.555 30 59.03 5.488 21.577 3.98 33.224 3.1574
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Figure 6 XRD pattern of bioactive glass powder
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\2



0,18 (6 ydion g Elias 83 5 S1 sladiges 4 s S2 diged o ,S

Wdigod ()L, (b3, V=Y
9 YA Y 5l ok Sleows) Gliee qulis Gulol » (Gaiod cnl 5o
Gyl g Jdlans § dieds (g S0 g 22l sloog,S 0 cel VY
sl plagg Hpax Jdoa o ols (las (P Jgaz) Jldew adnd L
o bos (Rl (Jsho S (Jladlun j slaaind )3 69, 9 ma et
Dy i a0 55 Lo ooy 3 e 55 s (sl el VY
e Loy b Joko jo Jokw gle 0y duoyo wcls YY 51y 090
3031 sk sloowss ol sl 0 o ol TF 5 FA 51 2 U
ol e las salls ¢ Golesl diges o 1) (g)lo cine glas MTT

RUIUWE| NP VS TLIVE S SWe) ) SRS 5 W0 L SOV KR BN IS s

TV

Sl (ples (bl A-Y
Gel/PEG/BG

boages aw glp oaS ol el 1 Jeb b
PEG/Gel:30 BG:30% (S2) PEG/Gel:10, BG:50% (S1) claus
el 00 03,51 A IS5 o PEG/Gel:50, BG:10% (S3)

Jol (5,5 5 gl (o Cend ) loged ot b SSL g
5 OledS 42l oimo i )5 - (A5 Jlaged (s Cuand 05l o0
Glabi 2nS alSoeial anciy ol Sl 4l as pd Cea

el e ls

Bl Siymd e 5 5 338 0 Jaie |y A i g o o
w3 s &y (Sloj ame S 53 oaiSTy 5B (SaiSEu gl (S ol oo
«Dygo cpl e o il atily K0S b ceSorins JLail 58 g0 (pl aS
30 9 Syiolml gl Jele laicas asly gy dalgss ouiiS Cg gat Lasa
S S5 (ol 5,5 alys oo (SlSe oSl ialS an
SHle Pl dgnr e (Y A b Jlblenj sloadind
el 00l S jaualS G ylo

Gel/PEG/BG s jg0l5 (g lo wloi asgly 2b 3,1 A=Y
Lsa.wjdu" u|)..uo “r ng.Id O & | omdw] USL\ ‘Su)iab
G5 L8 el ool conds mite ln e s 50T
oyhad oled dygly (5,503l b jolaie oy il ol ciS laors jo
CJa..u leJ b)ba\ G ww)‘o@awj g.j oJJaé O L)ul.o.’i 4.53‘)
caw Wil SS6o5 jhe a4 agly Az e Ll TR RO
OV (o Syl s b ST 0 phad olad aggly 51 bilie jo el yiios
az 0 180 4 aygly opl az o .ol S o] Gyl il a>,0 180
Dgod dw wled apgly Judog el 55 S0l Canls il 5oy
5 PEG/Gel:30, BG:30% (S2) PEG/Gel:10, BG:50% (S1)
(A JS5) a plesl PEG/Gel:50, BG:10% (S3)

Sy Jolsd b aisai aw o 5l Ll o OF Qi (e )0 pSe
l.:w‘ 03 )‘)ix 4...);0 Y 4.)5.4.) » Lg‘)" M}u w‘ W) r:l?u‘ aliseo
WS G |y ol o,had ¢ 5olisS yle) o 0 digel 4> o (gl 4 ax g5
slaosls MLML’A,S@ i |) u—‘ o).la;éSl Agod 4.3;‘;‘.:.....3‘_;]301355
Slade dw b L1,SS aw ;o aS ol sowlice S2 diges Qe.o)'i S5 51 ol
daw aS ol s9>g Jlaim! ol .l o] Casddy ooled asgly Calizes
Jol> sloosls il 5,501 § cavgoss] ale slacy,S sl ¥ aiges
e G)lo Wgas a5 aad o )LiS S3 digei wled argly (g5l 1SS !
MLMbw‘ M)f S yg0 uu&wm‘i;laﬂaubeooy ULM&
S3 diges 4y s S1 digad (cwgoo] (lie Al asie diges duw b



Stress (MPa)

PEG/Gel:10%, BG:50% (S1)

PEG/Gel:30%, BG:30% (S2)

PEG/Gel:50%, BG:10% (S3) /

7

P

0.04 0.06 0.08 01 0.12

Strain (MPa)

0.4 0.16

S1, S2, S3 )l dus 23,8 — 1S Hloges A S
Figure 8 Stress-strain diagram of S1, S2, and S3 scaffolds
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Figure 9 Contact angle images of S1, S2, and S3 scaffolds
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Table 6 MTT test results for control sample and scaffolds without BG and with BG

24 Hours 48 Hours 72 Hours
Control ~ Without BG With BG | Control ~ WithoutBG With BG | Control ~ WithoutBG With BG
0.248 0.265 0.239 | 0.523 0.531 0.509 | 0.793 0.788 0.791
0.312 0.301 0.324 | 0.548 0.592 0.552 | 0.812 0.818 0.819
0.282 0.298 0.299 | 0.583 0.558 0.591 | 0.803 0.812 0.814
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