35° Congreso Latinoamericano de Quimica, Rio de Janeiro, Brasil S \1p%
Sy -
4 - - :
A NN
Ying 2P ®

Synthesis and characterization of
gelatin/montmorillonite/hydroxyapatite
nanocomposites: preliminary
biocompatibility tests

'Maby M. Martinez, 'Lotero, M, 'Rosero-Moreano. M, 2Jiménez, F. N. G, ?Giraldo, L. R,

U AM ?Hincapié, D. F, *Rodriguez, Y. A Lellesch, L.
) ) 'Universidad de Caldas, 2Universidad Autonoma de Manizales, *Productora de Gelatina Progel

—S.A.S

UNIVERSIDAD
AUTONOMA DE MANIZALES

Quimica Tedrica y Bioinformdtica
Grupo de investigacion en Cromatografia y técnicas afines
Grupo de investigacidn en Fisicay Matemdticas con Enfasis en la Formacién de Ingenieros




Age-standardised incidence
(per 100000 population)

W <9432 [ 15607 to <2063-4
B 943 2t0<11206 [ 2063-4t0 <2413
[ 1120-6t0<1246-8 [ 2413-2t0 <2735:6
[ 1246 8t0<13475 1 273561032873
] 1247.6t0 <1560-7 1 3287-3 to <6407-

GBD 2019. Fracture Collaborators. 2019




Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:

reliminary biocompatibility tests

Autograft Allograft

Take from a
healthy bone of Frozen donated bone

the same person

Sahlin-Platt. Odontological Dissertations, Series No 119 . 2011

UNIVERSIDAD

GELCo

ATIH &HD G0

- - &i i
PRACLICTORA DE GELATINA S.45.
I I HIT: BR0.01001532-5

Ceramic Nanocomposites
X 'I.s' wr

» - L LR )

'.“.c “.“-,..‘ 9

b. » —att -

(". .o..‘...‘.

Quimica Tedrica y Bioinformdtica
6rupo de investigacién en Cromatografia y técnicas afines
Grupo de investigacidn en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros



Osteoclasts have the function
to disrupt the old bone tissue

OSTEOCLAST

A proper balonce between
osteoclasts and osteoblasts
is the basis for a normal

bone density

Hidroxyapatite (HA)

Gelatin (Gel)

9423A

OSTEOBLAST

Osteoblasts have the function to
produce the new bone tissue

Sahlin-Platt. Odontological Dissertations, Series No 119 . 2011

Posicién

Interlaminar N

Cavidad Hexagonal

gﬁmu gg

'v ..V ﬁ

Capa dooy
Tetraédrica

8) ™~ Cationes
Intercambiables)

*-Si; A o -
. TN
fo-0H
1 1 |
H,0 Grupos —OH I
interlaminar estructurales (OHs)
1

Montmorillonite (MMT)




Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:

preliminary biocompatibility tests

f*UAM

Gelatin eases bone cell adhesion and proliferation GELCO

BRODUCTORA DE GELATINA £.45,
HIT: BRO.OT10183-5

NZ . N1

Hyp approximate collagen content in different tissues (percentage of dry matter)

8\ | % L DD &M

b == 52%03()

90% 80 - 90% 50 -70% 50 -70% 10 - 25% 10% 4%
(e}

Quimica Tedrica y Bioinformdtica
Grupo de investigacion en Cromatografia y técnicas afines
Shoulders MD et al., Annu Rev Biochem. 2009;78:929-58. Grupo de investigacién en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros



Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:
preliminary biocompatibility tests

Hydroxyapatite

LINIVERSIDAD

C£LCO

CTOR CIE EELE.T # A5,

hl BEOOT0E

Approximately, 20 nm

[nHA
wide and 80 nm long A

6875 A

Quimica Tedrica y Bioinformdtica
Garcia-Gardufio JRG. RevEspCiencQuimBiol. 2017

Grupo de investigacidn en Cromatografia y técnicas afines

sdnoub

uopbiysaru

Grupo de investigacidn en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros



Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:
preliminary biocompatibility tests

. UNIVERSIDAD

Montmorillonite L1 0
Permanent negative surface charge

L
9 52-5

Tetrahedral
pH-dependent

Octahedral (Positive at pH

Negative at pH

Tetrahedral

@ Si
@ Mg, Al Li, Fe

» O,0H
JExchangeable cation

Tetrahedral

Quimica Tedrica y Bioinformdtica

Grupo de investigacion en Cromatografia y técnicas afines
Mousa, M. Biomaterials. 2017. Grupo de investigacidn en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros

uopbiysaru




Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:

preliminary biocompatibility tests

LINIVERSIDAD

Materials and Methods — GGLCO
’ é; HIT: 880.010.16
hydrate / E hydrolysis g inactivate enzyme
Distribution of MM

! * ! H R?
: A B

. |
25 H;N—CH—C—N—CH—C00 — H,-;N—CH—ﬁ—OH + H—N—CH—CO00

20

15

10

; TER

, LI T R

5-10kDa 10-40 40-80 80-125 125- 160- 250- 375- 500- 600- 700- >800
kDa kDa kDa 160 kDa 250 kDa 375 kDa 500 kDa 600 kDa 700 kDa 800 kDa  kDa

% of molecules

MM Range Quimica Tedrica y Bioinformdtica
Grupo de investigacion en Cromatografia y técnicas afines

sdnoub

uopbiysaru

Grupo de investigacidn en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros



Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:

preliminary biocompatibility tests

UNIVERSIDAD

GELCO

PFROCLICTORA DE GELATINA .45,
HIT: BRO.OT10183-5

[

H>O + polyphosphate

»

decant \

s 1 00 0
" 0 00 0
v

2600

MM Tnopurificad
—— MM Tpurificada

[llllll lnd

2200
2000 -]
1800
1600 o
1400
1200
1000
800 -
600 ]
400 ]
200 -]

0]

Quimica Tedrica y Bioinformdtica

sdnoub

uopbiysaru

Grupo de investigacion en Cromatografia y técnicas afines
Vargas et al. Rev. mex. cienc. Geol. 2008 Grupo de investigacidn en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros




Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:
preliminary biocompatibility tests

Synthesis of Hydroxyapatite

LINIVERSIDAD

GELATIH AHB COLLLBES EXCELLEWCE
BRODUCTORA DE GELATINA £.45,
HIT: BRO.OT10183-5

(NH,)H,PO, (0,025 M)
Ca(NO,),. 4H,0 (0,04 M)/ Ca(NO;), (0,025 M)

N7
/E pH==7-8,48h

Wash

Quimica Tedrica y Bioinformdtica

Grupo de investigacion en Cromatografia y técnicas afines

Grupo de investigacidn en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros

sdnoub

uopbiysaru



Synthesis and characterization of gelatin/montmorillonite/hydroxyapatite nanocomposites:
preliminary biocompatibility tests

MMT

HA

50 mL sIln 0.1M
acetic acid

Wash (NaOH 0,1 M)

Gel
10% MMT/HA — 90% Gel

Shake 24 h

O = oo

| I—

| Dry 24 h,40°C
—

(MMT/HA) + Gel

Olad et al., Ceramics International. 2014

Synthetic procedures

UNIVERSIDAD

MMT

GELco
HA Gel e

50 mL sln 0.1M
acetic acid

10% MMT/HA — 90% Gel

1

12:// 3
) Shake 24 h
)
Wash (NaOH 0,1 M)
O = oo
1| Dry(24h,40°C)
MMT/HA/Gel

Quimica Tedrica y Bioinformdtica

Grupo de investigacion en Cromatografia y técnicas afines

Grupo de investigacidn en Fisica y Matemdticas con Enfasis en la Formacién de Ingenieros

sdnoub

uopbiysaru



Results |

W [0
M'L"Lw"f.,," | W

i

i i NI T | . A
"y, i iy
T L Jhm ] _Mﬁ.m.\‘\p’u“ ,-\.f‘ '-‘.‘” U\

K
I’ \.“'f ‘\1"{""" i |
E M‘J"‘l‘J' A u

f \f
\Jﬂ.i.\"’ Jﬂ v

T Rl A A T
Y \k\,‘f'lxr. J’{;-ML‘;MN‘I“.“.'\" “V\:«‘\J r"-ﬁ”\“‘\lﬁlll \"'\L"’V 1y
o Py |

X-Ray Diffraction

(MMT/HAY Gel

(MMT/HA)+Gel

L it gy

(MMT+npHA 24H

S

N Y w/\“ww g

Intensity (a. u.)

MMT

004)

@11 006)

L N Y I WL Y WO

123)
2) HA
(Opa) (304)

WMMA

T T T T T T T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

28 ()




< : A % 5 Tead Pt \ 3 ‘::,‘-
7 4 Sl 4 & w ' E s
HV WD det [ mode [ mag O | 5um HV WD det | mode | mag O | 10 um H ‘ WD ‘ det |[mode [ mag O | 10 ym
nHAP 15.00 kV[10.5 mm | BSED |Z Cont|10 000 x MMT 15.00 kV[10.7 mm | BSED | Z Cont|10 000 x | 2

15.00 kV|10.3 mm| BSED |Z Cont| 20 000 x

P NUMMT/HA)+Gel

. 4
; a0
. 4
&
"}'s
S .
; 2 = ¥ ¥
‘i s SBcie, = lid
HV wD det | mode | mag O 5um HV WD det | mode | mag O 5um
15.00 kV[10.2 mm | BSED |Z Cont| 20 000 x MMT + nHAP + GELATINA [15.00 kV|10.2 mm| BSED |Z Cont| 20 000 x NHAP MMT DESPUES GELATINA




Element

Scanning
Electron
Microscopy-
EDS

26250x

Elemento

C

O

Na

Mg

Al

Si
P

Cl

Element

26250x

26250x

13125x

26249x




Fourier-transformed infrared

Vibration Material Vibration Material Vibration Material
MMT (cm-) HA (cm-1) Gel (cm1)
v,.OH 3000-3700,  v,.OH 3000-3700 v,.OH 3000-3700
V(H-O-H) 1621 V(PO,?) 1033 C=0 1649
V(Si-O-Si) 1029 V(PO,?) 564 V(CN) 1550
V(Si-O-Al) 528 V(PO,?) 564 V(CN) 1455
Material Material
Vibration MMT/HA/Gel (cm1) | (MMT/HA) + Gel (cm-1)
v,.OH 3000-3700 3000-3700
OH en MMT/HA 1386 1386
OH ----CN 2038 2038
MMT/HA 1405 1406
MMT/HA 914-840 914-840

Chaibi et al., Colloid and Polymer Science. 2015.

Wang et al., Chem. Eng. J. 2020.
Olad et al., Ceramics International. 2020
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Tests de biocompatibility
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Conclusiones
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The triads were obtained and their preliminary characterization by FTIR suggests
a similarity in their chemical composition, but there are also evidences of a new
Interaction

\/
0’0

\/
0’0

SEM analysis shows important morpholgical differences in these materials, in
agreement with the results obtained in the biocompatibility tests.

s The MMT/HAP/Gel triad suggests that it i1s a more promising material in our
attempt to promote them as potential tissue regenerating agents.
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