Indones. J. Chem., 2024, 24 (5), 1361 - 1376 1361

The Effect of SiO2 Addition to the Hydroxyapatite/Curcumin Composite Properties
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crystal and surface properties, as well as the release behavior of curcumin in Ringer's
solution media, were studied. The composite preparation with and without SiO, was
carried out using a Na,HPOy 2.5% solution. The results showed that the addition of 25%
SiO; to the hydroxyapatite/curcumin composite did not change the crystal properties of
hydroxyapatite but produced a more homogenous distribution of the ingredients. The
behavior of the composite in Ringer's solution also changes, which is proven by the change
in the crystal growth direction and Ca/P ratio. Adding SiO, produced a composite with
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a platter and larger particles, as well as a higher Ca/P ratio on the surface. The presence
of SiO; inhibited the release of curcumin in which the ratio of HA: curcumin changed
from 77.7%:22.3% to 69.6%:30.4% after 5 d of immersion in Ringer's solution. Thus,
besides increasing calcium phosphate deposition on the cement surface, SiO; also
prevents curcumin from being released from the composite.
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m INTRODUCTION Several organic compounds with antioxidant
properties have been combined with HA, such as
gentamicin [9], catechin [10], quercetin [11], and
curcumin [12]. Curcumin (diferuloylmethane) is a
(E,E)-1,7-bis(4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione) which is the

Under certain conditions, treatment of osteoporosis
with antiresorptive drug therapy is ineffective due to the

significant decrease in bone mineral density (BMD) [1].

linear  diarylheptanoid

Therefore, a bone filler can be applied to increase bone
density. One bone filler material that has been developed

for osteoporotic bone is calcium-based nanomaterial due ™1 curcuminoid found in Curcuma longa [13].

to its similarities to natural bone minerals [2]. Among Commercially, curcumin is usually a mixture of 3
calcium-based nanomaterials, hydroxyapatite (HA,
Cao(PO4)s(OH),) is known to have good biocompatibility
(3-4].

oxidative stress has been identified as the greatest trigger

curcuminoids, namely curcumin, demethoxycurcumin,
and bisdemethoxycurcumin, with a mass ratio of 77:17:3

[14]. Curcumin has anti-inflammatory, antioxidant,

and bioactivity properties Considering that

anti-apoptotic, and anti-catabolic effects [15]. However,

for the onset and development of osteoporosis [5], due to its hydrophobicity and low bioavailability, the

osteoporosis bone treatment must accommodate the
reduction of reactive oxygen species (ROS) levels [6]. The
ROS chain reaction can cause damage to membrane
structures, cell death, and inflammation in tissues [7].
Thus, combining HA with additional ingredients can be
aimed at producing bone filler that is biocompatible,
bioactive, and has antioxidant activity [8].

therapeutic effect of curcumin as an over-the-counter
oral medication is limited [16]. Combining HA with
curcumin, besides providing antioxidant activity, also
produced antimicrobial and anticancer properties [17-
18]. As an anticancer, the HA/curcumin composite can
be applied to treat osteosarcoma, the most common type
of bone cancer [19-20].
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The large number of OH sites on the silica (SiO;)
surface makes SiO, a surface-active material. The SiO»-
based bioceramics for biomedical applications have been
widely studied [21] due to their ability to support
mechanical strength [22-23], increase bioactivity [24],
and protect against corrosion [25-27]. In vitro and in vivo
studies showed that SiO, has low toxicity and good
[28]. Modification of HA with
mesoporous SiO, produced nanocomposites MCM-48
and HA in which the crystal HA was formed inside the
mesoporous SiO, structure [29]. The SiO, MCM-48/HA
composite has the potential to be developed as a
[30]. SiO,-HA
nanomaterials can be loaded with a specific agent to

biocompatibility

controlled drug delivery system
promote a targeted delivery of drugs [31], such as
polyeugenol [32], silver [33], vitamin D3 [34], sodium
fluoride [35], levofloxacin [36], titanium [37], and
zirconia [38].

This research studied the effect of the SiO, addition
on the characteristics of calcium phosphate cement made
from HA loaded with curcumin. As a liquid component,
a 2.5% Na,HPO, solution was used. HA and SiO, will
experience co-deposition as the cement sets, and
curcumin will be contained in the space between them.
The silanol groups of SiO, will interact with HA and
curcumin so that the properties of the cement will be
different from HA/curcumin cement. The HA used in this
research was synthesized using the sol-gel method and
CTAB as a morphology-directing agent to obtain a
homogeneous particle shape and size. The HA/curcumin
cement with and without SiO, was then immersed in
Ringer's solution for 5d. The chemical and surface
morphology studies before and after cement immersion
in RS were carried out using FTIR, Raman, XRD, and
SEM-EDS instruments. The release behavior of curcumin
in RS was conducted using the UV-vis method.

m EXPERIMENTAL SECTION
Materials

The materials used for HA synthesis were KH,PO,
(Merck), Ca(NOs3),-4H,O (Merck), NH,OH (Merck), and
CTAB (Sigma Aldrich). The ingredients for making CPC
are synthesized HA, curcumin (Merck), and Na,HPO,
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(Merck). The release test was conducted by using
Ringer’s solution (Otsu).

Instrumentation

Fourier transform infrared (FTIR, Shimadzu
Prestige 21), Fourier transform-Raman (FT-Raman,
LabRam Horiba), X-ray diffraction (XRD, PANalytical),
scanning electron microscope and energy dispersive X-
ray spectroscopy (SEM-EDS, JEOL type JED-2300), ion
(Hitachi MC1000),
spectrophotometer (UV-vis Spectrophotometer, Genesys

sputter and ultraviolet-visible

10S Thermo Scientific) were used in this work.
Procedure

Preparation of hydroxyapatite

About 19.719 g of Ca(NOs),-4H,O and 0.0164 g
(0.045 mmol) of CTAB were dissolved in double distilled
water to obtain 50 mL of solution I. On the other flask,
50 mL of solution II was made by dissolving 6.804 g
KH,PO, and 0.0164 g (0.045 mmol) CTAB with double
distilled water. Solution II was added slowly to solution
I while stirring with a magnetic stirrer at medium speed.
Then, the mixture was added with 15mL of 32%
NH,OH to obtain a pH > 9. The stirring was continued
for 1 h and then left for 24 h at room temperature. The
formed precipitate was then washed with 2 L of distilled
water and dried in an electric oven at 50 °C for 48 h. The
result was then calcined at a temperature of 600 °C for
2 hin an air atmosphere to obtain HA powder.

Preparation of HA/curcumin composite

For the HA/curcumin composite, a certain mass of
HA and a certain mass of curcumin (according to Table
1) were placed in a petri dish, and then added with a
2.5% Na,HPO, solution to obtain a certain mass/volume
ratio. The mixing process was conducted by using a
spatula to produce a homogeneous paste. The paste was
then put into a cylindrical mold with a diameter of
1.5 cm and a thickness of 0.5 cm and then allowed to dry
at room temperature. The products were then called as
HC5-HC25.

Preparation of HA/curcumin/SiO> composite
To produce HA/curcumin/SiO, composite, a
certain mass of HA, curcumin, and SiO, were placed in
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Table 1. Sample code and composition of hydroxyapatite:curcumin:SiO,

Sample Massof HA Mass of curcumin  Mass of SiO,  Volume of Na,HPO, 2.5%
code (g) (g) (g) (mL)
HC5 0.95 0.50 - 1.00
HC10 0.90 0.10 - 1.00
HC15 0.85 0.15 - 1.00
HC20 0.80 0.20 - 1.00
HC25 0.75 0.25 - 1.00
HCS4 0.75 0.25 0.25 1.40
HCS5 0.75 0.25 0.20 1.30
HCS6 0.75 0.25 0.17 1.30
HCS7 0.75 0.25 0.14 1.20
HCSS8 0.75 0.25 0.13 1.20

Table 2. Sample code for the release test

Sample code Time of immersion (d)
HC25_1
HC25_2
HC25_3
HC25_4
HC25_5
HCS4_1
HCS4_2
HCS4_3
HCS4_4
HCS4_5

G W N~ U W N~

a petri dish, and then added with a 2.5% Na,HPO,
solution to obtain a certain mass/volume ratio. The same
treatment as in the production of HA/curcumin was then
applied. The products were then called HCS0-HCSS.

Release test

The release test was conducted by using HC25 and
HCS4 samples. The samples were placed in a chamber
that contained 50 mL of Ringer’s solution for 1-5 d. The
tested by  UV-vis
spectrophotometer. The sample code can be seen in Table
2.

released  curcumin  was

Characterizations

The resulting semen was analyzed by FTIR:
measurements were carried out using the KBr pellet
method at wave numbers 4000-350 cm™', and FT-Raman
spectrum was recorded using an Nd:YAG laser with an
excitation wavelength of 1064 nm. Each spectrum is the

average of two repeated measurements of 200 scans each
and a resolution of 2 cm™. The laser power of the source
100 mW  throughout the
measurements and a liquid nitrogen-cooled Ge detector

was maintained at

was used. Crystal analysis was conducted by using XRD
at start position 20=5.0054°, end position
20 = 89.9884°, step size 20 =0.0170° and scan step
time = 10.1600 s. Surface morphology was identified by
SEM-EDS: JEOL and ion sputter was used to coat the
samples with gold at a thickness of 1 nm.

m RESULTS AND DISCUSSION

The appearance of HA/curcumin composites (HC5-
HC25) and HA/curcumin/SiO, (HCS0-HCS8) are shown
in Fig. 1. These composites were produced by using 2.5%
Na,HPOj, as a solvent (liquid component). Table 1 shows
that the liquid/powder ratio of HA/curcumin composites
are same, in which the change in HA and curcumin
composition did not change the amount of solvent
needed. The liquid/powder ratio increases to 1.2-1.4 by
the addition of 0.13-0.25g SiO,. For HC5-HC25
samples the color intensity of the composite increases
with the increase in curcumin percentage (Fig. 1(a)). At
the same percentage of curcumin (25%), the color
intensity decreases with increased SiO, content (Fig.
1(b)). This indicated that the presence of SiO, decreased
the amount of curcumin on the composite surface.

The results of FTIR analysis for HC5-HC25 and
HCS0-HCS8 samples can be seen in Fig. 2. The
composites produced from varying 5-25% curcumin
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HC25 HCs4 HCS5 HCS6 HCS7 HCs8
Fig 1. The appearance of (a) HC5-HC25 and (b) HC25-HCS8 samples
(a) (b)
_'M\/HC,ZS/’—M—I“\W M
HC20 *\M\/W
‘E HC15 %
g WNW"A S HCs6
£ ]
£ HC10 £
[7]
] c-cco v1P-0 2
E v, P-O ® HCS5 Voo
V3 PO = c-C,C-0 ' V4 P-0
p-0/PO;
HC5 HCS4 V3
T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Wavenumber (cm™)

Fig 2. FTIR spectra of (a) HC5-HC25 and (b) HCS4-HCS8 sample

concentrations (HC5-HC25) (Fig. 2(a)) show the same
spectra pattern. The peak around 3440 cm™ indicates the
O-H stretching mode of HA and curcumin. A small peak
at 3574 cm™ indicates the symmetric stretching of H,O.
The presence of adsorbed water was proofed by the
appearance of bending H,O at 1627 cm™ [17]. The specific
vibrational energy belonging to the phosphate group of
HA appears as a sharp peak at 1095 and 1049 cm™', which
is v; asymmetric bending P-O. The peak at 964 cm™
indicates the presence of v, stretching P-O. Bending
vibrations (v4) O-P-O appear at 601 and 570 cm™ [39-
40]. The characteristic peaks of curcumin appear at
1505 cm™ due to the mixed C-C and C-O vibrations,
1634 cm™ due to the stretching vibration of the benzene
ring skeleton, 1430 cm™ due to aliphatic C-H in-plane
bending vibrations, and 1160 cm™ due to the enol peak
for C-O-C [41-42]. Those peak’s intensity increases with

the increase of curcumin percentage. Due to the clearest
spectra pattern shown by the composite with 25%
curcumin, henceforth HC25 was used to study the effect
of SiO; content. Spectra of HCS4-HCSS8 (Fig. 2(b)) have
the same spectra pattern as HC25, only the presence of
the Si-O-Si group, which should be confirmed by the
appearance of a peak at 1088 cm™ turns out to overlap
with the peak asymmetric stretching vibration of PO,*
[43]. Then, to study the effect of SiO, addition on the
composite properties, the HCS4 sample was used due to
the highest content of SiO,. HC25 and HCS4 samples
were then immersed in Ringer's solution (RS) for 5 d. RS
contains NaCl (8.6 g/L), KCI (0.3 g/L), and CaCl,-2H,O
(0.33 g/L), which is close to the estimated physiological
concentrations in the extracellular space. The FTIR
spectra of HC25 and HCS4, before and after immersion
in RS, can be seen in Fig. 3. The spectra pattern of HC25
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after being immersed in RS for 1-5 d looked the same,
except for 4 d of immersion, in which the peaks appear
most sharp than the others (Fig. 3(a)). These phenomena
also happened to HCS4 (Fig. 3(b)). As expected, water and
ions in RS did not produce new compounds because new
compounds will affect the biocompatibility properties of
the composites [12,44].

Functional group analysis using Raman for the
HC25 sample before and after immersion in RS for 5d
can be seen in Fig. (4a). The spectra of HC25 indicated the
presence of HA due to the appearance of P—O vibrations
at 960.90 cm™ [45]. The presence of curcumin in the form
of enol (demethoxycurcumin) was proven by the absence
of a peak for v(C=0) around 1650-1800 cm™' [14,46]. The
peak related to the presence of v(C=C) and v(C=0) in the
curcumin structure appears at 1625.84 cm™ and the peak
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at 1599.60 cm™ indicates the vibration of v(C—Ciing)
from the aromatic ring. The Raman spectrum after
immersion shows that the P—O vibration of HA appears
at 960.82 cm™'. Curcumin in the enol form is proven by
the presence of v(C=C) and v(C=0) peaks at
1625.84 cm™, and the peak at 1600.01 cm™ indicates the
V(C—Ciing) vibration of the aromatic ring. Other peaks
that specifically belong to curcumin appear at 570.18,
1150.28, 1182.11, 1249.23, and 1429.74 cm™ [17,47].
The sharp peak of curcumin indicates that immersion in
RS for up to 5 d causes curcumin to be exposed on the
surface. This is very beneficial in its application because
antioxidant and antibacterial activity occurs at the
interface. Thus, curcumin activity increases due to the
interaction of HC25 with water and ions in RS. It can also
be seen from the brighter intensity of the yellow color in

(b)
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Fig 3. FTIR spectra of (a) HC25 and (b) HCS4 before and after immersion in Ringer’s solution for 1-5 d
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Fig 4. Raman spectra of (a) HC25 and (b) HCS4, before and after immersion in Ringer’s solution for 5 d

the scanning position image after HC25 was immersed in
RS for 5 d.

Raman spectra for HCS4 and HCS4_5 are shown in
Fig. 4(b). Both spectra show the same pattern with sharp
peaks. The presence of HA in HCS4 is indicated by the P—
O vibration at 961.33cm™, while in HCS4 5 it is
961.19 cm™. The enol form of curcumin is proven by the
presence of v(C=C) and v(C=0) peaks at 1625.29 cm™,
the peak at 1600.96 cm™ indicates the v(C—Ciing) vibration
of the aromatic ring. Other peaks that specifically belong
to curcumin appear at 570.00, 1151.35, 1183.25, 1250.27,
and 1428.31 cm™. The sharp peak of curcumin indicates
curcumin is on the surface. In scanning with an area of
40 x 60 um, SiO, particles were not detected, so no
specific peaks appeared from the Si—O-Si vibration. After
immersing HCS4 in RS for up to 5 d (HCS4_5), it turned
out that the peaks belonging to curcumin appeared with a

higher intensity than the HCS4 spectrum. The
phenomena happened to HC25, where immersion in RS
causes the curcumin to be increasingly exposed on the
surface. The image at the scanning position shows that
the distribution of the yellow color of curcumin is most
even on the surface of HCS4_5, which indicates that SiO,
plays a role in increasing the distribution of curcumin in
the composite.

The change in crystal properties due to the
immersion of HC25 for 5d (HCS25_5) was studied by
XRD analysis (Fig. 5). For HC25, the XRD pattern shows
that the composite contains HA according to JCPDS-09-
0432 due to the appearance of sharp peaks at 20 = 25.94°,
31.84°, 32.27°, 32.98° and 34.13° were indexed to the
(002), (211), (112), (300), and (202) diffraction planes of
the hexagonal structure [48]. Specific peaks of curcumin
appear as a sharp peak at 20 = 17.44° [49]. The ratio of

Table 3. Peaks properties of XRD diftractogram for HC25 and HC25_5

hid 20 (°) d-spacing (A) FWHM (°20)
HC25 HC25_5 HC25 HC25_5 HC25 HC25_5
100 10.91 - 8.1002 - 0.5035 -
110 17.44 17.45 5.0817 5.0785 0.1859 0.1713
111 23.50 23.52 3.7823 3.7800 0.1956 0.1726
002 25.95 25.94 3.4309 3.4313 0.4930 0.4268
212 29.01 29.00 3.0759 3.0762 0.4909 0.4288
211 31.85 31.84 2.8077 2.8080 0.4891 0.4310
112 32.27 32.26 2.7722 2.7725 0.4888 0.4314
300 32.98 32.98 2.7136 2.7139 0.4883 0.4320
202 34.13 34.13 2.6246 2.6249 0.4876 0.4331
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Fig 5. The refinement result of XRD data for (a) HC25 and (b) HC25_5

HA:curcumin is 77.7%:22.3%, then changed to
69.6%:30.4% after HSC25 was immersed in RS for 5d.
These data are related to the Raman data in which
curcumin is exposed to the surface more after the
immersion process. The 20 is slightly shifted to the left
side, or the d-spacing slightly increases (Table 3). The
FWHM decreased significantly, indicating that the
crystallite size increased due to the crystal plane
arrangement. According to Scherrer's formula, a smaller
FWHM value produced a larger crystallite size.

The diffraction patterns of both HCS4 and HCS4_5
samples (Fig. 6) looked the same as those of HC25. The
ratio of HA:curcumin for HCS4 = 77.5%:22.5% change
into 70.1%:29.9% for HCS4_5. These data are consistent
with the phenomena for the HC25 sample. However, 20
is shifted to the right and the d-spacing is decreased due
to the immersion in RS. As in the HC25 sample, the

FWHM decreases significantly, or the crystal area
increases (Table 4).

The results of imaging with SEM for the HC25
sample up to 25,000 times magnification are shown in
Fig. 7(a). It can be seen that the spherical and nano-sized
particles agglomerate into particles with a length of up
to 5um. This agglomeration occurs due to strong
intermolecular interactions between Ca*, PO,, and
OH ions in each HA molecule. This is consistent with
previous research, which states that HA has a zeta
potential of —43,895 + 0.061, which means HA tends to
agglomerate in water [43]. The interaction of the HC25
surface with ions in the RS causes crystal growth (Fig.
7(b)). This is proven by the larger particle size in the
HC25_5 sample which is the same shape as that of
HC25. The tendency of the HA surface to attract ions is
caused by the negative charge that the HA surface has.
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Table 4. Peaks properties of XRD diffractogram for HCS4 and HCS4_5 based on JCPDS card no 090432
20 (%) d-spacing (A) FWHM left (°20)

HCS4 HCS4_5 HCS4 HCS4_5 HCS4 HCS4_5

100 10.8700 10.9100 8.1306 8.1018 0.4878 0.4521

hkl

110 17.4000 17.4500 5.0922 5.0785 0.1733 0.1897
111 23.4700 23.5200 3.7872 3.7799 0.1809 0.1940
201 - 25.7100 - 3.4615 - 0.1961

002 25.9000 25.9500 3.4366 3.4308 0.4803 0.4552
210 28.9600 29.0000 3.0803 3.0762 0.4789 0.4569

211 31.8000 31.8400 2.8114 2.8079 0.4777 0.4588
112 32.2200 32.2600 2.7759 2.7722 0.4775 0.4591
300 32.9400 32.9800 2.7171 2.7139 0.4772 0.4596

202 34.0900 34.1300 2.6279 2.6246 0.4767 0.4605

£ gV R ~ - b
SEL> 10KV, WD11mm"™ 5830 X25,000, ,um i FI oy~ ssdy FRx25,900, T
. A ’ Mg e

Fig 7. SEM image of (a) I:iCZS and (b) HC25_5
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This causes positively charged ions such as Na*, K*, and
Ca* in RS to be attracted to the HA surface, resulting in
crystal growth. Agglomeration of HC25_5 particles
produced agglomerates 2 times bigger than the
agglomerates of HC25.

The presence of SiO, in the HCS4 produced a
composite morphology profile that was the same as HC25
(Fig. 8(a)). The SiO, particle’s shape in HCS4 is rod-like
with sharp edges and a length of up to 70 um or larger
than HA particles. Meanwhile, HA particles are spherical
and nano-sized and agglomerate to produce irregular
agglomerates. Soaking HCS4 in RS for 5 d caused the SiO;
particle size to degrade into smaller particles, might be
due to some of the SiO, being dissolved (Fig. 8(b)). Then,
dissolved SiO, was deposited on the HA surface, resulting
in a denser surface. HA and SiO, form a composite on the
HA surface. It can be estimated that HCS4 has greater
mechanical strength due to a longer immersion time in RS.

The EDS test results of HC25 are shown in Fig. 9(a).
From the 2 scanning positions, the same profile is
obtained for the dispersed X-ray energy, indicating that
the cement has a uniform surface. The results of elements
mapping on the surface of HC25 produce the following

AR
WO11mm {5530 x?S,MW’“
Fig 8. SEM image of (a

1369

average atomic levels: Ca (21.12%), P (10.97%), O
(52.44%), and C (15.48%) (Table 5). The elements Ca, P,
and O represent the HA molecule, while curcumin is
represented by the elements C and O. The Ca/P ratio on
the surface of HC25 is 1.92 or greater than the Ca/P HA
molar ratio (1.67). This indicates that more Ca elements
are found on the surface. The O element found
abundantly on the surface, is expected to increase the
biocompatibility of cement. The high percentage of
element C indicates that curcumin is also found in
abundance on surfaces. Considering that antioxidant
activity is a phenomenon that occurs at the interface, the
presence of curcumin on the cement surface is highly
expected. Analysis with EDS on the HC25_5 surface also
produces the same dispersed X-ray energy profile at 2
scanning positions (Fig. 9(b)). There was a change in the
percentage of elements on the surface of HC25 after
immersion in RS for 5 d. The Ca element decreased to
18.05%, P decreased to 9.47% while the amount of O
increased to 57.25%. The Ca/P ratio on the surface is still
relatively the same at 1.91. Otherwise, the element C
content decreases to 15.24%. It can happen due to the
low solubility of curcumin in water. Curcumin can be

Table 5. Elements composition on HC25 and HC25_5 surface

Atom (%)

Element HC25 HC25_5

1 2 mean 1 2 mean
Ca 22.14 20.09 21.12 17.96 18.14 18.05
P 11.29 10.65 10.97 9.39 9.54 9.47
O 51.43 53.45 52.44 56.78 57.72 57.25
C 15.15 15.81 15.48 15.87 14.60 15.24
Ca/P 1.92 1.91
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Fig 9. EDS data for (a) HC25 and (b) HC25_5

maintained on the cement surface ensuring that its
respective antioxidant activity can last for a long period.
The Ca/P ratio, which is the same as HC25 indicates that
the deposit of ions on the cement surface still maintains
the structure of HA on the surface. Increasing the amount
of element O is expected to correlate with increasing
biocompatibility of HC25.

The elements mapping of HC25 and HC25_5 can be
seen in Fig. 10. On the same scale, the particle size on the
surface of HC25_25 is larger than the HC25 particles, or
crystal growth occurs due to the interaction of the HC25

surface with ions in RS. The presence of ions with a 2+
charge becomes a bridge for small particles to form
agglomerates. The elements Ca, P, and O appear to have
high intensity, meaning all three are often found on the
surface. This is different from element C which appears
between HA particles. The curcumin in the HC25
composite is in the deeper part. The abundance of the
cement surface with HA ensures a bond between the
cement and bone tissue when the cement is used as a bone
filler so that new tissue is formed between the cement
and bone. The compatibility of HA in HC25 cement can
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Fig 10. Elements mapping on the surface of (a) HC25 and (b) HC25_5

be maintained. From the mapping results, the surface of
HC25 is not flat or porous. This type of surface is very
good for biomaterials because it supports the attachment
of bone cells, proteins, and ions from body fluids. In this
way, the cement deformation process can take place, and
new bone tissue can form.

EDS data for samples HCS4 and HCS4_5 is shown
in Fig. 11. Scanning at 2 positions shows different peak
patterns, indicating that the surfaces observed contain 2
different particles. One is SiO, and the other is HA, while

curcumin is distributed between the 2 particles. The
HCS4 sample, which initially had a Ca/P ratio = 1.98
changed to 2.18 after soaking for 5d in RS (Table 6).
Soaking HCS4 in RS only slightly released curcumin due
to the low solubility of curcumin in water. All elements
tend to decrease in quantity except O, which increases
significantly. The elemental mapping results (Fig. 12)
show that the size of the SiO, particles decreases after
immersion in the RS. On the other hand, the HA particle
size becomes larger, as in the HC25 sample. HA is also

008
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Fig 11. EDS data for (a) HCS4 and (b) HCS4_5
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Fig 12. Elements mapping on the surface of (a) HCS4 and (b) HCS4_5

Table 6. Elements composition on HCS4 and HCS4_5 surface

Atom (%)
Element HCS4 HCS4_ 5
1 2 Mean 1 2 Mean
Ca 1.23 20.93 11.08 3.03 18.08 10.56
P 0.00 11.20 5.60 0.00 9.69 4.85
O 43.85 54.81 49.33 51.60 58.22 54.91
Si 33.45 0.47 16.96 26.40 0.00 13.20
C 21.48 12.59 17.04 18.97 14.01 16.49
Ca/P 1.98 2.18
formed on the SiO, surface, which indicates that SiO, has Analysis using UV-vis for the RS after soaking for
osteoinductive properties. As in HC25, curcumin is filling ~ 1-5 d showed different release behavior of curcumin in
the space between HA and SiO,. samples HC25 and HCS4 (Fig. 13). The presence of
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Fig 13. Release test of curcumin in RS for (a) HC25 and (b) HCS4

curcumin was identified by the light adsorption at 200-
500 nm [50]. For HC25, the release of curcumin tended to
increase with time of soaking in RS. Otherwise, for the
HCS4 sample, the release of curcumin fluctuated or became
non-linear with soaking time. These results are consistent
with the previous study, in which compositing curcumin
prolongs the release of curcumin [45,49]. Thus, the
presence of SiO; inhibits the release of curcumin into RS.

m CONCLUSION

The addition of 25% SiO, to the HA/curcumin
composite significantly impacted the interaction between
HA-curcumin and HA/curcumin-RS. The behavior of the
composite in the RS also changes, which is characterized
by the formation of particles with a larger size and a larger
Ca/P ratio due to the interaction of the ions in the RS with
the composite surface. The release of curcumin from the
composite is also inhibited due to the presence of SiO.,.
Curcumin tends to remain on the surface of the
composite, so it can be predicted that its antioxidant and
antibacterial activity can be maintained as long as the
HA/curcumin/SiO, composite is used as a bone filler.
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