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AbstractIn the present study, green synthesis of nickel-doped hydroxyapatite using Clitoria ternatea flower extract, and activity testing asphotocatalyst, antibacterial agent and drug delivery agent were performed. Synthesis was conducted by hydrothermal treatment ofco-precipitated precursors previously mediated with the extract. As drug delivery agent, immobilization of 5-fluorouracil (5FU) ontothe prepared sample was performed by spray-drying method. Physicochemical characterization techniques of X-ray diffraction,UV-Visible Diffuse Reflectance Spectrophotometry, transmission electron microscopy, Raman and Fourier-Transform Infra-redspectroscopy were performed to determine the structural and surface properties of material. Photocatalytic activity evaluation fortetracycline removal showed that material has capability to reduce concentration by photocatalytic degradation and photocatalyticoxidation. The degradation efficiency of material was 83.78%. The prepared material exhibited a significant activity against
Staphylococcus aureus and Escherichia coli bacteria. The material also expressed the potency as a drug-delivery agent of 5-fluorouracilas shown by the reduced CT26 cell viability of more than 85% during 48 hours.
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1. INTRODUCTION

As the impact of industrialization and abundant chemical prod-
ucts for daily life, environmental pollution and healthcare are
the important concerns recently. Pharmaceuticals and health-
care industries are highly water consuming sectors. In other
side, the effect of organic-contaminated water and soil are be-
coming a terrible issue, including the increasing cancer diseases
(Berkün Olgun et al., 2021; Chen et al., 2022) . Environmental
problems caused by pharmaceuticals pollutant, bacterial infec-
tion, and cancer treatment require an emerging technology
for recovery. Advanced oxidation process (AOPs) by the light
exposure in a photocatalytic system is a well-known method of
water remediation (Shaheen et al., 2022) .

Hydroxyapatite (HA) and its modified form have been rec-
ognized as important materials for environmental and biomed-
ical applications. The chemical composition, porosity and

modifiable surface structure of HA are potential to provide
surface active site, so it could be effective as metal or metal
support as well as the host for some organic compounds for be-
ing active for various purposes, including photocatalysis (Fihri
et al., 2017; Mondal et al., 2023) . The doping of HA with
some metals is one of functionalization strategies to improve
the performance and effectiveness of nanocomposite for some
important reactions. Regarding to the capability to be host
for drug compounds, HA and metal-modified form could be
arranged as the advanced and innovative drug delivery systems.
Various metal-doped HA such as Ag/HA, Au/HA, Zr/HA and
Ti/HA have been reported to be efficient in facilitating the
acceleration photoactivity, catalytic activity, and many other
purposes for air and water pollution, drug-delivery, and bacte-
rial disinfection (Fatimah et al., 2021a, 2020; Robles-Águila
et al., 2017) .

This functionalization is potential and inspires future ad-
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vancements in medical technology. Since the development of
HA and related minerals achieved a successful role in various
bone and tissue engineering, its role as drug carrier for some
antibacterial, antifungal, antibiotics, and anticancer is now de-
manding (Varadavenkatesan et al., 2021; Yadav et al., 2023) .
Considering the great challenges for the advancement of cancer
drugs, in this study, the potential of HA and Ni-doped HA as
cancer drug carrier agents was studied.

Advancements in searching for efficient and economic syn-
thesis method of functionalized HA tend to the use of green
chemistry approach. Besides using some intensification pro-
cedures such as microwave-assisted irradiation or ultrasound-
assisted synthesis, the metal dopant nanoparticles could be
produced by utilizing plant extracts as bio-reductors. Previous
investigations revealed that the use of plant extracts is a suitable
option as the benign process of the synthesis of silver, gold,
nickel, tin oxide, and iron oxide nanoparticles (Al-darwesh et al.,
2024; Azizi, 2020; Mohammad et al., 2021; Naveenkumar and
Baskar, 2021) . The incorporation of green synthesized metal
nanoparticles into HA structure demonstrated the enhanced an-
tibacterial and antioxidative activity of the nanocomposite with
comparable performance respect to the general method syn-
thesized metals. Plant extracts with high containing secondary
metabolites such as alkaloid, flavonoids, and polyphenols have
the capability to reduce metal precursors, and in addition, form
stable complexes as capping agent to nanoparticles. Among
some plants, Clitoria ternatea is kind of plant which well-known
as rich plant in secondary metabolites as it is generally utilized
in healthy and functionalized food and beverages components.
Clitoria ternatea extract (CTE) has been proven to be effective in
the synthesis of Ag, Au, Sn, and Fe nanoparticles (Fatimah et al.,
2021b, 2020; Khwannimit et al., 2020; Poh Yan et al., 2022) .
Based on these backgrounds, in this research, CTE was used as
bio-reductor in synthesis of nickel nanoparticles (NiNPs) was
dopant of HA. The NiNPs were then used for functionaliza-
tion of HA. The use of CTE-synthesized metal nanoparticles
as dopant of HA and the applicability of nanocomposite as
photocatalyst, antibacterial agent, and anticancer drug-delivery
are the novelty of this research. Considering the important
concern on colon cancer treatment, 5-fluorouracil (5FU) was
selected to be a drug model anchored onto HA and Ni/HA
samples, and the testing was performed for CT26 cell line
as representation of colon cancer. Previous studies showed
the functionalization of some drug delivery agent with 5FU is
potential to increase antitumor efficacy and improve patient
survival. To authors knowledge, this topic is never reported
yet. Study on the synthesis method on physicochemical char-
acteristics, antibacterial and capabilities of the nanomaterial as
cancer-drug delivery agent was aimed at this study.

2. EXPERIMENTAL SECTION

2.1 Preparation of CTE
About 4 g of the fresh Clitoria ternatea flowers were obtained
from the community plantation area in Sleman District, Yo-
gyakarta Special Province, Indonesia. The flowers were crushed

on mortar and followed by the addition of demineralized water
with water, stirring, and separation from debris using What-
man 41 filter paper. The obtained filtration was denoted as
CTE.

2.2 Chemicals
The chemicals used are nickel chloride dihydrate (NiCl2.2H2O,
Sigma Aldrich, purity > 95%), calcium oxide (CaO, Merck, pu-
rity > 95%), ammonium dihydrogen phosphate (NH4) 2HPO4,
Sigma Aldrich, purity > 95%), sodium hydroxide (NaOH,
Sigma Aldrich, purity > 95%), tetracycline (Sigma Aldrich,
purity > 95%), and 5-fluorouracil (5-FU)( Sigma Aldrich, pu-
rity > 95%).

2.3 CTE-Mediated Synthesis of Ni/HA (Ni(CT)/HA)
The green synthesis procedure of Ni(CT)/HA by using CTE
was carried out by hydrothermal coprecipitation method. The
procedure consist of 2 (two) steps; synthesis of NiNPs, and uti-
lization of the obtained NiNPs to produce Ni(CT)/HA. NiNPs
obtained by mixing CTE with Ni2+ solution under the condi-
tion of Ni concentration of 0.01 M, and CTE to Ni volume of
1:1, followed by reflux for 40 ◦C. Separatedly, an aaqueous so-
lution of calcium oxide and ammonium dihydrogen phosphate
were mixed under the condition of (Ca+Ni)/ P molar ratio of
1.67 as a Ca/P stoichiometric ratio of Hap structure. The con-
centration of Ca was taken ranging at 0.025-0.2 mol L-1. The
mixed solutions were poured into a-Teflon-lined autoclave and
kept at 150 ◦C overnight. A slurry derived by these steps were
then washed using demineralized water until the filtrate was
Cl- free.

As comparison, the synthesis of Ni/HA was performed by
using NiCl2.2H2O as precursor instead of NiNPs. Similarly,
the HA was also prepared without Ni addition as precursor
(furthermore called as HA), and synthesis using Ni2+ solution.

2.4 Immobilization of 5FU onto HA and Ni/HA
The attachment of 5FU onto HA and Ni/HA samples was
carried out by previous research on functionalization of HA
using 5-FU (Scharnweber et al., 2008) . The method presented
by mixing 5-FU solution with the HA, Ni/HA and Ni(CT)/HA
powders followed by stirring for 3h. The obtained mixture was
then freeze-dried to get powder of 5-FU/HA, 5-FU-Ni/HA
and 5-FU-Ni(CT)/HA, respectively.

2.5 Physical Characterization of Prepared Materials
The synthesized HA and Ni/HA samples were analyzed by
structural, optical, and surface studies. Structural characteriza-
tion determined using an X-ray diffractometer on XRD PAN-
alytical operated using Ni-filtered Cu- K𝛼 radiation (k= 1.54
Å) at the 2𝜃 ranging at 10-70◦. The optical properties were
observed on UV-DRS spectrophotometer (Shimadzu 2700)
with BaSO4 as standard. A Fourier-Transformed infrared
spectroscopy (FTIR Perkin-Elmer) and Raman spectrome-
ter (HORIBA) were employed to investigate the presence of
functional groups evolution, meanwhile a HORIBA particle
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size distribution and zeta analyzer were employed to determine
the particle’s distribution and electronic state of the surface.
JEOL-JEM-2010 (Japan) Transmission Electron Microscopy
was employed to identify detail of particle form and size. Sur-
face analysis of X-ray photoelectron spectroscopy (XPS) was
conducted using a ULVAC XPS instrument (Quentera SXM,
Japan).

2.6 Photocatalytic Oxidation of TC
The photocatalytic activity of Ni/HA was examined to reduce
TC in a batch photoreactor. For each experiment, 0.2 g of
Ni/HA powder was dispersed into a 250 mL of 5 mg/L TC
solution, and then was stirred under light (UV and Visible light)
exposure. To determine the concentration of treated solution,
colorimetric analysis on UV-Visible spectrophotometry was
performed. The samples were sequentially collected at certain
time to furthermore the data was processed to evaluate the
kinetics and determine the degradation efficiency (DE). The
DE is referred to following Equation (1):

DE(%) =
TCi −TCf

TCi
× 100% (1)

WhereTCi andTCf are initial concentration and concentra-
tion at sampling time of t.

2.7 Antibacterial Assay
Bacterial strains of gram-negative Escherichia coli and gram-
positive Staphylococcus aureus were employed to examine the
antibacterial activity of prepared samples. The applied method
was the agar well diffusion. Broth medium was first sub-cultured
and incubated at 37 °C for 24 h, followed by an overnight cul-
ture on the agar plates to cultivate a uniform microbial growth.
For the assay, the samples powder at the concentration of 5
mg/5 mL was dispersed in demineralized water, followed by
loading onto a 6 mm filter disc. The obtained discs were placed
on bacterial culture in the Petri plate for a 24 h incubation.
Measurement of clear zone was taken as the inhibition zone of
each sample.

2.8 CytotoxicityAssessment of 5FU-Ni/HAColonCell Line
(CT26)

For cytotoxicity assessment of 5FU-Ni/HA, the CT26 colon
cancer cells were seeded in a 96-well plate and cultured overnight.
Into the culture media, the 5FU-Ni/HA dispersion in water
(concentration of 5 mg/100 mL) was added, followed by 48 h
of incubation. The cytotoxicity of the 5FU-Ni/HA was calcu-
lated as follows (Equation (2)):

Viability (%) = (Mean absorbance of sample
Mean absorbance of control

× 100 (2)

Figure 1 provide a schematic procedure of synthesis, charac-
terization and activity test of Ni(CT)/HA in this research.

Figure 1. Schematic Procedure of This Research.

3. RESULTS AND DISCUSSION

Initial evaluation of NiNPs formation was conducted using UV-
Visible spectrophotometric analysis method. By optimizing
Ni2+: CTE volume ratios, it was obtained that 0.01 M Ni2+:
CTE of 1:1 ratio formed the NiNPs as identified by UV-Visible
spectra provided in Figure 2.

Figure 2. UV-Visible Spectra of CTE and NiNPs

The UV-Visible spectrum of CTE shows peaks at around
230 nm, 570 nm, and 620 nm as identifications for the pres-
ence of aromatic structures from secondary metabolites of
anthocyanin (Prabhu et al., 2022) . After being used to reduce
Ni2+, the peaks are reduced implying the reactions to antho-
cyanin. In addition, there is an additional peak at 371 nm
which is indication of the formation of surface plasmon reso-
nance related to the formation of NiNPs (Balto et al., 2023;
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Yeshchenko et al., 2018) . Based on some previous literature,
CTE consists of some compounds such as fibre, protein, car-
bohydrate, vitamin and some secondary metabolites. Previ-
ous analysis by high performance liquid chromatography re-
vealed that anthocyanins known as ternatins which have blue
color and are acylated based on delphinidin were the dominant
compounds. 3-hydroxy-3’,4’-dimethoxyflavone is one of the
compounds (Jiji and Muralidharan, 2021; Jeyaraj et al., 2021) .
As the secondary metabolites have sufficient structures as the
bio-reductor, the Ni2+ could be reduced into Ni0 surrounded
with the compounds as capping agent. Taking into account
that 3-hydroxy-3’,4’-dimethoxyflavone exists in the CTE, the
reduction mechanism could be schematically represented as
depicted in Figure 3.

Figure 3. Mechanism of Bio-Reduction by
3-Hydroxy-3’,4’-Dimethoxyflavone in CTE [Adapted from
Yoga Darmawan et al. (2023)

3.1 XRD Analysis
The results from XRD analysis are provided in Figure 4. The
reflection peaks of HA sample fit with the standard pattern of
HA which shows the (102), (210), (211), (112), (300), (130),
(222), (132), and (213) referred to JCPDS File No: 9-0432.

There is no other peak identifying CaO or phosphate min-
erals suggesting neither excess reactants nor other calcium phos-
phate as the byproducts of the synthesis. After dopped with Ni,
some other peaks at 23.06◦, 23.16◦, 28.07◦, 34.74◦, 36.07◦,
47.64◦, and 56.62◦ appeared by both Ni/HA and Ni (CT)/HA.
Those peaks are identification for the formation of 𝛽 -tricalcium
phosphate (𝛽 -TCP), referred to the JCPDS File No. 09-0169.
The occurring 𝛽 -TCP is related to the presence of Ni metal
which affects to the crystal formation and Ca/P molar ratio
during coprecipitation and sintering mechanism. This pro-
cess is described by thermal transformation of precipitated HA
into 𝛽 -TCP at around 800 ◦C for 5 h by previous investigation
(Mayer et al., 2008) . With a certain condition influencing Ca/P
ratio and co-precipitation mechanism, the HA partially decom-

Figure 4. XRD Patterns of Prepared Materials

poses and transforms into 𝛽 -TCP according to the following
reaction:

Ca10(PO4) 6(OH) 2 → 2Ca3(PO4) 2+Ca4(PO4) 2O+H2O

The phenomenon was similar to previous investigations on HA
doping by Zn (Mardziah et al., 2023) , Fe (Anastasiou et al.,
2016) , and Mg (Kanchana and Sekar, 2012) .

Using important peaks of HA, the crystalline size of the
materials was calculated using Scherer’s equation defined else-
where (Abdel-Aal et al., 2024) , and detail of calculation is as
depicted in Table 1.

From the calculated data, it is obtained that doping increases
the crystallite size of HA. This is an inverse phenomenon com-
pared to some studies reported on the effect of metal dopant
to the HA structure. Previous research on Ni doping to HA
gave a reduced crystallite size, similarly, the doping by using
Mg, Li, Zn, and Ni (Kanasan et al., 2018; Nicácio et al., 2024;
Kurinjinathan et al., 2020; Wang et al., 2016) . The reduced
crystallite size and crystallinity is due to the inclusion of car-
bonates in the HA structure which correlated to the change of
lattice parameters. In general, crystallite size depends on many
factors, including temperature of crystallization. Hydrothermal
conditions and pH participates to lead the increased crystal-
lization (Abdel-Aal et al., 2024; Liang et al., 2012; Silva et al.,
2007) . As the phase transition of HA to 𝛽 -TCA is facilitated
by the hydrothermal condition, the increased crystallization
should be related to the reaction condition. As can be seen
that Ni(CT)/HA has highest crystallite size, it means that the
compounds containing in the CTE influence the coprecipita-
tion mechanism. The possible interaction between functional
groups with Ca2+ and PO4

3- affects to the crystal growth of HA
(In et al., 2020) .
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Table 1. Calculation of Materials Crystallite Size Based on XRD Data

Peak Position
HA Ni/HA Ni(CT)/HA

FWHM Crystalline Size (nm) FWHM Crystalline Size (nm) FWHM Crystalline Size (nm)
26.03 0.199 42.70 0.190 44.80 0.191 44.3
31.89 0.547 15.70 0.376 22.95 0.254 34.00
32.98 0.756 22.20 0.520 16.70 0.312 27.7
34.17 0.373 24.70 0.340 32.80 0.26 32.80

Crystallite size mean = 24.45 nm Crystallite size mean = 29.31 nm Crystallite size mean = 34.70 nm

3.2 TEM Analysis
TEM analysis was employed to evaluate the morphology and
particle’s size distribution of prepared material. Figure 5 shows
that Ni(CT)/HA express a smaller particle size compared to
Ni/HA, which by the particle size distribution, the means par-
ticle size of Ni(CT)/HA, Ni/HA and HA are 23 nm, 119 nm,
and 1900 nm, respectively. Due to morphologies, Ni(CT)/HA
shows slightly different and heterogeneous form compared to
Ni/HA which exhibits a rod-like form. Similarly, the HA has
rod-like with longer size. The evolution of morphology is cor-
related to the structural transformation of HA into TCP. In
addition, the smaller particle size represents the role of CTE
as the templating and chelating agent during co-precipitation
and crystallization of HA structure. The assumption is referred
to previous similar works in utilizing plant extract for HA and
metal-doped HA syntheses (Alorku et al., 2020) .

Flavonoids and some tannic acids from Moringa olifiera
flower extract was act as chelating agent to govern the co-
precipitation which responsible to the particle’s size distribution
(Sundrarajan et al., 2015) . Similar mechanism was proporsed
by utilizing Marrubium astracanicum in the synthesis of Ag/hy-
droxyapatite (Unal et al., 2024) .

3.3 FTIR and Raman Analysis
Raman analysis to Ni(CT)/HA sample (Figure 6a) identifies
the presence of phosphate ions in the HA structure. The peaks
characteristic of HA structure is exhibited at 449, 590, and 968
cm-1 that are associated with the doubly degenerate bending
mode v2(PO4

3-), triply degenerate bending mode v3(PO4
3-)

and totally symmetric stretching mode v1(PO4
3-), respectively.

The peaks are shifted from the characteristic peaks in HA at
427, 589 and 960 cm-1, respectively (Prekajski et al., 2016;
Yuan et al., 2017) . This implies that the band of PO4

3- is
changed with the incorporated Ni which corresponds to a dis-
torted PO4

3- structure. This data is in line with the XRD result
corresponding to the identified structural transformations of
HA into 𝛽 -TCA by Ni-doping.

FTIR analysis was employed to study the change of func-
tional groups in the materials. Figure 6b illustrates the spectra.
HA demonstrates the phosphate group, PO4

3- characteristic
observed at 561.9 and 601 cm-1. Those bands are also corre-
lated to the absorption at 1059 cm-1. In addition, the band at
1581 cm-1 is attributed to the presence of the hydroxyl groups.
For all samples, the bands at around 2918 and 2848 cm-1 are

found, that are correlated to the CO2 adsorbed by the sam-
ples during the analysis. After the insertion of Ni into HA
structure (Ni(CT)/HA, those bands showed the shifting into
higher wavenumbers. The band at 561 cm-1 is shifted into
563 cm-1, and in same way, the band at 1059 cm-1 is shifted
into 1060 cm-1, and from 1581 cm-1 into 1589 cm-1.The in-
creased wavenumber implies the higher bonding energy caused
by the interaction of Ni- with O H or O P O bonds in the
structure, leading to the higher bending or stretching energies.
After modified with 5FU, some additional peaks at around
1458 cm-1 and 1410 cm-1 are the indication of aromatic ring
from pyridinium, and the band at 961 cm-1 represents the
CH3- from 5FU. Schematic figure of 5FU attachment onto
HA surface is presented in Figure 7. Beside of the insertion of
5FU molecules into the pore sites of HA, coordination bonding
are possible from the availability of Ca2+ , H and O- in the HA
with F, and O having electron pairs, and H.

3.4 Optical Property of Ni/HA
Band gap energy is a physical property which correlated to
photocatalytic activity of the nanomaterial. UV-DRS spectrum
of the Ni(CT)/HA sample in comparison with Ni/HA sample
is depicted in Figure 8. As can be seen from the spectra, the
extrapolations of the plots gives the band gap energy values for
Ni(CT)/HA and Ni/HA are 2.95 eV and 2.90 eV, respectively.
The values indicate the capability of nanomaterials to catch
photons within the visible range. The values are notified as
higher than were reported by previous work comparable to the
similar material of Ni-doped hydroxyapatite which showed the
band gap of 2.1 eV (Mohammed et al., 2018) The band gap
energy of composite is related to the contributing band gap
energy of nickel nanoparticles and HA (Fatimah et al., 2023,
2024) .

Photocatalytic activity evaluation Photocatalytic activity of
prepared Ni(CT)/HA was examined in TC removal via pho-
tocatalytic degradation (photodegradation) and photocatalytic
oxidation (photooxidation) under varied light source; UV light
and visible light. In principle, the reaction was performed by
mixing the nanocomposite with TC solution in a batch photo-
catalytic reactor equipped with UV and Visible (xenon) lamp as
photon source. The difference between both treatments is on
the use of H2O2 in photooxidation. The kinetics plots of TC
removal over Ni(CT)/HA are provided in Figure 9a. The plots
imply that photooxidation gave faster TC removal compared to
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Figure 5. (a-c) SEM Images, (d-f) Particle’s Size Distribution of Ni(CT)/HA, Ni/HA, and HA, Respectively

Figure 6. a. Raman Spectrum of Ni(CT)/HA, b. FTIR Spectra of Prepared Materials

photodegradation. By different light sources, UV accelerate the
reaction faster than Visible light. By applying kinetics equation
of pseudo-first-order and pseudo second-order kinetics with
following equations (Equations 3-4):

ln
Ct
C0

= −k1t (3)

1
Ct

= k2t + 1
1
C0

(4)

With C0 and Ct are the initial TC concentration and concentra-
tion at the time of t, k1 and k2 are the first-order and pseudo-
second order kinetics constants, respectively.

Conclusively, the photooxidation obeys pseudo second-
order kinetics, while photodegradation fit to the pseudo first-

order kinetics. The second-order kinetics plot of TC pho-
tooxidation by using Ni(CT)/HA and Ni/HA is represented in
Figure 9b. This suggests that the addition of H2O2 signifies
the oxidation mechanism.

As the nanocomposite impinged by the photon with suf-
ficient or higher energy respect to the band gap energy, the
electron in valence band will be excited into valence band. The
excitation leads to the h+ in the valence band. The interaction
of h+ with solvent or available oxidant in the system produces
HO•, which furthermore could activated to produce more rad-
icals including super radicals (•OOH). In other side, surface
interaction between electron and H+ from the solvent of re-
actant or available protonic species from organic compound
release HO• (Far et al., 2022; Haider et al., 2019) . The more
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Figure 7. Scheme of Possible Interactions between HA and
5FU

Figure 8. UV-DRS Spectra of Ni(CT)/HA and Ni/HA

HO• and •OOH formed at the initiation step, the higher po-
tency of oxidants produced by propagation steps, referred to
following mechanism:

Ni/HA + h𝜈 → Ni/HA-h+ + e−

Ni/HA-t+ + OH− → HO +O2
Ni/HA + H2O2 → Ni2+ − HA + OH+ + HO +O2 + e−

2HO +O2 → 2OOH

O2 + e− → O2−2
O2 + 2H+ + 2e− → H2O2

H2O2 + e− → OH + OH−

TC + HO +O2 → Degradation products

→ CO2 + H2O

The occurrence of oxidation or degradation instead of ad-
sorption is confirmed by the spectral change of solution after

photodegradation and photooxidation in Figure 9c and 9d,
respectively. There are not only reduced absorbance value of
the treated solutions, but the shifting of maxima wavelength of
TC (380 nm) into the right side are identified. These redshifts
indicate the degradation of TC structure.

The more active Ni(CT)/HA than Ni/HA is proven by
calculated parameters of kinetics constant (k) of each process
listed in Table 2. The higher DE and k of photodegradation us-
ing UV light suggest the role of band gap energy for enhancing
the capability to produce more stable radicals. The higher DE
compared to the use of visible light is associated with the higher
energy for releasing radicals. The higher band gap energy fa-
cilitates the excitation of electron into conductance band to be
more stable cause of the inhibited recombination. It provides
longer time to produce radicals and super radicals. Moreover,
as the system rich in oxidant, the production of radicals will
be more intensive, so the photooxidation gave the higher DE.
In addition, the participation of H2O2 in the kinetics is repre-
sented by the 2nd order kinetics, meanwhile photodegradation
obeys first-order kinetics.

3.5 Antibacterial Assay
Antibacterial activity of Ni(CT)/HA was examined against S.
aureus and E. coli, by measuring the inhibition diameters of
bacterial cultivation. The size of the clear zone surrounding
every bacterial colony reflects that the area is affected by active
site of the nanomaterials. Figure 10 presents some images and
recapitulated data of the inhibitory diameter rate (in mm) for
each of the infectious bacteria.

The results showed that Ni/HA and Ni(CT)/HA inhibited
bacterial growth in a higher level respect to HA. These data are
related to the presence and effectiveness of Ni in the Ni/HA
structure as an active site which could release Ni2+ ions into
cell environment. Ni+ and Ca2+ ions interact to the cellular
wall of gram-positive and gram-negative bacteria by adhesion
and electrostatic forces. An ionic interaction between Ni2+ ions
and some negative charges at the bacterial cell walls leads to
cell lysis (Ilbeigi et al., 2019; Yilmaz et al., 2023) . In case of
gram-negative bacteria, E. coli, the envelope is composed by
two lipid membranes with high concentrations of lipopolysac-
charides, lipoprotein and porin channels in the outer leaflet
of the outer membrane. Gram-negative bacterial have a thin-
ner peptidoglycan layer compared to gram-positive, and in
same time, gram-positive cell wall contains teichoic acids and
lipoteichoic acids which contribute to the wall’s rigidity. The
condition causes the activity against E. coli is higher than to S.
aureus.

The antibacterial activity of obtained samples are compara-
ble to that were gained by some metal-doped hydroxyapatite
such as Au-doped HA (Fatimah et al., 2021a) , Ag-doped HA
(Fatimah et al., 2022; Silva et al., 2007) , and Ti-doped HA
(Fatimah et al., 2023) . Table 3 provides a comparison of an-
tibacterial activity with some metal-doped hydroxyapatites.

The nanoparticles and electronic charges on Ni/HA surface
led to ion extrusion through cell membrane. The ions inhibit
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Figure 9. a. Kinetics Plot of TC Removal by Photodegradation and Photooxidation Using Ni(CT)/HA, b. Pseudo-Second Order
Kinetic Plots of TC Using Ni(CT)/HA, (c-d) Spectral Change of Treated TC Solution by Photooxidation and Photodegradation,
Respectively

Table 2. Kinetics Data of TC Removal By Photodegradation and Photooxidation Using Prepared Samples

Photocatalyst Treatment Initial Rate (mg/L.min) k DE
Ni(CT)/HA Photooxidation-UV 0.263 1.22 × 10−2 83.78
Ni(CT)/HA Photooxidation-Vis 0.221 8.92 × 10−3 73.24
Ni(CT)/HA Photodegradation-UV 0.196 4.82 × 10−3 54.67
Ni(CT)/HA Photodegradation-Vis 0.103 4.09 × 10−3 31.03

Ni/HA Photodegradation-UV 0.046 1.27x10−2 53.00
Ni/HA Photodegradation-Vis 0.041 2.03 × 10−3 43.09

cell equilibrium and produce reactive oxygen species (ROS)
(Figure 11). The ROS could completely inhibit the function
of protein, mitochondria for DNA damage and cell lysis. The
condition also drives the function of ATP-driven enzyme to

convert the energy of ATP hydrolysis to electro-chemical po-
tential (Ivankovic et al., 2023; Nisar et al., 2019) .
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Figure 10. (a-b) Images from Antibacterial Assay Against E. coli and S. aureus, c. Recapitulated Inhibition Zone from Antibacterial
Testing [Concentration of Sample = 40 mg/L]

Figure 11. Antibacterial mechanism of Ni-doped HA

3.6 Ni/HA as Drug Delivery Agent
In order to investigate 5FU-functionalized HA and Ni/HA
samples potential cell growth inhibition in CT26 cells, the
effect of treatment on cells was examined with a MTT assay. As
shown in Figure 12, the in vitro cell viability assay of CT26 cell
lines incubated with HA, Ni/HA and Ni(CT)/HA for 48 h. It is
seen that all tested samples represent a significant activity with a
% decreased cell viability of higher than 80%. In more detail, the
Ni(CT)/HA sample shows the highest decreased viability with
following order: 5FU-Ni(CT)/HA> 5FU-Ni/HA> 5FU-HA.
Moreover, the morphological changes that were captured under
each condition demonstrate a major morphological difference
was observed in cells treated with the samples, indicating a
strong cellular response against the treatment. The highest
influence of Ni(CT)/HA compared to Ni/HA revealed the
significant influence of the synthesis method to the surface and
drug release mechanism. In this case, HA and the Ni-doped
forms act as drug delivery agents with theoretical structure as

© 2025 The Authors. Page 368 of 373



Fatimah et. al. Science and Technology Indonesia, 10 (2025) 360-373

Figure 12. Cell Viability Test of Prepared Samples

Table 3. Comparison on the Antibacterial Activity of Metal-Doped HA

Material Antibacterial Activity Reference

Ag-doped HA
The sample demonstrated inhibition zone of 15 mm at

(Elbasuney et al., 2022)
concentration of 50 mg/L in testing against S. aureus

Ag-doped HA
An inhibition zone of 15 mm was expressed by the sample at

(Silva et al., 2007)
the concentration of 5 mg/mL against E. coli.

Ti-doped HA
An inhibition zone of 15 mm was expressed by the sample at

(Fatimah et al., 2023)
the concentration of 50 mg/mL against E. coli.

Zn-doped HA
S. aureus bacteria growth was 50% inhibited by a

(Predoi et al., 2019)concentration of 31.25 mg/mL of the sample, and with the
same concentration, the E. coli was inhibited of around 20%.

Ag/Zn-doped HA
The Ag/Zn- HA showed an excellent antibacterial activity as

(Sinulingga et al., 2021)99 ± 1% of E. coli obliterated at the concentration of 300
𝜇g/mL.

Sm/HA
Sm/HA exhibited viability and proliferation after 24 hours at

(Ciobanu et al., 2015)
around 100% relating to against E. coli.

Ni-doped HA
At the concentration of 40 mg/mL, the material shows

This workinhibition zone of 22.5 mm and 18 mm for S. aureus and
E. coli, respectively.

presented in Figure 12.
Referred to previous similar research on 5FU-functionalized

nanomaterials, the mechanism of drug release is related to the
slow leaching of 5FU into cell line (Mashaqbeh et al., 2024) .
Considering the presence of functional groups identified from
FTIR analysis, the anticancer activity of the samples could be
schematically described with Figure 13.

By comparing the cytotoxicity efficacy of HA expressed the
decreasing cell viability of no more than 5% (Lamkhao et al.,
2019) , the immobilized Ni NPs and 5FU are the responsible
agents to give cytotoxicity of the samples. The capability of

Ni/HA for inhibiting cell growth is related to this effect on the
production of reactive oxygen species. The presence of the
samples leads to decreased dehydrogenase activity referring
to the lower cellular ATP level, and furthermore causing dam-
age to the mitochondrial respiratory chain, and other cellular
components. Besides a disruption in cell membrane func-
tions, NP gives cytotoxicity effect by growth inhibition and
suppression via a unique intracellular mechanism. This condi-
tion is the mechanism occurring for the decreased cell viability
against NPs. From the 5FU site which the structure is analo-
gous to the nucleotide uracil, it has an ability to disrupt RNA
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Figure 13. Schematic Representation of Anticancer Activity by
Ni(CT)/HA

and the function by conversion into three primary metabo-
lites: fluorouridine triphosphate (FUTP), fluorodeoxyuridine
monophosphate (FUMP), and fluorodeoxyuridine diphosphate
(FUDP). These metabolites will block the typical substrate
deoxyuridine monophosphate that inhibits deoxythymidine
monophosphate synthesis leading to deoxythymidine triphos-
phate imbalance.

Consequently, DNA damage will be caused by a deficiency
of monophosphate (Olguin et al., 2023; Shakeri-Zadeh et al.,
2014) . By both anticancer mechanisms from the nanocompos-
ite structure, the activity is higher compared to 5FU-immobiliz-
ed magnetic nanoparticles reported from previous work which
in the same concentration, the cell viability of 48h incubated
cell is about 62.5% (Olguin et al., 2023) , and rFU-immobilized
graphene oxide (Afarideh et al., 2018) . In similar way, the
synergistic mechanism was also reported by the combination
of 5FU with manganese nanoparticles (Olguin et al., 2023) .
The higher cytotoxicity of Ni(CT)/HA compared to Ni/HA is
related to the different surface morphology which influence the
binding interaction with 5FU. Some factors determining the
cell proliferation inhibition by nanoparticles are size, homoge-
neous distribution, surface electronic state, and morphology
(Altaee et al., 2020; Xu et al., 2022) . The higher activity of
Ni(CT)/HA compared to Ni/HA as drug-delivery agent is prob-
ably forced by the synergistic mechanism of the presence of
𝛽 -TCP in the nanocomposite system (Diwan et al., 2024) .

4. CONCLUSIONS

Conclusively, the synthesized nickel-doped hydroxyapatite us-
ing Clitoria ternatea extract exhibits the successful nickel doping
into hydroxyapatite structure. The XRD and TEM analysis re-
sults showed the partial transformation of hydroxyapatite into
𝛽 -TCP. The prepared nickel-doped hydroxyapatite exhibits
the band gap energy of 2.95 eV and particle size ranging at 10-
30 nm. The material showed capability to be photocatalyst for

tetracycline removal by photodegradation and photooxidation
mechanism. From the antibacterial activity examination, the
prepared nickel-doped hydroxyapatite demonstrated a strongly
potential activity against E. coli and S. aureus. The material also
demonstrated capability to be drug delivery, especially for 5-
fluorouracil, and the significant reduced cell viability of CT26
cell line. The results demonstrated a promising method of
metal-doped hydroxyapatite for environmental and biomedi-
cal applications.
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