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Abstract Crystalline hydroxyapatite were synthesized from synthetic/human urine through

precipitation which were further doped with silver nanoparticle for effective biomedical application.

The aim were to improve overall biological compatibility of the synthesized bone-graft material

even in oncogenesis cases. The thermal calcinated material was characterized by several techniques

including UV–vis, Laser Raman, Fourier transmittance infrared spectroscopy, X-ray diffraction

analysis, Transmission Eelectron microscopy and X-ray fluorescence spectroscopy. The quantitative

and qualitative analysis revealed that the synthesized material was highly crystalline and nanosized

with majority of silver and phosphate components. The antibacterial, anticancer and invitro cyto-

toxicity of the synthesized material was evaluated with Escherichia coli, Hela cells and brine shrimp

assay, respectively. The brine shrimp assay revealed that the synthesized material is compatible with

biological system, whereas anticancer activity showed the application of the synthesized biomaterial

in cancer treatment in which antibacterial activity adds more advantage on preventing the bone-

graft from microbial attack.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The reduction of natural resource and increasing amounts of

biological waste has created much attention worldwide. To
achieve the needs of energy and daily requirements. The waste
material has been utilized to synthesize useful products by
developing technology worldwide. Human being excretes 1–2

L of urine every day which is mainly contains urea, protein,
sugar, and minerals such as potassium, sulphur, phosphorus,
calcium, magnesium, and sodium. The estimated approximate

urea content in human urine is 10–16 g/day (Mc Pherson and
Ben-Ezra, 2011), which is naturally enter in human-plant
nitrogen cycle nutrient in agricultural industries. In some

countries, human urine is directly used as a bio-fertilizer for
agricultural purpose (Johansson, 2000). Urea is a byproduct
of protein degradation in human metabolism that enters the
bloodstream and is eliminated through the urine. CO2 gas

has been collected and sequestered in human urine recently.
As a substitute for CO2 gas obtained from urine, biological
activated ammonia can be employed as a resulting product

of ammonia carbonate and ammonia bicarbonate
(Chandrasekaran et al., 2014). Many studies have been con-
ducted on ureolytic bacteria and calcium precipitating bacteria

that have been isolated and identified from toilet dropping
(Otterpohl, 2003). These bacterial species play an important
role in converting urea into ammonia. The formation of

ammonia enhances the pH of the medium as result of precip-
itation of calcite, struvite, and hydroxyapatite. Generally, the
chemical precipitation of calcium carbonate is inclined by the
factors such as nucleation site, calcium concentration, pH,

and dissolved inorganic carbon in many natural environments
(Krause et al., 2018). When compared to chemical precipita-
tion, the rate of microbial precipitation was substantially fas-

ter. Biomineralization is the term for physiologically
mediated precipitation. Bacterial calcite precipitation (BCP)
is the generation of CaCO3 by bacteria via urea hydrolysis.

Natural, pollutant-free, and naturally porous, BCP is extre-
mely valued. In the field of bone tissue engineering, calcium
phosphate biomaterials have been identified as suitable scaf-

fold candidates (Breme et al., 1995; Wilson and Mjor, 2000).
In the precipitation of hydroxyapatite, several biocatalysts
such as plant urease and bacterial urease enzyme are com-
monly used.

Hydroxyapatite is the ample mineral in human bones

(Koch et al., 2007). Calcium hydroxyapatite is a bioactive
molecule that helps the substrate assist bone regeneration.
Hydroxyapatite is mostly employed in the biomedical field,

namely bio-implant materials for orthopedic, dental, and max-
illofacial surgery (Lin et al., 2000). A strong bone implant
interface can be performed between the hydroxyapatite and

bone due to its good biocompatibility. Despite their chemical
and structural similarities, the bioactivity, and mechanical
capabilities of synthetic hydroxyapatite (HA) are far lower
than those of natural hard tissues. HA has good biocompati-

bility and osteoconductivity in cell growth and adhesion in
osteoblasts (Samavedi et al., 2013). The development of phase
pure ultra-fine hydroxyapatite powder has been noticed by sev-

eral research to improve the mechanical strength and fracture
toughness of HA ceramics (Suchanek and Riman, 2006). This
bioactive hydroxyapatite was synthesized by several techniques

includes hydrothermal (Chye et al., 2008; Sanosh et al., 2009),
and chemical precipitation (Aoki, 1991). A little work has been
done on the microbial synthesis of calcium hydroxyapatite as a
biosynthesis material particularly to be used in bio-medical

filed (Arciola et al., 2018). Furthermore, physical vapor depo-
sition (PVD) and chemical vapor deposition (CVD) were uti-
lized for coating the calcium hydroxyapatite with the implant

substrate. In an implant many bacterial Infections were
noticed in recent years which is major problem, to overcome
this major drawback the antimicrobial compounds like silver

were incorporate in the bone grafting material (Ciobanu
et al., 2013). Recently (Tidaker, 2003) developed a silver doped
hydroxyapatite nanomaterial which was found to be more

toxic to bacteria and less effect on humans with optimum con-
centration of nanoparticles.

In the present study, ureolytic bacteria were isolated from
toilet dropping and utilized to establish a bio-approach for

the synthesis of hydroxyapatite. UV–visible spectroscopy
(UV–Vis), X-ray diffraction (XRD), Zeta potential (DLS),
Laser Raman (RMN), Transmission electron microscope

(TEM), X-Ray fluorescence spectroscopy (XRF), and Fourier
Transmission Infrared spectroscopy (FTIR) were used to char-

http://creativecommons.org/licenses/by/4.0/
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acterize the final product. The biogenic silver doped hydroxya-
patite material had been evaluated by microbial resistance
activity against gram negative Escherichia coli (E. coli) bacte-

rial species, anticancer activity by HeLa Cells and toxicity by
brine shrimp assay.

2. Materials and methods

2.1. Isolation and screening of ureolytic bacteria

The samples were collected from the toilet dropping from pub-
lic toilet for isolation of ureolytic bacteria. Sterilized swab was

dipped in sterile distilled water immediately and carried out to
the laboratory within 6 h. To isolate bacterial colonies from
the sample a pour plate technique was used. Urea base agar

and nutrient agar medium was used for bacterial isolation
and purification was followed from the sample details in the
supplementary data as shown in Fig. S1.

2.2. Preparation of synthetic urine

Synthetic urine was prepared as outlined by (Webster et al.,
2000). Synthetic urine is made up of the following ingredients

(g/L) purchased from Sigma Aldrich, Mumbai: 0.651 g calcium
chloride, 0.651 g magnesium chloride, 4.6 g sodium chloride,
2.8 g potassium dihydrogen phosphate, 2.3 g sodium sulphate,

1.6 g potassium chloride, 1.0 g ammonium chloride, 1.1 g cre-
atinine, 10 g trypticase soya broth (or) tryptone in 1000 mL
water followed by sterilization then 25 g of urea was added

in Fig. S2.

2.3. Estimation of biogenic ammonia production

A total of 100 mL of synthetic urine was prepared, seeded with

ureolytic bacterial culture, and kept at room temperature for
three days. The pH of the medium was measured, and the
enrichment of bacterial culture was checked for ammonia gen-

eration using the Indo phenol method (Miernik et al., 1991).
The synthetic urine was collected and spun at 6000 rpm for
30 min (Dhandapani et al., 2020 Jun 1), and the supernatant

was filtered through a membrane filter (0.2 M). The presence
of ammonia in the filtrate solution was determined using the
indophenol technique. The resulting sample was kept at room

temperature for 30 min, and the absorbance was read at
625 nm using UV–vis (Thermo Scientific Evolution 201) to
determine the ammonia concentration as shown in the supple-
mentary Fig. S2.

2.4. Determination of pH

The ureolytic bacteria were introduced into synthetic urine and

kept for 7 days at room temperature. The change in pH during
ammonia production was measured using digital pH meter
(Eutech Instruments pH 510 - as shown in the supplementary

Fig. S3 (Brundavanam et al., 2015).

2.5. Chemical oxygen demand (COD)

Digester solution was prepared by adding 1.02 g K2Cr2O7 was
added in 16.8 mL of concentrated H2SO4 which was diluted in
50 mL of Millipore water containing 3.34 g of HgSO4, finally
total volume was made up to 100 mL. Catalyst solution was
made by dissolving 1.34 g of Ag2SO4 in 250 mL of concentrated

H2SO4 and stirring constantly until a clear solution was
obtained. The 1.5 mL of above said digester solution and catal-
ysis solution 3.5 mL was mixed with 2.5 mL of sample. For

comparative study of COD, three different samples were ana-
lyzed (Urea broth, Synthetic urine, and Human urine) and
the mixture were kept in the COD digester for 2 h at 150 �C.
Later the samples were analyzed in COD meter at 420 nm as
shown in the supplementary Fig. S4 (Reeta Mary et al., 2018).

2.6. Estimation of carbonate and bicarbonate (Alkalinity
reaction)

Theacid-basetitrationissuitableforalkalinitysolutionwherethe
alkalinity is neutralized to acid pHby using 0.5NHCl as burette

solution. At acidic pH, the solution contains carbonate, bicar-
bonate, and hydroxide. These weak bases were volumetrically
calculated using acid-base titrations using strong acids such as

diluted H2SO4 and phenolphthalein (P) and methyl orange
(MO) as an indicator. In the burette, standard acid was taken,
andthesamplewas taken in theErlenmeyerflask.TheP indicator

was introducedand titrated, and the readingwas recordedas ‘‘P”
when it reached the end point. ThenMO indicator was added to
the Erlenmeyer flask, and the titration was maintained until the
end point was reached, which was labeled as ‘‘M”. The nature

and amount of bases present in the solution may be easily deter-
mined based on the titrated values of ‘‘P” and ‘‘M” (Tian et al.,
2016). The result was calculated by using the following formula:

Base ¼ PorMvalue�NormalityofHCl�mol:wt:ofcarbonateandbicarbonate
Volumeofsample

(mg/L)

2.7. Biogenic ammonia mediated synthesis of silver doped

hydroxyapatite

Calcium acetate, biologically activated ammonia, disodium
hydrogen phosphate and silver nitrate are used as base mate-
rial for the synthesis of hydroxyapatite (Won et al., 2010).
The filtered biogenic ammonia from synthetic urine of about

250 mL was taken and mixed with disodium hydrogen phos-
phate. The mixture was continuously stirred for 1 h and
0.1 mM silver nitrate was added and stirred for 1 h. Calcium

acetate (4.72 g) was dissolved thoroughly in 20 mL of sterile
distilled water before being added drop by drop to the solu-
tion. The mixture was then mixed and heated at 70 �C for

6 h, then exposed to sunlight for silver photo-reduction, before
being cooled to room temperature then the mixture was spun
for 30 min at 6000 rpm. To eliminate excess ammonia, calcium,
and phosphate (CP) ions, the precipitate was rinsed with dis-

tilled water. CP-50 �C, CP-400 �C, and CP-800 �C were used
to calcinate the precipitate at varied annealing temperatures
of the sample.

2.8. Characterization studies

2.8.1. UV–vis spectral analysis

The UV–vis absorbance spectrum represents the characteristic
absorbance of a given material. From 250 to 800 nm, the UV–

vis spectrum of this solution was recorded in a Spectra 50
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ANALYTIKJENA Spectrophotometer (UV-2450, SHI-
MADZU Spectrophotometer) (AlSalhi et al., 2016).

2.8.2. X-ray diffraction (XRD)

The XRD analysis of the fine powdered samples was utilized to
identify the crystalline nature of the samples. The samples were
scanned from 10� to 90�, 2h with copper K a radiation (Ni fil-

ter) at a rating of 40 kV, 20 mA using a computer controlled
XRD system (Bruker, JOEL Model JDX-8030). The ‘peak
search’ and ‘search match’ tools incorporated within the soft-

ware (PAnalytical-X’pert High score plus) were used to iden-
tify the peak (Supraja et al., 2018).

2.8.3. Dynamic light scattering (Zeta potential)

The size of the distributed nanoparticles was determined using
the principle of dynamic light scattering (DLS) approach uti-
lizing a Nanopartica (HORIBA, SZ-100) compact scattering

spectrometer after the aqueous suspension of the generated
nanoparticles was filtered via a 0.22 mL syringe driven filter
unit (Supraja et al., 2017).

2.8.4. Laser Raman spectra

Laser Raman spectroscopy (Renishawinvia Raman Micro-
scope) was used to determine the nature of the sample at var-

ious temperatures, using wavelengths of 500–1500 cm�1 and a
25-second exposure time (100% intensity) (RFS 100/S-Bruker,
Inc., Karlsruhe, Germany, Matlab 6.0 software) (Supraja

et al., 2020).

2.8.5. Transmission electron microscope (TEM)

The morphology of the hydroxyapatite crystals formed at

50 �C, 400 �C and 800 �C were gold sputtered for the conduc-
tivity of the sample and examined under TEM (TESCAN,
equipment with Vega-3 software) (Devanesan et al., 2018).

2.8.6. Fourier transform infrared (FTIR) spectroscopic analysis

FTIR, which is commonly employed to detect the functional
group of chemicals, was employed to characterize the biochemi-

cal changes in the solution. The FTIR spectrumwas obtained in
the 400–4000 cm�1 mid-IR region, with a spectral resolution of
4 cm�1 (Bruker, Tensor 27-model) (Supraja et al., 2016).

2.8.7. Antibacterial activity

The antibacterial activity was studied for silver doped hydrox-
yapatite and undoped hydroxyapatite material against the

gram-negative Escherichia coli ATCC 10536 bacterial species
by Disc Diffusion method by using nutrient medium (Bedi
et al., 2012; Supraja et al., 2020).

2.8.8. Anticancer activity

The HeLa cells were grown in Dulbecco’s modified eagle med-
ium (DMEM) containing 0.1 mM sodium pyruvate, 10% fetal

bovine serum with 1 mM non-essential amino acids and
0.5 mM L-glutamine maintained at 37 �C in an incubator with
the supplementation of 5% CO2. The grown HeLa cells were
loaded in 96 well titer plates at the concentration 0.2 � 106

and supplied with the test samples and by increasing concen-
tration and kept for a day. After one day, 20 mL of
5 mg/mL concentrated MTT solution was added and kept

for 4 h continued to dissolve the MTT formazan by the addi-
tion of 200 mL DMSO. The control was maintained without
addition of the test sample then the developed purple colour
absorbance were recorded at 770 nm. The formed formazan

in the control is designated as 100% viability. Based on the
formation of MTT into insoluble formazan represents the cell
viability (Supraja et al., 2018).

2.8.9. Brine shrimp assay

For hatching, Brine shrimp eggs were kept in filtered artificial
seawater made by dissolving 30 g of sea salt in 1L of distilled

water. After two days the eggs were hatched and mature to
nauplii (larva) in the hatching container (small plastic con-
tainer) half covered with the dark. After the larva is ready,

the experiments were conducted by adding 10-brine shrimp
larva in petri plates containing 5 mL of sea water and 5 mL
of test sample. The experiments were triplicated and the

10 mL of the sea water with nauplii were maintained as con-
trol. Using the probit analysis the half lethal concentration
was analysed by the confidence interval of 95%. The percent-
age mortality (%M) was obtained by dividing the number of

dead nauplii by the total number of nauplii and multiplying
by 100% (Supraja et al., 2015).

2.9. Statistical analysis

Student’s t-test was used to examine the statistical significance
of the experiments. For three corresponding measurements, all

the results were represented as mean ± SD.

3. Results and discussion

3.1. Identification of bacteria

Urease test was used to classify organisms based on their abil-
ity to hydrolyze urea with Urease enzyme to identify ureolytic
bacteria in a series of isolated single colony. The cultures were
cultivated in urea broth medium with phenol red as a pH indi-

cator. The positive bacteria used urea as a substrate and
formed an alkaline environment in the presence of ammonia,
which turned the phenol red into a deep pink color. The pres-

ence of urease enzyme and biochemical studies confirmed that
the isolated microorganism as ureolytic Bacillus sp. (Fig. S1).

3.2. Production of ammonia

The isolated ureolytic Bacillus sp. was incubated in synthetic
urine for 5 days at room temperature. Then the sample was

withdrawn at regular time interval from the synthetic urine.
The samples were filtered, centrifuged and the presence of
ammonia was estimated by Indophenol blue method in UV
spectrophotometer (Thermo Scientific Evolution 201) at

625 nm. The resultant production of ammonia was
9000 ppm on 3rd day of cultures in the medium shown in sup-
plementary data (Fig. S2). The isolated ureolytic bacteria were

inoculated into synthetic urine at initial pH 6.0. The produc-
tion of ammonia was observed as the pH of the bacterium
changed during its growth. The result of changes in pH was

shown in supplementary data Fig. S3. The pH was gradually
increased from pH 9.0 to pH 12.0 within 48 h. The COD
was estimated in urea broth, synthetic urine and human urine



Fig. 1 X-ray diffraction pattern of silver doped hydroxyapatite

at different temperatures (A-50 �C, B-400 �C and C-800 �C).
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using standard procedure. The level of COD in synthetic urine

was greater than the urea broth but less than the human urine,
almost the level of COD in synthetic urine was approximately
equal to human urine and the details are provided in supple-

mentary data (Fig.S4). The cultured synthetic urine by titra-
tion. It was estimated that bacteria produced 12 mg/L
carbonate and of 19.75 mg/L bicarbonate in synthetic urine
as shown in the supplementary data’s Table S1.
Fig. 2 Zeta potential study of silver doped hydroxyapatite at
The isolated bacterial culture was introduced into the ur-
ease medium, which contains peptone and glucose, two neces-
sary nutrients for a wide variety of bacteria. Potassium

phosphate is a moderate buffer that prevents the medium from
becoming alkaline due to peptone metabolism. When the
media was below pH 8.4, phenol red indicated yellowish

orange, and when the media was in the alkaline range, it signi-
fied red or pink. (pH 9–12). The urea hydrolysis of urea to
ammonia by urease positive organisms changed the medium

pH resulted in orange to pink. Urease catalyzes the hydrolysis
of urea to produce ammonia and carbonate, which then
hydrolyzes automatically to produce carbonic acid and
another molecule of ammonia. The ureolytic bacterium which

was isolated from toilet dropping was confirmed as Bacillus sp
by biochemical test and it was inoculated in the synthetic urine
to produce the ammonia. It was observed that 9000 ppm of

ammonia was produced on third day which was in dissolved
state in synthetic urine and combined with the carbonate and
bicarbonate that was estimated by the alkalinity reaction.

The culture filtrate was rich in biogenic ammonia used for
the synthesis of hydroxyapatite. Because of their chemical
and structural similarities to the mineral phase of bone and

tooth, calcium phosphate compounds have been explored for
biomedical uses. Synthetic apatite’s composition, physico-
chemical characteristics, crystal size, and shape are particularly
sensitive to preparative conditions, and non-stoichiometric cal-

cium deficient hydroxyapatite (HA) powder has occasionally
produced. Silver is doped on the surface of calcium hydroxya-
patite due to electrostatic contact. The previous research of

(Supraja et al., 2018) states the roughness of the calcium
hydroxyapatite is increased due to the deposition of the silver
particles which result in enhanced cell proliferation.

3.3. Characterizations of silver deposited hydroxyapatite

The UV–vis absorption spectrum of the synthesized silver

deposited hydroxyapatite sample at different temperatures is
given in supplementary data Fig. S5. There is a maximum
absorption peak at 470 nm was observed for the samples
different temperatures (A-50 �C, B-400 �C and C-800 �C).



Fig. 3 Laser Raman spectral analysis of silver doped hydrox-

yapatite at different temperatures (A-50 �C, B-400 �C and C-

800 �C).
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prepared at 50 �C, 400 �C and 800 �C. The adsorption peak
was gradually increased by increasing the temperature from
400 �C to 800 �C. This is an indication that AgNO3 is reduced
to Ag at higher temperature without organic or chemical

reducing agents. The synthesized particle of ureolytic Bacillus
sp. mediated hydroxyapatite was analyzed by XRD to know
the nature of the particle. At 50 �C the particle was in amor-

phous state and at the 800 �C the particle was crystalline in
nature and the peak at 26�, 29�, 31�, 32�, 33�, 34�, 37� and
40� theta showed the presence of hydroxyapatite Fig. 1. At
Fig. 4 Transmission electron microscopic analysis of silver doped hy

800 �C).
50 �C, only the broad peak at 32� appeared and then at
400 �C the peak at 260, 290, 370 and 400 got raised and all
the linear peaks appeared at 800 �C which confirms the pres-

ence of the hydroxyapatite in crystalline nature. XRD of silver
particles with one strong distinguishing peak at 2h = 37.2 �C
corresponds to the Braggs crystal faces of (111) and (200)

(JCPDS # 04-0783) corroborating the characteristic of face-
centered cubic structure. The zeta potential is a crucial charac-
teristic in determining the hydrosol’s dispersion state

(nanoparticulate solution). It denotes that the overall charge
that a particle obtains in each medium, as well as the charge
present on the nanoparticles’ surfaces, are responsible for the
repulsive interactions that exist between them. If the minimum

charge around the nanoparticles is �30 mV, the nanoparticles
are said to be stable. At 50 �C, 400 �C, and 800 �C the silver
doped hydroxyapatite had a zeta potential of 7.7 mV, -

7.8 mV, and 11.1 mV respectively. An anionic charge on
the surface of a composite material is shown in Fig. 2(a-c).

The existence of the PO4
3� group is shown by the primary

peak being elevated at 961 cm�1 in the laser Raman spectrum.
The intensity of the peak at 50 �C was significantly lower than
at 400 �C and 800 �C, which is attributable to the removal of

the hydroxide and carbonate groups. At 800 �C, however, the
disturbance of the peak was decreased by raising the tempera-
ture (Fig. 3). The size and shape of silver deposited hydroxya-
patite nanoparticles were analyzed and shown by the TEM

micrograph (Fig. 4). Individual silver particles as well as sev-
eral aggregates are observed in the micrograph, that are spher-
ical in shape and have an average particle size of 0.2 m.

The XRF spectrum of silver doped hydroxyapatite is shown
in Fig. 5. The elemental maps for calcium (Ca), phosphor (P)
and silver (Ag) was observed in which the highest peak was

observed at Ca region followed by silver and P, respectively.
FTIR spectra of silver doped hydroxyapatite is given in
Fig. 6. The peaks at 3443 cm�1 and 2361 cm�1 were responsi-

ble to the asymmetrical stretching mode of O-H and C = O;
an asymmetrical stretching of CH2 was observed at
1450 cm�1; the peaks at 1049 cm�1, 866 cm�1 and 563 cm�1

were liable for to the asymmetrical stretching mode of O-H,

C-C and C-H respectively. The peaks of 3443 cm�1 and
droxyapatite at different temperatures (A-50 �C, B-400 �C and C-



Fig. 5 X-ray fluorescence microscopic investigation of silver doped hydroxyapatite at 800 �C.
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2361 cm�1 were present at 50 �C whereas these two peaks were
not seen in 400 �C and 800 �C, which is due to the presence of

H2O absorption in the samples. The FTIR spectra obtained
clearly showed the presence of calcium phosphate and carbon-
ate groups, as well as hydroxyapatite.

3.4. Antibacterial activity

The study of antibacterial activity suggested that silver doped

hydroxyapatite could inhibit the growth of bacteria 6 and the
zone was formed in Sample A (50 �C), B (400 �C) and C
(800 �C) and the zone was not formed in the control and A
(Fig. 7). As a result, the nanoparticles of silver doped hydrox-
Fig. 6 FTIR analysis of silver doped hydroxyapatite at A-50 �C,
B-400 �C and C-800 �C.
yapatite samples are placed closer to the bacteria, resulting in
direct interaction between the bacteria and the silver nanopar-

ticles. This is owing to the calcium particles’ hydrophilic
groups, which aid in the dispersion of the silver nanocomposite
in aqueous solution. Bacteria (E. coli) easily interact with

hydrophilic surfaces; as a result, bacteria may easily attach
to the hydrophilic surface of the nanocomposite, where the sil-
ver particles of the composite could kill the bacteria (Supraja

et al., 2015; Bauer et al., 19661966; Saritha et al., 2019;
Bindu et al., 2019). Our results of antibacterial study clearly
show that infection of the implant materials will be decreased.

3.5. Anticancer activity

The in-vitro cytotoxicity of the silver doped hydroxyapatite
was evaluated against HeLa cell lines at different concentra-

tions (Control and 10–50 mg/mL). The samples cytotoxicity
analysis revealed a direct temperature response relationship,
with cytotoxicity increasing as temperature rose (Fig. 8). The

results demonstrated a considerable cytotoxicity against the
HeLa cell lines. Silver deposited hydroxyapatite inhibited
Fig. 7 Antibacterial efficacy of silver doped hydroxyapatite at

different concentrations (Control-CHAP, A-50 �C, B-400 �C and

C-800 �C). The different letters on each column indicates the

significant difference.



Fig. 8 Anticancer efficacy of silver doped hydroxyapatite at different temperatures (Control, 50 �C, 400 �C and 800 �C).

Fig. 9 Probit analysis brine shrimp assay of silver doped

hydroxyapatite.
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HeLa cell proliferation significantly with an IC50 value of

30.9155 (124.6%) lg/mL of the concentration at 50 �C,
whereas the IC50 value of 40.3786 (1947%) lg/mL of the con-
centration at 400 �C and IC50 value of 42.7488 (1014%) lg/mL

at 800 �C respectively. Silver doped hydroxyapatite inhibited
the proliferation of the cell line by less than 30% at the lowest
concentration tested (10 g/mL). The existence of 50 g/mL of
silver doped hydroxyapatite, drastically slowed the cell line’s

development (>75%). When compared to the temperature,
the 800 �C shown highest cytotoxicity effect. Nanoparticles
deplete intracellular antioxidants causing cancer cell death

according to a previous study (Supraja et al., 2020; Anand
et al., 2017; Renuka et al., 2020).

3.6. Brine shrimp assay

The larvicidal activity of the silver doped hydroxyapatite
tested on brine shrimp was weak. The test sample concentra-

tion was inversely proportional to the degree of lethality
(Paramanantham et al., 2019; Paramanantham et al., 2019;
Sairengpuii et al., 2020). The highest mortality of 40% was
observed at 50 �C while, 400 �C and 800 �C does not show

any mortality (Fig. 9). The lethality of silver doped hydroxya-
patite is very moderately toxic (active) if the LC50 value is less
than 1000 mg/mL, but non-toxic (inactive) if the LC50 value is

higher than 1000 mg/mL, indicating the existence of significant
cytotoxicity (Bauer et al., 19661966). The ureolytic bacterial
species are converted ammonia and carbonic acids from syn-

thetic urine by urease and ammonia production as described
by our previous report (Dhandapani et al., 2020). The culture
filtrate was rich in biogenic ammonia used for the synthesis of

hydroxyapatite and chemical ammonia was also used for the
synthesis for comparative study. Calcium phosphate com-
pounds have been studied for biomedical applications due to
chemical and structural similarity to the mineral phase of bone
and tooth. The composition, physico-chemical properties,

crystal size and morphology of synthetic apatite are extremely
sensitive to preparative conditions and sometimes it resulted
into non-stoichiometric calcium deficient hydroxyapatite

(HA) powder (Nagasundari et al., 2021; Mani et al., 2021).
In this study, ureolytic bacteria were isolated and developed
ureolytic bacteria mediated hydroxyapatite and doped with sil-
ver nanoparticles. The silver doped hydroxyapatite was char-

acterized and its antibacterial activity against the pathogenic
microorganism of E. coli was evaluated (Badineni et al.,
2021). The present results (UV, FTIR, XRD, DLS, TEM)

was in good in accordance with previous reports regarding sil-
ver doped HAp material preparation by various methods (Shi
et al., 2015; Stanić et al., 2011; Vukomanović et al., 2015). The
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antibacterial activity of the silver doped hydroxyapatite was
found to be substantially higher in 20 mg concentration than
10 mg the characterization studies were carried on 20 mg con-

centration of silver doped hydroxyapatite these doped hydrox-
yapatite can be used for bone grafting and Biofertilizers
purposes the previous investigators have also proposed several

mechanisms on antibacterial activity by AgNPs [30, 34 & 39].
The present result was indicated that our synthesized material
has good cell viability for HeLa cell lines. Besides, the antibac-

terial activity exhibited by our material was also found to pre-
vent bacterial infection (Mani et al., 2021; Mani et al., 2021).

4. Conclusions

Microbial synthesis of hydroxyapatite from synthetic/human
urine is an eco-friendly and non-toxic process for the synthesis

of bone-graft material. The silver doping improves the stabil-
ity, in which the annealing condition was found to control
the characteristics of silver doped hydroxyapatite. Such stable
crystalline product can be more resistant to eradication. On the

other hand, the biocompatibility studies on shrimp showed
that the silver doped hydroxyapatite is more compatible. The
resulting material also exhibiting antimicrobial activity which

reduces the use of antibiotics. Results obtained in this study
demonstrated that silver doped hydroxyapatite nanoparticles
may offer an effective alternative to antibiotic treatments,

exhibiting a specific spectrum of antimicrobial activity. Cal-
cium hydroxyapatite (HP, Ca10(PO4)6(OH)2) is the main min-
eral constituent of a human bone bio-implant materials such as
orthopedic, dental, treatment of wounds, burns infections,

wound dressings, coating of bone prostheses and maxillofacial
application. Moreover, the synthesized product was active
against HeLa cells which can be beneficial in implantation of

bone-graft to the cancer patient.
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