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The role of piperine, a water insoluble alkaloid compound on the nucleation, crystallinity, size, shape and
dispersion of hydroxyapatite (HAp) nanoparticles was investigated. Two different concentrations of
piperine were used as an organic modifier. FTIR spectra support the transformation of functional groups.
The XRD pattern reveals the crystalline nature of the materials. The TEM images disclose the mechanism
of nucleation, formation, shape, size and morphology of HAp nanorods. The addition of the piperine dur-
ing the synthesis altered the morphology of HAp nanorods. Piperine, as water insoluble alkaloid could
affect the morphology of the HAp nanoparticles with agglomeration. These types of well defined and
shaped HAp nanorods can be used as a delivery service for drug release and in the field of biomaterial
research.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hydroxyapatite (HAp) is a typical calcium phosphate (Ca10(-
PO4)6(OH)2) which is a major constituent of both tooth and bone.
Due to diversified crystalline structures, HA is a great interest of
researchers at present. Their superior biocompatibility and bioac-
tivity lead to fabricate bone grafts in hard tissue engineering. It is
used as bone fillers, surface coatings, unloaded scaffolds and dental
composites (Bohner, 2001; Ansari et al. 2011). Since its structure is
similar to that of bone, attracted the scientific community and
engineers towards basic scientific research in biomedical applica-
tions (Boskey, 2007; Hench, 1991; Vallet-Regi and Gonzalez-
Calbet, 2004; Kalita et al. 2007). Photocatalytic degradation of
methyl orange and azo dyes (Shariffuddin et al. 2013; Liu et al.
2016), removal of metals, catalysis in organic synthesis
(Subramanian et al. 2013) and drug delivery (Suresh Kumar
et al., 2014). It has received great attention as an excellent candi-
date for biomedical applications because of its outstanding bio-
compatibility (Suchanek and Yoshimura, 1998). Hydroxyapatite is
one of the major bioceramics, drawn the attention of researcher
on various aspects such as synthesis, characterization and its appli-
cations (Sopyan et al. 2017). Hydroxyapatite nanoparticles have
attracted the researcher due to the vast application in the field of
biomedical materials, such as bone fillers, bone tissue engineering
scaffolds, soft tissue repairs (Xia et al., 2013; Dorozhkin, 2009; Ji
et al., 2012; Bang et al., 2015). HAp nanoparticles used as a poten-
tial candidate for controlled drug release from bone implants (Lisa
et al. 2016; Rodriguez-Ruiz et al., 2013; Lin et al., 2013). Its usage
explored in the field of water treatment and column chromatogra-
phy for separation of biomolecules, proteins and antibodies as very
good biomaterial (Jiang et al. 2012; Hilbrig and Freitag, 2012). The
potential application hydroxyapatite nanoparticles evaluated in
cell targeting, fluorescence labeling, imaging and diagnosis materi-
als (Kozlova et al., 2012; Chen et al., 2012).

Many organic molecules such as cetyltrimethyl ammonium
bromide, triethanolamine, diethanolamine, ethylenediamine tetra-
acetic acid (EDTA) polyethylene glycol, Tween 20, trisodium
citrate, D-sorbitol, citric acid, sodium citrate, sodium dodecylsul-
phate and sodium dodecylbenzene sulphonates have been
employed to control the crystallite size of the hydroxyapatite
nanoparticles (Liu et al. 2005; Pramanik et al. 2007; Wang et al.,
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2007a,b; Li, 2009; Martins et al. 2008; Chu et al. 2002; Wang et al.,
2007a,b). The above stated organic molecules reported to control
the nucleation and growth of the HAp nanoparticles during the
synthesis. The affinity between the HAp crystals and organic mod-
ifiers significantly control the morphology (Berberi et al., 2014).

The relationship between the chelating agent and the crys-
talline structure of HAp nanoparticles have been studied to under-
stand the role of organic molecules in the synthesis (Rhee and
Tanaka, 2000; Vijay Kumar et al. 2016). In addition to organic
molecules, polymeric materials like carboxymethyl cellulose also
has been used as an organic modifier to produce size controlled
HAp nanoparticles (Liu and Lal, 2015) Controlling the agglomera-
tion of particles during the synthesis of HAp is a challenging job
and a setback to produce particles with uniform size and shape.
Green synthesis of hydroxyapatite, metal substituted synthesis of
hydroxyapatite and its applications in various filed have been
explored. Green synthesis of silver substituted hydroxyapatite
composite as an efficient catalyst for hydration of cyanamides
using Myrica gale L. extract have been achieved (Momeni et al.
2017). Similarly, silicon-doped hydroxyapatites, nano-rods synthe-
sized by green route have been used as deliver service for antibio-
bic drug release (Abinaya Sindua et al. 2017). Recently, peptide-
tannic acid surface modified hydroxyapatite have synthesized by
green method and evaluated as an antifouling agent (Yang et al.
2017). To break down these obstacles, an effort has been taken to
control the agglomeration of particles during the synthesis. In
addition to the chemical synthesis, green synthesis of HAp is estab-
lished by means of eco-friendly process. Aloe vera extract, leaf
extract of moringa oleifera, gum-arabic and grape seed extract have
been proved as a green chelating agent to synthesis HAp nanopar-
ticles with a well defined shape and size (Klinkaewnarong et al.
2010; Sundrarajan et al. 2015; Sreedhar et al. 2015; Zhou et al.,
2012). In plant extract mediated green synthesis, interpretation
of the reaction mechanism is not viable because the actual mole-
cule involved in the green synthesis is not identified. It is known
that some of the water soluble molecules present in the plant
extract may act as reducing agent or chelating agent. Hence, study-
ing the effect of a pure organic molecule on the morphology of HAp
is important. The aim of the work is to investigate the role of a
water insoluble alkaloid (piperine) on the size, shape, dispersion
and morphology of hydroxyapatite nanoparticles.
2. Experimental procedure

Calcium nitrate (Ca(NO3)2, diammonium hydrogen phosphate
((NH4)2HPO4), ammonium hydroxide, acetone and dichloro-
methane were purchased from Merck, Mumbai, India. The piperine
(Fig. 1) was isolated from the methanolic extract of commercially
available black pepper powder and purified using column chro-
matography according to the literature (Subramanian et al.
Fig. 1. Structure of piperine.
2016). The purity of the isolated pipeline was confirmed by com-
paring with the commercially available sample. Distilled water
was used as the solvent to prepare the solutions.

2.1. Synthesis of hydroxyapatite

Hydroxyapatite was prepared using simple chemical precipita-
tion method (Amiri Roudan et al. 2017). Briefly, 100 ml of (1.0 M)
of calcium nitrate and 100 ml of (0.6 M) of diammonium hydrogen
phosphate were prepared and the pH of individual solutions was
adjusted to 9 by the addition of ammonium hydroxide solution.
Both solutions were mixed slowly with constant stirring for an
hour at room temperature. Piperine (10 & 20 mg) was dissolved
in acetone and added dropwise during the synthesis. The resulted
white precipitate was thoroughly washed with double distilled
water to remove impurities. The precipitate was dried at 100 �C
in hot air oven for 4 h and then used for characterization. The
hydroxyapatite synthesized using 10 and 20 mg was named as
HAp-10 and HAp-20. A pure hydroxyapatite was also synthesized
without piperine for the purpose of comparison.

2.2. Characterization

The function group identification in HAp nanoparticles was
studied using an FTIR spectrophotometer (Perkin Elmer Spectrum
RXI Spectrometer). The morphology of the prepared samples was
studied using Jeol/JEM 2100 Transmission Electron Microscope
(TEM), with accelerating voltage 200 kV. The crystallographic
structure of the synthesized HA samples was determined by X-
ray diffraction using an analytical model X’perPro diffractometer
in the range between 20 to 80� at with Cu Ka radiation (1.5406 Å).

3. Results and discussion

The role of piperine in the formation, dispersion and morpho-
logical aspects of the HAp nanoparticles was studied. Fig. 2(a–c)
shows the FT-IR spectra of the HAp synthesized without and with
piperine (10 & 20 mg). The bending vibration and stretching modes
(m3) noticed at 1286 and 1025 cm�1 are corresponds to the phos-
phate group (PO4

3�). The two broad peaks obtained at 3225 and
3058 cm�1 are corresponds to the OH group due to the presence
of moisture content (Suresh Kumar et al. 2010). The spectra of all
the samples exhibit peak at 1411 cm�1 is attributed to the CO3

2�

ion. A weak peak noticed at 2097 cm�1 in pure HAp is corresponds
to m3-asymmetric stretching of carbonate (CO3

2�) ion impurity is
Fig. 2. FTIR spectra of HAp nanoparticles (a) Pure HAp (b) HAp-10 mg piperine (c)
HAp-20 mg piperine.



Fig. 3. XRD pattern of HAp nanoparticles (a) Pure HAp (b) HAp-10 mg piperine (c)
HAp-20 mg piperine.

Table 1
Average crystallite size and degree of crystallinity of the pure HAp and HAp
synthesized with piperine 10 and 20 mg of piperine.

Sample code Concentration Average Degree of
of piperine
(mg)

crystallite
size (nm)

Crystallinity

*Pure HAp 0 24.87 ± 02 3.0049
*HAp-10 10 30.80 ± 04 2.7319
*HAp-20 20 29.55 ± 05 2.2334

*Pure HAp:
Hydroxyapatite without
piperine

*HAp-10: Hydroxyapatite with
10 mg piperine

*HAp-20: Hydroxyapatite with
20 mg piperine
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disappeared in all the remaining samples. In FT-IR spectra, two
sharp peaks appeared at 819 and 718 cm�1 are also belongs to
m2-vibration of carbonate ion (CO3

2�). Fig. 3(a–c) shows the X-ray
Fig. 4. TEM images of Pure HAp (i–iv
diffraction patterns of the HAp synthesized with and without
piperine. The XRD patterns of pure HAp and HAp synthesized using
10 and 20 mg of piperine show evidence of diffraction peaks of the
standard hydroxyapatite (JCPDS No.9-0432) (Suresh Kumar et al.,
2014). The diffraction pattern of the three samples shows no char-
acteristic peaks for calcium hydroxide and calcium phosphates are
) synthesized without piperine.
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considered as impurities indicates the purity of the samples. The
average crystallite size of the three HAp samples was calculated
using Debye–Scherrer’s equation is summarized in Table 1. The
broad peak observed in the region 30–40� can be recognized to
(211), (112), (300) and (202) reflections of HAp. The results of
XRD pattern clarify that the crystalline size slightly increased with
increasing the concentration of piperine. The changes in the size,
shape and dimension of the nanorods are noticed when 10 and
20 mg of the piperine was used. The increases in the width of a par-
ticular peak indicate the changes in respective crystal phase. The
XRD pattern shows that some changes happened in the crystal
plane by the addition of piperine.

The TEM images of pure HAp synthesized without piperine are
shown in Fig. 4(i–iv). The HAp sample synthesized without piper-
ine reveals the formation of nanoparticles with agglomeration. The
shape of the particles in this image show imperfect and unclear. To
understand the role of piperine in the formation of HAp nanoparti-
cles, three different quantities of piperine like 10 and 20 mg were
employed. The HAp synthesized using piperine found to be
rod-like particles without agglomeration. It exhibits the poor
Fig. 5. TEM images of HAp (i–iv) syn
crystalline nature. The hydroxyapatite nanorods formed are found
to be irregular in shape and size with slight agglomeration.
Fig. 5(i–iv) show the TEM micrographs of the HAp sample synthe-
sized with 10 mg of piperine. It is observed that nanorods appeared
to be slightly improved comparatively good in terms of size and
shapes with that of pure HA. Fig. 6(i–iv) exhibit, good appearance
and size with evenly distributed nanorods of HAp synthesized
using 20 mg of piperine. The shape, size and length of nanorods
much improved as compared with that of pure HAp as well as
HAp synthesized using 10 mg of piperine. The shapes of the parti-
cles are found to be much improved. The size of nanoparticles
noticed in TEM micrographs correlates with the XRD pattern of
the respective samples. The crystallite size of pure HAp, HAp-10
and HAp-20 obtained from the XRD pattern was �24.87, 30.80
and 29.55 nm, respectively. It is realized that the size, shape and
morphology of HAp crystals formed with two different concentra-
tions of the piperine is appreciably changed. It is also recognized
that the HAp nuclei grow into crystallites when the piperine was
used as organic modifier. TEM images remarkably revealed the for-
mation of HAp nanoparticles with agglomeration. It is confirmed
thesized with 10 mg of piperine.



Fig. 6. TEM images of HAp (i–iv) synthesized with 20 mg of piperine.
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that the piperine didn’t prevent the agglomeration during the syn-
thesis of HAp nanorods. In our case, piperine is absolutely insoluble
in water. Hence, it was dissolved in organic solvent, acetone, which
is miscible with water and added to the reaction mixture during
the synthesis. During the reaction, evaporation acetone caused
the regeneration of piperine. The HAp nanoparticles agglomerated
due to the charge of HAp and piperine in the reaction solution. The
water insoluble, piperine did not minimize the driving force
between the particles, hence the particles could not be freely dis-
persed. Here, piperine acted as a modifier in terms of shape and
morphology of the particles without controlling the driving force
between the particles. The size of HAp nanoparticles synthesized
with and without piperine is almost similar. It is understood that
piperine act as a modifier by means of controlling the shape of
the particles and not the size due to its insoluble nature water.
In our findings, we highlighted that the formation of lengthy HAp
nanorods with aggregation of crystals in particular at two concen-
trations (10 & 20 mg). Evidently, piperine effects some changes in
the size, shape and morphology of the particles when it was used
as an organic modifier. Some of the organic modifiers such as citric
acid (Chu et al. 2002), EDTA (Wang et al., 2007a,b) and trisodium
citrates (Rhee and Tanaka, 2000; Yang et al. 2013) are proven to
control the size, shape and morphology of the HAp particles during
the synthesis. It is known that the above stated organic compounds
are freely soluble in water. The aqueous solution of organic com-
pound and aqueous solution of calcium an ammonium salt are
easily miscible together. But in case of piperine, the molecule itself
aggregates when the organic solvent is evaporated during the syn-
thesis. HAp nanorods synthesized without piperine seem to be
aggregated together seriously without perfect shapes. The average
diameters and the average lengths of the HAp nanorods increased
with increasing concentration of piperine. The presence of piperine
(10 & 20 mg) was helpful in the formation of well defined, shaped
HAp nanorods as compared with that of pure HAp. It can be recom-
mended that piperine as an organic modifier has slight effects on
the sizes of the particles and significant altered the shape of the
particles. The interaction between the piperine and HAp crystallite
consequentially produce HAp nanorods with long lengths as
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compared with pure HAp. Though many water soluble organic
compounds and aqueous extract of many plants have been used
as a green chelating agent to modify the surface of the hydroxyap-
atite nanopaticles. Such nanoparticles also produced in various fas-
cinating shapes and evaluated for various applications. First time
we used piperine, a water insoluble compound to produce HAp
nanorods. This is the first report added in the field of organic mod-
ifier to produce HAp nano rods with well defined shapes.

4. Conclusion

Hydroxyapatite nanorods were synthesized with and without
piperine by the chemical precipitation method. Piperine played a
vital role to initiate the nucleation of particles during the synthesis.
It is proved that piperine, initiate the nucleation and control the
shape of the particles with agglomeration. The pure HAp nanocrys-
tals synthesized without piperine exhibit aggregation with imper-
fection in the shape and size. Piperine tainted the surface
morphology of HAp nano structures. The TEM images clearly dif-
ferentiate the shape of HAp synthesized with and without piperine.
The results of this work showed that piperine improve the mor-
phology, especially the shape of HAp nanoparticles. Piperine as
an organic molecule could control the morphology of the particles
during the synthesis to some extent. Since it is insoluble in water,
it could not prohibit the agglomeration of particles. First time, we
disclose the fact that the water insoluble organic molecule cannot
control the agglomeration, but it modifies the shape and size of the
nanoparticles. Hence, this type of specific shaped HAp nanorods
can be utilized for drug delivery and other material applications.
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