
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
O

ct
ob

er
 2

02
0.

 D
ow

nl
oa

de
d 

on
 1

/1
3/

20
26

 1
1:

27
:4

2 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Calcium carbona
aNoncommunicable Diseases Research Cent

Bam, Iran. E-mail: mehrdad7khatami@gma
bCell Therapy and Regenerative Medicine Co

Medical Sciences, Kerman, Iran
cSchool of Medicine, Bam University of Med
dLeishmaniasis Research Center, Kerman Un
eCellular and Molecular Biology Research

Sciences, Larestan, Iran
fMedical Ethics and Law Research Center,

Sciences, Tehran, Iran. E-mail: faribaborhan

Cite this: RSC Adv., 2020, 10, 38063

Received 20th May 2020
Accepted 28th September 2020

DOI: 10.1039/d0ra04503a

rsc.li/rsc-advances

This journal is © The Royal Society o
te nanowires: greener
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The synthesis of inorganic rod shape nanostructures is important in chromatography, dentistry, and medical

applications such as bone implants, and drug and gene delivery systems. Herein, calcium carbonate (CaCO3)

nanowires were synthesized using a plant extract and the ensuing nanoparticles were characterized by XRD,

FESEM, and HR-TEM. Then, the leishmanicidal effects of biogenic calcium carbonate nanowires were

investigated against Leishmania major including the toxicity of varying concentrations of nanoparticles, and

the percentage of viable and apoptotic cells based on flow cytometry analysis. Based on the results, the

IC50 of these polymorphs were calculated to be 800 mg mL�1. An ecofriendly, inexpensive, and novel

biogenic method for the production of a new advanced inorganic nanostructure, CaCO3 nanowires, is

described without using hazardous chemicals; calcium carbonate nanowires maybe used as a smart drug

carrier.
1. Introduction

In recent years, scientists have been scrutinizing the anti-
parasitic properties of nanostructures and special effort has
been made to treat common human and animal diseases.1,2 In
view of the universal spread of leishmaniasis, and its drug
resistance, novel therapeutic nano-medicine approaches are of
particular signicance.3,4 So far, various nanoparticles such as
ZnO,5 TiO2,6 and Au7 have been studied for their leishmanicidal
properties.

CaCO3 is abundant in nature,8 and is available in various
forms namely, calcite, aragonite, and vaterite.9 This mineral is
formed during the nature's biomineralization process.10 In
recent decades, calcium carbonate nanocomposite has
garnered much attention due to their high cell biocompati-
bility.11 Although vaterite is the least abundant among poly-
morphs of calcium carbonate, it is a biologically valuable
element in organisms.12 Vaterite is weak in terms of chemical
stability13 and rapidly gets converted to the calcite form.
Different factors like pH, presence of the organic precursor, type
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of solvent, and concentration of precursors are effective in
transforming the vaterite to calcite form.14 The calcium
carbonate nanoparticles has been widely used due to their
widespread applications in engineering,15 dentistry,16,17 drug
delivery,18 biotechnology,19 bone regeneration20 and environ-
mental protection.21 The use of calcite nanoparticles has
increased signicantly because of their pervasive availability,
low cost and ease of synthesis,22 biocompatibility, and the
potential for absorption and for bone tissue repairs in the
biomedical eld. Yu et al.23 have reported excellent potential for
calcium carbonate nanostructure scaffolds in bone regenera-
tion. Fujihara et al.24 reported that calcium carbonate nano-
structure improved the proliferation of osteoblast cells.

Leishmaniasis is a serious public health concern and the
disease comprise 3 typical groups namely visceral leishmaniasis
(VL), cutaneous leishmaniasis (CL), and mucocutaneous leish-
maniasis (MCL); CL form has the most prevalent rate while
Zoonotic CL (ZCL) is caused by Leishmania (L.)major. Due to the
recent spread of the disease the development of new effective
therapies has become a priority for the World Health Organi-
zation (WHO).25–27 Nanotechnology-based strategies using
nanoscopic tools is one of the most effective treatment for
protozoan infections.28,29 In the meantime, antibacterial, anti-
virals, and anti-parasitic properties of nanomaterials have been
extensively investigated due to their favorable physicochemical
properties.30–38 So far, the anti-leishmanial activity of various
nanomaterials such as silver, zinc oxide, liposomes, titanium
oxide has generated positive results but the calcium carbonate
nanostructures have not been studied although calcium nano-
structure have been considered in various elds due to their
RSC Adv., 2020, 10, 38063–38068 | 38063
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non-toxicity, suitability for intravenous and oral administra-
tion, high biodegradability, and good absorption in the human
body.39

In view of our ongoing studies exploiting the plant-mediated
strategies for the assembly of nanoparticles, the synthesis of
calcium carbonate nanowires and their anti-leishmanicidal
effects were undertaken; calcium nanowires were synthesized
using a plant extract and then, their anti-leishmanicidal effects
were examined on Leishmania major in in vitro.
2. Experimental
2.1. Materials

All chemicals and reagents were prepared from Merck Chem-
icals Co. Deionized water (DI) was used at all stages of the
experimental work. The plant material used in the synthesis was
purchased from a local supermarket.
2.2. Green synthesis of calcium carbonates polymorphs

At the outset, the young branches of Nasturtium officinale were
washed three times with deionized water and were dried at
room temperature for 7 days. The plant surface moisture was
removed at room temperature then milled to a ne powder by
electric Stainless Steel Home Grinding Milling Machine. To N.
officinale young branches powder (10 g), deionized water (10
mL) was added and shaken on orbital shaker for 24 hours, then
centrifuged at 8000 rpm for 15 min and ltered with Whatman
lter paper no. 42. A stock solution (200 mL of 0.1 M CaCl2-
$2H2O) was added drop wise to 100 cm3 plant extract at 80 �C.
The pH of the mixture was raised to 11 by addition of sodium
hydroxide solution (1 M); precipitate ensued aer increasing
the pH. The obtained mixture was stored at room temperature
for two hours, then cooled at room temperature, and incubated
at 70 �C for 1 day. The resulting nanoparticles were centrifuged
and washed with ethanol and DI, respectively, then dried at
120 �C and calcined in the furnace at 600 �C for 5 h.
Fig. 1 X-ray diffraction spectrum of CaCO3 nanowire synthesis using pl

38064 | RSC Adv., 2020, 10, 38063–38068
2.3. Physicochemical characterization of nanoparticles

The structure and size of resulting nanoparticles were analyzed
by eld-emission SEM (FESEM) (Sigma VP, ZEISS) and a high-
resolution TEM (HRTEM) (Tecnai, 20FEI). The XRD was recor-
ded on X'PertPro Advance with CuKa radiation 1.54 Å at 40 kV
and 30mA. Also, EDAX analysis was performed to determine the
purity of the nanoparticles.

2.4. Leishmanicidal activity

In this study, the L. major culture was treated with varying
concentrations of biogenic CaCO3 nanowire and amphotericin-
B; amphotericin-B has been used to treat fungal infections
associated with AIDS, central nervous system (CNS) infections,
lung infections, unicellular infections such as VL, etc.

Amphotericin and nanoparticles were prepared in DMSO. An
adequate amount of promastigotes was prepared by culturing
the L. major in RPMI 1640 (Gibco) with 20% FCS (Gibco).20

Promastigote proliferation was measured by MTT [3-(4,5-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.
About 3 � 106 promastigotes of L. major per well were cultured
in RPMI 1640 (Gibco) and 20% FCS (Gibco) and permitted to
multiply for 72 h in the medium (control group), in solvent
(other control groups) or the presence of CaCO3 NPS in 3
separate 96-well microtiter plates and in concentration of 100,
200, 400 and 800 mg mL�1. Then, 20 mL of tetrazolium (Roche,
Germany) (5 mg mL�1) was poured to each well and incubated
in 18 �C for 4 h to be centrifuged in 1000g for 10 min. The
supernatant was removed and 100 mL of DMSO was poured to
each well and resuspended. Finally, the ELISA reader was used
to read OD at 450 nm.

3. Discussion and results
3.1. XRD analysis

XRD pattern for CaCO3 nanowire obtained by the green method
at pH ¼ 11 aer calcination at 600 �C is depicted in Fig. 1.
According to XRD data, there are two crystalline phases of
CaCO3 (calcite and vaterite) in the nal product. No peak of the
ant extract.

This journal is © The Royal Society of Chemistry 2020
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Fig. 2 (a) SEM image of star-like shaped and (b) EDX profile of CaCO3 nanostructures.
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aragonite crystalline phase was observed in the graph.40 The
peaks observed in 2q ¼ 23, 29.9, 36, 39.5, 47, 48.5, 58, 61, 64,
65.5 and 76.50 related to the presence of calcite phase in the
nanowires.40 Also, the peaks observed in 2q ¼ 26, 32, 33, 34,
43.5, 49, and 53.50 are the main features of the vaterite phase in
the nanowires41 based on the standard JCPDS (no. 85-1108).
These ndings are similar to previously published reports on
CaCO3 nanoparticles that synthesized by using chemical
methods.40–43
3.2. Field-emission scanning electron microscope and
energy dispersive spectrometer (EDS)

The morphology of CaCO3 nanostructures was investigated by
SEM analysis (Fig. 2). The uniform addition of calcium chloride
solution to the plant extract in the air and CO2 environment for
This journal is © The Royal Society of Chemistry 2020
two hours with a continuous stirring resulted in the formation
of calcium carbonate nanoparticles. The addition of the NaOH
solution to calcium carbonate particles produced polycrystals of
vaterite. The incubation of the mixture resulted in the accu-
mulation of particles and the formation of star-like structures,
presumably due to the increase in salt content in a small volume
of space. A 50% increase in sodium hydroxide salts reduced the
stability of calcium carbonate particles and reduced the number
of calcium ions relative to carbonate, resulting in an increase in
the number of elliptical particles and the formation of irregular
star-like structures.44 The components of calcium carbonate
powders have been calcined at 600 �C are shown in Fig. 2b. The
EDX analysis (Fig. 2b) of CaCO3 nanoparticles showed that
nanoparticles comprise 59.8 (wt%) calcium, 33.4 oxygen, and
6.8 carbon.
RSC Adv., 2020, 10, 38063–38068 | 38065
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Fig. 3 HRTEM micrographs of CaCO3 nanowires.

Fig. 4 MTT assay of CaCO3 nanowire on L. major after 72 h.
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3.3. HRTEM analysis

Fig. 3 depicts the image of calcium carbonate nanowires45 and
their nanostring like particles (Fig. 3) at pH ¼ 11, respectively.
The minimum and maximum sizes of these single crystals are 3
to 76 nm, respectively. Nanowires shape (or needle-like) struc-
tures with a full center conrms the precursor conductivity of
calcium for the calcite nanoparticles formation.46
3.4. Leishmanicidal activity of nanowires calcium carbonate
nanowires

Leishmanicidal activity of varying concentrations of
amphotericin-B was investigated in comparison with the CaCO3

nanowire on L. major cultures. Fig. 4 shows the toxicity of CaCO3

nanowire as compared to the control group aer 72 h. The MTT
assay was applied to measure the cytotoxic effect of CaCO3 on L.
major promastigotes. Promastigotes growth inhibition of L.
major were evaluated in the presence of 100, 200, 400, and 800
mg mL�1 concentrations of CaCO3 nanowire. Following the
38066 | RSC Adv., 2020, 10, 38063–38068
application of nanowires calcium carbonate, promastigote IC50

was measured as 800 mg mL�1; results identied the CaCO3

nanowire that have the low toxicity against L. major.
4. Discussion

In this study, unprecedented synthesis of CaCO3 nanowires was
accomplished using plant extract. The characterization results
of the synthesized nanoparticles conrmed the morphology of
nanowires and their star-shaped polycrystalline structures.
Schematic of the formation process of the CaCO3 nanowire are
shown in Fig. 5, nanostring like CaCO3 particles with homo-
geneous size distribution were initially formed and then
aggregated and nally the growth of CaCO3 nanowires ensued.

Due to the high toxicity of plant physicochemical on Leish-
mania parasite,47 the use of nanoparticles containing these
compounds reduces the medical costs for the disease treatment
by minimizing the adverse effects, improving the solubility,
without generating cytotoxicity.

Also, the mechanisms for the conventional drug resistance
are oen associated with lower drug uptake, faster drug
metabolism, increased efflux, drug target variations, and the
over-expression of drug transporters. The high outbreak rate of
CL and the presence of resistance to conventional drugs high-
light a demand for promoting and exploring new, low toxic and
minimal cost drugs. According to the results of Borrego-
Sánchez et al., the solubility of praziquantel antiparasitic drugs
with calcium carbonate increased in the acidic medium and
cytotoxicity study revealed no cell death in HTC116 cells.48

Tessarolo et al., showed which benznidazole delivery with
calcium carbonate was more toxic on Trypanosoma cruzi
compared with benznidazole alone.49 One of the biggest
This journal is © The Royal Society of Chemistry 2020
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Fig. 5 Schematic of formation process of the CaCO3 nanowire.
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challenges in treating tropical diseases, as a public health
problem, has been its cost. Herein, the CaCO3 nanowires were
synthesized using an inexpensive method. Additionally,
calcium carbonate nanostructures may be used as a smart
anticancer drug carrier.50,51

5. Conclusion

Calcium nanowires were synthesized using a plant extract.
Their leishmanicidal effects were evaluated on Leishmania
major in in vitro. These results conrm that the plant extract
offer an easy, inexpensive and an effective method to synthesize
calcium carbonate nanowires without using any harmful
chemicals detrimental to humans and or environment.
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