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Green synthesized calcium carbonate nanoscale particles (CaCO; NPs), mainly from plant sources, have attracted much
interest due to their intrinsic properties like eco-friendliness, rapidity, and cost-effectiveness. In this study, we used
Benincasa hispida (Thunb.) Cogn. pulp was used for CaCO; NPs synthesis, and these were characterized using particle size
analysis, FTIR (Fourier Transform Infrared), XRD (X-Ray Diffraction), FE-SEM (Field Emission Scanning Electron
Microscopy) and EDX (Energy Dispersive X-ray). The synthesized CaCO; NPs showed good antioxidant, anti-
inflammatory, and photocatalytic activity towards azodyes, i.e., TB (trypan blue) and CR (congo red). The particle size
analysis showed that the CaCO; NPs have sizes from 40nm to 100um. The FE-SEM analysis showed that the particles exist
as rice-like crystals. EDX data quantified the elemental compositions of CaCO; NPs. The FTIR spectrum showed that
similar functional groups of CaCO; (calcium carbonate) were present in CaCO3; NPs, and XRD confirmed that these are
crystalline. The in vitro antioxidant and anti-inflammatory assays were done to identify the corresponding potential of
CaCOj; NPs. It also displayed dye degradation potential to TB and CR. Thus, the study demonstrated that the green
synthesized CaCO; NPs can be used as a potent antioxidant, anti-inflammatory, and photocatalytic agent.
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Nanotechnology involves processing particles to
produce materials in the nano range with advanced
features and wuses to practice it as a tool in
various fields. There is an overall increase in the
implementation of nanotechnology in the medicinal
field, especially in therapeutic applications. It is due
to nanoparticles' high surface area and size-related
properties, which can be exploited in drug delivery
methods'. Nanoparticles have also emerged as a
powerful tool in applications like targeted drug
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delivery, implants, diagnostic kits, and bioimaging®.
They are used in the biomedical field due to their
increased  solubility, improved bioavailability,
capability to cross the BBB (blood-brain barrier), pass
into the pulmonary system, and absorption over the
tight junctions of endothelial cells of the skin”.

Green synthesis is an extensively used method,
apart from other techniques used to prepare
nanoparticles. Green synthesis is an ecofriendly
method that uses biological agents, mainly plants. The
phytochemicals present in the plants reduce the
particles to nano-sized particles®. It is a cost-effective,
time-saving, and cheapest method in nanoparticle
synthesis. We chose the common ash gourd
(Benincasa hispida (Thunb.) Cogn.) as the biological
agent for preparation of CaCO; NPs It is an under
exploited but important vegetable crop belonging to
the Cucurbitaceae family’. Reports state its
therapeutic value and use in treating many diseases
like ulcers, epilepsy®, diabetes mellitus’, etc. Limited
literature is available regarding the synthesis of
CaCO; by the green method. CaCOj;, one of the most
common biominerals, exhibits different morphologies
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in biological systems with varied functions. Because
of this application, they are widely used in drug
delivery and also as a diagnostic agent in disease
conditions. Out of numerous nanoparticles, CaCO;
NPs are constitutively used in many studies related
to the biomedical field due to their availability,
safety, biocompatibility, pH sensitivity, and slow
biodegradability®. CaCO; NPs are employed in
regulated drug delivery and for the encapsulation of
numerous pharmaceuticals due to their ease of
accessibility. CaCO; is additionally utilized as a
medicine carrier and bone substitute for conditions or
deformities involving the bone’.

Possibly, it is the first report of synthesis of CaCO;
NPs wusing Benincasa hispida pulp extract, its
characterization using particle size analysis, XRD, FTIR,
and SEM EDX, and evaluation of its antioxidant, anti-
inflammatory, and dye degradation properties

Materials and Methods
All the reagents used were of analytical grade.

Sample collection and extraction

The Benincasa hispida pulp was collected from a
nearby market in Thiruvalla, Pathanamthitta, district
of Kerala. About 10 g pulp of Benincasa hispida was
weighed, mixed with 100 mL distilled water, and
incubated for 1 h at 50°C. After the incubation, the
mixture was filtered using Whatman No. 1 filter
paper. The filtrate was used as a plant extract. It was
then stored at 4°C for further experiments.

Phytochemical screening of pulp extract

The phytochemical screening of Benincasa hispida
pulp extract was done as per standard methods for
testing the presence of alkaloids, glycosides,
carbohydrate, proteins'®, flavonoids, phenolics'’,
steroids'?, terpenoids, saponins'>'* and quinones'*.

Preparation of calcium carbonate nano scale particles

CaCO; (5 g) was mixed with 50 mL of plant extract
and 50 mL of distilled water (1:1 ratio) and then stirred
for 30 min followed by centrifugation at 5000 rpm for
30 min. This step was repeated twice with distilled
water. The pellet was then dried by keeping it in hot air
oven. It was further annealed at 500°C in an electrically
programmable furnace (Thermosystems India Pvt.Ltd.
Thiruvananthapuram, Kerala.).

Characterization
The synthesized nano-scale particles were
characterized using various methods to recognize the

size, crystallinity, and shape. Firstly, the size of nano-
scale particles was examined using CILAS-1180 LD
(Laser diffraction particle size analyzer facility). XRD
was done using Rikagu mini flex spectrometer with
Ko type X-Ray generated by 600WX Ray generator
to analyze the crystalline behavior of nano-scale
particles. FTIR was done using an IR Prestige
21 Shimadzu spectrometer with ATR crystal zinc
selenide and a resolution value of 4 cm-1 to identify
the functional groups present in CaCO3 NPs. SEM
EDX was done to know the morphology and
elemental composition of CaCO; NPs using JSM
6390 with an accelerating voltage of 0.5 to 30 kV and
magnification 300000X using tungsten filament.

Antioxidant assays
DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay

The DPPH scavenging ability of CaCO; NPs was
measured according to the protocol with some
modifications. 50, 100, 200, 300, and 500 pg/mL
sample concentrations were diluted to lml using
methanol for the assay. About 1.4 mL DPPH was
added to all the concentrations and kept in a dark
room for 30 min. The absorbance was measured at
490 nm". Gallic acid was used as the reference
standard. The results were expressed as % radical
scavenging activity (RSA) and were calculated as
% of RSA = [(Acontrol 'Asample)/Acontrol] %100
where Agmpe — absorbance of sample, Acongor—
absorbance of control.

Hydroxyl radical scavenging assay

The hydroxyl radical scavenging property of
CaCO; NPs was assayed by taking different
concentrations of samples ranging from 20, 50, 100,
200, 300, 400 and 500 pg/mL  with minor
modifications in the protocol'®. The reaction mixture
containing different concentrations of sample that is
made up to 1 mL with distilled water, 800 pL
phosphate buffer (50 mM, pH 7.4), 200 uL EDTA
(ethylene diamine tetra acetic acid) (1.04 mM), 200
uL  FeCl; (ferric chloride) (ImM), 200 puL
deoxyribose (28 mM) was incubated at 37°C for 10
minutes. After 10 min, 200 puL ascorbic acid and 200
uL H,O, (hydrogen peroxide) were added and
incubated at 37°C for 1 h. To this, 1.5 mL of both
TBA (thiobarbituric acid) and 25% HCI (hydrochloric
acid) were added. It was then kept at 100°C for 15
min and cooled. The absorbance was measured at 540
nm. The scavenging % was measured as
% inhibition = [(Acomrol 'Asample)/ Acontrol] x100
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The result was calculated and expressed as ICs-
Catechin was taken as the standard.

Reducing power test

Reducing potential of CaCO; NPs was analyzed in
accordance with the protocol with slight
modifications'’. This procedure involves combining
aliquots of the sample in different concentrations (25,
50 and 100 pg/mL) with 1ml of phosphate buffer (pH
6.6) and 1mL of potassium ferricyanide (1%) in 1 mL
of deionized water. For 20 minutes, the mixture was
heated to 50°C in a water bath. One mL of 10% TCA
(trichloroacetic acid) was added in aliquots after
chilling. 0.5 mL of freshly prepared (0.1%) ferric
chloride solution was added to 1 mL of the reaction
mixture along with 1 mL of distilled water. The
absorbance was determined using a colorimeter at 650
nm. Gallic acid was taken as the standard.

Metal chelating activity

The metal chelating potential of nano scale particles
was measured by taking different concentrations of the
sample (50, 100, 200, 250 and 300 pg/mL) and by
adding 500 puL 2 mM ferrous chloride and 1 mL of 5
mM ferrozine to it. It was mixed well and allowed to
stand at room temperature for 10 min. The absorbance
was measured at 540 nm. The inhibition percentage was
calculated as given below'.
% inhibition = [(Acontrol 'Asample)/Acomrol] %100
The result was calculated and expressed as ICsy.
EDTA was taken as the standard.

Superoxide scavenging assay

The superoxide anion scavenging property of CaCO;
NPs was measured according to the protocol with some
changes". The reaction mixture contained 1 mL of NBT
(nitro blue tetrazolium chloride) (300 uM), 1 mL NADH
(nicotinamide adenine dinucleotide hydrogen) (936
uM), 100 pL PMS (phenazine methosulphate) and 1.9
mL of different concentrations of sample (50, 100, 200
and 500 pg/mL). It was incubated at RT for 5 min. The
absorbance was measured at 540 nm.
% inhibition = [(Acontrol ‘Asample)/Acontrol] %100

The superoxide scavenging property measured was
estimated as ICsy. L-Ascorbic acid was taken as the

standard.
Anti-inflammatory assays

Anti-inflammatory assay using BSA (Bovine Serum Albumin)
and EA (Egg Albumin)

The anti-inflammatory potential of CaCO; NPs was
checked using BSA'". The different concentrations
of CaCO; NPs sample were 50, 100, 250 and

500 pg/mL. The absorbance was measured at 650 nm.
The inhibition percentage was calculated as
% of inhibition = [(Asample/Acontrol)-1] X100

The EA assay was also done according to the
method of Dharmadeva er al*’. The concentration
ranging from 50, 100, 250 and 500 pg/ml of CaCO;
NPs were taken. The absorbance was measured at 650
nm. The inhibition of denaturation was measured by
% inhibition = [(Acontrol 'Asample)/Acontrol] x100

Nitric oxide assay

Nitric oxide assay was done to identify whether the
nano scale particles can scavenge nitric oxide and was
done according to the protocol with modifications'.
The samples were taken in different concentrations
from 50, 100, 250 and 500 pg/mL and was made up
to 1 mL using distilled water. 3ml of 10 mM sodium
nitroprusside (SNP) solution in phosphate buffer
saline (pH 7.4) was added to all the tubes and
incubated at RT for 150 min. After the incubation 0.5
mL of Griess reagent was added to all tubes, and the
absorbance was measured at 540 nm. The result was

calculated and expressed as ICsy.. Quercetin was taken
as the standard.
% inhibition = [(Acomrol ‘Asample)/ Acontrol] x100

Photodegradation activity of CaCQOz; NPs on TB and CR Dye
Photodegradation assay using CR

The dye degradation potential of CaCO; NPs towards
CR was done according to the protocol with
modifications”'. One mg CR was mixed with 100 mL of
distilled water to make the CR dye solution. To
5 mL of the above made-up solution, 0.05 g CaCO; NPs
were added and kept at RT. Another 0.05 g CaCO; NPs
were added to a fresh 5 mL CR solution and irradiated
with UV (ultra violet). A plain CR solution was taken as
control in both cases. Absorbance was measured at an
interval of 1 h and continued up to 30 h. The absorbance
was measured at 590 nm. The degradation efficiency
was estimated using the formula given below:
% of degradation = [(Acontro] 'Asample)/Acontrol] x100

Photodegradation assay using TB

The procedure of TB degradation was same as that
of CR degradation. 200 pL 0.4% TB dye was made up
to 50 mL using distilled water. To 5 mL of the above
made-up solution, 0.05 g CaCO; NPs were added and
kept at RT. Another set of same samples was, kept at
UV. A plain TB solution was taken as control. The
absorbance was measured at an interval of 1 h and
continued up to 30 h. The degradation efficiency was
calculated using the formula given below:
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% of degradation = [(Aontrol ~Asample)/Acontrol] X 100

Results and Discussion

Phytochemical analysis of Benincasa hispida pulp extract

Benincasa hispida has many health benefits
because of its vitamin content, nutritional value, and
minerals. As a result of its versatility, it has a vital
role as an ingredient in many important food, and
pharmaceutical products. Despite its advantages, no
studies reported the usage of ash gourd for nano scale
particle synthesis. The qualitative phytochemical
examination of Benincasa hispida pulp extract
revealed the presence of saponins, flavonoids,
carbohydrates, glycosides, terpenoids, quinones,
phenolics, and steroids. The presence of proteins
and alkaloids was not identified in the plant extract
(Table 1). It was done in-order to verify the class of
compounds present in the extract that are beneficial
for nano scale particles reduction. The flavonoids, and
phenolics in the ash gourd extract confirmed the
reducing capacity of the pulp which was important in
the synthesis of nano scale particles.

Green synthesis and characterization

The mixture of CaCOj; and Benincasa hispida pulp
extracts appeared as a milky solution. A fine white
powder was obtained after centrifugation and
calcination of the solution. It was characterized by
particle size analysis, XRD, FTIR, and SEM, EDX in
order to identify the properties associated with it.

Particle size analysis

Size of nano scale particles is an essential factor for
an efficient nano-carrier, as it influences the stability,
cellular internalization, and other factors for the drug-
loaded nanocarriers®. The particle size of the green
synthesized CaCO; NPs (Fig. 1.) confirmed the
presence of fine nano scale particles in a size range
of 40 nm to 100 pm. This wide size range can be

Table 1 — Phytochemical screening of Benincasa hispida pulp

extract
Constituents Test Presence/Absence

Carbohydrates Molisch’s Test +
Saponins Foam Test +
Froth Test +

Proteins Ninhydrin Test -
Alkaloids Mayer’s Test -
Hager’s Test -

Flavonoids Lead Acetate Test +
Glycosides Keller Killiani Test +
Terpenoids Salkowski Test +
Steroids Salkowski Test +
Phenolics Ferric Chloride test +
Quinone Sulphuric Acid Test +

attributed to the agglomeration of CaCO; NPs in a
medium. From the figure, about 80% of particles
exhibit a size range of about 30-50 pm.

XRD Analysis

The nature of CaCO; and CaCO; NPs was found to
be crystalline by XRD. XRD pattern is given in
Fig. 2. with significant peaks at 23°, 29°, 36°, 40°,
44°, 48° and 49°. The obtained XRD pattern was
compared with green synthesized CaCO; NPs in a
study by Garg ef al’. A similar XRD pattern with
almost the same peaks was observed. Derkani et al.”
reported that a peak at a diffraction angle 29.48°
matches to a known reflection for calcite. A peak at
the above-mentioned angle was observed in the
greenly produced CaCO; NPs. The miller indices of
the XRD pattern of CaCO; and green synthesized
CaCO; NPs are bracketed against corresponding
angles. These indices were compared with calcite in a
study by Luo, Xianping et al.**, according to their
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Fig. 3 — FTIR analysis with a scan range of 600 to 4000 cm™' of (a) CaCO; & (b) CaCO; NPs.

report, calcite has indices 012, 104, 006, 110, 113,
202, 018 and 116 at corresponding angles which is in
agreement to the indices of the resulted XRD pattern.

FTIR analysis

Figure 3 A & B shows the FTIR spectra of CaCOs,
and CaCO; NPs with a scan range of 600 to 4000 cm™.
The CaCOs FTIR pattern shows vibration bands at 621,
711, 871, 1408, 2980, 2875, and 2515 and 1795 cm™.
Likewise, FTIR pattern of CaCO; NPs has peaks at 619,
711, 873, 1404, 1795, 2515 and 2868 cm™. When
compared with a study by Charde et al”, it was
confirmed that bands at 1404, 711, 871, 1408 and 873
cm’ of CaCO; and CaCO; NPs FTIR spectra indicate
vibration of bonds of carbonate. In a study by Garg et
al’, it was reported that a sharp band at 1061, 870 and
718 cm™ can be attributed to calcite polymorph, and
also, a strong band at 1400 cm™ corresponds to the
polymorph aragonite. Green synthesized CaCO; NPs
have peaks at 711, 873 and 1404 cm™ that is in accord
with the peaks from the above-mentioned study’.

SEM- EDX analysis

SEM analysis (Fig. 4D.) indicates that the green
synthesized CaCO; NPs consist of small-rice like
crystals. A size reduction can be observed from the
SEM images of nano scale particles when compared

with that of original CaCO; (Fig 4B). Also, it is clear
from the results that there is agglomeration between
the particles. SEM image almost identical to the
synthesized CaCO; NPs was obtained from a study
conducted by Chaliulina e al.*® (2023). As stated in
their study, the SEM image corresponds to
monohydrocalcite™.

The EDX analysis permitted visualization of the
elemental composition of the CaCO; and CaCO; NPs.
According to the EDX data of CaCOs, it contains 22.34
Wt% (weight percent) calcium, 46.4 Wt% oxygen,
30.62 Wt% carbon and 0.65 Wt% magnesium. The
EDX data of CaCOz; NPs showed 40.99 Wt% calcium,
48.43 Wt% oxygen, 9.98 Wt% carbon, and 0.6 Wt%
magnesium. The EDX data of both compounds showed
a strong signal for calcium elements. The EDX analysis
of original CaCO; (Fig. 4E) also presented a strong
signal for carbon, and oxygen atom. However, in the
case of CaCO; NPs, there was only a weak signal for
both carbon and oxygen elements. The carbon element is
reduced when it comes to nano scale particles, and the
calcium elements has increased when it comes to
nano scale particles (Fig. 4F). Both samples
contain minor traces of magnesium. No other
significant difference is seen from the EDX data of
original CaCO; and CaCO; NPs.
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Fig. 5 — Antioxidant potential of CaCO; NPs (A) DPPH assay; and (B) Hydroxyl radical assay.

Assessment of antioxidant activities
DPPH and hydroxyl radical scavenging assay

The radical scavenging activity of the CaCO3; NPs
was assessed by DPPH assay. DPPH test is a standard
assay to evaluate samples' radical scavenging
capability. DPPH has a purple color with an
absorbance at 490 nm in methanol; hence, scavenging
the DPPH will result in a decline in absorbance®”*.
From this assay, it was revealed that the CaCO; NPs
(50, 100, 200, 300 and 500 ug/mL) have antioxidant
properties with an ICsy value of 218.73 pg/mL.
Gallic acid was used as the standard at varying
concentrations (10, 50, 100, 200 and 300 pg/mL). The
standard gallic acid has ICs 200.75 pg/mL (Fig. 5A).
A dose-dependent increase in the scavenging activity
of DPPH was seen in CaCO; NPs.

Hydroxyl radicals are radicals that can induce
harmful effects on the major macromolecules like
nucleic acids in biological systems®. This assay was
conducted to check the hydroxyl radical scavenging

ability of CaCO; NPs. In this experiment, hydroxyl
radicals are produced by Fenton reaction between
ferrous ion and hydrogen peroxide. Different probes,
like deoxyribose, and benzoate have used colorimetric
measures to show the damage produced by hydroxyl
radicals. The deoxyribose probe gets degraded in the
presence of hydroxyl radical, and forms a pink
chromogen upon heating with TBA. The probe is
protected from the hydroxyl radicals by the radical
scavengers present in the sample™. Catechin was
chosen as the standard. The samples showed the
scavenging activity in a concentration dependent
manner as seen in the figure (Fig. 5B). For CaCO;
NPs 312.363 pug/mL is the ICs, and that of catechin is
0.1142 pg/mL. Compared to catechin; CaCO; NPs
have moderate scavenging activity, and can be
considered to have antioxidant potential.

Various inorganic nanoparticles have shown
antioxidant activity toward DPPH, and hydroxyl
radicals. There were no available reports stating the
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assay.

antioxidant potential of CaCO; NPs and only few
reports stating the antioxidant potential of CaCOs are
available’’. However, antioxidant potential of nano
scale particles can be enhanced by conjugating natural
compounds.

Reducing power assay, metal chelation assay and superoxide
radical scavenging assay

The principle behind the reducing power assay is that
compounds having reducing power combine with Fe’* to
generate Fe’*, which then reacts with ferric chloride to
produce ferric-ferrous complex, which has an
absorbance at 650 nm”’. The total reducing potential of
the samples and gallic acid were carried out at
concentrations 20, 50 and 100 pg/mL. The gallic acid
showed 0.54 absorbance at a concentration of 50 pg/mL,
and the CaCO; NPs showed an absorbance of 0.26 at
50 pg/mL. As indicated in the Fig. 6A, the reduction
power of CaCO; NPs is increased by a rise in
concentration of nano scale particles.

Metal chelating potential of CaCO; NPs was
assayed by its potential to disrupt the formation of a
red ferrous ion-ferrozine complex in the reaction
mixture. Ferrozine can quantitatively form complexes
with Fe’* ions. In the presence of other chelating
agents, the complex formation would be disrupted
which result in the decrease in the red colour’. As
shown in Fig. 6B, the metal chelating test results
demonstrate that CaCO; NPs have good metal
chelation capacity. The standard solution EDTA,
showed maximum Fe’" ion chelating activity
(75.17%) at higher concentrations (100 pg/mL). Also,
the Fe*" ion chelating power for CaCO; NPs at 100
ug/mL was observed to be 18.9% from the figure.

The superoxide radical scavenging (O* ) assay
involves using O* which is produced through
different reaction methods. PMS is used to oxidize
NADH to produce O”. The probe chosen to quantitate
O> was NBT. NBT is reduced to a purple-coloured
formazan by O® *’. Figure 6C summarizes the

scavenging effects of CaCO; NPs produced from
Benincasa hispida pulp extract within a concentration
range from 50, 100, 200 and 500 pg/mL. The samples
had scavenged superoxide in a concentration-
dependent manner. The standard taken was L-ascorbic
acid. The L ascorbic acid shows superoxide scavenging
activity with ICsy value of 303.7394 pug/mL. The 1Csq
of CaCO; NPs was found to be 238.5493 ug/mL. The
Fig. 6C reveals that CaCO; NPs had the highest
scavenging activity towards superoxide anion radicals
at a concentration of 500 pg/mL.

Anti-inflammatory assays
Anti-inflammatory assay using BSA, EA and nitric oxide assay

Protein denaturation can be considered to be one of
the causes of inflammation. As a result, agents or
chemicals that significantly reduce protein denaturation
may have potential anti-inflammatory effects’*. BSA
and EA were taken to check whether the test
samples prevent its denaturation. Evaluation of
anti-inflammatory activity was done at different
concentrations of CaCO; NPs i.e., 50, 100, 250 and
500 pg/mL. However, the standard, diclofenac
sodium (100, 200, 300 and 400 pg/mL) with ICsy of
221.01 pg/mL showed an 89% inhibition at 400 pg/mL.
CaCO; NPs at concentration (500 pg/mL) exhibited
the highest level of anti-inflammatory activity at 75%
inhibition for BSA assay with an IC50 of 329.80 pg/mL
(Fig. 7A).

Anti-inflammatory potential of CaCO; NPs was also
assessed against denaturation of EA method. The
highest inhibition rate of CaCO; NPs was observed at
the concentration of 500 pg/mL. Our green synthesized
CaCO; NPs at concentration (50, 100, 250 and 500
pg/mL) exhibited the highest level of anti-inflammatory
activity at 59% inhibition for EA assay (Fig. 7B). For
CaCO; NPs 422.0103 pg/mL is the ICsp. When
compared to standard diclofenac sodium having 89% of
inhibition at 400 pg/mL, the inhibiting activity of EA
denaturation is very low for CaCO; NPs.
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Nitric oxide has an important role in the
pathogenesis of inflammation. Nitric oxide is generated
during inflammation as a mediator with response to the
activation of immune cells. The interaction of nitric
oxide with toxic agents will lead to many disease
conditions. It is a signaling molecule that is involved in
immune system, neurotransmission and vasodilation,
etc. It has been studied that inflammation can be
regulated by the suppression of nitric oxide
production®. This test helps to measure the scavenging
potential of nitric oxide by CaCO; NPs. The standard
taken was quercetin in increasing concentrations of 50,
100, 200 and 500 ug/mL. The ICsy value of quercetin
was 219.6 pg/mL. The CaCO; NPs were taken in the
same concentration as that of standard. The estimated
value of ICsy was found to be 275.16 pg/mL in CaCO;
NPs (Fig. 7C). Compared to quercetin; the nano scale
particles are slightly less efficient than quercetin in
scavenging nitric oxide.

From these assays it was revealed that CaCO; NPs
have anti-inflammatory activity, which makes it
promising for future, and can be used as an anti-
inflammatory agent. CaCO; NPs can be generated as
an anti-inflammatory drug after necessary studies in
in vitro cell line and in in vivo studies. A work by
Jung et al.’® had studied about the anti-inflammatory
properties of tannylated CaCO; NPs. In their study
they had conjugated tannic acid which have anti-
inflammatory properties with CaCO; NPs, and

checked the expression of pro-inflammatory factors
in lipopolysaccharide stimulated chondrocytes.
Clinical study reports are also available that had
described the anti-inflammatory activity of CaCOs;
by discovering the down regulation of pro-
inflammatory cytokines®’.

Photocatalysis of CaCO; NPs

Photocatalytic activity of the greenly made CaCOs;
NPs was studied by degradation of CR and TB under
UV irradiation and at normal RT. The degradation of
the dyes in presence of CaCO3; NPs was confirmed by
the continual decrease of its absorption peak intensity
within 30 h of observation. The control showed
almost no change of colour within the observation
period. The nano scale particles had shown decent
photocatalytic activity towards azo dyes specifically
towards CR and TB under both UV and normal
temperature conditions. It was observed that these dye
particles were adsorbed onto the surface of these nano
scale particles within hours thus obtaining almost
clear solution. This property of CaCO; NPs can be
used in various applications like dye removal,
therapeutic and diagnostic purposes etc. The
maximum percentage of degradation was 50% on CR
in RT and 54% in UV (Fig. 8 A & B). In case of TB,
it was 61% in room temperature and 52% in UV
(Fig. 8 C & D). After 30 h of duration, this particular
reaction mixture had attained equilibrium thereby not
any further degradation of dye.
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Although many inorganic nanoparticles have shown
the dye degradation potential, only a few studies about
photocatalysis have been conducted on CaCO; NPs. One
such study by Ghadiri et al.*® had made use of CaCO;
NPs for methylene blue degradation. They had reported
about 93% degradation of methylene blue by CaCOs
NPs within 2 h thereby affirming the photocatalytic
ability of CaCO; NPs. Another study involving the use
of CaTiO; nanoparticles from CaCO; NPs and TiO, on
the degradation of Brilliant green dye was done by
Ernawati et al.*’. They had evaluated the impact of
concentration of dye and photocatalyst on dye
degradation. It was stated in their study that the dye
molecules were chemisorbed onto the surface of
photocatalyst. The green synthesized CaCO; NPs has
also exhibited similar results of photocatalysis which is
in line with the above-mentioned studies.

Conclusion

The present work describes the green synthesis of
CaCO; NPs using the Benincasa hispida (ash gourd)
pulp extract. The pulp extract was analyzed for
phytochemical compounds and had shown the
presence of various secondary metabolites including
phenolics and flavonoids. It had been successful in
generating nano scale particles of CaCO; through
various characterization techniques with antioxidant,
anti-inflammatory and photocatalytic activities. Thus
the future studies involve the usage of CaCO;3; NPs in
drug delivery applications.
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