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ABSTRACT

Green fabrication of SnO,/Calcite bio-nano composite was synthesized based on cypress leaves and eggshell wastes.
SEM, TEM, XRD, EDAX, elemental analysis, and FT-IR was used for more information about this composite. Free
radical scavenging, total antioxidant capacity, antimicrobial, and cytotoxicity of this bio-nano composite investigated.
SnO,/Calcite bionano composite was displayed antioxidant and antimicrobial properties successfully. Cytotoxic

potential of SnO,/Calcite bio-nano composite against HepG2 cells observed. The results suggest that SnO,/Calcite

bio-nano composite holds more significant

potential
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than calcite against bacteria and fungi.

INTRODUCTION

Chemotherapy and surgery are the most common approach for
liver cancer therapy [1-4], and paclitaxel [5], Adriamycin [6], and
cisplatin injection [7] are its essential drugs [8]. In this regard,
the most potential advantage of new technologies is using
composite materials in cancer treatment [9]. Hence, advances in
green nanocomposites can create a new view in the treatment of
cancer and its challenges. Also, their physicochemical properties,
high surface-to-volume ratio, controlled size, and the electron's
spatial confinement, shape, and morphology can help to have
the extension used in this field [10-13]). Calcium carbonate
(calcite) has widespread interest in pharmaceutical sciences due
to its biocompatibility. For the synthesis of anticancer medicines,
pH sensitivity and functionalization utilizing target agents are of
particular interest. It seems that the slow degradation of calcite
nanoparticles is essential to have high drug retention times in
cancer tissues [14,15]. SnO;, an n-type semiconductor, has with
wide band gap (Eg: 3.6-3.8 V), and it is an excellent model to

study the effect of surface excess on nanocomposites. Due to
strengthen transparency in the visible region, high thermal
stability, chemically inert, mechanically hard, and low operating
temperature, it has various biomedical applications [16-18].
SnO; NPs have shown excellent antimicrobial, anticancer, and
activity  [19,20].  Cytotoxicity of SnO; on
hepatocellular carcinoma (HepG2) reported [21,22]. Cupressus

antioxidant

sempervirens L. (Mediterranean cypress) is an evergreen tree
belonging to the Cupressaceae family. Cypress is native to North
America, the Mediterranean region, and Iran. It is recognized as
a medicinal herb and is applied as a diuretic, digestive stimulant,
cold-fighting agent, and wound healer. The leaves of this plant
are rich in flavonoids and tannins [23,24]. In this study, SnO,/
Calcite as a novel bio-nano composite was engineered based on
eggshell wastes and cypress leaves. For the first time, cytotoxic
effects of one bio-nano composite based on natural materials
evaluated on HepG2 liver cancer cell lines. Also, antioxidant,
antimicrobial activities of SnO,/Calcite nano biocomposite were
considered.
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MATERIALS AND METHODS

The tin (II) chloride dehydrate (SnCl,.2H,0) was purchased
from Sigma-Aldrich company. Plant collected from South
Khorasan (Iran) and eggs purchased from the local supermarket.
SnQO,/Calcite bio-nano composites and eggshell evaluated by X-
ray Diffraction (XRD) on a Philips model PW 1800 to consider
its purity. The shape and particle size distribution of the SnO,/
Calcite bio-nano composites were specified TEM (ZEISS
EMO900). Energy-dispersive X-ray spectroscopy (EDS- ZEISS,
EVO18) and electron microscopy (SEM-ZEISS,
EVO18) analyses carried out to study the chemical composition

scanning

and morphology of SnO,/Calcite bio-nano composites.

Plant collection and preparation of the aqueous
extract cypress leaves

The leaves of cypress were collected from South Khorasan, Iran,
and authenticated by H. Bibak, Faculty member of the
Department of Biology, University of Jiroft. A voucher specimen
with accession number 203 deposited to the Herbarium of
Department of Biology, Faculty of Science, University of Jiroft.
The cypress leaves washed with distilled water to remove dust
particles and dried in the shade for two weeks. The dried leaves
were powdered into fine particles using a mechanical grinder.
The dried powder of cypress leaves (10 g) refluxed using distilled
water (100 mL) for 30 minutes. The Cypress extraction solution
was used for the green synthesis of nanomaterials in the next
steps after filtration.

Biosynthesis of SnO, nanoparticles

25 mL of SnCl;.4H,0 (0.05M) was added to 50 mL of
extraction solution and stirred at 25°C for 30 minutes. After
cooling, the synthesized precipitates were separated using a
centrifuge and washed with water, and dried. Finally, they were
placed in an electric furnace at 550°C for one hr.

Biosynthesis of SnO,/Calcite bio-nano composites

The chicken eggs were braked and separated from the adhering
membrane inside them. After washing the eggshells with
distilled water and drying at 100 °C for two h, they powdered
using a mortar. After mixing the eggshell powder (1 g) and
CH,Cl, (5 mL) within 10 minutes, the eggshell powder filtered
and dried for the next step. In the following, the tin (II) chloride
dihydrate solution (50 mL, 0.05 M) and dried eggshell (1 g)
mixed within 30 minutes, and the extract of the cypress leaves
(100 mL) added drop by drop within 30 minutes and refluxed
for another 30 minutes. Then, the synthesized precipitates were
centrifuged at 15000 rpm and washed with water, and dried.
The biosynthesized nanocomposites were placed in an electric
furnace at 550°C for one hr.

Free radical scavenging activity

3 mL of various concentrations of pure eggshell and SnO,/
Calcite (50, 100 and 200 pg/mlL) was treated with 1 mL of 0.1
mM DPPH (1,1 diphenyl-2-picrylhydrazyl) reagent (in 96%
ethanol) [25]. After incubating within 30 min at 37 °C, the
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absorbance considered at 517 nm using spectrpphotometer.
Ascorbic acid (dissolved in 96% ethanol) and 96% ethanol were
used as standard and blank, respectively. The percentage of
radical scavenging activity was measured utilizing the equation:

% scavenging activity= (1-As / Ac) x 100
Where;The absorbance of the DPPH solution is As. The

absorbance of control is Ac using reagent instead of sample.

Total antooxidant capacity

900 pL of the mixture of 0.6 M sulfuric acid, 28 mM sodium
phosphate, and four mM ammonium molybdate reacted with a
100 pL (dissolved in 0.1% DMSO) aliquot of each sample. It
heated for 90 min at 95 °C in the water bath. Absorbance
considering at 630 nm after diminishing the temperature, and
ascorbic acid used as a positive control. The number of ug
equivalents of ascorbic acid per milligram sample used for total
antioxidant capacity (i.e., pgAAE/mg sample) [26].

Evaluation of cytotoxicity of SnOz /Calcite bio-nano
composite

Standard MTT assay was used to determining the cell viability,
and cytotoxicity of this bio-nano composite [22]. For MTT assay,
samples prepared by in 0.1% DMSO.
Hepatocellular carcinoma (HepG?2) cell lines were provided from
the National Cell Bank of Iran (NCBI, Pasteur Institute of Iran).
The mixture of Dulbecco’s modified Eagles medium (DMEM)
supplemented with 10% heatinactivated fetal bovine serum
(FBS), two mM L-glutamine, 100 mg/L streptomycins, and 100
IU/mL penicillin used for growing the cells. Then were
maintained at 37°C in a 5% carbon dioxide humidified
incubator. The fully grown cells were harvested and seeded in 96-
well plates at a concentration of 1 x 105 cells/well. Cells were
cleaned with 100 pL of serum (free medium) two times after 24 h
incubation and starved for 1 hour at 37°C. Cells incubated in
the presence of different concentrations of SnO,/calcite (10, 50,
100, 250,and 500 pug/mL) for 72 h at 37 °C, after starvation.
After aspiration, serum-free medium containing 0.5 mg/mL of 3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-tetrazolium bromide

(MTT) was added and incubated for four h at 37 °C in a CO,
incubator. Then the cells were washed with 200 pL of Phosphate-
Buffered Saline (PBS). The crystals dissolved by adding 100 pL of
0.1 % DiMethyl SulfOxide (DMSQO) and optical density

determined at 570 nm for each well-containing cell.

were dissolving

Antimicrobial activities by disk diffusion method

Antimicrobial properties of the bio-nano composite against
Lactobacillus sakei subsp. Sakei (Gram-positive, ATCC 15521),
(Gram-negative, ATCC  25922), and
Saccharomyces cerevisiae (ATCC 9763) investigated using the
standard disk diffusion technique.Briefly, bacteria strain and

Escherichia  coli

fungi were sub-cultured overnight in a nutrient broth medium.
50 pL of the bio-nano composite and pure eggshell at different
concentrations (50, 100, and 200 pg/disc) was added to the paper
disc (6.4 mdiameter) and dried for 10 min. Pure eggshell and
SnO,/Calcite bio-nano composite dissolved in 5% Dimethyl
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Sulfoxide (DMSO). An overnight strain (1x 107 CFU/mL) was
evenly spread on nutrient agar plates with a sterile swab and
allowed to dry for 15 min, and then, plates were incubated 24 h
at 37°C. Gentamycin (50, 100, and 200pg/disc) was used as a
positive control [27]. (11%)

Statistical analysis

All the biological assays have done in triplicate, and the
results presented as Mean + Standard Deviation (SD).
Statistical significance of groups measured by oneway
ANOVA followed using an LSD post hoc test. The significance
was presented as a P value less than 0.05.

RESULTS AND DISCUSSION

In this work, for the first time, the biosynthesis of SnO,/Calcite
bio-nano composite was carried out using an aqueous extract of
cypress leaves. When the 20 g of leaves has used, the
magnet inside the round-bottomed flask did not stir well due
to a large number of leaves whereas, when the leaves amount
was 5 g, the synthesis of SnO,/Calcite bio-nano composite was
low. So, the amount of 10 g of leaves showed as the
optimal value. So, SnO,/Calcite nanocomposite produced
by calcination of sample from a mixture of tin salt and
eggshell at the presence of cypress leaves. Cypress leaves extract
act as an excellent reducing agent and green media for the
biosynthesis of SnQO,/Calcite bio-nano composite. The
crystalline structure of CaCO;3 and this bio-nano composite
were considered using XRD.

16000

Intensity (a.u)
Intensiey (au}

Figure 1: XRD of (a) pure eggshell and (b) SnO2/Calcite bio-

nano composites.

Figure 1 (a) and (b) shows the XRD patterns of pure eggshell
and SnO,/Calcite bio-nano composite, respectively. For the pure
eggshell, found that the angles 20=23.0°, 29.4°, 31.4°, 35.2°,
39.4°, 43.1°, 47.5°, 48.5° 56.6° 57.4°, and 60.6°attributed to
the typical diffraction peak of rhombohedral CaCOs3 [25-29]. In

comparison with pure eggshell, several different diffraction peaks
at 20 = 26.61°, 33.89°, 37.95°, 51.78°, 54.75°, 61.87°, and 64.71°
indexed to (110), (101), (200), (211), (220), (310), and (112)
Bragg's reflections of SnO; nanoparticles [30]. In addition, no
other diffraction peaks are observed, revealing the pure phase of
SnO; and CaCOs. Analyzing these characteristic peaks by taking
pure eggshell shows an absorption peak centered at 3494 cm—1,
generally recognized as the stretching vibration of the —OH in
the adsorption water (Figure 2a) [31]. The three weak absorption
peaks at 2976, 2875, and 1801 cm—1 could determine by the
presence of C=0O bonds from carbonates [29]. The peak at 2517
cm—1 could attribute to the characteristic peaks of CaCO3 [32].
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The most substantial absorption peak at 1422 cm-1 could
consider as the C=O stretching modes of CaCOj [29]. The peak
at 876 and 713 cm! correspond to internal and external
deformation mode unique

to CaCOj [16]. The absorption peak at position 1635 cm™ can
be regarded as the vibration of the N-H bond of a specific type of
protein [13]. Compared to pure eggshell, the infrared signature of
all catalysts has two more absorption peaks, located at positions
of 586 and 669 cm™!, respectively [33]. Furthermore, the
absorption peak of metal oxidation situated in this range; hence
these two absorption peaks are considered to

belong to the absorption [34]. The loading of the SnO,
nanoparticles does not affect on the absorption peaks of these
functional groups [35] (Figure 2b).
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Figure 2: FT-IR of pure eggshell (a) SnO,/Calcite bio-nano
composite (b) SnO; nanoparticles does not affecting the
absorption peaks of the functional groups.

Figure 3: SEM images of (a) eggshell pure and (b) SnO2/

Calcite bio-nano composites.

SEM images of pure eggshell (Figure 3a) and SnO,/Calcite bio-
nano composite (Figure 3b) shown their morphology and size of
particles. Figure 3a shows a high-magnification micrograph of
the fibrils building the eggshell pure. After adding the tin salt
and cypress leaves and formation SnO,/Calcite bio-nano
composite, the fibril wet were broken, and there are many SnO,
nanoparticles in it (Figure 3b). The obtained results encourage
us to have more information about this novel bio-
nanocomposite. The TEM image, EDAX, and elemental analysis
show the size of nanoparticles, presented elementals, and their
percentages (Figure 4a and 4b). The average length of
nanoparticles is 25 nm according to the TEM image (Figure 4a).
Carbon, calcium, tin, and oxygen are the elementals of it (Figure
4b). The percentage of C, Ca, Sn, and O are 11.63, 2.17, 14.50,
and 71.69% (Figure 4b).
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Figure 4: TEM image: (a) EDAX and (b) elemental analysis of

Snl@2)/Calcite bio-nano composites.

Antioxidant properties

Antioxidant potential of the synthesized SnO,/Calcite bio-nano
composite and pure eggshell investigated using DPPH radical
scavenging assay. The percentage of free radicals scavenging and
antioxidant activity was confirmed by turning the purple
solution containing DPPH to yellow (Figure 5).
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Figure 5: Percentage scavenging activity of pure eggshell
andSnO,/Calcite bio-nano composite. Values present as
Mean + SD from three independent experiments. Different
letters denoted a significant difference with p<0.05. The same
letters indicated no significant differences between groups.

Note: ( 7 ) Pure Eggshell, ( = )SnO,/Calcite, ( B ) Vit C.
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Figure 6: Total antioxidant capacity of pure eggshell and
SnO,/Calcite. Values are mean + SD from three independent
experiments. The different letters indicated significant
differences between groups.

Note: ( )Pure Eggshell, ( M )SnO,/Calcite.
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Pure eggshell percentage in 50, 100 and 200 pg/mL showed
44.51 + 0.05, 56.64 + 2.09 and 63.61 + 1.23, and SnO,/Calcite
showed 63.80 * 1.63, 74.77 + 1.58 and 83/29 t 0.64,
respectively. The obtained results showed that the highest
concentration showed maximum antioxidant activity [36]. By
this study, the antioxidant activity of SnO; nanoparticles reports

through DPPH assay [37].
Results showed that SnO,/Calcite (p<0.001) indicated higher

antioxidant  activity than pure eggshell for
concentrations. The reduced DPPH gains by pairing the DPPH
radical electron with a cation from a free radical scavenging
antioxidant. Also, the total antioxidant capacities of SnO,/
Calcite and pure eggshell showed in Figure 6. Changing Mo (VI)
to Mo (V) through antioxidant mediators corresponds to the
total antioxidant capacity, and green color is related to the
formation of phosphate/Mo (V) complex, and absorption at 695
nm observed. It shows that pure eggshell nanoparticle has lower
total antioxidant activity than SnO,/Calcite
composite. Antibacterial and antifungal potential of synthetized
eggshell nanoparticle and SnO,/Calcite bio-nano composite
assessed in terms of zone of inhibition of microbial growth

(Figures 7-13).

various

bio-nano

Figure 7: The antibacterial activity of pure eggshell and
SnO,/Calcite against E.coli bacteria. (a): the inhibition zone
of 50 pg/disc pure eggshells, (b): the inhibition zone of 100
pg/disc pure eggshells, (c): the inhibition zone of 200 pg/disc
pure eggshells,(d): the inhibition zone of 50 pg/disc SnO,/
Calcite, (e): the inhibition zone of 100 pg/disc SnO,/Calcite
and (f): the inhibition zone of 200 pg/disc SnO,/Calcite.

Figure 8: Antifungal activity of pure eggshell and g,0,/Calcite
against Saccharomyces cerevisiae. (a): the inhibition zone of 50
pg/disc pure eggshells, (b): the inhibition zone of 100 pg/disc
pure eggshells, (c): the inhibition zone of 200 pg/disc pure
eggshells, (d): the inhibition zone of 50 pg/disc SnO2 /Calcite,(e):
the inhibition zone of 100 pg/disc SnO, /Calcite and (f): the
inhibition zone of 200 pg/disc SnO2 /Calcite.
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Figure 9: Antibacterial activity of pure eggshell and SnO,/
Calcite against Lactobacillus sakei subsp. Sakei. (a): the
inhibition zone of 50 pg/disc pure eggshells, (b): the
inhibition zone of 100 pg/disc pure eggshells, (c): the
inhibition zone of 200 pg/disc pure eggshells, (d): the
inhibition zone of 50 pg/disc SnO,/Calcite, (e): the
inhibition zone of 100 pg/disc SnO,/Calcite and (f): the
inhibition zone of 200 ug/disc SnO,/Calcite.
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Figure 12: Zone of inhibition of pure eggshell and
SnO,/Calcite against Lactobacillus sakei subsp. Sakei. Values
are meant SD from three independent experiments. The
different letters indicated significant differences (p<0.05)
between groups.
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Figure 10: Zone of inhibition of pure eggshell and
SnO,/Calcite against E.coli. Values are mean *+ SD from
three independent experiments. The different letters
indicated significant differences (p<0.05) between groups.
Note: ( )Pure Eggshell, ( M )SnO,/Calcite.
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Figure 11: Zone of inhibition of pure eggshell and SnO,/
Calcite against Saccharomyces cerevisiae. Values are mean *
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indicated significant differences (p<0.05) between groups.
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Figure 13: Zone of inhibition of pure eggshell and
SnO,/Calcite against Lactobacillus sakei subsp. Sakei. Values
are meant SD from three independent experiments. The
different letters indicated significant differences (p<0.05)
between groups.

Note: ( | ) E.coli, (
SnO,/Calcite bio-nano composite (200 pg/disc) showed the

highest antibacterial activity against Gram-positive and Gram-
negative bacteria (5.03 = 0.01 and 1.61 * 0.02 mm). Results
from Figure 8 and 11 showed that the diameter of inhibition
zone of fungi strains in bio-nano composite was 1.08 + 0.02

) L.sakie, ( ™ ) S.cervisiae.

mm,
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whereas in the pure eggshell was 0.94 £ 0.03 mm, respectively.
The antimicrobial results showed that the bio-nano composite of
SnO,/Calcite was more effective than pure eggshell.

Antibacterial activity

The results obtained from Figure 13 showed that all
concentrations had antimicrobial activity for all bacteria
evaluated. The highest antibacterial activities were against E.coli
in SnO,/Calcite (200 pg/disc) bio-nano composite. Lower
antibacterial activities, which were also considered adequate,
were against Saccharomyces cerevisiae (50pg/disc) in pure
eggshell. Metal oxide nanoparticles tend to absorb on the cell
membrane of bacteria. The antibacterial properties of SnO,
nanoparticles have been attracting attention due to the
generation of active oxygen species which interact with the cell
membrane of the bacteria and penetrate through it [38]. The
difference of structural and chemical composition on cell wall
bacteria may be responsible for its zone of inhibition [39].

It is a fact that eggshell nanoparticles possess good antibacterial
activity [40]. The antimicrobial activity of SnO; nanoparticles
and eggshell can be due to breaking the cell wall membrane and
thereby causing the disturbance in the cell function [41-43].
Wang et al. reported that CaCO3 found to behave as a physical
barrier to protect the body in the natural environment from
external mechanisms and microbial damage [44]. Therefore,
Sno2/calcite biocomposite showed higher antibacterial activity
than calcite nanoparticles due to more metal oxide contained.

Cytotoxicity (MTT) assay

Cell cytotoxicity studies of SnO,/Calcite bio-nano composite
evaluated using MTT assay. Figure 14 shows the percentage cell
viability of the HepG2 cells. The cell viability decreased as the
increased concentrations of SnO,/Calcite. After 500 pg/mL
SnO,/Calcite bio-nano composite treatment, the percentage of
cell viability compared with untreated cells decreased to 58%,
whereas, after treatments of the cells with concentrations of 50,
100, and 250 pg/mL of bio-nano composite, the percentage of
cell viability was 85.6%, 86%, and 85.7%. SnO,/Calcite bio-
nano composite with a concentration of 10 pg/mL showed
102% cell viability. Results obtained from Figure 14 showed that
SnO,/Calcite composite  with  the highest
concentrations (500 pg/mL) had the most significant cytotoxic
effect on HepG2 cell lines than other concentrations. These
results indicated that biomnano composite had significant
cytotoxicity against Hepatocellular Carcinoma Cell Line
(HepG2). It seems that cell tested, the approach of synthesis,
and polymer using in the bio-nano composite are vital rules on
the cytotoxic activity of them [45].

bio-nano

Biosynthesized SnO, nanoparticles show cytotoxic responses
against HepG2. It seems that cytotoxicity of SnO; nanoparticles
on HepG2 enhance by increasing the nanoparticle
concentration 22. The decreased pH found in the extracellular
environment of cancer cells uses for its detection and
treatments. The pH-sensitive CaCO 3 nanoparticles can be used
for cancerous diseases and unload its antitumor drug in a

J Clin Lab Med, Vol.5 Iss.7 No:1000232

OPEN 8 ACCESS Freely available online

controlled  release ~ way  because nanoparticles  slow

biodegradability [46].

CONCLUSION

The SnO,/Calcite bio-nano composite synthesized using egg
cypress leaves. The average size of this
nanocomposite is 25 nm, according to the TEM image. SEM
image shows that the fibril shape building of eggshell broken in
the nanocomposite. EDAX data show carbon, calcium, tin, and
oxygen as the presented elements in this composite. Cytotoxic
potential of SnO,/Calcite bio-nano composite against HepG2
cells evaluated. Excellent antioxidant and antimicrobial activities
of this bio-nano composite observed. SnO,/Calcite nano-
biocomposite could have potential roles in future therapeutic
to bio-accessibility, bio-availability, and
economically affordable. So, it could replace many treatment

wastes and

applications  due

methods in diseases such as cancer and microbial cancer
infections.

DATA AVAILABILITY

All data generated for this study included in the article.

ACKNOWLEDGMENT

We are thankful to the University of Jiroft for its support of this
work.

DECLARATIONS
Not applicable

REFERENCES

1. Mandal D, Shaw TK, Dey G, Pal MM, Mukherjee B,
Bandyopadhyay AK, et al. Preferential hepatic uptake of paclitaxel-
loaded poly-(DL-lactide-co-glycolide) nanoparticles—A possibility
for hepatic drug targeting: Pharmacokinetics and biodistribution.
Int ] Biol Macromol. 2018;112:818-30.

2. Dickens E, Ahmed S. Principles of cancer treatment by
chemotherapy. Surg. (Oxford). 2018;36(3):134-8.

3. Shao D, Li ], Zheng X, Pan Y, Wang Z, Zhang M, et al. Janus
“nano-bullets” for magnetic targeting liver cancer chemotherapy.
Biomaterials. 2016;100:118-33.

4. Zhao D, Wu ], Li C, Zhang H, Li Z, Luan Y. Precise ratiometric
loading of PTX and DOX based on redox-sensitive mixed micelles
for cancer therapy. Colloids Surf B Biointerfaces. 2017;155:51-60.

5. Han SM, Baek JS, Kim MS, Hwang SJ, Cho CW. Surface
modification of paclitaxel-loaded liposomes using d-a-tocopheryl
polyethylene glycol 1000 succinate: Enhanced cellular uptake and
cytotoxicity in multidrug resistant breast cancer cells. Chemistry
and physics of lipids. 2018;213:39-47.

6. Soderlund T, Jutila A, Kinnunen PK. Binding of adriamycin to
liposomes as a probe for membrane lateral organization. Biophys J.
1999;76(2):896-907.

7. Zhou X, Wang ], Wu ], Yang X, Yung BC, Lee LJ, et al.
Preparation and evaluation of a novel liposomal formulation of
cisplatin. Eur ] Pharm Sci. 2015;66:90-5.

8. Xu S, Fan H, Yin L, Zhang J, Dong A, Deng L, et al.
Thermosensitive hydrogel system assembled by PTX-Jloaded


https://www.sciencedirect.com/science/article/abs/pii/S0141813017335778
https://www.sciencedirect.com/science/article/abs/pii/S0263931917302673
https://www.sciencedirect.com/science/article/abs/pii/S0142961216302034
https://www.sciencedirect.com/science/article/abs/pii/S0927776517301844
https://www.sciencedirect.com/science/article/abs/pii/S0009308417302761
https://www.sciencedirect.com/science/article/pii/S000634959977253X
https://www.sciencedirect.com/science/article/abs/pii/S0928098714003868
https://www.sciencedirect.com/science/article/abs/pii/S0939641116301758

Naeimi A, et al

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

sustained  intraperitoneal

Eur ] Pharm

copolymer  nanoparticles  for
chemotherapy of peritoneal carcinomatosis.
Biopharm. 2016;104:251-9.

Honarmand M, Farhadmollashahi L, Bekyghasemi M. Use of
smokeless tobacco among male students of Zahedan universities in
Iran: a cross sectional study. Asian Pac ] Cancer Prev. 2013;14(11):
6385-8.

Luo D, Saltzman WM. Synthetic DNA delivery systems. Nat
Biotechnol. 2000 ;18(1):33-7.

Ferrari M. Cancer nanotechnology: opportunities and challenges.
Nat Rev Cancer. 2005;5(3):161-71.

Davis ME, Chen Z, Shin DM. Nanoparticle therapeutics: an
emerging treatment modality for cancer. Nat Rev Drug Discov.
2010:239-50.

Naeimi A, Payandeh M, Ghara AR, Ghadi FE. In vivo evaluation
of the wound healing properties of bio-nanofiber chitosan/
polyvinyl alcohol incorporating honey and Nepeta dschuparensis.
Carbohydr Polym. 2020;240:116315.

Maleki Dizaj S, BarzegarJalali M, Zarrintan MH, Adibkia K,
Lotfipour F. Calcium carbonate nanoparticles as cancer drug
delivery system. Expert Opin Drug Deliv. 2015;12(10):1649-60.
Sun D, Peng H, Wang S, Zhu D. Synthesis of CaCO3 nanobelts
for drug delivery in cancer therapy. Nanoscale Res Lett.
2015;10(1):1-0.

Selvakumari JC, Nishanthi ST, Dhanalakshmi ], Ahila M, Padiyan
DP. Bio-active synthesis of tin oxide nanoparticles using eggshell
membrane for energy storage application. Appl. Surf. Sci.
2018;441:530-7.

Ahamed M, Akhtar MJ, Khan MM, Alhadlag HA. Oxidative stress
mediated cytotoxicity of tin (IV) oxide (SnO2) nanoparticles in
human breast cancer (MCF-7) cells. Colloids Surf B Biointerfaces.
2018;172:152-60.

Lv H, Wu C, Liu X, Bai A, Cao Y, Shang W, et al. Folate-
functionalized mesoporous hollow SnO; nanofibers as a targeting
drug carrier to improve the antitumor effect of paclitaxel for liver
cancer therapy. Biomed Res Int. 2018.

Vidhu VK, Philip D. Biogenic synthesis of SnO; nanoparticles:
evaluation of antibacterial and antioxidant activities. Spectrochim
Acta A Mol Biomol Spectrosc. 2015;134:372-9.

Kumari MM, Philip D. Synthesis of biogenic SnO; nanoparticles
and evaluation of thermal, rheological, antibacterial and
antioxidant activities. Powder Technol. 2015 ;270:312-9.
Karabourniotis G, Kyparissis A, Manetas Y. Leaf hairs of Olea
europeae protect underlying tissues against ultraviolet-B radiation
damage. Environ. Exp. Bot.. 1993;33(3):341-5.

Roopan SM, Kumar SH, Madhumitha G, Suthindhiran K.
Biogenic-production of SnO; nanoparticles and its cytotoxic effect
against hepatocellular carcinoma cell line (HepG2). Appl Biochem
Biotechnol. 2015;175(3):1567-75.

Salem MZ, Elansary HO, Ali HM, El-Settawy AA, Elshikh MS,
Abdel-Salam EM, et al. Bioactivity of essential oils extracted from
Cupressus macrocarpa branchlets and Corymbia citriodora leaves
grown in Egypt. BMC Complement Altern Med. 2018;18(1):1-7.
Ben Nouri A, Dhifi W, Bellili S, Ghazghazi H, Aouadhi C, Chérif
Ajet al. Chemical composition, antioxidant potential, and
antibacterial activity of essential oil cones of Tunisian Cupressus
sempervirens. J. Chem;2015.

Ghadi FE, Ghara AR, Naeimi A. Phytochemical fabrication,
characterization, and antioxidant application of copper and cobalt
oxides nanoparticles using Sesbania sesban plant. Chemical
Papers. 2018;72(11):2859-69.

Nadeem A, Naz S, Ali JS, Mannan A, Zia M. Synthesis,

characterization and biological activities of monometallic and

J Clin Lab Med, Vol.5 Iss.7 No:1000232

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

OPEN 8 ACCESS Freely available online

bimetallic nanoparticles using Mirabilis jalapa leaf extract.
Biotechnol Rep (Amst). 2019 ;22:e00338.

Patra JK, Baek KH. Antibacterial activity and
antibacterial potential of biosynthesized silver nanoparticles

synergistic

against foodborne pathogenic bacteria along with its anticandidal
and antioxidant effects. Front Microbiol. 2017;8:167.

Shahraki BK, Mehrabi B, Gholizadeh K, Mohammadinasab M.
Thermal behavior of calcite as an expansive agent. J. Min. Metall.
B Metall. 2011;47(1):89-97.

Wang Q, Li ], Zhang C, Qu X, Liu ], Yang Z. Regenerative
superhydrophobic coating from microcapsules. J. Mater. Chem.
2010;20(16):3211-5.

Vickers NJ. Animal communication: when i'm calling you, will
you answer too!. Curr Biol2017 ;27(14):R713-5.

Honarmand M, Mirzadeh M, Honarmand M. Green synthesis of
Sn02-ZnO-eggshell nanocomposites and study of their application
in removal of mercury (II) ions from aqueous solution. ] Environ
Health Sci Eng. 2020;18(2):1581-93.

Zhu Y, Xue T, Pan ], Wei X, Dai ], Gao L, et al. Facile synthesis of
eggshell-stabilized erythromycin-based imprinted composites for
recognition and separation applications. RSC advances.
2015;5(108):89030-40.

Munir B, Farrukh MA, Perveen H, Khaleeg-ur-Rahman M, Adnan
R. Template assisted synthesis of CaO-SnO2 nanocomposites.
Russ. J. Phys. Chem A. 2015;89(6):1051-8.

Perera KA, Anuradha SG, Kumara GA, Paranawitharana ML,
Rajapakse RG, Bandara HM. The interconnected CaCO3 coated
SnO; nanocrystalline dye-sensitized solar cell with superior
performance. Electrochimica acta. 2011;56(11):4135-8.
Wanninayake WM, Premaratne K, Rajapakse RM. Photovoltaic
performance of SnO,/CaCO3-based dye-sensitized solar cells co-
sensitized using metalfree organic dyes. J. Photochem. Photobiol.
A Chem. 2017;346:541-17.

S. Bio-based synthesis applications of SnO;
nanoparticles-an overview. J. Mater. Environ. Sci. 2018;9(10).
Vidhu VK, Philip D. Biogenic synthesis of SnO; nanoparticles:
evaluation of antibacterial and antioxidant activities. Spectrochim
Acta A Mol Biomol Spectrosc .2015;134:372-9.

Ahmaruzzaman M, Mohanta D, Nath A. Environmentally benign
fabrication of SnO-CNT nanohybrids and their multifunctional
efficiency as an adsorbent, catalyst and antimicrobial agent for
water decontamination. Sci Rep. 2019;9(1):1-9.

Syed Yaacob SN, Wahab RA, Huyop F, Lani MN, Zin NM.
Morphological alterations in gram-positive and gram-negative
exposed inhibitory and bactericidal
concentration of raw Malaysian stingless bee honey. Biotechnol.
Biotechnol. Equip.. 2020;34(1):575-86.

Yorseng K, Siengchin S, Ashok B, Rajulu AV. Nanocomposite egg
shell powder with in situ generated silver nanoparticles using
inherent collagen as reducing agent. J. Bioresour. Bioprod. 2020 ;
5(2):101-7.

Amininezhad SM, Rezvani A, Amouheidari M, Amininejad SM,
Rakhshani S. The antibacterial activity of SnO; nanoparticles
against Escherichia coli and Staphylococcus aureus. Zahedan J.
Res. Med. Sci. 1. 2015;17(9).

Bhattacharjee A, Ahmaruzzaman M. A green and novel approach
for the synthesis of SnO; nanoparticles and its exploitation as a
catalyst in the degradation of methylene blue under solar
radiation. Mater. Lett. 2015;145:74-8.

Sultana K. Identification Of Functional Molecules And
Pharmacological Activities Investigation Of The Methanolic
Extract Of Egg Shell.

Gorai and

bacteria to minimal


https://koreascience.kr/article/JAKO201305981338480.page
https://www.nature.com/articles/nbt0100_33
https://www.nature.com/articles/nrc1566
https://www.worldscientific.com/doi/abs/10.1142/9789814287005_0025
https://www.sciencedirect.com/science/article/abs/pii/S0144861720304896
https://www.tandfonline.com/doi/abs/10.1517/17425247.2015.1049530
https://link.springer.com/article/10.1186/s11671-015-0948-6
https://www.sciencedirect.com/science/article/abs/pii/S0169433218303866
https://www.sciencedirect.com/science/article/abs/pii/S0927776518305708
https://www.hindawi.com/journals/bmri/2018/8526190/
https://www.sciencedirect.com/science/article/abs/pii/S1386142514010300
https://www.sciencedirect.com/science/article/abs/pii/S0032591014008845
https://www.sciencedirect.com/science/article/abs/pii/009884729390035E
https://link.springer.com/article/10.1007/s12010-014-1381-5
https://link.springer.com/article/10.1186/s12906-018-2085-0
https://www.hindawi.com/journals/jchem/2015/538929/
https://link.springer.com/article/10.1007/s11696-018-0506-7
https://www.sciencedirect.com/science/article/pii/S2215017X19301195
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00167/full
https://scindeks.ceon.rs/article.aspx?artid=1450-53391101089S
https://pubs.rsc.org/en/content/articlehtml/2010/jm/b925298c
https://www.sciencedirect.com/science/article/pii/S0960982217306309
https://link.springer.com/article/10.1007/s40201-020-00576-8
https://pubs.rsc.org/en/content/articlehtml/2015/ra/c5ra12953b
https://link.springer.com/article/10.1134/S0036024415060059
https://www.sciencedirect.com/science/article/abs/pii/S0013468611001848
https://www.sciencedirect.com/science/article/abs/pii/S1010603017304574
http://www.jmaterenvironsci.com/Document/vol9/vol9_N10/317-JMES-3960-Gorai.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1386142514010300
https://www.nature.com/articles/s41598-019-49181-2
https://brieflands.com/articles/zjrms-1053.html
https://www.sciencedirect.com/science/article/abs/pii/S0167577X15000427
https://www.researchgate.net/publication/327059934_Identification_of_Functional_Molecules_and_Pharmacological_Activities_Investigation_of_the_Methanolic_Extract_of_Egg_Shell_of_Gallus_Gallus_Domesticus

Naeimi A, et al

44, Wang LH, Zhang L, Liu AJ. Effect of carnosine on physico-
chemical and antioxidant activity properties of FSG-CaCO3
composite films. Internat. Conf. Biolog. Sci. and Techn. 2016. 46

45, Abdallah OM, EL-Baghdady KZ, Khalil MM, El Borhamy MI,
Meligi GA. Antibacterial, antibiofilm and cytotoxic activities of

J Clin Lab Med, Vol.5 Iss.7 No:1000232

OPEN 8 ACCESS Freely available online

biogenic polyvinyl alcohol-silver and chitosan-silver
nanocomposites. J. Polym. Res. 2020;27(3):1-9.

. Raghupathi KR, Koodali RT, Manna AC. Size-dependent bacterial

growth inhibition and mechanism of antibacterial activity of zinc
oxide nanoparticles. Langmuir. 2011 ;27(7):4020-8.


https://www.researchgate.net/publication/314641244_Effect_of_Carnosine_on_Physico-Chemical_and_Antioxidant_Activity_Properties_of_FSG-CaCO3_Composite_Films
https://pubs.acs.org/doi/abs/10.1021/la104825u

	Contents
	Antioxidant, Antimicrobial Activity, and Cytotoxic Effects on Liver Cancer Cell Lines of SnO2/Calcite Bio-Nano Composite from Cypress (Cupressus sempervirense L.) and Eggshell Wastes
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Plant collection and preparation of the aqueous extract cypress leaves
	Biosynthesis of SnO2 nanoparticles
	Biosynthesis of SnO2/Calcite bio-nano composites
	Free radical scavenging activity
	Total antioxidant capacity
	Evaluation of cytotoxicity of SnO2/Calcite bio-nano composite
	Antimicrobial activities by disk diffusion method
	Statistical analysis

	RESULTS AND DISCUSSIONS
	Antioxidant properties
	Antibacterial activity
	Cytotoxicity (MTT) assay

	CONCLUSIONS
	DATA AVAILABILITY
	ACKNOWLEDGMENT
	DECLARATIONS
	REFERENCES




