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KEYWORDS Abstract In this work we have demonstrated the green synthesis of stable and mono-dispersed Ag
Chitosan-agar; NPs using chitosan/Agar hydrogel having reducing/stabilizing ability avoiding any toxic reagents.
Silver nanoparticles; Agarose was used as a green reductant for the synthesis of Ag NPs which gets stabilized by chitosan.
Osteoporosis; The in situ prepared Ag NPs@CS/Agar nano bio-composite were characterized by advanced
Glucocorticoid; physicochemical techniques like Fourier Transformed Infrared spectroscopy (FT-IR), Scanning
Rat Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), Energy Dispersive

X-ray spectroscopy (EDX) and X-ray Diffraction (XRD) study. The Ag NPs encapsulated by
CS/Agar bio-composite have a spherical shape with a mean diameter from 10 to 15 nm. Towards
its bioapplication, the Ag NPs@CS/Agar nano bio-composite was administered by 5 pg/kg/day for
30 days in comparison to methyl prednisolone sodium succinate by 10 mg/kg, sc, thrice a week for
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4 weeks over Wistar rats having glucocortcoid induced osteoporosis. This showed a significant
increase in the serum levels of bone mineral content markers and a decrease in serum and urinary
levels of bone resorption markers. An inclination in strength of femur and tibia was seen particu-
larly with 5 pg/kg of Ag NPs@CS/Agar nano bio-composite. Maintenance of calcium homeostasis,
formation of collagen and scavenging of free radicals can be the plausible mode of action of this
bio-nanocomposite thereby combating osteoporosis induced by glucocorticoids.

© 2021 Published 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

Glucocorticoids are naturally occurring steroid hormones
being excreted from the cortex of adrenal gland. They control
the essential body functions and have powerful anti-
inflammatory properties in animal and human body. It also
helps in preventing the rejection of transplanted body parts
(Timmersmans et al., 2019). From the last few decades syn-
thetic glucocorticoid drugs are extensively used as immune
suppressant for the treatment of allergic diseases, gastrointesti-
nal diseases, rheumatism, systemic lupus erythematosus and
also in cancers. However, prolonged intake of these drugs
are reported to have severe side-effects. Glucocorticoid
induced osteoporosis (GIOP) is one of the major among them,
observed mainly in adults (Gudbjornsson et al., 2002; Lin
et al., 2014). In healthy adult body, bone is constantly rehabil-
itated by a synchronized process where osteoclast cells degrade
and resorb the old bones, initiates reformation of new bones
and simultaneously osteoblast cells take part in skeletal devel-
opment by redepositing and mineralizing new bone templates
(Kanis et al., 2008; Moshiri et al., 2017). Now, a pronounced
osteoclast apoptosis makes a disparity in this physiological
procedure resulting decreased bone mineral density and corro-
sion in bone microstructure, usually named as osteoporosis
(Mora-Raimundo et al., 2019; Andersen et al., 2013; Ding
et al., 2019). Glucocorticoids directly influence the osteoblast
activity and indirectly through the inhibition of insulin-like
growth factor I expression, which in turn affects the Ca level
and sex hormone level of the body (Jia et al., 2011; Ilias
et al., 2000; Dushyanthen et al., 2013; Van Staa et al., 2000).
The GIOP ultimately causes bones to become fragile, loss of
height, severe pains in wrist, knee, spine and hip area and also
susceptible to fracture on even minor jerk like sneezing. For
the treatment and prevention of GIOP, there are several con-
ventional drugs, viz., the anti-resorptive bisphosphonates (al-
endronate, risedronate, denosumab, zoledronate) and the
recombinant parathyroid hormone, teriparatide (Pizzino
et al., 2017). Nevertheless, these pharmacological treatments
involve several drawbacks related to toxicity and bioavailabil-
ity issues. They are not recommended for pregnant or breast-
feeding women. They also display a number of side effects like
gastrointestinal problems, osteonecrosis of jaws, pain, weak-
ness, heartburn, leg cramps, dizziness, muscle spasm and nau-
sea (Rutkowski, 2011; Khan et al., 2015; Bultink et al., 2013).
Therefore, it definitely demands an alternative formulation of
novel biocompatible drugs that is free from these issues and
exhibits significant bone anabolism.

In recent days, biomolecular engineered nanoparticles (NPs)
have come into prominence as novel formulated nanomedicine
due to their excellent biocompatibility, small size to overcome

the cell barrier, large surface area to carry the effective drug with
high loading and selective targeting the drug to the affected area.
There are ample reports on plant phytochemicals or biopolymer
adorned nanoparticles being deployed in medicinal therapeutics
(Xueetal., 2021; Shietal., 2021; Huang et al., 2021; Zhao et al.,
2021; Oueslati et al., 2020; Venditti, 2019; Rossi et al., 2016;
Umamaheswari et al., 2018; Fratoddi et al., 2018; Aswathy
Aromal and Philip, 2012; Zhang et al., 2020; Entezari et al.,
2014; Xu et al., 2021; Ding et al., 2021). Among the different
metal variants Ag NPs have been observed to demonstrate sig-
nificant bioactivities as antioxidant, antifungal and antibacterial
properties over diverse fungi and bacteria (Yin et al., 2020; Loo
et al., 2018). They have also been explored to have significant
potential in cancer diagnosis and also as non-conventional
chemotherapeutic drug both in vitro and in vivo studies
(Gomes et al., 2021; Huy et al., 2020; Xu et al., 2020). In the last
few years, nanoparticles have been found to be promising carri-
ers for efficient therapeutic delivery in bone disease therapy. For
bone regeneration in osteoporosis patients, the development of
nanoparticles is ideal since bone itself is a nanocomposite. In
addition to this dimensional similarity, they can offer drug pro-
tection from biodegradation, transport efficiency, and even
improve its pharmacokinetic, pharmacodynamics, biodistribu-
tion and targeting (Nluan et al., 2015; Sree et al., 2009;
Salamanna et al., 2021; Barry et al., 2016; Raimundo et al.,
2017). These inputs have encouraged us to develop a novel
nanocomposite material where in situ prepared Ag NPs have
been embedded over the biocomposite formed with two biomo-
lecules chitosan and agarose (Scheme 1). These hydrogel formed
by the two molecules contain plenteous electron rich functional
groups which facilitate the green reduction of Ag ions to corre-
sponding NPs without involving toxic chemicals. The bimolec-
ular hydrogel coatings also provide significant stability to the
Ag NPs by capping it, thereby preventing from agglomeration.
The as-synthesized nanocomposite material has been character-
ized with different physicochemical techniques and subse-
quently applied as a chemotherapeutic drug in the detection
and treatment of GIOP. This time we took the advantage for
in-vivo investigations over animal models, more precisely, over
rats. Rat is mostly being used as model for osteoporosis investi-
gations. Also, the properties of Ag NPs@CS/Agar nano bio-
composite against common human normal cell linei.e. HUVEC
were evaluated.

2. Experimental

2.1. Materials and methods

The chemicals and solvents required in the synthesis of catalyst
were purchased from Aldrich, USA. The biochemicals needed
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1% Aq Acetic acid

Ag/CS-Agar

Scheme 1

in the bioapplications were procured from Fluka. All of them
were used as such without further purifications. The animals
(Wistar rats) were brought from National Institute of Nutri-
tion, Hyderabad, India. During the catalyst characterizations,
FT-IR spectra of all samples were recorded using a Bruker
VERTEX 80 v spectrophotometer and done on KBr disc.
Structural morphology and physicochemical properties were
studied by FESEM-TESCAN MIRA3 microscope. TEM anal-
ysis was carried out with a Philips CM10 microscope at an
operating voltage of 200 Kv. XRD analysis of the nanostruc-
tures was carried out using Co Ka radiation (A = 1.78897 A)
with operating at 40 keV, and a cathode current of 40 Ma in
the scanning range of 20 = 5-80°.

2.2. Preparation of the Ag NPs@ CS/Agar nano bio-composite

The synthesis was made based on a reported article by Veisi
et al (Shahriari et al., 2021). An equal amount of chitosan

CS/Agar
Hydrogel

—&HJ

Reflux, 100 °C

Centrifuged
e ———
Dried

Synthetic preparation of Ag/CS-Agar bio nanocomposite.

(98% decetylated NH,) and agarose gel (0.5 g each) were dis-
solved in 50 mL of 1% (v/v) acetic acid solution and stirred for
3 h to obtain a chitosan/agar hydrogel composite (CS/Agar).
pH of the solution was adjusted to pH 9 (NaOH, 3 wt%)
and subsequently an aqueous solution of AgNO; (20 mg in
10 mL) was added drop-wise, at room temperature, over a per-
iod of 10 min. The mixture was then refluxed for 2 h at 100 °C.
Progress of the reaction could be monitored by the change in
color to gray. Finally, the reaction mixture was cooled to room
temperature and the prepared Ag NPs@CS/Agar nano bio-
composite were collected by centrifugation. It was washed sev-
eral times with DI-water and dried at 40 °C.

2.3. Antioxidant activities of Ag NPs@CS|Agar nano bio-
composite

This assay was carried out following the modified method of
Lu et al (Lu et al., 2021). 0.5 mL of 0.1 mM DPPH solution
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prepared in 95% ethanol was mixed with 100 ul of Ag
NPs@CS/Agar nano bio-composite. The resulting solution
was kept in the dark at 38 °C for 31 min. Absorbance of the
samples was then measured at 518 nm. To compare the activity
of Ag NPs@CS/Agar nano bio-composite, standard BHT
compound was used as a standard antioxidant.

To determine the IC50 of Ag NPs@CS/Agar nano bio-
composite, experiments were performed at eleven different
concentrations of the desired NP solution and BHT. Each
experiment was performed in three shifts and the mean values
were calculated. Percentage of radicalization activity was cal-
culated through the following equation

o Sample A.

Inhibition (%) = Control A% 100

In this regard, the blank adsorption indicates the adsorp-
tion of the control solution, which contains 0.5 mL of DPPH
solution and 100 pl of 95% ethanol instead of Ag NPs@CS/
Agar nano bio-composite solution. Adsorption of the reaction
indicates the adsorption of the solution containing Ag
NPs@CS/Agar nano bio-composite sample.

2.4. Cytotoxicity properties of Ag NPs@CS/Agar nano bio-
composite

HUVEC cells were used to evaluate the cytotoxicity of Ag
NPs@CS/Agar nano bio-composite. For this purpose, each
cell line was placed separately in T25 flasks with a complete
culture medium [including DMEM (Dulbecco’s Modified
Eagle Medium), 10% complementary bovine fetal serum,
and 1% penicillin—streptomycin solution] at 37 °C in the incu-
bator and incubated in presence of 5% CO,. After obtaining
80% cell density, the sample was exposed to 1% trypsin-
EDTA solution and after 3 min of incubation at 37 °C in a cell
culture incubator with 5% CO,, the cells were removed from
the bottom of the plate. The collected cells were centrifuged
at 5000 rpm for 5 min and then the cell precipitate was
decrypted by adding trypsin culture medium. Then, the cell
suspension was mixed to trypan blue dye and counted by neo-
bar slide and cytotoxicity test was performed by MTT method.
For this purpose, in each well of 98 cell culture plate, 10,000
HUVEC cells were introduced with 200 pl from the complete
cell culture medium and to achieve the cell monolayer density,
the plate was re-exposed to 5% CO, at 37 °C. After reaching
80% cell growth, the culture medium was removed and the cell
surface was first washed with PBS buffer, again, in all wells, a
complete two-concentration culture medium of 100 pl was
introduced. 100 pl of a solution of Ag NPs@CS/Agar nano
bio-composite dissolved in PBS (mg/mL?) was then introduced
into well No. 1. After mixing the nanoparticles in the culture
medium, 100 pl of it was removed and added to the second
well. In the next step, 100 pl of the second well was removed
after stirring the medium and added to well 3. This operation
was performed up to well 11 and thus the amount of nanopar-
ticles in each well was halved, respectively. Well No. 12 con-
tained only one cell and complete culture medium of one
concentration and remained as a control. The plate was again
exposed to 5% CO, at 37 °C for 24 h and then the cytotoxicity
was determined using tetrazolium dye. 10 pl of tetrazolium dye
(5 mg/ml) was added to all wells, including the control, and the
plate was exposed to 5% CO, at 37 °C for 2 h. The dye was

then removed from the wells and 100 pl of DMSO (Dimethyl
sulfoxide) was added to the wells, the plate was wrapped in
aluminum foil and shaken thoroughly in a shaker for
20 min. Finally, cell survival was recorded in ELISA reader
at 540 nm

Sample A.

Then, based on the absorption rate of each well and its
comparison with the control, the inhibitory concentration of
50% (IC50) was obtained.

2.5. Anti-osteoporosis properties of Ag NPs@CS/|Agar nano
bio-composite over animals

24 young male rats of Wistar strain weighing 150-250 g were
kept protected in a temperature controlled room (24 + 1 °C)
with 12:12 h L:D illumination cycle. All animals were allowed
free access to distilled water and fed on a commercial diet.

2.5.1. Induction of osteoporosis and experimental design

Animals were divided into following four groups of 6 rats
each. Gr. I were negative control animals treated with saline.
Osteoporosis was induced in male rats by injecting methyl
prednisolone sodium succinate, a glucocorticoid (GC) in a
dose of 10 mg/kg thrice a week for four weeks by subcutaneous
route. Gr. 2 animals received GC alone. Gr. 3 were GC treated
animals which received risedronate sodium (20 ug/kg, sc) as a
standard, five times a week for the next 30 days. Gr. 4 were GC
treated animals which received the Ag NPs@CS/Agar nano
bio-composite (5 pg/kg/day, po, for 30 days) daily by oral
route for the next 30 days.

2.5.2. Biochemical analysis

After 60 days, the rats were anaesthetized with enflurane and
blood was withdrawn from the retro orbital plexus and col-
lected into dry test tubes. It was centrifuged at 3000 rpm for
10 min for the separation of serum. The separated serum
was used for biochemical analysis. Bone mineral content
markers-Calcium was estimated by oCPC method in which it
complexes with o-cresolphthalein complexone. Phosphorous
was estimated by molybdate UV method.

2.5.3. Bone resorption markers

Creatinine was estimated by Jaffe’s kinetic method. Serum
specific alkaline phosphatase was estimated by PNPP kinetic
method in the serum using standard kits with a semi auto ana-
lyzer (ErbaChem 5 Plus V2). Hydroxyproline was estimated in
urine using modified Switzer and Summer. The levels of serum
chemistries of bone mineral content and bone resorption
markers were measured using a semi-automatic analyzer
(ERBA Chem-5 Plus V2, Transasia Bio-Medicals Ltd,
Mumbeai).

2.5.4. Physical and biomechanical parameters

The animals were sacrificed on 60 day after blood withdrawal.
Femur and tibia were isolated, defleshed and immediately
weighed. The length of bones was determined using dial cali-
pers. Assessment of their biomechanical strength was done
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by using Universal testing machine (UTE 40 HGFL; Fuel
Instruments and Engineers Ltd).

2.5.5. Three point bending test of femur and tibia

The bones were placed horizontally on two supporting bars
separated at a distance of 15 mm and was loaded by a rounded
press. Bones were subjected to test with loading at a speed of
1 mm/min each mm corresponding to 40 Newton (N) perpen-
dicular to the bone longitudinal axis. Variables estimated were
yield load which is the force causing the first detectable bone
damage and ultimate load which is the force at which fracture
occurs.

2.5.6. Compression test of femur and tibia

The bones were placed on the flat metallic stage and com-
pressed until it fractured. The reading was recorded in Newton
N).

2.6. Statistical analysis

After collecting data, Minitab statistical software was used for
statistical analysis. Evaluation of antioxidant results in a com-
pletely randomized design and comparison of means was Dun-
can post-hoc test with a maximum error of 5%. To measure
the percentage of cell survival in factorial experiments with
the original design of completely randomized blocks and com-
pare the means, Duncan post-hoc test with a maximum error
of 5% was used. The 50% cytotoxicity (IC50) and 50% free
radical scavenging (IC50)) was estimated with EDS50 plus
software (INER, V: 1.0). Measurements were reported as
mean =+ standard deviation.

3. Results and discussion

3.1. Structural characterization of synthesized Ag NPs@CS/
Agar nano bio-composite

FT-IR spectra were recorded to identify the changes in the
physiological features of CS/Agar bio-composite upon green
immobilized Ag NPs. Fig. 1 displays a comparative FT-IR
spectra of CS, agar, CS/Agar and Ag NPs@CS/Agar nano
bio-composite. The characteristic absorption bands of
chitosan are represented in Fig. 1a as, 1028 cm ™' (C-N stretch-
ing), 1382 cm™' (C-O stretching of CH,-OH linkage),
1591 em™' (N-H bending), 1648 cm™' (C = O stretching of
amide linkage) and 3400-3500 cm ™' (O-H and N-H stretching)
(Veisi et al., 2020). In the FT-IR spectra of agar (Fig. 1b) the
broad peak appeared at 3425 cm™! corresponds to the over-
lapped stretching vibrations of OH groups. The alcoholic
C-0O stretching and O-H bending peaks are observed at
1075 cm™' and 1659 cm™' respectively (Shahriari et al.,
2021). Agar is a polysachharide composite made of glucuronic
and pyruvic acid which contains carbonyl function, vibration
of which may also be merged into the O-H bending region.
Fig. lc, representing the FT-IR spectrum of CS/Agar compos-
ite, which the most significant adsorption bands of chitosan
and agar substrates are present with slight shift. And finally
in the spectrum of Ag NPs@CS/Agar nano bio-composite
(Fig. 1d), because of interactions of the functional groups of
CS/Agar with Ag nanoparticles, the corresponding IR

—a —b —c¢ —d

|
1642 1382 1078

Transmittance [%)]

3458

3900 3400 2900 2400 1900 1400 900 400
Wavenumber (em-1)

Fig. 1 FT-IR spectra of (a) CS, (b) Agar, (c) CS/Agar and (d)
Ag NPs@CS/Agar nano bio-composite.

absorption bands are observed to be shifted to higher or lower
regions respectively.

Structural morphology, shape and size and of the as-
synthesized Ag NPs@CS/Agar nano bio-composite were
investigated by FE-SEM and TEM analysis. Fig. 2 displays
the FE-SEM image with pseudo-spherical shaped particles.
A homogeneous layer of the hydrogel polymers over the sur-
face can be seen on close observation. This makes the particles
fluffy. Due to high surface energy, the particles have high ten-
dency to agglomerate forming lump like appearances. Some
more detailed structural features are obtained from TEM
images (Fig. 3). They are spherical shapes and mono dispersed
with an average particle diameter of 10-15 nm. Moreover,
Fig. 3 determines the particle size distribution histogram for
Ag NPs whose average size are approximately 12.25 nm
respectively.

Fig. 2 FE-SEM images of the (a) CS/Agar hydrogel and (b) Ag
NPs@CS/Agar nano bio-composite.



EDX analysis was performed to confirm the presence of
silver species on the composite. EDX spectrum of Ag
NPs@CS/Agar nano bio-composite in Fig. 4 clearly confirms
the presence of Ag metal on CS/Agar composite. However,
some other peaks of C, N and O as constitutional element
are also observed. These non-metals can be assigned to the
CS/Agar composite.

To verify the conversion of Ag(I) to Ag(0) over CS/Agar
surface and also determining the crystallinity and phase struc-
ture, XRD analysis of the Ag NPs@CS/Agar nano-composite
was performed and the outcome is shown in Fig. 5.Three
characteristic peaks at 38.2°, 44.3°, 64.6° and 77.3°, which cor-
responded to (111), (200), (220) and (311) crystallographic
planes of the Ag NPs, can clearly be seen in the spectrum.
These sharp peaks confirm that Ag NPs have been successfully
stabilized on the surface of CS/Agar composite. The initial
phase in the 20 region up to 20° was attributed to CS/Agar
composite and being non-crystalline.

Number
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Fig. 3 TEM images of the Ag NPs@CS/Agar nano bio-
composite and particle size distribution histogram for Ag NPs.
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Fig. 4 EDX spectrum of the Ag NPs@CS/Agar nano bio-
composite.
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Fig. 5 XRD pattern of the Ag NPs@CS/Agar nano bio-
composite.

3.2. Antioxidant effects analysis of Ag NPs@ CS|Agar nano bio-
composite

Oxidative stress is caused by an imbalance between the pro-
duction of free radicals and metabolic reactions, which leads
to damage to lipids, proteins and nucleic acids. These damages
may be due to low levels of antioxidants or an excessive
increase in the production of free radicals in the body
(Namvar et al., 2014; Sankar et al., 2014; Katata-Seru et al.,
2018). In humans, oxidative stress is associated with chronic
diseases such as diabetes and cancer. Therefore, the production
of synthetic and natural antioxidants is necessary to prevent
oxidative stress and its destructive effects. Antioxidants effec-
tively and in various ways reduce the harmful effects of free
radicals in the biological and food systems and cause detoxifi-
cation (Sangami and Manu, 2017). In this regard, green
nanoparticles can be used (using plant substrates to prepare
nanomaterials that are environmentally friendly and do not
contain any harmful chemicals) that show antioxidant proper-
ties. At present, the use of non-toxic substances in synthesizing
nanoparticles to prevent biological hazards, especially in med-
ical and pharmaceutical applications is considered (Namvar
et al., 2014; Sankar et al., 2014; Katata-Seru et al., 2018;
Sangami and Manu, 2017; Beheshtkhoo et al., 2018; Radini
et al., 2018). Many researchers have focused on bioactive sub-
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stances derived from plants or other sources such as bacteria,
fungi and yeast for synthesizing nanoparticles. The green syn-
thesis method is thought to increase the biocompatibility and
performance of metal nanoparticles for biological applications
due to removing harmful chemicals (Namvar et al., 2014;
Sankar et al., 2014; Katata-Seru et al., 2018). During the bio-
production stages of nanoparticles, their extracellular produc-
tion using plants or their extracts is more beneficial and their
production can be adjusted in a controlled way based on size,
distribution and shape for different purposes. In the recent
study, the scavenging capacity of Ag NPs@CS/Agar nano
bio-composite and BHT at different concentrations expressed
as percentage inhibition has been indicated in Table 1 and
Fig. 6. In the antioxidant test, the IC50 of them against DPPH
free radicals were observed 120 and 104 pg/mL, respectively
(Table 1).

3.3. Cytotoxicity study of Ag NPs@CS/Agar nano-composite
over HUVEC cell lines

Ag NPs are used in many commercial products, including
soap, food, plastics, catheters, textiles, and bandages. Many
factors (shape, size, surface chemistry, morphology, density,
charge, and purity) affect the biological activity of them.
Another important feature of Ag NP is their role in treating
cancer. They are used as a promising tool as anti-cancer agent
in diagnosis and evaluation. They have many benefits with
strong effects against different cancer cell lines. Their better
penetration and ability to detect cancer cells in the body make
them a more effective tool in treating low-risk cancers com-
pared to standard treatments. Ag NPs can also be conjugated
to various molecules, including DNA and RNA, to target dif-
ferent cells and antibodies or polymers (Beyene et al., 2017;
Chen and Schluesener, 2008; Alexander, 2009; Jo et al.,
2015; Rai et al., 2014). They induce changes in cell morphol-
ogy, decrease cell metabolic activity, increase oxidative stress
leading to mitochondrial damage, and ultimately damage
DNA by producing reactive oxygen species (ROS). Adsorption
of them occurs through endocytosis (Richemann et al., 2009;
Huang et al., 2017; Conde et al., 2012; Bhattacharyya et al.,
2011). Ag NPs, like other biomaterials, can cause toxic effects
in living organisms. The toxicity induced by is due to oxidative
stress, which accumulates in the cytoplasm and cell nucleus,
leading to the production of free radicals (Huang et al.,
2017; Conde et al., 2012). In this investigation, the cytotoxicity
of Ag NPs/CS-Agar bio-composite were assessed over normal
HUVEC cell lines in different concentrations following MTT
assay for 48 h and compared the results with AgNO; treat-
ment. Fig. 7 displays the corresponding results where % cell
viability of the nanocomposite becomes much lower as
compared to AgNO;, with increasing concentration.

Table 1

= AgNO3
u Ag NPs@CS/Agar nano bio-composite
BHT

g
g
=
z
2

| -—JISJ]:J l I 0ROk
o 1 2 3 7

15 31 62 125 250 500 1000
CONCENTRATION (MG/ML)

Fig. 6 The antioxidant properties of AgNO;, Ag NPs@CS/Agar
nano bio-composite, and BHT against DPPH.

= AgNO3
m Ag NPs@CS/Agar nano bio-composite

CELL VIABILITY (%)

7 15 31 62 125 250 500 1000

CONCENTRATION

Fig. 7 The cytotoxicity effects of AgNO3; and Ag NPs@CS/
Agar nano bio-composite against normal (HUVEC) cell line.

The IC50 of AgNO;, Ag NPs@CS/Agar nano bio-composite, and BHT in antioxidant test.

AgNO;(ug/mL)

Ag NPs@CS/Agar nano bio-composite (pug/mL)

BHT (ug/mL)

I1C50 against DPPH -

120 £ 0

104 £ 0
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3.4. Anti-osteoporosis properties of Ag NPs@CS/Agar nano
bio-composite

Anti-osteoporosis effect exhibited by different nanoparticles is
believed to be due to their antioxidant effects. As the disease
progression is very closely linked to inflammation and oxida-
tive stress, a compound with anti-inflammatory or antioxidant
properties can be an anti-osteoporosis agent (Namvar et al.,
2014; Sankar et al., 2014). In recent times, nanoparticles syn-
thesized by biological methods play a vital role in treating
many diseases, including osteoporosis (Katata-Seru et al.,
2018; Sangami and Manu, 2017; Beheshtkhoo et al., 2018;
Radini et al., 2018). They are used not only as traditional med-
icine, but also have been able to adopt an industrial line of nat-
ural products for treating various diseases.

Recently, methyl prednisolone sodium succinate, a gluco-
corticoid has been used for inducing osteoporosis in rats. Glu-
cocorticoids modify osteoblastic cell differentiation, number,
and function. They stimulate the osteoclastogenesis and
increase the expression of receptor activator of Nuclear
factor-kappa B ligand and colony-stimulating factor-1, and
decrease the expression of osteoprotegerin. However, the most
significant effect of glucocorticoids in bone is an inhibition of
bone formation. This inhibition is caused by a decrease in the
number of osteoblasts secondary to a shift in the differentia-
tion of mesenchymal cells away from the osteoblastic lineage,
and an increase in the death of mature osteoblasts. Glucocor-
ticoids decrease the function of the remaining osteoblasts
directly and indirectly through the inhibition of insulin-like
growth factor I expression. The stimulation of bone resorption

Control
= Glucocorticoid
B Residronate
Ag NPs@CS/Agar nano bio-composite

Calcium (mg/dL) Hydroxyproline

(mmoVl/L)

Phosphorous
(mg/dL)

Fig 8 The effect of Ag NPs@CS/Agar nano bio-composite on
calcium, phosphorous, and hydroxyproline concentrations in
osteoporosis induced by Glucocorticoid in rats.

Control
® Glucocorticoid
® Residronate
Ag NPs@CS/Agar nano bio-composite
C

Alkaline phoslphatase (U/L)

Fig 9 The effect of Ag NPs@CS/Agar nano bio-composite on
alkaline phosphatase concentration in osteoporosis induced by
Glucocorticoid in rats.

is likely responsible for the initial bone loss after glucocorti-
coid exposure. Eventually, the inhibition of bone formation
causes a decrease in bone remodeling and a continued
increased risk of fractures (Raimundo et al., 2017). In this
connection we have employed the Ag NPs@CS/Agar nano
bio-composite in determining the anti-osteoporotic activities.

3.4.1. Effect of Ag NPs@ CS|Agar nano bio-composite on
biochemical parameters

As can be seen at the Figs. 8-10, Ag NPs@CS/Agar nano
bio-composite caused a significant rise in serum calcium and
phosphorus compared with GC treated group (P < 0.05).
GC produced an elevation in levels of alkaline phosphatase
and creatinine. Treatment with risedronate and Ag
NPs@CS/Agar nano bio-composite evoked a reduction in
the levels of alkaline phosphatase and creatinine compared
with GC treated group (P < 0.05). GC treated group exhibited
a significant rise in urinary hydroxyproline levels compared to
negative control (P < 0.05). Treatment with risedronate and
Ag NPs@CS/Agar nano bio-composite produced a decline
in the levels of urinary hydroxyproline compared to GC trea-
ted group (P < 0.05).

3.4.2. Effect of Ag NPs@CS|/Agar nano bio-composite on
physical and biomechanical parameters

A significant decrease in femur and tibia weight and length was
observed in methyl prednisolone treated rats compared to neg-
ative control group (P < 0.05). Bone weight and length found
significantly increased on treatment with residronate, and Ag
NPs@CS/Agar nano bio-composite respectively compared
with GC treated group (P < 0.05, Fig. 11, Fig. 12).
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Control
® Glucocorticoid
u Residronate
Ag NPs@CS/Agar nano bio-composite

Control
® Glucocorticoid
® Residronate
Ag NPs@CS/Agar nano bio-composite

b

Creatinine (mg/dL) Bone length of femur (mm) Bone length of tibia (mm)

Fig 10  The effect of Ag NPs@CS/Agar nano bio-composite on

creatinine concentration in osteoporosis induced by Glucocorti- Fig 12 The effect of Ag NPs@CS/Agar nano bio-composite on

coid in rats. bone length of femur and tibia in osteoporosis induced by
Glucocorticoid in rats.

Control
® Glucocorticoid
® Residronate
Ag NPs@CS/Agar nano bio-composite

Control
B Glucocorticoid
= Residronate
Ag NPs@CS/Agar nano bio-composite

Femur-Ultimate Femur-Yeild force Tibia-Ultimate Tibia-Yeild force

Bone weight of femur (g) Bone weight of tibia (g) force (N) ™ force (N) ™

Fig 11  The effect of Ag NPs@CS/Agar nano bio-composite on Fig 13  The effect of Ag NPs@CS/Agar nano bio-composite on
bone weight of femur and tibia in osteoporosis induced by yield and ultimate forces (Femur and tibia) using three points test
Glucocorticoid in rats. in osteoporosis induced by Glucocorticoid in rats.
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Control
B Glucocorticoid
= Residronate
Ag NPs@CS/Agar nano bio-composite

B,
b I
HT

.|
i

Femur-Ultimate Femur-Yeild force Tibia-Ultimate Tibia-Yeild force

a a
HI

force (N) ™ force (N) ™

Fig 14  The effect of Ag NPs@CS/Agar nano bio-composite on
yield and ultimate forces (Femur and tibia) using compression test
in osteoporosis induced by Glucocorticoid in rats.

3.4.3. Three point bending test of femur and tibia

The ultimate load tolerated by femur and tibia in rats treated
with GC declined to in the three point bending test and com-
pression test compared with the control (P < 0.05). Load tol-
erated by risedronate treated rats increased in both the three
point and compression test. Maximum load required to frac-
ture the femur and tibia increased significantly following treat-
ment with Ag NPs@CS/Agar nano bio-composite compared
with GC treated group (P < 0.05, Figs. 13 and 14).

4. Conclusion

In conclusion, we demonstrate the design and synthesis of a
novel Ag NP adorned chitosan/agar bio-composite matrix fol-
lowing a sustainable pathway without using any toxic reducing
agents. To elucidate the chemical structure of the as-
synthesized nano bio-composite, FT-IR, FE-SEM, EDX,
TEM and XRD analyses were performed and justified the
physicochemical properties. Towards its bioapplication, we
evaluated the anti oxidant activity, cytotoxicity and anti-
osteoporotic effects of the Ag NPs@CS/Agar nano bio-
composite. Cell viability of the normal HUVEC cell line was
found to be reduced dose-dependently in presence of the cata-
lyst. The absorbances were measured at 570 nm, which repre-
sented viability of normal cell line even up to 1000 pg/mL for
Ag NPs/CS-Starch bio-composite. The Ag NPs@CS/Agar
nano bio-composite showed excellent antioxidant activities in
DPPH radical scavenging assay. The IC50 of Ag NPs@CS/
Agar nano bio-composite and BHT in the study were 120
and 104 pg/mL, respectively. Again, administration of Ag
NPs@CS/Agar nano bio-composite on the GC induced Wistar

rats showed an increase in the serum levels of bone mineral
content markers and a decrease in serum and urinary levels
of bone resorption markers. An inclination in the strength of
femur and tibia was seen particularly with Ag NPs@CS/Agar
nano bio-composite. Maintenance of calcium homeostasis, for-
mation of collagen and scavenging of free radicals can plausi-
bly be the mode of action of Ag NPs@CS/Agar nano bio-
composite thereby combating osteoporosis induced by
glucocorticoids.
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