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Abstract Background: Osteoarthritis is a severe degenerative joint disease characterized by swel-

ling, joint pain, degradation of cartilage extracellular matrix, synovitis, callus formation, and loss of

normal joint movements, which leads to functional limitations and seriously affect the patient’s life

quality.

Objective: The current research work was focussed to synthesize and characterize the chitosan-

sodium alginate-polyethylene glycol-d-pinitol nanocomposites (CSP-dP-NCs) and evaluate its anti-

arthritic activity against the freund’s complete adjuvant (FCA)-triggered arthritis in animals.

Methodology: The CSP-dP-NCs were synthesized by standard method. The development and

properties of formulated CSP-dP-NCs were confirmed by several characterization techniques like
edical
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UV–visible, photoluminescence, X-ray diffractometer (XRD), Fourier Transform-Infrared

(FT-IR), scanning electron microscopic (SEM), energy dispersive X-ray (EDX), and dynamic light

scattering (DLS) analyses. The arthritis was induced in experimental rats via administering 0.1 ml of

FCA subcutaneously and then treated with 10 and 25 mg/kg of synthesized CSP-dP-NCs for

25 days. The bodyweight of animals were tabulated and then haematological parameters, organ

index, and paw volume was examined. The levels of liver marker enzymes were assessed by standard

techniques. The contents and pro-inflammatory cytokines and antioxidant parameters were quan-

tified using assay kits.

Results: The findings of characterization studies confirmed the development of CSP-dP-NCs

with size ranging from 180 nm, tetragonal appearance, and narrowed distribution. The CSP-dP-

NCs treated arthritic animals demonstrated the improved bodyweight and haematological param-

eters. The levels of thymus and spleen index and hind paw volume was decreased by the CSP-dP-

NCs. The administration of CSP-dP-NCs to the arthritic rats also exhibited the decreased contents

of IL-6, IL-10, IL-1b, TNF-a, MDA levels and increased the GSH level, CAT and SOD activities.

The activities of ALP, ALT, and ASP also decreased in arthritic rats by the CSP-dP-NCs treatment.

Conclusion: Altogether, the findings of this study demonstrated the antiarthritic activity of for-

mulated CSP-dP-NCs against FCA-induced arthritic rats via modulating oxidative stress and

inflammatory parameters. Hence, it could be the effective drug for the arthritis treatment in the

future.

� 2021 The Author(s). 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

Arthritis is a progressive inflammatory disease that mainly

affect the bone joints. The prolonged arthritis can result in
socioeconomic burdens, poor life quality of patients, severe
disability, and early mortality due to the deformity and

destruction of joints (Quan et al., 2008). The incidence of
arthritis in women population are likely 2–3 times higher than
in men and new cases of arthritis is rapidly increasing around

the world (Hunter et al., 2017). Nearly 3% of global popula-
tion is affected by the arthritis. It causes severe physical dis-
tress and pain also puts patients at the risks of work
disability as it arises in peoples with 30–40 years age group

(Hoving et al., 2014). The early signs of arthritis progression
is swelling around joints, heat, restricted movement, pain
and decreased joint function and in developed stage displays

the deformity and joint stiffness leading to bone injury and dis-
ability (Singh et al., 2015; Surai, 2006). During the pathogen-
esis of of osteoarthritis, both environmental and genetic

causes plays a major roles, though the precise root cause of
arthritis is not discovered yet (Hultqvist et al., 2006).

Arthritis has a close connections with inflammatory condi-

tion, as it developed by several immune cells and inflammatory
regulators (Sengupta et al., 2011; Kamel et al., 2018). The cru-
cial inflammatory cytokines that actively participates in the
inflammatory signalings during arthritis development is inter-

leukin (IL)-6, IL-1b, and TNF-a that primarily expressed in
the bone joints during initial phases of inflammation (Hata
et al., 2004). These mediators can aggravate the inflammation

and development of development of osteoarthritis. TNF-a is
one of the most imperative inflammatory cytokine responsible
for increased synovial proliferation and augmented expres-

sions of other inflammatory like IL-1b (Hegemann et al.,
2003). These pathological changes eventually lead to the
destruction of bones, cartilages, and joints, and even provoke
disability. IL-6 and IL-1b are the vital players of arthritis
development development. The augmented levels of IL-6 and
IL-1b was found in the synovial membrane and fluids of arthri-

tis joints (McInnes and Schett, 2007). During the developed
stage, the increased level of IL-6 can be detected in the blood
samples that proves its participation in the later stage of arthri-
tis (Szekanecz et al., 2000). The inhibition of the cytokines pro-

duction like TNF-a, IL-6, and NF-jB could diminish the
inflammatory reactions during arthritis development
(Aggarwal et al., 2013).

At present, there are no effective treatment options for
arthritis. The current treatment approaches comprise medica-
tions like disease modifying antiarthritic drugs (DMARDs)

and nonsteroidal anti-inflammatory drugs (NSAIDs), lifestyle
changes, and physical therapies. The general medications
applied for pain relief purpose and deferment of arthritis devel-

opment comprises acetaminophen, indomethacin, leflunomide,
methotrexate, corticosteroids, abatacept, and rituximab
(Gaffo et al., 2006). Additionally, the combined administration
of these drugs is a major approach for the arthritis treatment.

Though NSAIDs and DMARDs ameliorates both inflamma-
tion, pain and arthritis, but these medications often experi-
enced with increased adverse effects on patients like risks of

cardiovascular and gastrointestinal problems, primarily
because of the heavy doses and prolonged administrations
(Sostres et al., 2010).

The usage of new drug delivery mechanisms may decrease
the adverse effects of drugs and resolve the complications like
stability and solubility of drug candidates with increased ther-

apeutic potential, additionally assisting the patients to accep-
tance (Wang et al., 2021; Alvarez-Lorenzo et al., 2013). The
controlled drug delivery technique has gained much attention
in recent times to supply the drugs as required volume at tar-

geted sites to gain the preferred results (Alemdar, 2016;
Bahadoran et al., 2021; Li et al., 2019). The amalgamation
of drug with the substrates with definite physical, chemical,

and biological properties is an major strategy of controlled

http://creativecommons.org/licenses/by-nc-nd/4.0/
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drug supply (Vatanparast and Shariatinia, 2019; Rambhia and
Ma, 2015). The nanomedicines have transformed pharmaceu-
tical field for improved and targeted treatments for manifold

ailments (Chen et al., 2021). The comparatively smaller size
and improved surface area of nano-carriers permit selective
supply of drugs to the targeted sites with less adverse effects

on normal cells/tissues. Nano-carriers also improve the biolog-
ical action of drugs via elevating their solubility (Chang et al.,
2015).

Chitosan, a natural biopolymer is a promising candidate
that extensively studied in drug delivery mechanisms due to
its specific low cost, biodegradability, biocompatibility, and
nontoxic natures (Kolawole et al., 2019; Shariatinia and

Jalali, 2018). D-pinitol is a natural bioactive compound mostly
found in the leaves of Sutherlandia frutescens (Negishi et al.,
2015). D-pinitol showed several biological activities like

antioxidant (Moreira et al., 2018), antidiabetic (Gao et al.,
2015), anti-inflammatory (Singh et al., 2001), and anticancer
(Sethi et al., 2008) properties. But the effectiveness of

D-pinitol amalgamated nanocomposites on the inflammatory
diseases like arthritis was not explored yet. Therefore, the cur-
rent research work was focussed to formulate the chitosan-

sodium alginate-polyethylene glycol-d-pinitol nanocomposites
(CSP-dP-NCs) and assessed its therapeutic effects against the
freund’s complete adjuvant (FCA)-provoked arthritis in
animals.

2. Materials and methods

2.1. Chemicals

D-pinitol, chitosan, polyethylene glycol, sodium alginate, and

other reagents and chemicals were purchased from the
Sigma-Chemicals, USA. All assay kits were attained from
MyBiosource and Thermofisher, USA.

2.2. Synthesis of CSP-dP-NCs

For the preparation of CSP-dP-NCs, the D-pinitol was sus-

pended in 20 ml of DMSO and added with the 0.1 % (wt/
vol) of chitosan solution prepared in 200 ml of 1% acetate acid
under continuous stirring until suspension was developed.
After that, the suspension was ultrasonicated for reducing

the nanoparticle droplets. For coating purpose, the prepared
suspension, which consisting D-pinitol and chitosan was
released into the polymer solution that containing sodium algi-

nate and polyethylene glycol. After the completion of coating
process, the formulated nanocomposites powder was obtained
by dehydrating the final suspension by spray pyrolysis process,

with the temperature 80–100 �C and airflow (5 L/min) (Lim
et al., 2019).

3. Characterization of synthesized CSP-dP-NCs

3.1. UV–visible spectral analysis

To confirm the development of CSP-dP-NCs in the reaction
solution, the UV–visible spectral study was performed with

the help of Shimadzu-1700, Japan. The formation of CSP-
dP-NCs were confirmed by the UV–vis spectral analysis. The
absorbance of samples were measured at wavelength ranging
from 400 to 1000 nm.

3.2. Photoluminescence spectroscopic analysis

The formulated of CSP-dP-NCs were examined by the photo-

luminescence spectroscopic study and the spectra results were
taken at kexc = 405 nm using Roithner Laser Technik,
Germany.

3.3. Ray diffraction (XRD) analysis

The synthesized CSP-dP-NCs were studied by using X-ray

diffractometer (X’pert Pro PANalytical) system. The prepared
samples were investigated at 45 mA and 40 kV voltage and
scanned for 0.02–0.5 s. The obtained results were further
analysed.

3.4. Fourier Transform-Infrared (FT-IR)

The functional groups exists on the surface of formulated CSP-

dP-NCs were assessed by FT-IR study. In brief, the powdered
sample was investigated by FT-IR instrument (Shimadzu-
8400S, Japan). The FT-IR spectrum of fabricated CSP-dP-

NCs were taken by potassium bromide (KBr) disc method.
The FT-IR spectrum was studied by 4000–400 cm�1 ranges
with the resolution at 4 cm�1 for 50 scans.

3.5. Scanning electron microscopic (SEM) and energy

dispersive X-ray (EDX) analysis

The size, appearance, and components of fabricated CSP-dP-

NCs were examined by SEM instrument equipped with EDX
under normal atmospheric conditions. The fabricated CSP-
dP-NCs were studied by SEM instrument (Carl Zeiss Ultra

55 FESEM). The prepared CSP-dP-NCs sample was located
on the glass slide, uniformly dispersed, and dehydrated in vac-
uum. Lastly, the samples were studied by SEM machine under

high vacuum at several magnifications.

3.6. Dynamic light scattering (DLS) assay

The average size and distribution patterns of synthesized CSP-
dP-NCs were assessed by using DLS machine Zeta sizer (Mal-
vern, USA).

3.7. Experimental animals

The 55 days aged Sprague-Dawley (SD) rats, weighing 240–
270 g were chosen for this research study and animals were

purchased from institutional animal house. Animals were
housed in sanitized polypropylene cabins and preserved at well
organized laboratory conditions with temperature 22–26 �C,
air moisture 40–70 %, and 12-h light/dark series. Rats were
given free access to rodent diet and pure drinking water.
Before the initiation of experiments, all animals were acclima-

tized for a week in the laboratory to ensure the animal well
being.
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3.8. Treatment procedures

The acclimatized rats were randomly distributed into four indi-
vidual groups with six rats in each. The group-I aided as nor-
mal control without any treatments and provided with regular

rodent diet. Group-II are arthritis initiated animals through
administering 0.1 ml of FCA by sub-cutaneous route to pro-
voke the arthritis (Bendele, 2001). The group-III were
arthritis-provoked animals supplemented with 10 mg/kg of

formulated CSP-dP-NCs by oral route for 25 days. The
group-IV rats were arthritis provoked and 30 mg/kg of CSP-
dP-NCs supplemented animals. The initial and final body-

weight of each rats were taken and data were tabulated.

3.9. Hematological analysis

After the completion of experiments, all animals were anes-
thetized and sacrificed, then blood samples were drawn by
retro-orbital method. The gathered blood samples were used

to detect the hematological markers like red blood cells
(RBCs), white blood cells (WBCs), and hemoglobin (Hb) by
using automated hematological analyzer (Beckman Coulter,
Brea, CA, USA).

3.10. Measurement of organ index

After the sacrification, the spleen and thymus organs were dis-

sected out from control and treated animals and weighed pre-
cisely and data were tabulated to measure the organ index. The
final data were depicted as mg/g.

3.11. Measurement of hind paw volume

The injected hind paw (right) volume of both control and trea-

ted animals were measured carefully from initiation and com-
pletion of experimental period (day 1–25). The variations in
paw volume between treatment groups were assessed and data
were tabulated.

3.12. Study of spleen cell proliferation

The excised spleen tissues from the experimental rats were cut

into small pieces and squashed gently in an 5 ml of RPMI med-
ium enriched with FBS (0.5 %). The spleen cell suspension
were then filtered and centrifuged at 2000 rpm for 5 mins.

After that, 5 ml of ACK buffer, which contains 8.29 g of
ammonium chloride, 1 g of potassium bicarbonate, and 32.2
g of EDTA were mixed to the tissue suspension to remove

the RBCs. Then the cells were placed on the growth medium
at 1 � 106 cells/ml and sustained at 37 �C for 72 hrs in an 5
% CO2 provided chamber. Afterward, 25 ml of MTT reagent
and then 100 ll of DMSO was added to each well. Finally,

the intensity of formed color were investigated at 495 nm
and then spleen cell proliferation index was determined.

3.13. Assessment of liver function biomarkers

The enzymatic activities of liver function biomarker enzymes
like alkaline phosphatase (ALP), alanine transaminase

(ALT), and aspartate transaminase (AST) in the serum of nor-
mal control and treated animals were identified by using speci-
fic assay kits as per the guidelines specified by manufacturer
(Biocompare, USA).

3.14. Quantification of oxidative stress and antioxidant

biomarkers

The content of malondialdehyde (MDA), and antioxidant
markers like superoxide dismutase (SOD) activity, catalase
(CAT) activity, and glutathione (GSH) content in the control

and treated animals were assessed by using assay kits by the
guidelines specified by manufacturer (R&D Systems, Min-
neapolis, USA).

3.15. Quantification of pro-inflammatory marker levels

The inflammatory biomarkers like inerleukin-1b (IL-1b), IL-6,
, IL-10, and TNF-a levels in the serum of experimental rats

were assessed by using respective kits according to the guideli-
nes of manufacturer (Mybiosource, USA).

3.16. Statistical analysis

The obtained results were assessed statistically with the help of
GraphPad Prism software. The final data were illustrated as

mean ± SD of triplicates measurements. The one-way
ANOVA and Tukey post doc assay were performed to mea-
sure the variations between groups and p < 0.05 was set as

significant.

4. Results

4.1. Characterization studies of synthesized CSP-dP-NCs

4.1.1. Uv–visible spectral analysis

The fabricated CSP-dP-NCs were examined by using UV–vis-
ible spectroscopic analysis for the confirmation. The absor-

bance synthesized CSP-dP-NCs were analysed at various
wavelengths ranging from 400 to 1000 nm. As illustrated in
the Fig. 1(A), the maximum peak was observed at 280 nm,

which proves the existence of synthesized CSP-dP-NCs.

4.2. Photoluminescence analysis

Fig. 1(B) shows the photoluminescence spectrum of fabricated
CSP-dP-NCs. The excitation of CSP-dP-NCs were found at
367 nm, 399 nm, 434 nm, and 478 nm, respectively that con-
firms the existence of CSP-dP-NCs. The peaks at 367 nm

and 399 nm may resembles the free exciton recombination.
The blue and blue-green emissions were observed at 434 nm
and 478 nm and these peaks may attributes to interstitial oxy-

gen vacancies.

4.3. XRD analysis

The fabricated CSP-dP-NCs were examined by using XRD
purity and crystallinity and data were depicted in the Fig. 2
(A). The formulated CSP-dP-NCs demonstrated the various

peaks located at (110), (002), (111), (�202), (020), (202),
(�113), (�311), and (220), which denotes the face-centered



Fig. 1 UV–visible spectrum and photoluminescence analysis. (A): UV–Visible spectrum of synthesized CSP-dP-NCs. The maximum

absorption peak was noted at 280 nm. (B): Photoluminescence spectrum of fabricated CSP-dP-NCs. The excitation of CSP-dP-NCs were

found at 367 nm, 399 nm, 434 nm, and 478 nm, respectively.
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tetragonal structural arrangements (Fig. 2A). The purity and
crystallinity of the formulated CSP-dP-NCs were confirmed.

4.4. Ft-IR analysis

The frequencies of functional groups that exists in the surface

of fabricated CSP-dP-NCs were identified by using FT-IR and
the outcomes were illustrated in the Fig. 2(B). As depicted in
the Fig. 2(B), the FT-IR spectrum of fabricated CSP-dP-NCs

demonstrated several peaks at diverse frequencies. The peak
found in 3402 indicates the band attributes to hydroxyl
Fig. 2 XRD and FT-IR analysis of synthesized CSP-dP-NCs (A):

nature. (B): FT-IR spectrum of CSP-dP-NCs demonstrated the existenc

various peaks.
(OAH) stretching. The peak at 2930 cm�1 demonstrates the
presence of H stretching. The several peaks at 1586 cm�1,

1417 cm�1, and 1019 cm�1 exhibits the bending vibrations of
CAO and CAH bonds. The various peaks at 963 cm�1,
619 cm�1, and 503 cm�1 demonstrates the OAH bonds and

nanocomposites.

4.5. SEM and EDX analysis

Fig. 3(A&B) depicts the SEM and EDX analyses of formu-
lated CSP-dP-NCs. The SEM photographs of CSP-dP-NCs
XRD analysis of formulated CSP-dP-NCs showed the crystalline

e of OAH, H, CAO, CAH, OAH stretching, which is confirmed by



Fig. 3 SEM and EDX analysis of synthesized CSP-dP-NCs. (A): SEM analysis of fabricated CSP-dP-NCs exhibits the irregular and

tetragonal appearance. (B): EDX analysis of synthesized CSP-dP-NCs revealed the presence carbon, nitrogen, copper and oxygen

components.

6 S. Qiu et al.
revealed the agglomerated surface morphology with tetragonal
appearance. The EDX study was done to identify the compo-
nents present in the CSP-dP-NCs. The characteristic peaks of

EDX analysis revealed the presence carbon, nitrogen, copper
and oxygen demonstrated by pinitol.
Fig. 4 DLS analysis of synthesized CSP-dP-NCs. The DLS

analysis of synthesized CSP-dP-NCs revealed the distinctive peak

with a size ranging from 180 nm with narrowed distribution.

Table 1 Effect of synthesized CSP-dP-NCs on the haematological

Groups RBC (�106/ml)

Group I 10.51

Group II 2.6#

Group III 4.72*

Group IV 7.4*

Values were depicted as mean ± SD of triplicate measurements. Significan

p < 0.05 when evaluated with control, ‘*’ p < 0.01 when evaluated with

Group II: FCA-challenged arthritic rats, Group III: FCA-challenged art

challenged arthritic rats treated with 25 mg/kg of CSP-dP-NCs.
4.6. DLS analysis

The size and distribution patterns of formulated CSP-dP-NCs
were examined by DLS analysis and the data were displayed in
the Fig. 4. The outcomes of DLS analysis revealed the distinc-

tive peak with a size of ranging from 180 nm with narrowed
distribution.

4.7. Effect of synthesized CSP-dP-NCs on the haematological
parameters of FCA-induced arthritic animals

The effects of formulated CSP-dP-NCs on the haematological
markers like RBCs, WBCs, and Hb in the FCA-provoked

arthritis rats were assessed and data showed in the Table 1.
The FCA-challenged arthritis animals demonstrated the
marked reduction in both RBCs and Hb, whereas improved

the WBCs level when compared with control. The treatment
with 10 and 25 mg/kg of formulated CSP-dP-NCs displayed
the substantial increment in both RBCs and Hb levels on the

FCA-challenged arthritic animals (Table 1). The CSP-dP-
NCs treatment also decreased the level of WBCs in the arthri-
tis animals.

4.8. Effect of synthesized CSP-dP-NCs on the bodyweight and
organ index on the FCA-induced arthritic animals

Fig. 5 exhibits the effects of fabricated CSP-dP-NCs on the

bodyweight and organ index of arthritic animals. The FCA-
parameters of FCA-induced arthritic animals.

WBC (�103/ml) Hb (g/dl)

10.55 11.4

19.22# 3.40#

13.64* 8.61*

12.47* 10.08*

ce was assessed by one-way ANOVA and Tukey’s post hoc assay; ‘#’

FCA-challenged arthritic group. Note: Group I: Normal control rats,

hritic rats treated with 10 mg/kg of CSP-dP-NCs, Group IV: FCA-



Fig. 5 Effect of synthesized CSP-dP-NCs on the bodyweight and organ index on the FCA-induced arthritic animals. Each bar depicts

the mean ± SD of triplicate measurements. Significance was assessed by one-way ANOVA and Tukey’s post hoc assay; ‘#’ p < 0.05 when

evaluated with control, ‘*’ p < 0.01 when evaluated with FCA-challenged arthritic group. Note: Group I: Normal control rats, Group II:

FCA-challenged arthritic rats, Group III: FCA-challenged arthritic rats treated with 10 mg/kg of CSP-dP-NCs, Group IV: FCA-

challenged arthritic rats treated with 25 mg/kg of CSP-dP-NCs.
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provoked arthritic animals demonstrated the decreased body-

weight when compared with control animals. The treatment
with 10 and 25 mg/kg of synthesized CSP-dP-NCs effectively
improved the bodyweight of arthritic rats. The arthritic rats

also displayed the increased thymus and spleen weights when
evaluated with control. Interestingly, the administration of
10 and 25 mg/kg of formulated CSP-dP-NCs decreased the
thymus and spleen weights in the arthritic animals (Fig. 5).
Fig. 6 Effect of synthesized CSP-dP-NCs on the hind paw volume of

of triplicate measurements. Significance was assessed by one-way ANO

control, ‘*’ p < 0.01 when evaluated with FCA-challenged arthriti

challenged arthritic rats, Group III: FCA-challenged arthritic rats tre

arthritic rats treated with 25 mg/kg of CSP-dP-NCs.
4.9. Effect of synthesized CSP-dP-NCs on the hind paw volume
of FCA-induced arthritic animals

The effects of formulated CSP-dP-NCs treatment on the hind

paw volume of arthritic rats were examined at different time
period (day 5–25) and data were depicted in the Fig. 6. The
FCA-challenged arthritic animals demonstrated the marked

increment in the hind paw volume, when related with control.
FCA-induced arthritic animals. Each bar depicts the mean ± SD

VA and Tukey’s post hoc assay; ‘#’ p < 0.05 when evaluated with

c group. Note: Group I: Normal control rats, Group II: FCA-

ated with 10 mg/kg of CSP-dP-NCs, Group IV: FCA-challenged



Fig. 7 Effect of synthesized CSP-dP-NCs on the spleen cell

proliferation in the FCA-induced arthritic animals. Each bar

depicts the mean ± SD of triplicate measurements. Significance

was assessed by one-way ANOVA and Tukey’s post hoc assay; ‘#’

p < 0.05 when evaluated with control, ‘*’ p < 0.01 when

evaluated with FCA-challenged arthritic group. Note: Group I:

Normal control rats, Group II: FCA-challenged arthritic rats,

Group III: FCA-challenged arthritic rats treated with 10 mg/kg of

CSP-dP-NCs, Group IV: FCA-challenged arthritic rats treated

with 25 mg/kg of CSP-dP-NCs.
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However, the treatment with 10 and 25 mg/kg of fabricated
CSP-dP-NCs to the FCA-provoked arthritic animals demon-
strated the considerable reduction in paw volume, when eval-
uated with FCA alone treated arthritic rats (Fig. 6). These

findings confirmed the therapeutic effects of CSP-dP-NCs.

4.10. Effect of synthesized CSP-dP-NCs on the spleen cell
proliferation in the FCA-induced arthritic animals

The effects of fabricated CSP-dP-NCs on the proliferation
index of spleen cells from the FCA-challenged arthritic ani-

mals were assessed and findings were depicted in the Fig. 7.
The spleen cells of FCA-provoked arthritic animals demon-
strated the increased proliferation when compared with

untreated control animal spleen cells. Nonetheless, the spleen
cells from the 10 and 25 mg/kg of fabricated CSP-dP-NCs
administered arthritic animals exhibited the decreased prolifer-
ation, when compared with FCA alone treated cells (Fig. 7).

The 25 mg/kg of CSP-dP-NCs effectively decreased the spleen
cell proliferation.

4.11. Effect of synthesized CSP-dP-NCs on the liver function
marker enzymes in the FCA-induced arthritic animals

The activities of liver function biomarker enzymes like AST,

ALP, and ALT in the serum of both control and experimental
rats were assessed and findings were showed in the Fig. 8. The
increased ALT, AST, and ALP activities were observed in the

serum of FCA-challenged arthritic animals. These increments
effectively reversed by the formulated CSP-dP-NCs treatment.
The administration of 10 and 25 mg/kg of synthesized CSP-dP-
NCs were substantially decreased the ALT, ALP, and AST

activities in the serum of FCA-challenged arthritic animals
(Fig. 8).
5. Effect of synthesized CSP-dP-NCs on the oxidative stress and

antioxidant markers in the FCA-induced arthritic animals

Fig. 9 demonstrates the effects of CSP-dP-NCs treatment on

the oxidative stress and antioxidant biomarker levels in the
arthritic rats. The increased levels of MDA was observed in
the FCA-provoked arthritic animals when compared with con-

trol. The treatment with the 10 and 25 mg/kg of formulated
CSP-dP-NCs were showed the marked reduction on MDA
level in the arthritic animals. The arthritic animals also exhib-
ited the reduced GSH level, SOD and CAT activities when

related with the control. Appreciably, the supplementation of
10 and 25 mg/kg of synthesized CSP-dP-NCs improved the
GSH level, CAT and SOD activities in the FCA-treated

arthritic animals (Fig. 9).

5.1. Effect of synthesized CSP-dP-NCs on the inflammatory
cytokines level in the FCA-induced arthritic animals

The effects of fabricated CSP-dP-NCs treatment on the inflam-
matory cytokine levels in the FCA-challenged arthritic animals

were assessed and data were showed in the Fig. 10. The
increased levels of IL-6, IL-1b, and TNF-a were noted in the
serum of FCA-challenged arthritic animals. However, the
treatment with the 10 and 25 mg/kg of formulated CSP-dP-

NCs demonstrated the appreciable reduction on the IL-6,
IL-1b, and TNF-a in a serum of FCA-provoked arthritic rats.
The arthritic animals also demonstrated the decreased level of

IL-10 in the serum when compared with control. Nonetheless,
the 10 and 25 mg/kg of formulated CSP-dP-NCs treatment
improved the IL-10 level in the serum of arthritic animals

(Fig. 10).

6. Discussion

Arthritis is a chronic inflammatory disease characterized by
swelling, stiffness, pain, synovial hyperplasia, and bone
destruction, which can lead to serious deformity and disability

(Xu et al., 2016; Kyei et al., 2012). NSAIDs has analgesic effect
in the early stage of arthritis, but they were often reported with
insufficient efficacy and several side effects like renal, gastroin-
testinal, and cardiovascular risks (Mitragotri and Yoo, 2011;

Rao and Knaus, 2008).
The synthetic DMARDs has specific anti-rheumatic effects

but they can also bring several side effects like liver cirrhosis,

hypersensitivity, retinopathy, allergy, interstitial pneumonitis,
and myelo-suppression (von Vollenohower, 2009). As an effec-
tive alternative to conventional therapies, nanomedicines

received much attention and possessed promising therapeutic
solution for the arthritis treatment (Ashraf et al., 2021;
Rubinstein and Weinberg, 2012). The site-specific targeted

drug delivery of nano-medicines facilitates manifold applica-
tions like enhancement of therapeutic actions, protecting drugs
from degradation, and lessening of side effects (Prasad et al.,
2015; Yang et al., 2017). Nanomedicine has developed as a

novel therapeutic approach to attain effective drug delivery
to treat several diseases (Eskandari et al., 2020; Shi et al.,
2017). In recent times, the formulation of nano-medicines for

arthritis treatment was increased rapidly due to its potential
to accumulate effectively in the inflammatory sites of arthritic



Fig. 8 Effect of synthesized CSP-dP-NCs on the liver function marker enzymes in the FCA-induced arthritic animals. Each bar depicts

the mean ± SD of triplicate measurements. Significance was assessed by one-way ANOVA and Tukey’s post hoc assay; ‘#’ p < 0.05 when

evaluated with control, ‘*’ p < 0.01 when evaluated with FCA-challenged arthritic group. Note: Group I: Normal control rats, Group II:

FCA-challenged arthritic rats, Group III: FCA-challenged arthritic rats treated with 10 mg/kg of CSP-dP-NCs, Group IV: FCA-

challenged arthritic rats treated with 25 mg/kg of CSP-dP-NCs.

Fig. 9 Effect of synthesized CSP-dP-NCs on the oxidative stress and antioxidant markers in the FCA-induced arthritic animals. Each

bar depicts the mean ± SD of triplicate measurements. Significance was assessed by one-way ANOVA and Tukey’s post hoc assay; ‘#’

p < 0.05 when evaluated with control, ‘*’ p < 0.01 when evaluated with FCA-challenged arthritic group. Note: Group I: Normal control

rats, Group II: FCA-challenged arthritic rats, Group III: FCA-challenged arthritic rats treated with 10 mg/kg of CSP-dP-NCs, Group IV:

FCA-challenged arthritic rats treated with 25 mg/kg of CSP-dP-NCs.

Synthesized Chitosan-Sodium Alginate-Polyethylene glycol-D-Pinitol nanocomposites showed antiarthritic activity 9
joints. More than hundreds of various nanomedicine formula-
tions were prepared and examined over the decades for numer-

ous diseases and most of the being approved for clinical
applications and many going through trials (Bobo et al.,
2016). The pathological characteristics and mechanisms of
the adjuvant-provoked arthritis is found similar to human

arthritis, hence the adjuvant-stimulated arthritis model was
extensively employed to study the antiarthritic roles of sample



Fig. 10 Effect of synthesized CSP-dP-NCs on the inflammatory cytokines level in the FCA-induced arthritic animals. Each bar depicts

the mean ± SD of triplicate measurements. Significance was assessed by one-way ANOVA and Tukey’s post hoc assay; ‘#’ p < 0.05 when

evaluated with control, ‘*’ p < 0.01 when evaluated with FCA-challenged arthritic group. Note: Group I: Normal control rats, Group II:

FCA-challenged arthritic rats, Group III: FCA-challenged arthritic rats treated with 10 mg/kg of CSP-dP-NCs, Group IV: FCA-

challenged arthritic rats treated with 25 mg/kg of CSP-dP-NCs.
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drugs. Here, we formulated the CSP-dP-NCs and assessed its

therapeutic potential against the adjuvant-stimulated arthritis
in rats.

The changes in blood components provides basic informa-

tion regarding inflammation due to arthritic condition and also
shows the common physical condition of patients and indicate
the disease severity. Arthritis develops as a severe inflamma-

tory process that manifested by aneumia and elevated leuko-
cytes. The increased leukocytes normally displays the
progression of diseases. Leukocytes release several
immunoregulatory and cytotoxic molecules and triggers oxida-

tive stress through the increased generation of ROS. All these
processes further drive into the development of arthritis
(Cecchi et al., 2018). Several previous reports highlighted that

the contents of Hb, RBC was found decreased and WBC were
found elevated during arthritic condition. In arthritic condi-
tion, the RBC level was decreased and provokes anaemia

due to the deformability of erythrocytes. The Hb is an another
hematological marker found decreased in arthritic condition
due to the destruction of premature RBCs and reduction of
bone marrow erythropoietin (Patil et al., 2011; Premaratna

et al., 2011). In similar manner, the decreased RBCs, Hb and
increased WBCs were observed in the FCA-provoked arthritic
rats. Interestingly, the supplementation of formulated CSP-dP-

NCs were effectively increased the RBCs and Hb contents and
also decreased the WBCs level in the arthritic animals. These
findings demonstrates the therapeutic effects of fabricated

CSP-dP-NCs.
The participation of inflammation in the arthritis pathogen-

esis is well described and several reports highlighted the roles

of inflammatory cytokines in a development of arthritis. The
increased levels of IL-6, IL-1b and TNF-a was already high-
lighted in several arthritis models (Alunno et al., 2017). These
inflammatory mediators are facilitates to the destruction of

bone joints and stimulate other cytokines production
(Boissier et al., 2012). TNF-a is an imperative cytokine con-
nected with inflammation and joint destruction by increased

cytokine expression, angiogenesis promotion, inhibition of T-
cells, and stimulation of pain (McInnes and Schett, 2011).
The elevated expression of TNF-a triggers synovial inflamma-

tion and joint destruction (Choy and Panayi, 2001). TNF-a
also stimulates synovial cells to generate more PGE2 and other

inflammatory cytokines like IL-6 and IL-1b (Sun and Yokota,
2001). These inflammatory regulators aggravate the inflamma-
tory reactions and facilitates to the synovial inflammation and

joint injury. Consequently, the primary therapeutic targets in
the arthritis treatment are pro-inflammatory cytokines and
other inflammatory cells like synoviocytes and macrophages

(Kinne et al., 2000). The inhibition of TNF-a and other inflam-
matory cytokines may facilitates to the prevention of arthritis
(Weinblatt et al., 2003; Xu et al., 2011). Interestingly, here we
found that the treatment with formulated CSP-dP-NCs were

effectively depleted the contents of IL-6, IL-1b and TNF-a
in the serum of FCA-challenged arthritic animals. The CSP-
dP-NCs treatment also improved the IL-10 in the arthritic ani-

mals. These findings revealed the anti-inflammatory actions of
formulated CSP-dP-NCs against the adjuvant-induced
arthritis.

Oxidative stress is a crucial player of arthritis development
and it arises due to the increased accumulation of ROS. The
increased accumulation of oxidative stress markers like
MDA was already reported in adjuvant-stimulated arthritis.

During inflammatory condition, phagocytes accumulates in a
bone joints and augment the levels of superoxide, hydroxyl,
and hydrogen radicals. It was also described that the antioxi-

dant biomarkers such as GSH, SOD, and CAT was found to
be depleted in the arthritic conditions (Hitchon and El-
Gabalawy, 2004). The augmented MDA level with reduced

SOD activity often reported in arthritic condition (Tanwar
et al., 2017). Similarly, the increased MDA, and depleted
GSH, SOD and CAT activities were noted in the FCA-

challenged arthritic animals. Interestingly, the treatment with
fabricated CSP-dP-NCs effectively improved and antioxidants
and decreased the MDA level in the arthritic animals. These
findings suggested the antioxidant potential of fabricated

CSP-dP-NCs. The enzymatic activities of ALT, AST, and
ALP in a serum is the key indicator of liver function and dis-
ease condition. During inflammatory condition, ALP, ALT,

and AST play a crucial functions in the generation of several
chemical mediators like bradykinins. The augmented levels
of these enzymes has been found in bone and liver that results

in localized bone loss (Xu et al., 2017). Here, we found that the
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FCA-challenged arthritic animals demonstrated the increased
activities of ALT, AST, and ALP in the serum. But, the treat-
ment with the formulated CSP-dP-NCs appreciably decreased

the ALT, AST, and ALP enzyme activities in the arthritic rats.
In overall, these findings suggested the therapeutic benefits of
fabricated CSP-dP-NCs against the FCA-challenged arthritis

in rats.

7. Conclusion

In conclusion, our findings confirmed the anti-inflammatory and anti-

arthritic effects of fabricated CSP-dP-NCs against the FCA-provoked

arthritis in rats. The treatment with CSP-dP-NCs effectively decreased

the organ index, paw volume, and haematological parameters in the

arthritic animals. The CSP-dP-NCs administration reduced the liver

marker enzymes, pro-inflammatory cytokines level, and improved

the antioxidants in the FCA-provoked arthritic rats. These findings

recommended that fabricated CSP-dP-NCs could be a talented antiar-

thritic agent for the treatment of arthritis in the future.
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