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Abstract

Background and Objective: Osteoarthritis (OA) is the most complex joint condition in the world. It affects many joints in the body and
isaleading cause of disability. The objective of this study was to evaluate the efficiency of Djpsacus asperoides (DA) extractinimproving
physical performance and regulating oxidative stress in an animal model of monosodium iodoacetate-induced Osteoarthritis (OA).
Materials and Methods: To study the physical performance, rats were tested for the wire hang test, von frey test, open field test, rotarod
test and hotplate assay were tested. After the examination period, the drug-administered animal's tissue homogenate was analysed for
the biochemical estimations. Results: In this investigation, group VI exhibited the longest PWT time duration in the DA-administered
groups in the von frey assay. Group VI achieved the longest hanging time (68 sec) in the hang test. Group VI exhibited a minimum of
51 movements in 5 min in an open-field test. In the rotarod experiment, group VI animals took a longer time (168 sec) to fall off the
rotarod. Groups V and VI as well as group I, had a strong withdrawal response to heat stimulation in a hotplate test. In the biochemical
analysis, DA administrated animals exhibited significant outputs compared to the other tested animals. Conclusion: The present study
demonstrated that the phytochemical components that engage in physical performance improve osteoprotection and cure OA-related
diseases.
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INTRODUCTION

Osteoarthritis (OA) is the world's most complicated joint
disease. This illness has so far claimed more than 100 million
lives all over the world'. It affects a variety of joints in the body
and is a major source of disability, which is becoming more
prevalent as the population ages. The OA is also known as
musculoskeletal system disease, degenerative bone disease
and degenerative arthritis. The OA is caused by a modification
in the mechanical and biological mechanisms that occur as a
result of the ordinary coupling of articular cartilage breakdown
and production?. It is distinguished by systemic, biological,
genetic and morphological changes in cells and the
Extracellular Matrix (ECM), which result in softening,
fibrillation, ulceration, loss of articular cartilage, synovial
inflammation, sclerosis of subchondral bone, osteophyte
formation and subchondral cyst formation3. Although the
specific mechanism of OA is unknown, it is assumed to be
mediated by a variety of factors including Tumour Necrosis
Factor (TNF), Interleukin (IL), Matrix Metalloproteinases (MMP),
inducible nitric oxide synthase and C reactive protein?.
Researchers believe that age, gender, obesity and genetic
factors all have a role in the development of OA“. However,
the physiological mechanism of the structural alterations
associated with this disease, on the other hand, is complicated
and the relationship to pain is unclear®s. The primary goals
of modern arthritis treatment are to relieve pain, reduce
inflammation and improve joint performance’.

Currently, Synthetic therapies using Nonsteroidal
Anti-Inflammatory Drugs (NSAIDs) are widely used to treat OA
inflammation and pain. But the long-term use of NSAIDs can
cause a severe negative impact due to toxicity, side-effects
and reappearing of symptoms in the gastrointestinal and
cardiovascular systems in the body?®®. Even now, the origin of
OAis unknown and no successful therapeutic cure for OA has
been discovered'®. Due to the restrictions of pharmaceutical
therapy, alternative medicine and treatment would be quite
essential to diagnosis in the early stages of treating OA.
Currently, more investigations are being conducted into pain
management and joint function improvement using natural
bioactive substances' 2,

Herbal medications and other therapeuticapproachesare
the mainstays of this alternative therapy. The vast majority of
herbal bioactive compounds or phytochemical components
are beneficial in disease prevention with few or no side effects.
The DA is one of the well-known medicinal plants in traditional
Chinese medicine. The root of the plant is commonly used to
treat joint pain, limb paralysis, flutter injuries, tendon injuries
and fractures. Recent investigations show that D. asperoides
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contains antioxidant and anti-inflammatory properties' as
well as antiasthmatic properties™.

The phytochemical components that engage in the
molecular mechanism and gene expression changes to
improve osteoprotection and cure OA-related diseases. A
recent investigation found that DA paste relieved
osteoarthritic knee paininrats'>. However, the ethnomedicinal
benefits of DA on pain management and joint function have
yet to be documented, even though natural product research
for OAis an active field of study. Considering the efficiency of
the medicinal plant, this investigation was carried to
determine whether it improves pain management and
joint function in rats by inducing Monosodium lodoacetate
in them.

MATERIALS AND METHODS

Plant material collection: Fresh DA plant material was
obtained during January, 2020 from a private botanical garden
in Hefeng, Hubei Province, China. The plant specimen was
submitted to the institution herbarium (Herbarium no. of the
plant is Ch10213\58294\2020).

Extraction of plant material: The extraction procedure was
followed according to the method of Chun et a/'¢. The DA
plant material (850 g d.wt.) was crushed using a blender and
extracted with ethanolic solvent (70%) for 24 hrs. The solvent
was filtered out using Whatman® No. 1 Filter paper. To
concentrate the collected solvent, a rotary evaporator
(R300BuchiRotavapor® at 28°C) with decreased pressure was
used. The resulting residue was kept at 4°C for further
examination.

Partial purification using column chromatography: Column
chromatography was carried out on a standard 120X2 c¢cm
glass column filled with 15 g of silica gel (200-400 mesh). The
plantresidue on top of the silica gel bed and the column were
eluted successively with ethanol.

High-performance liquid chromatography (HPLC): The
chemical constituents present in the ethanol extract of DA
were analysed using an LC 300 HPLC system interfaced with
Simplicity Chrom™ CDS software.

Identification of compounds: The ethanolic extract of DAwas
performed on a chromatographic system. HPLC solution
software was used to acquire and analyse the obtained
spectral data (Santa Clara, CA). The unknown compound's
spectra were cross-checked with the spectrum of known
components recorded in the HPLC library.
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Animals: Male Lewis rats (160-180 g) were procured from the
Institution's Central Animal House for this investigation.
Throughout the testing period, the rats were maintained in
separate and wide and sanitary cages. The animals were fed
and watered and kept in 12 hrs light-dim cycles at 22°C and
40-60% humidity. Allinvestigations were conducted following
the National Institutes of Health Guidelines for the Protection
and Handling of Laboratory Animals (USA), as approved by the
institute's local ethics board Reg. No: (61432/2020/
CPCSEA/12.01.2020), as well as animal care and practise
requirements.

Chemicals and reagents: All chemical reagents and solutions
are freshly prepared at the beginning of this study in double-
distilled water as stock solutions. Hyaluronic acid (HC) and
Monosodium lodoacetate (MIA) were purchased from Sigma
Aldrich Chemical Co.

Acute toxicity: The LD, value was determined using rats
following Li et al"” DA plant extract at a logarithmic
concentration was administered orally to 5 groups of 6 rats
(100, 200, 300, 400 and 500 mg kg™'). The toxicological
impacts were assessed in terms of mortality from 1 hr after the
dose to 24 hrs and the recorded effect will be considered as
LDs.

Induction of osteoarthritis: The MIA-induced animal model
of OA was executed according to the modified descriptions of
Combe et al'®. The test rodents were injected MIA (1 mg/30L)
in the tibiotarsal joint of the right hind paw for 2 days in a
row as described earlier by Jimbo et a/™.

Experimental protocol: The MIA induction rats were
randomized and partitioned into 6 groups consisting of 6 rats
(n = 6). These experiments were carried for 7, 14, 21 and
28 days:

Group 1: Saline (10 mL kg~ (i.p.)), served as control
Group 2 : 30 pL MIA (1 mg/30 pL saline) (i.p.)

Group 3 : 30 pL of HA (15 mg kg~ orally) as a standard
Group 4 : 30 pL of DA extract (100 mg kg~ orally)
Group 5 : 30 uL of DA extract (200 mg kg~ orally)
Group 6 : 30 pL of DA extract (300 mg kg™ orally)

All rats were evaluated for behavioural evaluations such
as the wire hang test, von frey test, open field test, rotarod test
and hotplate teston the 1st, 7th, 14th, 21stand 28th days after
MIA induction.

Ankle measurement: Ankle diameters were measured
following the descriptions of Jimbo et a/%. The measurements
were taken by Anteroposterior on the 7th, 14th, 21st and
28th days after the MIA was administered.

Behavioural assessment

Wire hang test: The Wire Hang test was carried out following
the instructions provided by Patel et a/2. The physical pain of
animals with OA was assessed using a wire hang test utilising
a wire screen.

Von frey test: The Von Frey test was performed based on the
method of Ziaei et a/?'. Paw Withdrawal Threshold (PWT) was
measured by von Frey monofilaments.

Open field test: The open-field assay was carried out
according to the method of Choudhary et a/?. The square
arena was used to analyse the locomotor activity of the test
animals.

Rotarod test: The rotarod test was performed by the method
of Singh et a/?. A rotarod performance test was used to assess
motor coordination and balance. An accelerating rotarod
performance test was used to determine the time to fall.

Hotplate test: The Hotplate assay was conducted by the
modified method of Tsai eta/?*. The hot plate experiment was
performed to assess the time to paw licking by using a hot
plate analgesia metre. The reaction time was measured by the
tested animals' licking their fore or hind paws or jumping
before and 15, 30,45, 60,90 and 120 min after drug treatment.

Biochemical analysis

Dissection and homogenization: After a behaviour
evaluation, the rats were decapitated on the 28th day. The
tissue homogenate (10%) was prepared in 0.1 M PBS solution
(pH 7.4) and centrifuged at 10,000 rpm for 20 min. The
supernatant was collected and utilised for biochemical
analysis.

TBARS assay: The TBARS test has been carried out using a
modified method of Gateva et a/®.

GSH assay: The reduced glutathione level analysis was
investigated by the modified method described by Wei et a/?.

Catalase assay: The catalase assay was tested according to
the modified method described by Chen et a/?’.
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Superoxide dismutase assay (SOD): The SOD assay was
examined using a modified method depicted by Wang et a/.

Glutathione peroxidase assay: Determination of GPx activity
was conducted by the modified method described by
Wang et a/%8.

Data analysis: All data collection and analysis were expressed
as mean SD in terms of the number of tests (n = 6). Individual
correlations and Duncan's Multiple Range Test (DMRT) were
used to examine the statistical outputs, which were evaluated
using one-way analysis of variance (ANOVA) in SPSS version
17 software. The data was found statistically significant.

RESULTS

In the current study, ethanolic DA extract was
concentrated under decreased pressure toyielda 12.23 g dark
green sticky mass. There was no mortality in the animal
bioassay in Table 1. In the toxicological investigation, various
dose levels such as 100, 200, 300, 400 and 500 mg kg~ were
employed. During the 24 hrs evaluation period, the test
animals were confirmed to be normal and no mortality was
observed. Three dose levels (100, 200 and 300 mg kg~") were
chosen for further investigation in this study.

Figure 1 shows the change in edema size of the tested
animals. In the study, group Il (only MIA-induced) showed high
edema (0.7 mm) on the 7th day and 0.66 mm on the 28th day.
In DA-administered test group IV, edema of 0.69 mm on the
7th day gradually reduced to 0.6 mm on the 28th day. In
group V, 0.69 mm of edema was shown on the 7th day and it
was reduced to 0.6 mm on the 28th day. On the 7th day,
0.68 mm of edema was observed in group VI, which was
reduced to 0.5 mm on the 28th day. The results demonstrated
that after administering DA extract, the edema level was
dramatically decreased (p<0.01) dependent on the dosage.

Figure 2 shows the hanging time duration of the tested
animals. In this experiment, the wire hand test was used to
estimate the physical pain of the tested animals. In this study,
group Il (HA injected group) animals showed maximum
hanging time (55 sec) on the 28th day of the administration
compared to other tested groups. In DA-administered
groups, group IV showed a hanging time of 21 sec in 1st of
administration but on the 28th day hanging time was showed
29 sec. The hanging timein group V was 19 secon the 1stday
and it was increased to 39 sec on the 28th day. In group VI,
a hanging time of 26 sec was shown on the 1st day and it was
increased up to 39 sec on the 28th day.
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Inthe present study, the Paw Withdrawal Threshold (PWT)
of the test animals was measured by the von frey test in
Fig. 3. PWT time duration in group Ill (HA injected group) was
23 secon the Tst day, 21 sec on the 7th day and 27 sec on
the 28th day.

Group IV in the DA-administered group exhibited 17 sec
on the 1st day, 8 sec on the 7th day and 13 sec on the
28th day. Group V showed 19 sec on the 1st day, 9 sec on the
7th day and 18 sec on the 28th day. In group VI, the time
was 17 sec on the 1st day, 13 sec on the 7th day and
26 sec on the 28th day. This experiment proved that
DA administration significantly (p<0.05) increased the Paw
Withdrawal Threshold (PWT) of the test animals.

The open-field test is concluded with an analysis of the
behavioural activities associated with locomotion. The
open-field test is expressed in Fig. 4 and 5. The peripheral
movements of the tested animals are expressed in Fig. 4. In
this assay, group Il animals showed maximum peripheral
movement compared to other tested groups. In DA
administrated groups, group VI showed a minimum of
51 moves in 5 min. It is almost similar to the standard group
(group ll). Figure 5 expressed the central movements in
tested animals. The maximum number of central movements
was found in group Il (26 movements) and group VI
(25 movements). This study's findings revealed a significant
reduction (p<0.05) in behaviour analysis, such as peripheral
and central movements, in the examined animal groups (IV
and V), when compared to the HA Injected group (group Il).

The rotarod analysis was used to measure the locomotor
function and motor coordination of the drug administrated
animals. The duration of the mice to drop off the rod was
measured in this study during a maximum observation time of
5 min. When compared to the other tested groups, group VI
animals took the longest time duration (168 sec) to fall from
the rotarod. This experiment proved that the latency to fall
in the rotarod test increased significantly (p<0.05) from the
1st day to the 28th day according to the dosage given to the
tested animals Fig. 6.

The hotplate test is conducted to analyze the thermal
hyperalgesia of the tested animals. In this experiment, the
low withdrawal response to heat stimulation was noted in
lll, V and group VI. Group Il showed a high withdrawal
response to heat stimulation in Fig. 7. This study's result
proved that DA administration significantly improved (p<0.05)
the heat tolerance according to the increasing dose level in
the OA-induced groups of animals.

The biochemical changes of the DA administrated
animals were expressed in Table 2. In this study, TBARS, GSH,
SOD, CAT and GPx levels in tissue cells were examined in
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1st day 7th day 14th day

Experimental duration

Fig. 1: Changes in edema size of the tested animals
Data were represented as Mean+SEM and p = 0.05
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Il DA extract (100 mg kg™)
[ DA extract (200 mg kg™)
W DA extract (300 mg kg ™)

21st day 28th day
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EMIA

WHA

W DA extract (100 mg kg™)
W DA extract (200 mg kg™)
M DA extract (300 mg kg™)

1st day 7th day 14th day 21st day 28th day
Experimental duration
Fig. 2: Hanging time duration by the tested animals
Data were represented as Mean+SEM and p = 0.05

Table 1: LDs, results of DA extract on rats

Group Extract Dose (mg kg™') (i.p.) Log dose Dead/total Dead (%) Corrected (%) Probit

1 DA extract 100 2 0/6 0 25 3.04
200 23 0/6 0 25 3.04
300 247 0/6 0 25 3.04
400 2.60 0/6 0 25 3.04
500 2.7 0/6 0 25 3.04

tested group animals. After MIA treatment, lipid peroxidation
levels increased in group Il animals compared to control
group but decreased significantly in DA-treated groups
(group IV (5.1£0.11 umol L="), group V (4.9£0.1911 umol L")
and group VI (47%x0.1111 pmol L™"). In the reduced
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glutathione test, the level of reduction was observed in
group Il animals compared to group | animals but
considerably increased in DA-treated groups (group IV
(0.42£0.004 nM mL~"), group V (0.65%=0.11 nM mL~") and
group VI(0.85£0.33 nMmL™"). Group Il exhibited a significant
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HHA
25 Il DA extract (100 mg kg™)
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1st day 7th day 14th day 21st day 28th day
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Fig. 3: Paw withdrawal threshold (PWT) of the tested animals
Data were represented as Mean+SEM and p = 0.05
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[ DA extract (300 mg kg™)

Number of movement (5 min)
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Fig. 4: Peripheral movements of the tested animals
Data were represented as Mean*+SEM and p = 0.05

Table 2: TBARS, GSH, SOD, CAT and GPx levels in tissue cells

Groups TBARS (umol L) GSH (hnM mL™") SOD (U mg~" protein) CAT (U8 mg~" protein) GPx(U¢ mg~" protein)
Control 41%0.112 0.891+0.33° 11.84£0.33° 1.62£0.01¢ 0.8910.06°
MIA 6.02+0.33° 0.26%0.032 5.16%0.012 0.38+0.13° 0.12%0.01¢
HA 46+0.66° 0.92+0.01° 10.14£0.19¢ 1.2%0.11° 0.81%+0.13°
DA extract (100 mg kg™") 51%0.11¢ 0.42%0.004¢ 6.12+0.11° 0.49%0.66¢ 0.82%+0.332
DA extract (200 mg kg~") 49+0.19° 0.65+0.11° 8.37+0.13° 0.6710.06° 0.481+0.13¢
DA extract (300 mg kg™") 47%0.11¢ 0.85%+0.332 9.82+0.03¢ 0.99%0.17¢ 034+0.11°

a:Quantity of enzyme necessary to occupy 50% of the NBT reduction, b: Mmles of H,0, consumed/min/mg/protein, ¢: Quantity of glutathione utilized/min, the values
that do not share a common superscript letter differ substantially at p<0.005 (DMRT), SOD: Superoxide dismutase assay, GPx: Glutathione peroxidase, assay,
CAT: Catalase assay, GSH: Glutathione level and TBARS: Thiobarbituric acid reactive substances

decrease in superoxide dismutase activity as compared (9.82£0.03 U* mg™") showed significant increases. In

to group | (control group). However, group IV (6.12£0.11 glutathione peroxidase assay, MIA only treated group
U* mg™), group V (8.37+0.13 U* mg™") and group VI  expressed a significant increase compared to the control
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Fig. 5: Central movements of the tested animals
Data were represented as Mean*+SEM and p = 0.05
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Fig. 6: Latency to fall in rotarod analysis by the tested animals
Data were represented as Mean*+SEM and p = 0.05

group but dropped considerably in DA-treated animals
(group IV (0.49£0.66 Ut mg~"), group V (0.67£0.06 UB mg~")
and group VI (0.99£0.17 UB mg~"). In the peroxidase assay,
MIA-treated rats (group Il) exhibited a significant increase
in comparison to the control group, whereas DA-treated
animals showed a significant decrease (group IV
(0.82£0.33 U® mg™"), group V (0.48+0.13 U mg~") and
group VI (0.34%£0.11 US mg~"). In these anti-oxidant assays,
both group IV and group | exhibited no significant
changes in SOD, CAT or GPX levels.
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[l Control

EHMIA

WHA
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M DA extract (300 mg kg™)

21st day 28th day

Figure 8 express the HPLC chromatogram of the tested
ethanolic DA extract. These HPLC spectra represent the
presence of several chemical compounds which were
conformed to known compound spectra, previous references
and the HPLC library. The compounds and their peaks are as
follows: Limonene (1.534, 2.841), sesquiterpenoids (24.16,
25.22), caryophyllene (14.25), akebia saponin D (6.112),
cubebene (9.549),isochlorogenicacid (27.59), eugenol (7.141),
Loganin/Loganic acid (14.25), chlorogenic acid (31.23, 22.76),
etc.
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Data were represented as Mean+SEM and p = 0.05
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Fig. 8: HPLC chromatogram of ethanolic DA extract

DISCUSSION

The pharmacological challenge today is to characterise
and comprehend the variety of bioactive chemicals derived
from plants. These bioactive chemicals derived from plants are
significant in the treatment of a wide range of diseases. The
modes of action are quite distinct and they can be expressed
independently or in conjunction with other medicinal
substances. Another fascinating challenge is determining
which plants have been used in traditional medicinal systems
all over the world, investigating their phytochemical
components and explaining whether and how their bioactive
metabolites may impact the known therapeutic potential.
Nowadays, several ancient remedies have been developed
into contemporary licensed medications that have undergone
clinical testing. Structured clinical studies have demonstrated
the effectiveness of a number of these plant-derived
medicines, allowing them to be recommended in evidence-
based clinical therapy?®.

605

The primary goal of this study was to determine the
efficacy of the Chinese traditional medicinal plant DA and how
its extract improves physiological behaviour and regulates
oxidative stress in an osteoarthritis rat model. Fresh DA plant
materials were obtained from a nearby private botanical
garden and the entire plants were chopped into small pieces
and extracted with ethanol. The ethanolic DA extraction
was then condensed under reduced pressure to produce a
12.23 g dark green sticky mass. The DA extract was partly
purified using column chromatography and the eluted extract
was analysed for the presence of chemical components using
an HPLC system. Based on the retention durations, the peaks
were identified as the following chemical components:
Sesquiterpenoids, caryophyllene, akebia saponin D, cubebene,
isochlorogenic acid, eugenol, loganic acid and chlorogenic
acid. Several chemical components, including triterpenoids,
triterpene saponins, iridoids, iridoid glucosides, lignans,
phenolics and alkaloids, have been discovered from the
roots of DA in earlier research®. Wink?, discovered around
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15 phenolic compounds, three of which had not before
been discovered in DA. Sun et a/*° studied the chemical
composition of dipsacus asper oil. Li et a/2' conducted
extensive research on comparative proteomic analysis of DA
roots from China.

According to the results of the investigations, the
behavioural evaluation produced overwhelming outcomes.
During the investigation period, no mortality was found in the
animal bioassay. The ankle assessment procedure is one of the
most significant assessments used to detect ankle joint
swelling (edema) in drug-administered test animals.

In this study, the MIA-induced group had significantly
more edema (0.7 mm) than the other examined groups.
Simultaneously, DA-treated test groups exhibited very low
edema development. The results of this study revealed that
the edema level was considerably reduced (p<0.01) based on
the dose. These findings are consistent with earlier research
thatfound MIA injection enhanced ankle anteroposterior and
transverse dimensions'™. The intra-articular injection of HA
substantially increased knee joint diameter, resulting in knee
swelling®2*3. Halfaya et a/**, observed substantial increases in
both the right ankle anteroposterior and transverse
dimensions in all osteoarthritic OA rats compared to the
normal and control group at all periods of observation.
Ragab et a/*, discovered substantial increases in the right
ankle anteroposterior and transverse diameters in the MIA
group atall time points following MIA treatment compared to
the normal control group. But Jimbo et a/?°, discovered no
significant changes in knee anteroposterior or transverse
width among MIA and MIA-HA animals at any time point.
Several studies and articles have indicated that some
polyphenols and flavonoids have a significant role in the
therapy of inflammation and arthritic problems. For example,
Vitexin demonstrated substantial analgesic, anti-inflammatory
and immunologic properties by considerably increasing the
heat threshold and reducing the paw edema caused by
carrageenan. Galuteolin exhibited potentanti-inflammatory
action in animals, reducing inflammatory swelling produced
by DMB®. Furthermore, luteolin can regulate inflammatory
reactions® and apigenin is a strong anti-inflammatory
medicine®. The therapy of osteoarthritic animals with HA
resulted in a reduction in the rising levels of the right ankle
anteroposterior and transverse widths after the test when
compared to the osteoarthritic animals.

The von frey test was used to determine the Paw
Withdrawal Threshold (PWT) of the test animals in this
investigation®, Compared to the other groups, the
HA-injected group (group Ill) had the longest PWT time
duration. As compared to group lll, group VI had the longest
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PWT time length in the DA-administered group, whereas
group Il had the shortest PWT time duration. Choi et a/°
previously used the von frey test to investigate the analgesic
properties of ALM16 against secondary mechanical
hypersensitivity in OA. In their investigation, treatment of
ALM16 at 200 and 400 mg kg~ b.wt., in the MIA-induced OA
pain model substantially enhanced the lowering of PWT levels
and became more successful at raising PWT levels than the
othertreated groups. Several investigations have revealed that
JOINSTM, a therapy that combines with extracts of oriental
herbs that are frequently and traditionally used to treat OA
individuals in Korea, has cartilage protective properties by
preventing ECM constituent breakdown via MMP expression
levels*.

The hang test is used in animal behaviour evaluation to
measure the physical pain of the animals*. Because of the
extreme pain induced by the intra-articular injection, the
animals' grip strength, hanging duration and locomotor
activity were considerably decreased. In this study, when
compared to the other examined groups, the animals in the
HA-injected group had the longest hanging period (80 sec).
On the 28th day, group VI had the longest hanging time in the
DA-administered groups, with a maximum hanging
duration of 68 sec. This finding indicates that DA treatment
resulted in a substantial (p<0.05) increase in hanging time
from 14-28 days. There is significant evidence that some
cytokines are involved not only in the beginning but also in
maintaining chronic pain by direct stimulation of nociceptive
sensory neurons. As previously mentioned, phytochemicals
found in DA may block peripheral inflalmmatory processes,
compromising the production of cytokines and prostaglandins
and therefore decreasing inflammation pain in animals. The
activation of opioids receptors may also contribute to the role
of peripheral pathways. Moreover, more research is needed to
investigate the role of phytochemicals in the regulation of
analgesia via central pathways.

The open-field test is concluded with an analysis of the
behavioural activities associated with locomotion such as
crossing the central squares, indicating exploratory behaviour
such as mental pressure, adaptability and mobility®. In this
experiment, group lll animals showed the highest peripheral
movement when compared to the other examined
groups. Group VI demonstrated a minimum of 51 movements
in 5 min. It is nearly identical to the standard group. Other
DA-administered test groups did not exhibit significant
movements, which may be attributed to the observed articular
jointinflammation and degeneration, or due to osteoarthritic
pain. In the central movement study, group Il and group VI
showed a high number of central movements. The ongoing



Int. J. Pharmacol, 18 (4): 598-610, 2022

therapy with DA helped to prevent theimpediment caused by
MIA by promoting a considerable reduction in behaviour and
simply extending movement activities. Our findings are
consistent with Binfare et a/*, who discovered a reduction in
behavioural activity, rearing and all other behaviours in
haloperidol-treated rats. The rotarod experiment for rodents
is an excellent technique to assess strength and endurance. It
can also be used as a corollary test in conjunction with other
rodent behavioural tests. The rotarod analysis was performed
to assess the drug-administered animals' locomotor activity
and motor function®. In this experiment, group VI animals
took a longer duration (168 sec) to fall from the rotarod than
the other examined groups. The latency to fall in the rotarod
test increased significantly (p<0.05) from the 1st day to the
28th day according to the dosage given to the tested animals.
The hotplate test is conducted to analyze the thermal
hyperalgesia of the tested animals. In this experiment, the low
withdrawal response to heat stimulation was noted in group
[1l, group V and group VI. Group Il showed a high withdrawal
response to heat stimulation. The presence of phytochemicals
may influence tested animals. Several studies have shown that
steroids are powerful sedative drugs that decrease
spontaneous motor activity in mice*. Moreover, flavonoids
have been shown to have anxiolytic¥’ and antidepressant
properties*. As an outcome, the phytochemical composition
of DA extract is believed to have a role in the reported
medicinal and therapeutic activities.

The aetiology of several disorders is entwined with
oxidative pressure and the consequences of lipid peroxidation.
Cell reinforcement’s agents such as melatonin, quercetin,
ebselen and vitamin E are effective in the treatment of a wide
range of diseases. Oxidative stress aggravates cancer,
diabetes, arthritis, rheumatoid arthritis, neurological diseases,
hypertension, atherosclerosis and chronic inflammatory
disorders (OS). Recent research has suggested that OS plays a
role in the development of OA. The OS is continually
generated, damaging cells and the extracellular matrix
proteins. Increased production of ROS with a decrease in
antioxidants suggests disease progression®. The majority of
antioxidant reaction elements are responses to OS inducers.

It responds mostly to oxidative stress inducers. When
exposed to oxidative stress, Nrf2 attaches to the antioxidant
reaction elements and activates antioxidant genes>®. Under
pathological conditions of OA, the Nrf2/ARE signalling system
is primarily important for cellular defences against OS. The
aforementioned impact can be associated with a change in
specific endogenous antioxidant characteristics, such as a
drop in glutathione levels and a decrease in antioxidant
defence enzyme activity, such as superoxide dismutase and
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catalase®'. Catalase is a key antioxidant that assists in the
neutralisation of H,0,'s negative effects. The catalase enzyme
converts H,0, to water and non-reactive oxygen species,
reducing the accumulation of free radical precursors. Catalase
activity decreases due to OS*2.

The levels of TBARS, GSH, SOD, CAT and GPx in tissue cells
of tested animals were explored in this research. Lipid
peroxidation levels increased in group Il animals after MIA
treatment compared to the control group but decreased
considerablyin DA-treated groups. In the reduced glutathione
assay, glutathione levels in DA-treated groups were
significantly higher than in the control group. Groups VI, V
and VI demonstrated substantial increases in superoxide
dismutase activity as compared to the other examined groups.
In glutathione peroxidase tests, group IV, V and VI showed
significantly lower levels than the other groups. In the
peroxidase assay, the DA-tested group exhibited a substantial
reduction compared to the other group. Both group IV and
group | showed no significant increases in SOD, CAT or GPX
levels in these anti-oxidant tests. The current findings
demonstrate that the movements promoted by DA extract in
the OA animal model were associated with substantial
improvements in the behavioural activities displayed by the
recovered OA.

CONCLUSION

The phytochemical constituent's presence in the DA
extract plays a significant role in the molecular mechanism
and protection against exposure in models and it has been
attributed to its potent ethnopharmacological effects. The
outcomes of this study showed that DA extracts have a
positive effect on the experimental animal model. However,
more investigation is necessary to completely understand the
gene expression and molecular mechanism involved in the
osteoprotective effect.

SIGNIFICANCE STATEMENT

The DA is a well-known medicinal herb in traditional
Chinese medicine. It was used to treat joint pain, limb
paralysis, flutter injuries, tendon injuries and fractures.
However, no appropriate studies have been conducted to
determine the characteristics of DA. Therefore, the current
study was conducted to prove that the presence of
phytochemical ingredients in DA extract plays a critical role in
the molecular mechanism and protection against exposure in
models and this has been connected to its substantial
ethnopharmacological effects.
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