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Abstract
Background and Objective: Berberine is a common plant isolated compound and used in China in the management of illness. The
present study was performed to scrutinize the anti-arthritic  and  inflammatory activity of berberine on Osteoarthritis induced by
Monosodium Iodoacetate in the experimental model of rodents. Materials and Methods: For the present study, Wistar rats were procured
and randomly  categorized  into  4  groups  I:  Animals treated with saline water, II: Animals treated with mono Iodoacetate to induced
OA: III: Animals received MIA and berberine and lastly, IV: Rats received MIA and standard drug. The therapeutic property of berberine
was assessed by its impact on the LPS induced raw cell  in vitro  and  in vivo i.e., determining the biochemical index, weight-bearing
distribution and proinflammatory cytokines level. Results: Lipopolysaccharide-induced RAW 264.6 cells were used to investigate  in vitro
anti-inflammatory activity of berberine. The present finding indicates that berberine reduced the production of proinflammatory cytokines
i.e., Nitric Oxide (NO), interleukin-6 (IL-6), interleukin-10 (IL-10), the prostaglandin E2 (PGE2) in RAW cells and shown anti-inflammatory
activity.  Furthermore,  berberine  reversed  the  proinflammatory  cytokines  and  inflammatory mediatory production, reduced the
weight-bearing distribution in the hind paw and prevents destruction of the joint tissue in the present experimental model of OA in
rodents. Conclusion: From the whole study, it is concluded that berberine was found to be an effective pharmacological agent against
MIA induced osteoarthritis.

Key words:  Berberine, osteoarthritis, therapeutic agent, inflammatory, pharmacological agent

Citation:  Yang, D. and Y. Zhang, 2022. Effect of berberine on animal arthritis-one effective pharmacological agent against the mia induced osteoarthritis.
Int. J. Pharmacol., 18: 53-59.

Corresponding  Author:  Yexiang Zhang, Orthopedic Center Shandong Second Provincial General Hospital (Shandong ENT Hospital), Jinan, 250000, China 
Tel : +86-15527663823

Copyright:  © 2022 Dong Yang and Yexiang Zhang. This is an open access article distributed under the terms of the creative commons attribution License,
which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited. 

Competing Interest:  The authors have declared that no competing interest exists.

Data Availability:  All relevant data are within the paper and its supporting information files.

http://crossmark.crossref.org/dialog/?doi=10.3923/ijp.2022.53.59&domain=pdf&date_stamp=2021-12-15


Int. J. Pharmacol., 18 (1): 53-59, 2022

INTRODUCTION

The most common disorder that is associated with
musculoskeletal tissue is Osteoarthritis (OA) that is
characterized via cartilage degeneration, sclerosis in
subchondral bone, osteophyte formation and inflammation in
synovial fluid. Osteoarthritis also harms joints, damage the
function of cartilage and irregularities in proinflammatory
pathways1. It also damages the synovial joints cartilage that is
associated with articular cartilage and subchondral bone that
results in causing pain in the joints while walking and standing
and letdown in movement in joints. Various approaches are
available for the treatment of OA and medications show
various side effects2. Therefore main reason behind the OA is
cartilage destruction and degradation of collagen is also a
parallel cause that involves the advancement of OA along with
inflammation3.

Literature cited the inhibition of inflammatory reaction
that helps in the management of OA4. It was also documented
that the traditional drugs have the potency to limits the
expansion of the OA via reducing destruction to cartilage and
relieves inflammation reaction and attenuates the pain in
joint5. 

Scientist  has  proved  that  the   isolated   compounds
from the plant tend to combat against various diseases.
Berberine (alkaloid)  is  a  bioactive  molecule obtained from
the plant Coptidis rhizoma and exerts several biological
activities  involving  anticancer,  antimicrobial,  anti-
inflammatory,  antimalarial and  hypoglycemic6.  It also
reduces the level of blood lipids and is helpful during
hyperlipidaemia.

 It also decreases the level of glucose in the blood and
controls insulin sensitivity and weight loss in animals and
humans during experiments. Berberine also controls diabetes
mellitus in patients and also shows inflammatory effects7. It
also exhibits anti-apoptotic properties via reducing the
Caspase-3 and Caspase-9 and raise the ratio of Bcl-2/Bax in
cerebral ischemia8. It was observed from the literature that
berberine is found to be a strong anti-inflammatory and
antioxidant  property both  in vitro  and  in vivo9. Another
study already established the relationship between the
inflammatory factors and expansion of chronic and chronic
arthritis10,11. 

Owing  to  these  properties,  this study scrutinizes the
anti-inflammatory and anti-osteoarthritis effects of berberine
against monosodium Iodoacetate (MIA) induced osteoarthritis
(OA) in an experimental model of rats.

MATERIALS AND METHODS

Study area: The study was carried out at the Department of
Joint Surgery, The Third Hospital of Jinan Lab, China from May,
2020 to June, 2021.

Estimation of anti-inflammatory activity (in vitro): RAW
264.7 cells were used to determine the in vitro anti-
inflammatory activity of berberine. Dulbecco’s modified
Eagle’s medium (DMEM) has 5.5% of FBS and 1% antibiotics
were used to  culture  the  RAW 264.7 cells. It was incubated in
5%  carbon dioxide  at  room  temperature   to   induce these
cells and fresh medium and lipopolysaccharide were used in
both cases absence/presence of sodium dodecyl sulphate12. 

Estimation of prostaglandin (PGE2), nitric oxide (NO) and
proinflammatory cytokines: LPS was used  to  stimulate and
SDE to culture the RAW 264.7 cells for 24 hrs. To evaluate the
production of NO, Griess reagent was employed. ELISA kits
were used to assess the pro-inflammatory cytokines (IL-10 and
IL-6) and inflammatory mediators (PGE2) as per instructions by
the manufacturers13.

Evaluation of anti-osteoarthritis activity in vivo 
Animals:  Wistar  albino  rats  were  used  for  the current
study. The animals were procured and caged in the animal
house  under   standard   environmental   conditions  along
with the proper cycle of  dark  and  light  12:12.  All  the 
animals were fed  with   a   standard   row   chow   and  water
ad libitum. The  protocol  used  for  the  current  study  is  as
per compliance and approved by The Affiliated Changzhou
No. 2 People’s Hospital of Nanjing Medical University
guidelines (animal ethical number: 2020030SFX).

Experimental study: All the animals were randomly
categorized into the 5 groups: Group I rats served as normal
and have saline, Group II Model control, Group III
Osteoarthritis rats received berberine (20 mg kgG1).

Group IV Osteoarthritis rats received standard drug
Indomethacin (IND) at a dose level of 2 mg kgG1. Injection of
monosodium Iodoacetate at a dose level of 3-50 mg µLG1 was
given to animals for the induction of osteoarthritis. Before the
supplementation of the monosodium Iodoacetate for 1 week,
an animal’s received an oral dose of standard drug and
berberine for 4 weeks14.

Estimation of the distribution of weight-bearing on hind-
paw: To evaluate the distribution of weight-bearing on hind-
paw, a  capacitance  tester  was  utilized.  Rats  were  kept in a
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measuring chamber to measure the weight-bearing force for
3 sec. OA induced group reveals a reduction in hind paws in
weight-bearing tolerance.  The weight distribution ratio was
measured15:

Weight  of  the  right  hind  limb  =  Weight  on  right  hind  limb
+ Weight  on  right  hind  limb × 100 

Proinflammatory mediators and inflammatory cytokines:
Blood samples were utilized to collect serum for the
determination of proinflammatory mediators and cytokines.
The sample was subjected to centrifugation for twenty
minutes at the speed  of  twenty  thousand to isolate the
serum and store it in a deep freezer. The level of PGE2 and
cytokines IL-6, IL-1b, TNF-"  were estimated using
commercially available ELISA kits16.

Histopathological investigation: For the histopathological
study,  a  joint  of the knee was taken away from all group rats

and the sample was placed in 10% formalin solution and
embedded in liquid paraffin. Hematoxylin and eosin (HE) were
used to stain the tissue and slides were observed under a
microscope17.

Statistical analysis: All  the   data   were   represented  as
Mean±SD and performed by the one way ANOVA and
Dunnett method used software Graph Pad prism.

RESULTS 

Effect of berberine on inflammatory and proinflammatory
mediators: RAW 264.7 cells were induced by LPS and
berberine impact was observed for inflammatory properties 
(in vitro) like NO, the production reduced from 78.06±0.70-
22.4±0.30 in Fig. 1a and PGE2 production reduced from
62000±500-22000±100  in  Fig.  1b, Cox-2 production
reduced  from  1.27±0.12-0.42±0.06  in Fig. 1c. Besides, IL-10

Fig. 1(a-e): Effects  of  berberine  on  the  production  of  proinflammatory  cytokines in LPS-stimulated RAW 264.7 cells, (a) NO,
(b) PGE2, (c) Cox-2, (d) IL-10 and (e) IL-6 production
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production  reduced   from   613.33±27.3-250.00±20.0  in  
Fig.   1d  and IL-6 production  reduced  from  24500±100.0-
12533±200.0 in Fig. 1e, So according to the series test, we
find after berberine+LPS were  used to treat the cells for
continuously 24 hrs, it significantly reduced the inflammatory
and proinflammatory mediators in the cells. It was also
observed that cell viability and was not affected by berberine
and does not cause any toxic effects on the RAW 264.7 cells.

Berberine   impact   on   rat’s   limb   weight    distribution:
Figure 2 reveals the impact of berberine in hind paw weight-
bearing distribution. To evaluate the proper weight
distribution  among the contralateral and sensitized hind
limbs is the main index for joint pain in the arthritic knee.  In
capacitance, the tester was used for 14 days to assess the hind
paw weight-bearing. In a MIA induced rats, the hind paw
weight-bearing distribution was significantly reduced in
comparison with the normal control group after the
administration of MIA injection after 1 day and it was
maintained for 11 days.   In comparison to MIA, the group rats
treated with berberine and standard drug (Indomethacin)
displayed decreased values at 7 days. Furthermore, rats
treated with berberine and standard drug (Indomethacin)
show a balance among both paw hind legs and reversed the
value. This figure reveals that the rear leg weight bear in the
berberine treated group has been substantially restored.

Effect of berberine on inflammatory cytokine levels: This
study assesses the expression of osteoarthritis as
proinflammatory cytokines help in the management of cardiac
inflammation and injured tissue. The current study has
evaluated the impact of berberine on the level of
proinflammatory cytokines for example IL-1b, TNF-" and IL-6
and inflammatory cytokines involving PGE2 in all group rats.
Model groups rats showed the raised level of inflammatory
cytokine but the level of PGE2 were considerably down-
regulated by berberine from 890±32.0-640±20.0 pg mLG1 in
Fig. 3a,  then  the  NO  production  reduced  from 66.06±7.0-

Fig. 2: Impact of berberine on alteration of the weight-bearing
distribution in rats with OA

Fig. 3(a-d): Impact of berberine on the level of the proinflammatory mediators and cytokines in MIA induced osteoarthritis in
rodents, (a) PGE2, (b) NO production, (c) IL-6 and (d) TNF-"
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43.16±5.0 µM in Fig. 3b and IL-6 changed from 446.20± 26.4-
210±19.4  pg mLG1 in Fig. 3c and TNF-"  found it reduced
from 65.20±4.2-38.4±2.1  pg  mLG1  in  Fig.  3d  were
considerably  down-regulated  by berberine and standard
drug after the study. The current study indicates that
berberine prevents the pain induced by MIA in joints in
animals were alleviating the inflammatory cytokines. 

DISCUSSION 

In clinical procedures, the treatment available for
osteoarthritis primarily aims to minimize symptoms, protect
articular mobility and reduce functionality loss. Many studies
have proposed that the treatment of inflammatory arthritis
has improved the symptoms of osteoarthritis by many
traditional plants and its derived constituents18-21. Berberine
exhibits different therapeutic properties, although the
protective role of berberine in treatment with OA has not been
demonstrated. This research has therefore been performed to
examine the anti-osteoarthritis  and  anti-inflammatory effects
of berberine in OA induced by MIA in rats. 

Several cases of osteoarthritis have reported that the
inflammatory mediators play a major role in cartilage
degradation production and development19. Proinflammatory
cytokines and inflammatory mediators have demonstrated a
potential influence on the catabolic characteristics leading to
OA pathophysiology20-22. Hence, this study find that the result
of proinflammatory  cytokines  and  inflammatory mediators
(IL-6, NO, IL-10 and PGE2) in RAW 264.7 cells induced
lipopolysaccharide was significantly suppressed by current
findings.

Several parameters such as weight-bearing parameters,
proinflammatory cytokines and histology study of tissue are
used as a means of evaluating the anti-osteoarthritis property
on the MIA induced model of BBR. An anti-osteoarthritis
activity in the MIA-induced OA model of BBR has also been
assessed in the present analysis23,24. Pain associated with OA
may be caused by due to movement in joints, generally
leading to a reduction in use and decreased joint mobility25-27.
Results of the present study have verified that berberine
considerably recovers the weight-bearing capacity and
inflammation in OA induced MIA-in animals. Many studies
have shown that inflammation exhibits a major role during the
expansion of arthritis28-30. The present study shows that
berberine improves the OA induced by MIA in rats by
inhibiting the proinflammatory cytokines and inflammatory
mediator in serum that confirms the chondroprotective
property of berberine in OA.

The spread of  the  OA  and  destruction in the structure
of  joint  cartilage  play  a  role  in  inflammation.  The inflamed
synovium generates pro-inflammatory mediators and
cytokines for example NO and PGE2, which change the balance
between reparations and degradations of the cartilage
matrix31,32. Such symptoms exacerbate the weakening of the
joints and clinical signs during OA. Thus a successful approach
to treating the progression and extend the production of OA
will focus on the inflammatory reaction33. Berberine decreased
the inflammatory reactions dramatically in the current study
and stopped the progression of OA. 

CONCLUSION

In brief, the effect of berberine on LPS-induced RAW cells
was demonstrated  by  suppressing  the development of PGE2,
NO, IL-6 and TNF-". Berberine alleviates joint pain and rigidity,
decreased inflammatory mediation and proinflammatory
cytokines and restricted cartilage  and  subchondral bone
tissue in an experimental model of MIA-induced osteoarthritis.
The  present   finding   indicates   that  the  treatment of OA
and OA related symptoms can be effectively treated with
berberine.

SIGNIFICANCE STATEMENT

This  study  discovered   the   effect   of   berberine  on
LPS-induced  RAW  cells  that can be beneficial for
osteoarthritis and this study will help the researchers to
uncover the critical areas of inflammatory and osteoarthritis
that many researchers were not able to explore. Thus a new
theory on the treatment of OA and OA related symptoms may
be arrived at.
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