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Summary

Introduction: Parkinson’s disease is a chronic debilitating disease and many patients use Levodopa as a 
major treatment. However, this drug in long-term use causes a serious condition that is known as Levodopa-
induced dyskinesia (LID). Berberis vulgaris (BV) has been known to be a good potential medication for 
neurologic diseases such as movement disorders. The aim of this study is to investigate the usefulness of BV 
for LID in mice. 
Material and methods: In this study, 48 adult male mice were randomly divided into six groups: 1) saline 
group, 2) MPTP + LID, 3) MPTP + LID + BV (5 mg/kg), 4) MPTP + LID + BV (10 mg/kg), 5) MPTP + 
LID + BV (20 mg/kg). MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) (30 mg/kg/ day/i.p.) was 
used to induce Parkinson's disease and Levodopa (50 mg/kg/day/i.p.) was used to induce LID. After in-
duction of LID, mice received intraperitoneally (i.p.) different dosages of BV for 25 days. To investigate 
movement disorder improvement (dyskinesia), AIMS (Abnormal Involuntary Movement Scale) and cyl-
inder tests were used. 
Results: Mice that received BV at dosages of 10 and 20 mg/kg/day showed improvement in AIMS and the 
cylinder test. 
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INTRODUCTION

Parkinson’s disease is a neurodegenerative and de-
bilitating disease that mostly affects the motor sys-
tem. Motor symptoms are shaking, rigidity, slow-
ness of movement and difficulty in walking [1]. As 
motor symptoms mostly occur during earlier phases 
of the disease, drug therapy is also targeted at cur-
ing motor symptoms [2]. Other symptoms appear in 
later stages of the disease. The most effective therapy 
for motor symptoms is application of a dopamine 
agonist such as L-dopa [3]. At earlier stages of Par-
kinson’s disease, L-dopa is an effective therapy for 
alleviation of motor symptoms, but, with long term 
treatment, L-dopa-induced dyskinesia develops [4]. 

Medicinal plants recently have got much inter-
est in treating various diseases [5]. Berberis vulgaris 
(BV) is a kind of fruit that is produced in many dif-
ferent countries [6]. The effectiveness of this plant 
has been largely investigated in recent decades. The 
effectiveness of this plant in treating disease is re-
lated to its alkaloid compound that has antioxidant 
and anti-inflammatory properties [5]. In this study, 
B. vulgaris has been investigated at various dosages 
for its usefulness for curing L-dopa-induced dyski-
nesia in animal model of Parkinson’s disease. 

The aim of this study was to investigate whether 
various doses of fruit water extract of B. vulgaris are 
effective in reducing L-dopa-induced dyskinesia. 

MATERIAL AND METHODS 

Animal care: Male mice (20–25 g) were kept in con-
trolled conditions (12 h light/12 h dark cycle at a con-
trolled temperature (22±2°C) and humidity (50±5%)) 
in plexiglass cages provided with ad libitum access to 
food and water. Animals were handled, trained and 
tested during the light cycle. All experimental proto-
cols were in accordance with the Animal Ethics Com-
mittee of Islamic Azad University.

Extract: Barberry (Berberis vulgaris) fruits were 
obtained from the agriculture garden in Birjand. 

This is the best barberry native to Iran. These were 
then washed, chilled to 4°C, and stored. Water ex-
tract was prepared from fresh B. vulgaris from Iran. 
Water extract was obtained from distilled water in 
room temperature. B. vulgaris was kept in distilled 
water (50 g/500 ml) for 72 hours and every 8 hours 
the preparation was stirred. The final product was 
administered as a water extract. It should be noted 
that different concentrations of BV were prepared 
by diluting the final product with normal saline 
(0.9 %). The whole juice extracted by the aid of elec-
tric juicer and then filtered and stored in clean jars 
in fridge (0.9% w/v).

Parkinson’s disease induction: Parkinson’s disease 
was induced by injection of MPTP (1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine) intraperitone-
ally (30 mg/kg/b.w./day) for four days [7].

Levodopa-induced dyskinesia (LID): LID was in-
duced by injection of Levodopa (50 mg/kg/day/i.p.) 
for 14 days [8].

Study groups

Animals: In this study 48 male mice were used and 
randomly divided into six groups (tab. 1).
Abnormal Involuntary Movement Scale (AIMS) 
test: This preliminary test is used for detection of ab-
normal movement in mice. Each mouse was observed 
for 1 minute every 20 minutes. Each mouse was scored 
from 0 to 4. Zero indicates the absence of symptoms 
and 4 indicates the most severe form of abnormal 

Conclusion: BV is a useful drug for treating LID. So, parkinsonian disease patients may get a beneficial ef-
fect after treatment with BV for LID.
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Table 1. 
Experiment groups

Study groups

Saline group, (n=8)

MPTP, (n=8)

MPTP+LID,

MPTP+LID+ BV, (5 mg/kg/b.w./i.p.), (n=8)

MPTP+LID+ BV, (10 mg/kg/b.w./i.p.), (n=8)

MPTP+LID+ BV, (20 mg/kg/b.w./i.p.), (n=8)
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movement. The rating score was considered as follow: 
0: absence of abnormal movement, 1: occasional ab-
normal movement, 2: frequent abnormal movement, 
3: persistent abnormal movement that ceased with 
sensory stimulation, 4: persistent abnormal movement 
that was ceased by sensory stimulation [9]. 

Cylinder test: This test was performed by placing 
each mouse in a Plexiglas cylinder (20 cm × 30 cm) 
with the weight-bearing forepaw. Each mouse was 
observed for 1 minute. Then the number of ipsilat-
eral and contra lateral limb contacts were scored. 
The final score was calculated with the following 
formula. Cylinder score: (contra lateral contact – ip-
silateral contact)/total contacts × 100 [9].

As the animal moves in an open-top, clear cyl-
inder, its forelimbs activity while rearing against 
the wall of the cylinder is recorded. Forelimbs use 
is defined by the placement of the whole forepaws 
on the wall of the cylinder, which indicates their use 
for body support. Forelimbs contacts while rearing 
are scored for each animal in maximum time of one 
minute. The numbers of impaired and non-impaired 
forelimbs contacts are calculated as a percentage of 
total contacts.

Statistics

In this study, an one-way ANOVAs was used to in-
vestigate the significant difference of variance among 
the experimental groups. If the variance showed a 
significant difference, post hoc Tukey was used to 
investigate the difference of mean among the groups 
of study. Data was represented as mean±SEM and 
p<0.05 was considered significant.

RESULTS

Scores of behavioural experiments

Abnormal Involuntary Movement Scale (AIMS) 
test: Statistical analysis showed that variance has 
a significant difference among the experimental 
groups. The AIMS test scores showed that mice in 
the MPTP + LID group got higher scores than those 
in the MPTP + LID + BV(10 mg/kg) and MPTP + 
LID + BV (20mg/kg) - fig.1.

Cylinder Test: Statistical analysis showed that 
variance has a significant difference among the 

experimental groups. The cylinder test scores 
showed that mice in the MPTP + LID group got 
higher scores than those in the MPTP + LID + BV 
(10 mg/kg) and MPTP + LID + BV (20 mg/kg) 
groups - fig. 2.

DISCUSSION

In this study, for the first time the palliative effec-
tiveness of B. vulgaris on L-dopa-induced dyskine-
sia has been shown. This palliative effect was seen at 
the dosages of 10 and 20 mg/kg.

The B. vulgaris (BV) that was used in this study is 
of a kind that is mainly used as a food supplement 
[10]. In this sense, using this plant as an adjunct 
medicine is acceptable and it is free of unwanted 
side-effects. The usefulness of this plant send back to 
somewhat 3,000 years ago in the world [11]. In Iran, 
it dates back 2,500 years. More than 500 genus of BV 
have been known to have medicinal properties [12]. 
BV has a wide variety of usages in medicine. It has 
anti-cancer, anti-inflammatory, antioxidant, anti-
bacterial, analgesic and antinociceptive and hepatic-
protective effects [13].

The usefulness of B. vulgaris for treating neuro-
degenerative diseases has been well investigated in 
previous studies [14]. Jiang et al. and Ahmed et al. 
showed that B. vulgaris was effective in treating neu-
rodegenerative diseases such as Parkinson’s disease, 
Huntington’s and Alzheimer's diseases [14, 15]. 

The proposed mechanism for this positive effect 
was also has been investigated. Kim et al. showed 
that the effectiveness of B. vulgaris in treating Par-
kinson’s disease is related to the reduction in degen-
eration of dopaminergic neurons. It also decreases 
the apoptosis of neurons in the hippocampus [16]. 
Combination therapy of B. vulgaris with captopril 
also decreased the stiffness of muscles and twitch-
ing by improving oxidative stress and acetylcholine 
esterase activity [17]. 

In this study, the beneficial effect of B. vulgaris on 
L-dopa-induced dyskinesia was studied. The ben-
efit of B. vulgaris on treatment of L-dopa-induced 
dyskinesia was dose-dependent [2]. At higher dos-
ages, the benefit was more pronounced. Although 
it might be due to the antioxidant effects, the exact 
mechanism that underlies this treatment is not clear 
and needs to be investigated.

L-dopa-induced dyskinesia is long-term side-
effect of L-dopa treatment. Many studies have been 
done to elucidate the molecular mechanism that 
causes this disability. LID is of particular interest for 
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many investigations. The proposed mechanism for 
LID is thought to be related to signal transduction 
that defect in spiny neurons of striatum [18]. The 
BV may act through its beneficial effect on the spiny 
neurons of striatum and related mechanisms.

LID is a vague phenomenon that there is wide 
range in occurrence of LID in Parkinson’s disease 
patients (9–80%). In animal studies, it has been 
shown that nigral destruction is necessary for the 
development of LID [2]. In humans, some factors 
are necessary for the development of LID. LID will 
be developed in idiopathic Parkinson’s disease, dose, 
and duration of therapy with Levodopa and possibly 
some other factors that today is unknown. In this 
study, to induce LID, MPTP was first administered 
and then Levodopa treatment was started. 

However, LID still remains a problematic issue 
in clinical practice with many patients appreciat-
ing new therapies for this unwanted side-effect. In 
this study, we proposed BV as a new adjunct thera-
py for this Levodopa-induced side-effect. This new 
medication proved itself in AIM Sand cylinder tests 
where MPTP + Levodopa mice had lower scores 
when treated with BV compared to the non-treated 
group. 

In this study, we showed that BV exerts its medic-
inal effect on LID in a dose-dependent manner [19]. 
The beneficial effect was observed in higher dosages 

of BV, not at low dosage. The findings confirm that 
for getting better medication from BV, high dosages 
of BV should be used in LID. This medicinal effect 
of BV in a dose-dependent manner might be related 
to apoptosis [20] and cytotoxicity [21]. However, it 
is thought that the findings of this study are in ac-
cordance with other studies somehow. To answer 
the question of what is the most effective ingredient 
of BV, we can say that, based on previous studies, it 
differs in the various species of BV. Overall, all stud-
ies support the importance of isoquinoline alkaloids 
such as berberine, berbamine, and palmatine [12]. 
The mediator of the positive effects of BV are related 
to AMPK and mTOR [22]. However, more studies 
need to be done to confirm it. 

Recent pharmacologic treatment strategies for LID 
are focused on treatment with monoamine oxidase-B 
inhibitors, 5-HT agonists and other treatments such 
as valproate, gabapentin, zonisamide, levetiracetam, 
topiramate and ACR325 (odopidine).The most use-
ful drugs in this regard are mGluR antagonists and 
partial DA agonists [23]. However, effective treat-
ment for LID has not yet been confirmed. Like other 
diseases, it is advisable to use herbal medicine in cur-
rent practice as an adjunct. LID hampers the quality 
of life of many Parkinson’s patients. Since many pa-
tients are looking for an effective treatment for LID, 
BV will bring successful treatment for such patients, 

Figure 1.  

Scores of different groups of mice fort he AIMS test. Data are represented as mean ±SEM; p<0.05 has been considered as significant (n=8)
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especially, considering that LID will eventually devel-
ops in most Parkinsonism patients at later stages of 
the disease. BV is inexpensive and easy to prepare; in 
this regard it is also a good candidate and proper al-
ternative for many Parkinson’s patients.

CONCLUSION

In this study, we observed that BV had a therapeu-
tic effect for LID in Parkinson’s disease. The effective 
treatment occurred at doses of 10 and 15 mg/kg/b.w. 
and did not occur at a dose of 5 mg/kg/b.w. So, a 
higher concentration of the active substance of the 
extract is recommended for treatment. Overall, this 
study promises a novel and effective treatment for 
treating LID in Parkinson’s disease patients.

Conflict of interest: Authors declare no conflict 
of interest.
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