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ABSTRACT

Background and Objective: Parkinson's disease (PD) is a neurodegenerative
disease with selective damage of mesencephalic dopaminergic neurons. Due to the
protective, anti-inflammatory, and antioxidant effect of Hypericum perforatum
(HP), this study was undertaken to assess dose-dependent effect of HP
hydroalcoholic extract on motor imbalance following intrastriatal injection of 6-
hydroxydopamine in the rat.
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Materials and Methods: In this experimental research, male Wistar rats (n=35)
were equally divided into sham, 6-hydroxydopamine (OHDA)-lesioned, and HP
extract-treated lesion groups. Model of PD was induced by microinjecting 12.5
microgram of 6-OHDA dissolved in saline-ascorbate solution into the left striatum.
Treated lesion groups received HP extract at doses of 50, 100, and 200 mg/kg/day
p.o. started one week before the surgery for 1 week post-surgery. After 1 week,
ipsilateral and contralateral rotations induced by apomorphine were counted and
net scores were obtained.
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Results: In the 6-OHDA-lesioned group, the dopaminergic agonist apomorphine
induced contralateral rotational behavior (P<0.001) as compared to sham. In
addition, administration of HP extract at doses of 100 and 200 mg/kg significantly
reduced the number of contralateral rotations (P<0.05) versus 6-OHDA group.
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Conclusion: Oral administration of HP extract at doses of 100 and 200 mg/kg
could reduce motor imbalance and attenuate forced biased rotational behavior in 6-
OHDA-induced model of PD.

1. Introduction

arkinson’s disease (PD) is a rather
common neurodegenerative disorder
with progressive nature and the most
common movement disorder
characterized with degeneration of
nigrostriatal dopaminergic neurons
within basal ganglia leading to
movement abnormalities like tremor,
bradykinesia, rigidity, and postural imbalance
(1). The main neuropathological hallmark of this
disease is the selective degeneration of the

nigrostriatal dopaminergic  neurons  within
substantia nigra pars compacta (SNC) (2, 3). The
neurotoxin 6-hydroxydopamine (6-OHDA) is
generally used for induction of the degeneration
of dopaminergic neurons and modeling of PD in
rodents like rat (4). Following 6-OHDA
injection, some behavioral, biochemical, and
pathological hallmarks of PD are observed (5).
The toxic and deteriorating effect of 6-OHDA are
due to enhanced oxidative stress, inflammatory
processes and induction of apoptosis (6).
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Mitochondrial ~ dysfunction and increased
oxidative stress burden are also responsible for
neuronal loss in patients with PD (7). Although
great achievements have been made in the
development and innovation of novel agents for
treatment of PD, until now, no pharmacological
agent has satisfactorily had the ability to stop or
slow the progression of PD pathogenic
mechanism (8).

Hypericum perforatum (H. Perforatum, St.
John’s wort) extract has traditionally been used
for a wide range of disorders (9). The most
common routine use of St. John’s wort is for
depression management (10, 11). H. perforatum
could lower lipid peroxidation (12), protect
neurons against oxidative stress induced by
hydrogen peroxide in the PC12 cells (13-15),
exhibit neuroprotective effect in rotenone-
induced model of PD (16, 17), and improve
bodily response to chronic stress (9). Considering
these impressive array of beneficial effects of
HP, the present study tried to investigate dose-
dependent effect of HP hydroalcoholic extract on
motor imbalance induced by intrastriatal injection
of 6-hydroxydopamine in the rat.

2. Materials and Methods
2.1. Extraction

Aerial parts of the plant were dried for 1 week
at room temperature under shade and were
grinded. The extract was prepared with addition
of 10 g of HP powder to 100 ml of 70% ethanol.
The extraction was done using maceration
method for 72 h at room temperature in darkness.
Then, the solution was filtered three times, dried
on a rotary evaporator at 40°C, yielding 2.14 g
(21.4%) of the extract.

2.2. Animals

Adult male Wistar rats (205-265 g; n = 35)
were obtained from Pasteur’s Institute of Tehran
and kept in a temperature-controlled room with
food and water freely available. The used
protocols were according to NIH guidelines for
the care and use of laboratory animals. Only rats
not showing any rotational behavior less than
30/hour following intraperitoneal injection of
apomorphine (2 mg/kg) were chosen for the
present study. The animals were randomly
allocated to 5 groups, i.e. sham-operated group
(sham), 6-OHDA-lesioned group (6-OHDA) and
HP-treated lesioned  groups. Unilateral
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intrastriatal 6-OHDA (Sigma Chemical, USA)
injection (left side) was done via a 5 pl Hamilton
syringe on anesthetized rats (a combination of
ketamine 80 mg/kg and xylazine 10 mg/kg, i.p.)
using stereotaxic apparatus (Stoelting, USA) at
the coordinates: L-3 mm, AP +9.2 mm, V +5 mm
from the center of the interaural line, according to
the atlas of Paxinos and Watson. At the end of
injection, the needle was left in place for an
additional 5 min and then withdrawn at a rate of
1 mm/min. The lesion group received a single
injection of 5 pl of 0.9% saline containing 2.5
pg/ul of 6-hydroxydopamine-HCL (6-OHDA,
Sigma Chemical, USA) and 0.2% ascorbic acid.
The sham group received an identical volume of
ascorbate-saline solution. The treated 6-OHDA
groups received the neurotoxin in addition to HP
hydroalcoholic extract using rodent gavage
dissolved in water at doses of 50, 100, and 200
mg/kg started one week before the surgery for 1
week post-surgery.

2.3. Behavioral evaluation

The animals were tested for rotational behavior
by apomorphine hydrochloride (2 mg/kg, i.p.)
one week before surgery (baseline) and after 1
week. Briefly, the animals were allowed to
habituate for 10 min and then 1 min after the
injection, full rightward and leftward rotations
were counted in a cylindrical container (a
diameter of 33 cm and a height of 35 cm) for 1 h
in a dimly-lighted and quiet room. Net number of
rotations was defined as the positive scores
minus the negative scores.

2.4. Statistical analysis

All data were expressed as mean = S.E.M. For
the drug-induced rotational behavior, one-way
ANOVA followed by Tukey’s post-hoc test was
used. In all analyses, the null hypothesis was
rejected at a level of 0.05.

3. Results

The beneficial effect of HP hydroalcoholic
extract at different doses was studies on
apomorphine-induced rotational bias for 1 hour
(Fig. 1). There were no significant differences
amongst the groups at baseline (before surgery).
Statistical analysis of the total net number of
rotations one week post-surgery showed that
apomorphine caused a very significant
contralateral turning in the rats of 6-OHDA group
(p<0.001) and induced less significant rotations
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in  6-OHDA+HP100 and 6-OHDA+HP200 extract against neurodegenerative effects induced

groups (p<0.005) in comparison with sham group
and the observed response for 6-OHDA+HP100
and 6-OHDA+HP200 groups were significantly
attenuated versus 6-OHDA group (p<0.05).
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Fig. 1. Total net number of rotations (mean +
S.E.M.) induced by apomorphine (2 mg/kg, i.p.) 1
week after surgery over a period of 1 h in 6-OHDA-
lesioned group. Note that the positive values indicate
contralateral rotations. 6-OHDA stands for the
neurotoxin 6-hydroxydopamine. The HP extract was
used at doses of 50, 100, and 200 mg/kg. * p<0.005,
** n<0.001 (versus sham), # p<0.05 (versus 6-OHDA)

4. Discussion

In this study, we demonstrated that HP
hydroalcoholic  extract could significantly
attenuate motor imbalance at doses of 100 and
200 mg/kg. The selective degeneration of SNC
dopaminergic neurons is likely to be due to direct
toxicity effect in PD patients (18, 19). In
addition, the neurotoxin 6-OHDA is commonly
used for the induction of PD in experimental
animals and could cause degeneration of
dopaminergic neurons (20). The unilateral
damage of the nigrostriatal dopaminergic system
through intrastriatal injection of 6-OHDA is
followed by a reduction in the striatal dopamine
level and an upregulation of dopaminergic
postsynaptic receptors at the same side. These
changes produce a prominent functional and
motor imbalance that can be evaluated by
dopaminergic agonists like apomorphine (21).
The observed attenuation of rotational behavior
in HP-treated 6-OHDA group could be due to the
possible neuroprotective effect of HP extract
against SNC neurodegeneration and maintenance
of striatal dopamine at a level that is not
accompanied with a marked rotational behavior.
In other words, nigrostriatal neurons within SNC
may have been preserved in the presence of this
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by the neurotoxin 6-OHDA.

Oxidative stress is strongly involved in the
toxicity of 6-OHDA-induced nigrostriatal lesions
(22). Oxidative stress is an important factor that
could affect the survival of dopaminergic neurons
in PD. Neurons mostly depend on energy
produced by  mitochondria  and are
simultaneously faced with high levels of reactive
oxygen species (ROS) as well as increased levels
of free iron, which can promote OH generation
(23). Overload of the free radical formation may
lead to cell death. In addition, auto-oxidation of
dopamine may produce dopamine quinine (24).
Formation of species such as semiquinones and
other free radicals could especially damage
nucleic acids, proteins, and membrane lipid
components (25). Therefore, the therapeutic
approaches are aimed at attenuation of oxidative
stress. In addition, free radical scavengers may
also be helpful in prolonging survival time of
dopaminergic neurons (26). HP as a medicinal
plant has reported to attenuate neuronal damage
and loss through counteracting oxidative stress,
possibly via regulating antioxidant defense
system as well as inhibition of free radical
generation (16, 17, 27).

Overall, the results of our study indicate that
oral administration of HP extract at doses of 100
and 200 mg/kg could reduce motor imbalance
and attenuate forced biased rotational behavior in
6-OHDA-induced model of PD. However, further
research studies are warranted to understand its
exact mechanism of action.

References

1. Udupa K, Chen R. Motor Cortical Plasticity in
Parkinson's Disease. Frontiers in  Neurology
2013;4:128.

Stocchi F, Marconi S. Factors associated with motor
fluctuations and dyskinesia in Parkinson Disease:
potential role of a new melevodopa plus carbidopa
formulation (Sirio). Clinical Neuropharmacology
2010;33(4):198-203.

Covy JP, Giasson BI. alpha-Synuclein, leucine-rich
repeat kinase-2, and manganese in the pathogenesis
of Parkinson disease. Neurotoxicology
2011;32(5):622-9.

Gonzalo-Gobernado R, Calatrava-Ferreras L,
Reimers D, Herranz AS, Rodriguez-Serrano M,
Miranda C, et al. Neuroprotective activity of
peripherally administered liver growth factor in a rat



Research Paper

10.

11.

12.

13.

14.

15.

16.

model of Parkinson's disease. PL0S One

2013;8(7):e67771.

Han B, Hu J, Shen J, Gao Y, Lu Y, Wang T.
Neuroprotective effect of hydroxysafflor yellow A on
6-hydroxydopamine-induced Parkinson's disease in
rats. European Journal of Pharmacology 2013;714(1-
3):83-8.

Mu X, He G, Cheng Y, Li X, Xu B, Du G. Baicalein
exerts neuroprotective effects in 6-hydroxydopamine-
induced experimental parkinsonism in vivo and in
vitro. Pharmacology, Biochemistry, and Behavior.
2009;92(4):642-8.

Henchcliffe C, Beal MF. Mitochondrial biology and
oxidative stress in Parkinson disease pathogenesis.
Nature Clinical Practice Neurology 2008;4(11):600-
9.

Ybot-Gorrin I, Vivancos-Matellano F, Chacon-Pena
JR, Alonso-Navarro H, Jimenez-Jimenez FJ.
Assessment of Parkinson disease: what do we need to
show neuroprotection? Neurologist 2011;17(6 Suppl
1):S21-9.

Crupi R, Mazzon E, Marino A, La Spada G,
Bramanti P, Battaglia F, et al. Hypericum perforatum
treatment: effect on behaviour and neurogenesis in a
chronic stress model in mice. BMC Complementary
and Alternative Medicine 2011;11:7.

Magni LR, Purgato M, Gastaldon C, Papola D,
Furukawa TA, Cipriani A, et al. Fluoxetine versus
other types of pharmacotherapy for depression. The
Cochrane  Database of Systematic  Reviews
2013;7:Cd004185.

Szafranski T. Herbal remedies in depression--state of
the art. Psychiatria polska 2014;48(1):59-73.

Naziroglu M, Cig B, Ozgul C. Modulation of
oxidative stress and Ca(2+) mobilization through
TRPM2 channels in rat dorsal root ganglion neuron
by Hypericum perforatum. Neuroscience
2014;263:27-35.

Benedi J, Arroyo R, Romero C, Martin-Aragon S,
Villar AM. Antioxidant properties and protective
effects of a standardized extract of Hypericum
perforatum on hydrogen peroxide-induced oxidative
damage in  PCl12 cells. Life Sciences
2004;75(10):1263-76.

Lu YH, Du CB, Liu JW, Hong W, Wei DZ.
Neuroprotective effects of Hypericum perforatum on
trauma induced by hydrogen peroxide in PC12 cells.
The American Journal of Chinese Medicine
2004;32(3):397-405.

Zou YP, Lu YH, Wei DZ. Protective effects of a
flavonoid-rich extract of Hypericum perforatum L.
against hydrogen peroxide-induced apoptosis in
PC12 cells. Phytotherapy Research 2010;24:S6-s10.

Gomez del Rio MA, Sanchez-Reus MI, Iglesias I,

Pozo MA, Garcia-Arencibia M, Fernandez-Ruiz J, et
al. Neuroprotective properties of standardized

26

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

extracts of Hypericum perforatum on rotenone model
of Parkinson's disease. CNS & Neurological
Disorders Drug Targets 2013;12(5):665-79.

Sanchez-Reus MI, Gomez del Rio MA, Iglesias I,
Elorza M, Slowing K, Benedi J. Standardized
Hypericum perforatum reduces oxidative stress and
increases gene expression of antioxidant enzymes on
rotenone-exposed rats. Neuropharmacology
2007;52(2):606-16.

Schapira AH, Jenner P. Etiology and pathogenesis of
Parkinson's disease. Movement Disorders
2011;26(6):1049-55.

Hattori N. Etiology and pathogenesis of Parkinson's
disease: from mitochondrial dysfunctions to familial
Parkinson's disease. Rinsho Shinkeigaku 2004;44(4-
5):241-62.

Schober A. Classic toxin-induced animal models of
Parkinson's disease: 6-OHDA and MPTP. Cell Tissue
Research 2004;318(1):215-24.

Schwarting RK, Huston JP. Behavioral and
neurochemical dynamics of neurotoxic meso-striatal
dopamine lesions. Neurotoxicology 1997;18(3):689-
708.

Guo S, Yan J, Yang T, Yang X, Bezard E, Zhao B.
Protective effects of green tea polyphenols in the 6-
OHDA rat model of Parkinson's disease through
inhibition of ROS-NO pathway. Biological
Psychiatry 2007;62(12):1353-62.

Foley P, Riederer P. Influence of neurotoxins and
oxidative stress on the onset and progression of
Parkinson's  disease. Journal of  Neurology
2000;247:1182-94.

Lotharius J, Brundin P. Pathogenesis of Parkinson's
disease: dopamine, vesicles and alpha-synuclein.
Nature Reviews Neuroscience 2002;3(12):932-42.

von Bohlen und Halbach O, Schober A, Krieglstein
K. Genes, proteins, and neurotoxins involved in
Parkinson's disease. Progress in Neurobiology
2004;73(3):151-77.

Chen S, Le W. Neuroprotective therapy in Parkinson
disease. American Journal of  Therapeutics
2006;13(5):445-57.

Munoz M, Bermejo-Bescos P, Romero C, Benedi J,
Martin-Aragon S. SNP-mediated neuroprotection
under glucose deprivation is enhanced by Hypericum
perforatum. CNS & Neurological Disorders Drug
Targets. 2012;11(2):162-73.



