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Abstract: The neuroprotective effects of Panax ginseng were extensively studied. However, the therapeutic role of
Panax ginseng in rat model of Parkinson’s disease (PD) has not been studied enough. In the present study, rats
were divided into three groups; control, rat model of PD induced by intrastriatal injection of rotenone and rat model
of PD treated daily with Panax ginseng extract (100 mg/kg for 2 weeks). Forelimb wire hanging and the traction
tests scored a significant decrease in PD model rats. In ginseng extract-treated group, these behavioral parameters
changed to non significant values from the control rats. In the midbrain of rat model, a state of oxidative stress was
observed as indicated from the significant increase in lipid peroxidation, nitric oxide and tumor necrosis factor-α
and the decrease in reduced glutathione in comparison to control. This was accompanied by a significant decrease
in dopamine and a significant increase in acetylcholinesterase activity. In the striatum, an increase in lipid peroxidation and a decrease in nitric oxide, dopamine content and acetylcholinesterase were recorded. Panax ginseng
treatment improved all the midbrain and striatal changes induced by rotenone except nitric oxide. However, this
improvement was partial since the measured parameters in ginseng-treated group were not significant from the rat
model of PD except tumor necrosis factor-α. From the present findings, it could be concluded that Panax ginseng
extract administration for 2 weeks showed a partial ameliorative effect against the rat model of PD induced by the
intrastriatal injection of rotenone.
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Introduction
Parkinson’s disease (PD) is a progressive neurodegenerative disease characterized by the
progressive depletion of dopamine in the caudate/putamin (striatum) caused by the progressive loss of dopaminergic neurons in the substantia nigra pars compacta [1]. Its most prominent clinical features include tremors at rest,
bradykinesia, rigidity and postural instability
[2].
In addition to the loss of dopaminergic neurons,
there is a convergent evidence for early disturbances in cholinergic neurotransmission in PD
[3], where the density of striatal cholinergic
markers indicates an important role for cholinergic neurotransmission in striatal function
[4]. These disturbances in cholinergic function

have been suggested to mediate many of PD
symptoms including dementia [5] and cognitive
impairments [6]. The depletion of dopamine
leads to an increased cholinergic activity in the
striatum resulting in an imbalance between
dopaminergic and cholinergic effects on the
striatal control of the motor program [7].
Oxidative stress has been implicated in the
pathophysiology of PD and this may result in
neuronal damage and modulation of intracellular signaling pathways and consequently neuronal death occurs either by apoptosis or necrosis [8, 9]. Increased lipid peroxidation and
reduced antioxidant enzyme activities have
been observed in the brains of postmortem PD
patients [10, 11] suggesting reduced capacity
for detoxification in PD patients [12].
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It has been reported that tumor necrosis factoralpha (TNF-alpha), a potent pro-inflammatory
cytokine, plays a promoting role in neuroinflammation-mediated progressive degeneration of
dopaminergic neurons in PD [13, 14]. Furthermore, TNF-alpha-induced signaling pathway
has been implicated in apoptotic cell death in
PD [15]. It was significantly increased in the
lumbar CSF and in the nigrostriatal regions of
the brain in PD [15, 16].
It is clear that PD is a multifactorial disease
characterized by self-perpetuating events
including mitochondrial dysfunction, short-term
and long-term oxidative and nitrosative stress,
energy crisis, excitotoxicity, neuroinflammation
and protein aggregation [17]. These events
work in concert impinging on each other to promote cell death [18]. It is very likely that no
single therapy will be sufficient and that multiple agents working through different mechanisms may offer the best hope for a future
therapy.
Ginseng has been demonstrated to modulate
several putative biochemical markers shown to
be important to the initiation and progression
of PD. Various reports have shown the beneficial effects of ginseng or its ginsenoide components in the blockade of toxin uptake [19],
decrease in excitotoxicity [20], and antioxidant
effects [21], both through changes in nitric
oxide production as well as antioxidant mechanisms required to eliminate free radicals, antiinflammatory actions [22] and altered neurotrophic factors expression [23]. This is because
ginseng is a collection of different compounds
called ginsenosides of which more than 60
have been identified each with unique actions
[24].
Up to date, almost all studies concerning the
effect of ginseng extract on PD and other neurodegenerative disorders used ginseng extract
for neuroprotection not as a therapeutic agent.
Therefore, our present study sheds light on the
therapeutic effect of ginseng extract on the rat
model of PD induced by a single intrastriatal
injection of rotenone through measurement of
dopamine, GSH, lipid peroxidation and TNFalpha levels. In addition, assessment of AChE
and GST activities and behavioral alterations
were carried out.
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Materials and methods
Animals
Male Wistar rats, obtained from the Animal
House of the National Research Centre, Cairo,
weighing between 230 and 250 g were housed
under temperature- and light-controlled conditions with standard laboratory rodent chow and
water provided ad libitum. Animal procedures
were performed in accordance with the Ethics
Committee of the National Research Centre
and followed the recommendations of the
National Institutes of Health Guide for Care and
Use of Laboratory Animals (publication no.
85-23, revised 1985).
Drugs and chemicals
Rotenone was purchased from Sigma Chemical
Co. (St. Louis, MO, USA). It was dissolved in
dimethyl sulfoxide (DMSO). Ginseng extract
was obtained from Pharco Pharmaceuticals
Co., Egypt. All other reagents were analytical
grade reagents purchased from Sigma
Chemical Co. (St. Louis, MO, USA).
Surgical procedures
Rats were anaesthetized with sodium pentobarbital (40 mg/kg, i.p.). After shaving the hair
from the fronto-occipital area, antisepsis was
performed with 2% iodine solution. A hole of
0.5 mm was made using orthodontic roof
motor, and a number 2 drill to the right of the
bregma until the dura matter was exposed.
With the use of a Hamilton syringe fitted with a
30-gauge needle, the solution of rotenone (10
μg/3 μl/rat) was injected in the right striatum at
AP 0.0, L-2.5, V 5.5 mm relative to bregma as
described by Mulcahy et al. [25]. Using the previous coordinates, control rats were injected
intrastriatally with DMSO (3 μl/rat). After the
injection, burr hole was sealed with bone wax
and antibiotic powder (neosporin) was sprayed
at the incision.
Experimental design
After surgery, the animals were left for four
weeks to establish the animal model of
Parkinson’s disease as described by Mulcahy
et al. [25]. Then the animals of the Parkinson’s
disease model were divided into 2 groups. The
first group received a daily oral administration
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of saline and served as model animals. The animals of the second group received a daily oral
administration of ginseng extract (100 mg/kg)
for 2 weeks and served as treated animals.
After surgery, the control animals were also left
for four weeks and then received a daily oral
administration of water for two weeks.
All animals were sacrificed 1 hour after the
last administration. The brain of each rat was
rapidly removed and divided into two halves.
Each half was dissected into the striatum and
midbrain, weighed and stored at -53°C until
analyzed. The right half was homogenized in
acidified butanol and used for the determination of dopamine. The left half was homogenized in 5% w/v 20 mM phosphate buffer, pH
7.6, centrifuged and used for the analysis of
acetylcholinesterase (AChE) and glutathioneS-transferase activities and the levels of
malondialdehyde (MDA) as a measure of lipid
peroxidation, reduced glutathione (GSH), nitric
oxide (NO) and tumor necrosis factor-alpha
(TNF-alpha).

Determination of nitric oxide level
Nitric oxide (NO) levels, measured as nitrite,
were assayed using Griess reagent according
to the method of Moshage et al. [29]. In this
method, nitrite, a stable end product of the
nitric oxide radical, is primarily used as an indicator for the production of nitric oxide. Nitrite is
converted to a deep purple azo compound after
the addition of Griess reagents. The purple/
magenta color developed is read spectrophotometrically at 540 nm.
Determination of acetylcholinesterase activity
The procedure used for the analysis of acetylcholinesterase (AchE) activity was a modification of the method of Ellman et al. [30] as
described by Gorun et al. [31]. The principle of
the method is based on the measurement of
the thiocholine produced as acetylthiocholine
is hydrolyzed. The color was read immediately
at 412 nm in a Helios Alpha Thermospectronic
(UVA 111615, England) spectrophotometer.

Determination of dopamine

Determination of glutathione-S-transferase
activity

The quantitative determination of dopamine
levels was carried out according to the method
of Ciarlone [26] using a spectrofluorometer
(Jasco FP-777, with a source of xenon arc lamp
150 watt, JASCO Ltd., Tokyo, Japan).

Glutathione-S-transferase was determined by
measuring the conjugation of 1-chloro-2,4-dinitrobenzene with reduced glutathione which is
accompanied by an increase in absorbance at
340 nm.

Determination of lipid peroxidation

Determination of tumor necrosis factor alpha

Lipid peroxidation was determined in both the
midbrain and striatum by measuring the thiobarbituric-acid-reactive substances according
to the method of Ruiz-Larrea et al. [27].
Thiobarbituric acid reactive substances react
with thiobarbituric acid to produce a red colored complex which has a peak absorbance at
532 nm. The color was read in a Helios Alpha
Thermospectronic (UVA 111615, England)
spectrophotometer.
Determination of reduced glutathione
Reduced glutathione (GSH) was determined
according to the Ellman’s method [28]. This
method is based on the reduction of Ellman’s
reagent by -SH groups of GSH to form 2-nitro-smercaptobenzoic acid which has an intense yellow color that can be measured spectrophotometrically at 412 nm.
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Tumor necrosis factor-alpha (TNF-alpha) was
measured using rat TNF-alpha Elisa kit which
was obtained from Koma Biotech Inc.
(Yeongdeungpo-Gu, Seoul 150-105, Korea).
The developed color was read at 450 nm using
a microtiter plate reader. The concentration
was then calculated from a standard curve.
Behavioral tests
Forelimb hanging test: The wire hanging test
was performed as described by Fan et al. [32]
with modification. This maneuver tests neuromuscular and locomotor development [33].
Each rat was suspended grasping by its forelimb a wire (5 mm thick) 50 cm above a foam
cushion and the time to drop was recorded.
This procedure was repeated 3 times for each
rat. Then the mean was calculated for each rat.
A greater time was taken as an indicator of better strength or motor endurance.
Int J Clin Exp Med 2016;9(2):3831-3841
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Table 1. Effect of Panax ginseng extract on the levels of dopamine (µg/g), nitric oxide (µmol/g), TNFalpha (µg/g), MDA (nmol/g) and GSH (mmol/g) and the activities of AChE (µmol SH/g/min) and GST
(U/g) in the midbrain of rat model of Parkinson’s disease
Control
Rat Model of PD
a
Dopamine 2.043 ± 0.449 (7) 1.377b ± 0.336 (6)
AChE
2.220a ± 0.346 (6) 3.118b ± 0.567 (6)
Nitric Oxide 0.389a ± 0.039 (6) 0.505b ± 0.083 (6)
TNF-alpha
3.288a ± 0.361 (6) 4.241b ± 0.868 (6)
MDA
45.922a ± 5.226 (6) 56.922b ± 4.529 (7)
GSH
4.171a ± 1.481 (6) 2.089b ± 0.571 (6)
GST
1.062 ± 0.139 (6)
1.103 ± 0.145 (7)

D% Rat Model of PD + Ginseng
D%
P-Value
a,b
-32.56
1.541 ± 0.175 (7)
-24.572 0.008
40.45
4.793c ± 0.668 (6)
115.901 0.000
29.82
0.543b ± 0.092 (6)
39.59
0.008
28.98
3.141a ± 0.458 (6)
-4.47
0.013
a,b
23.95
48.602 ± 7.560 (6)
5.835
0.011
-49.92
3.274a,b ± 0.563 (6)
-21.51
0.018
3.86
1.271 ± 0.215 (7)
19.68
ns

Values represent mean ± standard error with the number of animals between parentheses. D%: % difference with respect to
control values [(Treated-Control)/Control] ×100. Statistically significant means (P-value < 0.05) are given in different letters. a:
Non significant in comparison to control; b: Significant in comparison to control; c: Significant in comparison to control and rat
model of PD.

Table 2. Effect of Panax ginseng extract on the levels of dopamine (µg/g), nitric oxide (µmol/g), TNFalpha (pg/g), MDA (nmol/g) and GSH (mmol/g) and the activities of AChE (µmol SH/g/min) and GST
(U/g) in the striatum of rat model of Parkinson’s disease
Control
Rat Model of PD
Dopamine 4.572a ± 0.615 (6) 3.598b ± 0.510 (6)
AChE
8.417a ± 1.376 (7) 3.096b ± 0.740 (7)
Nitric Oxide 0.257a ± 0.090 (6) 0.149b ± 0.037 (7)
TNF-alpha
3.602 ± 1.161 (6)
3.310 ± 1.314 (6)
MDA
39.551a ± 4.543 (6) 46.231b ± 2.456 (6)
GSH
3.044 ± 0.999 (6)
3.500 ± 0.991 (6)
GST
0.838 ± 0.120 (6)
0.688 ± 0.147 (7)

D%
Rat Model of PD + Ginseng
-21.30
4.149a,b ± 0.740 (6)
-63.22
4.642a,b ± 1.109 (6)
-42.02
0.161b ± 0.047 (7)
-8.11
2.836 ± 0.808 (7)
16.89
45.551b ± 3.079 (6)
14.980
3.789 ± 1.387 (7)
-17.899
0.864 ± 0.128 (7)

D%
P-Value
-9.25
0.05
-44.85 0.009
-37.35 0.016
-21.26
ns
15.170 0.01
24.474
ns
3.10
ns

Values represent mean ± standard error with the number of animals between parentheses. D%: % difference with respect to
control values [(Treated-Control)/Control] ×100. Statistically significant means (P-value < 0.05) are given in different letters. a:
Non significant in comparison to control; b: Significant in comparison to control; c: Significant in comparison to control and rat
model of PD.

Traction test: The traction test was carried out
as described by Dai et al. [34]. The rats were
suspended by their front paws to a wire placed
horizontally. Scoring was as follows; 3: the rat
grasps the wire with two hind paws. 2: the rat
grasps the wire with one hind paw. 1: the rat
cannot grasp the wire with neither hind paws.
Statistical analysis
The data were expressed as means ± S.E.M.
Data were analyzed by analysis of variance
(ANOVA) followed by Tukey multiple range test
when the F-test was significant (P < 0.05). All
analyses were performed using the Statistical
Package for Social Sciences (SPSS) software in
a PC-compatible computer. The percentage difference (D%) was calculated as follows: D% =
[Treated Value-Control Value/Control Value]
×100
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Results
Neurochemical results
In the midbrain of rat model of PD (Table 1), a
significant decrease in both dopamine and GSH
was obtained as compared to rat model of PD.
However, the levels of MDA, NO and TNF-alpha,
and AChE activity increased significantly by
23.9%, 29.8%, 28.9% and 40.6% over the control values, respectively.
The daily treatment of PD model animals with
ginseng extract for 2 weeks elevated the midbrain levels of dopamine and GSH to non significant changes from the control values and
PD rat model values and attenuated the
increase in lipid peroxidation to non significant
changes in comparison to control and PD model
values. Moreover, ginseng treatment restored
the midbrain levels of TNF-alpha to control-like
Int J Clin Exp Med 2016;9(2):3831-3841
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Behavioral results
Forelimb hanging test: As
shown in Figure 1 one way
ANOVA revealed that there is
a significant difference in
the forelimb hanging time
between control, rat model
of PD and rat model of PD
treated with ginseng extract.
The hanging time decreased
significantly in rat model of
PD (-45.3%) below the control value. However, ginseng
treatment increased the hanging time to be non significant from both the control
and animal model.
Traction test: The score of the
traction test was reduced significantly in the rat model of
PD (-40.13%) compared to
control. In addition, ginsengtreated rats also displayed a
significant decrease in the
score of traction test below
the control value Figure 1.
Figure 1. Effect of Panax ginseng extract on the forelimb hanging time (seconds) and traction test score of rat model of Parkinson’s disease induced by
intrastriatal injection of rotenone. Statistically significant means (P-value <
0.05) are given different letters.

values. However, the significantly elevated levels of NO and AChE activity recorded in the midbrain of PD rat model continued after treatment with ginseng extract.
In the striatum of rat model of PD (Table 2), a
significant decrease in dopamine (-21.3%) and
NO (-42.02%) levels and AChE activity (-63.22%)
was observed. However, lipid peroxidation
(16.9%) recorded a significant increase above
the control value.
The daily oral treatment of rat model of PD with
ginseng extract for 2 weeks elevated the dopamine content and AChE activity to non significant variation from control and PD model values. However, the recorded increase in lipid
peroxidatin and decrease in NO in the striatum
of rat model of PD persisted after treatment
with the ginseng extract.
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Discussion

In the present study, the rat
model of PD was induced
by a unilateral intrastriatal
injection of rotenone. This method can induce
many of the neuropathlogical features of
human PD as well as impairment in many motor
functions related to the human condition [25].
Intrastriatal rotenone administration was used
to overcome many of the drawbacks associated with systemic rotenone administration as
organ toxicity [35], body weight loss [36] and
increased mortality rates [37].
The present findings revealed that the unilateral intrastriatal rotenone injection induced a
significant decrease in midbrain and striatal
dopamine content. These neurochemical
changes were accompanied by behavioral
changes. Rotenone infusion decreased significantly the forelimb hanging time and traction
test score below the control value. Thus, the
present data support the occurrence of striatal
and midbrain dopamine depletion and motor
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dysfunction that represent the main hallmarks
of PD.
It has been reported that rotenone induces
highly selective dopaminergic lesion [38]. This
could explain the significant decrease in the
midbrain and striatal dopamine content
observed in the present study.
The cell bodies of monoaminergic system are
found in small nuclei in the substantia nigra,
locus coeruleus or raphi nuclei and their axonal
arborizations innervate large brain areas [39,
40]. The synaptic regulation of monoaminergic
neurotransmission, which occurs mainly at the
level of monoaminergic cell bodies, can only
modify the function of the whole arborization
such as dopaminergic neurons in substantia
nigra and their axons in striatum [41].
Accordingly, it is obvious that the dopaminergic
damage induced by rotenone resulted in a significant decrease in dopamine content in the
midbrain, the site of dopaminergic cell bodies,
and striatum that receives dopaminergic
projections.
It is clear from the present findings that a state
of oxidative stress was induced in the midbrain
by intrastriatal rotenone injection. This was evident from the significant increase in lipid peroxidation and nitric oxide levels and the significant decrease in GSH; the nonenzymatic antioxidant. This was associated with a state of
neuroinflammation that was mediated by the
significant increase in TNF-alpha. Multiple studies showed that TNF-alpha is highly toxic to
dopaminergic neurons both in vivo [42, 43] and
in vitro [44]. In the striatum, rotenone induced
a significant increase in striatal lipid peroxidation.
Thus, the states of oxidative and nitrosative
stress together with the accompanying neuroinflammation could underlie the dopaminergic
damage induced by rotenone in the midbrain
and consequently the selective depletion of
dopamine in the midbrain and striatum.
Supporting this notion, it has been reported
that dopaminergic neurons exert greater oxidative stress than other neurons due to the generation of hydrogen peroxide (H2O2) during
monoamine oxidase-driven dopamine metabolism [45]. In addition, rotenone causes oxidative stress which exhausts the intrinsic antioxidant system resulting in cell death due to mitochondrial ATP depletion [45] and mitochondrial
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complex I inhibition [46]. Furthermore, rotenone activates the intrinsic apoptotic pathway
which is characterized by mitochondrial membrane permeabilization, cytochrome-c release
and apoptosome formation [47].
Extensive evidence indicates that NO has very
important functions in the nervous system [48,
49]. Several in vivo [50, 51] and in vitro [52]
studies revealed that NO evoked striatal dopamine release. Accordingly, the significant
decrease in the striatal nitric oxide in the present study could inhibit the release of dopamine
and this may exacerbate this pathological
condition.
The remarkable abundance of acetylcholine
and dopamine in the striatum suggests that
they play critical roles in the functioning of the
basal ganglia [53]. The loss of dopaminergic
inhibition for increased cholinergic activity in
the striatum causes an imbalance between
dopaminergic and cholinergic modulation of
the striatal output to the motor program. This
favors an increased level of ACh which causes
hyperactivity and due to continuous stimulation
without inhibition, the characteristic symptoms
of tremor, rigidity and muscle fatigue develop
leading to postural instability [7].
Therefore, the recorded decrease in striatal
AChE activity recorded in the present study
could be due to its exhaustion to mitigate the
increased striatal cholinergic activity where
AChE is the enzyme responsible for termination
of ACh action at its receptors by hydrolyzing it.
This in turn could contribute to the reported
increase in striatal ACh content and augment
the imbalance between dopaminergic and cholinergic activity in the striatum.
Dopaminergic neurons in the substantia nigra
pars compacta receive more dense projections
from cholinergic pedunculopontine neurons
(PPN) [54]. Activation of cholinergic neurons in
the PPN increases dopamine release in the
striatum and the nucleus accumbens through
activation of acetylcholine receptors in the substantia nigra pars compacta and ventral tegmental area, respectively [55]. It has been suggested that PPN form a brainstem locomotor
center which also degenerates in Parkinson’s
disease [56]. PPN dysfunction is associated
with dopamine-resistant akinesia in Parkinson’s
disease [57].
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The present increased midbrain AChE activity
results in termination of the stimulatory effect
of ACh on the dopaminergic neurons. This may
be a feedback mechanism to alleviate the
stress arising from the stimulatory role of ACh
on still alive dopaminergic neurons as their
number decreased due to the neuronal degeneration induced by rotenone.
Accordingly, the reported increase in midbrain
AChE activity in the rotenone-treated rats could
mediate the decreased cholinergic activity to
substantia nigra pars compacta and consequently inhibits the still-alive dopaminergic
neurons. This in turn may mediate and exaggerate the rotenone-induced decrease in dopamine content.
Supporting this explanation is the study of
Chung et al. [58] who observed that the treatment with the AChE inhibitor donipezil for 6
weeks reduced the frequency of falls about
50% in frequently falling Parkinson’s disease
subjects.
In addition, impairment or degeneration of the
basal forebrain cholinergic system may play a
significant role in cognitive decline [59] and
dementia [60]. Thus, the resulting decrease in
cholinergic activity as a consequence of the
increased midbrain AChE activity, in the present study, may underlie the reported dementia
[61] and the impairment in cognitive functions
[62] in Parkinson’s disease subjects.
The present decrease in the nigrostriatal dopaminergic activity could mediate the observed
significant decrease in the hanging time and
the score of the traction test induced by
rotenone.
In the midbrain, although daily ginseng treatment improved the decreased levels of dopamine and reduced glutathione and the
increased level of lipid peroxidation induced by
rotenone to non significant changes from the
control, they still showed non significant changes from the rat model of PD. Moreover, ginseng
restored the increased TNF-alpha to controllike values and increased the AChE activity
above the control and PD model values.
However, ginseng failed to restore the increase
in nitric oxide induced by rotenone.
Similarly, in the striatum ginseng improved the
decrease in dopamine level and AChE activity
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induced by rotenone to non significant changes
from the control and rat model of PD. However,
lipid peroxidation was still elevated after ginseng treatment.
The main active pharmacological compounds
in Panax ginseng are ginsenosides which are
derivatives of triterpenoid dammarane. More
than 31 ginsenosides have been isolated from
natural and processed Panax ginseng and
novel ginsenosides continue to be reported
[63].
The antioxidant activity of ginseng and its component ginsenosides has been reported in various tissues [64] including brain tissues [65]
and were shown to have neuroprotective
effects in both in vitro [21, 66] and in vivo [12,
67] models of PD. Ginseng extracts are composed of several ginsenosides that produce
independent effects through multiple sites of
action [68]. In a previous study, it has been
observed that co-treatment of Rg1 with rotenone increases the survival of dopaminergic
neurons, whereas pretreatment with Rg1 had
no effect on rotenone-induced apoptosis [67].
In another study, it has been found that oral
administration of Panax ginseng extract significantly and drastically blocked tyrosine hydroxylase (TH) cell loss in substantia nigra and
reduced the appearance of locomotor dysfunction in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated mice [12]. In addition,
Rg1 increased dopamine and its metabolites in
the striatum and increased TH expression in
substantia nigra of MPTP-treated rats [69].
It may be proposed that Panax ginseng extract
could rescue the still-alive dopaminergic neurons against the neuronal degeneration
induced by rotenone. This may explain the
recorded improvement in midbrain and striatal
dopamine content.
On the other hand, the ginsenoside Rg1 has
been shown to suppress oxidative stress, block
activation of JNK signaling [21, 70] and protect
dopaminergic neurons [71]. Ginseng has also
been found to eliminate free radicals by activating antioxidant enzyme activities [64]. In addition, pretreatment with Rg1 resulted in the
reduction of dopamine-induced ROS and
release of mitochondrial cytochrome C into the
cytosol and inhibition of caspase-3 activation,
inducible nitric oxide synthase protein level and
Int J Clin Exp Med 2016;9(2):3831-3841
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nitric oxide production in dopamine-induced
PCl2 cells [21].
This may explain the observed improvement in
GSH levels and reduction in lipid peroxidation
in the midbrain after treatment of PD rat model
with the ginseng extract. It is clear that the antioxidant activity of ginseng was more prominent
in the midbrain than in the striatum.
Moreover, anti-inflammatory actions have been
linked to the ginsenoside Rg3 and remediate
upregulation of TNF-alpha, interleukin-1-beta
and interleukin-6 mRNA along with iNOS and
COX2 induction [72, 73]. In addition, it has
been reported that ginsenoside Rd inhibits
neuroinflammation of dopaminergic neurons
induced by lipopolysaccharide treatment [74].
The anti-inflammatory action of ginseng is evident in the present PD model from its success
in restoring TNF-alpha in the midbrain to nearly
control values.

test. Thus, the present results support the conclusion of Cho [75] that Panax ginseng and its
various ginsenosides may provide a potential
means of slowing the progression of PD.
The present data indicate that although most
of the neurochemical and behavioral parameters measured in the present study were not
restored to control values, they showed an
improvement approaching control values. The
significant changes induced by rotenone compared to control values became non significant
changes from the control and rat model of PD.
It could be deduced from the present preliminary findings that Panax ginseng extract administration for 2 weeks showed a partial treatment against the rat model of PD induced by
the intrastriatal injection of rotenone. It is possible that a longer period of treatment may give
more beneficial results; nonetheless, the present study throws light on the promising effect of
ginseng as an adjuvant therapy against PD.

In the striatum of PD rat model treated with ginseng extract for 2 weeks, AChE activity was
improved to non significant change from the
control value. This elevation in AChE activity
could suppress cholinergic activity and consequently the striatal dopamine/acetylcholine
balance will be regained. The slight increment
of striatal AChE activity after treatment of PD
rat model with the ginseng extract represents a
step toward the acquirement of the dopamine/
acetylcholine balance in the striatum that has
been disturbed in the PD model.

Disclosure of conflict of interest

The elevated striatal AChE activity could be due
to the restored inhibitory effect of dopamine on
the striatal cholinergic interneurons that was
absent in case of PD model. Dopamine may
thus partially regain its role in the striatum in
controlling the cholinergic activity.

[2]

However, in the midbrain ginseng treatment did
not affect the increased activity of AChE. This
could alleviate the stress arising from the stimulatory role of ACh on the midbrain dopaminergic neurons.
The present improvement in the striatal dopamine levels and AChE activity together with the
improvement in midbrain dopamine, TNF-alpha,
lipid peroxidation and GSH was accompanied
by an improvement in the behavioral tests, the
forelimbs hanging time and score of traction

3838

None.
Address correspondence to: Yasser A Khadrawy, Department of Medical Physiology, Medical Division,
National Research Center, El-Behouth St., Giza,
Egypt. Tel: +202 37753565; Fax: +202 7622603;
E-mail: yaserask@yahoo.com

References
[1]

[3]

[4]

[5]

[6]

Calne DB. The nature of Parkinson’s disease.
Neurochem Int 1992; 20: 1S-3S.
Aosaki T, Miura M, Suzuki T, Nishimura K,
Masuda M. Acetylcholine-dopamine balance
hypothesis in the striatum: an update. Geriatr
Gerontol Int 2010; 10 Suppl 1: S148-57.
Braak H, Del Tredici K, Rub U, de Vos RA,
Jansen Steur EN, Braak E. Staging of brain pathology related to sporadic Parkinson’s disease. Neurobiol Aging 2003; 24: 197-211.
Mesulam M, Mash D, Hersh L, Bothwell M,
Geula C. Cholinergic innervation of the human
striatum, globus pallidus, subthalamic nucleus, substantia nigra, and red nucleus. J Comp
Neurol 1992; 323: 252-268.
Mattila PM, Roytta M, Torikka H, Dickson DW,
Rinne JO. Cortical Lewy bodies and Alzheimertype changes in patients with Parkinson’s disease. Acta Neuropathol (Berl) 1998; 95: 576582.
Caviness JN, Driver-Dunckley E, Connor DJ,
Sabbagh MN, Hentz JG, Noble B, Evidente VG,

Int J Clin Exp Med 2016;9(2):3831-3841

Effect of Panax gensing on Parkinson’s disease rat model

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]
[18]

[19]

Shill HA, Adler CH. Defining mild cognitive impairment in Parkinson’s disease. Mov Disord
2007; 22: 1272-1277.
Swathi G, Bhuvaneswar C, Rajendra W.
Alterations of cholinergic neurotransmission in
rotenone-induced Parkinson’s disease: role of
Bacopa monnieri. Int J Pharm Biol Sci 2013; 3:
286-292.
Seet RC, Lee CY, Lim EC, Tan JJ, Quek AM,
Chong WL, Looi WF, Huang SH, Wang H, Chan
YH, Halliwell B. Oxidative damage in Parkinson
disease: measurement using accurate biomarkers. Free Radic Biol Med 2010; 48: 560566.
Dias V, Junn E, Mouradian MM. The role of oxidative stress in Parkinson’s disease. J
Parkinsons Dis 2013; 3: 461-491.
Dexter DT, Carter CJ, Wells FR, Javoy-Agid F,
Agid Y, Lees A, Jenner P, Marsden CD. Basal
lipid peroxidation in substantia nigra is increased in Parkinson’s disease. J Neurochem
1989; 52: 381-389.
Poirier J, Dea D, Baccichet A, Thiffault C.
Superoxide dismutase expression in Parkinson’s disease. Ann NY Acad Sci 1994; 738:
116-120.
Van Kampen J, Robertson H, Hagg T, Drobitch
R. Neuroprotective actions of the ginseng extract G115 in two rodent models of Parkinson’s
disease. Exp Neurol 2003; 184: 521-529.
Frankola KA, Greig NH, Luo W, Tweedie D.
Targeting TNF-α to elucidate and ameliorate
neuroinflammation in neurodegenerative diseases. CNS Neurol Disord Drug Targets 2011;
10:391-403.
Montgomery SL and Bowers WJ. Tumor necrosis factor-alpha and the roles it plays in homeostatic and degenerative processes within
the central nervous system. J Neuroimmun
Pharmacol 2012; 7: 42-59.
Nagatsu T and Sawada M. Inflammatory process in Parkinson’s disease: role for cytokines.
Curr Pharm Des 2005; 11: 999-1016.
Mogi M, Harada M, Riederer P, Narabayashi H,
Fujita K, Nagatsu T. Tumor necrosis factor-alpha (TNF-alpha) increases both in the brain
and in the cerebrospinal fluid from parkinsonian patients. Neurosci Lett 1995; 165: 208210.
Moore DJ, West AB, Dawson VL, Dawson TM.
Molecular pathophysiology of Parkinson’s disease. Annu Rev Neurosci 2005; 28: 57-87.
Van Kampen JM, Baranowski DB, Shaw CA,
Kay DG. Panax ginseng is neuroprotective in a
novel progressive model of Parkinson’s disease. Exp Gerontol 2014; 50: 95-105.
Nah SY, Bhatia KS, Lyles J, Ellinwood EH, Lee
TH. Effects of ginseng saponin on acute cocaine-induced alterations in evoked dopamine

3839

[20]

[21]

[22]

[23]

[24]
[25]

[26]
[27]

[28]
[29]
[30]

[31]

[32]

[33]

release and uptake in rat brain nucleus accumbens. Brain Res 2009; 1248: 184-190.
Zhang C, Du F, Shi M, Ye R, Cheng H, Han J, Ma
L, Cao R, Rao Z, Zhao G. Ginsenoside Rd protects neurons against glutamate-induced excitotoxicity by inhibiting Ca(2+) influx. Cell Mol
Neurobiol 2012; 32: 121-128.
Chen XC, Zhu YG, Zhu LA, Huang C, Chen Y,
Chen LM, Fang F, Zhou YC, Zhao CH.
Ginsenoside Rg1 attenuates dopamine-induced apoptosis in PC12 cells by suppressing
oxidative stress. Eur J Pharmacol 2003; 473:
1-7.
Lee JS, Song JH, Sohn NW, Shin JW. Inhibitory
effects of ginsenoside Rb1 on neuroinflammation following systemic lipopolysaccharide
treatment in mice. Phytother Res 2013; 27:
1270-1276.
Wang Y, Feng Y, Fu Q, Li L. Panax notoginsenoside Rb1 ameliorates Alzheimer’s disease by
regulating brain-derived neurotrophic factor
and downregulating Tau protein expression.
Exp Ther Med 2013; 6: 826-830.
Huang KC and Williams WM. The Pharmacology
of Chinese Herbs. CRC 1999.
Mulcahy P, Walsh S, Paucard A, Rea K, Dowd E.
Characterisation of a novel model of
Parkinson’s disease by intra-striatal infusion of
the pesticide rotenone. Neuroscience 2011;
181: 234-242.
Ciarlone AE. Further modification of a fluorometric method for analyzing brain amines.
Microchem J 1978; 23: 9-12.
Ruiz-Larrea MB, Leal AM and Liza M.
Antioxidant effects of estradiol and 2-hydroxyestradiol on iron-induced lipid peroxidation of rat liver microsomes. Steroids 1994;
59: 383-388.
Ellman GL. Tissue sulfhydryl groups. Arch
Biochem 1959; 82: 70-77.
Moshage H, Kok B and Huizenga JR. Nitrite
and nitrate determination in plasma: a critical
evaluation. Clin Chem 1995; 41: 892-896.
Ellman GL, Courtney KD, and Andres VA. New
and rapid colorimetric determination of acetylcholinesterase activity. Biochem Pharmacol
1961; 7: 88-95.
Gorun V, Proinov I, and Baltescu V. Modified Ellman procedure for assay of cholinesterase in crude-enzymatic preparations. Anal
Biochem 1978; 86: 324-326.
Fan LW, Chen RF, Mitchell HJ, Lin RCS, Simpson
KL, Rhodes PG, Cai Z. α-Phenyl-n-tertbutylnitrone attenuates lipopolysaccharide-induced brain injury and improves neurological
reflexes and early sensorimotor behavioral
performance in juvenile rats. J Neurosci Res
2008; 86: 3536-3547.
Hermans RH, Hunter DE, McGivern RF, Cain
CD, Longo LD. Behavioral sequelae in young

Int J Clin Exp Med 2016;9(2):3831-3841

Effect of Panax gensing on Parkinson’s disease rat model

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

rats of acute intermittent antenatal hypoxia.
Neurotoxicol Teratol 1992; 14: 119-129.
Dai S, Han G, Li Y, Yu D, Zhang D, Feng Y, Zhao
J, Sun Y. Effects of nicotine on the microglia
of Parkinson’s disease mice Asian J
Pharmacodyn Pharmacokin 2008; 8: 319323.
Lapointe N, St-Hilaire M, Martinoli MG,
Blanchet J, Gould P, Rouillard C, Cicchetti F.
Rotenone induces non-specific central nervous system and systemic toxicity. FASEB J
2004; 18: 717-719.
Greene JG, Noorian AR, Srinivasan S. Delayed
gastric emptying and enteric nervous system
dysfunction in the rotenone model of
Parkinson’s disease. Exp Neurol 2009; 218:
154-161.
Antkiewicz-Michaluk L, Karolewicz B, Romanska I, Michaluk J, Bojar-ski AJ, Vetulani J.
1-methyl-1,2,3,4-tetrahydroisoquinoline protects against rotenone-induced mortality and
biochemical changes in rat brain. Eur J
Pharmacol 2003; 466: 263-269.
Betarbet R, Sherer TB, MacKenzie G, GarciaOsuna MV, Panov A, Greenamyre JT. Chronic
systemic pesticide exposure reproduces features of Parkinson’s disease. Nat Neurosci
2000; 3: 1301-1306.
Umbriaco D, Garcia S, Beaulieu C, Descarries
L. Relational features of acetylcholine,
noradrenaline,serotonin and GABA axon terminals in the stratum radiatum of adult rat hippocampus (CA1). Hippocampus 1993; 5: 605620.
Vizi ES. Role of high-affinity receptors and
membrane transporters in nonsynaptic communication and drug action in the central nervous system. Pharmacol Rev 2000; 52: 63-90.
Kiss JP. Role of nitric oxide in the regulation of
monoaminergic transmission. Brain Res Bull
2000; 52: 459-466.
Aloe L and Fiore M. TNF-alpha expressed in the
brain of transgenic mice lowers central tyrosine hydroxylase immunoreactivity and alters
grooming behavior. Neurosci Lett 1997; 238:
65-68.
Carvey PM, Chen EY, Lipton JW, Tong CW,
Chang QA, Ling ZD. Intra-parenchymal injection of tumor necrosis factor-alpha and interleukin 1-beta produces dopamine neuron loss
in the rat. J Neural Transm 2005; 112: 601612.
Clarke DJ and Branton RL. A role for tumor necrosis factor-alpha in death of dopaminergic
neurons following neural transplantation. Exp
Neurol 2002; 176: 154-162.
Kweon GR, Marks JD, Krencik R, Leung EH,
Schumacker PT, Hyland K, Kang UJ. Distinct
mechanisms of neurodegeneration induced by
chronic complex I inhibition in dopaminergic

3840

[46]

[47]
[48]

[49]

[50]
[51]

[52]

[53]
[54]

[55]

[56]

[57]
[58]

[59]
[60]

and non-dopaminergic cells. J Biol Chem
2004; 279: 51783-51792.
Naoi M, Maruyama W, Shamoto-Nagai M, Yi H,
Akao Y, Tanaka M. Oxidative stress in mitochondria: decision to survival and death of
neurons in neurodegenerative disorders. Mol
Neurobiol 2005; 31: 81-93.
Jin Z and El-Deiry WS. Overview of cell death
signaling pathways. Cancer Biol 2005; 4: 139163.
Jayakumar AR, Sujatha R, Paul V, Puviarasan
K, Jayakumar R. Involvement of nitric oxide
and nitric oxide synthase activity in anticonvulsive action. Brain Res Bull 1999; 48: 387-394.
Paul V and Jayakumar AR. A role of nitric oxide
as an inhibitor of gamma-aminobutyric acid
transaminase in rat brain. Brain Res Bull
2000; 51: 43-46.
Lorrain DS and Hull EM. Nitric oxide increases
dopamine and serotonin release in the medial
preoptic area. Neuroreport 1993; 5: 87-89.
Kiss JP, Hennings EC, Zsilla G, Vizi ES. A possible role of nitric oxide in the regulation of dopamine transporter function in the striatum.
Neurochem Int 1999; 34: 345-350.
Hanbauer I, Wink D, Osawa Y, Edelman GM,
Gally JA. Role of nitric oxide in NMDA-evoked
release of [3H]-dopamine from striatal slices.
Neuroreport 1992; 3: 409-412.
Dahlstrom A and Fuxe K. Localization of monoamines in the lower brain stem. Experientia
1964; 20: 398-399.
Gould E, Woolf NJ, Butcher LL. Cholinergic projections to the substantia nigra from the pedunculopontine and laterodorsal tegmental
nuclei. Neuroscience 1989; 28: 611-624.
Chapman CA, Yeomans JS, Blaha CD,
Blackburn JR. Increased striatal dopamine efflux follows scopolamine administered systemically or to the tegmental pedunculopontine
nucleus. Neuroscience 1997; 76: 177-186.
Lee MS, Rinne JO, Marsden CD. The pedunculopontine nucleus: its role in the genesis of
movement disorders. Yonsei Med J 2000; 41:
167-184.
Stein JF. Akinesia, motor oscillations and the
pedunculopontine nucleus in rats and men.
Exp Neurol 2009; 215: 1-4.
Chung KA, Lobb BM, Nutt JG, Horak F.
Cholinergic augmentation in frequently fallings
subjects with Parkinson’s disease. Mov Disord
2009; 24 Suppl 1: S259.
Korczyn AD. Dementia in Parkinson’s disease.
J Neurol 2001; 248 Suppl 3: III/1-III/4.
Aubert I, Araujo D, Cecyre D, Robitaille Y,
Gauthier S, Quirion R. Comparative alterations
of nicotinic and muscarinic binding sites in
Alzheimer’s and Parkinson’s diseases. J
Neurochem 1992; 58: 529-541.

Int J Clin Exp Med 2016;9(2):3831-3841

Effect of Panax gensing on Parkinson’s disease rat model
[61] McKeith IG, Dickson DW, Lowe J, Emre M,
O’Brien JT, Feldman H, Cummings J, Duda JE,
Lippa C, Perry EK, Aarsland D, Arai H, Ballard
CG, Boeve B, Burn DJ, Costa D, Del Ser T,
Dubois B, Galasko D, Gauthier S, Goetz CG,
Gomez-Tortosa E, Halliday G, Hansen LA, Hardy
J, Iwatsubo T, Kalaria RN, Kaufer D, Kenny RA,
Korczyn A, Kosaka K, Lee VM, Lees A, Litvan I,
Londos E, Lopez OL, Minoshima S, Mizuno Y,
Molina JA, Mukaetova-Ladinska EB, Pasquier
F, Perry RH, Schulz JB, Trojanowski JQ, Yamada
M. Diagnosis and management of dementia
with Lewy bodies: third report of the DLB
Consortium. Neurology 2005; 65: 1863-1872.
[62] Mattila PM, Roytta M, Lonnberg P, Marjamaki
P, Helenius H, Rinne JO. Choline acetytransferase activity and striatal dopamine receptors in
Parkinson’s disease in relation to cognitive impairment. Acta Neuropathol (Berl) 2001; 102:
160-166.
[63] Kim MH, Lee YC, Choi SY, Cho CW, Rho J, Lee
KW. The changes of ginsenoside patterns in
red ginseng processed by organic acid impregnation pretreatment. J Ginseng Res 2011; 35:
497-503.
[64] Kitts DD, Wijewickreme AN, Hu C. Antioxidant
properties of a North American ginseng extract. Mol Cell Biochem 2000; 203: 1-10.
[65] Siddique MS, Eddeb F, Mantle D, Mendelow
AD. Extracts of Ginkgo biloba and Panax ginseng protect brain proteins from free radical
induced oxidative damage in vitro. Acta
Neurochir 2000; 76: 87-90.
[66] Hu S, Han R, Mak S, Han Y. Protection against 1-methyl-4-phenylpyridinium ion (MPP+)-induced apoptosis by water extract of ginseng
(Panax ginseng C.A. Meyer) in SH-SY5Y cells. J
Ethnopharmacol 2011; 135: 34-42.
[67] Leung KW, Yung KK, Mak NK, Chan YS, Fan TP,
Wong RN. Neuroprotective effects of ginsenoside-Rg1 in primary nigral neurons against
rotenone toxicity. Neuropharmacology 2007;
52: 827-835.

3841

[68] Attele AS, Wu JA, Yuan CS. Ginseng pharmacology: multiple constituents and multiple actions. Biochem Pharmacol 1999; 58: 16851693.
[69] Wang J, Xu HM, Yang HD, Du XX, Jiang H, Xie JX.
Rg1 reduces nigral iron levels of MPTP-treated
C57BL6 mice by regulating certain iron transport proteins. Neurochem Int 2009; 54: 43-48.
[70] Chen XC, Zhou YC, Chen Y, Zhu YG, Fang F,
Chen LM. Ginsenoside Rg1 reduces MPTPinduced substantia nigra neuron loss by suppressing oxidative stress. Acta Pharmacol Sin
2005; 26: 56-62.
[71] Xu L, Chen WF, Wong MS. Ginsenoside Rg1
protects dopaminergic neurons in a rat model
of Parkinson’s disease through the IGF-I receptor signalling pathway. Br J Pharmacol 2009;
158: 738-748.
[72] Paul S, Shin HS, Kang SC. Inhibition of inflammations and macrophage activation by ginsenoside-Re isolated from Korean ginseng (Panax
ginseng C.A. Meyer). Food Chem Toxicol 2012;
50: 1354-1361.
[73] Shin YM, Jung HJ, Choi WY, Lim CJ. Antioxidative,
anti-inflammatory, and matrix metalloproteinase inhibitory activities of 20(S)-ginsenoside
Rg3 in cultured mammalian cell lines. Mol Biol
Rep 2013; 40: 269-279.
[74] Lin YC, Kuo YM, Liao PC, Cherng CG, Su SW, Yu
L. Attenuation of methamphetamine-induced
nigrostriatal dopaminergic neurotoxicity in
mice by lipopolysaccharide pretreatment. Chin
J Physiol 2007; 50: 51-56.
[75] Cho I. Effects of Panax ginseng in neurodegenerative diseases. J Ginseng Res 2012; 36:
342-353.

Int J Clin Exp Med 2016;9(2):3831-3841

