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Parkinson’s disease (PD) is the second most common neurodegenerative disorder, and the main cause of PD is still not known.
Until now, no cure for Parkinson’s disease is yet in sight. Caffeic acid phenethyl ester (CAPE) is a polyphenolic component of the
propolis, which can be derived from honeybee hive propolis. We aimed to determine the effect of intrastriatal CAPE admin-
istration as a neuroprotective agent on 6-hydroxydopamine (6-OHDA)-induced PD model. Adult male Wistar rats weighing
280-320 g were used. The PD model was induced with unilateral intrastriatal 6-OHDA injection. Treatment groups received
20 ymol/5 uL/4 day and 80 ymol/5 yL/4 day CAPE 24 h after 6-OHDA injection. Eight days after 6-OHDA application, behavioral
studies (adhesive tape removal test, open-field test, cylinder test, and apomorphine-induced asymmetric rotational behavior) were
performed once more to compare the effects of CAPE on behavior tests. Striatal histological verifications, immunohistochemistry,
and stereological quantitation were performed. Our results for the first time showed that, besides improving the motor per-
formance, CAPE treatment also prevents 6-OHDA-induced loss of TH-positive neurons. From our results, CAPE may be a
promising clinical agent in the treatment of PD.

1. Introduction

Parkinson’s disease (PD) is defined as the second most
common neurodegenerative disorder after Alzheimer’s
disease and is characterized by the progressive loss of do-
paminergic neurons in substantia nigra pars compacta. The
main cause of PD is still not known. Oxidative stress seems
to be the most prevalent mechanism, but growing evidence
shows that oxidative stress-targeted activation of mito-
chondrion-dependent programmed cell death and apoptosis
seems to be responsible for the disease [1-3]. Clinical signs of
the disease appear after a 60-65% dopaminergic neuronal

loss at substantia nigra, and therefore a 80-85% dopamine
level decrease at striatum [4]. The progression of the disease
may vary from patient to patient. Studies about the rate of
the disease show that the median time to end-stage PD from
the onset of symptoms is 9 to 14 years. 50% slowing down in
the progression of the disease will have a 35% decrease in the
economic implications and minimize the negative impact of
the symptoms [5]. Until now, no cure for Parkinson’s disease
is yet in sight. Treatment modalities are mostly based on
reducing the symptoms and/or stimulation of neuro-
degenerated dopaminergic neurons, [6] and, therefore,
current research strategies and treatment approaches are
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headed towards the prevention of dopaminergic neuronal
loss [7].

Caffeic acid phenethyl ester (CAPE) is a polyphenolic
component of the propolis, which can be derived from
honeybee hive propolis. Antioxidant, immunomodulatory,
antiviral, and anti-inflammatory properties of CAPE have
already been shown [8]. In recent years, the neuroprotective
potential of CAPE has also been studied. In vitro protective
effect of 10uM CAPE on rat mesencephalic neurons and
cerebellar granule neurons has been shown [9, 10]. Some
studies have attributed this neuroprotective potential to its
effect on inflammation [11], mitochondrial cytochrome ¢
release [8, 9], blocking free radical generation [10, 12],
autoimmune processes [13], and protection of mitochon-
drial dysfunction and reduction of caspase-9 activity [12].

In this study, we aimed to determine the effect of
intrastriatal CAPE administration as a neuroprotective agent
on 6-hydroxydopamine (6-OHDA)-induced PD rat model
and also to evaluate the effects of CAPE treatment on be-
havior tests and histological verification.

2. Material and Methods

2.1. Chemicals. CAPE (C8221) and 6-OHDA (H116; con-
tains 0.01% (w/v) ascorbic acid as stabilizer) were purchased
from Sigma-Aldrich Corporation, St. Louis, MO, USA.
CAPE was dissolved in ethanol and further dilutions were
made in saline. Chemicals used for histological verification
were purchased from Sigma (Germany). TH was obtained
from Bioss, USA (bs-0016R).

2.2. Animals and Experiment Schedule. Adult male Wistar
rats weighing 280-320g were obtained from the Animal
Care facility of Meram Faculty of Medicine. Rats were
housed individually in standard translucent plastic cages and
kept in an environmentally controlled vivarium under a 12:
12-h light-dark cycle. They were given food and water ad
libitum. Experiments were conducted between 09:00 and
16:00h. Rats were allowed for a 1h adaptation period for
the laboratory conditions before behavioral testing, and they
were randomly assigned to three groups as: groupl: 6-
OHDA lesion + 5 uL/4 day saline treated PD group (control
group, n=7), group 2: 6-OHDA lesion + 20 ymol/5 yL/4 day
CAPE treated group (CAPE 20 group, n=9); and group 3: 6-
OHDA + 80 umol/5 uL/4 day CAPE treatment group (CAPE
80 group, n=38). The individual behavior tests were per-
formed as follows: basal values were evaluated at day 1, and
the effect of the CAPE treatment was evaluated at day 10. All
procedures conformed to the National Institute of Health
Guide for the Care and Use of Laboratory Animals (NIH
Publications No. 80-23) guidelines and were approved by
local Animal Care and Use Committee (Protocol 2013-146).
The experimental schedule is given in Figure 1.

2.3. Stereotaxic Surgery. Stereotaxic surgery was performed
by the following standard operation procedures [14]. Briefly,
rats were anesthetized with an intramuscular ketamine
(80 mg/kg) + xylazine (10 mg/kg) mixture and secured in a
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stereotaxic frame (Stoelting, USA). The skull was leveled
between bregma and lambda. The level of anesthesia was
monitored by testing corneal reflexes and motor responses
to tail pinch. Supplemental injections were administered as
required. A stainless-steel guide cannula (11 mm, 21 G) was
unilaterally implanted to the right hemisphere at the fol-
lowing coordinates: AP: —-1.80 mm, ML: +2.10 mm from
bregma, and DV: -0.60 mm below skull [15]. The guide
cannula has been fixed with dental acrylic to two stainless
steel studs screwed into the skull of the rats. A removable
dummy cannula (27 G) was inserted to prevent occlusions.
At the end of the surgery, local antibiotic (bacitracin) and
saline (0.5ml)+5% sucrose (0.5ml) were administered to
rats.

2.4. Unilateral Intrastriatal 6-OHDA and CAPE
Microinjections. After stereotaxic surgery, all animals were
lesioned by 8 ug/4 ul 6-OHDA injection via a guide cannula
(AP: -1.80 mm, ML: +2.10mm from bregma, and DV:
—7.70 mm) with a duration of 1 yl/min [16]. At the end of the
infusion, the needle was kept in place 2 min more to let the
toxin diffuse from the lesion site and, then, was slowly
retracted.

24 hours after 6-OHDA injection, each rat received 4
microinjections from day 2 to day 5 (Figure 1.). The control
group received saline, CAPE 20 group received 20 ymol/
5 uL/day CAPE, and CAPE 80 group received 80 ymol/5 uL/
day CAPE.

Each microinjection was carefully performed, and CAPE
or saline were simultaneously infused into right hemisphere
in a final volume of 5 ul over 5 min. The infusion cannula was
cut from 27G Hamilton needles mounted to 10 4l Hamilton
injectors (Hamilton Company, USA). After microinjections,
the needle was kept in place 2 min more to allow the dif-
fusion of the drug.

2.5. Behavioral Studies

2.5.1. Adhesive Tape Removal Test. An adhesive tape re-
moval test is used to evaluate the sensorimotor integration
and has been adapted from the method proposed by Sughrue
et al. [17] In brief, two self-adhesive tapes of equal size are
affixed on the distal region of the paws to stimulate bilateral
tactile stimuli. For a 15 min period, the total time that the
animal spends attempting to remove the tapes for each paw
were recorded. Baseline data (termed as pretest) were
evaluated at day 1. The test was reperformed at day 10. Time
spent attending to this stimulus is counted. The ratio of the
contralateral side of the lesion (left side) time versus total
time were calculated to quantify the damage. The scoring
was performed by a blind evaluator.

2.5.2. Open-Field Test. Spontaneous locomotor activity was
investigated in the open-field as previously described [18].
Briefly, the open-field apparatus was a white square arena
(90 cm x 90 cm x 40 cm) divided into 25 small equal units.
Rats were gently placed individually into the open-field
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FIGURE 1: The experimental schedule.

facing one corner and allowed to explore the area for 5 min.
No baseline trials were required for this test. The activity
level was expressed as the total number of squares crossed
during a 5 min testing period [19]. The test was performed at
day 1 and at day 10. The scoring was performed by a blind

evaluator.

2.5.3. Cylinder Test. The cylinder test, namely, the forelimb
asymmetry test, was conducted using the protocol from that
described previously [20, 21]. Briefly, 5min after the open-
field test, rats were gently placed individually into the clear
plexiglass cylinder (diameter 21 cm Xheight 30cm) for
5min, and following behavioral parameters were video-
recorded for further analyses. The number of times each
forepaw comes in contact with the cylinder walls is counted.
Data were presented as left forepaw contacts as the per-
centage of the total number of contacts of each forepaw. No
baseline trials were required for this test. The test was
performed at day 1 and at day 10. The scoring was performed
by a blind evaluator.

2.5.4.  Apomorphine-Induced — Asymmetric  Rotational
Behavior. Drug-induced rotational behavioral effect (turn-
ing behavior) for nigrostriatal neurodegeneration has been
evaluated after 8days of lesioning (day 10). 0.25mg/kg
apomorphine has been given subcutaneously, and contra-
lateral rotations of animals were recorded. The number of
complete turns performed by the animals were counted for
40 min intervals. The results were expressed in rotations/
40 min [22].

2.6. Histological Verification. Twenty-four hours after apo-
morphine-induced asymmetric rotational behavior testing,
rats were deeply anesthetized with phenobarbital and
transcardially perfused with 100 ml 0.1 M phosphate buffer
saline (pH: 7.2-7.4) followed by 250 ml 4% paraformalde-
hyde (pH: 7.2-7.4). Brains were removed, postfixed in 4%
paraformaldehyde overnight, then cryoprotected in 30%
sucrose for 4 days. Coronal brain sections were cut in 5ym

thickness on a cryostat (Leica Biosystems, Germany) and
stored in 0.1 M phosphate buffer saline containing 0.02%
sodium azide. Sections were mounted on gelatine-coated
slides, air dried, dehydrated, and defatted in serial alcohol
concentrations (50, 70, 95, and 100%) and xylene, respec-
tively. Sections were then stained with cresyl violet, dehy-
drated and cover slipped with DPX permount for
histological verification of the microinjections according to
the rat brain atlas [15].

2.7. Immunohistochemistry and Stereological Quantitation.
Brain samples were fixed in 4% paraformaldehyde, em-
bedded with paraffin, sliced into 5um section. Immu-
nohistochemistry studies were performed by the following
procedure: samples were incubated for 3 hours at 58°C.
The samples were placed in hot xylol overnight at room
temperature. In the morning, samples were placed in a
microwave at 360°W for 2 min, and then the sample was
cooled. The samples were washed with 80%, 95%, 100%
distilled water and 1x PBS. The samples were placed in
citrate buffer (pH 6.0; tween 20) and microwaved at 90°W
for 5min and 360°W for 15 min. Then, the samples were
cooled and washed with 1x PBS followed by the addition
of 3% (v/v) H,O, in methanol at room temperature for
10 min and were washed with 1x PBS and incubated in
blocking serum for 30 min. Then, the primary antibody
[tyrosine hydroxylase (TH)] was added and incubated
overnight at +4°C ( the indoor environment was kept
moist). The next day, the secondary antibody was added
for 30 min, and then the samples were washed with PBS
(4-5 times) followed by streptavidin complex for 30 min.
Then, after washing again with PBS, the DAP substrate
chromogen solution was applied for 5-10 min. Finally, the
slides were washed, and counterstained with Mayer’s
hematoxylin for 2min and washed thoroughly with
running tap water and distilled water. The slides were
dehydrated (80%, 95%, 100% alcohol) and then placed in
xylol for maximum 30 min, and the mounting medium
was applied.



Stereological quantitation is performed after all sections
were washed with PBS. Later, sections were photographed
using an Olympus C-5050 digital camera mounted on an
Olympus BX51 microscope. Immunoreactivity in the striatal
sections was quantified by measuring the optical density
(OD) per area using Image J software (National Institutes of
Health, Bethesda, MD) as described before [23].

2.8. Statistical Analysis. Results were presented as mean-
s+S.EM. Statistical analyses were performed using
GraphPad Prism (Graph Pad Software, La Jolla, CA, USA).
The one-way analysis of variance followed by a posthoc
Tukey test was used for comparing multiple groups, and the
Student’s t-test was used for comparing two groups. The
statistical significance was accepted as p <0.05 and p <0.01.

3. Results

3.1. Adhesive Tape Removal Test. The adhesive tape removal
test is performed to investigate the movement asymmetries
resulting from unilateral nigrostriatal damage. During our
pretests (before 6-OHDA application), the ratios of con-
tralateral/ipsilateral performances for control, CAPE 20, and
CAPE 80 groups were similar (74.0 + 6.8%, 72.6 + 5.5%, and
62.3 +5.4%, respectively). Eight days after 6-OHDA appli-
cation, the contralateral paw use showed a significant de-
crease in the control group (6-OHDA-induced lesion
group), when compared with its pretest results (p <0.01).
Posttest results of the CAPE treated groups showed no
difference when compared with their pretest results. There
was a significant difference in the posttest results of the
control group versus both CAPE groups (p <0.01, control
posttest versus CAPE 20-posttest and CAPE 80-posttest).
Posttest results for control, CAPE 20, and CAPE 80 groups
were 26.2+6.1%, 58.8+5.1%, and 65.4 £ 6.5%, respectively
(Figure 2).

3.2. Open-Field Test. The results indicated the neuro-
protective effect of CAPE on 6-OHDA-induced nigrostriatal
damage in the locomotor parameter. Eight days after 6-
OHDA-lesion, the control group showed a decline in the
locomotor activity (32.9+4.5) when compared with its
pretest results (94.9+7.5) (p <0.01). CAPE 20 group also
showed a slight decrease (65.1 + 4.3) when compared with its
pretest results (102.3 +7.7), but the results were significantly
higher than the control-posttest results (p < 0.05, CAPE 20-
posttest vs control-posttest and CAPE 20-pretest). 80 ymol/
5ulL CAPE treatment showed a full neuroprotection
(941+58) when compared with CAPE 20-posttest
(p <0.05) and control-posttest (p <0.01) (Figure 3).

3.3. Cylinder Test. The cylinder test was performed to
evaluate the preference in forelimb usage. In our experiment,
the impaired limb was the left forelimb (contralateral to the
lesion). Pretest ratios for left forelimb usage showed no
significant differences between control, CAPE 20, and CAPE
80 groups (54.5+3.3%, 59.6+3.7%, and 47.8+4.8%,
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FiGure 2: The ratio of contralateral lesion side (left side) tape
playing time versus total playing time. Adhesive tape removal test
results of control, CAPE 20, and CAPE 80 groups before (termed as
pretest) and after (termed as posttest) 6-OHDA application.
Control group, n=7; CAPE 20 group, n=9; CAPE 80 group, n=38.
*p<0.01 versus control posttest.
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Control-Posttest |—|

CAPE 20-Pretest #
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CAPE 20-Posttest b
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CAPE 80-Posttest *#
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FiGure 3: The numbers show the activity level as the total number
of squares crossed during a 5 min testing period. Intrastriatal CAPE
treatment (20 and 80 ymol/5uL) reversed the decreases in loco-
motor activity observed in the 6-OHDA-lesioned group, and this
protective effect was higher in the CAPE 80 group. Control group,
n=7; CAPE 20 group, n =9; CAPE 80 group, n =8 (* p <0.01 versus
control posttest, ** p < 0.05 versus control posttest; # P <0.05 versus
CAPE 20 posttest).

respectively; p > 0.05). 8 days after 6-OHDA administration,
the control (6-OHDA-induced lesion rats) group showed a
significant reduction in the independent use of the com-
promised (left, contralateral) forelimb in the cylinder
(23.1+4.2%, p <0.01 versus control-pretest). This impaired
contralateral forelimb use was recovered by 80 ymol/5 uL/
4 days intrastriatal CAPE treatment (46.1+2.8%, p<0.01
versus CAPE 80-pretest). Although 20umol/5uL intra-
striatal CAPE treatment showed a modest increase with the
impaired forelimb use, this increase was not significant
(39.1 £2.8%) (Figure 4).

3.4. Apomorphine-Induced Asymmetric Rotational Behavior.
At the 10" day, we measured the contralateral rotation
response to apomorphine to determine the extent of
lesioning in rats. Subcutaneous 0.25mg/kg apomorphine
was given to rats. The number of contralateral rotations for
40min were 184.4+12.4, 66.1+8.7, and 42.5+6.7 for
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FIGURE 4: Data were presented as the left forepaw contacts as a
percentage of the total number of contacts of each forepaw.
Preferences in the forelimb usage of groups are given. Control
group, n=7; CAPE 20 group, n=9; CAPE 80 group, n=38
(*p<0.01 versus control-pretest; # P <0.05 versus CAPE 20-pre-
test; and ** p <0.01 versus control posttest).

control, CAPE 20, and CAPE 80 groups, respectively. The
control group showed a significantly higher number of
rotations versus both treatment groups (p < 0.01) (Figure 5).
No significant difference was found in rotations of CAPE 20
and CAPE 80 treated groups. These data suggest that the
intrastriatal CAPE treatment protects striatal dopaminergic
neurons both at 20 yumol/5 yL and 80 gmol/5 uL doses.

3.5. Histological Analysis of Striatal Neuron Numbers.
Histological studies showed that (Table 1 and Figure 6) both
20 pmol/5 yL and 80 ymol/5 yL doses of intrastriatal CAPE
treatment protect neurons 8 days after 6-OHDA injection in
striatum when compared with the control group (p <0.05
versus CAPE 20 group; p < 0.01 versus CAPE 80 group). The
number of neurons in the CAPE 20 group also showed an
attenuation when compared with the CAPE 80 group,
showing that the therapeutical effect of CAPE is dose de-
pendent. The number of neurons counted was 1241.7 + 62.4,
1402.5 + 31.4, and 1796.7 £ 75.1 for control, CAPE 20, and
CAPE 80 groups, respectively.

3.6. Tyrosine Hydroxylase Immunoreactivity in Striatum.
Intrastriatal TH immunoreactivity (TH-IR) was determined by
immunohistochemical staining. Optic density of TH was
0.346 £ 0.012, 0.543+0.079, and 1.054+0.241 for control,
CAPE 20, and CAPE 80 groups, respectively. Our results
showed that eight days after intrastriatal 6-OHDA injection,
TH-IR has decreased significantly in the control group in
comparison to the CAPE 80 groups (p <0.05) (Figure 7).
Although 20 ymol/5 uL intrastriatal CAPE treatments showed
a modest increase in TH-IR, this increase was not significant.
From our results, we showed that intrastriatal CAPE treatment
resulted with a dose dependent protection in TH immuno-
reactivity of dopaminergic striatal fiber density (Figure 7).

4. Discussion

Our results showed that, besides improving the motor
performance, CAPE treatment also inhibits 6-OHDA-
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FIGURE 5: 0.25 mg/kg apomorphine-induced contralateral rotations
in 40 min for control (6-OHDA-induced lesion rats), CAPE 20, and
CAPE 80 groups. Control group, n=7; CAPE 20 group, n=9;
CAPE 80 group, n=8. **p <0.01 versus control.

TaBLE 1: Number of neurons 8 days after 6-OHDA injection for
control, CAPE 20, and CAPE 80 groups. *p <0.05, #p<0,001
(versus control), Tp<0.001 (versus CAPE 20 group).

Control
group CAPE 20 group CAPE 80 group
Neuron 1241.7+62.4 1402.5+31.4* 1796.7 +75.1%
numbers

induced neurotoxicity. CAPE treatment prevents 6-OHDA-
induced loss of TH-positive neurons. These results for the
first time established the intrastriatal protective dose of
CAPE and its in vivo protecting effect on behavioral tests
against 6-OHDA mediated PD model in rats.

Unilateral injection of 6-OHDA results with an anter-
ograde striatal degeneration, which proceeds within 12h
after injection and significant striatal terminal loss occurs
after 2-3 days [24, 25]. Tyrosine hydroxylase is the rate
limiting enzyme in catecholamine biosynthesis and also a
marker for dopamine neurons. The number of TH-positive
neurons and decrease in the immunoreactivity is the marker
of 6-OHDA-induced PD [26]. Most studies showed apo-
morphine-induced contralateral rotation to evaluate the
rating of striatal lesion and success of the treatment [27, 28].
This contralateral turning behavior is because of the su-
persensitivity of postsynaptic dopamine receptors (D1 and
D2) on the lesioned side. We demonstrated that CAPE
alleviates apomorphine-induced asymmetric rotational be-
havior, thus suggesting its protective effect on 6-OHDA-
induced damage of striatal neurons in the rat Parkinson
model.

Rats with a unilateral PD model avoid using their
contralateral paw, and the cylinder test is used to highlight
this defect by the asymmetries in front paw use. An adhesive
tape removal test is first designed to evaluate the unilateral
nigrostriatal damage [29], but it has been adopted for
various diseases such as brain trauma, spinal cord lesion, and
stroke. From our results, our modified adhesive tape re-
moval test is a useful method to assess sensory and motor
deficits in the 6-OHDA-induced unilateral PD model in rats.
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FIGURE 6: (a) Control group (6-OHDA-induced lesion rats); (b) CAPE 20 group; (c) CAPE 80 group. cc: corpus callusum, Cx: cortex, Str:

striatum. Magnification x400. Internal scale bar =500 ym.
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FIGure 7: TH-immunostained striatal fiber density (OD) quanti-
fied using Image]. Control group, n=7; CAPE 20 group, n=9;
CAPE 80 group, n=8. *p<0.05 CAPE-20 vs. control; and
# p<0.01 vs. CAPE-80 vs control.

In rodent models, an open-field test is commonly used to
evaluate locomotor behavior and is expected to deteriorate
in several diseases like Parkinson’s and Huntington’s dis-
eases. Our results have shown an increasing locomotor
activity and an improvement in motor performance in open-
field test, suggesting the neuroprotective effect of CAPE in
the 6-OHDA-induced PD model.

6-OHDA is taken by dopamine transporters, which
results in H,O, and p-quinone derivative formation. It has
also been shown that 6-OHDA is a mitochondrial complex I
inhibitor. Because of its similarity with Parkinson’s disease-
like cell loss, 6-OHDA is frequently used to model PD. The
6-OHDA-induced PD model is accepted as an essential
model to evaluate the new anti-Parkinsonian drugs [30] and
new promising therapies [31-33].

In previous studies, the protective effects of CAPE have
been evaluated in different application routes. Oral

administrations via gastric gavage, or as a supplementation
with food [34] or drinking water [35], or i.p administrations
have been studied [36]. It is known that many drug can-
didates with high in vitro neuroprotective activity cannot be
used as drugs, since they are unable to reach CNS at proper
concentrations. Previous studies on the neuroprotective
effect of CAPE after oral and parenteral applications ex-
presses that CAPE crosses the blood brain barrier (BBB). The
study of Silva et al. also support this with their model of the
unilateral intrastriatal 6-OHDA PD model and its treatment
via ip. CAPE treatment [37]. Wang et al. studied the
pharmacokinetics of CAPE in rat models. In their study, they
have administered i.v 5 mg/kg to 20 mg/kg CAPE. Even the
elimination half-life did not change in a dose-dependent
manner, the volume of distribution changed and decreased
significantly by about 70% as CAPE dose increased [38].
Another remarkable point is the rapid hydrolyses of CAPE
to caffeic acid in rat plasma by carboxylesterase, which does
not happen in human plasma [39, 40]. CAPE and cafteic acid
both have antioxidant effects [41], and as both are lipophilic
small phenolic compounds, they are expected to show a
similar CNS penetration. From our point of view, this
pharmacokinetic feature of CAPE in the rat model shown by
Wang et al. stated that the dose applied and the amount of
CAPE reaching the target tissue may differ in studies on the
active substance. Detailed pharmacokinetic studies may be
needed to clarify the concentration/efficacy of CAPE on CNS.

According to our research, until now, there is no in-
formation about central tissue concentrations of CAPE after
peroral or parenteral administration. Our study pointed out
that intrastriatal CAPE treatment can be achieved with a
80 umol concentration, independent of systemic adminis-
tration, which may show variances depending on the dose.

Although protective effect’s pathway and mechanism,
which has not been demonstrated in our study, may be a
limitation, our results for the first time showed that 20 ymol/
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5uL and 80 ymol/5 mL intrastriatal CAPE treatment doses,
noticeably the 80 ymol/5mL dose, dependently showed a
clear locomotor improvement and protected neuronal injury
in 6-OHDA rat model of PD.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Ethical Approval

All the experiments in the present study conformed to the
Guide for the Care and Use of Laboratory Regulations and
were approved by the local Animal Care and Use Committee
(Protocol 2013-146).

Conflicts of Interest

The authors declare that they have no competing interests.

Acknowledgments

This study was supported by grants from Scientific Research
Projects Coordination Unit of the University of NE, project
no. 151218009.

References

[1] J. Bilsland, S. Roy, S. Xanthoudakis et al., “Caspase inhibitors
attenuate 1-methyl-4-phenylpyridinium toxicity in primary
cultures of mesencephalic dopaminergic neurons,” Journal of
Neuroscience, vol. 22, no. 7, pp. 2637-2649, 2002.

[2] V. Viswanath, Y. Wu, R. Boonplueang et al., “Caspase-9
activation results in downstream caspase-8 activation and bid
cleavage in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-
induced Parkinson’s disease,” Journal of Neuroscience, vol. 21,
no. 24, pp. 9519-9528, 2001.

[3] R.C.Dodel, Y. Du, K. R. Bales, Z. Zaodong Ling, P. M. Carvey,
and S. M. Paul, “Caspase-3-like proteases and 6-hydrox-
ydopamine induced neuronal cell death,” Molecular Brain
Research, vol. 64, no. 1, pp. 141-148, 1999.

[4] T. Gasser, “Genetics of Parkinson’s disease,” Journal of
Neurology, vol. 248, no. 10, pp. 833-840, 2001.

[5] S.]J.Johnson, M. D. Diener, A. Kaltenboeck, H. G. Birnbaum,
and A. D. Siderowf, “An economic model of Parkinson’s
disease: implications for slowing progression in the United
States,” Movement Disorders, vol. 28, no. 3, pp. 319-326, 2013.

[6] J. E. Ahlskog, “Beating a dead horse: dopamine and Parkinson
disease,” Neurology, vol. 69, no. 17, pp. 1701-1711, 2007.

[7] V. Z. Klusa, S. Isajevs, D. Svirina et al.,, “Neuroprotective
properties of mildronate, a small molecule, in a rat model of
Parkinson’s disease,” International Journal of Molecular Sci-
ences, vol. 11, no. 11, pp. 4465-4487, 2010.

[8] X. Wei, L. Zhao, Z. Ma et al., “Caffeic acid phenethyl ester
prevents neonatal hypoxic-ischaemic brain injury,” Brain,
vol. 127, no. 12, pp. 2629-2635, 2004.

[9] C. Noelker, M. Bacher, P. Gocke et al., “The flavanoide caffeic
acid phenethyl ester blocks 6-hydroxydopamine-induced
neurotoxicity,” Neuroscience Letters, vol. 383, no. 1-2,
pp. 39-43, 2005.

[10] Z. Ma, X. Wei, C. Fontanilla et al., “Caffeic acid phenethyl
ester blocks free radical generation and 6-hydroxydopamine-
induced neurotoxicity,” Life Sciences, vol. 79, no. 13,
pp. 1307-1311, 2006.

[11] M. Khan, C. Elango, M. A. Ansari, I. Singh, and A. K. Singh,
“Caffeic acid phenethyl ester reduces neurovascular inflam-
mation and protects rat brain following transient focal ce-
rebral ischemia,” Journal of Neurochemistry, vol. 102, no. 2,
pp. 365-377, 2007.

[12] D. Turan, H. Abdik, F. Sahin, and E. Avsar Abdik, Evaluation
of the Neuroprotective Potential of Caffeic Acid Phenethyl Ester
in a Cellular Model of Parkinson’s Disease, Elsevier,
Amsterdam, Netherlands, 2020.

[13] A. Tlhan, O. Akyol, A. Gurel, F. Armutcu, M. Iraz, and
E. Oztas, “Protective effects of caffeic acid phenethyl ester
against experimental allergic encephalomyelitis-induced ox-
idative stress in rats,” Free Radical Biology and Medicine,
vol. 37, no. 3, pp. 386-394, 2004.

[14] B. M. Geiger, L. E. Frank, A. D. Caldera-Siu, and E. N. Pothos,
“Survivable stereotaxic surgery in rodents,” Journal of Visu-
alized Experiments, vol. 880, 2008.

[15] G. Paxinos and C. Watson, WITHDRAWN: Index of Struc-
tures. Paxinos G and Watson CBT-TRB in SC, pp. 7-9, Ac-
ademic Press, Cambridge, MA, USA, 1982.

[16] J. E. Kelsey and C. Neville, “The effects of the -lactam an-
tibiotic, ceftriaxone, on forepaw stepping and 1-DOPA-in-
duced dyskinesia in a rodent model of Parkinson’s disease,”
Psychopharmacology, vol. 231, no. 12, pp. 2405-2415, 2014.

[17] M. E. Sughrue, J. Mocco, R. J. Komotar et al., “An improved
test of neurological dysfunction following transient focal
cerebral ischemia in rats,” Journal of Neuroscience Methods,
vol. 151, no. 2, pp. 83-89, 2006.

[18] A.Kiigiik, A. Golgeli, R. Saraymen, and N. Kog, “Effects of age
and anxiety on learning and memory,” Behavioural Brain
Research, vol. 195, no. 1, pp. 147-152, 2008.

[19] V. Volke, A. Soosaar, S. Koks, M. Bourin, P. T. Minnisto,
and E. Vasar, “7-Nitroindazole, a nitric oxide synthase in-
hibitor, has anxiolytic-like properties in exploratory models
of anxiety,” Psychopharmacology, vol. 131, no. 4,
pp. 399-405, 1997.

[20] D. Kirik, C. Rosenblad, A. Bjorklund, and R. J. Mandel,
“Long-term rAAV-mediated gene transfer of GDNF in the rat
Parkinson’s model: intrastriatal but not intranigral trans-
duction promotes functional regeneration in the lesioned
nigrostriatal system,” Journal of Neuroscience, vol. 20, no. 12,
pp. 4686-4700, 2000.

[21] T. Schallert, S. M. Fleming, J. L. Leasure, J. L. Tillerson, and
S. T. Bland, “CNS plasticity and assessment of forelimb
sensorimotor outcome in unilateral rat models of stroke,
cortical ablation, parkinsonism and spinal cord injury,”
Neuropharmacology, vol. 39, no. 5, pp. 777-787, 2000.

[22] M. G. M. Ziegler and H. Szechtman, “Relation between motor
asymmetry and direction of rotational behaviour under
amphetamine and apomorphine in rats with unilateral de-
generation of the nigrostriatal dopamine system,” Behavioural
Brain Research, vol. 39, no. 2, pp. 123-133, 1990.

[23] M. Kumari, P. Ramdas, A. K. Radhakrishnan, M. K. Kutty,
and N. Haleagrahara, “Tocotrienols ameliorate neuro-
degeneration and motor deficits in the 6-OHDA-induced rat
model of parkinsonism: behavioural and immunohisto-
chemistry analysis,” Nutrients, vol. 13, no. 5, p. 1583, 2021.

[24] R. L. M. Faull and R. Laverty, “Changes in dopamine levels in
the corpus striatum following lesions in the substantia nigra,”
Experimental Neurology, vol. 23, no. 3, pp. 332-340, 1969.



[25] B. S. Jeon, V. Jackson-Lewis, and R. E. Burke, “6-Hydrox-
ydopamine lesion of the rat substantia nigra: time course and
morphology of cell death,” Neurodegeneration, vol. 4, no. 2,
pp. 131-137, 1995.

[26] L. Marinova-Mutafchieva, M. Sadeghian, L. Broom,
J. B. Davis, A. D. Medhurst, and D. T. Dexter, “Relationship
between microglial activation and dopaminergic neuronal
loss in the substantia nigra: a time course study in a 6-
hydroxydopamine model of Parkinson’s disease,” Journal of
Neurochemistry, vol. 110, no. 3, pp. 966-975, 2009.

[27] J. Knoll, “The pharmacology of (-)deprenyl,” Journal of Neural
Transmission Supplementum, vol. 22, pp. 75-89, 1986.

[28] R. K. W. Schwarting and J. P. Huston, “Unilateral 6-
hydroxydopamine lesions of meso-striatal dopamine neurons
and their physiological sequelae,” Progress in Neurobiology,
vol. 49, no. 3, pp- 215-266, 1996.

[29] T. Schallert, M. Upchurch, N. Lobaugh et al.,, “Tactile ex-
tinction: distinguishing between sensorimotor and motor
asymmetries in rats with unilateral nigrostriatal damage,”
Pharmacology Biochemistry and Behavior, vol. 16, no. 3,
pp. 455-462, 1982.

[30] H. Zhang, N. Ye, S. Zhou et al., “Identification of N-pro-
pylnoraporphin-11-yl 5-(1,2-Dithiolan-3-yl)pentanoate as a
new anti-Parkinson’s agent possessing a dopamine D2 and
serotonin 5-htla dual-agonist profile,” Journal of Medicinal
Chemistry, vol. 54, no. 13, pp. 4324-4338, 2011.

[31] F. C. Pérez-Martinez, B. Carridn, and V. Cefa, “The use of
nanoparticles for gene therapy in the nervous system,”
Journal of Alzheimer’s Disease, vol. 31, no. 4, pp. 697-710,
2012.

[32] D. Martinez-Fong, M. J. Bannon, L.-E. Trudeau et al., “NTS-
Polyplex: a potential nanocarrier for neurotrophic therapy of
Parkinson’s disease,” Nanomedicine: Nanotechnology, Biology
and Medicine, vol. 8, no. 7, pp. 1052-1069, 2012.

[33] J. A. Gonzalez-Barrios, M. Lindahl, M. J. Bannon et al,
“Neurotensin polyplex as an efficient carrier for delivering the
human GDNF gene into nigral dopamine neurons of hemi-
parkinsonian rats,” Molecular Therapy, vol. 14, no. 6,
pp. 857-865, 2006.

[34] S.-]. Tsai, “Cysteamine-related agents could be potential an-
tidepressants through increasing central BDNF levels,”
Medical Hypotheses, vol. 67, no. 5, pp. 1185-1188, 2006.

[35] J. H. Kim, Q. Wang, J. M. Choi, S. Lee, and E. J. Cho,
“Protective role of caffeic acid in an AB25-35-induced Alz-
heimer’s disease model,” Nutrition Research and Practice,
vol. 9, no. 5, pp. 480-488, 2015.

[36] S. Zaitone, E. Ahmed, N. M. Elsherbiny et al., “Caffeic acid
improves locomotor activity and lessens inflammatory burden
in a mouse model of rotenone-induced nigral neuro-
degeneration: relevance to Parkinson’s disease therapy,”
Pharmacol Reports, vol. 71, 2018.

[37] R. Barros Silva, N. A. G. Santos, N. M. Martins et al., “Caffeic
acid phenethyl ester protects against the dopaminergic neu-
ronal loss induced by 6-hydroxydopamine in rats,” Neuro-
science, vol. 233, pp. 86-94, 2013.

[38] X. Wang, J. Pang, J. A. Maftucci et al., “Pharmacokinetics of
caffeic acid phenethyl ester and its catechol-ring fluorinated
derivative following intravenous administration to rats,”
Biopharmaceutics ¢ Drug Disposition, vol. 30, no. 5,
pp. 221-228, 2009.

[39] N. Celli, L. K. Dragani, S. Murzilli, T. Pagliani, and A. Poggi,
“In vitro and in vivo stability of caffeic acid phenethyl ester, a
bioactive compound of propolis,” Journal of Agricultural and
Food Chemistry, vol. 55, no. 9, pp. 3398-3407, 2007.

Parkinson’s Disease

[40] B.Li, M. Sedlacek, I. Manoharan et al., “Butyrylcholinesterase,
paraoxonase, and albumin esterase, but not carboxylesterase,
are present in human plasma,” Biochemical Pharmacology,
vol. 70, no. 11, pp. 1673-1684, 2005.

[41] S. Son and B. A. Lewis, “Free radical scavenging and anti-
oxidative activity of caffeic acid amide and ester analogues:
structure—activity relationship,” Journal of Agricultural and
Food Chemistry, vol. 50, no. 3, pp. 468-472, 2002.



