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Abstract

Background Parkinson’s disease is a neurological disorder caused by the loss of dopaminergic neurons in the midbrain. Vari-
ous mechanisms are involved in the incidence of the disease including oxidative stress. Several herbs and natural products
may interfere with the oxidative-stress pathway due to their antioxidant effects.

Objective Herein, we aimed to investigate the neuroprotective role of F. vaillantii extract on Parkinson’s in vitro and in vivo
model owing to the presence of the bioactive agents with antioxidant properties.

Methods In vitro experments showed that 6-hydroxydopamine could induce toxicity in PC12 cells. The impact of F. vaillan-
tii extract on cell viability was measured by using MTT assay. Nuclear morphological changes were qualitatively evaluated
employing Hoechst staining. The antioxidant activity of the extract was determined by ROS and lipid peroxidation assays.
Tyrosine hydroxylase protein expression was measured by western blotting in PC12 cells. For in vivo study, movement
parameters were evaluated.

Results The results indicated that 75 uM of 6-OHDA induced 50% toxicity in PC12 cells for 24 h. Following post-treatment
with F. vaillantii extract (0.1 mg/ml) for 72 h, we observed that the extract effectively prevented cell toxicity induced by
6-OHDA and reduced the apoptotic cell population. Furthermore, the extract attenuated the ROS level, lipid peroxidation
and increased protein expression of TH after 72 h of treatment. In addition, oral administration of 300 mg/kg of F. vaillantii
extract for 14 days improved locomotor activity, catalepsy, bradykinesia, motor coordination and reduced the apomorphine-
caused rotation in 6-OHDA- induced Parkinson’s disease-like symptoms in male rats.

Conclusion The present study suggests a protective role for the extract of F. vaillantii against oxidative stress-induced cell
damage in the PC12 cells exposed to neurotoxin 6-OHDA which was verified in in vivo model by reducing the motor defects
induced by 6-OHDA. This extract could be a promising therapeutic agent for the prevention of PD progression.
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The neuropathological hallmark of PD is aggregation of the
a-Synuclein (a-Syn) proteins called Lewy body (LBs) fibrils
in dopaminergic neurons [2]. PD is characterized by motor
symptoms, including resting tremor, rigidity, bradykinesia,
and postural and gait instability [3], and accompanied by
non-motor symptoms such as cognitive impairment, apathy,
depression/anxiety, sleep disorders, fatigue, autonomic dys-
functions, and sensory disturbances [4].

The exact etiology of PD is not fully elucidated due to
several pathogenic mechanisms that are contributed to the
neuronal degeneration in PD. Different factors such as oxi-
dative stress [5], mitochondrial dysfunction [6], inflamma-
tion [7], calcium homeostasis [8], and excitotoxicity [9]
trigger neurodegeneration in PD, among which oxidative
stress plays a vital role in neuronal death. On the other hand,
excessive reactive oxygen species (ROS) generation in the
brain causes oxidative stress in PD patients [10]. Many
sources and mechanisms are involved in brain ROS pro-
duction, including the electron transport chain [11], auto-
oxidation of dopamine [12], monoamine oxidase (MAO),
NADPH oxidase (NOX) and intracellular calcium dysregu-
lation [13]. Moreover, low levels of the reduced glutathione
(GSH) [14] and high levels of iron deposition [15] in SNpc
play significant roles in ROS generation. Growing evidence
indicates that oxidative damage to the biomolecules consist-
ing of lipids, proteins and DNA, is attributed to neural death
in PD [16]. Indeed, oxidative stress in the brain renders cell
membranes susceptible to lipid peroxidation resulting in
impaired membrane integrity [17]. Furthermore, oxidative
damage to proteins induces formation of protein aggregates
which leads to mitochondrial dysfunction and apoptosis
induction. It is worthy to mention that reactive species also
cause DNA damage and then the accumulation of the dam-
aged DNA results in the aberrant cell cycle entry and apop-
tosis [18].

6-Hydroxydopamine (6-OHDA) is a catecholaminergic
neurotoxin that produces free radicals and causes oxida-
tive stress. It is widely used to induce Parkinson’s model
in the experimental cellular and animal studies. Although
the primary 6-OHDA mechanism of action is the inhibi-
tion of mitochondrial complexes I and IV, 6-OHDA is oxi-
dized to form semiquinone radicals participating in the ROS
generation [19]. Dopamine is synthesized via sequential
reactions catalyzed mainly by tyrosine hydroxylase (TH),
a rate-limiting enzyme in biosynthesis of catecholamines
neurotransmitters [20]. Current PD drugs are designed to
lessen PD symptoms by increasing dopamine synthesis in
the brain. L-DOPA, which is converted to dopamine in the
brain, is the most common drug used for PD treatment [21].
Notably, L-DOPA could be another source of oxidative load
and toxicity over time [22]. In this context, several stud-
ies have reported the neurotoxicity of L-DOPA, both in in
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vivo and in vitro, through ROS formation during L-DOPA
auto-oxidation [23]. L-DOPA plays a double-edged role in
intracellular ROS homeostasis; i.e., L-DOPA acts as ROS
scavenger during the initial phase of treatment, wherase it
can increase ROS level in long term as the auto-oxidation
proceeds [24]. Therefore, natural products or the plants rich
in polyphenols with antioxidant activity, would help the cur-
rent treatment strategies to halt the disease progression.

Plant-based medicine in the past decades have attracted a
great deal of attention worldwide. F. vaillantii is one of the
medicinal plants used traditionally against various diseases.
It is an annual plant in the genus Fumaria of the Fumaria-
ceae (Papaveraceae) family and mainly grows around the
Mediterranean region. The genus Fumaria comprises 60
species [25], of which seven have been reported in Flora
Iranica [26]. These species are F. officinalis, F. parviflora,
F asepala, F. densiflora, F. schleicheri, F. vaillantii, and F.
indica [27]. F. vaillantii grows in different parts of Iran, and
its vernacular name is “Shatareh.”

As indicated in the Phytochemical investigations,
Fvaillantii possesses chemical components, including alka-
loids and various nonalkaloid compounds with pharmaco-
logical effects [28]. This herb has long been used in folk
medicine as an antihypertensive, hepatoprotective, antiviral,
and antimicrobial and also for treating skin diseases (rashes
or conjunctivitis), arthritis, and gastrointestinal disease [28].
Recent data suggest that the genus Fumaria has anti-inflam-
matory, antinociceptive, and antioxidant properties [25, 29].
According to our literature survey, chloroformic, ethyl ace-
tate, and n-butanol extracts of F. vaillantii have been deter-
mined to show antioxidant activity, among which the ethyl
acetate extract possessed the highest antioxidant properties.
This antioxidant activity may be associated with the pheno-
lics and flavonoids present in the Fumaria species [25].

Considering the oxidative stress as an essential pathway
in the neurodegeneration of PD and the antioxidative poten-
tial of F. vaillantii, in the present study, we examined the
protective effects of post-treatment with F. vaillantii extract
in in vitro and in vivo 6-OHDA model of PD.

Materials and methods
Drugs and reagents

RPMI 1640, fetal bovine serum (FBS), phosphate-buffered
saline (PBS), and penicillin/ streptomycin were purchased
from Gibco. 6-hydroxydopamine hydrochloride (6-OHDA),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT), Hoechst 33342, propidium iodide (PI),
and 2'-7'- dichlorofluorescein diacetate were provided by
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Sigma-Aldrich. DMSO was obtained from Takara. Thiobar-
bituric acid (TBARS) was purchased from Merck.

Plant material and extraction procedure

FEvaillantii plant was collected from north of Iran in August
2014. A voucher specimen (No. 6563 TEH) was deposited
at the Herbarium of the Faculty of Pharmacy at Tehran Uni-
versity of Medical Sciences and authenticated by Dr. Ghol-
amreza Amin. The plant was collected following the national
guidelines and regulations. The permission to collect plant
was provided by the Faculty of Pharmacy at Tehran Univer-
sity of Medical Sciences. After the aerial parts of the plant
were separated, they were dried in the dark for three days.
320 g of the dried powder were thoroughly mixed with etha-
nol: water (80:20) to make the total extract via maceration
procedure three times at room temperature for 72 h. The
extracts were evaporated to dryness and then kept at 4 °C
[30]. The Research and Ethics Committee of Tehran Uni-
versity of Medical Sciences, School of Advanced Technolo-
gies in Medicine, approved the experimental protocol. All
methods complied with relevant institutional, national and
international guidelines and legislation.

Cell culture

PC12 cell line was purchased from Pasture Institute of
Iran. Cells were grown in RPMI 1640 containing 10% fetal
bovine serum (FBS), 100 U/mL penicillin, and 100 ug/mL
streptomycin. Cells were then maintained in a humidified
atmosphere of 5% CO2 at 37 °C. We further waited for the
cells to reach 80% confluence and split the cells in a ratio
of 1:3 [31].

Cell viability assay

The effect of F vaillantii on the viability of PC12 cells
treated with 6-OHDA was determined using MTT assay.
In the MTT assay, mitochondrial succinate dehydrogenase
of living cells reduces the yellow reagent 3-[4,5-dimethyl-
thiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) to
purple MTT-formazan which is water-insoluble crystals dis-
solved in DMSO [32]. PC12 cells were seeded in a 96-well
plate at 5000 cells/well density. They were then incubated
for 24 h to allow cell attachment. Afterwards, the medium
was replaced by a fresh one containing 6-OHDA (25 puM,
50 uM, and 75 puM). After 24 h of incubation, the medium
was collected and replaced by the medium containing F.
vaillantii extract (0.01, 0.1, 0.25 mg/ml) and then further
incubated for 24 h, 48 h, and 72 h. Each treatment replicated
5 times. Finally, the medium was removed and 200 pL of
MTT solution (5 mg/mL) was added to each well. The plates

were incubated for another 4 h to allow the formation of
formazan crystal. DMSO was added to dissolve the formed
formazan crystal in each well. The absorbance was read at
570 nm using a microplate reader (BioTek, ELx800, USA),
with background correction performed at 690 nm [33]. The
percentage of viability was calculated by this formula:

% of Cell viability =100*(OD /0D

sample control)'

Hoechst staining

Hoechst staining was carried out to assess the impact of
F. vaillantii extract on the apoptosis induced by 6-OHDA
in PC12 cells. Indeed, Hoechst 33342 is used to observe
nuclear alteration upon apoptosis induction. It binds to
DNA and emits an intense blue fluorescence that is visu-
alized under a fluorescent microscope [34]. To do it, cells
were seeded in 24-well plates at 30,000 cells/well density
in 500 pL media and then incubated for 24 h. The medium
was removed and replaced by the fresh medium containing
6-OHDA (75 uM). After 24 h, 0.1 mg /ml of F. vaillantii
extract was treated as above-mentioned. Cells were incu-
bated for 72 h, rinsed with PBS, and 1 ml of paraformal-
dehyde 4% was added to each well and kept at 4 °C for
half an hour to be fixed. Having washed thoroughly three
times with PBS, the cells were stained with 3 mg/mL of
Hoechst 33342, and further incubated for 30 min in the dark
at room temperature. After washing with PBS, they were
observed using a fluorescence microscope (inverted fluores-
cence microscope model: IM-3FL4) at 357 nm excitation
and 447 nm emission wavelengths [35].

ROS assay

ROS assay is a fluorescence-based quantitative experiment.
The effect of F. vaillantii on ROS generation induced by
6-OHDA was measured by using 2',7'- dichlorofluorescein
diacetate (DCFH-DA). DCFH-DA is a cell-permeable dye
that freely enters the cell and is oxidized to DCF by ROS
inside the cell which produces a green fluorescence signal
detected by a flow cytometer [36]. PC12 cells were seeded
and treated as previously mentioned, and then 1 ml of DCF
solution was added to each well. The plate was incubated
for 30 min at 37 °C in the dark. After washing with PBS
to remove an unincorporated dye, the plate was read using
a Cytation 3 imaging reader (BioTek instruments) set to
37 °C. Filter pair of a 485 excitation and a 528 emission
with a photomultiplier tubes (PMT) sensitivity setting of
55 were used. The percentage of MFI (mean fluorescence
intensity) values was calculated relative to the untreated
control cells [35]. The cells were also photographed using
a fluorescence microscope (Nikon Eclipse TS100). For
this purpose, PC12 cells were pretreated with the indicated
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concentration of 6-OHDA for 24 h and then incubated with
F vaillantii extract as mentioned before. After washing the
cells with PBS, DCFH-DA (10 pM) was added to the cells
and further incubated for 30 h min at 37 h°C in the dark.

Lipid peroxidation assay

The number of lipid peroxides within a cell was measured
via thiobarbituric acid assay (TBA test) [37]. PC12 cells
were seeded in 12-well plates and treated with 75 pM of
6-OHDA (24 h) alone or in combination with F. vaillantii
extract for further 24 h (post-treatment). Cells were then
detached by a cell scraper, centrifuged and washed with
Ix PBS. Following resuspending the cells in 120 pL of
I1xPBS,100 pL of 1% SDS was added to the cell suspension
and mixed with 4 mL of color reagent (prepared by mixing
320 mg of TBARS dissolved in 30 mL of 0.1 NaOH and 30
mL of 3.5 M diluted acetic acid). After boiling the mixture
for 1 h at 100 °C in the dark, fluorescence intensity was
measured at 520 nm excitation and 550 nm emission wave-
lengths using a BioTek microplate reader (ELx800, USA)
[35].

Western blotting analysis of TH protein

PC12 cells were seeded in a 6-well plate at 50,000 cells/well
density and were treated with 6-OHDA (75 pM) for 24 h and
post-treated with F. vaillantii extract (0.1 mg/ml) for 72 h.
Total protein was extracted using RIPA buffer (radioimmu-
noprecipitation assay buffer). The BCA Protein quantifica-
tion kit was used to determine protein concentration. 40 pug
of protein was loaded onto the 15% sodium dodecy! sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred to a 0.2 um immune-Blot™ polyvinylidene
difluoride (PVDF) membrane (Cat No: 162-017777; Bio-
Rad Laboratories, CA, USA). The membranes were then
blocked with 5% BSA (Cat No: A-7888; Sigma Aldrich,
MO, USA) and incubated with Anti-Tyrosine Hydroxylase
(cat No: ab137869, Abcam), and Anti-f actin-loading con-
trol Antibodies (Cat No: ab8227, Abcam). After washing,
the membranes were incubated with Goat Anti-Rabbit IgG
H&L (HRP) (Cat No: ab6721; Abcam) secondary antibody.
The blots were visualized after incubating membranes with
enhanced chemiluminescence (ECL) for 1-2 min. Protein
expression was normalized to B-actin and was determined
using Image J software [38].

Animals
Adult male albino Wistar rats, weighing 220-250 g, were

purchased from Royan Institute of Iran and were kept
in standard laboratory conditions (room temperature:
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23 +2 °C; illumination: 12 h light / dark cycle). The proce-
dures of animal research and the experimental protocol were
performed according to the International Guideline for the
Care and Use of Laboratory Animals which was approved
by the Research and Ethics Committee of Tehran University
of Medical Sciences, School of Advanced Technologies in
Medicine.

Groupl: sham-operated: surgery without any treatment.

Group 2: 6-OHDA model, injected with 6-OHDA.

Group 3: injected with 6-OHDA and F. vaillantii (300 mg/
kg. P.O, 14 days).

Surgery and drug treatment

The rats were anesthetized with an intraperitoneal injection
of 80 mg/kg of ketamine and 10 mg/kg of xylazine and were
fixed in a stereotaxic apparatus. 6-OHDA (12 ug 6-OHDA
in 4 pL DMSO) was injected unilaterally into the right stria-
tum with the following coordinates at two different points:
Ist point (AP, +0.5; ML, + 2.5; DV, —5.0) and 2nd point
(AP, — 0.9; ML, +3.7; DV, —6.5) via a microsyringe (Ham-
ilton Bonaduz AG, Bonaduz, Switzerland) during 5 min to
assure the solution diffusion (Fig. 1). 24 h after 6-OHDA
microinjection, F. vaillantii (300 mg/kg) dissolved in saline
and administered orally via gavage once daily for 14 con-
secutive days. The dose of F. vaillantii was selected based
on previous studies [39] Various types of movement assess-
ments were performed to observe the effect of plant extract
on motor functions of 6-OHDA-induced PD in rats. All tests
were conducted on the 14th day, 5 h after the last F. vaillan-
tii gavage administration (Fig. 2).

Apomorphine-induced rotation

Apomorphine-induced rotation test reflects the hypersen-
sitivity of the lesioned striatum which confirms the effects
of selective neurotoxin (6-OHDA). Apomorphine (1 mg/kg
in 0.5% ascorbic acid-saline) was injected intraperitoneally
and five minutes after, the animals were monitored for the
number of contralateral rotations induced by apomorphine.
The results were expressed as rotation per 30 min and 5-7
rotations/min were considered the Parkinsonian model [40].

Rotarod test

To assess fore- and hind-limb motor coordination and bal-
ance in a rat model, the rotarod test was performed. The
animal was trained for 3 consecutive days by placing on a
cylindrical rotarod bar (80 mm) which rotated along its long
axis with a constant speed of 5 rpm for 300s. On the test
day, rats were placed on the rotarod bar with accelerating
speeds, range 5— 44 rpm over a period of 600s. The time



Molecular Biology Reports

Page50f 14 768

\\Q\
Intra striatal 5
microinjection

of 6-OHDA 14 doses of

-

A

Fumaria vaillantii oral administration

Locomotor
behavioral tests field
Pole test
| -
$
Beam walking 2 =~
Apomorphine test
w - | ,I
Zeoaam
Rotarod 1’/ Bar test

Fig. 2 Diagram indicating the timeline of the experimental procedures: surgery and testing in 3 groups of animals

spent on the rotarod and the travel distance were recorded.
The experimental protocol consisted of administrating the
test procedure three times for each rat. The time to complete
the task was recorded for each of three replicates. Subse-
quently, the mean response time was calculated across the
triplicate trials for each rat.

Pole test

The motor coordination in rats was determined by pole test.
Rat was placed facing upward on the top of a pole (1 cm
diameter and 70 cm height). The time the rat took to turn
head down and climb down to the bottom of the pole was
recorded. The test was replicated three times for each rat,
and the average time for three tests was calculated.

Bar test

Bar test was performed to measure Parkinson’s disease—
induced catalepsy-like immobility in rats. In this test, the
forepaws of rat were placed onto a bar (0.9 cm diameter and
10 cm above the platform) and the time took the rat removed
one or both paws from the bar was recorded. The experiment
was conducted three times for each rat. The mean, or aver-
age, time value was then calculated across the three trials.

Beam walking
Beam Walking was examined to evaluate akinesia and bra-

dykinesia symptoms in rats. The animal was placed in one
corner of the narrow beam (105 cm length, 4 cm width) and
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allowed to walk across the narrow beam from one end to
the other, while recording the latency time to start walking
within 1 min and the total time it took to arrive to the other
end of the beam within 2 min. The results are expressed as
the average total time (s) it took for the animals from each
experimental treatment group to run the test.

Open field

Locomotor activity was evaluated by the open field test.
After adaptation, the rats were placed in the center of the
glass and were allowed to explore the center area for 15 min.
The number of squares the animal crossed and total distance
were recorded.

Statistical analysis

Data are presented as mean +standard error of the mean
(SEM). Significant differences were determined for mul-
tiple groups using one-way analysis of variance (ANOVA),
followed by Tukey’s multiple comparison post-hoc test. In
this study, statistical significance was set at P <0.05.

Results
The effect of F. Vaillantii extract on cell viability

PC12 cells were exposed to different concentrations of
6-OHDA (25, 50, and 75 uM) dissolved in 0.05% DMSO for
24 h. Our data revealed that 6-OHDA at a concentration of
75 uM significantly decreased PC12 cell viability (Fig. 3a),
which was selected for subsequent in vitro experiments.

Post-treatment of various concentrations (0.01, 0.1,
0.25 mg/ml) of F. vaillantii for 24 h, 48 h, and 72 h could
significantly reverse 6-OHDA-induced cell toxicity and
enhance cell viability compared with the 6-OHDA group.
0.1 mg/ml of F. vaillantii extract was the most effective con-
centration that could increase cell viability at 24 h and 48 h,
although three concentrations acted similarly to revese the
6-OHDA —induce PC12 cells cytotoxicity after 72 h of treat-
ment. Therefore, we selected 0.1 mg/ml of the extract as the
most effective concentration for subsequent in vitro experi-
ments at 72 h (Fig. 3b, ¢, d).

Effects of F. Vaillantii extract on the 6-OHDA-Induced
changes in nuclear morphology

Using Hoechst 33342 staining, changes in nuclear mor-
phology were evaluated in the cells exposed to 6-OHDA.
As shown in Fig. 4, nucleus of the cells receiving 6-OHDA
are more condensed and also brighter under fluorescence,
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compared with the control group in which the nucleus stain-
ing is homogeneous and regular.Treating by F. vaillantii
extract at 0.1 mg/ml for 72 h, could significantly prevent the
nuclear morphology changes induced by 6-OHDA.

The effect of F. Vaillantii on 6-OHDA-induced
intracellular ROS production

A quantitative and qualitative evaluation of oxidative stress
in the PC12 cells was carried out by using the conversion
of DCF-DA to fluorescent 2,7-dichlorodihydrofluorescein
(DCFH). In the cells exposed to 75 uM of 6-OHDA, ROS
production significantly increased. When the cells were
treated with F vaillantii extract at 0.1 mg/ml, ROS level
reduced as much as to the control group (Fig. 5a), suggest-
ing that F. vaillantii can prevent ROS production induced by
6-OHDA. Besides it, the cells were visualized by a fluores-
cence microscope. As shown in Fig. 5b, the green-fluores-
cent cells in the 6-OHDA treated group increased compared
to the vehicle control, wherase the live stained cells after
treatment with F. vaillantii were more than the 6-OHDA
treated cells.

Effect of F. Vaillantii on 6-OHDA-induced lipid
peroxidation by TBARS assay

6-OHDA (75 pM) induced lipid peroxidation in the PC12
cells. Post-treatment of the cells with 0.1 mg/ml of F. vail-
lantii extract for 72 h, significantly decreased lipid peroxi-
dation induced by 6-OHDA (Fig. 6).

Effect of F. Vaillantii on protein expression of
tyrosine hydroxylase

TH protein expression was measured using western blot-
ting. As it is shown in Fig. 7, exposing cells to 75 pM of
6-OHDA, reduced protein expression of TH to half com-
pared with control cells (P <0.01). However, the expression
of TH significantly increased when cells were post-treated
with F. vaillantii extract (0.1 mg/ml) for 72 h.

In vivo assay

Effect of F. Vaillantii on apomorphine-induced rotation in
6-OHDA-lesioned rats

At the end of the second week, the number of rotations dur-
ing 30 min after intraperitoneal administration of apomor-
phine (1 mg/kg) in the lesion group was significantly higher
compared to the sham group. As shown in Fig. 8a, treatment
with 300 mg/kg of Fvaillantii significantly decreased apo-
morphine-induced rotations (F [2, 21]=26.89, p <0.001).
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Fig. 3 (a) Concentration-dependent cytotoxicity of 6-OHDA on cell
viability after 24 h. (b) Effect of £ vaillantii extract at different con-
centrations (0.01, 0.1, 0.25 mg/ml) on PC12 cell viability for 24 h (b),
48 h (c), (d) 72 h (d) after exposure to 6-OHDA. Values are shown as

Effect of F. Vaillantii on rotarod test in 6-OHDA-
lesioned rats

The rotarod test was performed two weeks after the injec-
tion of 6-OHDA. Our results showed that the time spent on
the rotarod at a speed of 5—44 rpm in 600 s in rats treated
with 6-OHDA was significantly decreased compared to the
sham group. Gavage administration of 300 mg/kg F. vail-
lantii for 14 consecutive days after exposure to 6-OHDA,
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X
&
= 2004
Ko}
8
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100+
*
0= i T
Control DMSO 6-OHDA 0.01 0.1 0.25

F. vaillantii (mg/ml)

means + SEM of three independent experiments performed in 4 repli-
cates. *p <0.05 versus the untreated control cells; *p <0.05, #p <0.01
and "#p <0.001 versus 6-OHDA treated cells

significantly increased time spent on the rotary (F [2,
21]=11.81, p<0.001). In addition, the distance traveled at
5-44 rpm in 600 s was significantly reduced in rats treated
with 6-OHDA compared to the sham group. However, travel
distance in F. vaillantii post-treated group was significantly

more than the lesion group (F [2, 21]=4.803, P<0.05)
(Fig. 8c, b).
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Fig. 4 Nuclear staining assay by using Hoechst 33342 on PC12 cells treated with 6-OHDA and then post treated with 0.1 mg/ml of F vaillantii
extract. The morphological changes were observed using fluorescent microscope (20X). Red arrows represent the location of the apoptosis cell
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Fig. 5 Effects of Fvaillantii extract (0.1 mg/ml) on 6-OHDA induced-
ROS level in PC12 cells. (a) Spectrophotometric fluorescence inten-
sity measurement. Values shown are as means+SEM of three inde-

Effect of F. Vaillantii on pole test in 6-OHDA-lesioned
rats

To further assess the neuroprotective effects of Fvaillantii
extract in 6-OHDA-induced neurotoxicity model in
rats, pole test was used to assess the motor coordination.
6-OHDA-treated rats exhibited apparent deficits in motor
coordination. The motor function impairment was severe
for the rat to turn at the top of the pole (F [2, 21]=9.225,
p<0.01) and climb down (F [2, 21]=6.913, P <0.01) com-
pared to the control group. Treatment with 300 mg/kg of
F vaillantii significantly exerted a recovery impact on the
movement impairment (Fig. 8d, e).
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pendent experiments performed in 4 replicates. *““p <0.001 versus the
untreated control cells, "#p < 0.001 versus the 6-OHDA treated cells.
(b) Fluorescence microscopic image of treated cells

Effect of F. Vaillantii on catalepsy test in 6-OHDA-
lesioned rats

The 6-OHDA-lesion group showed a significant increase in
the time on the bar compared with the sham group, implying
muscle rigidity or catalepsy in 6-OHDA-treated rats. Treat-
ment with 300 mg/kg of F. vaillantii counteracted such an
increase. (F [2,21]=16.06, p<0.001) and could effectively
mitigate 6-OHDA-induced catalepsy (Fig. 8f).

Effect of F. Vaillantii on beam test in
6-OHDA-lesioned rats

In the beam balance test, the number of foot faults was
increased in 6-OHDA treated rats compared to the control
groups in 20 cm (F [2, 21]=19.87, p<0.001) and total (F
[2, 21]1=5.578, p<0.05) beam walking. Treatment with
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Fig. 6 Effects of F. vaillantii
extract (0.1 mg/ml), 6-OHDA,

and 6-OHDA in the presence of 250+
F. vaillantii on lipid peroxida-
tion in the PC12 cells. Values -2
Q
shown are means + SEM of three 200+
independent experiments per- (o
formed in 4 replicates. “p<0.01 —
versus the untreated control cells; (43
#p <0.05 versus the 6-OHDA T 150+
treated cells ';
O
|
L 100
o
=
2 s0-
-l
0

TH

B-actin

Control 6-OHDA 6-OHDA
+

F.vaillantii

Fig.7 Representative Western blotting analysis of TH proteins expres-
sion. 6-OHDA decreased TH/-actin ratio expression however F. vail-
lantii extract (0.1 mg/ml) reversed TH expression in the PC12 cells.

*%

+ 6-OHDA

+ 6-OHDA

Values shown are means+SEM of three independent experiments
performed in 2 replicates. ~"p <0.01 versus the untreated control cells;

#p <0.05 versus the 6-OHDA treated cells
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Fig.8 Effects of oral administration of £ vaillantii extract (300 mg/kg)
for 14 consecutive days on 6-OHDA-induced motor impairment. Apo-
morphine-induced rotational behavior (a) distance and time spent on
rotarod test (b, ¢), motor coordination, and balance in the pole test: both
inversion and total time (d, e), time in bar test (f), beam walking test

300 mg/kg of F. vaillantii significantly decreased the num-
ber of foot faults and improved motor impairment (Fig. 8g,
h).

Effect of F. Vaillantii on open-field test in
6-OHDA-lesioned rats

Rats were placed in a 60x60 open field box and were
observed for 10 min. There was a significant reduction in
the total distance (F [2,21]=7.24; p<0.01) and number of
crossings after 6-OHDA lesion (F [2,21]=4.555; p<0.05)
which was then compensated by F. vaillantii post-treatment
(Fig. §j, 1).

Discussion

The present study was designed to examine whether
Fvaillantii exctract provides neuroprotective properties
against oxidative stress. The findings of this study dem-
onstrated that the F vaillantii plant extract possessed the
capability to protect PC12 cells from the deleterious effects
induced by 6-OHDA exposure. Furthemore, the in vivo
animal investigation revealed that administration of the
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plant extract was able to remarekably ameliorate the motor
impairment that was caused by 6-OHDA in male rat model.

F. vaillantii has been investigated in treating various dis-
eases; however, no study has been yet described its neuro-
protective role, particularly in PD. To our knowledge, this
is the first study to reveal the protective role of F. vaillantii
extract against the neurotoxicity induced by 6-OHDA in
both in vitro and in vivo models of PD.

6-OHDA, a hydroxylated analog of dopamine, is a neuro-
toxin used in the experimental PD cells and animal models
[41]. It generates cytotoxic free radicals through oxidation,
which results in cell death [42]. In this context, our data
exhibited that 6-OHDA induced 50% toxicity in PC12 cells,
when the cells were exposed to 75 uM of 6-OHDA for 24 h.
This finding is in agreement with a previous study report-
ing that exposing the PC12 cells to 75 uM of 6-OHDA for
24 h, declines cell viability to 54.21% [43]. Noteworthy,
6-OHDA induces cell death via increasing ROS level and
inhibiting the mitochondrial respiratory chain complexes I
and IV [19].

To asses post-treatment effect of Fvaillantii extract on
inhibiting the 6-OHDA-induced toxicity, we treated cells
with the increasing concentrations of plant exctract for 24,
48 and 72 h, following exposure to 6-OHDA. Our results
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revealed that 0.1 mg/ml of Fvaillantii extract effectively
prevented cell toxicity induced by 6-OHDA at 72 h. Hence,
we selected this concentration for our further analysis at
72 h. We then verified our MTT results using Hoechst 33342
staining. In this experiment, we observed that numbers of
the apoptotic cells remarkably increased in the PC12 cells
treated with 6-OHDA for 24 h compared with the control
cells; however, F. vaillantii extract at 0.1 mg/ml could sig-
nificantly decrease the apoptotic cells population after 72 h.
Interestingly, we found a study in which the antiapoptotic
effect of F. parviflora had been explored in the testicular
tissue of male rats through enhancing Bcl-2 and decreasing
Bax mRNA and protein expressions, inhibiting the mito-
chondrial depolarization, cytochrome c release, caspase
activities along with suppressing the DNA fragmentation
[39, 44]. Given these data and knowing that extract of other
Fumaria species caused no cytotoxicity in the cells [45, 46],
we suggest that F. vaillantii extract might be a suitable neu-
roprotective candidate. To prove this assumption, we per-
formed additional experiments.

One of the mechanisms that reverses apoptosis in the neu-
ronal cells is suppressing the oxidative-stress pathway [47].
To further corroborate the protective role of F. vaillantii
against apoptosis under oxidative stress condition in PC12
cells, we quantitatively and qualitatively evaluated the intra-
cellular ROS level upon post-treatment of 6-OHDA-treated
PC12 cells with F. vaillantii extract. Our results showed
that the extract attenuated the ROS level generating by
6-OHDA after 72 h of treatment. However, the green cells
in the fluorescence imaging slightly elevated after incubat-
ing with extract, which may be due to the increased num-
bers of live cells after treatment with F. vaillantii extract
compared to the 6-OHDA treated cells, alone. Consistently,
Jaberian et al. reported the antioxidant characteristics of F.
vaillantii extracts determined by the DPPH method [48].
Furthermore, Moghaddam et al. found that ethanolic extract
of the aerial parts of F. vaillantii displays antioxidant activ-
ity and suggested F. vaillantii extract as a potential source
of natural antioxidants [49]. In the current work, the anti-
oxidant activity of F. vaillantii extract was also evaluated
through the cell-based lipid peroxidation using TBARS,
a potent oxidizing agent. In the TBARS test, the level of
malondialdehyde (MDA) as the end product of lipid per-
oxidation is determined, which reflects the amount of lipid
peroxidation in the cells [50]. We, herein, demonstrated that
6-OHDA increased MDA content, while F. vaillantii extract
at 0.1 mg/ml could significantly decrease the amount of
lipid peroxidation induced by 6-OHDA. In this regard, it
was shown that F. vaillantii extract reduced MDA level that
had been induced by acetaminophen and also increased glu-
tathione content in mice liver tissue [51].

Evaluating TH expression is a hallmark to study dopami-
nergic neurons in different cell cultures [52]. For this reason,
here, we revealed that 6-OHDA significantly reduces pro-
tein expression of TH compared with the control cells. Prev-
eious studies have consistently shown that the expression of
mRNAs and protein levels for TH in PC12 cells decreases
24 h after the 6-OHDA treatment [53]. It is also well-estab-
lished that a number of TH-immunoreactive cells decreases
after 6-OHDA injection in dopaminergic neurons in SNc
in the rat brain [54, 55]. Furthermore, reports indicate that
the mRNA expression of TH in the brain tissue of PD rats
is reduced [56]. Additionally, the intraventricular admin-
istration of 6-OHDA has been found to decrease the total
TH activity in the striatum [57, 58]. Postmortem samples
from PD patients have also shown the loss of TH +fibres
within the striatum [59—-61]. Peventing the depletion of TH
has been obsereved to induce neuroprotective effects in
both in vitro and in vivo model of PD [62]. Interestingly,
in our study, Fvaillantii treatment for 72 h, after exposure
to 6-OHDA, increased TH protein expression to the level
of the control cells. In this regard, it has been reported that
ethanol extract of Gynostemma pentaphyllum, a phenolic
acid [63], ameliorates the reduction of TH-immunopositive
neurons induced by 6-OHDA in the rat brain and exerts
neuroprotective effects [64]. Kaempferol, a flavonoid phy-
toestrogen, can also prevent the loss of TH-positive neurons
induced by MPTP and shows anti-parkinsonian properties
in the mouse model of PD [65]. Besides it, extract of saf-
flower containing flavonoids, are found to be effective in
models of neurodegenerative disease and prevents the loss
of TH in a rotenone-induced rat model of PD [66].

Unilateral microinjection of 6-OHDA is widely used as a
model of PD, resulting in motor deficits that closely mimic
the symptomatic manifestations characteristic of PD in the
animal [67]. As demonstrated by our results, post-treatment
administration of F vaillantii for 14 days, improved motor
coordination and balance, catalepsy, bradykinesia and loco-
motor behavior in the 6-OHDA induced PD model in rats.
It also considerably diminished the apomorphine-induced
rotation, suggesting its neuroprotective role. To the extent
of our knowledge, there is no previous study supporting the
effect of this extract in an animal PD model. However, fur-
ther experiments are needed to elucidate the exact mecha-
nism underlying the neuroprotective effect of F. vaillantii.

Overall, our findings indicated that F. vaillantii helps
to fight against oxidative stress in PC12 cells induced by
6-OHDA through decreasing ROS level, lipid peroxidation
and preventing TH depletion. The antioxidant activity of F.
vaillantii may be attributed to its phenolics and flavonoid
contents [68]. According to our literature survey, the pheno-
lic compounds are neuroprotective in the 6-OHDA model of
PD through antioxidant activity [69]. Besides, polyphenols
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can inhibit nitric oxide (NO) and ROS level in the 6-OHDA
rat model [70]. It has been well-known that flavonoids con-
taining hydroxyl functional groups, are highly effective as
free radical scavengers and antioxidant agents [48].

There are some limitations in our study that should be
addressed in future research. First, we focused on evaluat-
ing the cell viability, antioxidant and antiapoptotic effect of
F. vaillantii extract in the in vitro model of PD. Yet, fur-
ther studies are necessary to confirm the results described.
Hence, determing the expression level of the apoptosis-
related proteins as well as the anti-oxidant enzymes would
be of value to underly the mechanism of action of F. vail-
lantii as a neuroprotective agent.

Conclusion

In summary, the present study suggests a protective role for
the extract of F vaillantii against oxidative stress-induced
cell damage in the PCI12 cells exposed to neurotoxin
6-OHDA. Furthermore, oral administration of the plant
extract was able to improve 6-OHDA-induced movement
deficit in male rats. This extract could be a promising thera-
peutic agent for the prevention of PD progression. How-
ever, further experiments are higly required to elucidate the
underlying mechanisms and explore the clinical applica-
tions of this natural extract for PD management.
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