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A B S T R A C T

Background: The effects of individual panaxadiol saponin and panaxatriol saponin on rodent models of Parkin-
son’s disease (PD) have been recognized. However, it is not clear whether purified total ginsenosides as an
entirety has effect against PD in rat model. This study compared the protective effects of a purified panaxadiol
saponin fraction (PDSF), a purified panaxatriol saponin fraction (PTSF), and their mixtures against the rotenone
(ROT)-induced PD in rats.
Methods: Potential effects of PDSF, PTSF, and their mixtures against motor dysfunction and impairments of
nigrostriatal dopaminergic neurons (DN), blood-brain barrier (BBB), cerebrovascular endothelial cells (CEC), and
glial cells were measured in the models of ROT-induced PD rats and cell damage. Pro-inflammatory NF-kB p65
(p65) activation was localized in DN and other cells in the striatum.
Results: PDSF and PTSF had a dose-dependent effect against motor dysfunction with a larger effective dose range
for PDSF. PDSF protected CEC, glial cells, and DN in models of PD rats and cell damage, while PTSF had no such
protections. Chronic ROT exposure potently activated p65 in CEC with enhanced pro-inflammatory and
decreased anti-inflammatory factors and impaired BBB in the striatum, PDSF almost completely blocked the
ROT-induced p65 activation and maintained both anti- and pro-inflammatory factors at normal levels and BBB
integrity, but PTSF aggravated the p65 activation with impaired BBB. Furthermore, PTSF nullified all the effects
of PDSF when they were co-administrated.
Conclusion: PDSF had significant protective effect against the ROT-induced PD in rats by protecting CEC, glial
cells, and DN, likely through inhibiting NF-κB p65 in CEC from triggering neuroinflammation, and also directly
protecting glial cells and neurons against ROT-induced toxicity. PDSF has great potential for preventing and
treating PD.

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegen-
erative disease globally, causing severe movement impairments and
non-motor symptoms in patients [1]. Current treatment for PD is
symptomatic typically with levodopa preparations prescribed with or
without other medications [2]. To date, no therapy can slow down or
arrest the progression of PD [1]. Evidences from epidemiological studies
and animal models indicate that pesticide exposure substantially in-
creases the PD risk by the inhibition of mitochondrial complex I (MCI) or

causing oxidative stress [3,4]. Intragastric or subcutaneous adminis-
tration of a pesticide rotenone (ROT), a well-known MCI inhibitor, can
almost completely reproduce the typical pathological and clinical fea-
tures of PD in rodents and is widely used to induce rodent models of PD
for investigating the underlying mechanisms leading to PD and evalu-
ating the new potential therapies for PD [3,5,6]. The pathogenesis of PD
is complex and the MCI-mediated mitochondrial dysfunction, oxidative
stress, and neuroinflammation likely due to activated microglia and
impaired astrocytes all contribute to the degeneration of the nigros-
triatal dopaminergic pathway [7]. Elevated extracellular glutamate
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levels due to both an increased release and a decreased uptake by as-
trocytes in the substantia nigra and the striatum also accelerates the
nigrostriatal dopaminergic degeneration and promotes the motor and
no-motor symptoms as well as levodopa-induced dyskinesia [8–10].
Furthermore, cerebrovascular damage also promotes the progression of
PD and causes vascular parkinsonism [11,12]. Therefore, it is important
to protect neurons, glia, and cerebral vessels for the development of new
drugs that can prevent PD and slow down or arrest the progression of
PD.

Ginsenosides are the main active ingredients of ginseng (the root of
Panax species) and mainly include panaxadiol saponins with ginseno-
sides Rb1, Rb2, Rb3, Rc, and Rd (GRb1, GRb2, GRb3, GRc, and GRd) as
the major individuals and panaxatriol saponins with GRg1 and GRe as
the major individuals [13,14]. These major ginsenosides have been
demonstrated to have wide pharmacological activities on the central
nervous system [15,16]. For examples, individual panaxatriol saponin
Rg1 has nerve excitatory effects through activating excitatory receptors
including glutamate receptor [17] and acetylcholine receptor [18].
While individual panaxadiol saponin GRb1 has the inhibitory effects
likely by activating inhibitory γ-aminobutyric acid (GABA) receptors
[19] and also inhibiting excitatory N-methyl-D-aspartic acid receptor
(NMDA) receptors [20]. However, both GRb1 and GRg1 have been re-
ported to be neuroprotective in animal models of PD and other neuro-
degenerative diseases [21], cerebral ischemic injury [22], and ischemic
stroke [23]. It is also noticed that most of the previous reports on the
pharmacological effects of ginsenosides on the central nervous system
were focused on the individual ginsenosides. Here, it is reasonable to
believe that the efficacy of an individual ginsenoside is not good as that
of a combination of similar monomers. Indeed, our previous in-
vestigations demonstrated that a highly purified panaxadiol saponin
fraction (PDSF) had significant protective activity against excitotoxicity
and excitatory disorders, while a highly purified panaxatriol saponin
fraction (PTSF) was inactive and even weaken the effects of PDSF [24,
25]. Given that excitotoxicity plays an important role in the degenera-
tion of the nigrostriatal dopaminergic pathway and the expression of
motor symptoms of PD and levodopa-induced dyskinesia [8–10], this
difference between the two types of ginsenosides reminds us to consider
whether PDSF are more effective than PTSF for the prevention and
treatment of PD.

Thus, this study compared the potential effects of PDSF, PTSF, and
their mixture (PDSF + PTSF) against the onset and progression of ROT-
induced PD in rats in order to identify the most effective faction for the
development of new drug for the prevention and treatment of PD.

2. Materials and methods

2.1. Reagents and materials

Panaxadiol saponin fraction (PDSF) and panaxatriol saponin fraction
(PTSF) were prepared in authors’ laboratory as previously described
method [26]. PDSF composed of five panaxadiol saponins (GRb1 35.37
%, GRb2 6.59 %, GRb3 13.98 %, GRc 13.19 %, and GRd 24.09 %) with
total saponins of 93.23 %. PTSF composed of two panaxatriol saponins
(GRe 89.60 % and GRg1 1.42 %) with total saponins of 91.02 %. Nerve
growth factor (NGF), rotenone (ROT, ≥95 %), sulforhodamine B (SRB),
fluorescein isothiocyanate (FITC) and trichloroacetic acid (TCA) were
obtained from Sigma-Aldrich (USA). Monoclonal antibodies were pur-
chased from the companies below: glial fibrillary acidic protein (GFAP),
tyrosine hydroxylase (TH), and HRP-conjugated secondary antibodies
(Proteintech, China); NF-κB p65, p–NF–κB p65 and ionized
calcium-binding adapter molecule 1 (IBA1) antibodies (Invitrogen,
USA); α-synuclein (α-Syn), p-α-Syn, complement component 3 (C3D)
and platelet endothelial cell adhesion molecule-1 (CD31) antibodies
(Abcam, USA). Bovine serum albumin (BSA) and skim milk were pur-
chased from Sangon Biotech (China). Lysis buffer was purchased from
Beyotime Biotechnology (China). Enhanced chemiluminescence (ECL)

reagent and bicinchoninic acid (BCA) protein assay kit were purchased
from Bio-Rad (USA). Phosphate buffered saline (PBS), roswell park
memorial institute-1640 (RPMI-1640), dulbecco’s modified eagle me-
dium (DMEM), DMEM/F12, and fetal bovine serum (FBS) were pur-
chased from Thermo Fisher Scientific (USA). Penicillin and streptomycin
were ordered from YEASEN (China). TNF-α, IL-1β, IL-4, IL-6, and IL-10
ELISA kits were obtained from MlBio (China).

2.2. Rotenone-induced Parkinson’s disease rat model and drug treatment

Male Sprague Dawley (SD) rats (n = 90; body weights at time of
testing: 300 ± 20 g) were obtained from the Laboratory animal center of
Zhejiang University (Hangzhou, Zhejiang province, China). All animals
were housed in a standard environment under controlled conditions (22
± 2 ◦C, a 12 h light/dark cycle) with food and water ad libitum. All
procedures involving animals and their care were approved by the
Zhejiang University Animal Experimentation Committee and followed
the National Institutes of Health Guide for the Care and Use of Labora-
tory Animals. All surgeries were performed under urethane anesthesia
and all efforts were made to minimize suffering.

Referring to previous literature [6], a ROT-induced PD pathological
model was established in SD rats. Briefly, rats received a subcutaneous
injection of rotenone (0.5 mg/mL rotenone dissolved in sunflower oil)
twice one day (8:30 a.m. and 8:30 p.m.) at the back of the neck using the
following dosages: 0.5 mg/kg (body weight, days 1–5), 0.625 mg/kg
(days 6–10), and 0.75 mg/kg (days 11–15). The naive group received an
injection of sunflower oil (1 mL/kg body weight) that did not include
rotenone.

The SD rats were divided into naive group (n = 10), three PDSF
groups (20, 40, and 60 mg/kg, dissolved in reverses osmosis (RO) water,
each n = 10), three PTSF groups (20, 40, and 60 mg/kg, dissolved in RO
water, each n = 10), and PDSF + PTSF group (PDSF 40 mg/kg + PTSF
40 mg/kg, n = 10). The drugs were administrated by gavage 30 min
before the injection of rotenone. Naive animals received the same vol-
ume of RO water.

2.3. Behavior tests

Rats were habituated to the dimly lit and sound-proofed testing room
for 60 min before the start of each assay.

Rota-Rod Test. An accelerating rotarod apparatus (Hugo Basile,
Gemonio, Italy) was used for the Rota-Rod test as previously described
[27]. The animals were trained 3 days before the test. Data are presented
as the mean duration (three trials) on the rotarod.

Cylinder Test. Slight adjustments based on previously described [27]
were made for the cylinder test. Briefly, spontaneous movement was
measured by placing rats in an opaque cylindrical barrel with a height of
about 30 cm and a diameter of about 20 cm. Spontaneous activity was
recorded for 5 min. The numbers of forepaw touches, rears and
grooming were measured. Recorded the number of times the rat’s
forelegs are lifted according to the standard of lifting the rat’s forelegs
over the shoulders and touching the barrel walls on both sides. Data are
presented as a percentage relative to Naive animals: Rears % (per 1 min)
= the numbers of forepaw touches within 1 min in the treatment
group/the numbers of forepaw touches within 1 min in the Naive group
× 100 %.

Forepaw adjusting steps (FAS) Test. FAS Test was referred to previ-
ous reported method [28]. The experiment was conducted with two
experimenters who were blinded to treatment condition. The experi-
menter fixed and lifted the rat’s hind limb skeleton with one hand and
fixed its right forelimb with the other hand, so that the left forelimb foot
was placed on the table. The rat’s body was at an angle of about 45◦ from
the table. Then, the rats were artificially adjusted to move at a constant
speed of 90 cm/10 s along the edge of the table and each time at an
interval of 10 s. Rats were dragged for 6 trials per forepaw: 3 backhand
(lateral steps away from the torso) and 3 forehand (lateral steps toward

Y. Wang et al.



Journal of Ginseng Research 48 (2024) 464–473

466

the torso) trials, alternating the starting forepaw between animals. Data
are presented as a percentage relative to Naive animals: Steps in 90 cm
% (per 10 s)= the numbers of forepaw steps within 10 s in the treatment
group/the numbers of forepaw steps within 10 s in the Naive group ×

100 %.

2.4. Immunohistochemistry and immunofluorescence

After the last behavioral test, animals were deeply anesthetized and
perfused through the heart with 4 % buffered paraformaldehyde (PFA)
of 100 mL. Brains were removed and fixed with 4 % PFA overnight.
Coronal sections (50 μm) were cut with a vibratome (VT1000S, Leica,
Germany) and the sections of the striatum and substantia nigra com-
pacta (SNc) were collected. Free-floating brain sections were blocked
with 4 % BSA/PBS plus 0.2 % Triton- 100 and incubated with primary
antibody overnight at 4 ◦C, including TH, GFAP, IBA1, NF-κB p65 and
CD31 antibodies, followed by the corresponding biotinylated secondary
antibody or the one conjugated with fluorescent dyes. Images were
obtained using microscope (Eclipse 50i, Nikon) or confocal microscope
(Olympus BX61W1-FV1000).

For semi-quantitative analysis of the lesion volume in which TH
immunoreactivity was lost in the striatum and the number of TH-
positive neurons in the SNc, every 10th section through the entire
striatum or SNc was stained for TH immunoreactivity. The lesion vol-
ume was estimated using Image J software. At least five sections evenly
spaced through the lesion volume were measured for each animal. The
actual distance between sections used for measurements depended on
the extent of the lesion. The lesion volume was estimated using the
following formula: volume = (a1 + a2, …+ an)/n × d, where d = dis-
tance (in millimeters) between sections, and a1, a2, a3, …= area (in
square millimeters) of the lesion for individual sections [24]. To assess
the numbers of TH-positive neurons in the SNc, images captured by the
microscope were saved as tiff files, thenmagnified 1000× on a computer
screen to facilitate cell count.

2.5. Immunoblot analysis

The striatum of three rats in each experimental group were homog-
enized and prepared in lysis buffer [(10 mM Tris-HCl, pH 7.3), 150 mM
NaCl, 5 mM ethylene diamine tetra acetic acid, 1 % Nonidet P-40 (vol/
vol), 1 % Triton-100, and 0.5 % sodium deoxycholic acid (wt/vol)]. The
striatal tissue lysates (40 μg protein) were electrophoresed on SDS-PAGE
gels and transferred to PVDFmembranes. Membranes were blocked with
5 % skim milk (wt/vol) in TBS-T and incubated with the primary anti-
bodies. After HRP-conjugated secondary antibody incubation, the
immunoblot signal was detected using super ECL detection reagent and
the targeted protein levels were quantified using Image J software.

2.6. Detection of vascular permeability using FITC-labeled bovine serum
albumin

Bovine serum albumin (BSA) was labeled with FITC. Briefly, BSAwas
dissolved in a buffer (V0.15 mol/L NaCl: V0.15 mol/L NaHCO3–Na2CO3 = 9: 1)
and the final protein concentration was adjusted to 10 mg/mL. Then,
FITC powder was added and dissolved into the above solution until to
the ratio of protein (mg): FITC (mg)= 50: 1 and incubated in the dark at
4 ◦C on a shaking table overnight. Then, the solution was transferred to a
Millipore ultrafiltration tube, which can intercept molecules with mo-
lecular weight greater than 3 KD, and centrifuged at 5000 g for 2 h. After
discarding the filtrate, the Millipore ultrafiltration tube was washed
with the buffer for 3 times followed by using the buffer to dissolve FITC-
labeled BSA and obtain the FITC-labeled BSA solution (10mg/mL). After
the last behavioral test, the rats were rapidly perfused with 4 % PFA in
0.1 M PBS (pH 7.2) after brief perfusion of PBS (pH 7.2) containing 5 U/
ml heparin, and then perfused with 10 mL of the FITC-labeled BSA so-
lution. The brains were dissected, post fixed in 4% PFA in 0.1 M PBS (pH

7.2) at 4 ◦C for one week. Coronal sections (50 μm) were cut with a
vibratome (VT1000S, Leica, Germany) and the sections of the striatum
and SNc were collected and the distribution status of the FITC-labeled
BSA were observed using a Nikon microscope.

2.7. Cell culture

According to reported method [29], PC12 cells were differentiated to
dopaminergic neurons in the differentiation medium of RPMI-1640
supplemented with 100 ng/mL NGF, 10 % FBS, 50 U/mL penicillin,
and 50 μg/mL streptomycin for 14 day. The culture medium was
changed every 48 h bEnd.3 and HCVEC cells were cultured in high
glucose DMEM medium supplemented with 10 % FBS, 50 U/mL peni-
cillin, and 50 μg/mL streptomycin. All cells were maintained in a 5 %
humidified CO2 incubator at 37 ◦C.

2.8. Detection of inflammatory factor levels in the striatum and plasma
using ELISA kits

The striatum was homogenized and prepared in lysis buffer [10 mM
Tris-HCl, pH 7.3, 150 mM NaCl, 5 mM ethylene diamine tetra acetic
acid, 1 % Nonidet P-40 (vol/vol), 1 % Triton × 100, and 0.5 % sodium
deoxycholic acid (wt/vol)]. Protein levels were quantified using a BCA
protein assay kit. According to the instructions of the reagent manu-
facturer, the levels of TNF-α, IL-1β, IL-6, IL-4 and IL-10 in tissue lysate
were detected by ELISA kits.

2.9. Primary astrocyte culture

Primary astrocyte (PA) cultures were performed from rat pups at
postnatal day 1 (P1) according to the previously reported method [30].
Representative sample cultures were stained for GFAP to verify that they
were astrocyte cells.

2.10. Cell viability assay

Cell viability was measured using the SRB method according to
previous report [31]. Briefly, cells were incubated overnight in 96-well
plates with a cell density of 3000 per well until the cells were completely
adhered. Cells were pretreated with different concentrations of test re-
agents for 3 h, followed by the addition of rotenone at IC50, and then the
cells were cultured for 48 h. Cell viability was measured by SRB.

2.11. Statistics

Data were analyzed by Two-way analysis of variance (ANOVA),
followed by Tukey’s multiple comparison test for multiple group com-
parisons, using GraphPad Prism software (GraphPad Software Inc., La
Jolla, CA, USA). Data are expressed as the mean ± SEM and p < 0.05 is
considered statistically significant.

3. Results

3.1. PDSF had a wider therapeutic dose range than PTSF in rotenone-
induced PD rat model

Firstly, we observed the dose-effect relationship between PDSF and
PTSF in the prevention and progression of PD in ROT-induced rat model.
As shown in Fig. 1A in the Cylinder Test, with the prolongation of
exposure to rotenone, the forelimb lifting ability of the model group
(ROT) animals significantly decreased, almost reaching its lowest value
by 13 days, when compared to the normal group (Naive) animals.
Moreover, when tested 48 h after the last dose of rotenone, there was no
significant increase in forelimb lifting ability compared to the previous
measurement, indicated that this decrease in motor function was not a
temporary change in motor behavior, but a manifestation of impaired
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motor function. Administration of PDSF 1 h before each injection of
rotenone can counteract the ROT-induced forelimb lifting dysfunction in
a dose-dependent manner. In detail, PDSF 20 (a dose of 20 mg/kg/day)
showed no significant improvement in ROT-induced impairment of
forelimb lifting ability in rats; while PDSF 40 (40 mg/kg/day) and PDSF
60 (60 mg/kg/day) significantly antagonized ROT-induced decrease in
forelimb lifting ability and the efficacy of PDSF 40 was better than that
of PDSF 60. However, unlike PDSF, PTSF only improved the ability to lift
the forelimbs of rats at a dose of 40 mg/kg (Fig. 1A2) and its efficacy was
lower than that of PDSF 40. Due to the completion of each of the three
set motor behavior tests taking more than 3 h, there is significant
physical exertion on the animals during this process. Thus, we chose the
time points that can reflect the efficacy of PDSF and PTSF in the Cylinder
Test for Rota-Rod Test and FAS Test. Similar results (Fig. 1B2, C2) were
also obtained from the Rota-Rod and FAS Tests. In the Rota-Rod Test, 40
mg/kg or 60 mg/kg PDSF significantly improved motor coordination
against the neurotoxicity of rotenone (Fig. 1B1), while in the FAS Test
PDSF was only effective at 40 mg/kg (Fig. 1C1). Clearly, the data indi-
cated that 40 (mg/kg/day) was the optimum dose of PDSF in these set of
tests. In addition, body weight is an important indicator for measuring
the overall health status of animals. Therefore, we also tested the dy-
namic changes in body weight of all the animals (Fig. 1D). Consistent
with the motor function indicators, the body weight of the ROT model
animals gradually decreased until to 80 % at 15 days, while the weight
of the naive animals increased by 10 %. Both PDSF 40 and PDSF 60
significantly counteracted the weight loss caused by rotenone and
maintained animal weight at initial levels (Fig. 1D1), while PTSF had the
similar effect at only at 40 mg/kg/day (Fig. 1D2). The above results
indicated that both PDSF and PTSF counteracted ROT-induced PD
symptoms and weight loss in a dose-dependent manner and 40 mg/kg/
day was the optimal dose for both PDSF and PTSF, but the effective dose
range of PDSF is wider than that of PTSF.

In order to reveal the possible interactions between PDSF and PTSF,
including superimposed, synergistic or antagonistic effects, we
measured the effects of a mixture of PDSF and PTSF at their optimal dose
(40 mg/kg/day) on the above pharmacodynamic indicators. As shown
in Fig. 1A3, B3, C3, and D3, the mixture did not have any protective
effects on motor function indicators and weight loss. The results

indicated that the protective effects of PDSF and PTSF were completely
cancelled out when they are combined at their respective optimal dose
or the equal dose.

3.2. PDSF effectively counteracted the rotenone-induced dopaminergic
nerve damage, while PTSF had no such effect and even weakened the effect
of PDSF

In order to further investigate the pharmacodynamic differences
between PDSF and PTSF in improving the occurrence and progression of
PD, we observed the state of the dopaminergic neural pathway and the
aggregation of α-Syn in the substantia nigra and striatum of animals in
each group by immunohistochemistry and western blotting analysis,
whose degeneration were the neuropathological basis of PD. The results
indicated that the ROT-induced PD rats showed a significant loss of TH
staining in both dorsal lateral part of the striatum and below the SNc
(Fig. 2A and B), but there was no significant decrease in the dopami-
nergic neuron soma in the substantia nigra compacta, indicated the
damages of dopaminergic nerve endings and the ability to synthesize
dopamine in the striatum, as well as the damage of dopaminergic nerve
dendrites in the substantia nigra. The western blotting analysis also
showed that the TH levels in the striatum of PD rats were significantly
lower than those in the striatum of naive animals (Fig. 2C). In addition,
the western blotting analysis also showed that the p-α-Syn levels in the
striatum of ROT-induced PD rats were significantly higher than those in
the striatum of naive animals, which suggested the aggregation of α-Syn
in the striatum of PD rats (Fig. 2D). PDSF (40 mg/kg/day) significantly
protected the dopaminergic neural pathway and reduced the aggrega-
tion of α-Syn in the substantia striatum and SNc at effective doses of
motor behavior. It is worthwhile to notice that PTSF (40mg/kg/day) did
not have significant neuroprotective effects at the effective dose of
motor behavior, consistent with a loss of TH staining in multiple regions
of the striatum (Fig. 2A and B) and the aggregation of α-Syn in the
striatum (Fig. 2D). In line with the results of motor behavioral tests, the
mixture PDSF + PTSF did not show significant neuroprotective effects,
indicating that the simultaneous use of equal dose of PTSF and PDSF
counteract the protective effect of PDSF against ROT-induced dopamine
nerve damage. The above results indicated that PDSF significantly

Fig. 1. PDSF had a wider therapeutic dose range than PTSF in RO-induced PD rat model. Results of animals on the rears (A), rotarod (B), FAS (C), and body weight
(D). Data are presented as the mean ± SEM (n = 10), *P < 0.05, **P < 0.01, ***P < 0.001 vs Naive; #P < 0.05, ##P < 0.01, ###P < 0.001 vs ROT.
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protected the nigrostriatal dopaminergic pathway against the neuro-
toxicity of mitochondrial complex I inhibitor rotenone, while PTSF did
not have this neuroprotective effect and even completely counteracted
the protective effect of PDSF.

Fig. 2. PDSF effectively counteracted the ROT-induced dopaminergic nerve damage, while PTSF had no such effect and even weakened the effect of PDSF. A1:
Representative TH immunohistochemistry in the striatum. A2: Quantification of striatum dopamine nerve fibers lesion volume. B1: Representative TH immuno-
staining (green) in the SNc. B2: Quantification of dopamine neurons in SNc. Data are presented as the mean ± SEM (n = 5), #P < 0.05 vs ROT; +P < 0.05 vs PDSF40.
C1: Representative immunoblots of TH and β-actin in the striatum. C2: Quantification of TH levels in the striatum normalized to β-actin. D1: Representative im-
munoblots of α-Syn and p-α-Syn in the striatum. D2: Quantification of α-Syn and p-α-Syn levels in striatum normalized to β-actin. Data are presented as the mean ±

SEM (n = 3), *P < 0.05, **P < 0.01, ***P < 0.001 vs Naïve; #P < 0.05, ##P < 0.01, ###P < 0.001 vs ROT.

Fig. 3. PDSF effectively counteracted the ROT-induced glial cell injury, while PTSF partially protected astrocytes but impaired the protective effect of PDSF. A:
Representative IBA1 immunostaining (green) in the striatum. B1: Representative immunoblot results of IBA1 and β-actin in the striatum. B2: Quantification of IBA1
levels in striatum normalized to β-actin. C: Representative GFAP immunostaining (green) in the striatum. D1: Representative immunoblot results of GFAP, C3D, and
β-actin in the striatum. D2: Quantification of C3D levels in striatum normalized to β-actin. Data are presented as the mean ± SEM (n = 3). **P < 0.01, ***P < 0.001
vs Naïve; #P < 0.05, ##P < 0.01, ###P < 0.001 vs ROT.
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3.3. PDSF effectively counteracted rotenone-induced glial cell injury,
while PTSF partially protected astrocytes but impaired the protective effect
of PDSF

Based on the widespread involvement of glial cells in the occurrence
and progression of PD [32,33], we observed the state of microglial cells
and astrocytes in the striatum in each group using immunohistochem-
istry and western blotting analysis to further reveal possible differences
in pharmacodynamic differences between PTSF and PDSF. As shown in
Fig. 3A, in the dorsal lateral striatum of ROT-induced PD rats, IBA1
staining exhibited large numbers of activated microglia cells charac-
terized by a swollen cell body with short and thick protrusions with
significantly increased IBA1 (specific antibody for microglia) levels
(Fig. 3B). PDSF (40 mg/kg/day) almost completely counteracted the
ROT-induced excessive activation of microglia, while PTSF (40
mg/kg/day) did not show such effect, and the combination of PTSF and
PDSF was neither effective, indicating that PTSF almost completely
counteracted the effect of PDSF in inhibiting excessive activation of
microglia.

As presented in Fig. 3C, the dorsolateral side of striatum of ROT-
induced rats showed a circular lesion area with significant activation
of astrocytes around the lesion area and loss of astrocytes in the center of
the lesion area with an increase in GFAP levels and A1 type astrocytes
that is neurotoxic and marked by C3D in whole striatum (Fig. 3D).
Compared with the rotenone group, PDSF significantly protected as-
trocytes as indicated by alleviated activation of astrocytes and decreased
C3D levels in the striatum (Fig. 3D), while PTSF only partially decreased
astrocyte loss in the striatum with a decreased C3D levels in western
blotting assay. However, the mixture PDSF + PTSF did not significantly
improve the loss of astrocytes in the lesion area. In summary, the data
demonstrated the robust protective effects of PDSF on both microglia
and astrocytes, while PTSF only partially protected astrocytes, and
particularly, PTSF largely weakened the effects of PDSF when it was
combined with PDFS.

3.4. PDSF significantly inhibited the rotenone-induced NF-κB p65
signaling in cerebral vascular endothelial cells and PTSF seemly enhanced
the NF-κB p65 signaling and counteracted the anti-inflammatory effect of
PDSF

Neuroinflammation plays an important role in the occurrence and
progression of PD and glial dysfunction, especially overactivated
microglia, has been believed to trigger this neuroinflammation [34,35].
NF-κB-mediated inflammatory response was analyzed by measuring
NF-κB p65 levels in the striatum of the relevant experimental animals by
using immunohistochemistry and western blotting, attempting to reveal
how PDSF inhibited the activation of microglia and how PTSF coun-
teracted the effect of PDSF in ROT-induced PD rats. Strikingly, as shown
in Fig. 4A, strong NF-κB p65 straining that presented vascular
morphology showed in the striatum of rats in the groups of ROT, PTSF,
and PDSF + PTSH, while there was no obvious NF-κB p65 staining in
naive rats and PDSF-treated rats. These results were confirmed by
western blotting analysis (Fig. 4B). When compared with naive control,
the protein level of NF-κB p65 was significantly increased in the striatum
in the ROT control group, with a stronger increase in the level of
p–NF–κB p65. PDSF completely resisted the increases of the levels of
NF-κB p65 and p–NF–κB p65, while PTSF showed mild effects against
the p–NF–κB p65 increase, but PTSF when combined with PDSF
completely canceled out these effects of PDSF. Next, the levels of NF-κB
p65-driven inflammatory factors and anti-inflammatory factors in the
striatum of rats were detected by using ELISA kits. Consistent with the
changes in NF-κB p65 levels, the levels of pro-inflammatory factors
including TNF-α, IL-1β, and IL-6 were dramatically increased, and the
levels of anti-inflammatory factors IL-4 and IL-10 were significantly
decreased in the ROT group compared to naive group (Fig. 4C); PDSF
(40 mg/kg/day) completely prevented the alterations in the levels of
pro-inflammatory factors and anti-inflammatory factors (Fig. 4C) in
ROT-induced PD rats. However, PTSF (40 mg/kg/day) potently
decreased the levels of the pro-inflammatory factors, but did not
maintain the levels of IL-4 and IL-10 at the levels of naive rats (Fig. 4C),

Fig. 4. PDSF significantly inhibited the ROT-induced NF-κB p65 signaling in cerebral vascular endothelial cells and PTSF seemly enhanced NF-κB p65 signaling and
counteracted the anti-inflammatory effect of PDSF. A: Representative NF-κB p65 immunohistochemistry in the striatum. B1: Representative immunoblots of NF-κB
p65 and p–NF–κB p65 in the striatum. B2: Quantification of NF-κB p65 and p–NF–κB p65 levels in striatum normalized to β-actin. Data are presented as the mean ±

SEM. C: Detection of inflammatory factor levels in the striatum using ELISA. D: Representative double immunostaining NF-κB p65 (green) and CD31 (red) in the
striatum (n = 3). ***P < 0.001 vs Naïve; ###P < 0.001 vs ROT.
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suggesting that decreased anti-inflammatory factors may contribute to
the overactivated microglia in the PTSF-treated rats.

Finally, to confirm the activated NF-κB p65 occurred at vascular
endothelial cells (Fig. 4A), colocalization of NF-κB p65 and CD31 (a
vascular endothelial cell marker) were detected by immunofluores-
cence. The staining showed a complete colocalization of increased NF-
κB p65 and CD31 in the striatum of rats in the ROT- and PTSF-treated
groups (Fig. 4D). The results demonstrated that the NF-κB p65-
mediated inflammatory response initially occurred in cerebral
vascular endothelial cells of the ROT-induced PD rats.

Altogether, our data elucidated several points. Firstly, activated NF-
kB pro-inflammatory response in cerebral vascular endothelial cells
instead of predicted microglia may initiate neuroinflammation in the
striatum and both elevated pro-inflammatory factors and decreased
anti-inflammatory factors involve in neuroinflammation-mediated
neuropathogenesis in ROT-induced PD rats. Secondly, PDSF inhibited
the ROT-induced NF-κB p65 activation in cerebral vascular endothelial
cells and maintained pro-inflammatory factors and decreased anti-
inflammatory factors at the normal levels in the striatum, while PTSF
promoted the ROT-induced NF-κB p65 activation in cerebral vascular
endothelial cells, failed to maintain the levels of anti-inflammatory
factors, and counteracted the effect of PDSF against the NF-κB p65-
mediated pro-inflammatory response. These findings suggested an
importance of protection of cerebral vascular endothelial cells for pre-
venting ROT-induced PD.

3.5. PDSF protected the rotenone-induced impairment of the blood-brain
barrier, while PTSF was unable to protect blood-brain barrier and
weakened the inhibitory effect of PDSF

Cerebral vascular endothelial cells as an important component of the
blood-brain barrier (BBB), in which the excessive inflammatory
response often leaded to peripheral immune cell infiltration to the brain
to exacerbate the development of neuroinflammation and diseases [36].
Therefore, we further measured the BBB damage in the striatum and
substantia nigra by perfused rat hearts with FITC-labeled BSA. In gen-
eral, vascular injury leads to FITC-BSA infiltration into perivascular
tissues. As shown in Fig. 5, numerous FITC-BSA infiltrates were observed
around the blood vessels in the striatum and substantia nigra of
ROT-induced PD rats, indicating impairment of the BBB in the striatum
of ROT-induced PD. PDSF (40 mg/kg/day) significantly reduced

FITC-BSA infiltration into perivascular tissues and significantly pro-
tected the BBB, while PTSF (40 mg/kg/day) showed only a mild pro-
tective effect, and the mixture of PDSF + PTSF significantly attenuated
the effect of PDSF. These data demonstrated that PDSF strongly pro-
tected BBB from the ROT-induced damage, therefore preventing broken
BBB to trigger or promote PD onset or progression [36], while PTSF had
no such protective effect and even impaired the effect of PDSF.

3.6. PDSF provided a direct protection of neurovascular unit cells against
rotenone toxicity, while PTSF had no this protection and even weakened
the efficacy of PDSF

As part of the neurovascular unit, blood-brain barrier (BBB) is
anatomically comprised by brain microvascular endothelial cells, which
along with pericytes, astrocytes, neuronal processes, perivascular
microglia, and the basal lamina, form the neurovascular unit that is
impaired in PD brain and in turn promotes the disease progression [37].
Thus, we further determined the potential differences among PDSF,
PTSF, and their mixture in protective effects on vascular endothelial
cells including bEnd.3 cells, HCVEC, primary astrocytes (PA), and
PC12-differenated dopaminergic neurons (DN) against ROT-induced
toxicity in cell culture. Firstly, in the normal culture condition, PDSF
and PTSF did not affect the cell viability of the neurovascular unit cells
at three different tested concentrations of 2.5, 5, and 10 μM, with an
exception that PDSF at 10 μM promoted DN growth (Fig. 6A and B). In
the culture medium with ROT at 0.4 μM for DN, 0.15 μM for bEnd.3, 1.2
μM for PA, and 0.1 μM for HCVEC, pre-treatment with PDSF for 3 h
significantly protected all the tested cells at all the concentrations from
the toxicity induced by rotenone exposure for 72 h, while PTSF had no
such protections, and even impaired the protective efficacy of PDSF
when it was combined with PDSF (Fig. 6C–F). These data indicated that
PDSF was able to directly protect cerebrovascular endothelial cells, as-
trocytes, and dopaminergic neurons against the ROT-induced toxicity,
while PTSF was not protective and even impaired the effect of PDSF.
These results strongly supported the in vivo experimental results that
PDSF significantly protected BBB, glial cells, and the nigrostriatal
dopaminergic pathway, while PTSF had no such protective effects and
weakened the effect of PDSF when PTSF and PDSF were
co-administrated.

Fig. 5. PDSF protected the ROT-induced impairment of the blood-brain barrier (BBB) and inhibited invasion of peripheral immune cells, while PTSF was unable to
protect BBB and weakened the inhibitory effect of PDSF. Representative FITC-BSA infiltrates image in the striatum and SNc of rats (n = 3).
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4. Discussion

This study provided a new inspiration for the rational use of ginse-
nosides for the prevention and treatment of Parkinson’s disease. The
individual compound of the two types of ginsenosides (panaxatriol sa-
ponins and panaxadiol saponins) has been showed to have extensively
pharmacological actions in central nervous system and was therefore
widely considered to have the potential for the treatment of neurode-
generative diseases [15,16]. However, as the representatives of the
central excitatory active and inhibitory active components in ginseng,
panaxatriol saponins and panaxadiol saponins may show differences in
their mechanisms of action and therapeutic effects against neurode-
generative diseases and the coexistence of the two types of ginsenosides
may offset each other’s respective effects [24,38,39]. Therefore, how to
maximize the role of ginsenosides in preventing and treating neuro-
logical diseases is needed to be clarified. This study revealed the sig-
nificant differences between the highly purified panaxadiol saponin
fraction (PDSF) and panaxatriol saponin fraction (PTSF) in the phar-
macological dose range and effects in the ROT-induced PD rat and cell
models. Specifically, although both PDSF and PTSF effectively coun-
teracted the motor dysfunction, PTSF was only effective at one dose of
40 mg/kg, while PDSF had a wider effective dose range. More impor-
tantly, PDSF significantly inhibited NF-κB pro-inflammatory response in
cerebrovascular endothelial cells and thus prevented the activated
NF-κB-mediated neuroinflammation and maintained the
anti-inflammatory factor levels in the striatum, protected the BBB
integrity from peripheral macrophage infiltration into the striatum
where astrocytes and microglia were also protected, and protected the
nigrostriatal dopaminergic pathway from chronic exposure to rotenone
in rats. Moreover, PDSF was able to provide a direct protection to ce-
rebrovascular endothelial cells, astrocytes, and dopaminergic neurons
against ROT-induced cytotoxicity, indicating a potent protection of
PDSF against the neurovascular units. By contrast, PTSF exacerbated the
NF-κB pro-inflammatory response and was unable to maintain the levels
of anti-inflammatory factors and to protect any cell type of the neuro-
vascular units in the rats or the cell cultures. More importantly, PTSF

potently impaired and even completely counteracted all the protective
effects of PDSF when PTSF and PDSF were co-administrated. These
findings indicated that a promising potential of PDSF for the prevention
and treatment PD caused by environmental toxins and suggest that the
mixture of panaxadiol saponins and panaxatriol saponins, especially at
1:1 wt ratio, should be avoided in the development of ginsenosides as
new therapies for the prevention and treatment of PD and other
neurodegenerative diseases.

Our findings revealed that PDSF could prevent or block the occur-
rence and progression of PD induced or triggered by environmental
toxins such as rotenone from multiple aspects. Firstly, it is well known
that environmental toxins such as rotenone or gene mutation-induced
MCI dysfunction and neuroinflammation played key roles in the
occurrence and progression of PD [34,35,40–43]. Secondly, BBB
impairment that caused peripheral immune cells infiltration into the
brain and insufficient blood supply [44], astrocyte dysfunction such as
neurotoxic A1 cell formation [45], decreased extracellular glutamate
uptake [46], and microglia-mediated neuroinflammation [47] all
contribute to the nigra-striatal dopaminergic pathway degeneration. All
these contributive events occurred in the ROT-induced PD rats and were
prevented by PDSF. Additionally, our data indicated that activated
NF-κB p65 signaling in cerebrovascular endothelial cells may start
neuroinflammation and then the activation of microglia and the infil-
trated peripheral immune cells could aggravate neuroinflammation in
brain of the ROT-induced PD rats. Notably, PDSF not only directly
protected BBB, cerebrovascular endothelial cells, astrocytes, and dopa-
minergic neurons, but also blocked NF-κB p65 signaling-mediated vi-
cious cycle.

Our findings indicated that PDSF could decrease the risk of cere-
brovascular damage in the occurrence and progression of PD. PD pa-
tients often experienced cerebrovascular damage [48]. Cerebrovascular
damage promoted the progression of PD [12,37] and even caused the
occurrence of vascular parkinsonism [11]. Therefore, the protection of
BBB and cerebrovascular endothelial cells of PDSF made it to reduce the
risk of cerebrovascular damage in the occurrence and development of
PD.

Fig. 6. PDSF provided a direct protection of neurovascular unit cells against ROT-induced toxicity, while PTSF had no such protection and even weakened the
efficacy of PDSF. Cells were pretreated with PDSF, PTSF, and PDSF + PTSF for 3 h followed by rotenone (0.4 μM for DN; 0.15 μM for bEnd.3; 1.2 μM for PA; 0.1 μM
for HCVEC). Cell viability was determined by the SRB assay (n = 6, biologically independent cells). Data are presented as the mean ± SEM. **P < 0.01, ***P < 0.001
vs CON; ###P < 0.001 vs ROT; +++P < 0.001 vs PDSF.

Y. Wang et al.



Journal of Ginseng Research 48 (2024) 464–473

472

5. Conclusion

This study demonstrates that the highly purified panaxadiol saponin
fraction (PDSF) potently protected both motor function and brain his-
tology, including BBB, cerebrovascular endothelial cell, microglia cells,
astrocytes, and dopaminergic neurons, against PD induced by chronic
rotenone exposure in rats, while PTSF not only fails to protect the brain
histology but also nullified the effects of PDSF. As possible mechanism of
the actions, PDSF inhibited the NF-κB-mediated pro-inflammatory
response in cerebrovascular endothelial cells and then prevented neu-
roinflammation induced by the infiltration of peripheral immune cells
and microglia cells. Therefore, PDSF as an entirety has great potential
for the development of new medicine for the prevention and treatment
of Parkinson’s disease.
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neuroprotective activity of ginseng in Parkinson’s disease: a review.
J Neuroimmune Pharmacol 2015;10:14–29.

[22] Xie W, Wang X, Xiao T, Cao Y, Wu Y, Yang D, Zhang S. Protective effects and
network analysis of ginsenoside Rb1 against cerebral ischemia injury: a
pharmacological review. Front Pharmacol 2021;12:604811.

[23] Zhao A, Liu N, Yao M, Zhang Y, Yao Z, Feng Y, Liu J, Zhou GA. Review of
neuroprotective effects and mechanisms of ginsenosides from Panax ginseng in
treating ischemic stroke. Front Pharmacol 2022;13:946752.

[24] Lian XY, Zhang Z, Stringer JL. Protective effects of ginseng components in a rodent
model of neurodegeneration. Ann Neurol 2005;57:642–8.

[25] Xu K, Zhang Y, Wang Y, Ling P, Xie X, Jiang C, Zhang Z, Lian XY. Ginseng Rb
fraction protects glia, neurons and cognitive function in a rat model of
neurodegeneration. PLoS One 2014;9:e101077.

[26] Lian, XY, Zhang, ZZ, Zhao, Y, Wu, YY, Zheng, WT, Wang, ZW. Active ginsenoside
composition and its preparation method and application in the preparation of
drugs for preventing and/or treating diseases or health products with health
benefits. Chinse patent, CN116019819A 2023-04-28.

[27] Yun SP, Kam TI, Panicker N, Kim S, Oh Y, Park JS, Kwon SH, Park YJ,
Karuppagounder SS, Park H, et al. Block of A1 astrocyte conversion by microglia is
neuroprotective in models of Parkinson’s disease. Nat Med 2018;24:931–8.

[28] Chotibut T, Meadows S, Kasanga EA, McInnis T, Cantu MA, Bishop C, Salvatore MF.
Ceftriaxone reduces L-dopa-induced dyskinesia severity in 6-hydroxydopamine
Parkinson’s disease model. Mov Disord 2017;32:1547–56.

[29] Wiatrak B, Kubis-Kubiak A, Piwowar A, Barg E. PC12 cell Line: cell types, coating
of culture vessels, differentiation and other culture conditions. Cells 2020;9:958.

[30] Bramanti V, Bronzi D, Tomassoni D, Li Volti G, Cannavò G, Raciti G, Napoli M,
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