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Abstract
Background: Parkinson’s disease (PD) is a multifactorial neurodegenerative disorder characterized by
progressive loss of dopaminergic (DA) neurons in the substantia nigra pars compacta (SNpc) and the
presence of Lewy bodies (LBs) consisting of misfolded α-synuclein protein in the substantia nigra pars
compacta (SNpc). Compound Dihuang Granule (CDG), a famous traditional Chinese medicine (TCM) has
been clinically used in PD therapy with curative effects. However, the speci�c functions and the
mechanism of action remained unclear. This paper study assesses the preventive and therapeutic effect
of CDG on motor de�cits and DA neuron loss of PD induced by 6-OHDA and the underlying mechanisms.

Methods: PD rat model was induced by unilaterally stereotactic injection of 6-OHDA into the SNpc of
midbrain then the motor de�cits were evaluated with apomorphine (APO) induced abnormal rotational
behaviors. The striatal contents of neurotransmitters were detected by high performance liquid
chromatography with electrochemical detection (HPLC-ECD). The number of DA neurons were determined
with immunohistochemistry (IHC) staining. Protein expression levels were determined with Western
blotting assay. Indicators of oxidative stress were determined with colorimetric method. Apoptotic cells
were detected by Transferase-mediated deoxyuridine triphosphate-biotin nick end labeling (TUNEL)
assay. The expression of neurotrophic factors was examined with IHC staining.

Results: With a 6-week treatment, CDG signi�cantly attenuated the 6-OHDA induced abnormal rotational
behaviors and alleviated the loss of DA neurons in the nigrostriatal axis. Consistently, the striatal contents
of DA and its metabolites including DOPAC and HVA of PD rats were all signi�cantly increased with CDG
treatment. The 6-OHDA induced oxidative stress indicated with decreased superoxide dismutase (SOD),
glutathione (GSH), glutathione peroxidase (GSH-Px) and increased malondialdehyde (MDA)was also
suppressed by CDG. Moreover, CDG treatment inhibited the 6-OHDA induced cell apoptosis indicated with
decreased apoptotic cells in the SNpc and increased protein expression ratio of Bcl-2/Bax in the striatum.
The expression levels of neurotrophic factors including nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF) and glial-derived neurotrophic factor (GDNF)in the SNpc of PD rats were also
increased by CDG.

Conclusion: CDG could ameliorate the 6-OHDA induced brain injuries and motor symptoms mainly by
inhibition of the oxidative stress and cell apoptosis in the nigrostriatal axis, and enhancing the expression
of neurotro�c factors in the midbrain of rats.

Background
Parkinson's disease (PD) is the second most common neurodegenerative disease with 2% of people aged
over 60 years old suffering all over the world. PD is clinically manifested with static tremor, bradykinesia,
rigidity and abnormal posture [1], while pathologically characterized with progressive loss of DA neurons
and deposition of α-synuclein-containing LBs in the SNpc [2]. The etiology and pathogenesis of PD is
complicated and remains unclear. So far, no treatment is available to effectively slow down or halt PD
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progression [3]. Levodopa is the only available treatment reported to extend life expectancy [4]. However,
as long-term usage of the drug, the therapeutic effects become increasingly less bene�cial, and more
than 50% of patients eventually experience highly disabling �uctuations, dyskinesia and agonist induced
sleep attacks [5-7]. Therefore, it is imminent to �nd alternative therapy with less toxic side effects.

A variety of intracellular processes are involved in the pathogenesis of PD, including mitochondrial
dysfunction, oxidative stress, cell apoptosis and neurotrophic factors deprivation. Oxidative stress plays
an undeniable role in a complex and progressive neurodegenerative cascade, the inhibition of which
attenuates DA neuron loss in PD models [8,9]. Apoptosis has been implicated as the main mechanism of
neuronal death in PD. Apoptosis is mediated by a number of initiator and executioner caspases, and
occurs via the intrinsic or extrinsic pathways [10]. Amounts of Chinese herb extracts delivered protective
effects by suppressing cell apoptosis and oxidative stress [11-13]. Neurotrophic factors are endogenous
proteins promoting the survival of different neural cells, thus eliciting great interest as a possible
treatment for neurodegenerative disorders [14]. Upregulation of neurotrophic factors has been an
effective approach for physical and medical treatments to protect against neurotoxicity induced
neurodegeneration in PD [15,16]. Therefore, targeting the multiple pathological prospects of PD could turn
to effective approach in clinical treatments.

Traditional Chinese medicine is famous for the multidimensional clinical outcome in medical treatments.
CDG, a classical prescription, has been clinically used in PD therapy for improving motor and non-motor
symptoms and reducing the side effects of long-term Levodopa usage. CDG consists of Rehmanniae
radix praeparata (SDH), Paeoniae radix alba (BS), Uncariae ramulus cum uncis (GT), Margaritifera
concha (ZZM), Salviae miltiorrhizae radix et rhizome (DS), Acori tatarinowii rhizome and Scorpio (QX)
(table1). In our previous study, CDG was proved to alleviate the excess levodopa induced dyskinesia in PD
rat model [17]. In CDG, Dihuang (Rehmanniae radix praeparata) is considered as the sovereign drug,
which plays the most vital role in the whole formula. A number of studies indicate that multiple
components like iridoid glycosides including catalpol and verbascoside separated from DiHuang protect
against neurodegeneration of PD. Catalpol alleviates MPTP-triggered oxidative stress and thereby
prevents neurodegenerative diseases-related in�ammatory reaction [18]. Verbascoside, an extract from
Radix Rehmanniae Praeparata has been shown to be effective in treating PD and can increase the TH
content of PD rats [19]. The other active ingredients of the monomers of CDG also showed protective
effects in PD models. The paeoni�orin and paeonol derived from Paeoniae radix alba had
neuroprotective effects in an in vitro model of PD [20]. Acorus gramineus extract exerted anti-
neuroin�ammatory effects against activated microglia mediated insults through multiple signaling
pathways and prevented in vivo neuronal cell death in mouse model of PD [21]. Tanshinone I treatment
signi�cantly attenuated 6-OHDA-induced striatal oxidative stress and ameliorated dopaminergic
neurotoxicity in 6-OHDA-lesioned mice [22].

Therefore, these studies suggested that a protective role of CDG against neuronal injuries in PD. However,
the protective effects and speci�c mechanisms of CDG in PD remain to be further investigated. In this
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study, the bene�cial effects of CDG will be documented with 6-OHDA induced PD rats and the
mechanisms will be investigated.

Methods
Chemical reagents

6-OHDA, Apomorphine, DA and DOPAC were purchased from Sigma Chemicals (St. Louis, MO, USA).
Madopar was purchased from Shanghai Roche Pharmaceuticals Ltd (Shanghai, China). HVA was
purchased from TCI (Shanghai) Chemical Industry Co., Ltd (Shanghai, China). Nanjing Institute of
biological engineering kit was purchased from Nanjing Jiancheng Biological Engineering Research
Institute Co., Ltd (Nanjing, China). In situ cell death detection kit was purchased from Roche Molecular
Systems, Inc (Basel, Switzerland). All other chemicals were commercially available and of reagent grade.

Preparation of CDG

CDG was manufactured by Shanghai Traditional Chinese Medicine Pharmaceutical Technology Co., Ltd
(Shanghai, China) (lot number, 20140102), which composed of SDH, BS, GT, ZZM, DS, SCP and QX in a
dry weight ratio of 20:30:15:15:20:12:2(table 1). Herbs mixtured as the required proportion were cut into
slices and soaked in distilled water for 30 minutes, then boiled twice with 10 times and 8 times volume of
distilled water respectively, 1 h each. The extracts were merged and �ltered, then concentrated into the
cream form with the relative density of 1.30. The semi-manufactures obtained were dried, sifted and then
powdered to generate CDG. The electron pray ionization mass spectrometry (ESI-MS) analysis of CDG
was observed in Supplementary Material. The performing standard of CDG used in the present study was
in line with Chinese Pharmacopeia (2010 version). In the animal experiment, rats daily dosage of CDG
was converted from human daily dosage with the equation DB (rat) = DA (human)*7/388. Thus 6.3 times
of the normal dosage for adult human was de�ned as the dosage of CDG for rats. Rats in CDG groups
were given 7g/kg/day of CDG dissolving in distilled water at a concentration of 0.7g/ml.

Experimental Animals

Male Sprague-Dawley rats, weighing160-200g, were provided by the Animal Experimental Center of
Shanghai University of TCM, China (license No. SYXK (Hu) 2020-0009). Rats were housed in wire cages
at 23±2℃ and 60-65% humidity, with illumination of 12-hour dark/light cycle (light7:00-19:00, dark 19:00-
7:00), with access to water and food ad libitum. All experimental procedures were conducted according to
the National Institute of Health Guide for the Care and Use of Laboratory Animals, and approved by the
Animal Care Committee of Shanghai University of TCM.

6-OHDA induced PD model

The rats were anesthetized with 3% pentobarbital sodium (50mg/kg; intraperitoneal) and were �xed on a
stereotaxic apparatus (Shanghai Leica Instruments Co., Ltd., Shanghai, China).6-OHDA (diluted in normal
saline containing 0.2% ascorbic acid; Sigma, St. Louis, MO, USA), or sterile saline (3μL at each point) were
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injected at two points in the SNpc (Bregma coordinates for two injection points-�rst point:5.2 mm
posterior to the bregma, 1.0 mm right lateral to the midline, 9.0 mm below the dura mater; and second
point:5.2 mm posterior to the bregma, 2.5 mm right lateral to the midline, 8.5 mm below the dura mater)
at the rate of 1μL/min by 5μL Hamilton syringe. After the injection, the needle was retained in SNpc for 5
min. Then the needle was withdrawn at the rate of 1mm/min. After surgery, the rats were returned to the
same environment where they were in prior to surgery. Two weeks after the operation, the rats’
contralateral rotations induced by Apomorphine (APO) were measured and recorded with a video camera
at 2 weeks,4 weeks and 6 weeks. The duration of each recording time was 30 min. Rats with a rotating
frequency of over 7 turns per minute were included in the PD model.

Animal Treatment

Rats were randomly divided into Sham-operated group (n = 10) and model-operated group (n = 80).
Successful rat models of PD were randomly divided into an untreated PD group (n = 10), a Madopar-
treated PD group (n = 10) and a CDG-treated PD group (n = 10). Rats in the CDG group were fed with
7g/kg CDG, rats in Madopar group were gavaged with 150mg/kg Madopar and other groups were given
the same amount of saline. Each gavage volume was 1mL/100g, once a day for 6 weeks.

Collection of Tissue Sample

Rats were all sacri�ced then the fresh tissues of SNpc and striatum were quickly harvested. The samples
were collected on the ice box and placed in a refrigerator at -80℃ for subsequent detection of relevant
indicators. For immunohistochemistry and immuno�uorescence experiments, the whole rat brain was
immersed in 10% neutral formaldehyde. Brains were serially cut into coronal sections at a thickness of
20μm by using frozen microtome (Leica, Germany) and stored at -20°C in a cryoprotectant solution for
further histologic analysis. DA neurons in SNpc were detected by DAB staining, for the detection of
nutritional factors in this experiment, we used para�n embedded and sliced, the thickness is 3.5μm.

Rotation test

Rats were intraperitoneally injected with 0.5mg/kg APO to induce contralateral rotational behaviors. The
test was recorded for 30 minutes and the number of rotations were scored.

High performance liquid chromatography (HPLC)

After the behavioral test, the striatum was homogenized in 0.4 mol·L-1 perchloric acid solution (1mg:
40μL). After centrifugation at 12000 r/min for 15 min at 4°C, the supernatant was collected and placed
on ice until further HPLC analysis. The supernatant was used to measure the concentrations of DA and
its metabolites DOPAC and HVA by HPLC with electrochemical detection (EC), as previously described
[23]. The chromatographic conditions were as follows: the Welch XB-C18 column (4.6×250mm,5μm);
mobile phase: 6% methanol, 0.035mol·L-1 anhydrous citric acid,0.09mol·L-1 sodium acetate anhydrous,
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0.23mmol·L-1sodium octyl sulfonate,0.13mmol·L-1 EDTA. and pH=4.1; �ow rate:1 ml/min; and injection
volume: 50μL.

Western blotting analysis

The striatum tissues were lysed in T-PERTM Tissue Protein Extraction Reagent (Thermo Scienti�c, USA)
containing complete protease inhibitor. Then, the protein extracts were centrifuged for 30 min at 12000×g,
and the supernatant was collected. Protein concentrations were measured using a BCA kit (Beyotime
biotechnology Inc., Shanghai, China). The protein supernatant was denatured in loading buffer and boiled
in water for 10 min, and the protein samples were stored at -20 °C. Then, 40μg of protein from each group
was separated by 10% SDS-PAGE gels and electrophoresis and subsequently transferred onto a PVDF
membrane (0.45μm, EMD Millipore, Billerica, MA, USA). BSA (3%; Sigma-Aldrich, St. Louis, MO, USA) was
used to block the membranes for 2 h at room temperature (RT). The membranes were then incubated
with primary antibody TH (1:1000 dilution, Cell Signaling Technology, CST Inc., MA, USA), Bax (1:200
dilution;2772s, CST Inc.), Bcl-2(1:500 dilution;2676s, CST Inc.) overnight at 4 °C. After the membranes
were washed three times with tris-buffered saline containing 0.1% Tween-20 (TBST), they were incubated
with the horseradish peroxidase-conjugated antibody mouse β-Actin (1:3000 dilution; Santa Cruz
Biotechnology, Inc., Dallas, USA), GAPDH Antibody Mouse Monoclonal (1:3000 dilution; Proteintech
Group, Inc, Rosemont, USA) for 1 h at RT. After the �nal wash, signals were detected using Li-cor ODDSEY
infrared laser imaging system (CLx-1259, LI-COR Biosciences, USA); Image J software was used to
analyze the strip optical density.

Immunohistochemistry (IHC)

For IHC, the 20-μm-thick slices of rat brain tissue from each group were selected as similar as possible.
And frozen slices were subjected to citrate buffer (0.1 M, pH 6.0) at 95 °C for 10 min for antigen retrieval.
After the tissue was washed three times with phosphate-buffered saline containing 0.2% Tween-20
(PBST) for 10 min, the sections were treated with 0.5% Triton X-100 for 10 min and blocked with 5%
bovine serum albumin (BSA) for 1 h at RT. After blocking, the sections were incubated with anti- mouse
TH (1:1000 dilution; ab112, Cambridge, MA, USA), which was prepared with PBST (0.5% Triton X-100)
/1% sheep serum, incubated at 37 ℃ for 2 h, 4 ℃ overnight. Then, samples were incubated with the
horseradish peroxidase-conjugated secondary antibody (1:200 dilution; Abcam, Cambridge, MA, USA) for
1 h, and samples were detected with 3,3'-diaminobenzidine (DAB) for 2-3 min. Finally, the sections were
cover-slipped with neutral balsam and observed with an Olympus BA51 photomicroscope (Tokyo, Japan).
Image Pro Plus 6.0 software (Media Cybernetics, Rockville, MD, USA) was used for cell counting.

For the detection of neurotrophic factors, the 3.5-μm-thick slices were mounted on glass slides and baked
for 1h at 62 ℃, after which they were depara�nized and the endogenous peroxidase activity quenched.
The primary antibody NGF (1:200 dilution; Abcam, ab52918), BDNF (1:400 dilution; Abcam, ab108319),
GDNF (1:400 dilution; Abcam, ab176564) were incubated on the slides for 12 h at 4 ℃. After rinsing three
times with phosphate-buffered saline solution containing Tween, the horseradish peroxidase-conjugated
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secondary antibody (1:200 dilution; Abcam, Cambridge, MA, USA) was incubated for 20 min at RT and
then visualized after incubation with 3, 3-diaminobenzidine for 10 min at RT. Then, the sections were
counterstained with hematoxylin to mark the nucleus. Finally the binding sites were sealed with neutral
resin. Images were obtained at the objective len with 20×magni�cation. The number of positive cells were
counted by Image J software.

Immuno�uorescence staining

Brain frozen slices with 20μm thick from each group were washed with PBS �ve times for 3 min each.
Then, 0.5% (wt/vol) Triton X-100 and blocking serum were added successively and incubated for 10 min
and 1.5 h, respectively. The tissue was incubated in primary antibody, anti- mouse TH (1:1000 dilution;
ab112, Abcam Inc., Cambridge, USA), at 4 ℃ overnight. After being washed four times with PBS, the
sections were incubated with the secondary antibody (1:1000 dilution; A27034, Alexa Fluor 488; A-11007,
Alexa Fluor 555; Invitrogen, Carlsbad, CA, USA) for 1h at RT and protected from light. Images were
obtained at 5× and 20× the original magni�cation. The relative area immunoreactivity was calculated
with Image J software.

Measurement of oxidative stress level

Rats from each group were anesthetized with pentobarbital sodium (50mg/kg), decapitated and their
brains removed, then the right substantia nigra was dissected out and weighed.(1) removal of the brain
0.5g in the cold saline to remove blood, rinse, dry �lter paper, then put in the speci�cations for 5mL small
beaker;(2) adding 0.65mL cold 0.9% saline in the beaker, and with ophthalmic scissors cutting brain
block. as soon as possible; The brain tissue suspension was then poured into the homogenate tube, and
the cold 0.86% saline 0.3mL was added to the homogenate of 3~5min, and the 10% brain tissue
homogenate was prepared, and centrifuged at 12,000×g for 10 minutes at 4℃; The above steps were
carried out on the ice.

Take proper amount of supernatant of SOD, MDA, GSH, GSH-Px detection, the speci�c methods of
operation in strict accordance with the completion of Nanjing Institute of biological engineering kit
(MDA:20140530; GSH:20140510; GSH-Px:20140512; SOD:20140508; Nanjing Jiancheng Biological
Engineering Research Institute Co., Ltd. Nanjing, China) detection steps.

TUNEL assay

Select appropriate brain slices from each group of rats from the in situ hybridization protection solution.
TUNEL staining was performed as described previously according to the manufacturers’ protocols with
minor modi�cations. Brie�y, TUNEL assay was performed in 20-μm-thick frozen sections using in situ cell
death detection kit (Roche Molecular Systems, Inc; Switzerland Basel, Germany). All images were
acquired using a confocal microscope (Leica TCS SP2, Solms, Germany). The nuclei were stained with
DAPI (blue), and the apoptotic cells appeared green. Image Pro Plus 6.0 software (Media Cybernetics,
Rockville, MD, USA) was used for cell counting.
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Statistical analysis

The experimental data statistics are expressed as mean ± standard error (Means ± SEM). Two groups of
data were compared using T test, and multiple groups of data were analyzed by One-way ANOVA or Two-
way ANOVA followed with Turkey's multiple comparison test post hoc. When P <0.05, there was statistical
difference.

Results
CDG ameliorated behavioral symptoms of 6-OHDA induced PD rats

Rotational behavior directly re�ects the degeneration and death of dopaminergic neurons in PD rats [24].
With induction of APO, no rotational behavior was observed throughout the test in sham-operated rats,
while the number of the rotations of PD rats signi�cantly increased after surgery and gradually decreased
week by week (P < 0.001). The number of rotations of the Madopar group decreased signi�cantly
compared with 6-OHDA-lesioned group (𝑃 < 0.01) at 6 weeks. With 4 weeks, and 6 weeks of treatment,
the number of rotations of the CDG group signi�cantly decreased compared with the model group (P <
0.001, Fig 1). There was no signi�cant in the number of rotations between the Madopar group and the
CDG group (𝑃 > 0.05). These results suggested that CDG reduced motor dysfunction in PD rats.

CDG attenuated nigrostriatal dopamine loss of PD rats

Loss of striatal DA and its metabolites is closely associated with the dyskinesia in PD. In this study, the
striatal contents of neurotransmitter DA and the intermediate metabolites including DOPAC and HVA were
determine with HPLC-ECD. 6-OHDA toxicity signi�cantly reduced the DA, DOPAC, and HVA levels in the
striatum of model rats. Compared with the model group, the striatal contents of DA, DOPAC and HVA all
increased signi�cantly in both the Madopar and CDG group (P < 0.01, Fig 2A-C). However, the levels of
each neurotransmitter were similar between the two groups (𝑃 > 0.05). These results indicated that CDG
treatment could increase the contents of neurotransmitters including DA, DOPAC, and HVA in the striatum
of 6-OHDA induced PD rat.

To examine the DA neuronal injuries in the SNpc of PD, the protein expression of TH in striatum was
determined. Compared with the sham-operated groups, the expression of TH protein in the striatum of PD
rats was signi�cantly decreased (P < 0.01). After treatment with Madopar and CDG, the expression of TH
protein was signi�cantly improved (P < 0.05, P < 0.01, Figure 2D-E). Moreover, the expression of TH
protein in CDG group was higher than that in Madopar group. However, there was no signi�cant in them
(𝑃 >0.05). These dates suggested that CDG increased TH protein expression in PD rats.

CDG attenuated 6-OHDA induced loss of nigrostriatal DA neurons in the PD rats

Immunohistochemistry staining was used to evaluate the injuries of nigrostriatal DA neurons (Fig 3). The
results showed that the DA neurons of SNpc in the sham-operated group were brown, plump, large in
number, and clear in outline and process. In PD model rats, the cell bodies of neurons atrophied, and their
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outlines and processes were unclear. The number of DA neurons in the SNpc of PD rats signi�cantly
decreased compared with the sham group. The number of DA cells in Madopar group increased
signi�cantly compared with the model group (P < 0.05). After treatment with CDG, the number of DA cells
increased signi�cantly compared with the model group. In addition, the average optical density of the
striatum of PD model dereased, CDG and Madopar group could improve the average optical density of
the striatum of PD rats. However, there was no signi�cant in them (𝑃 > 0.05). These results indicated that
CDG treatment could attenuate the 6-OHDA induced DA neuronal injury.

CDG alleviated 6-OHDA induced oxidative stress in the Striatum of PD rats

Evidences have been developed for oxidative damage to key cellular components in the SNpc of PD,
ultimately leading to cell death. GSH reacts with H2O2 to produce oxidized glutathione, thus scavenging
oxygen free radicals. Thereby GSH turns to indicate the antioxidant capacities of organisms [25].
Compared with the Sham group, the SOD content, GSH and GSH-Px activity in the striatum of the Model
group reduced signi�cantly, while the MDA level signi�cantly increased; Compared with the model group,
the MDA level of rats in the CDG and Madopar group decreased signi�cantly, while the SOD content, GSH
and GSH-Px activity increased signi�cantly (Fig 4).However, there was no signi�cant in CDG and
Madopar group (𝑃 > 0.05).The results showed that CDG alleviated oxidative stress in PD rats.

CDG reduced 6-OHDA induced cell apoptosis in the nigrostriatal pathway of PD rats

The cell apoptosis in the SNpc of each group was stained and observed. Use TUNEL staining method to
label apoptotic cells, and at the same time co-standardize with TH expression in the SNpc of rats. The
experimental results showed that, compared with the sham group, the number of TUNEL positive cells in
the model group was signi�cantly increased. After 6 weeks of treatment, compared with the model group,
the number of TUNEL positive cells in the SNpc was signi�cantly reduced in the CDG and Madopar group
(Fig 5A-B). There was no signi�cant between CDG and Madopar group (𝑃 > 0.05). The results showed
that CDG could suppress the apoptosis of PD rats.

Western Blotting analysis showed that a marked depletion in the expression of Bcl-2/Bax in the striatum
of 6-OHDA-lesioned group compared to the sham group (Fig 5C-D, P < 0.001). After 6 weeks of treatment,
Madopar group increased the protein expression of Bcl-2/Bax compared with 6-OHDA-lesioned group (𝑃
< 0.05). CDG also showed improvement in the level of striatal protein expression of Bcl-2/Bax (𝑃 < 0.01).
The result showed that CDG inhibited the apoptosis of dopaminergic neurons in PD rats.

CDG increased the expression of neurotrophic factors in the SNpc of PD rats

BDNF, GDNF and NGF expression in the SNpc were visulized by IHC staining and the positive cells were
counted (Fig 6). NGF-positive neurons and BDNF mainly expressed in the cytoplasm. GDNF mainly exists
in the nucleus of neuronal cells. Compared to the Sham group, the number of NGF, BDNF, and GDNF-
positive cells in the SNpc of PD model rats signi�cantly decreased (P < 0.001). After 6 weeks of
intervention, the counts of NGF, BDNF and GDNF in the SNpc of the Madopar group and CDG group were
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all higher than those in PD model group. There was no signi�cant difference between Madopar group and
CDG group (P > 0.05). The results showed that CDG increased the expression of neurotrophic factors
(NGF, BDNF, GDNF) in the SNpc of PD rats.

Discussion
The incidence of PD increases greatly in the worldwide. Levodopa preparations and anticholinergic drugs
have been commonly used in PD therapy as far. However, the side effects are usually reported within 2-5
years of medicine treatment and increases along with the course. An approved alternative drug
speci�cally targeted to PD is almost nonexistent at present [26]. A large number of studies have shown
that TCM treatment could not only improve the clinical e�cacy but also reduce the side effects of
chemically synthesized drugs in PD therapy [27]. CDG had a good therapeutic e�cacy on PD [28,29]. In
our previous work, CDG reduced the adverse effects of L-DOPA in PD rat model by increasing the
expression of DAT [30]. In this study, we obtained experimental evidence that CDG improved motor
function of PD rats, as well as the increased DA neurons, consistently demonstrating the protective role of
CDG in PD.

Unilateral injection of 6-OHDA was performed to set up a rat model of PD, which is the most common and
widely used model to explore the e�cacy of PD drugs. The protective effects and molecular mechanisms
of the sulfated polysaccharide (SJP) against 6-OHDA-induced toxicity were investigated in SH-SY5Y cells
[21]. Wang used 6-OHDA induced PD rats to analyze the effect of electroacupuncture on alleviating motor
symptoms and up-regulating vesicular glutamatergic transporter 1 expression [32]. In our study, the 6-
OHDA induced PD rats were used, in which the rotational behaviors were alleviated, and the number of TH
positive neurons, the expression of TH in the striatum and the contents of neurotransmitters including DA,
DOPAC, and HVA were increased signi�cantly with CDG treatment.

Madopar, containing two active ingredients called levodopa and benserazide, is one of the
antiparkinsonian agents frequently used in PD to increase the levels of dopamine in the brain. Madopar
was commonly used as a control group by improving motor symptoms and increasing the number of DA
neurons in rats with PD [33-35]. Madopar was also applied in this study as a positive control for PD
treatment, the 6-week treatment of which delivered similar improvements in 6-OHDA induced PD rats.

Although the speci�c pathogenesis and progression of PD are not fully understood, overwhelming
evidences suggest that oxidative stress plays an important role in dopaminergic neuronal degeneration
[8]. The maintenance of redox potential is an important factor for neuronal survival, any disruption in
which might interfere with other cellular biological processes, ultimately leading to cell death [36].
Satpute’ research investigated that resolved the oxidative stress could protect tyrosine hydroxylase–
positive neurons in midbrain [34]. In this study, the enhanced level of MDA, decreased SOD content and
GSH and GSH-Px activity in the striatum of 6-OHDA induced PD rats were all reversed by CDG treatments.

The Bcl-2 protein family plays a major role in the process of apoptosis. It contains both pro-apoptotic
proteins (such as Bax) and anti-apoptotic proteins (such as Bcl-2) [37]. When stimulated by various
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factors (such as oxidative stress), pro-apoptotic proteins will translocate to the outer membrane of
mitochondria, triggering the release of cytochrome C and other apoptosis-inducing factors, inducing
apoptosis; In contrast, the inhibitor of apoptosis protein factor will inhibit the occurrence of apoptosis
[38]. And we found that CDG was able to reduce the number of TUNEL-positive neurons in the SNpc, and
increase the expression of Bcl-2/Bax protein. Neurotrophic factor (NTF) is a peptide active substance that
can stimulate the regeneration of adult neurons, play a neuroprotective role, and reduce the death of DA
neurons. It has been reported that NGF has a protective effect on PC12 cell death caused by 6-OHDA and
reduces the occurrence of apoptosis [39]. BDNF can promote the survival, differentiation and growth of
DA neurons [40]. Experimental studies showed that GDNF was injected into the SNpc of PD model rat
injured by 6-OHDA, and its behavior and DA content were improved [39]. In this experiment, we observed
increased oxidative stress and apoptosis in PD rats, and CDG could ease oxidative stress, alleviate
apoptosis, increase the expression of NGF, BDNF and GDNF in the SNpc of PD rats. thereby exerting a
neuroprotective effect, but its speci�c mechanism still needs in-depth research.

With TCM theory, some evidences con�rmed that a variety of Chinese herbs and their effective
components have the effect of delaying the progression of PD. Wang found that CDG could improve the
oxidative stress of PD rats, thus playing the role of "enhancing the effect and reducing the toxicity"
[41].Hu found that CDG regulated the expression of apoptosis-related proteins through the PI3K/Akt
signaling pathway and inhibited the apoptosis of the striatum cells of PD rats[42]. Liang’ research
investigated that CDG played a role in the treatment of PD by regulating the expression of neurotrophic
factor and its receptor [43]. Zheng’s study con�rmed that paeoni�orin could ameliorate the behavioral
de�cits and reduce DA cell loss that were induced by MPTP in the model of PD [44]. Li’s study found that
isorhynchophylline signi�cantly attenuated 1-methyl-4-phenylpyridinium (MPP+)-induced apoptotic cell
death and oxidative stress in PC12 cells [45]. The neuroprotective effects of verbascoside on the neuronal
apoptosis and oxidative stress of MPP+-induced PC12 were veri�ed [46]. This suggested that these
compounds may be the material basis of the activity of CDG against PD.

In this study, we demonstrated that CDG could improve the neurobehavioral performance of PD rats and
increase the expression of TH protein, TH+ neurons and the DA, DOPAC and HVA of PD rats. Moreover, the
oxidative stress and the cell apoptosis induced by 6-OHDA toxicity were also ameliorated by CDG
treatment. CDG increased the expression of NGF, BDNF and GDNF in the SNpc of PD rats. Collectively,
CDG is of potential therapeutic value in the treatment of PD. In the future, we would split and recombine
the herbs in CDG, to explore the further mechanism and to establish the potential active components.

Conclusions
CDG treatment can alleviate DA neuron loss and motor de�cits of PD by ameliorating the oxidative stress,
inhibiting the cell apoptosis and increasing the expression of neurotrophic factors.
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Figure 1

Behavioral performances of rats in the rotation test. Rotating laps of rats with the induction of
apomorphine were examined in 0 week, 2 weeks, 4 weeks and 6 weeks after CDG treatments. Statistical
analysis was performed with Two-Way ANOVA, n=9. Signi�cant differences were indicated by ** P
0.01;*** P 0.001.
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Figure 2

CDG against 6-OHDA induced dopamine reduction and TH-positive neuron loss. (A-C) Contents of
striatum DA (A), DOPAC (B) and HVA (C) were analyzed by HPLC-ECD; (D, E) TH protein expression was
examined by western blotting (D) and TH protein was quanti�ed (E). GAPDH served as control. Statistical
analyses were performed with One-Way ANOVA, Turkey’s multiple comparison test post hoc, n = 3.
Signi�cant differences were indicated by * P 0.05;** P 0.01;*** P 0.001.
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Figure 3

6-OHDA induced loss of dopaminergic neurons in the nigrostriatal pathway of the rat brain. (A) DAB
staining of TH on midbrain sections in each group (Scale bar: 400μm). (B) DAB staining of enlarged TH-
positive cells in each group (Scale bar: 100μm). (C)Stereological counts of TH-positive cells of the SNpc
at 6 weeks after 6-OHDA intoxication. (D) Average optical density of striatum in each group. Statistics of
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the number of TH positive neurons was shown beside. Statistical analysis was performed with Two-Way
ANOVA, n = 3. Signi�cant differences were indicated by * P 0.05, ** P 0.01, *** P 0.001.

Figure 4

The relative activity of molecules involved in oxidative stress. The SOD content, the activities of GSH and
GSH-Px , the SOD content and the MDA level of the striatum were detected. Statistical analyses were
performed with One-Way ANOVA, Turkey’s multiple comparison test post hoc, n=9. Signi�cant differences
were indicated by * P 0.05, ** P 0.01, *** P 0.001.
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Figure 5

(A)TUNEL assay of CDG reduced apoptosis in 6-OHDA induced PD rats. representative confocal
�uorescent images of the SNpc with TUNEL (green), TH (red) and DAPI (blue). Scale bar:100 um. (B)The
apoptosis index of the SNpc at 6 weeks after 6-OHDA intoxication. (C) The expression levels of Bax, Bcl-2
proteins of the striatum. The protein expression was examined by Western blotting. GAPDH served as
control. (D) The expression of Bcl-2/Bax in the striatum. Statistical analysis was performed with One-Way
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ANOVA, Turkey’s multiple comparison test post hoc, or Two-Way ANOVA, n =3. Signi�cant difference was
indicated by * P 0.05; ** P 0.01; *** P 0.001.

Figure 6

Immunohistochemical staining labeled neurotrophic factors in SNpc in 6-OHDA induced PD rats. (A) IHC
staining of NGF, BDNF and GDNF in the SNpc of each group. NGF, BDNF and GDNF were indicated with
IHC in brown; the nucleus of cells were counterstained with hematoxylin (deep purple). Scale bar: 100μm.
(B-D) Stereological counts of NGF, BDNF and GDNF positive cells of the SNpc at 6 weeks after 6-OHDA
intoxication. Statistical analysis was performed with Two-Way ANOVA, n = 3. Signi�cant differences were
indicated by * P 0.05, ** P 0.01, *** P 0.001.
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