
REVIEW ARTICLE

Therapeutic Strategies for Parkinson’s Disease: The Ancient
Meets the Future—Traditional Chinese Herbal Medicine,
Electroacupuncture, Gene Therapy and Stem Cells

Xuan Wang Æ Xi-Bin Liang Æ Feng-Qiao Li Æ Hui-Fang Zhou Æ Xian-Yu Liu Æ
Jian-Jun Wang Æ Xiao-Min Wang

Accepted: 28 March 2008 / Published online: 11 April 2008

� Springer Science+Business Media, LLC 2008

Abstract In China, it has been estimated that there are

more than 2.0 million people suffering from Parkinson’s

disease, which is currently becoming one of the most

common chronic neurodegenerative disorders during recent

years. For many years, scientists have struggled to find new

therapeutic approaches for this disease. Since 1994, our

research group led by Drs. Ji-Sheng Han and Xiao-Min

Wang of Neuroscience Research Institute, Peking Univer-

sity has developed several prospective treatment strategies

for the disease. These studies cover the traditional Chinese

medicine—herbal formula or acupuncture, and modern

technologies such as gene therapy or stem cell replacement

therapy, and have achieved some original results. It hopes

that these data may be beneficial for the research devel-

opment and for the future clinical utility for treatment of

Parkinson’s disease.
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Introduction

Parkinson’s disease (PD) is one of the most common

chronic neurodegenerative disorders of the central nervous

system (CNS), affecting about 3% of the population over

the age of 65 worldwide [1]. A recent cross-sectional

prevalence investigation in China showed that the preva-

lence of PD was about 1.7% in male and 1.6% in female in

people aged over 65 years old [2]. It has been estimated

that about 2.0 million people in China are suffering from

this disease. But the actual number might be even higher

considering those patients living in the countryside who

may never have been diagnosed. Therefore, PD is

becoming one of the most critical health problems in

China.

The pathological hallmark of PD is a specific degener-

ation of dopaminergic (DAergic) neurons in substantia

nigra of midbrain, followed by the significantly reduced

content of neurotransmitter-dopamine (DA) in striatum,

and resulting in the clinical symptoms. Firstly described by
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Dr. James Parkinson as early as in 1817, the cause of

chronic nigral cell death in PD and its underlying mecha-

nisms remain obscure nowadays. In the clinic, treatment

with levodopa (L-Dopa), the precursor of DA, is simply

symptom-modifying within limited time rather than a cure

[3]. Therefore, a more effective therapy is critically needed

not only for relief of the symptom but also halt or even

reversal of the progress of the disease. For many years,

scientists from all over the world have been striving to find

new therapeutic approaches for PD and great efforts have

been made from pharmacological, neurosurgical approa-

ches to the gene therapy and stem cell transplantation.

Alternatively, we envision that the traditional Chinese

medicine (TCM), including herbal formula and acupunc-

ture, may provide a unique strategy in combating the

devastating neurodegenerative disease.

Starting from 1994, our neurodegenerative disease

research group in Neuroscience Research Institute, Peking

University, supervised by Drs. Ji-Sheng Han and Xiao-Min

Wang, has established and dedicated to explore the utility of

TCM in treatment of PD in preclinical studies. We have also

been engaged in deciphering the mystery of the ancient

clinical practices using modern state-of-art technologies.

These studies have achieved some original results and some

related articles have been published in recent years, which

may shed light upon the old mystery of the basic disease

mechanism and its future clinical utility for treatment of PD.

Traditional Chinese Herbal Medicine

The ancient Chinese medical books had described some

characteristic symptoms as trembling of the hands and

shaking of the head that resemble Parkinson’s-like symp-

toms today. The treatment of these symptoms with Chinese

herbal medicine has been used over centuries. Even now-

adays, herbal medicine is still very popular for treatment of

PD in Asian countries such as China, Japan and Korea. The

most significant characteristic of Chinese herbal formula-

tions is that they are usually composed of multiple crude

herb materials. Given that the pathogenesis and causes of

most diseases like PD could not be single factor-derived, it

is reasonable to use such combined treatment as herbal

formulation with multiple biologically active components

to address a variety of pathogenesis aspects. However,

because of lack of reliable quality control and failure to

meet Western criteria, there is still a long way to go for

TCM to be widely accepted by Western countries. To

simplify the complexity of herbal formulation, we envision

that the efficacy of TCM is derived from the combination

of single active components. Therefore, we try to identify

some potent bioactive compounds from herbal extractions

aimed at specific pathological factors.

Accumulating evidences suggest that an inflammatory

response in the CNS is involved in the degeneration of

DAergic neurons. The inflammatory response in the CNS is

characterized by the presence of abnormally activated

microglia, the resident immune surveillance cells in the

brain, which are functionally similar to peripheral macro-

phages. Upon various stimuli or brain injury, microglia can

be rapidly overactivated followed by subsequent release of

a host of cytotoxic substances such as nitric oxide (NO),

cytokines, excitatory amino acid, reactive oxygen species

(ROS), arachidonic acid and its derivatives. Excessive

exposure of neurons, especially DAergic neurons which is

very vulnerable, to these cytotoxins can initiate the apop-

totic signaling pathways, and thus lead to progressive

degeneration or cell death of DAergic neurons [4]. The

drugs with inhibitory properties on the activation of

microglia or release of neurotoxins may exert neuropro-

tective effect and prove to be effective in slowing or even

halting the progressive neurodegeneration.

In our effort in exploring new herbal drugs, extracts of

the traditional Chinese herb Tripterygium wilfordii Hook F

(TWHF) have drawn our attention (Chinese Patent-The

extracts of TWHF on prevention and treatment of nervous

system diseases. Patent No.: ZL00107779.1). TWHF

(Celastraceae) has been historically used in TCM. The part

with pharmacological efficacy is in the root. TII, the active

anti-inflammatory component of TWHF, has been reported

to be effective in treatment of a variety of inflammatory

and autoimmune diseases, such as rheumatoid arthritis

(RA), systemic lupus erythematosus, and now has been

used in clinical trials [5, 6]. Triptolide (designated as T10),

the most abundant and active component of TWHF, is the

principal active deterpenoid further purified from TII. T10

exerts the anti-inflammatory, immunosuppressive and anti-

fertility activities, and its potency is about 100–200 times

higher than that of TII [7]. In 1999, Qiu et al. reported that

T10 inhibited the expression of interleukin (IL)-2 in

peripheral lymphocytes induced by phorbol 12-myristate

13-acetate (PMA), CD3 antibody and ionomycin [8].

T10 can penetrate the blood-brain-barrier (BBB) easily

because of its lipophilic character and small molecular size.

The brain is one of the organs most abundant in T10 after

systemical administration of T10. We therefore hypothe-

sized that T10 might exert similar anti-inflammatory and

immunosuppressive activities in CNS and protect neurons

from inflammatory damage. Our group demonstrated for

the first time that T10, and its analog T4, possess potent

neuroprotective properties on DAergic neurons both

in vitro and in vivo [9, 10]. T10 can promote the axon

growth of rat DAergic neurons in primary culture and

inhibited cytotoxic effects of neurotoxins MPP+ (1-methyl-

4-phenyl-pyridinium ion, MPP+) and b-amyloid (Ab)

in PC12 cells. T10 inhibited microglial activation and
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decreased the release of pro-inflammatory cytokines

induced by lipopolysaccharide (LPS) in primary neuron-

glia mixed culture. Most significantly, T10, at concentration

of as low as 0.1 nM, can inhibit the production of tumor

necrosis factor-a (TNF-a) by activated microglia. At

0.1 lM, T10 almost completely inhibited the release of

TNF-a. The effect of T10 on different inflammatory cyto-

kines is varied. T10 in low concentration (0.1–1 nM)

showed no obvious effect on the release of IL-1b induced

by LPS, while only at higher concentration (0.1–1 lM), it

displayed potent inhibitory activity [11]. T10 protected

DAergic neurons in substantia nigra and alleviated the

abnormal rotational behaviors induced by amphetamine in

PD rat model by transection of medial forebrain bundle

(MFB) with a wire knife. The mechanism may be due to

the improvement of brain derived neurotrophic factor

(BDNF) expression and the neurotrophic activity of nerve

growth factor (NGF) [12, 13]. The beneficial activities of

T10 on DAergic neuronal protect was further comfirmed

with an inflammatory PD model by injection of LPS into

the substantia nigra. Using this inflammatory model, T10

significantly improved the behavior of PD rats, decreased

DAergic neuron death and increased DA level in striatum

after intraperitoneal injection with T10 (5 lg/kg) for

24 days. These results indicate that T10 can reduce the

inflammation-mediated the death of DAergic neurons

through inhibiting the over-activation of microglia and the

excessive release of cytokines induced by LPS [10]. In

addition to the anti-inflammatory effect, we postulate that

the following mechanisms may also contribute to the

neuroprotective effect of T10. (1) Anti-oxidative stress

activity. As evidence, we have found that T10 can inhibit

the accumulation of ROS induced by glutamate or MPP+ in

PC12 cells [14, 15]. (2) Inhibiting glutamate toxicity and

Ca2+ overload. T10 inhibited the apoptosis of PC12 cells

induced by Ab by inhibiting the production of ROS and by

reversing the decrease of mitochondrial membrane poten-

tial [15]. (3) Inhibiting the apoptosis of neurons and

activation of NF-jB. It has been reported that T10 inhibited

the activation of NF-jB transduction induced by TNF-a
[16]. (4) Upregulating the release of neurotrophins. NGF

and BDNF in substantia nigra decreased significantly in PD

patients, while T10 and its analog T4 improve the expres-

sion of BDNF mRNA in primary midbrain cell culture, and

show synergistic effects on the neurotrophic activity of

NGF [9]. It is still unknown whether T10 improve the

secretion of NGF of glial cells to play its neurotrophic or

protective effects on DAergic neurons (Fig. 1).

Taken together, a series of investigation has been con-

ducted in our group and have disclosed the neuroprotective

effects of T10 from phenomena to mechanisms. Now, we

are engaged in identification of the direct target molecule

of T10. Using structure-activity relationship (SAR)

analysis, we are expecting to validate the crucial groups or

domains of T10 which are relevant to its favorable bioac-

tivities and toxicities, respectively. Once validated, we will

be able to conduct the molecular modification on the

structure of T10 to enhance the therapeutic efficacy and

reduce toxicity or side effects.

Electroacupuncture

As a modality for PD treatment, acupuncture is being used

widely in the world as a weighty form of alternative medi-

cine. The latest statistical data show that at least 40 percent of

patients used alternative therapies to ameliorate the symp-

toms, and acupuncture is one of the most popular modalities

[17–21]. After the acupuncture treatment, 70–80% of

patients reported the improvement in subjective symptoms

and several motor scores as well as the significant amelio-

ration of their sleep and mood. No side effects were found.

Electroacupuncture (EA) is a significant innovation on

the traditional manual acupuncture using the state-of-art

technology. In the past 40 years, Dr. Ji-Sheng Han has

been actively dedicated to decipher the mechanism of

acupuncture. EA is more suitable for the experimental

research for its easiness to be objectively and precisely

controlled independent of operators compared to traditional

acupuncture. The parameters of EA relate to its therapeutic

efficacy including point-choosing, frequency of EA stim-

ulation and treatment sessions, intensity, and period of

treatment. In experiments of Liang XB et al. [22, 23],

MFB-transected parkinsonian rats were received EA

stimulation at BAIHUI (GV20, at the mid point of the line

connecting the 2 ears) and DAZHUI (GV14, just below the

spinaous process of the vertebra prominens) for a total of

30 min each day at two frequencies (2 Hz and 100 Hz).

The intensity of the stimulation was increased stepwise

from 1 mA to 2 mA and then to 3 mA, with each step

lasting for 10 min. By systematic comparisons, we claimed

that the long-term effects of 100 Hz stimulation were better

than that of 2 Hz stimulation, mainly because the former

could still attenuate the rotational behavior significantly in

the fourth week but the latter could not. 100 Hz EA could

significantly increase the survival rate of DAergic neurons

in substantia nigra pars compact of the lesioned side of PD

rats, which indicated that 100 Hz EA could hinder the

progressive degeneration of DAergic neurons and therefore

had unambiguous protective effects.

The previous studies pointed out that EA stimulation

could affect the DA content in the brain; for example, in

rats, EA stimulation at the points on the Governor Vessel

(GV, a group points in the middle of the back) could raise

striatal DA content. It was also reported that stimulating

RENZHONG (GV26, at the dividing line between the
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upper and middle thirds of the philtrum) and CHENGJI-

ANG (CV24, in the middle of the mentolabial groove) at

the same time could significantly elevate striatal DA con-

tent [24]. Our work testified that 100 Hz EA stimulation at

BAIHUI and DAZHUI also could increase striatal DA

content in PD rats [25]. We hypothesize that EA stimula-

tion may enhance the activity or content of tyrosine

hydroxylase (TH) which is the rate limiting enzyme of DA

or the reuptake of DA by DAergic presynaptic terminals

(our new data, unpublished).

In addition to the therapeutic effect on PD rats, EA

stimulation was found to be able to improve behavioral

deficits, protect DAergic neurons and augment striatal DA

content in subacute MPTP-lesioned mice [26]. This sug-

gested that there was no species difference in point of the

effect of EA stimulation on rodent PD model. However,

more basic studies and clinical investigations are needed to

expand the efficacy of EA, as a common rule, in the

treatment of PD.

Nowadays, mechanisms underlying the EA improve-

ment in PD symptoms still remain unclear. In our studies,

100 Hz EA could retard the degeneration of DAergic

neurons, increase the gene expression of GDNF in the

unlesioned side of substantia nigra reticular and both sides

of the global pallidus, of BDNF in the substantia nigra and

ventral tegmental area (VTA), and BDNF content in the

ventral midbrain [22, 23, 25]. 100 Hz EA could inhibit

the activation of microglia and its transformation into

macrophage and prevent the transcription of neurotoxic

agents [25]. These results suggested that EA could improve

the symptoms of PD through suppressing cellular ROS and

inflammation, and increasing the synthesis and release of

neurotrophins. Furthermore, EA may play an important

role in balancing the basal ganglion circuit and keeping

homeostasis. All the current results indicate that the action

of EA on the treatment of PD may be versatile by inter-

fering in multiple signaling pathways.

In summary, our group initiated the investigations in the

neuroprotective mechanisms of EA, enriched the theories

of acupuncture in treating neurodegenerative disease, and

found the basis for the further study of EA therapy for PD

from the aspects of neuroprotection, anti-inflammation and

balancing the nerve circuits. Following our pioneering

studies, we are happy to see that a lot of interest has been

sparked to explore the molecular mechanism underlying

the therapeutic effect of EA on treatment of PD. We

believe that these fundamental researches will eventually

decipher the mystery of the ancient Chinese clinical prac-

tice of acupuncture and may pave an alternative or unique

way to the therapy of PD.

Gene Therapy

With the development of molecular biology technique and

the execution of human genome project, PD gene therapy

Fig. 1 Mechanisms of neuroprotective effect of T10. In CNS,

overactive microglia can lead to the death of DAergic neurons by

releasing inflammatory factors, NO or superoxide free radicals.

Inflammatory factors can upregulate the level of iNOS, which

aggravates the effects of NO. These cytokines also activate excitable

amino acid-glutamine, and then stimulate the Ca2+ release. Redundant

NO entering into the soma of neurons can inhibit the mitochondrial

complex I and lead to the generation of more free radicals.

Superoxide free radicals bring on superoxide of neurons and cause

cell damage. T10, a Chinese Herb TWHF monomer, may play the

neuroprotective role on DAergic neurons by inhibiting the activation

of microglia, resulting in the declines of inflammatory cytokines, NO,

superoxide free radicals or Ca2+ overload
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becomes one of the most active research points. The most

common method of gene therapy is to use replication-

defective recombinant virus vector for gene delivery,

including herpes simplex virus (HSV), retrovirus, adeno-

virus (Ad) and adeno-associated virus (AAV) [27]. AAV is

a single stranded DNA virus of 4.7 kb. It has no immu-

nogenicity, integrates into host chromosome, and amplifies

with the division of host cells. Till now, there are no known

diseases related to AAV. Recombinant AAV (rAAV) can

help exogenous gene express in vivo for long time, and it

has been observed that target gene expressed in vivo for

1.5–2 years. All the characteristics above determined that

AAV vector was promising in PD gene therapy [28, 29].

However, there are still two critical issues to be addressed

before gene therapy moves into clinical application: the

long-term, stable, safe expression and managable expres-

sion of target genes. In comparison to glucocorticoid,

metallothionein and other inducible system, tetracycline

inducible system is relatively sensitive and safe with fewer

side effects. It is a drug- and dose-dependent inducible

expression system including two parts: tetracycline trans-

activator (tTA) and a promoter comprised of part of

tetracycline operon sequences and key sequences of cyto-

megalovirus immediate early promoter. It has been

reported that putting tetracycline inducible system into

human immunodeficiency virus (HIV) or Ad turned out to

yield promising results [30, 31].

Recently, there have been tremendous achievements in

the study of gene therapy in PD treatment. In 2001, gene

therapy was first applied in PD patients [32] with the

application of AAV expressing glutamic acid decarboxyl-

ase (GAD) gene GAD 65 and GAD 67 that synthesize the

inhibitory neurotransmitter gamma-aminobutyric acid

(GABA), thereby helping DA system recovery to homo-

eostasis. This breakthrough makes people believe in PD

gene therapy. Besides the GAD gene, the major genes

studied now include GDNF [33–35] and TH [36, 37]. Our

group put human TH/GDNF gene into Ad or AAV vectors,

produced Ad or AAV infected neuron-like cell lines and

primary cultured neurons, and proved that they could

express stably for long time, and had neuroprotective effect

[38, 39]. After that, we first innovatively constructed tet-

racycline inducible rAAV vector expressing both TH and

GDNF genes [Patent-Inducible AAV vector expressing two

genes for PD therapy. Patent No.: 01136007.0]. The double

transgene strategy was introduced to compensate the defi-

ciency of single gene strategy based on the fact that

administration of single gene TH can alleviate symptoms

but can not stop the progressive loss of neurons. Firstly, we

constructed AAV vector carrying reporter genes-red fluo-

rescence protein (RFP) and green fluorescence protein

(GFP) genes, and transfected PC12, BHK, HEK293 and

MN9D cells. We found that they were highly expressed in

these cell lines, and tetracycline and its derivative doxy-

cycline could effectively control transgene expression.

That means we successfully constructed the tetracycline

inducible AAV vector [40]. After transfection of AAV

vector expressing TH and GDNF genes into PC12, BHK,

HEK293 and MN9D cells, TH and GDNF expression in

transfected cells was observed, and the production of DA

increased effectively [41]. The effectiveness of such a

strategy is to be determined in PD animal models and

intensive investigations are ongoing.

Stem Cells Replacement Therapy

Early in 1979, Perlow et al. transplanted human fetal

mesencephalic tissue derived from naturally aborted fetu-

ses, rich in primary DAergic neurons, into the brain of PD

rat models, and found that the defect in behavior was

significantly improved [42]. In the past twenty years, sev-

eral meaningful researches on the cell therapy for PD have

been carried out [43–46]. However, the method has many

problems to be solved before being implemented. The first

one is the insufficiency of donor cells. This limitation and

others such as poor survival rate of grafted cells have

hindered its application in the clinical medicine, and urged

scientists to find a new cell source for replacement.

In 1999, stem cell research was appraised one of the

most valuable investigations by Science. Since 1997, neu-

ral stem cells (NSCs) isolated from fetal brains have been

cultivated in vitro and transplanted into animal models of

PD to test their therapeutic efficacy [47–49]. Meanwhile,

more and more researches have focused on the embryonic

stem (ES) cell transplantation therapy for PD in recent

years, especially after 1998, the human ES cells were

cultured successfully in vitro [50, 51]. Although ES cells

possess the unique characters absent in other stem cells, it

should not to conclude that they are the most appropriate

cell type for replacement therapy for PD due to the latent

tumor-forming trait.

Now it is well known that stem cell transplantation

treatment is not so simple and easy to make progress. The

most exerted disputation is whether it is needed for

pre-differentiation of stem cells in vitro before cerebral

transplantation. Present opinion is that only those stem cells

pre-induced in vitro have therapeutic effect after trans-

plantation [52, 53]. From 2000, our research group has

begun to study the properties and therapeutic effect of

mesencephalic NSCs derived from naturally aborted human

fetus [54]. The results showed that these NSCs differentiated

into DAergic neurons when incubated with cocktail induc-

tion media containing forskolin, FGF8 and GDNF. After

being transplanted into the striatum of pakinsonian rats,

pre-induced NSCs improved the disordered behaviors,
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while those non-induced NSCs had no therapeutic efficacy.

The mechanisms for differential effects of induced and non-

induced NSCs grafts had been analyzed further. Induced

NSCs possessed the greater differentiation capacity, but

poorer migration ability. They remained in the graft site-

striatum and differentiated into more neurons and astro-

cytes, and some TH-positive cells. Non-induced NSCs, in

contrast, migrated into other brain areas after transplantation

and had lower differentiation capacity. These above differ-

ences might result in differential therapeutic efficacy. The

results further demonstrated that pre-differentiation was the

key step for the final successful treatment on PD. Therefore,

many researches on the induction methods of DAergic dif-

ferentiation emerged [55–57]. Our research group found that

forskolin, as a coactivator, induced DAergic differentiation

when it was treated with other neurotrophic or growth fac-

tors together [58]. With the thorough investigations, people

find that the committed induction of stem cells is very dif-

ficult. It is necessary to understand the developmental

process of neurons clearly, which requires the evolvement of

developmental neurobiology.

Another issue in our experiment was that even though a

higher percentage of DAergic neurons obtained in vitro,

the survival ratio of these cells was very low after trans-

plantation. This may be due to the lower number of total

survived cells [54, 59]. Although survival of DAergic

neurons differentiated from stem cells was still far from

satisfaction, these studies resulting in improved behaviors

of PD models indicate that such an approach might be

feasible. These two results seem to be contradictory,

because behavioral improvement depends on the number of

surviving DAergic neurons to a great extent. This urges

people to find out other facilitatory functions of grafted

stem cells on behavioral changes. Nevertheless, the prob-

lem of lower survival ratio of DAergic neurons should be

resolved first of all. In January of 2005, a paper published

on Journal of Clinical Investigation firstly reported the

function of ES cells derived from primate at PD therapy

[60]. Researchers refined the transplantation method,

grafting the progenitors of DAergic neurons, not the mature

ones after induction. This change apparently increased the

survival ability of grafted cells in brain, and the grafts

achieved good therapeutic effect on PD primates, however,

long-term cell survival, tumor formation potential and

therapeutic effects have not been confirmed.

Stem cells replacement therapy for PD has achieved

many inspiriting developments, but we must be aware that

there will be a very long time before the use of these cells

in clinic. It is needed to explore the possibility of the

integration of grafts into host cells to establish normal

nervous connections. In cell transplantation treatment for

PD, it is very crucial to select the appropriate grafted cell

type (Fig. 2). Although a lot of problems need to be

resolved, stem cell therapy is still the best hope for

exploring new approaches for PD therapy.

Summary

During more than one century after PD discovery, the mys-

terious veil of this disease is being uncovered gradually. As

effective treatment methods in alleviating the symptoms of

PD patients, TCM and acupuncture are being used widely.

The underlying mechanism of their efficacy is being recog-

nized gradually. We believe that a combination of ancient

TCM and modern techniques will initiate new approaches

for PD treatment. No matter what therapeutic methods, the

effects need to be confirmed by strict and long-term animal

experiments before clinical application. It is likely that,

through the endeavors of researchers worldwide, the pro-

spective therapeutic key that benefit for PD patients will be

found in the near future.

Fig. 2 Stem cells selection for

PD transplantation therapy. In

PD therapy, stem cells for

transplantation can be derived

from ES cells, fetal/adult NSCs,

or bone marrow-derived

mesenchymal stem cells

(MSCs). Before transplantation,

these cells need to be induced to

generate more DAergic neurons,

which may be crucial and

beneficial for the final

successful therapeutic effects

for PD after transplantation
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