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Introduction
Parkinson’s disease is a degenerative disorder of the central 
nervous system in the elderly, and is associated with the loss 
of dopamine in the substantia nigra pars compacta in the 
midbrain. It is the most common chronic progressive motor 
disorder, and is characterized by tremor, rigidity, brady-
kinesia and postural instability. Levodopa is the preferred 
treatment for Parkinson’s disease in the clinic. However, 
long-term use of levodopa may lead to various motor com-
plications, among which levodopa-induced dyskinesia is the 
most common, severely affecting patients’ quality of life[1-2].

The positive clinical outcomes and substantial efficacy of 
traditional Chinese medicines have brought hope for Par-
kinson’s disease treatment. Accumulating evidence indicates 
that traditional Chinese medicines not only alleviate Parkin-
sonian symptoms, but also reduce levodopa-induced dys-
kinesia and other complications[3]. Current studies suggest 
that most Parkinsonian symptoms and levodopa-induced 
dyskinesia are the result of yin deficiency stirring wind 
pattern[4]. Compound Formula Rehmannia was developed 
based on clinical experiences (National Invention Patent 
No. ZL200810043734.2). This formulation has satisfactory 
clinical efficacy in the treatment of Parkinson’s disease and 
levodopa-induced dyskinesia[5-6].

Studies have shown that amino acid neurotransmitters 
are closely linked with the pathogenesis of Parkinson’s dis-
ease and levodopa-induced dyskinesia[7-11]. Previous stud-
ies by our research group indicate that excitatory amino 
acids have certain links with levodopa-induced dyskinesia 
in Parkinson’s disease. We showed that levels of excitatory 
amino acids (aspartate and glutamate) in the striatum are 
increased, while rotational behavior and stereotyped move-
ment worsened in a rat model of levodopa-induced dyskine-
sia[12]. Excitatory amino acid levels can be an indicator of the 
severity of disease. Intervention with Compound Formula 
Rehmannia greatly reduced aspartate and glutamate content, 
demonstrating the therapeutic potential of Compound For-
mula Rehmannia in the treatment of levodopa-induced dys-
kinesia. The present study aimed to examine the effects of 
Compound Formula Rehmannia on the expression of amino 
acid neurotransmitter-related genes in the corpus striatum 
of Parkinsonian rats with dyskinesia.

Results
Quantitative analysis of experimental animals
A total of 200 healthy adult Sprague-Dawley rats were in-
cluded in this study. Sixteen animals were selected as nor-
mal controls, and another 16 rats were injected with saline 
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containing 0.2% ascorbic acid into the left substantia nigra 
to serve as the sham surgery group. The remaining 168 rats 
were used for the Parkinson’s disease models and received 
injection of 6-hydroxydopamine into the left substantia 
nigra. Among these, 50 rats successfully displayed signs of 
Parkinsonism, while the remaining 118 rats failed to show 
Parkinsonian symptoms. Seven days later, the 50 Parkin-
son’s disease model rats were intraperitoneally injected with 
levodopa and benserazide to produce a model of levodo-
pa-induced dyskinesia. Among these, 32 rats successfully 
displayed signs of dyskinesia and were equally and randomly 
divided into control and Compound Formula Rehmannia 
groups. At the same time, as levodopa + benserazide injec-
tion, the Compound Formula Rehmannia group was given 
Compound Formula Rehmannia, while the control group 
was given intraperitoneal injection of an equal amount of 
water containing 0.05% ethanol and 0.1% ascorbic acid. A 
total of 64 rats were included in the final analyses, with 16 
animals in each of the control, sham surgery, model and 
Compound Formula Rehmannia groups.

Compound Formula Rehmannia alleviated levodopa-
induced dyskinesia in Parkinson’s disease rats
Abnormal involuntary movement (AIM) scores
Typical AIMs were found in the rat model of levodopa-in-
duced dyskinesia, including involuntary flapping of the 
contralateral forelimb (forelimb AIM), involuntary bending 
to the opposite side and twisting of the body and neck (ax-
ial AIM) and involuntary licking towards the opposite side 
(orofacial AIM). The AIM scores gradually increased over 
time in the rats with levodopa-induced dyskinesia (P < 0.01 
or P < 0.05). The AIM scores decreased after treatment with 
Compound Formula Rehmannia (P < 0.01). Over the treat-
ment period, the AIM scores gradually decreased (P < 0.05; 
Table 1).

Dynamic changes in the number of peak rotations to the 
contralateral side in Parkinson’s disease rats with levodopa-
induced dyskinesia
The number of peak rotations to the contralateral side 
within 5 minutes, triggered by apomorphine, increased over 
time in rats with levodopa-induced dyskinesia, although 
this increase over time was not statistically significant (P > 
0.05). The differences between the model and Compound 
Formula Rehmannia groups at 4 and 6 weeks after modeling 
were statistically significant (P < 0.05 or P < 0.01). In the 
Compound Formula Rehmannia group, the number of peak 
rotations significantly decreased after treatment (P < 0.05 or 
P < 0.01), although this decrease over time was statistically 
insignificant (P > 0.05; Table 2).

Dynamic changes in time to commencement of rotational 
behavior in rats with levodopa-induced dyskinesia
In the model group, the time to commencement of apomor-
phine-elicited rotational behavior tended to decrease over 
time, although there were no significant differences across the 
different time points (P > 0.05). In the Compound Formula 
Rehmannia group, the time to commencement of rotational 
behavior increased over the duration of treatment (P < 0.05). 
The differences between the model and Compound Formu-
la Rehmannia groups at 6 weeks were statistically significant 
(P < 0.01; Table 3).

Table 1 Effect of Compound Formula Rehmannia on abnormal 
involuntary movement scores in Parkinson’s disease rats with 
levodopa-induced dyskinesia

 Time after modeling 

Group Immediately 4 weeks 6 weeks

Normal 0 0 0

Sham surgery 0 0 0

Model 29.4±5.9 39.8±5.0c 45.6±2.9cd

Compound

  Formula

  Rehmannia

30.3±5.4 27.0±6.2a 23.6±4.8abd

A higher score indicates a greater degree of abnormal involuntary 
movement. Data are expressed as mean ± SD. Sixteen rats were ex-
amined in each group immediately after model establishment and 4 
weeks later, and eight rats were examined at 6 weeks. One-way analysis 
of variance was used for inter-group comparison, and pairwise com-
parison was performed using the least significant difference test. aP < 
0.01, vs. model group; bP < 0.05, cP < 0.01, vs. immediately after model 
establishment; dP < 0.05, vs. 4 weeks.

Table 2 Effect of Compound Formula Rehmannia on the number 
of peak rotations to the contralateral side (rotations/5 minutes) in 
Parkinson’s disease rats with levodopa-induced dyskinesia

 Time after modeling 

Group Immediately 4 weeks 6 weeks

Control 0 0 0

Sham surgery 0 0 0

Model 160.3±76.7 191.6±67.1 188.2±80.7

Compound

  Formula

  Rehmannia

160.9±80.8 117.6±80.9b 111.6±86.9a

A higher number of peak rotations indicates poorer ability in con-
trolling the body. Data  are expressed as mean ± SD. Sixteen rats were 
examined in each group immediately after model establishment and 4 
weeks later, and eight rats were examined at 6 weeks. One-way analysis 
of variance was used for inter-group comparison, and pairwise com-
parison was performed using the least significant difference test. aP < 
0.01, bP < 0.01, vs. model group.

Table 3 Effect of Compound Formula Rehmannia on time (seconds) 
to commencement of rotational behavior in rats with levodopa-
induced dyskinesia

 Time after modeling 

Group Immediately 4 weeks 6 weeks

Control 0 0 0

Sham surgery 0 0 0

Model 337.1±137.1 306.5±132.1 177.1±62.6

Compound

  Formula

  Rehmannia

330.8±125.6 432.2±266.6 580.8±370.8ab

A shorter time to commencement of rotational behavior indicates a 
poorer ability in controlling the body. Data are expressed as mean ± SD. 
Sixteen rats were examined in each group immediately after model es-
tablishment and 4 weeks later, and eight rats were examined at 6 weeks. 
One-way analysis of variance was used for inter-group comparison, 
and pairwise comparison was performed using the least significant dif-
ference test. aP < 0.01, vs. model group; bP < 0.05, vs. immediately after 
model establishment.
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Dynamic changes in the duration of rotational behavior in rats 
with levodopa-induced dyskinesia
In the model group, the duration of rotational behavior trig-
gered by apomorphine gradually increased over time (P < 0.01). 
In the Compound Formula Rehmannia group, the duration 
significantly decreased after treatment (P < 0.01), and this re-
duction continued over time (P < 0.05 or P < 0.001; Table 4).

Effect of Compound Formula Rehmannia on the                 
expression of excitatory and inhibitory amino acids in the 
corpus striatum of rats with levodopa-induced dyskinesia
Compared with the control group, NMDA-R1 and NMDA-R2 
mRNA expression in the corpus striatum of levodopa-in-
duced dyskinetic rats was significantly increased (P < 0.01), 
and continued to increase over time (P < 0.01). In contrast, 
expression of GABA-RB1 mRNA in levodopa-induced dyski-
netic rats was significantly decreased (P < 0.01). After treat-
ment with Compound Formula Rehmannia, NMDA-R1 and 
NMDA-R2 mRNA levels significantly decreased (P < 0.01), 
although they remained higher than in the control group       
(P < 0.01). Expression gradually increased over time (P < 
0.05). After treatment with Compound Formula Rehman-

nia, expression of GABA-RB1 mRNA in levodopa-induced 
dyskinetic rats significantly increased (P < 0.01), but was still 
lower than in the control group (P < 0.01; Table 5).

Discussion
In the present study, we injected 6-hydroxydopamine into 
the brain of normal rats to establish a Parkinson’s disease 
model. A sham surgery group was included in the analyses 
to verify that there was no direct correlation between brain 
injury and Parkinson’s disease. After 6-hydroxydopamine 
was injected to lesion the substantia nigra, rats began to 
exhibit Parkinsonian signs and symptoms. We then admin-
istered levodopa for 2 weeks via lumbar injection to prepare 
the levodopa-induced dyskinesia model. In previous studies, 
symptomology was assessed by observing physical signs, 
neurological behavior, tongue pathology, and other objective 
indicators (e.g., levels of oxidative stress, cAMP, cGMP, 6-Ke-
to-PGF1α, TXB2 and ET, and electron microscopy). Previous 
studies also examined the effects of various drugs (Gastrodia 
and Uncaria Beverage, Phlegm-Flushing Decoction, Peach 
Kernel and Carthamus Four Agents Decoction)[13-14]. Gastro-
dia and Uncaria Beverage have been shown to be the most 
effective[14-16], demonstrating that the rat model results from 
yin deficiency stirring wind pattern, according to traditional 
Chinese medicine.

Based on the literature and personal clinical experience, 
we created Compound Formula Rehmannia. The compound 
is composed of rehmannia, root of herbaceous peony, uncar-
ia, nacre, salvia miltiorrhiza, grass-leaved sweetflag, scorpion 
and green tea leaves.

A reduction in nigrostriatal dopaminergic neurons leads 
to a decrease in activity of the direct pathway and an in-
crease in activity of the indirect pathway, thereby leading to 
increased inhibition of the thalamus and cortex, resulting in 
hypokinesia[17]. The dyskinesia of Parkinson’s disease patients 
using levodopa is marked by acrokinesia, with stereotyped 
or dancing activities, which may involve the limbs, tongue, 
neck, body and abdomen, and symptoms such as sustained 
muscle contraction (dystonia) and myoclonia[18]. Thus, the 
pathology of levodopa-induced dyskinesia is distinct from 
that of Parkinson’s disease.

Table 4 Effect of Compound Formula Rehmannia on the duration 
(minutes) of rotational behavior in rats with levodopa-induced 
dyskinesia

 Time after modeling 

Group Immediately 4 weeks 6 weeks

Control 0 0 0

Sham surgery 0 0 0

Model 168.6±47.7 221.0±44.5b 227.8±17.6b

Compound
  Formula
  Rehmannia

196.5±30.1 164.3±23.7ab 5124.8±14.9abc

A shorter duration of rotational behavior indicates a greater ability in 
controlling the body. Data are expressed as mean ± SD. Sixteen rats 
were examined in each group immediately after model establishment 
and 4 weeks later, and eight rats were examined at 6 weeks. One-way 
analysis of variance was used for inter-group comparison, and pairwise 
comparison was performed using the least significant difference test. aP 
< 0.01, vs. model group; bP < 0.01, vs. immediately after model estab-
lishment; cP < 0.05, vs. 4 weeks.

Table 5 Effect of Compound Formula Rehmannia on the expression of excitatory (NMDA-R1, NMDA-R2) and inhibitory (GABA-RB1) amino 
acids mRNAs in the corpus striatum of levodopa-induced dyskinetic rats

Group 

NMDA-R1 mRNA NMDA-R2 mRNA GABA-RB1 mRNA

4 weeks after
modeling

6 weeks after 
modeling

4 weeks after
modeling

6 weeks after 
modeling

4 weeks after
modeling

6 weeks after 
modeling

Control 0.03±0.01 0.03±0.01 0.92±0.11 0.94±0.17 1.07±0.09 0.85±0.14

Sham surgery 0.03±0.01 0.03±0.01 0.83±0.09 0.99±0.10 0.85±0.15 0.68±0.13

Model 0.11±0.01ac 0.18±0.01acf 2.15±0.30ac 2.43±0.18acf 0.20±0.01ac 0.13±0.02ac

Compound Formula
   Rehmannia

0.06±0.01acd 0.07±0.01acde 1.05±0.20bd 1.35±0.26acdf 0.42±0.03acd 0.43±0.03acd

The expression of targent mRNA is expressed as 2– △△ CT (mean ± SD) of eight rats at each time point for each group. One-way analysis of vari-
ance was used for inter-group comparison, and pairwise comparison was performed using the least significant difference test. aP < 0.01, vs. control 
group; bP < 0.05, cP < 0.01, vs. sham surgery group; dP < 0.01, vs. model group; eP < 0.05, fP < 0.01, vs. 4 weeks after model establishment.
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Neurological behavior is an important indicator of levodo-
pa-induced dyskinesia in rats with Parkinson’s disease, and 
is used to judge the success of the model and the severity of 
the disease. AIMs are an important indicator for neurobe-
havioral evaluation. In the present study, typical AIMs were 
observed in the rat model of levodopa-induced dyskinesia, 
including involuntary flapping of the forelimb (forelimb 
AIM), involuntary bending to the opposite side and twisting 
of the body and neck (axial AIM) and involuntary licking 
towards the opposite side (orofacial AIM). The AIM scale 
scores increased over time and were reduced by treatment of 
Compound Formula Rehmannia.

It has been reported that levodopa-induced dyskinesia 
is associated with an imbalance in brain amino acid neu-
rotransmitters[7-11]. Dopamine receptor activation leads to 
enhanced cortical striatal glutamatergic synaptic trans-
mission[19]. As the most important excitatory neurotrans-
mitter in the central nervous system, glutamate functions 
through ionotropic receptors and metabotropic receptors. 
The NMDA ionotropic receptor mediates the glutamatergic 
excitation of striatal and subthalamic nucleus neurons. The 
NMDA receptor is mainly composed of NMDA-R1 and 
NMDA-R2 subunits, where NMDA-R1 serves as the ion 
channel and NMDA-R2 plays a regulatory role[20].

Previous experiments showed that glutamic acid content 
in the striatum is significantly increased in rats with levodo-
pa-induced dyskinesia[12]. In the present study, we found that 
the expression of NMDA-R1 and NMDA-R2 in the striatum 
was significantly increased, and that expression levels in-
creased with time. This indicates that levodopa-induced dys-
kinesia is related to an increase in NMDA receptor function 
in striatal neurons[21]. This increase in glutamate receptor ex-
pression increases channel activity in response to corticostri-
atal glutamatergic input, thereby leading to a change in di-
rect and indirect pathway activation and resulting in motor 
complications. Compound Formula Rehmannia down-regu-
lated the expression of NMDA-R1 and NMDA-R2.

As the most important inhibitory system, the GABAergic 
system plays a crucial role in the regulation of excitatory glu-
tamatergic neurons. Indeed, the blockade of GABA inhibi-
tion can significantly increase neuronal excitability[22]. GABA 
in the striatum plays an important role in the regulation of 
the excitability of the basal ganglia-thalamo-cortical loop[23]. 
In this study, the expression of GABA-RB1 in the corpus 
striatum of Parkinsonian rats with levodopa-induced dyski-
nesia was significantly decreased compared with the control 
and sham surgery groups. Furthermore, striatal GABA-RB1 
expression declined in these dyskinetic rats at 6 weeks com-
pared with 4 weeks for the model group. This indicates that 
the reduction in GABA receptor expression is related to the 
onset of levodopa-induced dyskinesia. Compound Formula 
Rehmannia up-regulated the expression of GABA-RB1.

After treatment with Compound Formula Rehmannia, the 
expression of NMDA-R1 and NMDA-R2 declined significant-
ly, while GABA-RB1 expression significantly increased. These 
changes in gene expression became more striking over the 
course of treatment. Previous studies have shown that Com-
pound Formula Rehmannia can lower levels of excitatory 

amino acids and raise those of GABA[12], indicating that the 
medicine can modulate NMDA and GABA content, thereby 
regulating the balance between excitation and inhibition in 
the striatum and relieving levodopa-induced dyskinesia.

Materials and Methods
Design
A randomized, controlled animal experiment.

Time and setting
The experiment was performed at the Shanghai University 
of Traditional Chinese Medicine and Shanghai Hongyuan 
Biological Technology Co., Ltd., China from March 2009 to 
February 2011.

Materials
Animals
A total of 200 healthy male Sprague-Dawley rats, of specific 
pathogen free grade, weighing 180–220 g, aged 6–8 weeks, 
were provided by the Animal Experimental Center of Shang-
hai University of Traditional Chinese Medicine, China (li-
cense No. SYXK (Hu) 2004-2005). Rats were housed in wire 
cages under constant temperature (23 ± 2°C) and humidity 
(60–65%), and a 12-hour dark-light cycle (light: 7:00–19:00; 
dark: 19:00–7:00), allowing free access to water and food. 
Procedures using experimental animals were in accordance 
with the Guidance Suggestions for the Care and Use of Labo-
ratory Animals, issued by the Ministry of Science and Tech-
nology of China[24].

Drug
Compound Formula Rehmannia has been granted the Na-
tional Invention Patent (ZL200810043734.2), and is com-
posed of 15 g of rehmannia, 30 g of root of herbaceous peony, 
15 g of ramuli umcariae cum uncis, 15 g of nacre, 20 g of root 
of red-rooted salvia, 12 g of acorus tatarinowii, 2 g of scorpi-
on, and 6 g of green tea leaves. It is boiled into a decoction at 
a concentration of 5.18 g/mL, and is processed by Shanghai 
Lei Yun Shang Pharmaceutical Co. Ltd. (Shanghai, China).

Methods
Establishing the model of levodopa-induced dyskinesia
The model of levodopa-induced dyskinesia was established 
by the well-accepted method of Ungerstedt[25]. In brief, after 
rats were confirmed to lack abnormal rotational behavior 
before surgery, they were anesthetized by intraperitoneal 
injection of 3% pentobarbital sodium (50 mg/kg; Shanghai 
Chinese and Western Pharmaceutical Co., Ltd., Shanghai, 
China) and fixed on a brain stereotaxic instrument (TOW-
3A; Shantou Education and Medical Instrument Factory, 
Shantou, Guangdong Province, China). The heads were 
shaved and routine disinfection with Bromo Geramine was 
performed. Under sterile conditions, we made an incision 
in the skin over the cranium along the midline and stripped 
the periosteum to expose the bregma. The substantia nigra 
was located with the brain stereotaxic instrument based on 
the diagram of Bao et al.[26]. The two coordinates for target-
ing the substantia nigra were as follows: (1) 5.2 mm pos-
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terior to the bregma, 1.0 mm right of the midline, 9.0 mm 
below the dura mater; (2) 5.2 mm posterior to the bregma, 
2.5 mm right of the midline, 8.5 mm below the dura ma-
ter. After precisely locating the coordinates, we carefully 
drilled a hole and injected 6-hydroxydopamine (diluted in 
normal saline containing 0.2% ascorbic acid) into the right 
substantia nigra with a 5 μL micro-injector (the insertion 
speed was 1.0 mm/min). The volume per hole was 3 μL, 
injected at a speed of 1 μL/min. The retention time of the 
needle was 5 minutes, and the speed of needle withdrawal 
was 1.0 mm/min. Finally, the holes were sealed with medical 
gelatin sponge, and the skin incision was sutured. The rats 
were returned to their cages when they awoke and were giv-
en an intramuscular injection of gentamycin for 7 days. The 
sham-operated animals were only injected with saline con-
taining 0.2% ascorbic acid. In the control group, the animals 
were fixed in the apparatus for the same amount of time 
without any additional procedure.

At 10 days, rats were given intraperitoneal injection of 
apomorphine, 0.5 mg/kg, to induce rotation to one side. The 
number of rotations was recorded over a period of 30 min-
utes. If the frequency met or exceeded seven rotations per 
minute, the rat was considered to successfully model Parkin-
son’s disease[27].

Parkinson’s disease model rats were given injection of      
50 mg/kg of levodopa and 12.5 mg/kg of benserazide (con-
taining 0.05% ethanol and 0.1% ascorbic acid), twice a day 
for 2 weeks. Both levodopa and benserazide were provided 
by Sigma, St. Louis, MO, USA. The sham surgery group was 
injected with 72.5 mg/kg of 0.05% ethanol and 0.1% ascor-
bic acid via intraperitoneal injection for 2 weeks. Only rats 
with an AIM score > 20 and an increased number of contra-
lateral rotations induced by apomorphine were considered 
to have levodopa-induced dyskinesia[28-29].

Intragastric administration of Compound Formula 
Rehmannia
At the same time that they were given intraperitoneal injec-
tion of levodopa and benserazide, the rats in the Compound 
Formula Rehmannia group also received 2 mL of Com-
pound Formula Rehmannia via intragastric administration. 
The drug dosage was calculated according to the method of 
Sun[30], and given once per day. The rats in the control, sham 
surgery and model groups were given 2 mL of physiological 
saline via intragastric administration.

Observation of neurological behavior in rats with 
levodopa-induced dyskinesia
Behavioral observation was conducted 1 day after the rats 
were given intraperitoneal injection of levodopa. The time to 
the start of rotational behavior, number of rotations/5 min, 
number of peak rotations and rotation duration (rotational 
behavior was triggered with apomorphine) were recorded 
after the usage of levodopa[13-16]. AIM scores were calculat-
ed after 4 and 6 weeks of levodopa injection[13-16]. The total 
AIM score was calculated every 35 minutes after injection. 
Four sets of data were recorded continuously. The duration 

was 140 minutes and the final score was the sum of the four  
evaluations.

Expression of NMDA R1, NMDA R2 and GABA RB1 mRNA 
in the corpus striatum of rats as detected by real-time PCR
After neurobehavioral observation was performed at 4 and 
6 weeks, the rats were anesthetized with pentobarbital so-
dium (50 mg/kg) and their heads were cut off to harvest 
brain tissues, then the corpus striatum was separated and 
weighed. Brain tissues (50–100 mg) were pulverized with 
liquid nitrogen in a mortar, and the pulverized powder was 
homogenized with 1 mL Trizol (Invitrogen Company, Carls-
bad, CA, USA) in a glass homogenizer. Subsequently, the 
specimens were placed into a 1.5-mL centrifuge tube, mixed 
with a 5-mL syringe needle, incubated on ice for 5 minutes, 
and centrifuged at 4°C for 5 minutes (12,000 × g). The su-
pernatant was then harvested and transferred into a 1.5-mL 
centrifuge tube, gently shaken after the addition of 200 μL 
chloroform (Shanghai Shiyi Chemicals Reagent Co., Ltd., 
Shanghai, China) for 15 seconds, kept at room temperature 
for 15 minutes, and finally centrifuged at 4°C for 15 minutes 
(12,000 × g). The supernatant was transferred to an RNAse-
free 1.5-mL tube, gently mixed with 0.5 mL isopropyl alco-
hol (Shanghai Shiyi Chemicals Reagent Co., Ltd.), incubated 
at room temperature for 10 minutes, and centrifuged at 
4°C for 10 minutes (12,000 × g). After the supernatant was 
discarded, the RNA precipitate was rinsed with 1 mL 75% 
ethanol, followed by centrifugation at 4°C for 5 minutes 
(7,500 × g). The centrifuge tube was inverted and dried on a 
clean bench, and 30 μL of DEPC-treated water was added to 
dissolve RNA. The absorption of the RNA sample at 260 and 
280 nm was determined with a spectrophotometer (Thermo, 
Boston, MA, USA). RNA concentration was then measured. 
The primers were designed using Primer Premier 5 (Gen-
Script Real-time PCR Primer Design, https://www.genscript.
com/ssl-bin/app/primer) and DNAStar software (DNAStar 
company, Madison, WI, USA), and subjected to BLAST anal-
ysis (NCBI).

RT-PCR amplification protocol: 1 cycle of 50°C for 2 
minutes, 95°C for 10 minutes; 40 cycles of 95°C for 15 sec-
onds, 60°C for 1 minute. Real-time fluorescent quantitative 
PCR (ABI, Foster City, CA, USA) was used to determine 
expression of NMDA-R1, NMDA-R2 and GABA-RB1 in the 
striatum of rats. The mRNA expression was represented as 
2– △△ CT. Primer sequences of genes are shown as below:

Gene Sense Antisense
Product 
size (bp)

NMDA-R1 5'-TGG AAG ATA CAG 
CTC AAC GC-3'

5'-AAG TGG TCG TTG 
GGA GTA GG-3'

140

NMDA-R2 5'-TCC ATT GAT GGG 
CTC TAT GA-3'

5'-TGA GCT GGC TAT 
GTT TGG AG-3'

112

GABA-RB1 5'-GGC TGG AAG 
AAG ATC GCT AC-3'

5'-TCT GTC GGA AAG 
TGA TCT CG-3'

112

β-Actin 5'-CCG TAA AGA CCT 
CTA TGC CAA CA-3'

5'-CTA GGA GCC AGG 
GCA GTA ATC TC-3'

102
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Statistical analysis
Data are expressed as mean ± SD and were analyzed using 
SPSS 16.0 Software (SPSS, Chicago, IL, USA). Inter-group 
differences were compared with one-way analysis of variance 
and pairwise comparison was performed using the least sig-
nificant difference test. A P < 0.05 was considered statistical-
ly significant.
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Peer review: This study tried to apply Compound Formula Reh-
mannia for treating Parkinson’s disease and levodopa-induced 
dyskinesia. The results showed that Compound Formula Rehman-
nia alleviates levodopa-induced dyskinesia in Parkinson’s disease 
by modulating the expression of inhibitory and excitatory amino 
acid.
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