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Background: Neuroinflammation and microglia reactivity are now recognized to be fea-
tures of Parkinson’s disease (PD). Thus, microglia phenotype is a potential new target for 
developing treatments against PD. Duzhong Fang (DZF) is a traditional Chinese medicine 
(TCM) prescription. The theory of TCM argues that Duzhong Fang, nourishing yin and 
tonifying yang, may treat PD. However, its modern pharmacological studies and the under-
lying mechanisms are unclear.
Methods: First, MPTP was used to establish a parkinsonian mouse model, and behavioral 
testing was used to evaluate the locomotor dysfunction. Then, HPLC, immunohistochemical 
staining, and Western blot assays were performed to evaluate the survival of dopaminergic 
neurons. Molecular biological and immunofluorescence staining were used to evaluate the 
neuroinflammation and microglial activation. In addition, RNA-seq transcriptomics was used 
to analyze differentially expressed genes and verify by RT-PCR.
Results: In the present study, we first confirmed that DZF can alleviate neuroinflammation 
and ameliorate dyskinesia in parkinsonian mice. Then, further studies found that DZF can 
regulate microglial morphology and reactivity and act on the POMC gene. POMC is an 
upstream target for regulating inflammation and proinflammatory cytokines, and DZF can 
directly inhibit the POMC level and restore the homeostatic signature of microglia in 
parkinsonian mice.
Conclusion: This study found that POMC may have a potential role as a therapeutic target 
for PD. DZF may inhibit neuroinflammation and play an anti-PD effect by down-regulating 
the expression of POMC.
Keywords: Parkinson’s disease, microglia, inflammation, DZF, POMC

Introduction
Parkinson’s disease (PD) is the second most common progressive neurodegenera-
tive brain disorder in humans, after Alzheimer's disease. In recent years, the 
incidence of PD has gradually increased, and PD affects 1% of the population 
above 60 years old.1 The main pathology are α-synuclein-containing Lewy bodies 
and loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc), 
manifesting as motor symptoms including resting tremor, muscle stiffness, and gait 
instability.2,3 Inflammation is an important factor in the initiation and development 
of PD.4 Patients with PD often exhibit innate immune system activation and 
increased inflammatory markers, mainly IL-1β, IL-6, and TNF-α.5

Microglia is a type of glial cells, which are equivalent to macrophages in the 
brain and spinal cord. They can remove damaged nerves, plaques and infectious 
substances in the central nervous system, but they can also cause neurotoxicity, 
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which in turn triggers a series of inflammatory reaction if 
they are excessively activated or out of control.6–8 

Growing evidence shows that microglial reactivity is an 
early and characteristic feature of PD,9 and inhibition of 
neuroinflammation can be a promising target for the devel-
opment of the therapeutic strategies for PD.

At present, there are no specific treatments that target 
neuroinflammation for PD. The epidemiological evidence 
indicated that a reduced occurrence of PD with persistent 
use of non-steroidal anti-inflammatory drugs (NSAIDs).10,11 

Yet, long-term administration can result in severe adverse 
effects and remains controversial.12,13 Traditional Chinese 
medicine (TCM) has been used as the major therapeutic 
modalities in China, and gains wide attention worldwide 
recently. And many traditional Chinese medicines have 
inhibitory effects on inflammation in neurodegenerative dis-
eases and even neuroinflammation caused by microglia.14–16

In traditional Chinese medicine theory, PD is consid-
ered to be “fibrillation syndrome”, which treatment is 
based on nourishing yin and tonifying yang. “Yin and 
Yang” theory, a fundamental concept of TCM, based on 
the different attributes of body composition.17 Duzhong 
Fang (DZF), is a TCM prescription from “Beiji Qianjin 
Yao Fang”, takes Eucommia ulmoides, supplemented by 
Dendrobium, Rehmanniae Radix, and Dried Ginger to 
achieve the effects of replenishing liver and kidney 
while dispelling cold and nourishing yin. Previously, we 
found that Eucommia ulmoides can exert anti- 
inflammatory effects by inhibiting the expression of 
inflammatory cytokines IL-1β, TNF-α, and IL-6, thereby 
preventing motor dysfunction in parkinsonian mice.18 

Therefore, this study builds on the previous results to 
further uncover the molecular mechanism of DZF on 
microglial reactivity in parkinsonian mice. Then, combin-
ing with transcriptome sequencing to further seek the 
upstream targets for regulating microglia phenotypic 
change. Our findings underscore the mechanism that 
DZF attenuating the POMC gene drives the phenotype 
of dysfunctional microglia, contributing to the overall 
control of neuroinflammation in PD.

Materials and Methods
Reagents
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and 
3,4-Dihydroxyphenylacetic acid (DOPAC) were provided 
by Sigma-Aldrich (Saint Louis, USA). Dopamine (DA) 
and Homovanillic acid (HVA) were provided by Solarbio 

(Beijing, China). Anti-Tyrosine Hydroxylase antibody was 
provided by Abcam (Cambridge, UK), anti-MHC class II 
was provided by Santa Cruz (Dallas, USA), anti-Arginase-1 
was purchased from Cell Signaling Technology (Danvers, 
MA, USA), goat anti-rabbit IgG and goat anti-mouse IgG 
conjugated to HRP were purchased from Beyotime Institute 
of Biotechnology (Shanghai, China), and ELISA Kits were 
provided by R&D (Minneapolis, USA).

Preparation and Analysis of Duzhong 
Fang Extract
Dried Eucommia ulmoides, Dendrobium, Rehmanniae 
Radix, and Dried Ginger at a ratio of 200:2:3:3 by weight, 
were refluxed twice in 75% ethanol (reflux for 2 hours 
each time), and the refluxed supernatant was collected, 
filtered and concentrated to obtain Duzhong Fang extract 
(about 11% yield). The raw herbs were purchased from 
Beijing Tongrentang Co., Ltd., China, and botanic origin 
and storage complied with the Chinese Pharmacopoeia.19

Identification of chemical constituents in the DZF 
extract was performed by UPLC-Q-TOF/MS system. 
Chromatographic conditions: chromatographic column is 
Waters Acquity UPLC HSS T3 column (2.1×100 mm, 1.8 
μm); mobile phase is 0.1% formic acid in acetonitrile (A)- 
0.1% formic acid in water (B); column temperature was 
40°C; sample room temperature was 4°C; flow rate is 
0.3 mL/min; injection volume was 5 μL. In negative ion 
mode, the gradient curve was 0–2 minutes, 5–30% A; 2– 
25 minutes, 30–90% A; 25.1–33 minutes, 5% A; in posi-
tive ion mode, 0–20 minutes, 1–80% A; 20.1–28 minutes, 
80–1% A. Mass spectrometry conditions use electrospray 
ion source (ESI source), positive ion and negative ion two 
modes to obtain data. The ion source temperature is 
120°C, the capillary voltage was 1.0kV, the cone gas 
volume flow rate was 50 L/h, the desolventizing tempera-
ture was 300°C, and the desolventizing gas volume flow 
rate was 800 L/h. The cone voltage in the positive ion 
mode was 20V, and the cone voltage in the negative ion 
mode was 50V. Collected data from 50 to 1200 m/z. 
MassLynx™ 4.1 software (Waters Corp., Milford, MA, 
USA) was used to process the data.

Experimental Design
Eight-week-old male C57BL/6 mice (18~22 g) were 
acquired from Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (Certificate No. SCXK (Jing) 
2019–0008). Animals were housed in standard cages for 
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one week at 21±1°C on a 12 h light-dark cycle, with food 
and water ad libitum. Before sacrifice, all animals were 
fasted for 12 h, but with free access to water.

All animals were randomly divided into Control, 
MPTP, MPTP-DZF (MPTP+DZF) and MPTP-S (MPTP 
+Selegiline) groups according to weight. The MPTP- 
DZF and MPTP-S groups were intragastrically adminis-
tered to the DZF (10.4 g/kg/day of DZF crude drug) and 
selegiline (2 mg/kg/day), respectively, for 8 consecutive 
days.18 The Control and MPTP groups were given an 
equal volume of distilled water by gavage at the same 
time. From the 4 th day, mice in the MPTP, MPTP-DZF 
and MPTP-S groups received intraperitoneal injection with 
MPTP for 5 consecutive days (30 mg/kg/day).20 In the 
Control group, an equal volume of saline was injected 
intraperitoneally at the same time. When preparing and 
using MPTP, avoid light and pay attention to personal 
and environmental safety. An equal volume of saline, 
instead of MPTP, was injected into the Control group. 
After 3 to 5 minutes of injection, the mice developed 
tremor, unstable walking, hair stagnation and erection. 
The schematic diagram of the experimental protocol is 
shown in Figure 1A.

Ethics Statement
All studies were performed in accordance with an experi-
mental protocol by the Animal Ethics Committee of 
Tianjin University of Chinese Medicine (TCM- 
LAEC2019074, Tianjin, China) and the guidelines of the 
National Institutes for Animal Research.

Behavioral Tests
Pole Test21

A vertical pole with a length of about 50 cm and 
a diameter of about 1 cm was prepared, and a plastic ball 
with a diameter of about 2.5 cm was fixed to the top of the 
vertical rod. The vertical rod was wrapped with gauze to 
prevent slipping. Place the mouse on top of the ball. 
Record the time it began to crawl down to the landing of 
the hind limbs. If the mouse pauses or crawls in the 
middle, it would be re-measured. If it exceeds 60 s, it 
would be recorded as 60 s. 3 days before the formal 
experiment, the mice began to conduct behavioral training 
once a day for 3 consecutive days. One hour after the last 
dose, the test was formally started and repeated 3 times. 
The result of the experiment was the average time.

Figure 1 Neuroprotective effects of DZF on dopaminergic neurons in MPTP-induced parkinsonian mice. (A) The schematic diagram of animal modeling and administration 
experiment. DZF significantly resulted protected from MPTP induced reductions in (B) DA, but is insensitive to its metabolite (C) DOPAC and (D) HVA. DZF improves 
MPTP-induced locomotor activity dysfunction including (E) pole, (F) rotarod, (G) grip, and (H) traction test. (I) Immunohistostaining for TH (dopaminergic neuron marker) 
in the SNpc. (J) Quantitative analysis of the number of TH-positive cells in the SNpc. (K) Representative Western blot of midbrain TH expression. (L) The intensity of bands 
was quantified with Image J software and quantitative data for TH following normalization to β-actin. Data represent the means ± SEM; Statistics one-way ANOVA; ##P < 
0.01, ###P < 0.001 vs Control group; *P < 0.05, **P < 0.01, ***P < 0.001, vs MPTP group; &&&P < 0.001 vs MPTP-DZF group, n = 10 for behavioral test and HPLC analysis. n = 
3 for immunohistochemical and Western blotting.
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Rotarod Test22

The mouse was placed on the rotating rod and moved with 
the rotating rod at a speed of 25 r/min, and the time of the 
mouse falling was recorded. If the time exceeds 300 s, 
record 300 s. The mice were trained before the formal 
experiment. The formal experiment was repeated 3 times 
with an interval of 5 min each time, and the average value 
was calculated.

Grip Strength23

The mouse was placed on the gripper with its body per-
pendicular to the metal rod on the dynamometer, and the 
tail was pulled back at a constant speed to measure the 
grip. Record the reading and repeat three times to calculate 
the average value.

Traction Test24

The mouse’s forelimbs were hung on a horizontal rope, the 
behavior of the mouse was observed, and the score was 
calculated. If the mice can grasp the rope with both hind 
paws, the score is 3 points. If the mice can only use one 
hind paw to grasp the rope, the score is 2 points. If it 
cannot grasp the rope with hind limbs, the score is 1 point. 
The test was performed 3 times for each animal and the 
average score was taken.

Measurement of DA, DOPAC, and HVA 
Levels in Mice Striatum by High 
Performance Liquid Chromatography 
(HPLC)
Striatal DA, and its metabolites DOPAC and HVA were 
quantified by HPLC (Agilent, USA) with electrochemical 
detection (ECD), following previous methods.15 Briefly, 0.1 
M perchloric acid was added to the freshly separated striatum 
(1 mg: 10 µL), homogenized, and centrifuged at 14,000 rpm 
for 20 minutes at 4°C. Then, the supernatants were collected 
and stored at −80°C until further HPLC analysis.

Chromatographic conditions: C18 column (3.9 mm × 
150 mm); mobile phase was 19% methanol, 3% acetoni-
trile, 78% water (containing sodium octyl sulfonate 11.56 
mmol/L, NaH2PO4 100 mol/L, EDTA-2Na 0.095 mmol/ 
L). pH was 3.3–3.4; flow rate was 1 mL/min; column 
pressure was 135 bar; injection volume was 10 μL.

Western Blot Analysis
The midbrain was placed in a lysis buffer containing pro-
tease inhibitors and homogenized by ultrasound on ice, 
centrifuged at low temperature and the supernatant was 

collected. BCA quantitative method was used for protein 
quantification. After protein quantification, the loading buf-
fer was added to each sample and heated in a water bath at 
100°C for 5 minutes to prepare the sample. The sample was 
separated by 10% Bis-Tris gel electrophoresis, transferred 
to PVDF membrane, blocked in 5% skim milk powder (w/ 
v) for 1 h, and then incubated with anti-Tyrosine 
Hydroxylase (Abcam, 1:1000), anti-MHC class II (Santa 
Cruz, 1:500), anti-Arginase-1 antibody (Cell Signaling 
Technology, 1:1000) at 4°C overnight. The sample was 
incubated with goat anti-rabbit IgG or goat anti-mouse 
IgG (Beyotime, 1:1000) at room temperature for 1 
h. Blots were imaged by the ECL chemiluminescence 
(Millipore, USA) and a Gel Image System (GE, USA). 
Densitometry was performed by using Image J software.

Immunocytochemistry and 
Immunofluorescence Staining
Briefly, the mice were deeply anesthetized and sacrificed by 
cardiac perfusion with normal saline and 4% paraformalde-
hyde successively. The whole brain was taken out and fixed 
with paraformaldehyde. After dehydration, the brain was 
sliced into 20 μm coronal sections by frozen sectioning 
and the sections containing SNpc were collected.

Brain sections were treated with 3% H2O2 at room 
temperature to inactivate endogenous enzymes, immersed 
in 0.01 M sodium citrate buffer for thermal repair, and 
blocked with goat serum. Then dropped the primary anti- 
TH antibody (Abcam, 1:400) and incubated overnight at 
4°C. Then, the sections were incubated with goat anti- 
rabbit IgG secondary antibody (Beyotime, 1:50) at 37°C 
for 1 h. DAB served as a chromogen and observed under 
a microscope (Nikon, Japan). Numbers of TH positive 
cells in SNpc were counted in a blind manner.

Immunohistofluorescence double staining of Iba-1/CD16 
and Iba-1/CD206 were done as follows. The frozen tissue 
sections were treated with 0.03% Triton to make the tissues 
permeable, and donkey serum was added to block after per-
meabilization. After blocking, add primary antibody and incu-
bate overnight at 4°C. Primary antibodies: goat anti-Iba-1 
(Abcam, 1:400), rabbit anti-CD16 (Affinity Biosciences; 
1:200), rabbit anti-CD206 (Abclonal, 1:50). Then the corre-
sponding secondary antibodies, coupled to CoraLite488- 
conjugated goat anti-rabbit IgG (proteintech, 1:500) and 
Alexa Fluor-conjugated donkey anti-goat IgG (Abcam, 
1:1000), were used. The sample was covered with an anti- 
fluorescence quenching mounting plate and examined with 
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a fluorescence microscope (Nikon, Japan). The morphological 
changes of the microglia in the substantia nigra of the mouse 
brain were observed, and the number of branches and the 
number of branch endpoints per 20 microglia were 
calculated.25

Enzyme Linked Immunosorbent Assay 
(ELISA)
The peripheral blood of the mice was collected and cen-
trifuged at 3000 r/min for 15 min, and the upper serum 
was used to examine the cytokine concentration. The con-
centration of IL-1β (R&D, USA, MLB00C), IL-6 (R&D, 
USA, M6000B), TNF-α (R&D, USA, MTA00B) and IL- 
10 (R&D, USA, M1000B) in the serum were detected by 
the double antibody sandwich method, and the operation 
was performed according to the kit instructions.

RT-PCR Analysis
The mice were sacrificed, and the midbrain was quickly 
isolated on ice and stored in an RNA store solution at 
−80°C. The midbrain tissue was taken out from −80°C, 
thawed on ice, and tissue lysate was added to extract total 
RNA. Total RNA was isolated from the midbrain tissue 
and reverse transcribed into cDNA. The cDNA was 
reacted with corresponding primers and SYBR 
SuperMix. The above operations were carried out accord-
ing to the kit instructions (Eastep® Super Total RNA 
Extraction Kit, GoScriptTMReverse Transcription Mix, 
Oligo (DT), SuperReal PreMix Plus (SYBR Green)). All 
the data were calculated using the Ct method26 and nor-
malized to the GAPDH, with the control group as the 
reference. The specific primer descriptions are shown in 
Table 1.

Transcriptome Analysis
The midbrain tissue was separated on ice and stored in 
RNA store solution (TIANGEN, Beijing, China). The first 
total RNA was extracted, using NEBNext®UltraTM RNA 
library preparation kit to generate a sequencing library, and 
adding the index code to the attribute sequence of each 
sample. The library preparations were sequenced on the 
Illumina HiSeq platform. Use Galaxy’s genome analysis 
tool to process all sample data, and use the Salmon one- 
step quantitative method in the analysis tool to calculate 
the TPM (Transcripts Per Million) value of each set of 
data. We use the DESeq2 software package in the analysis 
tool to identify the differentially expressed genes between 

different groups; we use DAVID to analyze the differen-
tially expressed genes. P value < 0.05 is considered sig-
nificant. Then, RT-PCR was performed to validate the 
differential gene.

Protein–Protein Interaction Network 
Through STRING Database
The string online database was used to analyze inflamma-
tion-related indicators (IL-6, TNF-α, IL-1β, CD16, IL-10, 
CD206, ARG-1) and the transcriptome and to verify oppo-
site regulatory genes (Agrp, Isl1, Nkx2-1, Pomc). The pro-
tein–protein interaction (PPI) information was parsed from 
STRING (Search Tool for the Retrieval of Interacting Genes/ 
Proteins) database version 11.0 (https://string-db.org/)27.

Table 1 Primer Sequence

Gene 
Name

Gene Sequence

GAPDH Forward AAGAAGGTGGTGAAGCAGGCATC

Reverse CGGCATCGAAGGTGGAAGAGTG

MHC class II Forward GGCTCCTCAAGCGACTGTGTTC

Reverse CACCGTCTGCGACTGACTTGC

Arginase-1 Forward TGCTCACACTGACATCAACACTCC

Reverse TCTACGTCTCGCAAGCCAATGTAC

IL-1β Forward CCAGGATGAGGACATGAGCA

Reverse CGGAGCCTGTAGTGCAGTTG

IL-6 Forward AGACTTCCATCCAGTTGCCTTCTTG

Reverse CATGTGTAAAGCCTCCGACTTGTG

TNF-α Forward GCGACGTGGAACTGGCAGAAG

Reverse GCCACAAGCAGGAATGAGAAGAGG

IL-10 Forward CTGCTATGCTGCCTGCTCTTACTG

Reverse ATGTGGCTCTGGCCGACTGG

Agrp Forward CCAATGGCACAGCAGGTACTAAGG

Reverse TAGGTCGGCACACTCCAGCAG

Isl 1 Forward CACCTTGCGGACCTGCATTGC

Reverse CTGCTGCTGGAGCTGCTTCATC

Pomc Forward GCGCTTCCGCTGGAGCAACC

Reverse GCGTTCTTGATGATGGCGTTCTTG

Nkx2-1 Forward ACCGCCGCCTACCACATGAC

Reverse GCTGTTCCGCATGGTGTCCTG
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Statistical Analyses
SPSS 22.0 software was used for data analysis. Data are 
presented as mean ± SEM.

Statistical analysis was performed using a one-way ana-
lysis of variance and the Bonferroni’s multiple comparison 
test, and P < 0.05 is considered statistically significant.

Results
Identification of Chemical Constituents in 
DZF
The chromatogram of DZF was obtained using the process 
described in “Method 2.2.”. The main compounds were 
detected and identified, including Caffeic acid (1), 

5-Hydroxymethyl furaldehyde (2), Aucubin (3), Geniposidic 
acid (4), Dendrobiumane B (5), 3-Caffeoylquinic acid (6), 10- 
Gingerdione (7), (+)-Cycloolivil or (-)-Olivil (8ʹ,8),6-Shogaol 
(9), Cinnamic acid (10), 10-Gingerol (11), Dendromoniliside 
A (12), Genipin (13), Nobilonine (14), Dendramine (15), 
6-Gingerol (16), Dendrobiumane A (17), 8-Gingerol (18), 
and Hexadecanoic acid (19). The chemical structures of 
these compounds are shown in Figure 2.

DZF Improves Locomotor Dysfunction in 
Parkinsonian Mice
Locomotor dysfunction often occurs in PD. In order to 
evaluate the potential protective effect of DZF on locomotor 

Figure 2 The chromatogram of Duzhong Fang extract and the structure of some components. (1), 5-Hydroxymethyl furaldehyde (2), Aucubin (3), Geniposidic acid (4), 
Dendrobiumane B (5), 3-Caffeoylquinic acid (6), 10-Gingerdione (7), (+)-Cycloolivil or (-)-Olivil (8ʹ,8),6-Shogaol (9), Cinnamic acid (10), 10-Gingerol (11), Dendromoniliside 
A (12), Genipin (13), Nobilonine (14), Dendramine (15), 6-Gingerol (16), Dendrobiumane A (17), 8-Gingerol (18), and Hexadecanoic acid (19).
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dysfunction in parkinsonian mice, we performed behavioral 
tests on mice to evaluate their muscle strength, mobility and 
balance. Through behavioral testing, compared with the 
Control group, MPTP-induced parkinsonian mice showed 
locomotor dysfunction, including longer climbing time, 
shorter falling time of the rotating rod, lower grip value, 
and lower traction score. However, compared with MPTP 
group, MPTP-DZF and MPTP-S significantly improved the 
MPTP-induced motor impairment, and were statistically 
significant. The results are shown in Figure 1E–H.

DZF Rescued Striatal Dopamine Content 
of Parkinsonian Mice
In order to evaluate the potential neuroprotective effects of 
DZF on brain function, the concentration of the striatal neuro-
transmitter DA and its metabolites (DOPAC and HVA) were 
detected by HPLC-ECD. As expected, the DA level of the 
striatum of the MPTP group mice was significantly reduced 
compared with the Control group mice, and the DA level of 
the striatum of the MPTP-DZF group mice was significantly 
increased compared with the MPTP group mice (Figure 1B). 
Similarly, DOPAC and HVA were also decreased in MPTP 
group mice compared with Control group mice. However, in 
MPTP-DZF group, DOPAC and HVA were increased not 
evident compared with the MPTP group mice (Figure 1C 
and D). Curiously, the HVA level of the Selegiline group 
was significantly higher than the Control group (more than 3 
times), which has also been observed previously.18 We rea-
soned that this may be related to the different degradation 
pathways of HVA inside and outside nerve cells.

DZF Improves Dopaminergic Neurons 
and TH Levels in Parkinsonian Mice
In order to examine the effect of DZF on the survival of 
dopaminergic neurons in SNpc and verify whether TH 
expression corresponds to DA level, we characterized TH 
expression by immunohistochemical staining and Western 
blot analysis in SNpc. Immunohistochemical staining 
revealed a significant loss of TH+ dopaminergic neurons in 
parkinsonian mice compared to controls that were partially 
rescued by DZF and Selegiline (Figure 1I and J). Similarly, 
Western blot analysis of midbrain tissue showed that TH 
expression in parkinsonian mice was lower compared to 
Control, DZF and Selegiline inhibited the reduction of TH 
expression in parkinsonian mice (Figure 1K and L).

DZF Alleviates MPTP-Mediated 
Peripheral and Central Inflammation
To further explore the anti-inflammatory benefit of DZF, 
we characterized serum and midbrain level of pro- 
inflammatory factor (IL-1β, IL-6, and TNF-α) and anti- 
inflammatory factor (IL-10 and IL-1rα) by ELISA 
(Figure 3A–D) and RT-PCR (Figure 3E–H), respectively. 
As shown in Figure 3, compared with the Control group, 
the levels of IL-1β, IL-6 and TNF-α in the serum and 
midbrain of the MPTP group mice were increased; com-
pared with the MPTP group, the levels of inflammatory 
factors IL-1β, IL-6, and TNF-α in the serum and mid-
brain tissue of the MPTP-DZF and MPTP-S groups 
decreased, and the levels of IL-1rα and IL10 were sig-
nificantly increased. The reduction of serum IL-1β in the 
MPTP-DZF group was more significant than that in the 
MPTP-S group. However, the levels of IL-10 and IL-1rα 
in the MPTP-S group increased more significantly than 
those in the MPTP-DZF group.

DZF Blocks the MPTP-Induced Microglia 
Reactivity State
The reactivity of brain microglia focused on the SNpc is 
highly relevant for PD.28 After the microglia is activated, 
its morphology also changes, such as branching more from 
the resting state to round amoeba cells with fewer 
branches. Therefore, we observed the morphological 
changes of microglia in the mouse brain SNpc, and the 
number of branches and branch endpoints of every 20 
microglia cells were counted. In order to study whether 
DZF modifies microglia activity within the midbrain in 
parkinsonian mice, we compared by Western blot and 
immunofluorescence staining the expression profiles of 
Iba-1, microglial marker, on the microglia. Western blot 
analysis showed that MPTP led to a significant increase in 
Iba-1 protein level in SNpc. However, upon treatment with 
DZF and Selegiline significantly decreased Iba-1 protein 
(Figure 4A and B).

As can be seen from Iba-1 immunofluorescence stain-
ing, the resting microglia was ramified with multiple 
branches, whereas the microglia in the MPTP group was 
activated, had hypertrophied soma and shortened branches. 
Compared with MPTP-treated mice, microglia in DZF and 
Selegiline-treated mice displayed an increased number of 
branches and of branch endpoints (Figure 4C–E).
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DZF Modulated the Microglial Phenotypic 
Profiles in Parkinsonian Mice
To further observe the effect of DZF on the change of 
microglia phenotype in the midbrain, phenotypic markers 
of microglia were tested. First, mRNA and protein expres-
sion of classically activated microglia marker (MHC-II) and 
alternatively activated microglia marker (Arg-1) were ana-
lyzed by RT-PCR and Western blot. The results showed that 
pro-inflammatory (MHC-II) gene and protein increased in 
the MPTP group, while the anti-inflammatory (Arg-1) gene 
and protein expression was less than the Control group. 
DZF and selegiline markedly restrained the up-regulation 
of the pro-inflammatory marker and DZF elevated the 
downregulation of the anti-inflammatory marker induced 
by MPTP treatment (Figure 5A–E).

Then, the phenotype of microglia was examined by the 
co-expression of the classical marker CD16 (red) and 
alternative marker CD206 (red) with microglia marker 
Iba-1 (green). As shown in Figure 6A–D, DZF and selegi-
line significantly increased the number of CD206+/Iba-1+ 

cells in the midbrain of MPTP-exposed mice. However, 
the number of CD16+/Iba-1+ cells had a tend to reduce 
which was not statistically significant.

Transcriptomics Analysis of the Effect of 
DZF on Gene Expression
To investigate the underlying common molecular mechan-
isms that regulate microglial dysfunction, we analyzed 

transcriptomes during disease progression in parkinsonian 
mice. The obtained genes were screened and compared for 
differential genes. A total of 49 differential genes 
(Figure 7Aa, Table 2A) were compared between the 
MPTP group and the Control group, of which 38 were up- 
regulated and 11 were down-regulated. Comparing the DZF 
group with the Model group, a total of 17 differential genes 
were obtained, all of which were down-regulated 
(Figure 7Ab, Table 2B). Among them, reverse-regulated 7 
genes, including: AGRP, ISL1, AC154734.1, NKX2-1, 
POMC, SYTL4, GAL, were further verified by RT-PCR. 
Ultimately confirming that there were four genes, AGRP, 
POMC, ISL1, NKX2-1, have the same trend between tran-
scriptome (Figure 7B) and RT-PCR analysis (Figure 7C–G).

Using the String database, we further performed protein 
interactions between the validated genes and effect indica-
tors, and it was found that POMC gene is directly related to 
inflammatory factors and microglial phenotypic markers, as 
shown in Figure 7H. That is to say, it is speculated that 
POMC gene may be a direct target of DZF to regulate 
microglial phenotype and neuroinflammation.

Discussion
In vivo evidence provided by this study showed that DZF, 
a traditional Chinese prescription, restored impaired move-
ment and dopamine loss in MPTP-induced parkinsonian 
mice. Indeed, we provide a mechanistic explanation by show-
ing that DZF exerts its beneficial neuroprotective effects by 
limiting systemic inflammation and microglia reactivity. A 

Figure 3 DZF alleviates peripheral and neuroinflammation in MPTP-induced parkinsonian mice. (A-D) ELISA analysis of cytokines (IL-1β, IL-6, TNF-α, and IL-10) in the 
peripheral blood of parkinsonian mice. (E-H) RT-PCR for midbrain mRNA expressions of inflammatory cytokines. Data represent the means ± SEM; Statistics one-way 
ANOVA; #P < 0.05, ##P < 0.01, ###P < 0.001 vs Control group; *P < 0.05, **P < 0.01, ***P < 0.001, vs MPTP group; &&P < 0.01 vs MPTP -DZF group, n = 10.
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model summarising our results is show in Figure 8. Consistent 
with a previous study showing that MPTP-induced PD pro-
motes enhanced motor impairment in mice,29 our results show 
that parkinsonian mice display motor dysfunctions and 
a decrease in striatal neurotransmitters. In contrast, parkinso-
nian mice that received DZF showed significant recovery of 
motor function and DA in the striatum. DA as 
a neurotransmitter plays an important role in regulating bal-
ance and movement,30 our results indicate that DZF can affect 
the DA concentration in the striatum and inhibit the loss of 
dopaminergic neurons in the SNpc. An inflammatory environ-
ment can enhance α-synuclein aggregation and propagation, 
and progression of PD.31,32 Intriguingly, in our study, DZF not 
only improved motor impairment but also reduced peripheral 
and central inflammation in parkinsonian mice. In addition,  

there was a significant induction of the anti-inflammatory 
cytokine IL-10.

Microglia, a major type of immune cell in the central 
nervous system (CNS), performs key macrophage- 
functions, such as clearance of dying cells and debris, 
and immune surveillance and response, et al.33 Increasing 
evidence implicates microglial reactivity is an early and 
characteristic feature of PD.34 The clinical and animal 
studies have shown that through the secretion of inflam-
matory mediators, microglia participates in the develop-
ment and processing of PD pathology.35–37 In brain 
regions, SNpc has a high density of microglia38 and the 
selective vulnerability of dopaminergic neurons to inflam-
matory attack by reactive microglia.39 In the SNpc of 
chronic Parkinsonian macaques, microglial cell processes 

Figure 4 DZF alleviates microglial reactivity in the SNpc of parkinsonian mice. (A) Representative Western blot of midbrain Iba-1 expression. (B) The intensity of bands was 
quantified for Iba-1 following normalization to β-actin. (C) Photomicrographs of immunofluorescence staining for microglial cells. (D) Average number of branches, (E) 
branches endpoints of microglia in the SNpc. Six visual fields were randomly selected and 20 cells in each visual field were counted. Data represent the means ± SEM; 
Statistics one-way ANOVA; ##P < 0.01, ###P < 0.001 vs Control group; *P < 0.05, **P < 0.01, ***P < 0.001, vs MPTP group; n = 3.
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and cell bodies establish contacts with dopaminergic neur-
ites and cell bodies.40 These findings emphasize the reg-
ulation of microglia reactivity in maintaining brain 
integrity. Yet, increased reactivity of microglia has been 
shown to promote microglia-mediated neuronal 

damage.41,42 Here, we found that the number of microglia 
marker Iba-1 was significantly increased in the midbrain of 
parkinsonian mice. Consistently, the body area of micro-
glia represents the morphological changes of activated 
microglia. Unlike resting microglia, activated microglia 

Figure 5 Western blot was used to detect the effect of DZF on the inflammatory response of microglia. (A and B) RT-PCR analysis of MHC-II and Arg-1 mRNA expression 
in parkinsonian mice. (C) Representative Western blot of midbrain MHC-II and Arg-1 protein expression. (D and E) The intensity of bands was quantified for MHC-II and 
Arg-1 following normalization to β-actin. Data represent the means ± SEM; Statistics one-way ANOVA; #P < 0.05, ##P < 0.01, vs Control group; *P < 0.05, **P < 0.01, vs 
MPTP group; n = 10 for RT-PCR. n = 3.
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Figure 6 Immunofluorescence double staining of inflammatory marker CD16 and anti-inflammatory marker CD206 on microglia in the substantia nigra of mice. (A) Staining 
of Iba-1 (green) and CD16 (classical microglia marker, red) in the SNpc and (B) quantification of the percentage of CD16+/Iba-1+ cell. (C) Double staining of Iba-1 (microglia 
marker, green) and CD206 (alternative microglia marker, red) in the SNpc for immunofluorescence pictures and (D) quantification of the percentage of CD206+/Iba-1+ cell. 
Scale bar is 20 µm. Data represent the means ± SEM; Statistics one-way ANOVA; ##P < 0.01, ###P < 0.001 vs Control group; *P < 0.05, vs MPTP group; n = 3.

Figure 7 POMC gene is key target associated with the DZF to treat PD. (A) The oppositely regulated genes in the MPTP group compared with Control group and the 
MPTP group compared with the MPTP-DZF group. ((A)a represent differential genes between MPTP and Control groups. (A)b represent differential genes between MPTP- 
DZF and MPTP groups. The pink in (A)a and the green in (A)b are the same gene, but the expression trend is opposite). (B) Heatmap show reverse differential genes 
changed among the Control, Mode, and DZF groups. (C–G) RT-PCR verification of differential genes. (H) Interaction analysis of differentially genes and target effect. 
Protein–protein interaction was predicted between differentially genes and inflammation-related indicators using STRING database. Colored nodes represent query proteins 
and first shell of interactors; Edges represent protein-protein associations; The blue and purple lines represent known interactions; The green, red and blue lines represent 
predicted interactions. Data represent the means ± SEM; Statistics one-way ANOVA; ###P < 0.001 vs Control group; ***P < 0.001, vs MPTP group; n = 3.
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are round, swollen, and small processes that transfer from 
branches to amoeba-like assets.43 As can be seen from 
Figure 4, DZF not only reduces the expression of Iba-1 
but also with thin highly branched, suggesting a reduction 
in microglial reactivity after treatment.

Under physiological condition, microglia monitor the 
local environment to maintain the homeostasis of the 
CNS.44 When it senses injury signals, it gets activated and 
releases inflammatory cytokines.45 Activated microglia are 
very plastic and may have multiple phenotypes.46 Recent 
studies have shown that microglia adopts two different func-
tional phenotypes, consisting of phenotypes of “classical” 
reactivity and “alternative” reactivity.47,48 Although the 
dichotomy classical/alternative is now recognized as over-
simplification, this classification is still useful for understand-
ing the function of microglia in various brain diseases.49 

When activated as a classical reactivity, microglia produces 
large amounts of neurotoxic mediators (IL-1β, TNF-α, NO) 
and worsen long-term neurological deficits after damage.50 

During PD pathogenesis, classical reactivity microglia do not 
play a protective role, are harmful to the survival of dopami-
nergic neurons, and contribute to the aggregation of α- 
synuclein.51 Conversely, damaged dopaminergic (DA) neu-
rons also activate microglia to assume classical phenotype, 
setup a vicious cycle between dying neurons and acute 
inflammation.52–54 Aggregated α-synuclein released into 

Table 2 Differentially Expressed Genes Between the Control, 
MPTP, and MPTP-DZF Groups Obtained from the Analysis of the 
Mice Midbrain Transcriptomics Results

Gene Log2 (FC) P-value

(A) Differentially Expressed Genes Between the MPTP Group and the Control 

Group

Nkx2-1 1.43 1.94E-19

NR4A3 1.39 6.82E-24

AC154734.1 1.31 1.52E-17

Agrp 1.24 9.57E-15

Tma16 1.14 1.27E-22

Hmgb2 1.13 1.37E-14

Sytl4 1.11 6.86E-12

Gm12840 1.08 3.23E-11

Fmo2 1.03 4.57E-11

Gpr50 1.00 4.64E-10

Cyr61 0.99 8.71E-11

Gm45221 0.96 3.86E-09

Phactr3 0.94 1.46E-17

Pomc 0.94 2.33E-09

Socs3 0.90 1.67E-08

Gm20400 0.90 2.46E-08

Isl1 0.90 2.96E-08

Slmapos2 0.88 3.61E-08

Tac2 0.86 3.24E-08

Bsx 0.86 1.31E-09

Maff 0.85 5.58E-08

Rasd1 0.83 9.23E-08

Elmsan1 0.83 1.27E-14

Per1 0.82 1.21E-15

Fosl2 0.82 2.55E-08

Slco4a1 0.81 1.92E-07

Irf7 0.80 4.65E-07

5830444B04Rik 0.80 5.62E-07

Btg3 0.79 8.37E-08

Klf4 0.79 1.61E-10

Fosb 0.78 1.11E-06

Vill 0.77 2.08E-06

Ciart 0.74 7.62E-08

Usp53 0.73 8.88E-13

Adamts1 0.72 7.87E-08

Fyb 0.72 1.02E-05

Gal 0.71 1.19E-05

Gm43300 0.71 1.28E-05

Kctd15 −0.71 2.61E-07

Fam60a −0.72 9.48E-06

P2ry13 −0.72 5.47E-06

Arc −0.72 4.75E-07

A330023F24Rik −0.73 2.44E-09

Gm15535 −0.73 5.09E-06

Oraov1 −0.74 1.75E-08

Trim59 −0.74 2.10E-08

Cldn5 −0.78 6.54E-10

Sall1 −0.84 7.83E-13

Zfp366 −0.85 1.47E-07

(Continued)

Table 2 (Continued). 

Gene Log2 (FC) P-value

(B) Differentially Expressed Genes Between MPTP-DZF Group and MPTP 

Group

Col6a1 −0.71233 5.78E-09

Slc47a1 −0.73005 4.36E-08

Gal −0.73546 4.29E-08

Fam179a −0.7487 3.32E-08

Adamtsl3 −0.76488 1.62E-08

Crabp1 −0.87835 1.79E-11

Sytl4 −0.89234 1.43E-11

Pomc −0.91733 8.34E-12

Anpep −0.92788 6.29E-12

Hdc −0.98231 3.65E-13

Lbp −1.0015 6.07E-15

Col23a1 −1.07021 7.71E-20

Nkx2-1 −1.11077 1.09E-18

AC154734.1 −1.18157 2.37E-21

Isl1 −1.2237 1.10E-19

Agrp −1.24157 2.11E-20

Npy −1.3124 1.39E-24
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the extracellular space from neurons can directly switch 
microglia to a more classical phenotype.55

Contrary to the classical phenotype, alternative micro-
glia have anti-inflammatory effects and promote wound 
healing and tissue repair.56,57 Alternative microglia 
secretes anti-inflammatory cytokines, such as IL-4, IL-13 
and IL-10, initiating the alleviation of pro-inflammatory 
responses.58,59 It is generally thought that classical micro-
glia usually becomes predominant in the early phase,60 and 
alternative microglia executes immunoresolution at a later 
phase. Whereas Michels et al suggest that early reactivity 
of classical microglia is followed by an overlap of both 
classical and alternative phenotypes.46 Similarly, mixed 
reactions similar to classical-like and alternative-like 
have been reported in animal models of epilepsy.61 

However, currently, the reactivity of alternative phenotype 
in the pathogenesis of PD is still not clear. Since targeting 
classical/alternative microglia is expected to prevent the 
development of PD, mastering the specific phase transition 
of classical/alternative phenotype within an appropriate 
time frame may provide better therapeutic effects. In our 
PD model, the expression of MHC-II and CD16 (classical 
microglia marker) was found to significantly increase in 
MPTP-induced mice, whereas DZF treatment significantly 

suppressed them expression. Conversely, DZF caused 
upregulation of the expression of alternative biomarkers 
Arg1 and CD206. That is, DZF can regulate the switch 
from classical to alternative microglia and alleviate 
inflammation.

Assessment of gene expression profiles in a genomics 
analysis further indicated the involvement of the molecular 
mechanism of DZF on microglia phenotype and against 
PD. In our study, there were 48 differential genes between 
the Model and Control groups, 17 genes between the DZF 
and Model groups. Eventually, seven oppositely regulated 
genes were found. Among them, only four reverse differ-
ential genes were ultimately validated by RT-PCR (ie, 
AGRP, POMC, ISL1, NKX2-1). Using the String data-
base, we found that POMC gene is directly related to 
inflammatory factors and microglial phenotypic markers. 
Therefore, we considered that the microglia phenotype is 
involved in MPTP-induced PD, and POMC gene may play 
a role. And POMC gene may be the direct target of DZF to 
regulate microglial phenotype and neuroinflammation.

Pro-opiomelanocortin (POMC) is an opioid precursor, 
which exists in the pituitary gland, central nervous system, 
pancreas and other tissues. It participates in regulating the 
body’s energy metabolism and appetite. In addition, it was 

Figure 8 Schematic model of DZF attenuated POMC gene-driven MPTP-induced neuroinflammation in parkinsonian mice.
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reported that dopamine could inhibit the synthesis of 
POMC.62 It has been reported that the level of POMC deri-
vative β-endorphin in the cerebrospinal fluid of patients with 
PD is reduced, D2 dopamine receptors regulate the produc-
tion of POMC, and the impaired POMC processing in PD 
may be related to the activity of D2 dopamine receptors.63,64 

In addition, Ropelle and Shi et al have reported that POMC is 
affected by IL-6 and is a downstream target of NF-κB.65–67 

Even the expression of POMC mRNA in LPS-treated rats is 
elevated.68 Furthermore, the endogenous peptide α-MSH, 
which is derived from the POMC, also has anti- 
inflammatory and neuroprotective effects.69–71 It can regu-
late microglia inflammation, and participate in the NF-κB 
pathway.72 Based on the above literatures and our results, it is 
shown that POMC plays an important role in the inflamma-
tory response of PD. We therefore speculate that POMC may 
be a potential therapeutic target for PD. Simultaneously, we 
were fortunate to have demonstrated a regulation of POMC 
by DZF. It is important to note, however, that our current 
research has some limitations. Naturally, to confirm the cor-
relation, further confirmation would be required. For 
instance, through application of POMC gene knockdown or 
knockout models.

Conclusions
In conclusion, we have confirmed that DZF can improve 
Parkinson’s disease-like symptoms. In addition, we 
explored a new target in PD, POMC. DZF can regulate 
neuroinflammation by targeting the POMC gene and 
reduce the death of dopaminergic neurons, thereby 
improving the motor function of parkinsonian mice.
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