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Introduction
Parkinson’s disease is a disease of the central nervous sys-
tem. A previous study demonstrated that abnormally in-
creased iron content may be a cause of neurodegenerative 
diseases[1-2]. A growing number of studies have shown that 
excessive iron is closely associated with the pathogenesis of 
Parkinson’s disease[3]. In addition, it has been reported that 
compared with normal persons of the same age, extensive 
iron deposition is present in the brains of patients with Par-
kinson’s disease[4-5]. MRI studies in patients with Parkinson’s 
disease have shown iron deposition in the substantia nig-
ra[6-8], and that iron deposition was associated with disease 
progression[9-10]. Other researchers have found changes in 
iron metabolism in patients with Parkinson’s disease, abnor-
mally increased iron content, and oxidative stress[11]. Thus, 
the authors speculated that abnormal iron accumulation-in-
duced oxidative stress and defective anti-oxidation metab-
olism may be causes of neuronal death[11]. In another study, 
although iron content was increased in oligodendrocytes, 

iron content was higher in remaining dopaminergic neurons 
compared with control rats[12]. Furthermore, progressive 
death of dopaminergic neurons in the substantia nigra and 
dopamine depletion in the axon terminals of the striatum 
has been shown to correlate with abnormally increased iron 
content[13], but the reason for increased iron content remains 
unknown. Whether abnormal transferrin expression is as-
sociated with increased iron content is currently unknown. 
Both divalent metal transporter 1 and ferroportin 1 are 
membrane proteins. Divalent metal transporter 1 is essential 
for iron uptake, and ferroportin 1 for iron removal[14]. Diva-
lent metal transporter 1 expression increases and iron accu-
mulation appears in the same region of the brain in patients 
with Parkinson’s disease[15]. Iron accumulation in the substan-
tia nigra and divalent metal transporter 1 expression increases 
were observed in N-methyl-4-phenyl-1,2,3,6-tetrahydropy-
ridine and 6-hydroxydopamine-induced animal models of 
Parkinson’s disease[1]. Wang[16] observed that ferroportin 1 ex-
pression decreased in one injured side of the substantia nigra 
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in a 6-hydroxydopamine-induced rat model of Parkinson’s 
disease. Our previous studies in rats showed tyrosine hydrox-
ylase cell deletion and iron accumulation in the substantia 
nigra, an increase in divalent metal transporter 1 expression, 
and a decrease in ferroportin 1 expression, and confirmed 
that changes in divalent metal transporter 1 and ferroportin 1 
expression were associated with the origin and development 
of iron accumulation in Parkinson’s disease rats[17-18]. 

Baicalin is a major active ingredient of the plant Scutellar-
ia baicalensis Georgi, and has wide pharmacological action. 
Baicalin has been shown to have protective effects on do-
paminergic neurons in the substantia nigra of rotenone-in-
duced Parkinson’s disease rats and in C6 cells[17-19]. Treat-
ment with baicalin reduced iron accumulation and divalent 
metal transporter 1 expression, but increased ferroportin 
1 expression in the substantia nigra of rotenone-induced 
Parkinson’s disease rats[18-19]. This study sought to investigate 
the relationship between iron accumulation and transferrin 
expression in C6 cells, and explore the mechanisms of the 
inhibitory effect of baicalin on iron accumulation seen in 
Parkinson’s disease rats.

Results
Effects of divalent metal transporter 1 and ferroportin 1 
blockage on iron content in C6 cells
C6 cells were incubated for 24 hours and divided into four 
groups: control, 100 µg/mL ferric ammonium citrate, di-
valent metal transporter 1 block, and divalent metal trans-
porter 1 + ferroportin 1 block. Iron content was detected 
using inductively coupled plasma-atomic emission spec-
troscopy. As shown in Table 1, iron content significantly 
increased in the 100 µg/mL ferric ammonium citrate group 
(P < 0.01), but decreased in both the divalent metal trans-
porter 1 block and divalent metal transporter 1 + ferropor-
tin 1 block groups (P < 0.01), but was still higher compared 
with the control group (P < 0.05). Iron content was sig-
nificantly higher after blocking divalent metal transporter 
1 and ferroportin 1 compared with after blocking divalent 
metal transporter 1 alone (P < 0.01). Cellular iron content 
decreased 61% after divalent metal transporter 1 protein 
block. Moreover, iron content also decreased 41% after 

blocking of divalent metal transporter 1 and ferroportin 1 
proteins. These data indicate that divalent metal transport-
er 1 played a key role in iron accumulation, and that inhibi-
tion of divalent metal transporter 1 function had an impact 
on iron absorption.

Effects of different concentrations of iron on C6 cell 
survival and transferrin divalent metal transporter 1 and 
ferroportin 1 expression
Cells were incubated for 24 hours and divided into five groups: 
control, 10 µg/mL ferric ammonium citrate, 50 µg/mL ferric 
ammonium citrate, 100 µg/mL ferric ammonium citrate, 
and 400 µg/mL ferric ammonium citrate. 3-(4,5-Dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
and immunohistochemical staining for divalent metal 
transporter 1 and ferroportin 1 were conducted. As shown 
in Table 2, Figure 1, C6 cells were incubated with different 
concentrations of ferric ammonium citrate. Divalent metal 
transporter 1 expression positively correlated with ferric 
ammonium citrate concentration (0–400 µg/mL, r = 0.98). 
Ferroportin 1 expression negatively correlated with ferric 
ammonium citrate concentration (0–400 µg/mL, r = –0.95). 
Divalent metal transporter 1 expression negatively correlated 
with ferroportin 1 expression (r = –0.98). In addition, the 
cell survival rate decreased with increasing ferric ammonium 
citrate concentration. However, no significant difference in 
ferroportin 1 expression was detected between the 10 µg/mL 
ferric ammonium citrate group and control group.

Effects of baicalin and deferoxamine on expression of 
divalent metal transporter 1 and ferroportin 1 in 
iron-loaded C6 cells
Cells were incubated for 24 hours and assigned to four groups: 
control, 100 µg/mL ferric ammonium citrate, 100 µg/mL ferric 
ammonium citrate + baicalin, 100 µg/mL ferric ammonium 
citrate + deferoxamine. Immunohistochemical staining for 
divalent metal transporter 1 and ferroportin 1 was conducted. 
As shown in Table 3, divalent metal transporter 1 expression 
in the 100 µg/mL ferric ammonium citrate group was sig-
nificantly higher compared with the control group (8.56 ± 
0.32 vs. 2.86 ± 0.31; n = 6; P < 0.01). Ferroportin 1 expression 
was lower in the 100 µg/mL ferric ammonium citrate group 

Table 2 Effects of various concentrations of FAC on cell survival rate 
and expression of DMT1 and FP1 in C6 cells

Group

Cell 
survival rate 
(absorbance)

DMT1 expression 
(integrated 
absorbance)

FP1 expression 
(integrated 
absorbance)

Control 0.92±0.06 2.78±0.23 4.63±0.45

10 µg/mL FAC 0.90±0.13a 3.53±0.29a 4.64±0.12

50 µg/mL FAC 0.76±0.15ab 5.61±0.19ab 3.12±0.19ab

100 µg/mL FAC 0.58±0.21abc 8.05±0.15abc 2.34±0.48abc

400 µg/mL FAC 0.24±0.28abcd 10.71±0.58abcd 0.91±0.02abcd

Data are expressed as mean ± SD. aP < 0.05, vs. control group; bP < 
0.05, vs. 10 µg/mL FAC group; cP < 0.05, vs. 50 µg/mL fac group; dP < 
0.05, vs. 100 µg/mL FAC group (n = 9; one-way analysis of variance and 
Student-Newman-Keuls test). DMT1: Divalent metal transporter 1; 
FP1: ferroportin 1; FAC: ferric ammonium citrate. 

Table 1 Effects of blocking DMT1 and FP1 on iron content in C6 cells

Group Iron content/105cells (µg) In/out(%)

Control 5.07±0.54                    0

100 µg/mL FAC 10.50±1.15a 0

DMT1 block 7.20±0.85b 61(take in)

DMT1 + FP1 block 8.69±0.27bc 41(take out)

Data are expressed as mean ± SD. aP < 0.01, vs. control group; bP < 0.01, 
vs. 100 µg/mL FAC group; cP < 0.01, vs. DMT1 block group (n = 9, one-
way analysis of variance and Student-Newman-Keuls test). Decreased 
iron intake (%) = increased iron content in the 100 µg/mL FAC group-
increased iron content in the blocking group/increased iron content 
in the 100 µg/mL FAC group. Decreased iron take out (%) = increased 
iron content in the DMT1 + FP1 blocking group – increased iron 
content in the DMT1 block/increased iron content in the DMT1 + FP1 
block group. DMT1: Divalent metal transporter 1; FP1: ferroportin 1; 
FAC: ferric ammonium citrate.
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Figure 1 Effects of baicalin on the immunoreactivites of DMT1 and FP1 in C6 cells (immunohistochemical staining, × 200).
C6 cells were incubated with different concentrations of FAC (10, 50, 100, and 400 µg/mL). DMT1 expression increased with a rise in FAC concen-
tration, while FP1 expression decreased. DMT1 expression in the FAC + BI and FAC + DFO group was lower compared with the 100 µg/mL FAC 
group, but higher compared with the FP1 group. DMT1 expression in the FAC + BI group was lower compared with the FAC + DFO group, but 
FP1 expression was the opposite. Arrows show DMT1 and FP1 expression. DMT1: Divalent metal transporter 1; FP1: ferroportin 1; FAC: ferric am-
monium citrate; DFO: deferoxamine; BI: baicalin. Scale bars: 100 µm. 
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compared with the control group (2.64 ± 0.48 vs. 4.46 ± 
0.40; n = 6; P < 0.01). Divalent metal transporter 1 expres-
sion was lower, but ferroportin 1 expression was higher 
in the 100 µg/mL ferric ammonium citrate + baicalin 
and 100 µg/mL ferric ammonium citrate + deferoxamine 
groups compared with the 100 µg/mL ferric ammonium 
citrate group. These data show that divalent metal trans-
porter 1 expression was lower, but ferroportin 1 expression 
was higher in the 100 µg/mL ferric ammonium citrate + 
baicalin group compared with the 100 µg/mL ferric ammo-
nium citrate + deferoxamine group.

Discussion
Effects of blocking divalent metal transporter 1 and 
ferroportin 1 on iron transport in C6 cells
In 1922, Spatz detected iron in brain cells using Perls’ stain, 
and he verified that iron had unevenly distributed through-
out the brain, with the extrapyramidal system the most 
significantly concentrated region. Moreover, neurons, mi-
croglia, oligodendrocytes, and various astrocytes contained 
high iron content, with iron content highest in oligodendro 
cytes[20]. Iron-induced oxidative stress has been suggested as 
a mechanism of nervous degenerative diseases[21]. Chen[22] 
and Nunez et al.[23] showed that extracellular iron had an an-
ti-proliferative effect on SH-SY5YS cells, and decreased the 
cell survival rate. In addition, in vitro cerebellar granule cell 
death was observed in Dulbecco’s modified Eagle’s medium 
containing a high-concentration of iron for 7 days. Oxida-
tive stress induced by high iron concentration is a cause of 
cell death[24].

Expression of divalent metal transporter 1 protein is 
present in nearly every tissue in the body, and in astrocytes, 
neurons, and capillary endothelial cells in the brain[25-27]. 
Specifically, divalent metal transporter 1 has been shown to 
be expressed in the putamen and substantia nigra, suggest-
ing that divalent metal transporter 1 plays a key role in iron 
metabolism[28-29]. Divalent metal transporter 1 expression is 
high in the substantia nigra of Parkinson’s disease patients 
and in animal models, indicating that disturbance of iron 
metabolism may induce selective iron accumulation in the 
substantia nigra[1, 30-31]. Abnormal divalent metal transporter 
1 expression is likley an important factor in neurodegener-

ative diseases, and induces iron metabolism disorder, iron 
accumulation, and enhances oxidative stress, and eventually 
leads to neuronal death[32]. Su et al.[33] found increased in-
tracellular iron levels in AdDMT1-infected MES23.5 cells 
after incubation with iron for 6 hours. Zhang[32] induced 
increased expression of divalent metal transporter 1 protein 
and mRNA and found a significant influx of iron in 6-hy-
droxydopamine-treated MES23.5 cells. A previous study[34] 
showed high divalent metal transporter 1 expression in 6-hy-
droxydopamine-treated C6 cells, and increased iron uptake 
and accumulation in C6 cells. 

Ferroportin 1 protein expression has been detected in the 
small intestine, placenta, spleen, liver, kidney, heart, muscle, 
lung, and brain[35]. Xenopus oocytes incubated with 55Fe in 
advance, and then subsequently injected with ferroportin 1 
cRNA showed that 80% of iron was released from Xenopus 
oocytes[36]. Moreover, Donovan et al.[37] showed that iron re-
leased from oocytes in the presence of ferroportin 1 protein 
was 5 × higher compared with the absence of EP1 protein. 
Wang[16] observed low iron release from C6 cells when ferro-
portin 1 was blocked; up to 5 × lower compared with con-
trols. Patti et al.[38] observed that upregulated expression of 
ferroportin 1 protein resulted in increased iron release in C6 
cells. 

Our previous study suggested that injury to dopamine 
neurons was accompanied by microglia activation[39], and 
iron accumulation appeared in the substantia nigra in a ro-
tenone model of Parkinson’s disease[17-18]. However, precisely 
which cells iron accumulation can be detected in has not 
been completely clarified. Thus, we hypothesized that iron 
accumulation is mainly detected in neuroglial cells. In this 
study, C6 cells expressing ferroportin 1 and divalent metal 
transporter 1 protein showed a relationship between iron 
transport and divalent metal transporter 1 and ferropor-
tin 1 expression. Cellular iron content decreased 61% after 
blocking the divalent metal transporter 1 protein, suggesting 
that divalent metal transporter 1 plays a key role in iron 
accumulation. Thus, inhibiting its function could impact 
iron absorption. However, the results show that there may be 
other iron transport pathways in addition to divalent metal 
transporter 1. The Ca2+ channel plays an important role in 
high-concentration iron accumulation in cardiac cells and 
PC12 cells[40]. For example, nifedipine protected dopaminer-
gic neurons in the substantia nigra of iron-loaded rats[41]. 
More research is needed to confirm the precise mechanisms 
involved in iron intake. In this study, iron content also de-
creased 41% after blocking divalent metal transporter 1 and 
ferroportin 1 proteins, but iron content was higher than 
blocking divalent metal transporter 1 protein alone, which 
indicates that ferroportin 1 is also critical to iron transport. 
Iron content would increase if ferroportin 1 was blocked. 
Thus, the two newly discovered proteins can affect iron 
transporter.

Iron concentration regulates divalent metal transporter 1 
and ferroportin 1 expression
Our earlier findings showed that baicalin had a protective 
effect on dopaminergic nerve cells in Parkinson’s disease 

Table 3 Effects of baicalin on expression (integrated absorbance) of 
DMT1 and FP1 in C6 cells

Group
Cell proliferation 
rate (%) DMT1 expression FP1 expression

Control 100.0 2.86±0.31 4.46±0.40

100 µg/mL FAC 62.6 8.56±0.32a 2.64±0.48a

100 µg/mL FAC+
  baicalin

92.4 3.41±0.21b 5.56±0.32b

100 µg/mL FAC+ 
  deferoxamine

85.9 5.15±0.32bc 3.99±0.07bc

Data are expressed as mean ± SD. aP < 0.01, vs. control group; bP < 
0.01, vs. 100 µg/mL FAC group; cP < 0.01, vs. 100 µg/mL FAC + baicalin 
group (The experiment was repeated six times, one-way analysis of 
variance and Student-Newman-Keuls test were used). DMT1: Divalent 
metal transporter 1; FP1: ferroportin 1; FAC: ferric ammonium citrate. 
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rats, decreased divalent metal transporter 1 expression, and 
increased ferroportin 1 expression. We also showed that ba-
icalin protected nerve cells by iron chelation. However, the 
mechanism of baicalin’s effect on protein expression was 
unknown. We hypothesized that iron chelation diminishes 
iron concentration and has a secondary action. Thus, we 
speculated that the concentration of iron adjusted levels 
of divalent metal transporter 1 and ferroportin 1 protein 
expression. Our study results revealed that divalent metal 
transporter 1 expression was positively associated with iron 
concentration, but ferroportin 1 was negatively associated 
(data not shown). Thus, iron concentration is important 
in regulating divalent metal transporter 1 and ferroportin 
1 expression. Iron concentration increases in the microen-
vironment may be induced by iron metabolism disorders. 
Our previous results showed that iron concentration was 
increased in the liver, but decreased in the serum of rote-
none model Parkinson’s disease rats. Thus, it is likley that 
an iron metabolism disorder occurred in the Parkinson’s 
disease rats. 

The above study primarily demonstrated the relationship 
between iron concentration increases and divalent metal 
transporter 1 and ferroportin 1 expression associated with 
nerve cell damage, and showed that the concentration of 
iron regulates divalent metal transporter 1 and ferroportin 
1 expression. Iron concentration plays an important role in 
the metabolism of iron accumulation in the substantia nigra 
and progression of Parkinson’s disease.

Baicalin and deferoxamine act on divalent metal 
transporter 1 and ferroportin 1 expression levels via iron 
chelation in C6 cells
Our previous study showed that iron chelation decreased iron 
concentration in glial cells, decreased oxidative stress, and 
played a protective role in nerve cells[42]. This study showed 
that baicalin and deferoxamine decreased divalent metal 
transporter 1 expression, but increased ferroportin 1 expres-
sion, and subsequently lowered iron concentration in cells 
and protected nerve cells. Thus, the neuroprotective mecha-
nism of baicalin and deferoxamine appears to be iron chela-
tion. The results of our studies indicate that iron chelation has 
potential use as a preventive treatment of Parkinson’s disease 
and central nervous system degenerative diseases. 

Materials and Methods
Design
A randomized controlled study.

Time and setting
This experiment was performed in the Pharmacology Labo-
ratory of the Traditional Chinese Medicine Academy, Capital 
Medical University, China, from September 2010 to February 
2012.

Materials
Drugs
Drugs included ferric ammonium citrate (Sinopharm Chem-
ical Reagent Co., Ltd., Beijing, China, batch No. F20091029), 
deferoxamine (Novartis, Basel, Switzerland), and baicalin 

(the National Institute for the Control of Pharmaceutical 
and Biological Products, Beijing, China). The molecular 
formula of baicalin is C21H18O11 and the molecular weight is 
446.36. 

Methods
Cell culture
C6 cells (Nanjing Institute of Kaiji Biological Engineer-
ing, Nanjing, Jiangsu Province, China) were incubated in 
high-glucose Dulbecco’s modified Eagle’s medium (Nanjing 
Institute of Kaiji Biological Engineering) supplemented 
with 10% fetal bovine serum (Nanjing Institute of Kaiji Bi-
ological Engineering), 100 U/mL penicillin and 100 µg/mL 
streptomycin. The cells were seeded at a density of 104 cells 
per mL in T-25 culture flasks with 5 mL of complete Dul-
becco’s modified Eagle’s medium and cultured at 37°C with 
5% CO2.

Iron content assay
Cells were incubated for 24 hours and assigned to four 
groups: control, 100 µg/mL ferric ammonium citrate, diva-
lent metal transporter 1 block, and divalent metal transport-
er 1 + ferroportin 1 block. In the divalent metal transporter 
1 block group, 2 µL rabbit anti-rat divalent metal transport-
er 1 polyclonal antibody (1:2,000; ADI, San Antonio, TX, 
USA), 100 µL, was added to each well in a wet box at 4°C 
overnight. In the divalent metal transporter 1 + ferroportin 
1 block group, 2 µL divalent metal transporter 1 polyclonal 
antibody and 2 µL rabbit anti-rat ferroportin 1 polyclonal 
antibody (1:1,000; Abcam, Hong Kong, China), 100 µL/
piece, was added to each well in a wet box at 4°C overnight, 
for 2 hours. Subsequently, the cells were washed with PBS. 
The control was incubated in serum-free Dulbecco’s modi-
fied Eagle’s medium. The 100 µg/mL ferric ammonium ci-
trate, divalent metal transporter 1 block, and divalent metal 
transporter 1+ ferroportin 1 block groups were treated with 
100 µg/mL ferric ammonium citrate (Sinopharm Chemical 
Reagent Co., Ltd., Beijing, China, batch No. F20091029) for 
48 hours, 2 mL/well. All cells were incubated in serum-free 
Dulbecco’s modified Eagle’s medium (Nanjing Institute of 
Kaiji Biological Engineering) for an additional 3 hours. After 
treatment, the cells were collected. Iron content was detected 
by an inductively coupled plasma emission spectrometer 
(ICE-APS; Shimadzu, Kyoto, Japan). Each group contained 
nine parallel wells.

MTT assay
Cells were incubated for 24 hours and divided into five groups: 
control, 10 µg/mL ferric ammonium citrate, 50 µg/mL ferric 
ammonium citrate, 100 µg/mL ferric ammonium citrate, and 
400 µg/mL ferric ammonium citrate. Cells were washed 
and treated with different concentrations of ferric ammo-
nium citrate for 48 hours, and then treated with serum-free 
Dulbecco’s modified Eagle’s medium for an additional 3 
hours. Simultaneously, the control was also incubated in 
serum-free Dulbecco’s modified Eagle’s medium. 100 µL 
of 0.5% (w/v) MTT (Nanjing Institute of Kaiji Biological 
Engineering) was added to each well. The plates were incu-
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bated at 37°C for 4 hours. After incubation, the stain was 
removed from the plate and 150 µL of dimethyl sulfoxide 
(Nanjing Institute of Kaiji Biological Engineering) was add-
ed and mixed for 20 minutes for visualization. The absor-
bance was read at 490 nm using an enzyme-linked immu-
nosorbent assay plate reader (Bio-Rad 680, Hercules, CA, 
USA). The percentage of growth inhibition was calculated 
and plotted on a graph.

Immunohistochemical staining for divalent metal transporter 1 
and ferroportin 1
Cells were cultured on 6-well plates with glass slides for 24 
hours and divided into seven groups: control, 10 µg/mL fer-
ric ammonium citrate, 50 µg/mL ferric ammonium citrate,       
100 µg/mL ferric ammonium citrate, 400 µg/mL ferric am-
monium citrate, 100 µg/mL ferric ammonium citrate + ba-
icalin, 100 µg/mL ferric ammonium citrate + deferoxamine. 
Subsequently, cells were washed. The control was treated with 
serum-free Dulbecco’s modified Eagle’s medium and the oth-
ers were treated with different concentrations of ferric ammo-
nium citrate for 48 hours. The 100 µg/mL ferric ammonium 
citrate + baicalin and 100 µg/mL ferric ammonium citrate + 
deferoxamine groups were treated with 100 µg/mL baicalin 
and 100 µg/mL deferoxamine, respectively, for an additional 
3 hours, other groups were incubated with serum-free Dul-
becco’s modified Eagle’s medium for an additional 3 hours, 
2 mL/piece.

The glass slides were removed and washed three times 
with PBS, 3 minutes each time. Glass slides were fixed in 4% 
paraformaldehyde for 40 minutes, and maintained at room 
temperature for 5 minutes, and washed three times with 
PBS, 3 minutes each time. Glass slides were treated with 
3% H2O2 100 µL/piece, for 10 minutes, washed three times 
with PBS, 3 minutes each time. Specimens were blocked 
with sheep serum, 100 µL/piece, in a 37°C incubator for 
30 minutes, and treated with rabbit anti-rat divalent metal 
transporter 1 polyclonal antibody (1:2,000; ADI), 100 µL/
piece, in a wet box at 4°C overnight or rabbit anti-rat fer-
roportin 1 polyclonal antibody (1:1,000; Abcam), 100 µL/
piece, in a wet box at 4°C overnight. The glass slides were 
removed and washed three times with PBS, 3 minutes each 
time. Glass slides were treated with Polymer Helper (Beijing 
Sequoia Jinqiao Biological Technology Co., Ltd., Beijing, 
China) 100 µL/piece, in a wet box at 37°C for 1 hour, and 
washed three times with PBS, 3 minutes each time. Glass 
slides were treated with poly-horseradish peroxidase an-
ti-rabbit IgG (Beijing Sequoia Jinqiao Biological Technology 
Co., Ltd.), 100 µL/piece, in a wet box at 37°C for 30 minutes, 
washed three times with PBS, 3 minutes each time. Glass 
slides were developed with 3,3′-diaminobenzidine (1:1,000; 
Beijing Sequoia Jinqiao Biological Technology Co., Ltd.) for 3 
minutes. 

Samples were dehydrated in a gradient of ethanol and 
xylene, and mounted with neutral gum. Each experiment 
contained six parallel wells. Six sections were collected from 
each group, and observed using a microscope (Nikon, To-
kyo, Japan) at 40 × magnification. Four-quadrant images 
were collected from each section. Integral absorbance values 

were analyzed using NIS-Elements image analysis software 
(Ver.2.1; Nikon).

Statistical analysis
Data are expressed as mean ± SD and were evaluated using 
SPSS 11.5 software (SPSS, Chicago, IL, USA). Measurement 
data were analyzed using one-way analysis of variance, and 
groups were compared using the Student-Newman-Keuls test. 
A value of P < 0.05 was considered statistically significant.
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Peer review: This study verified that iron concentration regulated 
the expression of divalent metal transporter 1 and ferroportin 1. 
Baicalin and deferoxamine reduced divalent metal transporter 1 
expression, but increased ferroportin 1 expression, and then pro-
tected nerve cells, which provided significant ideas for the preven-
tion and treatment of Parkinson’s disease.
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