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Abstract Flavonoids, the active components of Epimedii Genus, have been demonstrated to protect
against osteoporosis, cardiovascular diseases and rheumatoid arthritis. The present study aimed to
investigate the neuroprotective effects of total flavonoid (TF) fraction of Epimedium koreanum Nakai
on dopaminergic neurons in the cellular and mice models of Parkinson’s disease (PD). TF pretreatment
could ameliorate the decrease of striatal dopamine (DA) content and the loss of tyrosine hydroxylase
(TH) -immunoreactive neurons in the substantia nigra pars compacta (SNpc) induced by 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP). TF treatment could reverse the changes of Bcl-2 and Bax
protein expressions in the striatum of PD mice. 1-Methyl-4-phenylpyridinium ion (MPP*) significantly
decreased the cell viability and mitochondrial membrane potential in MES23.5 cells. These effects
could be reversed by TF treatment. In addition, MPP*-induced changes of Bcl-2 and Bax mRNA and
protein expressions were also reversed by TF pretreatment. These data demonstrated that TF of
Epimedium koreanum Nakai could protect against MPTP-induced dopaminergic neuronal death in mice
and MPP"-induced neurotoxicity in dopaminergic MES23.5 cells. Anti-apoptosis might be involved in

this process.
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1. Introduction

Accumulated clinical studies support that the incidence of Parkinson’s disease (PD) in male is
higher than that in women, suggesting the potential neuroprotective effects of estrogen [1]. The
association between hormone replacement therapy and the risk of development of PD remains
controversial in clinic at present [2]. Animal and cellular researches provide strong evidence for the
neuroprotective effects of estrogen on dopaminergic neurons [3, 4]. Even though, flavonoids that
display estrogenic properties might be one of the potential alternatives of estrogens due to the few side
effects comparing with estrogens [5].

Epimedium Genus is a traditional Chinese herb used for the treatment of osteoporosis,
cardiovascular diseases and rheumatoid arthriti [6-8]. Flavonoids are the active components of Herba
Epimedii extract, which account for its biological effects both in vivo and in vitro. Our previous study
showed that total flavonoids (TF) of Epimedium koreanum Nakai could promote the differentiation of
primary osteoblasts and stimulate bone formation and suppress bone resorption in ovariectomized mice
[9, 10]. In the following study, we demonstrated that four compounds isolated from TF, including
epimedin B, icariin, sagittatoside A and baohuoside I, had estrogenic effects on UMRI106 cells [11].
Sun's research group found that Herba Epimedii decoction could regulate the expression of
transcription factors of in the hypothalamus of aged rats, indicating the neuro-endocrine regulatory
effect of Herba Epimedii [7]. Water extract of Herba Epimedii could regulate lipid metabolism by
decreasing the total cholesterol and triglyceride and elevating estrogen level in postmenopausal women
[12]. Icariin, the major ingredient of TF of Herba Epimedii, has been demonstrated the neuroprotective
effects including the improvement of learning and memory of on the aged and transgenic mice [13].
Guo et al. has reported that icariin could protect against lipopolysaccharide-induced deficits of spatial
learning and memory in rat [14]. While, there is no previous report about the anti-neurotoxic effects of
TF of Epimedium koreanum Nakai on DA neurons both in vivo and in vitro.

In the present study, we aim to study the neuroprotective effects and the potential mechanisms of
TF using MPTP-mediated nigrostriatal injury in the mice and MPP*-induced neurotoxicity in the

dopaminergic MES23.5 cells.



2. Materials and Methods
2.1 Materials

Antibody against tyrosine hydroxylase (TH) was purchased from Millipore (Bedford, MA, USA).
Antibodies against Bcl-2, Bax and secondary antibody were supplied by Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). Antibody against B-actin was supplied by Cell Signaling Technology, Inc.
(Hertfordshire, England). QuantiFast™ SYBR Green PCR Kit was provided by Qiagen (Germantown,

MD, USA). All other chemicals were obtained from commercial sources.
2.2 Preparation of TF fraction from Epimedium koreanum Nakai total extract

The source, extraction and typical chromatographic profile of TF have been described in our previous
report [10]. Briefly, Epimedium koreanum Nakai were collected in June-July 2003 in Xinbin (Liaoning
Province, China). They were authenticated according to the method listed in Chinese Pharmacopoeia
[15] with the help of Professor Qishi Sun (Shenyang Pharmaceutical University, China). It was
deposited as a voucher specimen (No. 19980816-1) in the herbarium of the Shenzhen Research Center
of Traditional Chinese Medicine and Natural Products. The dried and powdered aerial parts of
Epimedium koreanum Nakai (55 kg) were refluxed with 550 liters of water two times, for 2 h each time.
After filtration, the filtrate was concentrated under reduced pressure, and then was applied to a D-101
macroporous adsorptive resin column and eluted with water, 30%, 50% and 95% ethanol (v/v) gradient
to obtain four fractions with the yield of 5.5%, 1.7%, 1.2% and 0.2%, respectively. The TF fraction
(770 g) was composed of the fractions of 50% and 95% ethanol. Epimedin B and icariin were selected
as the authentic markers as showing in the HPLC profile of TF fraction (Fig. 1). The quantities of the
two markers were about 0.392 mg/ml (epimedin B) and 1.053 mg/ml (icariin). The HPLC profiles of
TF and the markers were established using Agilent series 1100 HPLC system; PR-HPLC column
(Agilent Eclipse XDB-C18, 4.6 x 150 mm) with gradient methanol-water as mobile phase (0-10 min,
40%-50%; 10-30 min, 50%-60%; 30-40 min, 60%-100%; 40-50 min, 100%; 50-60 min, 40%), at a

flow rate of 1.00 ml/min. Detection wavelength was at 254 nm and column temperature was at 30 °C.
2.3 Animal study

Thirty 10-12-week-old adult female C57BL/6 mice weighing 19-22 g were provided by Vital River
Experimental Animal Center of Beijing (Beijing, China). All surgery was performed under chloral
hydrate anesthesia and all animal procedures were followed the National Institutes of Health guide for
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the care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and approved by the
Animal Ethic Committee of Qingdao University. Mice were ovariectomized as previously described
[16]. Two weeks after ovariectomy, mice were divided randomly into 5 groups including control,
MPTP, MPTP+TF25 (TF, 25 mg/kg), MPTP+TF50 (TF, 50 mg/kg) and MPTP+TF100 (TF, 100
mg/kg). The mice were orally administered with vehicle or three doses of TF. The dosage of TF was
chosen in accordance with our previous study [9]. The treatment lasted 8 days. On the fourth day of TF
pretreatment, the mice were treated with MPTP 15 mg/kg, i.p (four times with intervals of two hours)
or saline. Twenty-four hours after the last orally administration, the mice were sacrificed and both sides
of striatum were harvested for HPLC and immunoblotting assay. The midbrain containing substantial

nigra (SN) was removed for immunohistochemistry.
2.4 Determination of dopamine content in striatum

HPLC was used to determine the dopamine (DA) content as previously described [16]. In brief, the
striatum of left side was homogenized in 0.3 ml liquid A (0.4 M perchloric acid) and followed by
centrifugation (12,000 rpm x 20 min). 80 pl of the supernatant was mixed with 40 pl liquid B (20mM
citromalic acid-potassium, 300 mM dipotassium phosphate, 2mM EDTA-2Na). The content of DA was

detected by HPLC (Waters Corp., Milford, MA, USA).
2.5 TH immunohistochemistry staining

The midbrains containing the SN were fixed in 4% paraformaldehyde for 6h which followed by
transferring into 30% sucrose for 48 h. Serial coronal sections (16 pm) were cut through substantia
nigra pars compacta (SNpc) on a freezing cryostat (Leica, German). Immunohistochemistry was
performed as described previously Ul Briefly, after blocking with 10% of goat serum for 30 min, the
sections were incubated with polyclonal antibody against TH (1: 3,000) overnight at 4°C, followed by
incubation with biotinylated goat anti-rabbit IgG for 2h at room temperature. TH-immunoreactive
neurons were visualized by DAB. The counting on 12 sections of each mouse was performed blind on
an Olympus microscope. The aim of the present study was to evaluate changes in TH-immunoreactive
neurons between different groups. So, the survival rate of TH-immunoreactive neurons is calculated by
the number of TH neuron in different treatment group relative to the number of TH neurons in control
group.

2.6 Cell culture



The MES23.5 dopaminergic cell line was obtained from Dr. Wei-dong Le (Baylor College of Medicine,
Houston, USA) [17]. MES23.5 cells were cultured in DMEM/F12 with Sato’s components, 5% fetal

bovine serum, penicillin 100 IU/ml and streptomycin 100 pg/ml.
2.7 Cell viability assay

MES23.5 cells were treated with TF (0.125, 0.25, 0.5 pg/ml) for 24h, followed by co-treatment with
MPP* (100 uM) and TF for another 24h. The 3-[4, 5-dimethylthiazol 2-yl] 2, 5-diphenyltetrazolium
bromide (MTT) assay was used to measure the cell viability as previously described [18] by the

microplate reader at 595 nm.
2.8 Real time quantitative RT-PCR analysis

Real time PCR were performed as previously described [18]. Briefly, total RNA (2 png) was used for
reverse transcription. Real time PCR was performed by a QuantiFast™ SYBR Green PCR Kit. The
gene-specific primers for Bel-2, Bax and GAPDH were 5’-CCTGTGGATGACTGAGTACC-3’ (Bcl-2
forward) and 5’-CCCACTCGTAGCCCCTCT-3" (Bcl-2 reverse), 5’-GGCGAATTGGAGATGAAC-3’
(Bax  forward) and 5’-CCGAAGTAGGAGAGGAGG-3° (Bax reverse) and 5’-
ACCCAGAAGACTGTGGATGG-3" (GAPDH forward) and 5’-CCCTGTTGCTGTAGCCGTAT-3’

(GAPDH reverse).
2.9 Flow cytometry

MES23.5 cells were treated with TF (0.125, 0.25, 0.5 pg/ml) for 24h, followed by the co-treatment
with MPP* (100 uM) and TF (0.25 pg/ml) for another 24 h. As previously described [18], MES23.5
cells were exposed to Rhodamine 123 (5 uM) for 15 min at room temperature. After washing with PBS,

10000 cells were used to detect the signals by the flow cytometry (BD, USA).
2.10 Western blotting

The striatum of right side or MES23.5 cells was lysed with Nonidet P-40 buffer containing protease
and phosphatase inhibitors as previously described [18]. After protein electrophoresis and transfer film,
the blots were blocked with 10% skimmed milk for 2 h and probed with primary antibody against Bcl-2,
Bax or B-actin overnight at 4°C. Then, the membranes were incubated with HRP-coupled secondary
antibody for 2 h at room temperature. The band density was detected with ECL reagent using Imager

(UVP Biospectrum 810, USA).



2.11 Statistical analysis

Data were reported as the mean = SEM. Statistical analyses were performed by One-way analysis of

variance (ANOVA) followed by Tukey's multiple comparison test. P<0.05 was considered significant.



3. Results
3.1 Effects of TF on the DA content in the striatum of PD mice model

In order to test if TF has protective effect on dopaminergic neurons in PD mice model, the DA content
in striatum was determined by HPLC. As shown in Fig. 2, we consistently found that MPTP treatment
significantly decreased the DA content in the striatum (P<0.001). Pretreatment with 25, 50 and 100
mg/kg TF increased the DA content in a dose dependent manner. Since the 100 mg/kg dosage was the

only one providing a significant effect, it was chosen for subsequent experiments.
3.2 Effects of TF on TH-immunoreactive neurons in the SNpc of PD mice model

Damages of the nigrostriatal system are associated with the loss TH-immunoreactive neurons in the
SNpc and deficit of DA in the striatum. To further confirm the neuroprotection of TF on dopaminergic
neurons, the TH-immunoreactive neurons in the SNpc were examined using immunohistochemistry.
The number of TH-immunoreactive neurons significantly decreased in MPTP-treated animals
(P<0.001) (Fig. 3A & B). In contrast, TF (100 mg/kg) pretreatment significantly increased the survival

of TH-immunoreactive neurons (P<0.05).
3.3 Effects of TF on the apoptotic-related protein expressions in the striatum of PD mice model

In vivo, the neurotoxin MPTP is converted to MPP* to induce mitochondrial-dependent apoptosis of
dopaminergic neuron in the SNpc. To investigate the mechanism involved in the protective effects of
TF, the Bcl-2 and Bax protein level in the striatum were determined by western blot. Our results clearly
showed that the Bcl-2 protein level was significantly decreased in PD mice model (P<0.05).
Pretreatment with TF attenuated the MPTP-induced down-regulation of Bcl-2 protein expression
(P<0.001) (Fig. 4 A & B). On the contrary, MPTP treatment significantly increased Bax protein

expression (P<0.05) which was reversed by TF pretreatment (P<0.01) (Fig. 4 A & C).

3.4 Neuroprotective effects of different dosage of TF against MPP*-induced cell death on

MES23.5 cells

To discern if TF could protect against the toxicity of MPP* in MES23.5 dopaminergic cells, firstly, the
cell viability was detected. Pretreatment with TF (0.125, 0.25, 0.5 pg/ml) 24h before and co-treatment
with MPP* for another 24 h resulted in an increase of cell viability (P<0.05) (Fig. 5). The most

effective concentration was 0.25 pg/ml which was used in subsequent experiments. TF (0.125, 0.25,



0.5 pg/ml) treatment alone did not affect cell viability (data not shown).
3.5 TF pretreatment reversed the MPP*-induced changes of mitochondrial membrane potential

Flow cytometry was used to detect the mitochondrial membrane potential of MES23.5 cells. As shown
in Fig. 6, MPP* treatment (Fig. 6 A.b) significantly decreased the mitochondrial membrane potential,
comparing with the vehicle-treated cells (Fig. 6 A.a) (P<0.001). Pretreatment with TF (Fig. 6 A.c)

resulted in a significantly 22% increase comparing with MPP* group (Fig. 6 A.b) (P<0.05).
3.6 TF inhibited the MPP*-induced changes of Bcl-2 and Bax mRNA and protein expressions

MPP* treatment significantly decreased the Bcl-2 expression both transcriptionally and post-
transcriptionally (both P<0.05) (Fig. 7 A & Fig. 8 A & B). TF pretreatment not only restore the Bcl-2
mRNA and protein expressions which were significantly decreased after MPP* induction (P<0.001,
P<0.01), but also induced a statistic significantly increase comparing with the control group (P<0.05).
In contrast, the mRNA and protein expressions of Bax were markedly increased in MPP*-treated cells
(both P<0.05) (Fig. 7B & Fig. 8 A & C). Pretreatment with TF could significantly attenuate the MPP*-

induced up-regulation of Bax mRNA and protein expressions in MES23.5 cells (both P<0.05).



4. Discussion

Accumulating evidence has demonstrated the bone nourishment effect of Epimedium Genus
extracts and active ingredients both in vivo and in vitro [9, 11, 19]. However, at present, no data have
shown the neuroprotective effects of TF fraction of Epimedium koreanum Nakai on dopaminergic
neurons. Here, the data are derived from a MPTP mice model and MPP* cellular model of PD. In vivo,
we found that TF of Epimedium koreanum Nakai could protect against MPTP-induced decrease of DA
content in striatum and loss of TH-immunoreactive neurons in SNpc of mice. Pretreatment with TF
could reverse the MPTP-induced dysregulation of the protein expressions of Bcl-2 and Bax in the
striatum. The neuroprotective effects of TF were also found in in vitro cellular PD model. TF could
attenuated the MPP*-induced cell death, the decrease of mitochondrial membrane potential and
dysregulation of Bcl-2 and Bax mRNA and protein expressions.

MPTP is a neurotoxic compound which can induce mitochondrial-dependent apoptosis and
promote dopaminergic neuron degeneration as well as declining levels of DA in the striatum in mice
model of PD. The present study consistently found intraperitoneal injection of MPTP could
significantly decrease the DA content in striatum. Oral administration of TF (25 mg/kg, 50 mg/kg, 100
mg/kg) attenuated the MPTP-induced deficiency of DA in a dose-dependent manner and the most
effective dosage of TF is 100 mg/kg. The number of TH-immunoreactive neurons in SNpc was also
markedly decreased in MPTP-treated mice which could be partly reversed by 100 mg/kg TF treatment,
indicating the neuroprotective effects of TF on dopaminergic neurons.

In order to elucidate the mechanism involved in the neuroprotective effect of TF of Epimedium
koreanum Nakai, western blot assay was used to detect the apoptosis-related protein expressions in
striatum. Bel-2 family, including Bcl-2 and Bax, plays a key role in the process of apoptosis. Bcl-2 is a
classical anti-apoptotic protein which can inhibit the release of cytochrome C. On the contrary, Bax, a
mitochondria-related proapoptotic protein, plays an important role in promotion of apoptosis [20].
Studies have shown that MPTP can induce dopaminergic neuron apoptosis via inhibiting complex I of
the electron transport chain. In the present study, our results clearly demonstrated that MPTP treatment
significantly induced down-regulation of Bcl-2 and up-regulation of Bax protein expressions. These
effects could be completely overcome by TF (100 mg/kg) treatment, strongly suggesting the anti-

apoptosis effect of TF.



MES23.5 dopaminergic cell line is derived from somatic cell fusion characterized by TH
expression and DA synthesis [17]. Studies have demonstrated that MPP* treatment can promote
mitochondria apoptosis which plays a key role in PD pathogenesis [21]. Consistent with previous
reports, MPP* treatment significantly induced MES23.5 cell death after 24 h treatment. Pretreatment
with different dosages of TF (0.125 pg/ml, 0.25 pg/ml, 0.5 pg/ml) could partly restore the cell viability
and the most effective dosage is 0.25 pg/ml. Mechanism study provides new information about the
anti-apoptosis effects of TF. TF pretreatment could partly reverse the MPP*-induced decrease of
mitochondria membrane potential. Furthermore, TF pretreatment not only restore the Bcl-2 mRNA and
protein expressions which were significantly decreased after MPP* induction, but also induced a
statistic significantly increase comparing with the control group. On the contrary, MPP* treatment
significantly increased Bax expression transcriptionally and post-transcriptionally. TF pretreatment
reversed it, further confirmed the anti-apoptosis effects of TF of Epimedium koreanum Nakai. The
main components of TF of Epimedium koreanum Nakai include epimedin B, icariin, baohuoside I and
sagittatoside A et al [10]. Our recent study has demonstrated the estrogen-like activity of the above four
flavonoids in rat osteoblastic-like UMR-106 cells [11]. The results clearly showed that sagittatoside A
significantly increased estrogen response element (ERE)-luciferase activity which can enhance the
ERE-regulated gene expression. Perillo et al. has found that there are two EREs in the Bcl-2 coding
region [22]. The significant increase of Bcl-2 mRNA and protein expression by TF pretreatment might
be related to sagittatoside A. Icariin is the most abundant component of TF fraction in Herba Epimedii.
It has been shown that icariin possess beneficial effects on learning and memory [23, 24]. Icariin could
protect against corticosterone-induced apoptosis in hypothalamic neurons [25], suggesting that icariin
might play an important role in the neuroprotective effects of TF on dopaminergic neurons. Further

study should focus on the neuroprotective effects of monomer flavonoid on nigrostriatal system.



5. Conclusion

Taken together, TF of Epimedium koreanum Nakai could protect against MPTP-induced dopaminergic
neuronal death in mice and MPP*-induced neurotoxicity in dopaminergic MES23.5 cells. Mechanism
studies suggested that anti-apoptosis might be involved in this process. This newly discovered
neuroprotective effect of TF on nigrostriatal system provides novel insight to reveal the potential

neuropharmacological effects of Epimedium koreanum Nakai.



Conflict of interest
The authors of this manuscript have declared that no competing interests exist.
Acknowledgements

This work was supported by the National Natural Science Foundation of China [30971004, 31271150].



References

[1] K.M. Smith, N. Dahodwala, Sex differences in Parkinson's disease and other
movement disorders, Experimental neurology 259(9) (2014) 44-56.

[2] P.F. Wang, J.L. Li, S. Qiu, H.F. Wen, J.C. Du, Hormone replacement therapy and
Parkinson's disease risk in women: a meta-analysis of 14 observational studies,
Neuropsych Dis Treat (11) (2015) 59-66.

[3] S. Wang, P. Ren, X. Li, Y. Guan, Y.A. Zhang, 17beta-estradiol protects
dopaminergic neurons in organotypic slice of mesencephalon by MAPK-mediated
activation of anti-apoptosis gene BCL2, Journal of molecular neuroscience : MN 45(2)
(2011) 236-245.

[4] M. Bourque, M. Morissette, T. Di Paolo, Neuroprotection in Parkinsonian-treated
mice via estrogen receptor alpha activation requires G protein-coupled estrogen
receptor 1, Neuropharmacology 95 (8) (2015) 343-352.

[5] K.B. Magalingam, A.K. Radhakrishnan, N. Haleagrahara, Protective Mechanisms
of Flavonoids in Parkinson's Disease, Oxid Med Cell Longev (10) (2015).

[6] B.C. Chan, H.Y. Lee, W.S. Siu, K.H. Yip, C.H. Ko, C.B. Lau, P.C. Leung, H.Y.
Lau, Suppression of mast cell activity contributes to the osteoprotective effect of an
herbal formula containing Herba Epimedii, Fructus Ligustri Lucidi and Fructus
Psoraleae, The Journal of pharmacy and pharmacology 66(3) (2014) 437-444.

[7] P. Sun, Y. Wen, Y. Xu, Y. Pei, Y. Chen, N. Shimizu, T. Takeda, The chemical
constituents of Epimedium koreanum Nakai, Yao xue xue bao - Acta pharmaceutica

Sinica 33(12) (1998) 919-922.



[8] S.C. Sze, Y. Tong, T.B. Ng, C.L. Cheng, H.P. Cheung, Herba Epimedii: anti-
oxidative properties and its medical implications, Molecules 15 (11) (2010) 7861-
7870.

[9] W.F. Chen, S.K. Mok, X.L. Wang, K.H. Lai, W.P. Lai, HK. Luk, P.C. Leung,
X.S. Yao, M.S. Wong, Total flavonoid fraction of the Herba epimedii extract
suppresses urinary calcium excretion and improves bone properties in ovariectomised
mice, The British journal of nutrition 105(2) (2011) 180-189.

[10] D.W. Zhang, Y. Cheng, N.L. Wang, J.C. Zhang, M.S. Yang, X.S. Yao, Effects of
total flavonoids and flavonol glycosides from Epimedium koreanum Nakai on the
proliferation and differentiation of primary osteoblasts, Phytomedicine : international
journal of phytotherapy and phytopharmacology 15(1-2) (2008) 55-61.

[11] H.H. Xiao, C.Y. Fung, S.K. Mok, K.C. Wong, M.X. Ho, X.L.. Wang, X.S. Yao,
M.S. Wong, Flavonoids from Herba epimedii selectively activate estrogen receptor
alpha (ERalpha) and stimulate ER-dependent osteoblastic functions in UMR-106 cells,
The Journal of steroid biochemistry and molecular biology 143(3) (2014) 141-151.
[12] F.F. Yan, Y. Liu, Y.F. Liu, Y.X. Zhao, Herba Epimedii water extract elevates
estrogen level and improves lipid metabolism in postmenopausal women,
Phytotherapy research : PTR 22(9) (2008) 1224-1228.

[13] F. Jin, Q.H. Gong, Y.S. Xu, L.N. Wang, H. Jin, F. Li, L.S. Li, Y.M. Ma, J.S. Shi,
Icariin, a phosphodiesterase-5 inhibitor, improves learning and memory in APP/PSI
transgenic mice by stimulation of NO/cGMP signalling, Int J Neuropsychopharmacol

17(6) (2014) 871-881.



[14]J. Guo, F. Li, Q. Wu, Q. Gong, Y. Lu, J. Shi, Protective effects of icariin on brain
dysfunction induced by lipopolysaccharide in rats, Phytomedicine : international
journal of phytotherapy and phytopharmacology 17(12) (2010) 950-955.

[15] P.C.0.P.s.R.0. China, Pharmacopoeia of the People’s Republic of China, Beijing,
China Chemistry, Industry Press Part I (2010) 306-307.

[16] L.X. Liu, W.F. Chen, J.X. Xie, M.S. Wong, Neuroprotective effects of genistein
on dopaminergic neurons in the mice model of Parkinson's disease, Neuroscience
research 60(2) (2008) 156-161.

[17] L.W. Crawford GD Jr, Smith RG, Xie WJ, Stefani E, Appel SH, A novel
NI18TG2 x mesencephalon cell hybrid expresses properties that suggest a
dopaminergic cell line of substantia nigra origin, J Neurosci 12(9) (1992) 3392-3398.
[18] W.F. Chen, L.P. Zhou, L. Chen, L. Wu, Q.G. Gao, M.S. Wong, Involvement of
IGF-I receptor and estrogen receptor pathways in the protective effects of ginsenoside
Rgl against A beta(25-35)-induced toxicity in PC12 cells, Neurochem Int 62(8) (2013)
1065-1071.

[19] Y.K. Zhai, X. Guo, Y.L. Pan, Y.B. Niu, C.R. Li, X.L. Wu, Q.B. Mei, A
systematic review of the efficacy and pharmacological profile of Herba Epimedii in
osteoporosis therapy, Pharmazie 68(9) (2013) 713-722.

[20] S. Salakou, D. Kardamakis, A.C. Tsamandas, V. Zolota, E. Apostolakis, V.
Tzelepi, P. Papathanasopoulos, D.S. Bonikos, T. Papapetropoulos, T. Petsas, D.
Dougenis, Increased Bax/Bcl-2 ratio up-regulates caspase-3 and increases apoptosis in

the thymus of patients with myasthenia gravis, In Vivo 21(1) (2007) 123-132.



[21] G. Fiskum, A. Starkov, B.M. Polster, C. Chinopoulos, Mitochondrial
mechanisms of neural cell death and neuroprotective interventions in Parkinson's
disease, Annals of the New York Academy of Sciences 991 (2003) 111-119.

[22] B. Perillo, A. Sasso, C. Abbondanza, G. Palumbo, 17beta-estradiol inhibits
apoptosis in MCF-7 cells, inducing bcl-2 expression via two estrogen-responsive
elements present in the coding sequence, Molecular and cellular biology 20(8) (2000)
2890-2901.

[23] J. Nie, Y. Luo, X.N. Huang, Q.H. Gong, Q. Wu, J.S. Shi, Icariin inhibits beta-
amyloid peptide segment 25-35 induced expression of beta-secretase in rat
hippocampus, European journal of pharmacology 626(2-3) (2010) 213-218.

[24] B. Wu, Y. Chen, J. Huang, Y. Ning, Q. Bian, Y. Shan, W. Cai, X. Zhang, Z.
Shen, Icariin improves cognitive deficits and activates quiescent neural stem cells in
aging rats, J Ethnopharmacol 142(3) (2012) 746-753.

[25] H. Zhang, B. Liu, J. Wu, C. Xu, J. Tao, X. Duan, Y. Cao, J. Dong, Icariin inhibits
corticosterone-induced apoptosis in hypothalamic neurons via the PI3-K/Akt

signaling pathway, Molecular medicine reports 6(5) (2012) 967-972.



Figure Legends

Fig. 1 The typical chromatographic profile of total flavonoid (TF) extract of Epimedium koreanum
Nakai.

Total extract of Epimedium koreanum Nakai was extracted with water and subjected to column
chromatography. Four fractions including water, 30%, 50% and 95% ethanol were yielded. The TF was
composed of the fractions of 50% and 95% ethanol. Epimedin B and icariin were selected as the
authentic markers.

Fig. 2 Dose-dependent effects of TF on the striatal DA content in PD mice model.

The mice were sacrificed and the striatum were removed for HPLC assay. Data represent the mean +
SEM (n=6) (""*p<0.001 vs the control group, "'p<0.001 vs the MPTP group).

Fig. 3 Effects of TF on the TH-immunoreactive neurons in the SNpc of PD mice model.

(A) Immunohistochemistry of TH-immunoreactive neurons in the SNpc in the control group (a.
Control), MPTP group (b. MPTP), MPTP+TF (100 mg/kg) group (c. MPTP+TF100). Scale bar
represents 100 pM. (B) Survival ratio of TH-immunoreactive neurons in the SNpc. Data represent
mean = SEM (n=6) (*p<0.05, *"p<0.001 vs the control group, “'p<0.01 vs the MPTP group).

Fig. 4 Effects of TF on Bcl-2 and Bax protein expressions in the striatum of PD mice model.

Total protein was isolated from the striatum and subjected to western blot analysis of Bcl-2 and Bax
protein expressions. B-actin was used as loading control. Data represent mean + SEM (n=5-6) ("p<0.05
vs the control group, “'p<0.01, "'p<0.001, vs the MPTP group).

Fig. 5 Neuroprotective effects of different dosage of TF against MPP*-induced neurotoxicity on
MES23.5 cells.

MES23.5 cells were treated with TF (0.125, 0.25, 0.5 pg/ml) for 24h, followed by co-treatment with
MPP* (100 uM) and TF for another 24h. Cell viability was measured by MTT assay. Data represent
mean + SEM (n=6) (""*p<0.001 vs the control group, "p<0.05 vs the MPP* group).

Fig. 6 TF pretreatment reversed the MPP*-induced changes of mitochondrial membrane potential.

Flow cytometry was used to detect the mitochondrial membrane potential. MES23.5 cells were treated
with TF (0.25 pg/ml) for 24 h, followed by co-treatment with MPP* and TF for another 24 h. Data
represent mean + SEM (n=4) ("p<0.01,""p<0.001 vs the control group, "p<0.05 vs the MPP* group).
Fig. 7 TF inhibited the MPP*-induced changes of Bcl-2 and Bax mRNA expressions.

MES23.5 cells were treated with TF (0.25 pg/ml) for 24 h, followed by co-treatment with MPP* and TF
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for another 24 h. The mRNA expressions of Bcl-2 (A) and Bax (B) were determined by real time RT-
PCR. Data represent mean + SEM (n=3) ("p<0.05 vs the control group, "p<0.05, "“'p<0.001 vs the
MPP* group).

Fig. 8 TF inhibited the MPP*-induced changes of Bcl-2 and Bax protein expressions.

MES23.5 cells were treated with TF (0.25 pg/ml) for 24h, followed by co-treatment with MPP*and TF
for another 24 h. The protein expressions of Bcl-2 and Bax were determined by western blot. Data

represent mean = SEM (rn=3) ("p<0.05 vs the control group, "p<0.05, "'p<0.01 vs the MPP* group).
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Figure.2
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Figure.3
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Figure.4
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Figure.5
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Figure.6

o B <
- o [=]
(jo13u092 03 aAnje|jal) jenuajod

aueiquwiaw [elpuoyoouw ul abueyo

200

MPP*
M2

M1

a)

200

. sjuno))
o

TF0.25pug/ml

10*

10°

FL-1H

26



Figure.7
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Figure.8

Bcel-2

Bax

B-actin

L L] L) L ! 1
e 9w o u 0 o 0 o
o~ - - (=] - - o [=]
(jos3uoo 03 aAizejRl) (j043u09 03 aAnjeal)
unoe ejaq/z-1og uiyoe ejaq/xeg
o O

28





