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RIETHEZRER. RAPUAIT, WRzh, fe
WPk 6- B2 B E SR MFE T, (RI LRk
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TBIT I — > BB IR AR,
—SHAEWNO) IZAFE T WA AN, |
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MRz —, MTHRSERESHEE. DNABE., 1§
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Fig. 1 Nitric oxide increased the FOXO1 transcriptional activity

Primary cortical neurons were transfected with the 3xIRS luciferase reporter system. On DIV7, the neurons were treated with GSNO(a) and L-Arg(b) at

different concentration and then subjected to luciferase assay. Data are mean + SEM, n=3; P <0.05.
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Fig. 2 Effects of the different concentrations of L-Arg on primary cortical neuron and HT22 cells

(a) Primary cortical neuron were treated with different concentrations L-Arg. Cells were imaged using Metamorph software and a Nikon at 20 x

magnification. (b) HT22 cells were treated with different concentrations L-Arg. Cells were imaged using Metamorph software and a Nikon at 20 x

magnification. (c) HT22 cells were treated with 10 pmol/L L-Arg different time. Cells were imaged using Metamorph software and a Nikon at 20x

magnification.
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Fig. 3 L-Arg induce neuron death
(a) Primary cortical neurons were transfected with the Bim luciferase and FasL-luciferase system. On DIV 7, the neurons were treated with L-Arg and
then subjected to luciferase assay. Data are mean + SEM, n=3; P < 0.05. H: Bim luciferase; [: FasL luciferase. (b) Primary cortical neurons treated
with L-Arg and survival measured by CCK-8.
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22 KIFOXO1 AR, RREZMETATH
HBEAY

KEWRIWIEFY, FOXO1 1] LA FHZ T
AP, g i e S AR e 5(Cdks) AT BT it
T FOXO!L [ V. 48 Jfa 5 A7 1 48 J¢ J2= #4876 1) R
TCBS, 2 i S AR I B 1(Cdk )R AT DL o g
T AL 4% FOXO1 L il P, A3 /NI SR # 22
JCIAETED. % F FOXO!1 £ M & e A7 i vh A itk
HEMAEY IR, FATEH DL FOXO1 AR A,

W90 BB B A F (0 25 ) Kb B I SR TR PR 52
Wiy, AT A% A 2 T IR A7 . FRATTXT 58 FlAH K2y
Yt AT TR IRE(R 1), B AS B, WHER.
B, KB REANFEREE 7 29 b 2510 3%
By, 4RI 58 PR MXT FOXO1 % 5% i 1
AAFRER W, HAa LR R0 525 10 )
FOXO1 [ 33EE, MRE RS 6)MHHI1EH
BN (B 4).

Table 1 List of different drugs used for FOXOL1 activity screen

No. Name No. Name No. Name

1 Berberine hydrochloride 21  Dracorhodin perochlorate 41  Synephrine

2 Glycyrrhetinic acid 22 Fangchinoline 42 Gastrodin

3 Ginsenoside Rb1 23 Notoginsenoside R1 43 Aesculetin

4  Platycodin D 24  (+)-Tetrandrine 44  Ursodesoxycholic acid

5  Panaxadiol 25  Phillyrin 45  Geniposide

6  Emodin 26  Berberine Tannate 46  p-Hydroxybenzoic acid

7 Patchouli alcohol 27 Moroxydine hydrochloride 47  Cinnamic acid

8  2,3,5, 4-tetrahydroxyl dipheny- 28  Menthol 48  4-methoxycinnamic acid

lethylene-2-O-B3-D-glucoside

9  Prim-glucosylcimifugin 29  Cholic acid 49  4-methoxysalicylic acid

10 Jujuboside A 30  Chlorpheniramine Maleate 50  Salic acid

11 Deoxyschizandrin 31  1E-10-hydroxy-2-decyle-nic acid 51  Tannic acid

12 Astragaloside [V 32 Panaxatriol 52 Gallic acid

13 Ginsenoside Rgl 33  Propyl 4-hydroxybenzoate 53 5-methoxysalicylic acid

14  Cinnamic acid 34  Borneol 54  4-hydroxy-cinnamic acid
15  Dehydroandrographolide 35  Curcumin 55  3-hydroxybenzoic acid

16  5-O-Methylvisammioside 36  Madecassoside 56  3-hydroxy-4-methoxybenzene
17 Hesperetin 37  Isoimperatorin 57 2, 4-dihydroxy benzoic acid
18  Sinapine thiocyanate 38  Sodium taurocholate hydrate 58 2, 3-dihydroxy benzoic acid
19 Diosgenin 39  Ferulic acid

20  Oleanolic acid 40  Scopoletin

23 EMHEZMMET KERI FOXO01 HiFEER
NEEMENO 28N, BATZR LR RE
RPUEAR], TR T AR NO EAL R
IFER . BTSSR 8o, NO fitf& GSNO. L-Arg
AEf% 35 P2 = FOXO!1 ML eug k. Rk, FATEA
FOXO1 MNEFHBEEH, eI KiEE X FOXO1
FESETEPERIRZ I . 3 FHAS (R S o 5 1) K R A R
P2 BER 20 M0 HT22, I 6 FOXO1 % 5% 1
(UE-A S 2 3 N N AT
FOXO1 )% 5% M (B 5a). RN FRATE W8 T
FOXO1 N2 Bim B3 0iEE, KIKE RN
NS B M AH (L T2 A Bim HOFE R RIL (K 5b).

Hk, TATWEKE R AL 2 5 23X HT22
RIS A 5em . il Sc fiw, TERRIRE
AEFRZAT R, FEAR S i (1 25 77 AR B,
HEBRATA AR R AR FEA 2 B AT 4 A B P 52

KR LA HH FOXO1 B 33EEr? K&
WFFTIESZ, FOXOI /& PI3K-AKT/PKB 18 5 # &
BRUEE KR, FOXO1 E1E KA F2 3
AKT ¥ B 00 #% , 36 46 19 AKT B8 9% B B2 1k
FOXO1 [f] Thr24. Ser256 Al Ser319 =AM &,
IR B FOXO1 R Fl 5> F1EE 8 H 14-3-38 A H
EH, i FOXO1 K& &AL T4 f it 4 7, i
FOXO1 A#, MK FOXO!1 [IFE iSRS, Ny
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Fig. 4 Different drugs effect on FOXO1 transcriptional activity
Primary cortical neurons were transfected with the 3xIRS luciferase reporter system. On DIV 7, the neurons were treated with different drugs and then

subjected to luciferase assay. Data are mean + SEM, n=3; P <0.05.
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Fig. 5 Emodin decrease FOXOL1 transcriptional activity
(a) HT22 cells were transfected with the 3xIRS luciferase reporter system, the cells treated with Emodin at different concentration after 24 h transfected
and then subjected to luciferase assay. Data are mean + SEM, n=3; P <0.05. (b) HT22 cells were transfected with the Bim luciferase reporter system, the
cells treated with Emodin at different concentration after 24 h transfected, and then subjected to luciferase assay. Data are mean + SEM, n=3; P < 0.05.
(c) HT22 cells were treated with different concentrations of Emodin. Cells were imaged using Metamorph software and a Nikon at 20xmagnification.
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EliZE(Western blot)ta I, il 6 frw, KILBEE K
R E T E, AKT-Serd73 A s i BR AL
ASPA R, T AKT (35 P52 31 PIBK 4%,
HAEUSBERS 1L AKT 1 Ser473. Ser308 fir i, Mifi
BOE AKT. R RS R e E — @ B E B4
AKT F1iEYE, 1 AKT B & A UKFRA WA

()

100 pwmol
C

Emodin
FOXOI 0 0 a% w
PS319-FOXOL1 8 4w ==
AKT] o s o s

PS473-AKT] wmwams wms s

Relative proteins levels

GAPDH S

FOXO1 pS319-FOXO1 Akt

b, BEMERATRN T FOXO1-Ser319 X AN s
FRAGIKT S AKT Pk M 4% 55 1% AN 05 R B R AL »
45 R L FOXO1-Ser319 FfER A6 /K “F- t 1 5. 52 3
M. ARG, FERI FOXO1 H) R [ 5K I,
RILFOXO1 WEHME R NEE. &2k, &
TR E R R A A —E A LNl AKT 1
EYERE T FOXO1, {HJ2 H & oy R ZEM s m 2
i3 M FE AR FOXO1 1 & [ 3Rk, M 0 il
FOXO1 W skim (A 6).

pS473-Akt

Fig. 6 Emodin downregulate FOXO1 protein levels

(a) HT22 cells were treated with Emodin for 24 h for the indicated concentration. Western blot analysis was performed for the indicated antibody.

(b) Quantifications of the relative FOXOI1, pS319-FOXO1, Akt, pS473-Aktl intensities. Data are mean + SEM, n =3; P < 0.05. l: Control;

[H: 10 pmol/L; M: 50 pmol/L; [: 100 wmol/L.

24 KEZRREBLEMR L-Arg X FOXO01 B3 E

BT~ KB 3 e % 2 2 40 1) FOXO1 (15 55 14
DA AR P T2 R Bim [R5, FRAT4k SR FL 1
L-Arg PR SEAE T, KIEE e 15 2 M FL i i)
A, M7 rseiRst R LA, L-Arg B8

3xIRS luciferase

Fig. 7 L-Arg increased FOXOL1 transcriptional

activity was restored by Emodin
HT22 cells were transfected with the 3xIRS luciferase reporter system
and then treated with Emodin or L-Arg at different concentration and
then subjected to luciferase assay. Data are mean + SEM, n=3; P < 0.05.
I: Control; 2: L-Arg 5 mmol/L; 3: L-Arg 10 mmol/L; 4: Emodin
50 wmol/L; 5: Emodin 100 pmol/L; 6: Emodin 100 wmol/L +L-Arg
5 mmol/L; 7: Emodin 100 pmol/L +L-Arg 10 mmol/L; 8 Emodin
50 pwmol/L+L-Arg 5 mmol/L.

i 0 2 HE = FOXO1 M 3KF, RIERREH 0%
i FOXO1 163K, TMifd A K% ZE A L-Arg
[F] B A 3 4 28 0 I R B, K B 3K RE 8 B 5 4%
L-Arg T 75 51 FOXO1 )% 3G k.

3 it it

PR IR AT PRI A& — 2™ R e N gk B fr e
s PEREN O Z WA, PPEIR AT M i X 4t
SRFBEIE R T BRI Ff 4.

WAL R, R G R R AT M 1 —
ANEBHE. AR AR I E PR A — A LA
(NO) H HH 575 15 5 40 i 08 T2 A 5 Boeh 2B AT PR
BT IR K BRI (AD)~ A4 AR08 (PD) A RS 0
kR T EEAEA. MR RN, RARFUA
TE TR G ST #H 2B AT PRSI T R 35— e 1R
HEHRKML RS, NO &M B, HariEm
EMEMES T, MBS EME RGN 2 M AT
RO IR TSR v 75 A D W 1= I A P (M E N
S 580 EAEE, WA RGHA — 2N EE
ER, FIRESIEMAEHEE. ERATPIBF T+,
RILNO K4k GSNO. L-Arg REWE7EIR KALE b
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U AR A, AR AR T AR SR AL T
ALK 2), 1M H L-Arg F AL IR BE 4% 78 1R KR
J& b R 2 4 1 (B 3).

DL FOXO1 & o9 R, JeATTE— D3Rt
T NO fEAxT i 2 4 f ) B EH . FOXO1 % 5%
[Al 7 /& Forkhead #% 3% K F R W — AN HE LA,
Z 52 M4 i FE, FOXO1 % T & 215 Sl ik .
DNA 25 . JERRIE A0 4 i SRR T
AR EE. ATFUKIL, GSNO. L-Arg {8 NO
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Emodin Attenuates The Neurotoxicity Induced by Nitric Oxide
Through Inhibiting FOXO1 Transcriptional Activity

CHEN Su-Ling", ZHOU Jie-Chao?, ZHANG Jie?, ZHUANG Jiang-Xing?, LIU Ya""
(" School of Public Health, Jilin University, Changchun 130021, China; ? Institute of Neuroscience, Xiamen University, Xiamen 361005, China)

Abstract Reactive oxygen species (ROS) and NO free radicals generated from oxidative stress play an important
role in the pathogenesis of neurodegenerative disease and cardiovascular and cerebrovascular diseases. Excessive
NO production can cause free radical damage and induce neuron death. As one of the traditional Chinese medicine,
Emodin have valuable and widely clinical applications. Recently, Emodin has been reported to have antioxidant,
immunomodulatory, antibacterial, anti-inflamatory functions ezc. FOXO1 is a vital member of the Forkhead family
of transcription factors known to regulate the transcription of genes involved in cell cycle arrest, DNA repair in
response to oxidative stress or apoptosis. However, it is unclear how the NO effect on FOXO1. In this study, we
observed vital role of FOXO1 dependent transcriptional activation on neuronal death in response to Nitric oxide
over-production. We found that NO donor GSNO or L-Arginine significantly increased the FOXOI1 transcriptional
activity, which induce the FOXO1 downstream proapoptotic genes (FasL, Bim) expression and finally induce
neuronal death. In addition, we screen natural Chinese herb extracts targets to regulating FOXO1 activity. Emodin
shows dramatically effect in suppression of FOXO1 transcription activity and protein levels. What’s more, Emodin
can attenuate neuronal death induced by L-Arg. The current study first demonstrate that Nitric Oxide could regulate
FOXO1 transcriptional activity to damage neuronal cell, which will benefit to deep understanding the neurotoxicity
of NO free radical. Secondly, by Chinese herb extracts and antioxidants screen, we identified Emodin as one
FOXO1 activity modulator which can attenuate neurotoxicity induced by NO. The current study will also provide a
new insight for explaining the mechanisms of pathology of neurodegenerative disease and neuroprotective effects

of Emodin.
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