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BHE YAREFHHAOIASERNGRIPMRBELTFEXRERZIY. MM (ferulic acid,
FA) R —#F J" iz G 5 9% F B BR, FT3LBL 40 (sodium ferulate, SF)| & H4h ik, RAVAEMGHMR L2
A, LB A B F 0t ¥ SA R ARAEE A, AN IE N R LAY Z R Fadh 2K A4
WK, it AP R R i 2L AW BHRECHRIPAFERN G X R, MTT EAN
BR4AAT PC12 it A K69 ¥rafe € (9P 2R IPVE A B A F o fR mIRALF 7 kAR R 35 5 514k
R ; %IE 4 LA F Fa BrdU- 3\ 7 A mA AR A AR X R B4 2 4 K B F(nerve growth factor,
NGF)A=J# . M 4% 22 & #~ B - (brain-derived neurotrophic factor, BDNF)#4 & i /K-F B 4% 42 - tm e, | 4%
ZATR ARG R I, ARSMRIE R, FIHBR AT PCI2 iR ey3g3h, 3451k PCI2 W%
% it AL £(H,0,) o3k K A2 (dexamethasone, DXM)#%-F #9445, #%-F PC12 @b 7 A4 4L
Fag-F ARt S MM — K mie. KARXI R, FTALHK 4 LA NGF #= BDNF #9 &4, #i%
FPAPIEAEARR K R DAY 2T 00 /A 23Tk m o383, R AR R RABEGIEIE RO, FTHAR 4N FL
A AP BRI FoAb 2K A W RAER, W T RERAA 69 AP ARAE ZOR VT 66 & LAY 2R A7 fodb 2 K 4 1%
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YR TR
KR

BT 2R (ferulic acid), thoF 4 3-(4- okt -3- IS
FEIRHE)-2- IR, 3-(4-hydroxy-3-methoxyphenyl)-
2- propenoic acid, J& ) 5% A7 AE B — PP R, 2
FIEE. JH. I, AR KEEZMHPAKE
B2 —. AN FESEZHE. BEERAK
J 2R AT B R A B BE B B BR 02, FE 25 ST B
IR EAE R —Fh¥e " PEAL &) (marker compound); H
FIHAR RS 248 EN, HRERIK, NEE
J— 825 ()i Ak B P (active compound)™, I RA
A5 R A ER (ST 8RR 4N, sodium ferulate,
SF). PEFEEX BRI 2%, 2432 KR
N AT T8 IZ R AR5 .

KB CUESE T B H A M R AR
RGP Doty b 28200 2R P 2 5
LI AT R R, Matih &R
AEHHE TR SEEME T — R B AL
AR B, PU A MR — B R IE R M A R

BT ZR MR B, R ORIPE AL, M A9 E L ; PC12 4R HE; #ARAE K RUARAY

MR AYW TR RS IR Z —. HRTEA]
6 T 2 20 U S o] 28R o e R R 300 B8/ R 45 =R
PR R e A A B R
AERAEFES, XA E R BE DR AT
st ta RiIPABERMERT.

FRIAE R — ™ HAG T AR RPN, HATR
MR TR 1 I ka o AR, SRR
AT A AERSE BT BUAE R R IBT MRRAE A =
FhIEARRL M 254): =IRRPTINAR LY, B A A
IR, PR 5- R ORGP ER =R
FEIG R N LIRS 2580 — 7 3%, HACRFF AR
8, MEMEHEMNEEM. ik, FERAFAR
A FIALIRI V8 P SE s ELRIE R HLA AR 25 52 75
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HELZE. BHTRATN T/E CLUESEE /ST
g 24 SR SR (R R A A e K 1 6 ) R R A1 I B8 K A
ARSI o o] SRR B S s AT ROCHI DU CR, B
ARAILIA B B R0

2R K IAERIE, RV WEIT, OBEERL
SRR A A BRI RIS R o Il RN PR BTRIT 52
e, R A 24 & BT R AL Ao T %
ZeUn o S I B IVRSRE AR R R AR
R, i T 2 A RAATRAE o A B I Tl A2 2 8] 2 IE
FERUS, BTN IESE B, BEESI(BIEA
) M R AR TS . R T
MR A, TIPS IT R B DR T A .
T Ao 22 A P P 89 5, B 55 A VRIS AE 793 156 2 B
H R KRB AR, WEIX— B, AR A
S50 AN 1R PR AN AT FIRL A 2 B K B AT B R A 5
Bl ZR R AW R 22 RAP R 22 R AR 9 AR L, kel
BB X 22 R R 28 5 A 3 SR BOR 5 LA AR
GRIIENNP

1 R57H%
1.1 %%

R 78T KB (Fluoxetine Hydrochloride
Capsules), Eli Lilly and Company Limited(USA)4E 7, 4L
KARINHI A FRA T 433, FA: 20 mg/ KL(BARAEYT
vh); BT BR IR B 56 v Vg R R e RR R T 2 A KR A F]
A 77, i FE K HA (dexamethasone, DXM) ok A it 24 b 4
BB A A BR 2 8] 2 8] 7= o
1.2 R

BT A4 s A AU U2 2 v 7= 5 R a
i FIDMEM (Dulbecco’s Modified Eagle Medium) 4 3¢
[ Gibco 24 B 7= fh; T ifit 7% 1 B € [H HyClone 2 & ; 15
MW [3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny-
ltetrazolium bromide, MTT]. 4MEAEH. +2
fe K BR8N (sodium dodecyl sulfate, SDS). Triton
X-100. FYBERE(acridine orange, AO). R ZEE
(ethidium bromide, EB)Fid S b (H,0) ¥ 0 % F
Sigma 22 7] 7= it /D RPIH A 225 B R4 v FE P LA
(mouse anti NF-L monoclonal antibody)J B X 1# +
/2 5]; Pt Bl IgG(TRICH-Anti-Mouse 1gG)M b 5T
P2 AT RIURTIAEA KK T % B T4 [Rabbit
anti-rat anti-nerve growth factor (NGF) polyclonal an-
tibody (bs-0067R, 0.1 m)] AT 5 4P &5 55 8 F
% 5 BEHi{A [anti-brain-derived neurotrophic factor

(BDNF) (bs-0248R, 0.1 ml)polyclonal antibody]i F 1t
HIERFEYHEARERAT. 5- | -2 BEIRE G-
Bromo-2'-deoxyuridine, BrdU) It F % [X:(Roche Diagnos-
tics Indianapolis, IN,USA)A #); BrdU —#i. Rl
Pt BrdU $if&, W B 33 B4y it R 7] (Abcam
(Hong Kong) Ltd). —Hi(AEVZBAK SH/ DRI
&, biotinyllated horse anti-mouse antibody) « SEF1% -
)% 5 A (avidin-biotin complex)33)1 B Jb 5 18 B
HFEVHARER AR . —HEKEK(DAB) BB
&9 B Invitrogen A 8] . HARFIY K EH =7 tral
1.3 ApaF0pRiEsT

PC12 4 i 5 = E R e B A2 5 4t
YRR MRS 10% FAENFILE. 5%
I [f13% « 100 U/ml 75 8 & A1 100 mg/ml 5% & () DMEM
FEFRUR, TSGAE N BRI SR R 3R, 7E37°C. 5%
CO, HREFROT, BUNEA K 40 i F5556
1.4 )

SPF % 220~280g {4 it & ¥ SD KK, B ™
HRE 2B NP0 R, 1 E), i 23+1C, 12h
FEABH. 12 h BB, LR RETPEANRILA
BERF2EHARER 2006 48 A0 A ) 30 P4 R A0 E A T )
1.5 MTT %

% Hansen 25084 25 i) MTT 246 00 K] 2 FR B
Rb S AL SRR B BB 0 PC 12 40 B A 1K e B i R o]
BERX PC12 4 AR EH. MiFZ, BLPC12
43P T 96 FLAR, %71 90 pl 4 A8 (1.0 108 41
Mo/ fly. 4R pK 32 80% RS, 2 BIIMAAE
R HI 2598 10 L, X B4 AAH [F] 44651 DMEM #5357
o TREER4NMHTIL. RABSEE, T CO,
B FRFE oy nIRE SRR E MR Ie] . LN\ MTT 20 pl
(5 pg/ml), SEEREFE S ho FALIMA ZBB(10%SDS,
5% 5T B, 0.012mol/L HC1, Z&48E/K%##)100 pl.
37 CHCESH, FHESFRXAE 570 nm BACAL I & & FL
OD {H. FHRFRIAAXNHA OD HH .
1.6 PUERER$AXT PC12 4R 4 <RI 820 K B X i
SIS TR MRS S PC12 AR (A 89R
#HER

PC 12 40 M 7E A [F] ¥R 5 P o] SRR B0/ L T B 9%
24 h, MTT 72K SRR B4 % PC12 4 M 4 5%
Wi, PC12 40 M 75 A B VR BE 0 P SRR 94 4E L F 55 5%
1 h, ZJE A Hy,O,(4 W E R 150 pmol/L)EL DXM %
(MK PE H9 200 umol/L), k415 5E 24 h, MTT 4%
AT BRI 9 % H,0, BL DXM i 51 PC12 40 fa 453473 )
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AR C -

RPVEH .
1.7 KA EREMNEZMHMERTS

HY PC12 40 8eft T 24 FLAR, 5L 900 il 41 &
W(1x10° 40 ffl). 4 HE7E 40 umol/L FIIZRERENVE ] T 5
F¥ 1 h, ZJE I H,O, %, (2R 4 150 pmol/L,
HREEFEFE 24 he ML PBS WIVESS, AN 200 pl PBS
F110 W REFE R AR (F 100 pg/ml AO F1 100 pg/ml
EB), B3 E. BB, MK,
1.8 PC12 {ApERI S LIFS

PC12 40 M 7E P SRR ANV I T s o795 & i 1],
WFRA R FE (10, 20, 40, 80, 160 pwmol/L) ) i 25 BR £k
HEAREAGhM, 2,3,4,5,6,7, 8,9 days)Xf
PC12 4l fo il 52+ HH F043 F 5 & NF-200 #7520 .

H—AEREAGhIL, 2,3,4,5,6,7,8,9
days) B FRBEATIE 1om? PLEF M 82 40 fu il 2K 1B L,
Ll Leica DM IRB HLf fRDI,

G I8 A AN S A T AR 22 40 B A K 4 T R
4 227 A -200(neurofilament-200, NF-200)20-221,
Hig 2, ARWEMBRBRMIER 7d)5, WEHFRE,
%fLF 0.01 moV/L PBS $EEPIIR, INAMR/R G T =
R T 30 min. B WG, F 0.01 mol/L PBS
FEiR T HEE 3 K, 5 min/ IR. FHHEH 0.5% Triton
X-100 7 0.01 mol/L PBS 4t 20 min, JIA4 MLIE H
® A, EIE FH A 30 min. 0.01 mol/L PBS ¥ 3
YK, 5 min/ K. ¥ I0—%$i(mouse anti NF-L monoclonal
antibody, 1 : 100), Xt 4NN PBS, 4 CHE LT %K .
HUH=HEE 1 h 5, F 0.01mol/L PBS ¥k =X,
5 min/ K. I =$i(Trick #5I12 A anti-mouse IgG,
1:50), EiE. BHME 1h, 0.01 mol/L PBS ¥k
3K, 5 min/ K. TRPERAM—HHTON A,
B4 A —PiEt LL 0.01 mol/L PBS A% mouse anti NF-L
polyclonal antibody &b, HRPEE E. fEROGILE
B T R PB: 488 nm, WL K: 518 nm),
MR, FHtiTHE.
1.9 KRB M ABIEE

W[ K BRAE MY A8 1 A, 48 H A TAd#K 2 min.
1 FAJEAT 1% BEKBRATHE LR, I3 A 45 1 K B RE
Bl A XSTHRA. BHNEBEE) 4. 18N+
FETGYT (PA AT HR) 28 70 o] 28 R ) (18 1k R 8 + A RD 3
BEIMBEBRANIGITH, §4 11 Rah. SRASFE
R, HAKMAEINE. BxtRAst, Kz
52 28 d IBENLIS N 181 NS f STkuo
Frid 75 kAT . Az 28 d MIBEALRIBEL, vKAKiF
¥ (4°C, 5 min), # NV #(45°C, 5 min), 28/K(48 h), &

(48 h), F (1 min), HFHEIR(Y K E LK RS, HiR
55 30 V, FF4E3 min), B R AH 24 h, #FRHQ 45K
SERRIR, &K 60 IK /min, 15 min) . & HFEH 1 #
B, SFY R R 3~4 1Ko R RBANE S H
R, LB RETURMRIB R A . TERCIRI 24K, FH
X HEZH B H 4R 45 T SRR PG VT HE B 2.0 mg/(kg-d)],
R SR BR 51 VA 7T 20 BI R 46 I s v S P SRR B [ 10 20,
40 mg/(kg-d)], MH—IK, Fr428 K. XTRAN T
flf ¥, EFER. STRAMKMASHESTSE
AEFRERK—IR. POSHRIETT . FIERRRAN AL HE3E 28 d
JE A EY), B, AT s AR,
1.10 RigHELRALE

1.10.1 #AZAKRFRpREMZERRTF &
B2 28 d MR BB A BRI T IR IT S, BT
B 4 HOR UM vE S R B 224 50 mg/kg(5 mg/ml)
BREE, 10% 48 /R GAR (0.1 mmol/L PBS, pH 7.4).L
EERMH Y. BN, F4CEHT, B 10% 48
/R G (0.1 mmol/L PBS, pH 7.4)h[EE 2d. A
A, BRI eMNEREY A, FE4 pm.
PR A K R T IR 208 R R T I R AR
EXAREENEVEED - SEDEERE
(streptavidin peroxidase conjugated method, SP %)%
AP B TR, PR 1 [ 100.
FPARETR IR EIRE, EoIBEEERT®
B S5 AME 15 min, Z 51 DAB.

TN BHETEEMX . FEAHIRES

a2 0 A0 BURLIRE 0 8 M A K R F Ui R P
ERHETHEAR. PAREEEERE N, k)
R &IOS 5 ARG REERN S EE, RS F
100 4afa.
1.10.2  BrdU AR 2621 FEH5Z28 NIRRT 31
BRANER R PETT BT )G 4 d, BT 4 R KRR EE
% BrdU(75 mg/kg, 4 2 h 11K, 3£ 4 ¥%; BrdU " &%
HI%E % 20 mg/ml ) BrdU PBS % #(pH7.2, 0.1 mol/L,
0.1 mol/L NaOH ifid). KK BrdU ¥E5f )5 24 h 4
AR, FFOEEE T 0.1 mol/L PBS 5 min, Ti¥
4% ZZ HEE 17 min. EEEHREM, 4% 28
R HEEREC, IR, ZIEEAETE 30% BEFE
F@4°C). BT EEDHKEVIFVLRSIVIA @4 pm
E). YR {-AF7E PBS/NaN, #.

B HEFES T R A T05E BrdU MiFRid. 7E£65°C
1 50% FP k% (formamide)/2x SSC(FRUEFT B BR VA W)
H#E 2 h LA DNA B, #:%E DL PBS Bt /LK. 2
Ja VI 7E 2 mol/L HC1 H 5% & 30 min, FF7EMER+ i
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B 10 min. 7E PBS ¥/, VIH7E 30% H,0, ¥ % &
30 min AERRAEETEMLYEE. ELL3% EEY
11 3% (%5 F0.01% Triton X-100)3 F1f&, i/ B BrdU
TP D1 000), TATCHEMLE®R. ZEVRSE
~HiiK(biotinyllated horse anti-mouse, 44 % Bk
DH/NERPUE) I L b, BB LCERE - EVEE S
#(avidin-biotin complex)#™ 1%, 41 i L DAB &b FEff >
EI

ENFEEHE TS EmMX . RAHIKRER
e B O A ORI 25 €54 BrdU BHPEZI . P AL 8L
BENA, Bk 200 5 M RFEREEN&SE
MEF, THECRDF 100 M40 M.
1.11 FitsoHh

SCI BT AR 45 RABE B3 £ R HEIR (R £SE)RE
o PIREAEIEM LB P A ¢ 50 . BT B
¥ H SPSS11.0 Zi vt A EAT AL BE . P<0.05 404
ERFHITERE X

2 R
2.1 PFIERESSH1RE PC12 {MRR1EE

B 1 Bspl B B (2 PC12 40 B 5 1)
e, HEMREREMX. MBRWKIRERT

* 5 pmol/L I PC 12 40 Jfd iy 184 53 & 22 18 € TH; 80~320

pmol/L ¥R FE B B 2R R 4 B & (@ 3 PC12 4 U3 iE
(*P<0.05, **P<0.01).
2.1 FIERBEESIT T EHEIFSH PC12 HiEinis
B4R 1E
Wk 2 fi7R, 150 pmol/L i EALE HH B #0%!

PC12 4 fa s E, M LS rX — VR B K
4% K] B R BN BT % A

JEZ& b AO/EB P64 T IEH PC12 4R fiiZE
FE(E 3A), T H,0, bEMAREAAmBE, &
AN 446 3B) . T FISR SR M K BUR AE HLO,
M SF+H,0, A4 2 815 %5 B & 19 % = (& 3B, K
3C); 4 Az A 4E Hy0, 71 SF+H,0, A B 2 (B %
B 2 12 5 3B, B 3C). 150 pmol/L H,0, 4t 24 h
Ji ARER 3| ) 40 A T 2 R AR A S I £, ST VR 4 FIAZ A
4%. 7E 20 umol/L SF 4b# 5 A 150 pmol/L H,0, &t
B, FETOMRIER PC12 41 BRI B i B> . 45
FHUR, SF #a Ry EEAEX PC12 4 i d5id% o
2.3 FIERER 7T it 2K AN IF T 09 PC12 HHARIR 15
RIRIF1ER

LKl 4 B, 200 wmol/L H ZE KA B B0 PC12
0 B3, T ZE R FRTIX — 1 TR FBE A0 A e A o

140 -

120

100

Cell viability (% of control)

80
10 20 40 80 160 320

SF (umol/L)
Fig. 1 Effect of SF on the cell viability in PC12 cells
PC12 cells were cultured with different concentrations of SF for 24 h.

Control <

Cell viability was examined by MTT assay. The data of one repre-
sentative experiment from three independent experiments were
expressed as meantSE (n=4). *P<0.05, **P<0.01 as compared with
control (without SF).

120

Cell viability (%)
8 S

[=N]
(=]
T

40
Control 40 80 160 320 640
SF (umol/L)
H,0, (150 pmol/L)

Fig.2 Protective effect of SF on H,0,-induced cytotoxicity in

PC 12 cells

The indicated concentrations of SF was added 1 h prior to H,0, (150
pmol/L) stimulation. Following 24 h incubation, the viability of cells
treated with or without H,0, or SF+H,0, was examined by MTT
assay. The data of one representative experiment from three inde-
pendent experiments were expressed as mean+SEM (n=4). #P<0.01
as compared with control group; *P<0.05, **P<0.01 as compared
with H,O, group.

BRI ER.
2.4 MERERMIFS PC12 RS 1L

PC12 4 i AEA R P PRI P BRI A (10~160 pmol/L)
Ve TR, BUIWEAMMEERML. BFRNE 44,
#£ 80 umol/L. 160 pmol/L o ZRFR 5 b 3 21 W 5% 3] 41
B A B IS n; B55R8058 7 d, 78 80 pmol/L.
160 umol/L. FiTE R M AL FRA, FR1G R U R
1 A AL B0 M PR R 5 T FL B A R A 42 R %
(B 5).

T HaE 5 R RN — R 1 R M PC 1241 B 58
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Fig. 3 Protective effect of SF on H,0,-induced apoptosis in PC12 cells by double staining with AO/EB(200x)
A: control; B: H,0, (150 pmol/L); C: SF (20 umol/L) + H,0,(150 pmol/L). PC12 cells were incubated in the presence of SF (40 pmol/L) for
1 h, and 150 pmol/L H,0, for additional incubation of 24 h. H,0,-induced cell apoptosis was analyzed by AO/EB double fluorescent staining
as described in “Materials and Methods”. Cells in which nuclei were red or orange (yellow-red) indicate apoptotic cells.

120

g

Cell viability (%)
g

60

320

Control 40 80 160 640
SF (umol/L)

DXM (200 pmol/L)

Fig. 4 Protective effect of SF against DXM-induced
cytotoxicity in PC12 cells

The indicated concentrations of SF was added 1 h prior to DXM (200
pmol/L). Following 24 h incubation, the viability of cells treated with
or without DXM or SF+DXM was evaluated by assessing the reduc-
tion of MTT. The data of one representative experiment from
three independent experiments were expressed as mean+SE (n=4).
#P<0.01 as compared with control group; *P<0.05, **P<0.01 as
compared with DXM group.

Fig. 6 Neuronal-like differentiated and maturated cells

(200x)

A: control; B: control, using PBS instead of primary antibody (NF-200
monoclonal body); C: PC12 cells treated with 160 pmol/L SF for 7 days.
The cells acquired advanced neuronal-like phenotypes with long axons
structures connecting cells to each other forming potential complex
neural networks; D: PC12 cells treated with 160 pmol/L SF for 7 days
were submitted to the immunocytochemistry of the NF-200. The cells
with neuronal-like morphology after differentiation and maturation
highly expressed NF-200 (red). PC12-cells were grown in the absence
(control) or presence of SF (80, 160 umol/L) for 9 days. For molecular
marker NF-200, the cells were submitted to the immunocytochemistry
of the NF-200 on the 7th day as described in “Materials and Methods”.

Fig. 5 Neurite outgrowth in the presence of SF(200x)
PC12-cells were grown in the absence (control) or presence of SF (80. 160 pmol/L). A: 4th day: Aa: control; Ab: 80 pmol/L; Ac: 160 pmol/
L; B: 7th day: Ba: control; Bb: 80 umol/L; Bc: 160 umol/L. Neurite outgrowth was monitored for 9 days, starting 6 h post-supplementation
of SF. Representative micrographs of PC12-cell culture are shown.

(W
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fih 2 77 BES PR, RATRS I T #h 2 40 M LI 4 1
PR NF-200 FIRIE. &1t 3~4 d BALEI 40 s &
TREHERE, PREFFHEMNXEHRCH . b
TR E A REKET. 23— Aok, A
fl AR TE, BT LATE S Bl R AR R, &
AR 24 5 2 B 4 M 4% (& 5Bb, K& 5Bc, K&l 6C,
6D). 4L EI4 iE R IE NF-200(4£8), 11 NF-200
MM K MR EHESEETS (B 6D). 4R
ow, 7ERTBRERENVE R R, PC12 40 o T LA S 401k
R TEAFAEFN 2 F bric 5 2R 40 M — S508 58 n Ak
R4 e
2.5 PAIZRESSN_L IS RHINAMER KRB S DG
X#HEEKEFREEHESEFREFHRIE

18 1 R MBS K i S DG R & A K H
T RUUR A2 TR R F K TP B T (Bl 7Aa, B
7Ab, B 7Ba, & 7Bb). 5t R, FTERER G LLFIE
WA 77 X HAR 1 N IO K RS DG X444
KEFMREE#EEFEFRZmE 7Ab, B
7Ad~ | 7Af, & 7Bb, & 7Bd~ & 7Bf), T HL 3L ER 4
HIRCR S m AV THHEL (B 7 Ab, B 7 Ac, B 7 Af, B
7Bb, & 7TBc, &l 7Bf), #2715 B0 B B AT 5% i 18 1t
XA RES DG X MK EF M EE 2 E 5
B FRIEFIA B .
2.6 PFIZRER HIESRIBME R IR E KR ED
CAIX#®MEEHYE

BrdU tric 4 M $ce 7 &8, 518 vk
HHEL, FIBEEREA(10, 20, 40 mg/kg)Z> 51N BrdU 45
C 20 . 8.6%, 27.8%, 47.7% (TG TT X 4H 4 23.2%)
(B 8). mIIL, FaZRERHN B 234 In¥E S CA3 X BrdU
FH 1 40 i, $ P BRI B 10 D18 Mk N B AT A 1Y
KRS CA3 XMERENIEH.

3 it

KA B R AA 37 DR A Bl R R 6 P Y BRI AN Bl
RE RV EAT R . BATLARTABLALE BT 5T
SRR, BR324 5 K R SR AE T VKA SR
wRRK KA B 5, $&7 B SRR A B B i ST
TESFEAE R o B, BT3RS X A IfL~F 5 A2 B
R K BRES T 3 Iz sh ANRE, A 5- ek
MERN, AMEREFE ERFEOEE. XBER
PR, BT ERIR N I SIS 1F R AL 5 = 3R KGR
M 5- 2 6 RE EE FRHUM I K AL ALEE A 0515
AR,

Katz S8R E, 355 K BOESE 3 A& T NERE
(BT, FFREK. AKBRNREBERIE
%), KA HIRFAT A A ks, M3 B pis R
FHE, MAT=HA. BRLEERINSIFR ST
24, W ATPH 1R IX s S U ) R 4229 Richardson™”
I, 2N PIE MR SE, $A G 3R A 4R
A, FE WAESED, UUERIOHR . XA
V2 N R B K S R S AR AR . RATI Bl I 5
g AR, 18 M5 25 (BT BRI 43 10 5 RS AR 1)
KEAEMF R T, LLRAT 2RS4 0%
BRI, XEg BIR, MBRRNE BEEN1E
HEHUMARREAE RO,

A SCHRE 45 R R B, LEARSNTBRER B % i 4k
SR HE ZEKAA 5 S 10 PC12 40 f 4545 4 BR B AR 44
H, gefdidt PC12 40 f I 5E . 55 Hoh 5 MEFT
Yl TS HEFE 5 2 Fhric — SR SE s 40 ; 7
A P B R R 4k TR A8 R N AR AR Y K BB S DG
X 28 A K DR R v e 27 TR R F Rk, 1 5%
1% M N BB AR Y K L 55 CA3 KM KA

NEMAEER(EERAER) INEETIATA
JRMERETBOM 7= A ) 2 By M v R A5 R B At Y
MR T R P E R LA MIE T L R e
ZHMEMIIR, WEFEAe KR D RE, 2. 18
PR ZIBAT R, o] REtL BFEIARAESE, AR
JR R R feE %0, {HATREEH B & IR 52 i B 52 il
BHEME X RERY., —RYERUEE
FTERRR IR M ar kA b B R BE MR IER S,

SRS S INAREE B AR AL . 1E 7 40 B
RS, B BEAFERER L T34 4
0 f L IR BRI LR, B AR AR 2 B A B B
FARAN B KRR, (R - PUEM RGP [0 (2
7 E 24k, FROAEALN . SEAE R SERN
W N E VIR ISR —, Hr ) R IRGR A
AT B RN, ST SR AN, EE
S+ DNA F4HYR5y FRIG M DBER AR, &k
4 Mg Ak, R EELMA T A0S
(ARSI S0 2 SRR BH, o] 50 1 o 4 A N S I B
P2 AR B I P 4 B 45345 7 BH R AR

FPHCRE ) R IR AL BT B - E 44 - ' b sl
K. BETBEALIERRSESEHREVIMH
Ko FEBAER A FWER 2wl B i R MAE R 52
B R g 5 240, HUilas 294 B A o T R IRE
FARRHI G T E 45 R R EE MR, A3
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Fig. 7 SF enhances the expressions of nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF) in the
hippocampal DG of chronic mild stress-induced depression-like model rats(200x)

A: control; B: CMS; C: CMS+Flu; D: CMS+SF (10 mg/kg/d); E: CMS+SF (20 mg/kg/d); F: CMS+SF (40 mg/kg/d). The whole brains of
unselected rat (n=4) were inmediately fixed in 10% formalin, and processed by paraffin embedding methods. Sections 4 pmoVl/L thick
were cut and processed for inmunohistochemistry. The immunohistochemistry of NGF and BDNF on sections was performed using a
streptavidin-peroxidase conjugate (SP) method according to the manufacturer’s instructions. Rabbit anti-rat polyclonal antibodies (anti-
NGF and anti-BDNF) labels were identified by the characteristic yellowish brown stain seen in NGF and BDNF positive cell bodies.
Changes in the number of immunopositive cells of the hippocampal DG sector in stained sections were counted under a light microscope
at a magnification of a x200, and the average of five different areas was determined. All values were expressed as the means+SE, and
statistical significance was evaluated by Dunnet’s multiple comparison test for nonparametric analysis.
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Fig. 8 SF induces the proliferation of neural stem cell/neural progenitor cells in the hippocampal CA3 of chronic mild
stress-induced depression-like model rats(200x)
A: control; B: CMS; C; CMS+Flu; D: CMS+SF (10 mg/kg/d); E: CMS+SF (20 mg/kg/d); F: CMS+SF (40 mg/kg/d). For in vivo BrdU-incorporation
assay, rats were administered BrdU (4 x75 mg/kg every 2 h) 4d after the last antidepressant treatment. Twenty-four hours after the last BrdU
injection, rats were killed and transcardially perfused. After perfusion, all brains were post-fixed overnight in paraformaldehyde(with shaking)
at 4°C and stored at 4°C in 30% sucrose. Immunohistochemistry assay was performed as “Materials and Methods”. Anti-BrdU labels were
identified by the characteristic yellowish brown stain seen in BrdU-positive cell bodies. Changes in the number of immunopositive cells of the
hippocampal CA3 sector in stained sections were counted under a light microscope at a magnification of a x200 without the examiner knowing
the experimental protocols, and the average of five different areas was determined. All values were expressed as the means+SE and statistical

significance was evaluated by Dunnet’s multiple comparison test for nonparametric analysis.
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Neuroprotective and Neurogenesis-enhancing Effects of Sodium Ferulate

.

Ming-Neng Liao!, Yan-Ping Wang', Yong-Ping Zhang', Run-Di Ma'*,
Xiao-Yu Zhang'?, Li-Jian Yu'*, Ting-Xi Yu'**

(‘Key Laboratory of Marine Materia Medica, Guangdong Ocean University, Zhanjiang 524025, China; *Cell Biology Group,
Department of Surgery, Department of Pathology, University of Maryland School of Medicine and Baltimore Veterans
Affairs Medical Center, Baltimore, MD 21201, USA; *Department of Otorhinolaryngology-Head and Neck Surgery,
University of Maryland School of Medicine, Baltimore, MD 21228, USA)

Abstract Antidepressants with novel targets and without side effects are in great demand. Ferulic acid
(FA) is a ubiquitous phenolic acid of low toxicity, and sodium ferulate (SF) is its sodium salt. Our previous studies
have revealed that FA (or SF) show significant protective effect on excitotoxicity and antidepressant-like effect, and
we now test the neuroprotective and neurogenesis-enhancing actions of SF and discuss their relationship with its
antidepressant-like effect of SF. MTT assay was performed to measure the effect of SF on the growth of PC12
cells and its neuroprotective effects; morphological and immunocytochemical methods were used for assessing its
differentiation-inducing action. The expressions of nerve growth factor (NGF) and brain-derived neurotrophic
factor (BDNF) and the proliferation of neural stem cell/neural progenitor cells were assessed in the hippocampi of
chronic mild stress (CMS)-induced depression-like model rats by immunohistochemistry and BrdU-incorporation
assays. In vitro tests showed that SF promoted the proliferation of PC12 cells in the concentration range of 5~320
mmol/L, and partially protected PC12 cells against H,0,-induced oxidative and dexamethasone (DXM)-induced
neurotoxicity damage, and induced PC12 celis to differentiate to more mature cells with the morphological charac-
teristics and molecular marker of neuronal-like cells. In vivo tests showed that SF up-regulated the expressions of
NGF and BDNF, and induced the proliferation of neural stem cell/neural progenitor cells in the hippocampi of CMS-
induced depression-like model rats. This study provides evidences that SF shows the neuroprotective and neurogenesis-
enhancing actions, and the antidepressant-like effects of SF may result from its neuroprotective and neurogenesis-
enhancing actions.

Key words sodium ferulate; neuroprotective effect; neurogenesis-enhancing action; rat pheochromocy-
toma (PC12) cells; rat models of depression
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