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E  FI3LB(ferulic acid, FA)Z —# 7 i2 5 £ 6918 FB 8L, T3R8 4 (sodium ferulate, SF)N
REEE, AR CRIEE, FIELER A A B F 094h ZARA Faib 2 K 4 38 52 4F ) B i AR 2K
R. ZAR B AL TR T 3RER 453 01K 69 PC 12 40 it 2 AR 3% 49 T 4m 0L % 7R T B 649 L3 AT 2K
R. PCI12%a/0 /2480 pmol/LFT #LEA 44 4IDMEM3Z AR A ¥ 1 B 6 d, L # &4 T 4 & TR 4h 5 F
AL EIPC124m iR 7R 69 T fm L% ik, M PC124m IR BB R L a IR e iR P 3R B 4 T3 Ah = . VAR
MR A G B AR X IR, AT A S, BEAF. LRALMFFBrdUBANF 7 &
ML EXF# ) [T 3 B8 40 53 AL 69 PC 12 4m oL B AL R ) T 4m L8 TR AT 120 L S K R AP ARAR B AT 4 52
LWL IRIZE . DA KRR R 6941 42 A K B T (nerve growth factor, NGF) & fix R P4 A4Y 2 7 5
¥ (brain-derived neurotrophic factor, BDNF)# & A B AY 2 £ 4 69 %70 . FIiE R, FIILER4NE 5
AL PC 1240 i B AR R 09 T 40 0% R BE LB AP ARJEARAR AL K R 94T A F 5%, LA E L K
K ANGFA2BNDF ) & ik, 38 Ao ik I Av 2 F 4 o /40 2 AT AR da Je e 38 76, da sk =T L, FT3RBR4AAE 55
A PC 12 40 L B AR 7 49 T 40 FRLIE AT B S 09 LA AR BOR,, f EL 34 AR BOR ST R B € 49 L iEINGF

http://www.cjcb.org

#2BNDF, vA B HL3& 5240 22 % £ VEH .
X527

TS RE & 175 BV RS A B s P e, T RS A
RIS NR IR A TE A S M I R I 45 R W12
RIS 7R, JABAE 5 T B 2 JU BN 22 0 25
R ZIBAT IR R K R T % V). I AR s 2R
For 2 5 AW, A TR S5 i i 5 X 2 25 40,
T Ly 252 A7 AN AE o5 N (1) I ) Jk R 2 TR R o6 R &
IEARDCM2 NI (4 o, BUE (s A
VB Ey ik ;= AR R 28 o, SEIR A TSR B, 12
(VR I b s HESSTWE =21 F ISR N/
IS 245 0] LB 52 N 0T 5 SO I 55 1R s BRI
Tl 28 A 11 14 i i ok 59 2 AT i 9 1% - I B
R PRI R

#1221 i (neural stem cells, NSCs)) ¥Z £7 7£
TUFLEN VIR NG S AR R iR R &8, M4 R
Gi 52 B M TS, PR T8 R RR AL 5 5 0 A 2

Bl BRI BN, PCI2AM L 75T 204k, A0 AL, DLVAAE R 1 PSR, KB

Tl i 8 0 R AR AR A7 1 A 22 40 i, 2k 38 2 45 )
P THREMT H 1o A2 40 M A R A b & e AT
R & 2 VAR YT . i fa, K4
JCHA AR, (B3 E A M E FR 1 (neu-
rotrophic factors, NTFs) )25, &8 FR 176K
i A 28 70 LA B I 5 4 e 1) RT 5 ik, AT ORI AT
TR BE i 2 40 o 23 A R0 75 A6 1 S g, X I 5347 5
T D RE R A T2 o g S IX (RS R ARt
IS 250 R Y vh A TS AR T
PC124f il (rat pheochromocytoma cells, PC12
cells) A U5 TR BV B B2 5T i) B g e 4 e
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IX — 4 MU FK 75 58 FH Green Al Tischler! ) #% £ ¥ K Bl
I B A0 R A B v B RS, A AT T =
ZAF . AR IR AR e Y —, A s i fE,
HIEWMARA M., Ma oo iRt m AT, Bert
NGFIFHER, 20 A0 8 (g A8 T 28 T R 4
PCI2/E) iz F T AR AR E% 7% w48 40 Mt 1 452 204 4
i, ARSI TCIAE S A DA R 43+
PUHIEZE.  H R IINGFAT 7 FPC 1241 il 73 14 ik
SRR TCIAAE I BAK, AT FHPC 1240 B bk 47
TREMT. CEUESE, fE— 85 R PC1241
MR AE — 2 £ F RIS BEPC 1240 i 7 b Bl pih 48 T AF
i W 1) 22 Bh ) i B AT ph 4 R R R sloph &8 % A
SR IAEH -

BT 2 R (ferulic acid, FA), fb2% 43-(4-F2 k-3
SR HE)-2- TN 4 2 (3-(4-hydroxy-3-methoxyphenyl)
-2-propenoic acid), &) i ki A7 75 1 — P I .
TERE ) A P 2 5 41 B 22 RN A J5T 28 A IC A s
JROBE () — 8058, JEBTBE. 4H IS FHRR. R
2P A Rs s 2 1 fErp AT, B
BRIR AR — Fh 45 7= P A & P (marker compound);
T BAMUIM B T, HEEMHARMK, )OHEA—
L 24 11935 PR 4K B P (active compound). i R A 57
RO e B SR (ST BEER B, sodium ferulate, SF).
H ] 27258 0] B B R S LA R 1) 24 2 LN R AT T
JZ RN G MHTE S C s, BB
FAT G5 FPC 1240 Hu 3G 5 R 4344 A 1 28 TR 48 i 1) 1=
H o ISP AT 4 BB AR (G R R s i vk i)
E ST BRI B B A S EBTIAR A/ N R A T
UL A 5 O BRI S 28 i 5 o) B R o LA 12
PEBTIIAR AE FHMY, ] B0 B 1 P40 A A 35 vT g &R
SO LR RO 22 AR R A T T8 AR SO 7
Bl 2R RN 15 3 4 A PRI P C 1 2400 i S A AR P JC 40 P i vk
I HTAPAB AT RACR o

1 MRI57E%
1.1 49

£R 12 3 VG VT 1% ¥ (fluoxetine hydrochloride cap-
sules, Flu)FHEli Lilly and Company Limited (USA)4:
77, ALK TR N 254 B ] 202, A% 20 mg/ki(LL
FPGVT V), BUBLRR R I B R AR A RS2y )
o 499.3%; BT BRI A SRV A R R i B A T 24
AR A

1.2 7

i 28T 2E 2F 1L (newborn calf serum, NCS)J
H AT DU 2= 35 AR BR 2 ) Sy il i I 56
[E HyClone 2t #]; DMEM (Dulbecco’s Modified Eagle
Med-ium) 4 2& [E Gibco 2y 7] 7 fifs; Triton X-100 MEM:
¥ (3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide, MTT). | —FeS&mm BRAI(SDS) ARG A
% [ Sigmazy w77 il RPTRITMA LK T2 50
F% $T {A[Rabbit anti-rat anti-nerve growth factor (NGF)
polyclonal antibody (bs-0067R, 0.1 ml)]F! $t fixi J& 7%
P2 E FR K T £ v B PR [Rabbit anti-rat anti-brain-
derived neurotrophic factor (BDNF) (bs-0248R, 0.1 ml)
polyclonal antibody]M H b 3¢ 1 58 gk A= H45 R A7 R
o8 Hle 5-YR-27- 4 JR 1 (5-Bromo-2’-deoxyuridine,
BrdU)I [ & [ /A #); BrdU—Ji. 9L 50 B HiBrdU
U B S8 R AP i A R 22 Bl (Abcam(Hong
Kong) Ltd). —Hu(“E = BAk 19 S5 BUHTIE, bi-
otinyllated horse anti-mouse antibody) F12% 1 Z-E4)
% 2 5% (avidin-biotin complex) ) H b 5L 1 B Ak A= 4
BARARA T BRI (DAB) 2 (LB A
Invitrogen A 7)o HA 1513 o0 (5 23 Hr 4l
1.3 {ApRFNLHARLEEIF

PC1240 e A v R B L an R Ao e
A S A A T Al BB 10%08T A
NS . 5% M35 100 Umlis 22 Z 1100 pg/ml
k% 22 [UDMEMES R, TS A1 P BE 478 2 Jit 1) 5%
FM, 7837 °C 5% CO, 857, 3~4 A4 A48 —
e
1.4 =4

SPFZ£220~280 A 5t (IR MESD R R, I 1l
Y34 e SIS SEE BT BR A W] (K7D), 23 °CE1 °C,
12 W], 12 hiBI . 5206 b ™ R sy b A A RN
R 25 B R 20064 M A 4 ST 56 50 490 4 A1) A4 H]
JE IS
1.5 AR SF IR

A F 5 A K I PC 1240 i, Wk R B 57
Beo WHACS, IS EDMEME; JR 3k, IR
BT AN, AL IR T AN . TR,
W HE LY S 5> 10°41 i /mi, BA1 mi/fR 1) & 8 0+
100 mlB5 R, NREFRFE R TR A A 2B K 5o
BRI, 40 i E T4 °CZI30 min, {40 2k K
A A SRJAWR LB FREE, A5 EEDMEME; 773, T
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ST

BT 0 IR M, i L R B A80 umol/L, 23 {1 X R AL n
NZEHPBS. AR R SR I76 d, 465 E Bl
B NSNS, HE TR
1.6 PIERERSNIZ S5 ILRIPCI12ZA AR L AR T 4m AR
R R &

T £ AF AR 580 wumol/LER 2 R Al 3 [R] 55
756 dIIPCI240 U, n HivAPBS, 2 Ly, J& #PBSIK
VE3W o INNIE & TG HPBS, W AT 41 i [k, £
RV IE AN T4 P, TR IR B A
1x10*, 1x10°, 1x10°YH fiig/ml, UK 5 (350 W,
TAERE2 s, [FH10 s, 407). 4t 208 24 vk 1 1,
~80 °CIRA7#5 H -
1.7 JE& S 5% B8 B P ZRER B9 K [ RO

FHPBSHC AN [7] 34 J5£ 19 e 2 198 4k s oA 90, K
310 nmAb I 5E WOGEE, HIEARAE TS D B 1 1
B T 03 A0 IPC 1 240 o 24 A2 5 119 G 41 PR 3 R A D%
K310 nmAb FIWOE B . T EPC 1240 iS4 fi# 95 18 T
S i 8 B B ) BT B R Ak
1.8 8% Kz AN HRIE B

ZxJE SR BT 3R 7 3 R o oSt i K R
PESMAR LAY, Bh il 5228 dit) BE ML A B, £ 55 0k K
WevK(4 °C, 5 min), FAPV (45 °C, 5 min). 457K (48 h).
ARE5 (24 h) B min). B R(Y R E LK R4,
HILU SRS 30 V, $74:3 min). BAC0I{#124 hy #% 52 (HQ
457K FHEIR, 607%/min, 15 min). 4F F S LRIl
PR REFP R 3~4 R o IR RIS IE S B, LA
SIIASRE TR RIS A A o 0 AR FAT AT 1384
1.9 KR

VAR BRUIE S BB 18], A 5N T fldi2 mine 1
JA J5 AT 1% W% 7K 5k N 075 16 52 56, 95 206 6 4 1 K BB
BL2> i %t 1 4 (control). 18 1 N B(CMS)4H. 18
PE RN BT IG VT (CMSHFTu)Z g M W I+ 20 R 44
(CMS+6 pg SEYZL. 18 1 W I+PC1241 Hu(1x10°4
L) S A28 948 1D T 40 M 91 B (CMIS+PC 12-10°) 21 T 1
IS 385+ B B 1% 40 (80 umol/L, 6 )i 5 73 AL FIPC 124
JI(Ix10% 1x10°, 1< 1O g2 fift 315 19 TG 41 i 98
(CMS+SF+PC12-10*, CMS+SF+PC12-10°, CMS+
SF+PC12-10941, &E4112 5. XA w28 77,
RKRAPIEITE. Bt gl oh, HAbshis#E 5228 d
(A% 1 B ALY . E N33 4K, CMS+FIud] B I
45 B Bl 45 TFluf B (2.0 mg/kg), CMS+SF (6 ug)4l
B Tty A B S s v S T B PR 894 1.0 ml(7%5°6 pg SF),

CMS+PC12-10°4 FICMS+SF+PC12-10*, CMS+SF+
PC12-10°, CMS+SF+PC12-10°41 Bl FF 44 43 1l 4 B
UG Y 3 S PC 1240 (1< 104 Jie )28 fifé 3L (14) G 41 i &
TR B R 44 15 AL FIPC 1241 FL(1x10%, 1x10°,
110K A )24 At 5 1) JC 41 W v #4-1.0 mil, 53 H 1K,
Frelo8 do RS TAT g3, 1F 5 HEORE. I
S RIS I A A A SN s v S 4 R A B 2R UK T
Wo NBETFEE28 dfid 7 Bl E AT . BB A
PRI FEHBE KSR N), 43 AT I 37 1K 56 1158 3 V7 vk
Y, Z 42, WU, AT v g B 212
G 22K 2
1.9.1 HAZax TBEET AR IR 3 d)E 5
S S A SR TR, Fi T T A S AR T I .
A T IR =R G P T 34 (- B AT A
P
1.9.2 RAREFEHE KR Z)M Z Z SRS
K AT FEREBE K/ 20K I FE S5 . K RSB I 7%
ISR S I 2R B A0 N5 B AR, 3 S8 [ I 25 1 3¢
B 1%RERE K B2 /N, 24 h, [T 48 H KR
SR I, DR 1%RERK, UBiE4lK, 1 h
o, BOE2M IR E .. SR T 2E (457K 23 he S804
H 170 [ B 25 78 UK B 3558 i i 2K, e
1%RERE K, D atizK, ok H 1T BUE 200 F FRBA
Rt TR S 2 1) S BRI FE L BEZKIHFE
Bl 7K A 52 E1 43 LG ORE ZK A 52 1 20 =W 7K 3 FE/ 0
PRIHFEX100%)
1.93 ¥ %k RIRNFE1 AT 3785
WECR A 3775 78(80 em>80 cm>x40 cm), Ji BE Dy A1, iR
I AR 2R 25 T gl i IRI6 TR
(55 N HEAT o K BRUBON A S, M523 min 1%
BTG DL T EIRAR A 2F s T ORIk S r A
PLBh ) ot i 5 B A 7K T2 54543 (crossing), 3]
VBRGNS N 148, s &AT3E, LA
£F16 ek 143 DL AL IR T B2 815 77 (rearing),
IIRUE B TT IR A bR, TCTe Bt v 2 A i (]
BICNAUE Ao B H BT LIRS o
1.9.4 RiGHKIRE TARRN UGS H S
HRUOEAT o B R BB N A220 em 15550 em (1[5 4
o AERLH . ZKIR25 em, ZKIE25 °C£1 °C. il K
FUEVK, TEKASBELLG JISZ 4 B4, A RE AR
BEMTHORE . BEATK AT 1R B LR, B R
K RUTIEVKS min, B 5 HCH 74T F T IRNE T .
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24 W5 FRCK R BUBONK R, JELE L5 min, DLBEER
WE I R SRR K S B L. R ERIRE
(RIS T o A5F SR BRANGHEA T 1R S 56 o T AN Bl R s v
VY i 56 A AN B BN A 2 TR K 1 .

195 JRILUALFHE ARKN B3 d, BT
14 R BRI s 3 53 3 EL E 228950 mg/kg(5 mg/ml)
WEAT BRIFE, 10% Hh P A 2K ARV RO T E e A 4k 30
Yo B, B 0% VAR 2R D AR B e 2~3 d.
T I i B DX A e IR T V) F, R4 pum, o RHE
o OB R X A U F A AR A .

1.9.6 SEMALAFRE  (DIEERR R
PEPEMEE IR T RIS d, FAEIE AR
U T 0 S 1 2 L 224050 mg/kg(5 mg/ml)HEAT BRI,
4%%2 B (0.1 umol/L PBS, pH7.4) /U lIEiE S i 5
Yo WU, 764 °CE&AT T, Ha%% HH 0.1 pmol/L
PBS, pH7.4) [l E2 do Al . 18 i ifg 1 X 5%
WA A B s xR VD f, )54 pme NGF.
BDNFXIA /KK H B m P R A - A
i 3% $2 1 (streptavidin peroxidase conjugated method,
SP), % Ut IR AE V) i BEAT S e A4 AT O, 2R
— PR HI1:100, 2B — PR EER TR E LK
o, B P ER T 5V A E 15 min, Z 5N
DAB. (Q)TEJ62% R % i DX 4l it i B0 vk
BT A v (O 40 FORCR S (4 A NGF i BDNFRH 141 it .
PR LG H VI, RESR DI 22 /b Mg sAS A AR
FAE AL, THECA /D T 10041 . (3)BrdU+s
NI R220: SRR N R4 d, SRR A K U e
SFBrdU(75 mg/kg, T2 h 1K, FL47k; BrdUI %% (1 UE
7% 20 mg/mlf¥)BrdU PBS¥#§#(pH7.2, 0.1 mol/L NaOH
VIS e ARIXBrdUTE ST R 24 it 5, FF O R
Ti1¥40.1 mol/L PBS 5 min, 7i#44%% 2 ¥ 17 min.
W JE T BR A, 7E4% % 28 R h [ 2 i 1 (4 °C),
2R W AFAE30% LM (4 °C) o 3 1L ¥ 15 FH UK ¥
IR HLERSNV (4 um)F). V) v fR 47 /EPBS/NaN;
o (4B s AT E BrdU R bRl 78
65 °CF150% 1 9t i (formamide)/2 x SSC (b 7 ¢ 1
FOR) I 2 hDAFDNAZS 1, B:45 LIPBSUE LK.
2 Ja VIR #E2 mol/L HCIH #7530 min, P ZEA R
B & 10 min. PBSPEWR 5, VI 1£30% H.O0.H 0 5
30 minbh 2 B N IR ALY B . DA3% IE B 5
H(#T10.01% Triton X-100)EH 1), MNP/ fBrdU
PLAR(1:1 000), T4 CHALIER . Z GV R 55 =41

A W) 2R WAL 1 5 BTN BT A& (biotinyllated horse
anti-mouse)#F b1 h, HLEHE LI BV RZEEY)
(avidin-biotin complex)#" 4%, 41l ff LADABALHAE 2 1]
Wo KIS E . VHEINGFRIBDNFRH 2 41 f [7] £ 1)
JNE%EE  THEBrdUBH 40 .
1.10 Zit 5 #h

T SER 2 LA UESE, shHscgnd T 1K, ARAhsk
B/ bEA2 . S A IR AR R R ESEM) &
7R, KJUSPSS 1308 AFREAT AR J5 7 73 . P<0.05
WA 22 A vk X

2 7R
2.1 R PTERER AR IR

& B B 1% 499(80 umol/L) FIDMEM K% 77 Wi % 75
6 dItIPC 124 i 2R fif2 30 1) I 4 6 908 9480 1) o 28 12 vk
J%45.49 ng/ml.
2.2 MERERENIF S HVARE S L

2R 980 umol/LIT) Fi 28 12 A4 [F DMEM % 7
W6 dIIPC 240 i 45 15386 4, 50 20 40 i G HE 58
&, R R E, MRS R AR, FELe
ST v 4 B T (1 S AR L 2 IR (B ) o

Bl PIERERNIFE SRR EK
PC124H M 77 i B E24M (80 umol/L)YEHT NR7FE6 d, % VWL 4E 4t fu il 52
AR . PCI24H IAE TS (AT BT BRI 4N (80 umol/LY(BYEHI R
KEIRe6 dimfRR K.

Fig.1 Neurite outgrowth in the presence of SF

PC12-cells were grown in the absence (A) or presence of 80 pumol/L SF
(B) for 6 days. Neurite outgrowth was monitored. Representative micro-

graphs of PC12-cell culture are shown.

2.3 FIEREREMIS S (L BIPCI124A AR AR R A T 4H
BEE X 12 M N SRR B K FR R E K Y 2201

K AL BN W) 1R~ 3 A A S8 O U I IS B Wk
e ZEITARIISELS, AP R HAT BT n, w]
A&, CMSA W44 T 1 35K 2 32K T4 i ZH.(P<0.01),
1 CMS+SF+PC12(10%, 10°, 109411 CMS+FluZi )
B E T CMS4L (P<0.01). 76528 dJi w4l
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KEVEEF K 132.2 g, CMSA K 55.9 g, 1fij
CMS+SF+PC12 (10*, 10°. 101 CMS+FluZi 3 %
HiK:69.9 g 71.1 g« 75.2 gf168.8 g (P<0.01)(}¥12).
CMS+SF(6 pg)ZH FICMS+PC12-10°2H K Fil [ ¢ 434
£:(58.1 g« 51.5 ) 5CMSZL# -

—_— = =
- W W
o o O

Body weight gain (g)
8

DDDD

W W
S o O

&'\60 Q\Q \?@ \Q 10105 10°
¢ @ c,f‘ Oq’ CMS+SF(80 pmol/L)+PC12
& %
& &
E2 MEREINIES S L PC12ABESLAER 0 T 4 BEE R

XF 21 R I AR AR EL K R AR EIE KB F2 0
TR R A BMEESEM.  #P<0.01, 5XHRAIMILL; #+P<0.01, 5184
MM (1=12).

Fig.2 Effect of long-term intraperitoneal injection of cell-
free filtrate of sodium ferulate-induced and differentioned
PC12 cell lysates on body weight gain in CMS rats
Data are represented as means=SEM. “P<0.01 vs control; **P<0.01 vs

CMS (n=12).

2.4 [MERERENIE S 9 L BIPC1240 B L iR i B9 To4m
BEE & X 18 M BB AR AR B KRR IR S HFE . B8
KEFEREKREREN
I BRI A4 2H K B ) VA ST R B KT R A
B 7K i 52 G B S 2 0l o DA B — ) AES, CMIS+
SF+PC12(10*, 10°. 10%FICMS+Flufi K 5 1B /K
TH FE BORE K i 52 B T-CMSHL, 2128 DY JA oK CL 21
X B 2] 7K P T CMSH+SF(6 ng) ICMS+PC12-10°41
KRR B HE S B /K IS FE LR K M 22 I 5 CMS
WA (E3). XL g BRI B R A5 5 04 1
PC 124 Hiu, 2 it 30 11 JIC 240 I 08 30 o) 350 308 2 1 {2k
PO K B BT RE . /KT FE SO K i 22 1 5 i,
T 0 o) 280 TR A R . i PC 12,41 it 28 A 1) G 4 D
JEVR I TC IR o
2.5 MERERENIE S 2 L BIPC124H R iR ik B9 To 4m
BRE R XT 12 M N BN ERR B K FR B 3478 sh A 2201
W3R TP sh s sh AR ste . 5
X AL B P L, CMSELK BRI 7K -8 3l 1573 FH 1

(A)

26 i

Total liquid intake (g)
(3]
S

10 c
B R S AN TGN (0

N WV (20 umol/1)+PC13
Q@% S5 O CMSHSF(80 pmol/L)+PC12

+
n
T
+
Ik

SR O]
(=]

#

—_
wn

Sucrose intake (g)

(=

o

& Q@% < ‘o\@ w@ 104 10°  10°
P & &8 (O CMS+SF(80 umol/Ly+PC12
9

©)

—
W s U 0O D
OO OO OO OO

20

Percentage of sugar consumption (%)

& ﬁ\%x %‘4@ Qc}” CMS+SF(80 umo1/L)+PC12
S 3
& N

B3 FIERERNIAE S 5 1L BIPC 1240 B B BRI 3T 18 14 B2 B AR
REK RIS IHFE. HEAERE R KR ZE R0
REUGRIG AT, K AR, 2523 b, 2 )5 [ 45 T 1%E R K R ok
K, TSR LK o W /K i 22 =R 7KV R B AT FE=100% . B REER
TRAIMESEM. A: SRR HE B: AL C: /KR Z, *P<<0.05,
#P<0.01, 15 % ALAT LL; *P<0.05, #+P<0.01, 1518 7 B 41+ LL

(n=12).

Fig.3 Effects of long-term ip injection of sodium ferulate-
induced and differentioned PC12 cell lysates (SFIDPC12CL)
on total fluid consumption, sucrose solution consumption,
and sucrose preference in CMS rats
Prior to each test, rats were food- and water-fasted for 23 h. They
were then exposed to both a 1% sucrose solution and tap water. Su-
crose preference=amount of sucrose solution consumption/total fluid
consumptionx100%. Data are represented as means+SEM. A: totalfluid
consumption; B: sucrose consumption; C: sucrose preference. “P<0.05,

#P<0.01 vs control; *P<0.05, **P<0.01 vs CMS (n=12).
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HIZ g3 70 W3 B RP<0.01); L CMSA ) LL 4L,
CMS+SF+PC12-10°)FICMS+FIuH A L1 7K ~Fi2 545
53 FIE H32 3043 5 W 242 = (P<0.01). CMS+SF(6 ng)
2. CMS+PC12-10° Fl CMS+SF+PC12(10*. 10%) 4]
KR KVIE 8153 5y Fi 1 138 2 1590 5 CMS 41 #21
(Kl4).
2.6 FEREREMIF S5 L BIPCI124H B S iR i 1) To 4l
BEE R X 12 M B B AR AR B K R 528 3% ik A B B
EEEAE

Lt 4] (62.7£7.8)sHi Lk, CMS4L K AE)
I ) (145.548.2)s fi # 1E K (P<0.01); 5 CMS41AH
b, CMS+SF+PC12(10°. 10°)F1 CMS+FluZ %41 kK
B ANEIINA] (102.9 s 83.0 sAI186.7 )3 i & ik

(Ago
70
2 60
o
2 50
2 40 o
= 30
20
‘ uiNiNiN
0 OT ¢ @ 8 104 10°  10°
& S O CMS+SF
¢S RSP XS (80 pmol/L)+PC12
@) X X
%
(B) 14 (ﬁ& >
12
o 1
g0 -
E 8
£6
> 4 ##
U 00
Y e e o S 100100 100
& & K& Q% Ny
& @® %Q Q\ CMS+SF(80 pmol/L)+PC12
X ><
& ¥

E4 PSR M5 S 5 (L BIPC 1240 PR Z AR 1 3T 18 14 Rz S HI AR
ALK A7 75 B R 2200

H K BB 3 b ks, W3 minpy OGS0 Bl % RER R iy

fH+SEM. A: %Mk 740 B: 3an k. 7P<0.01, 15 HEZLAR LL:

#*p<0.01, 5120 N AR (n=12).

Fig.4 Effect of long-term ip injection of SFIDPC12CL on
the locomotion and exploratory behavior in CMS rats
Rats were placed in the central square of the open field and observed for
3 min. Data are represented as the means+SEM. A: number of squares
crossed (times); B: number of rearing (times). “P<0.01 vs control;

**P<0.01 vs CMS (n=12).
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Fig.5 Effect of long-term ip injection of SFIDPC12CL on
the immobility time during the forced-swim test in CMS rats
The rats exposed to CMS and received administration of cell-free filtrate
of sodium ferulate-induced and differentioned PC12 cell lysates (ip, once-
daily) for 28 days were subjected forced-swimming test, and the measure-
ment of immobility time was carried out by observing the motoric activity
of the rats as described in “Materials and Methods”. Values are expressed as
the means+SEM of 12 animals per group. Data were analyzed with SPSS
13.0 software. #P<0.01 vs control, **P<0.01 vs CMS (n=12).
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Fig.6 Sections through hippocampal regions of CMS rats showing morphorlogical effects of SFIDPC12CL (x50)
A: control; B: CMS; C: CMS+Flu; D: CMS+SF(6 pg); E: CMS+PC12-10% F: CMS+SF(80 umol/L)+PC12-10%; G: CMS+SF(80 wmol/L)+PC12-10°; H:
CMS+SF(80 umol/L)+PC12-10% Arrow: slight intracellular edema and degeneration.
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Fig.7 SFIDPC12CL enhances the expressions of NGF and BDNF in the hippocampal DG of CMS-induced depression-like
model rats(x200)
The whole brains of unselected rat (n=4) were immediately fixed in 4% paraformaldehyde, and processed by paraffin embedding methods. Sections
4 um 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 immu-
nopositive 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+SEM, and statistical significance was evaluated by Dunnet’s multiple
comparison test for nonparametric analysis. A: NGF: Aa: control; Ab: CMS; Ac: CMS+Flu; Ad: CMS+ SF(6 pg); Ae: CMS+PC12-10°% Af: CMS+SF(80
umol/L)+PC12-10% Ag: CMS+SF(80 umol/L)+PC12-10°; Ah: CMS+SF(80 pmol/L)+PC12-10°% B: BDNF: Ba: control; Bb: CMS; Bc: CMS+Flu; Bd:
CMS+SF(6 pg); Be: CMS+PC12-10°; Bf: CMS+SF(80 umol/L)+PC12-10*; Bg: CMS+SF(80 umol/L)+PC12-10°; Bh: CMS+SF(80 pmol/L)+PC12-10¢.
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Fig.8 SFIDPC12CL enhances the expressions of NGF and BDNF in the medial prefrontal cortex of CMS-induced depression-

like model rats

“Materials and Methods” described as Figure 7 was used in this test. Changes in the number of immunopositive cells of the cerebral cortex 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+SEM, and statistical significance was evaluated by Dunnet’s multiple comparison test for nonparametric analysis. A:
NGF: Aa: control; Ab: CMS; Ac: CMS+Flu; Ad: CMS+ SF(6 pg); Ae: CMS+PC12-10°; Af: CMS+SF(80 umol/L)+PC12-10*; Ag: CMS+SF (80 wmol/
L)+PC12-10°; Ah: CMS+SF(80 pumol/L)+ PC12-10° B: BDNF: Ba: control; Bb: CMS; Bc: CMS+FLU; Bd: CMS+SF(6 ug); Be: CMS+PC12-10°% Bf:
CMS+SF(80 pmol/L)+PC12-10*; Bg: CMS+SF(80 umol/L)+PC12-10°; Bh: CMS+SF(80 umol/L)+PC12-10°.
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Fig.9 SFIDPC12CL induces the proliferation of neural stem cell/neural progenitor cells in the hippocampal CA3 of CMS-
induced depression-like model rats

For in vivo BrdU-incorporation assay, rats were administered BrdU(4 x75 mg/kg every 2 h) 4d after the last antidepressant treatment. 24 hours after the
last BrdU injection, rats were killed and transcardially perfused. After perfusion, all brains were post-fixed overnight in paraformaldehyde (with shak-
ing) at 4 °C and stored at 4 °C in 30% sucrose. Immunohistochemistry assay was performed as “Materials and Methods”. Anti-BrdU labels were identi-
fied 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+SEM, and statistical significance was evalu-
ated by Dunnet’s multiple comparison test for nonparametric analysis. A: control; B: CMS; C: CMS+Flu; D: CMS+SF(6 ng); E: CMS+PC12-10°; F:
CMS+SF(80 umol/L)+PC12-10*; G: CMS+SF(80 pmol/L)+PC12-10°; H: CMS+SF(80 umol/L)+PC12-10°.
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Antidepressant-like Effect of Cell-free Filtrate of Sodium Ferulate-induced
and Differentioned PC12 Cell Lysates

Ming-Neng Liao', Li-Jian Yu'*, Yong-Ping Zhang', Run-Di Ma'*, Xiao-Yu Zhang'”, Ting-Xi Yu'**

('Key Laboratory of Marine Materia Medica, Guangdong Ocean University, Zhanjiang 524025, China; *Cell Biology Group, Depart-
ment 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 Medi-
cine, Baltimore, MD 21228, USA)

Abstract Ferulic acid (FA), 3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid, is one of the most com-
mon phenolic acids with low toxicity, and sodium ferulate (SF) is its sodium salt. Our previous work demonstrates
that SF has significant neuroprotective and neurogenesis-enhancing actions and antidepressant-like effects. The aim
of this study was to investigate a potential antidepressant-like effect of cell-free filtrate of sodium ferulate-induced
and differentioned PC12 cell lysates (SFIDPC12CL) in the chronic mild stress (CMS)-induced depression-like
model rats. PC12 cells were cultured in DMEM containing 80 umol/L SF for 6 days, and then cell-free SFIDP-
C12CL was prepared. Residual SF concentration in cell-free SFIDPC12CL was assayed by HPLC. Depression-
like rat models were reproduced by CMS stimuli. Antidepressant effects of SFIDPC12CL were assessed by behav-
ioural tests. The effects of SFIDPC12CL on hippocampal and cerebral cortex expressions of nerve growth factor
(NGF) and brain-derived neurotrophic factor (BDNF) were assayed by immunohistochemistry, and the effect of
SFIDPC12CL on hippocampal neurogenesis assayed using the thymidine analog bromodeoxyuridine (BrdU) as a
marker for dividing cells in CMS-induced depression-like model rats. Our studies demonstrate that administration
of SFIDPC12CL significantly attenuated the CMS-induced depression-like behavioural disorders, up-regulated the
hippocampal and cerebral cortex expressions of NGF and BDNF, and increased the hippocampal number of BrdU-
labeled cells. These findings indicate that SFIDPC12CL shows marked antidepressant-like effects in the CMS-
induced depression-like model rats, and raise the possibility that SFIDPC12CL up-regulates expressions of NGF
and BDNF, and increases neuronal number.

Key words sodium ferulate; PC12 cells; induction of differentiation; cell lysates; antidepressant-like ef-

fect; chronic mild stress; rats
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