+52- PEGEFE AR FIRE21252 A% 2655 14 Chin J Pharmacol Toxicol, Vol 26, No 1, Feb 2012

AEBIMEIRBRERHBETRERE
EMERXER 2 mRNA RiZH T

EEOR, BRE, AOR, BUKK', B
(RERIRE 1. PReEBE2y g R, 2. WRRABT o0, |7k [ 5106325 3. BER K- £ iz
SRR G SRR, TR M 510632)

BE. B FMAXREFR(RH) S XKARAAZ LG ERER, S F Rt AmENE, FiE
R 5F DMEM/F12 +0. 4% B27 33547 &£ K KR A 270, 0 F A 2 70455 51 M B G EE (NSE) et 8 48 2 & &
2(MAP2) e tmfft e ik SR v 20, A2 RH 2,4 28 pmol- L™ "4 A 72 h, it HAiv 2
Ty RAK ;R A B B A Trk £ 4Kk3E 4 A K252a 50 nmol - L. ™' F= PI3K 474 %) LY294002 10 wmol - L'
MBAPZ AP RARKE, MTT Eten sl 505 , il £ 3 RE PSLBBLARB(LDH) 4%, #H#HF-R
A B4k R (RT-PCR) 2 24 MAP2 mRNA &k, Z55 NSE Z MAP2 xR A FELERE R, 6K %
o m e 2 PR R, T 35709 20 I8 90% vA L A AP 258, MTT #= LDH 4] 45 R & PR, 5 sk af pR 4048k, RH
2,408 umol- L' A ER AW BZAHFZER(P<0.01); FHERKEWIHNM(P<0.01), 5 RH
8 wmol-L~"4a48 1t , B i Am A K252a 50 nmol L. ™" &, LY294002 10 pmol-L™",F3g RAc Kk EA 2442 (P <
0.01), LHixtsrmaminrt , RH 2,4 42 8 wmol-L.~'28 MAP2 mRNA £ ik 80 23¢m(P <0.01), &t RH
M AERRERAEZ AL EZERNER, RN ZEARRGERPPRGHEANEHEE, RHAAZE
FoAE R T 4R 3R 4038 183 7E Trk 24K, 4K igt 7& Ras/PI3K/PKB i 3%/ & 4244 ,
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AR, A PO e B il IR SR 5545
FH L IE AT T 967 B DR B 5 K I B ek
B ABos s BUNREE T ICAZ R 1R A s K e
PRI 25 0 5L R BRUIF R 90 AB X 1t 22 50 1 55 1 A
FA' SRR R T AT M8 3 R AR P K 3R R
LA BEGH IR B4 Jay A A e PR A A A
(S IR N PN MO & ¥ PN e
WS AP A F A, P 9T RH A g 1 i 22 5
A5 TR A R T ik — 20 R RS A A A A 2
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1 #R5FE

1.1 Zm5iA#H

RH (2 >98% v [ 24 i A Wy il v K € BT ) 5
L-Z 3 i 2 1R, WE Mk ¥ (MTT), — H1 Bk 3 K
(DMSO) ,1Y294002, K252a , Hoechst33258 , £ i i
T8 ( diethyl pyrocarbonate, DEPC) , B 55 [ 4 1
KM T #2252 ( microtubule-associated
protein 2, MAP2) ( 2¢ [E Sigma /A ] ) ; B27 &,
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DMEM/F12 3537 5 (3£ [E Gibeo 24 W]) 5 i 4 Il ¥
([ Hyclone 23 W] ) ; B4 1 A ( 3€ [ Amresco 23
H)) 5 LSS R AT K B P 28 0 R S M 0 B AL ( neu-
ron-specific enolase, NSE)IgG, Bl i SABC 4z 4
i) & (DU A ) TR PR w)) 5 Trizol
(Introvengen /3] ) s RT-PCR X & ( KiEEAEY T
FEA PR A]) s SYBR Premix Ex Taq" 26 i ft it 771
£71150 bp DNA #593( FIZ TaKaRa 24 7) s 3L
Z.%E (ethidium bromide, EB) & C4wk} (db 55 3E
FERBEARABRAAD) o
1.2 FENEE

3K18 ¥ Uk 5y 3 &5 .0 Bl (35 [E Sigma 24 7] ) 5
Arium631 4§ 7K Y ( 12 [F Sartorius 2> 7 ) ; AG Fh &
RT-PCRAY ( 35 & Eppendorf /43 7] ) ;450 18 i 4 X,
Mini protean 3 cell H,Jk & 4 ( 3£ [H Bio-Rad A #] ) ;
Omega 10 Bt 58 73 7 & 4t (36 [ Ultra-Lum 2%
Al o
1.3 #HpaiEsr

24 h WITHTAERRE T 75% L IH 20 s,
TER TG PR MK Bz 5t 55 Wk AN IR 5 03 B, O
T&A D-Hank A9 H &2 HIIRBL SR 57
1 mm® 41218, 0. 08% (W/V) Wk EEE 37°C
MIBEFR4E 9 446 10 min, | DMEM/F12 +10% FBS
ZRIHAL, FE IR R O UE 4L . ] DMEM/F12 4%
SHAITE 2T, K 20 A 38 5 4 b T 2 RO A R
0.1 g-L~ b H B R0 1o R FTC LI S 75
1.4 HETHERE
1.4.1 NSE 2@ ELE

W AR T 24 FLAR, 5 TR 72 h 5 4% 25
P[] 52 20 min, F PBS 0.1 mol - L ™" vk 3 k5
IS F T 30% H, 0, (500 1) % i T 231 20 min,
PBS 0. 1 mol- L~ "% 3 Y5 i—#i ($i NSE 1:80) ,
i 2 h PR A —HiH PBS 0.1 mol- L™ 80k 3 UG
TSR 3 S04 ) il s 12 50 5 P S BT R B NSE, 28
TRLBE D HCE TR & N 20 min, B 25 Z 400 PBS Y
2 YK /N SABC, B T8 & 20 min, Ff ] PBS EEPE N
A DAB B4, 55 T METF L R4,
1.4.2 MAP2 e

AN BN T 24 fLAk, B 9% 72 h J5 T 4% 25
P [ 2 20 min, J PBS 0.1 mol-L ™" {3k 3 Y5
A0.1% TritonX-100 4 10 min, PBS 0.1 mol-L™'
PRUE 3 W In—HT (FL MAP2 1:200) , 4°C 7 ; B
Zi—HUH PBS 0.1 mol - L™ 9k 3 WIS A Cy3 #
IC e FE SR BT R Bl MAP2, 25 i BOGHCE TR & N
JFE 1 h, BrZ UM PBS EEUE 2 WK, VOL BB T

MEL Il RS
1.5 #METEHREKENS

24 fLAREG SR Z TG, 6 h 20 G BE I 2 4 15
FRHE, SLE AT 9 A S IR R AH (0. 19% DMSO) 41,
bFGF 10 pwg-L™"41,RH 2, 4 1 8 wmol - L ™" 4,
K252a 50 nmol - L. "' 20, RH 8 pmol - L~" + K252a 50
nmol + L' £, LY294002 10 pmol - L™" 44, RH
8 wmol+L™" + LY294002 10 pmol - L' 20, £ M
72 h, FRALFEHLEE B 24 LB, A 4 AR AL, 40
M DASSEA R T 2 A5 ML pil 28 50 R P i 22
JG, ST AL EF g 10 S BHME MO0, SR A Image
Pro 3R {155 B8 7 oo i) S8 K B
1.6 HWETFEHREQN
1.6.1 MTT fbfaiE

PR BB o M 2 e 4 Bl T 96 fLAR H, B AL
3.3 x 10°/M4,6 h T BE IS , b R 2 fin 2y
SCE 4R 5 41: 0. 1% DMSO ¥ 1 %} B8 4 ; bFGF
10 weg-L7"4H,RH 2, 4 18 wmol -L™"2H, 1% 72 h
&, LA 20 wl MTT 5 ¢-L7",4 h J58 2 LI,
JIA 150 pl DMSO, 52 % 10 min, ] F§ AR X _F7E
570 nmif K I & LG FE (A (absorbance, A) |,
HoANEAL, iHEILTFHHE, ARATEE(%) =
(Ao = Augmen )/ Aggn X 100%
1.6.2 LDH E

PR BB o M 2 e 4 Bl T 24 fLAR H, B AL
2.5 x 10°4 40,6 h TG RE IS , el g 3 fn 2y,
F1.6. 1 -4 ab 3, B W5, 4°C,92 x g Bl
1 min, %88 LDH I a5 & 3t I B #4E, 1 7600
4 [ 3R E LDH 8 (U-L7")
1.7 RT-PCR jUE#LZ T MAP2 mRNA &2

KR BB TR T 6 FLAH , AFL 1.0 x 10°
AN W RE JS e TR 2y, SRS S A T IR
SR (0. 1% DMSO) £ ,bFGF 10 wg-L~"4H,RH 2,
4 F18 wmol - L™"2H , 1535 72 h J5 ] Trizol $2HUK K
K08 RNA, B 55K GAPDH fF 2y 25
B, #i4i GenBank Y51 (1), H] PrimerS5. 0 #{f
Wit/NEL MAP2 514, PCR J W 250k« Tl 22 7
94°C , 30 s; 725 94°C , 15 ;3B k 58°C, 15 s; ZEAi
72°C, 30 s; SPEARECH 35, 1 2% BB b Bk AE
60 V,70 mA,1 h Z&fF N X 3547 1) PCR K0 =)
YEATHL YK, 91 Multi Genius %95 i BA% 50 M1 & 55
HATENR 0B, W 3G DNA 7 Beate A7 WO B2 414
SR A0 W 56 B (integrated absorbance, TA), 112
MAP2 5[5 5 M5 L] GAPDH (1) 1A L {H %R
mRNA FAHXT 7 I R Ao
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Tab.1 Primer sequences of microtubule-associated protein 2 (MAP2) and GAPDH

Gene Sense primer Antisense primer GenBank entry

MAP2 GGAAGAAAGGAGACCATACCC AGGCTGTCGGCATCCATAAT NM 013066. 1

GAPDH GGCAAGTTCAACGGCACA CCACAGCTTTCCAGAGGG NM 017008. 3
2 #® (P <0.01),

2.1 BFHHETHEESENRSERE

M TA HR] DL H A0 A B 0 S, M A
L I SR IE , 7L [ A W2 AL, IR e
{238 M AT DL, NSE S 05 40 i A =4 %2 52 (18] 1B) Al
MAP2 e e e (5] 1C) 25518 ,95% DL 1Y
20 S B SR, ST B AR B AR 2 O A 2800

80 pm
————t

80 um

Pty

Fig. 1

culture. A. the cultured neurons observed by inverted phase contrast

Immunocytochemical staining to identify cells in

microscope; B: the same neurons stained by NSE; C: these neurons

stained further by MAP2 immunfluorescence.

2.2 AKEBWHATREEKEME

F2 R ER, SE B A AH LR, RH 2, 4
A8 wmol - L™" 4 g W B AR U 2 C ALK, M
(127 £33) wm FEHNF] (160 +36) wm, B G172

Tab.2 Effect of RH on neurite length

Group Neurite length/pm
0. 1% DMSO 197 +3
bFGF 10 pg-L”' 165 £55
RH 2 pmol - L™ 157 +34*

4 pmol L™ 158 38"

8 pmol -.”" 160 36 ™

Cells were cultured for 72 h. x +s,n=4. ™ P <0.01, compared with
0.1% DMSO group.

Y5 RH 8 pmol - L™ 214 LU, Trk 25505
K252a 50 nmol - L™" Fil PI3K #5 47 #| LY294002
10 wmol - L™ ZH A 28 76 F) - 149 5 2 4K B2 34 8 35 4k 24
ML HAGEEZESR (P <0.01) . RH 5 K252a 55
LY294002 [ i A, RH FE i 22 04 B A4 FH 4
FHEPURIBHIT (P <0.01) , FEAWR AT 2 95 0 B 20 K
F(F3,3k4).

Tab.3 Effect of RH with K252a on neurite length

Group Neurite length/pm
0. 1% DMSO 109 + 14
RH 8 pmol -1~ 150 +24 ™
K252a 50 nmol -1~ 127 + 20"

RH 8 pmol-L~" +K252a 50 nmol-L ™" 108 +23"

Cells were cultured for 72 h. x +s,n=4. ™ P <0.01, compared with
0.1% DMSO group;™P <0.01, compared with RH 8 pmol-L~" group.

Tab.4 Effect of RH with LY294002 on neurite length

Group Neurite length/ pm
0. 1% DMSO 136 +33
RH 8 pmol -1~ 159 £37*
1.Y294002 10 mol -1~ 129 +32"

RH 8 wmol-L~" +1.Y294002 10 pmol-1.™" 136 +30"

Cells were cultured for 72 h. x £s,n=4. ™ P <0.01, compared with
0.1% DMSO group;*P <0.01, compared with RH 8 pmol-L " group.
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2.3 KREBRUHETFEENZI

MTT 2558 (£ 5) R, 5IEEX MA M, RH
2, 4 FI8 pmol - L™" L1 41 (44715 235 W 4 M, A
B M0. 089 +0. 0024 1% 0. 100 = 0. 005 , £7{F 3K 14
nE(115.7 £2.5)% BA B #EHE X (P <0.05),
bFGF 10 g - L™" 41 40 Jfg 77 76 =R 0 & 1 3, ik
(178.7 +8.0) % ,

PR A I 32 2 B 2 B i 2 R BRI D) g R
# ,LDH 3w 34, ik, K552 LDH (7%
PERT S 22 20 O Y A R AE T IR AS . LDH A&
R (F6) BR, S EXTIAIA L, RH 2, 4 f1 8
pmol - L™ 1 #1280+ LDH 5 34 | I (P <
0.05), f % ik (7.50+0.58) U - L™'; bFGF
10 pg L7 Ao h LDH & f B AR (P <
0.01), iK%(7.25+1.26)U-L°",

Tab.5 Effect of RH on neurons survival rate by MTT assay

Group Cell viability(4) Cell survival/%
0. 1% DMSO 0.089 +£0.002 100.0 +5.0
bFGF 10 pg-L~' 0.160 £0.016 ™ 178.7 £8.0™
RH 2 pmol -1~ 0.100 +0.003 " 113.5+1.5°
4 pmol - L~ 0.100 +0.001 * 112.4 +£0.5°
8 wmol -L"! 0.100 +£0.005 * 115.7 £2.5™

Cells were cultured for 72 h. x +s,n=4. *P<0.05, ™ P <0.01, com-
pared with 0. 1% DMSO group.

Tab. 6

release assay

Effect of RH on neurons survival rate by LDH

Group LDH/U-L™"
0. 1% DMSO 9.75 +0.96
bFGF 10 pg-L~' 7.25+1.26™
RH 2 pmol -L7" 8.25+0.50"
4 pmol L™ 8.00+0.82"
8 wmol -L~! 7.50 +0.58*

Cells were cultured for 72 h. x +s,n=4. *P <0.05,* P <0.01, com-
pared with 0. 1% DMSO group.

2.4 KEBEXWXRERMEZIT MAP2 mRNA R
A

RT-PCR Z520 (18 2 Fige 7) W], SU XS L
%, RH 2 pmol + L™" 44 MAP2 mRNA Jg B & i 2s,
RH 4 F1 8 pumol - L™" & 24 Jil 52 i 411 2 70 H MAP2
mRNA ik (P < 0. 05), 1 JH &R 5 BH X i 24
bFGF 10 pg-L™"AH24, A0 RH AT LI 38 A i B o
£ MAP2 mRNA #356847.

260 bp

GAPDH 429 bp

1 2 3 4 5

Fig.2 Effect of RH on microtubule-associated protein 2
mRNA ( MAP2 mRNA ) expression in cortical neurons of
rats. Lane 1; 0.1% DMSO; lane 2: bFGF 10 pg-L~"; lanes 3 -5
RH2, 4 and 8 mmol-L".

Tab.7 Effect of RH on MAP2 mRNA expression

MAP2 mRNA expression

Group
( IAMAPZ: IA(;API)H )
0. 1% DMSO 0.24 +0.03
bFGF 10 pg-L™' 0.57 0. 17"
RH 2 pmol -1~ 0.38 +0.11
4 pmol - L™ 0.51+0.18"
8 wmol -1~ 0.51+0.23"

Cells were cultured for 72 h. x +s,n=4. * P <0.05, ™ P <0.01, com-

pared with 0. 1% DMSO group.

3 g

A TCIRIMNE FRBRLE M 200k B 40k 4
FHA AP 1 & A AL 24 1) T 358 4 AR 2 0T 59 40
W AR, ARSME SRR TTI I BUAR R 43
A ISR MIE R F . M35 7T DA kg i A &
s R A P SR T, Y SR b BRI ),
ZICAEE RERARREAR o (8 i T s w2 2 2,
XS 25 52 T PR R T TG ML 85 57 2 TR 1
i, BEFR RO ARG P B A FRAE MR R FF R I, A S
5355 FHJC MLY% B SR B, 5805 RH X #h & oo 8 2 A
K S 2 TOAE TS AR

PE R A TCIAET R AR 58 R A KR 25k
i 355 1 25 W AE IR AP S B R A A B SR E R
FEEIR . ALRIE A2 E W, RH 558X}
R HLRE B S KM Lo R K, MAP2 &+
SRR B AR, BB T A 2 o0 i
FERMAR"  FEAEF i 2 T 807 Tk % T B 1E
F, FERE 5 S 1 R K AR 38 . RT-PCR 4%
SR, RH fi£ #F MAP2 mRNA ik, 5] RH fig
Mg REN AR, R MR E . MIT
kM LDH £ 45 5 B, S B A4 AH He, RH
A5 U B A B RT AR v A0 S O, (R T AT R
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e, DB REER  RH Hefy R i pi oo R A
KA AN A7 O AR, SR B R RE T 1
YERZEL. HAT Ve IR Y7 iR A T dE e S AR
KPR IE

HHET— A, /NG -1 478 R L P ] 3 5t
B Trk 2R [ H80E Trk 524k (5 L i n]
REiE I MR A2a ARG T L3S Trk 2 4K) ek
NTF 5 Trk ZRZ56 DL P A E IR R MR K
W EFEIREREAER . AL, T.HZ) K252a
(Trk ZHARAMHI7)) BEFF /- BHW: RH ()4E A, #HH RH
ATRE T il it Trk 2R = HVEH o

NTF & %38 3+ 3 15 Ras/PI3K/PKB & 4%, {ie ik
PR TOAEIE , P00 08 T, DA S 21 b 22 O VR
gt RSz A LY294002 J5, RH B %%
SEABHWT, % RH AT AE 20 1 PBK X —(5 518
B ETAEN . 5SSk is ] Western E[)
I E AR PI3K 45T i AH ¢ 8 F1 A9 B R fk /KO-,
M E— 208 Uk RH (A AL & 75 02 8 1o 3005
Ras/PI3k/PKB 3@ [& 1M & 3EVE Y
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Effect of rhein on neurite outgrowth and microtubule-associated protein 2

mRNA expression in primary cultured rat cortical neurons

YAN Li', ZHOU Xiao-wen', XING Zhou', LAI Yong-chang', LUO Huan-min">"
(1. Department of Pharmacology, School of Medicine, 2. Institute of Brain Sciences, Jinan University ,
Guangzhou 510632, China; 3. The Joint Laboratory of Brain Function and Health of Jinan
University-University of Hong Kong, Jinan University, Guangzhou 510632, China)

Abstract; OBJECTIVE To investigate the neurotrophic effects of thein (RH) on rat cortical

neurons and explore possible mechanisms. METHODS Cortical neurons were cultured in serum-
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free medium in vitro. The neurons were identified by immunofluorescence staining of two related pro-
teins: neuron-specific enolase (NSE) and microtubule-associated protein 2 (MAP2). Neurons were
treated with RH 2, 4 and 8 pwmol-L ™" for 72 h. RH merely or co-treated with K252a (a tyrosine ki-
nase receptor inhibitor) or LY294002 (a specific inhibitor of PI3K) was added before the average
length of neurite outgrowth was measured by Image-Pro software for morphological analysis. Neuronal
survival by MTT assay and LDH assay was investigated. The expression of MAP2 mRNA was deter-
mined by RT-PCR. RESULTS NSE and MAP2 immunofluorescence staining of cultures suggested
that most of the cultured cells were neurons. Compared with vehicle control group, RH 2, 4 and 8
pwmol + ™" could raise the neuron survival rate (113.5 +1.5)%, (112.4 £0.5)% and
(115.7 £2.5)% (P <0.5) , respectively; and increase the lengths of neurites to 157 £34, 158 +
38 and (160 +36) um( P <0.01) , respectively. Compared with RH 8 pwmol - L' group, average
length of neurites was reduced in K252a 50 nmol L' + RH 8 pmol L~ group and in 1.Y294002
10 pmol L ™" + RH 8 wmol-L ™" group to 127 +20 and (136 +30) um( P <0.01), respectively.
Compared with vehicle control group, the expression of MAP2 mRNA increased in RH 4 and
8 wmol-L ™" groups. CONCLUSION RH can significantly increase neurite lengths and neuronal
survival in the primary cultured rat coritcal neurons. The neurotrophic effect of RH may depend on
activating the Trk receptor and subsequently the Ras/PI3k/PKB pathway.
Key words: rhein; neurotrophic factor; bFGF ; Trk tyrosine kinase receptor; PI3K
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