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% E: B ERUNELENT Ay T IMZICGRSER, VS ERIT A 3% 40 pg/mL APB,s.as 1FFH AR %
KB ZMEAI0 36 h, HHIBRKIGER (Alzheimer’s disease, AD) AR, [w N A /NEERGIEAT 70, S2u64) st
M2, BIZL. 0.5 pmol/L /NEERSZ . 2 pmol/L /NEERRAL . 1l Hoechst33258 JL il #4442 LI T-/E A, Annexin V-FITC/PI
RUbR L AN A I I o1 5L, Western blotting #7510 1¥) Caspase-3 5 [F13R1X, SEH 9865 i RT-PCR A0 55 i1 75 2%
4 (target of Rapamycin, mTOR) FHICHEKRIL, 458 HX AL, AD 40 A2 oM T- B B3 2 pmol/L /NEE
Tk BE 2 IR D AR P # & 0 TR T2(P<<0.05), 0.5.2 umol/L /NEETHFA Re 4 1 57 5 15 AL 1) Caspase-3 2 13814 ,0.5.2 pmol/L
NBERRE R T AD BB HEAG M) mTOR mRNA FIR Y% M 44 S6 81 M (Sekinase, S6K) P70S6K mRNA [f#
1k (P<<0.05. 0.01), [FIFZ3E EiRT AD 4 MBI S AZ 4 4R3I T 4B 4548 1 (4E binding protein, 4EBP1) mRNA
ML (P<0.01). L5 /NEEIIRT ABysss BUHMIRAEE TR R E B AG —emMamy e, RS VER W B &
M4 mTOR 42 SZHLN .
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Protection of berberin on cortical neurons of rat injured by Ap,s_s

WANG Jing, ZHANG Yan-jun, CHANG Liang-tang
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of Traditional Chinese Medicine, Tianjin 300193, China

Abstract: Objective To observe the protective effect of berberin on the cortical neurons of rat injured by Ap,s.3sand investigate its
mechamism. Methods Af,s.35 was used to treat the cortical neurons of primary culture rat, at the final concentration of 40 pg/mL for
36 h, Alzheimer’s disease (AD) model was reproduced, and then interferred with berberin together. The experiments were divided into
control, model, 0.5 pmol/L berberin, and 2 pmol/L berberin groups. Hoechst33258 stain assay was used to observe the morphological
change, Annexin V-FITC/PI double stain flow cytometry assay was used to examine the early neural apoptisis; Western blotting assay
was used to observe the activated Caspase-3 protien expression; and RT-PCR assay was used to investigate the mRNA expression of
target of Rapamycin (mTOR) related genes. Results Neural apoptosis of AD model significantly increased when treated with 40
pg/mL AP,s3s for 36 h compared with the control group (P<0.01). Following 2 pmol/L berberin treatment, the percentage of
AP»s.3s-induced cell apoptosis significantly decreased (P<0.05) compared with the model group. Berberin (0.5 and 2 pmol/mL)
inhibited Af,s.3s-induced abnormal activated Caspase-3 expression, down-regulated the expression of abnormal activated mTOR
mRNA and S6kinase P70S6K mRNA (P<0.05, 0.01), and up-regulated the expression of 4E binding protein (4EBP1) mRNA of AD
model (P<0.01). Conclusion Berberin exhibits the protective effects against A,s_3s-induced toxicity in cortical neurons of primary
cultured rat, which maybe relates with the inhibition of mTOR signal pathway.
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tangle, NFT). KT AD [FAMHLHIAIEMFEE
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Coptis chinensis Franch.. —filtl #% C. deltoidea C.
Y. Cheng et Hsiao 8¢ 25 3% C. teeta Wall. [t T3 25
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GEAP EE Ry, ImAR B EE TR E ik
Wio ITHFERBUF N INEER A RIS, DL
PNBERRAEAA Py S5 LA 1 R 40 P 8 i )
BEAh, NBEBRNS TR ST AR R R AR AT
T 92 00 RS 2 95 110 98 ) ok 32 31 56 T
Wang 259 o, /NEERR g o i i 7 1 3 4
T B2 oM By o ARG Je ARG 77 K BB 2
e, 2 AD A, WL/ INBERR ) fh £ Or
FHEIFFHE R HAEHIDLH
1A
1.1 zh4

23] 16 R CHI R B2 25 Ko se 3 sy
DA . SPF 204 SD KRR, i (250+£30)
g, AL UE A SR S AT R A w3 A, SRS
SCXK (%) 2008-0001 .

12 FERF SR

DMEM/F12 }; 7%k B27 (Gibeo), Hfit-MAP-2
(Milliopre)« £hife 1gG-CY3 (R LA T
TR PR, BEMEES (MTT) . APys.as« Hoechst33258
(Sigma), Annexin V-FITC/PT 41 i 1 4G il 71 £
(R st gL AE 2L K e REE AT B2 W) D, Rabbit-
Cleaved caspase-3 (Cell Signaling Technology ).
Mouse monoclonal Anti B-actin IgG1 (Santa Cruz),
PrimeScriptTM RT Reangent Kit ( Perfect Real
Time). SYBR®RPremix Ex TagTM (Perfect Real
Time) (TaKaRa), /NSEGR (0T r [ 24 5 A=) i
K pr, R 80>99%).

PG B (DM R X A2, Leica), Jiiztdi AL,
PCR ¥ %41 (Hydromer), ABI®7300 52N %¢ & &
%24 (Applied Biosystems, [E), Gene Genius #t
JBE A% 7 M (Bio Image System Gene Company ).
2 7
2.1 KERBRBRMERHETHNE. IEXRREE

W 16 d KB, ESARAE, 75%IRE R IEIH

B, LHEERCEIRE, 2B EAm L, #E
RS, K 2 2 AL ZUBTHE, 0.125% R 37 “CHAk 10
min. FBS Z1EWME, i 75 pum §ii®, 1 000 t/min
B0 5 min, FF_ETEW. 015 mL R (DMEM/
F12+ 10% 2 M35 4 1% X030 Fokk, 38T 75 cm®
Bigeih . FIFH 2B ML ifemseot, #5955 1 h
Joi, FEBRMSEELNM, e AEEELN A4l B 1X
10°AN/mL, AT HEEE 0.01% % BEM IR (155
FEMR . 4 h JE ¥ S B27 ki B 9R W
(DMEM/F1242%B27 4 1%XU470), LU BE A e
Wo IR 7 dJEHT5L5.

WOEAICEE T 2 (MAP-2) 9 it
JRAR B IR P Tl . M A TCIE R R 7d )5,
RN IE F HEAT Y, 4% 38 H R 52, PBS ¥
3G, 5% BSA =i 20 min, JU %W,
SN —4HT MAP-2 (1 :200), 4 Cit#, PBS
e 3 5, IMAZHEFEYIR-CY3 (1110000, =i
WEGIBCE 1 h, DAPI Z444% 10 min, Hhid fr, %
Je BB FH &I R A Ll
22 HHERBMTFR

WA ITCIE R TR 7 d 5, I ABasss Z il AD
MR, {F LRI 40 pg/mL. RN
ANBEREAEF] 36 h, SEEG A AN, BERUAL, /NEE
Bk (0.5, 2.0 pmol/L) #H.

2.3 Hoechst33258 BN /NEERIT AD HEEY
ZUATESEmE

JEARKE TR TN T 96 FLARH, IEF R 7
d G, AN ABasss B/NEEGRIEAT T, JL[RI1EH 36
ho NGB EW, 4 CREE4M, 5 min J5IIA
Hoechst33258 YL (0¥ 5 10 min, ¢ 6 RMEE T M
SN TCR T IR AR
2.4 RIVLAREARAEN/NEER T AD 1R B 1 4% T B 5
AR

JEARRE IR O T 12 FUBP, IEw IR 7
d i, TN ABasas S/NEERRIEAT 0, JLRIVEH 36
h Ja, WAEAFI G BTN, KRR A
LI NEERRONT AD B2 T8 R T 520 .

2.5 Western blotting ¥/ NEEFHXT AD 1REI L
JCiER LAY Caspase-3 EHFTIEHIZNT

JRAREE TR TORIE T 6 FLAR T, 1B 15 9% 7 d
Jei s N ABas.as S NEEGREAT 00, 3L [FI1EH 36 h,
TN ARRBIRIUE A . BAE R B AR
L SDS- 2R P 45 Bt Jiie kg FEL K 3 25, Vi R BBV
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AR LT ZRE, AR N EMA 1 h S &
HIVARRE IR cleaved Caspase-3 Pifk, =ii4ia 4 C
PR, NN 2 LA 1R 5 PH B RE TR — B R
N1 he MR E M, XL,
2.6 LR EE RT-PCRIEMN/NEER T AD 5
BHZ T HEMEZRME (target of Rapamycin,
mTOR) #HXEFEFTIEHIZ M

KR ARRE TR OB T 6 LR, IER R IR
7 dJE, A ABasas M/NEEGEAT T, I FEEH
36 h. filifid sl RNA, AR 1K) G 1l W] b AT 100 e o
i, H ABI®7300 520 580 2 R GUEAT AT
R CAE, LA FENARUE, TS LR RIE N
TEMEE, DS TS0 K% 41 mTOR
J IR R R S6 B 1 (S6 kinase, S6K)
MEAZ MGG 3R T 4E 454811 1 (4E binding
protein, 4EBP1) mRNA ik, 5I¥)FHI W3 1.

®1 3514F7)
Table 1 Sequence of primers
H . PR
4
S ElE7a el R/bp
B-actin 1E[M514): AGAGGGAAATCGTGC 138

RIA514): CGATAGTGATGACT
mTOR [E[[54): GGCTTCTGAAGATGCTGTCC 152
KIa51%: AGTTCGAAGGGCAAGAGTGA
P70S6K IE[[15]4): TCAGTGAAAGTGCCAACCAG 212
S Ia51%): TGTCTGAGGATTTGCTGTGC
4EBP1 IEM5|#: CACAGCAGTCAGGCCTTGTA 180
KI5 14): CAGGGAGGGTGTAGGTGAGA

2.7 GFitFERE
SEEGHARII L X + s RO, SR SPSS11.5 4t
A AT R 207 2250 W
3 #R
3.0 #HERMNE. BFREEE

A

{55 AR PSR, HeFh 2~4 h KB 41 H s
BE, RREEMEE, 12h oGt 1~2
NG, Kigk2~3d JE, MR, KGN
MRS, FFMC, MRS, Bk 5~7d 5
MSSERAEK:, TEMMEgmEs, WK 1 (X200,

WICWMBE N gL, WK 2 (X400) w40,
MAP-2 fEfiR RIS FRIL, Rataydls, WEh
DAPI 44, H T-Arid 40 iz id s o 4h a3, MAP-2
IH 12 200 e 25 o 0 R 1) 95% LA I

T00n

3d

1 REREBFAREEHET

Fig. 1 Cortical neurons of primary cultured rat

MAP-2 DAPI MAP-2-+DAPI

B2 MAP-2 R RAEE

Fig.2 MAP-2 immunofluorescence staining
32 NEERXHE TTAT ST LB

FEDOG BT, WA AL LRI B2 90K,
INFEA A Hoechst Geta, HHIRANMIBI T, 40
A E A i 5t A R LR G B 1R bR ¢ ' S ]
BREEZA, I3 A3 ANLLER DNA 9t
W, BDRRETAn, WK 3. XA
ARz R Rt Bauos, R B 3 4k 3
AELE DNA ZO6HE . A 3 4~af 3 ANLLE
DNA FOGHE T B B B3 Gk fros i il 3 4>

0.5 pmol-L ™" /NEERH 4

2 pmol- L™ /NEERRZL

B3 Hoechst33258 £ EYEMZTRATHAELTK
Fig.3 Morphological change of neuron apoptosis observed by Hoechst33258 staining
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8¢ 3 /ML E DNA # R 4 igd%), 0.5+ 2.0 umol/L
ANEERAL SRR A LA, A M o 1 B R ek
33 PMEEEMHETERAT TSN

HR P A X R B (AL 2 B, Annexin VB
PI 1 (Annexin V'PI™) A5ic (40 i g 530395 140
Moo 2 g5 Rnr W, XA LR, YA 40 i
HAEAR T2 BT 5 (P<0.01); SERA L,
2 pmol/L /INEERMZE 40 o FL I T W W FRAIC (P<<
0.01),
3.4 NEERHXT AD HEIHHZ TTIE LAY Caspase-3 &
BFRIEHIF N

P 4 a] 0L, XA ek R Caspase-3 B2 H
Fak, HRT 2 A0 B v 1k 1 Caspase-3 £& R IA W T,
0.5+ 2 umol/L /]N5B¥ 5 21 ¥ g 1 1 = &5 i 4k 11
Caspase-3 HHHKIA.
FT2 NEEREX AD HREHZTATHEM (x£5,n=3)

Table 2 Effect of berberin on Ap-induced neuron
apoptosis of AD model (x+s,n=3)

21 ) C/(umol-L™) Annexin V'PI /%
X - 4,08+ 3.04
s - 18.58+ 2.03"
INBED 0.5 18.00+15.70
2.0 295+ 247"

Lixtidits: "P<0.01: SEMLIKE: TP<0.01
#p<0.01 vs control group; ~ P<0.01 vs model group

EE

1LY Caspase-3

X 2

PRI 0.5 2

ANBEBHZL/(umol- L)
4 INEERRT AD fREIMHLZTTIE LAY Caspase-3 &H
FTIERIF M
Fig. 4 Effect of berberin on activited Caspase-3 protein

experssion in neuron of AD model

3.5 /NEEEXT AD HREIHZZ T mTOR HXEE R
ey :ab Al

M 3w, SxPEAltb, B4l mTOR
mRNA FIAF NS, P70S6K mRNA Kik 2
FHn (P<0.01), 4EBP1 mRNA ik W &3 fn
(P<<0.01); HEIMAILLEE, 0.5 pmol/L /NEERHAL
mTOR 1 P70S6K mRNA ik I Z /> (P<0.05),

&3 EEENT AD REHZ T mTOR HHXERRIEH
M (xts,n=6)
Table 3 Effect of berberin on mRNA expression of mTOR
related genes in neuron of AD model (x+s,n=6)

20 % C/(umolL') mTOR P70S6K 4EBP1
o} 1 - 1.05+0.67 0954047 1.06+0.48
it - 1544048 2.004+0.64" 3.86+1.57"

INBET 0.5 1.0140.21% 1.08+0.12% 6.824+0.86
2.0 0.3640.14% 0.694+0.22% 12.13+£3.97"%

SXRALELE: TP<0.01; SEUMAIHE: "P<0.05 *P<0.01

"P<0.01 vs control group; “P<0.05 *P<0.01 vs model group
HPEEIEH K, 4EBP1 mRNA £kl @i (P<
0.01); SHMAE, 2 pmol/L /NEERHZ mTOR
A1 P70S6K mRNA £k i /> (P<0.01), K
T4, 4EBP1 mRNA ik 52458 i (P<<0.01),

O 3 T R AL
4 itig

FEGE RN A M TOAE T — PP 2257 RS 1R 2%
RIS, AP TC—Meds B AE Go . BT
RN, FELCPPZE RGP, QAN AR AT Ik AR A ok
A BRAGOU T, R0 mT DA ErdE AN 40 i 5 3,
ARUER B 2E N 40 B R A PR R0 28 0 A B 56 1 4 )=
W TR, i AR T AR ST MR 40
38 5 2 ) A I A v e LA e A £ U,
—SLA0 i S HAN IR T AD BT ISR AH G
B R A T B T AR AT RO
(i 1,

AT BRY, BHZIBIT tau A (neuro-
degenerative tauopathies) 4% AD, tau & [ FE
TR AL PP o 20 i e s AL, X — i R T
R EERE R mTOR, mTOR J&t—Ff 22 28 IR/ 75 A R 2
HEE, e —MEENES ST, BS54
SRR . REA G BT BE R AR A 2 MR
BRAERE R, RS A, BAE PR A DGk
,f/';}zﬁ[lﬁ]o

ARSI ARS ML TR ORI TR T, ABasass
T e AD B, B A0 A0 e e
TEPERI 2 /N, 5 RN ABos.as BT FHEE
TGRS ER . VF2 R W AB 71 AD I Al 2%
MR R R TP G E R, AR AR BRI AL 1 il
AD MZHBATHEA I LA T, Y
DNA Wi 5 LI AP 2 40 AL T IR TE AR AR, IR SE
AB SR K40 M AE T 2 A SR g T 20,
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I, AHF5TIE L Hoechst33258 Ye{t M EZ M2 LiH T
JEAS, Annexin V-FITC/PT X4t 204 i AAG I - 15
FT, S5 IR, 2 pmol/L /NEERRAE ] 36 h n] i %
FEA% ABasass SEUFANZ G T . Caspase-3 s&FTH
O B S 7K e 1) R N A S B2 g VA
fRpinge 2 g, BEE IR R (BT, oo
ANET P R AR P T2, Western blotting S5 45 H
R /NEEGRBEFNE] ABas.as 1L Caspase-3 &[5
ISR i T e BA b g B O /N BE R A 68 40 )
ABos.as BAGIAHZ G T, AT — 2 Ry 1EH

Tk SRR, N SEN SO0 E
H PCR J7¥:K0 0 T mTOR K HoAH e HE K P70S6K Al
4EBP1 mRNA [J#i5 . mTOR &£ JC 40 i 5 3003%
OGBS, S SRR I mT 5 [ A 48 0 HE B
HENZ0 A 0 o B 5 1Y mTOR A 5 195 46 AN ] (1)
R S6K M 4EBP1. WI9TRE, BO& G
mTOR X S6K i iE 5 EH, 1MxX 4EBP1 4
TR, AW S R EoR, ANEER AT UL R
mTOR F1 P70S6K mRNA #ik, [AH &2 i
4EBP1 mRNA KA, $7R/INGERR AT i ok 40 il
TEALIY mTOR, 117 B 1E 52 453 1A #P 28 JG S BTl A\ 41
i A T R A AR . AR, SRR D
BELA:, FESED AD BN ORI B R 1k mTOR
KRB PT0S6K & &k, Kk
NH mTOR JEMEFHI v ge 2 LB R %= . KT
mTOR {55 538 s {E AP ZB AT M50 I AE FH H ATie
ANEAr A, UL EUE#ER Y], AD ' mTOR
X L R e K iy BT F R e ANEEROGS
AD BRPZTT AR LR ER], nT LGl —
SN A A G BR 1805, mTOR I 2 1Rk
SATEAAE B WIRA HAE LS, IF Lk S 5 5
I 24 B v aek B L 52 A R e 2 G B E N A
JAM, REEPHAZLRIVER Y, nIRehiaiy AD
PRALH 0 55 A SR

SE Ik
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