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XAk, K BRI, B
(BEREMRE BRRBPH*EEREALRE ¥R HAEHHE,
ERXTADLEE S FHRLEALRE,EK  400016)

w E:BAmM UERMBEMNAIAHHAREEBRGOEPEARNLYE. K% RA AICLAPY, 400 mg/
ke) ig KELCBYESANHARBURRGHDYER HESKESLT 4h 5, /MNEH (100 mg/kg) ig AR
WEAKRTYE ARKEY ALBE. ARELE-B (MAO-B) mRNA REAEAKFLL. 4R SIAH
BERESEAREDMBEEXICIZEHASHANEIEB. SIS THRG FHRNAAZRIENE B
(ChAT) EH B EREME, MR (AchE) FHEEAR BRAALYH M (SOD) FHEERMK MR -8
(MDA) K¥ 2 %7 % ,MAO-B iE# 5 MAO-B mRNA REREZKEEEMM: MEMEHAERBEEI AN K
REEICZgHER AERREI AN ARESHSMARHAG  REHEAT AN ARBIHAL CAT 5
SOD #EHE MK AchE E# 5 MDA KFHH¥ & . MAO-B FH R H mRNA 5EAFHSMEM. &g /NREES
EEARMBAXRBUHERGEAENAPER KEANLHBT SREANBRAGE X MM EBEBERZ
LS FERMSIIRE L.

XA MM SR WiRG
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Protection and mechanism of berberine against chronic brain injury
induced by aluminum-overload in rats
LIU Bei-zhong, ZHANG Jing, YANG Jun-qing, ZHOU Qi-xin
(Key Laboratory of Laboratory Medical Diagnostics of Ministry of Education, Department of Pharmacology, Chongging Key
Laboratory of Biochemistry and Molecular Pharmacology, Chongging Medical University, Chongging 400016, China)

Abstract; Objective To study the protection and mechanism of berberine against chronic brain
injury. Methods The chronic brain injury model of rats were established via intragastric administration of
aluminum trichloride (400 mg/kg), and berberine (100 mg/kg) was intragastrically administered 4 h
following the aluminum administration. The changes of behavior, histopathology, biochemical enzyme,
and the expression of MAO-B mRNA, and protein in rat brain tissue were observed. Results Aluminum-
overload could markedly induce impairments of avoidant learning and memory function, spatial distinguish
function and injury of hippocampal neurons in rats, while ChAT activities significantly decreased but AchE
activities increased, SOD activities significantly decreased but MDA contents increased, MAO-B activities,
expression of MAO-B mRNA, and protein significantly increased in rat brain tissue. The administration of
berberine could significantly prevent rats from the impairment of learning and memory function and
hippocampal neuron injury, while significantly inhibit the decreasing of ChAT and SOD activities, the
increasing of AchE activities, MDA contents, and MAO-B activities, and the expression of MAO-B
mRNA and protein. Conclusion Berberine has an obvious protective effect against chronic brain injury.
In addition to combating oxidative stress impairment, the mechanism of the protection is also related to
enhancing the function of cholinergic and dopamine neurons.

Key words: berberine; aluminum-overload; brain injury
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HEERREERENBRAEEZ —. AHRE, 5
65 LI EIEEN AD BRENR 3%~8%,80 F LU
FEABREET 200%™, BAILR AD BER
PR 1500 HA,XEEBRE 350 7. AD EEN
o DR EEZ S SMEFRLTE I LKEFEA
BUEHER, A REARSERE XS TR,

HRTATWKEIT AD WA EERIHAE
W AEH (AchE) & H M tacrine MPHAEEH
B Monochasma savatieri Franch. ex Maxim. (F
HIOBRRMAEEP HXELGYHA RN
K BB TFHENHMAEA T RBETRARES A
WE.EL, FAT R ZITRENZRILE A X
AR RAYERINEFEF HERENHE
HBERNEERE,

HEREHEHBEY HE Coptis chinensis
Franch. W, B T2 ER ., HER RE. B
EEABRE. BORF.EARENIR. BEXT
BRENMRIENREL Y RERED #17,
HRBHER, BEATRBEKDRER (HEX,
berberine) %t £ FEEH FE M E I BIZHHGUR
PD HR PR, HE, NEBTEHEEEN
ERBRMERRE, AMRAXABTATRHEZ
TREARER  MEPRBMNEHEEHEARY
fEF 3 AL RLE T HFT.

1 #REFE

1.1 {#.DTT—2 KB EN5 DMS—2 &
B4 B3 Morris KX E (FEE¥*R %k
FEBMENKEHZYHER, RERHE O
(¥ H Sigma A8 ,UV-—265 %50 EH (B
A & ¥),PCR ¥ # 1Y (£2H Gene Cycle™, Bio-
Rad A7), MK RS R4 (XH Bio-Rad
AFD,

1.2 RA58Y:AICL - 6H,O FIHEHERAHNE
PR AT A, W FART AR K B s /N (R KA S
WA, RBAHE>99%), AR 0.5% RPE
HERPRH; ZBEME B (ChAT) AchE. &

Sy E (SOD). W 8 (MDA). B E 1k

§-B (MAO-B) Al A WE B R EREY TEHN
F A ;RT-PCR & (B TaKaRa),

1.3 Y. SHEARBH - HER Wistar KB, #EH,
R 180~220 g, HEKERKEFHYELRPL
B YEF=FTIES . SCXK () 2005002]. X
RIEARERILS K3 4, 5410 J, xR GEAR
0.5% REEAEEH) M. B8 (AIPY,400 mg/

ket 415/ BEH (100 mg/kg™) 4, ig BHEKB
1mL/100 g, EAFH 4 h EAFREGY. 8K
1R, AR S, EE3M A LRIRP  EHA
A2 AT, Ak,
1.4 fFR¥HRK. AEkA RS KEER, 0L
KRR B 3h B R T R RE 1 5 R BIRE S .
1.4.1 BE® . DNEATHYWIANMNARBKAA
BeAEREBARRBIEREEICIEN. &
WEYBAR A FER 1 min, RFEUHRER
36 VWA 5 min, KREZHESKEELT
A METFEESBRERZRE,IER 5 min, K
REZEHRE-EIRRESHBBTHNEIME
B, 2¢h GRERKRMICZRSEARETELE
&L,i0RARE 1 KRBT FEHEEEPERNA,
LA 985 R 3 7 b K B9 IEAZ R %, 52 5 min TR
5 min,
1.4.2 KEE® BHKRERRESE#EEES
CAZ8E S R JE , A Morris K% B #fT KR ZHE
FMEEARR, KR 24~25 C, BMNGEBF N2
AHEBELIHE. S RIGHEXRKETFEE
ER 1 min, FEHBHEHEXZEFE,3 min AREK
AFEE. LREDBBHIIZLE AE 2 XE,
BXAE T4 BEING, BEINSG 4 K, BRI
AP 1 AN AK A B K BUE b B A K P, kR
BT EmMMIT . FENE 4 E2 BB IAESES
Xt #H TR METE FEEERANEF 1K
YIGEBAKE BIBRABBIEFEARE 1 RER
BF & e nE I a BN, LB RIEN KR
£ %5 I8 € 181 B8 1 R 4%, 485 2 min L 2 min 75,
1.5 WARAREES¥UE . ARAREELEZ (40
mg/kg, ip) FEME.F] 100 mL 0.9% A FK (&
250 U fFR) 0 HTAKER . EEAE 3.5%
FRRAN 0.1 mol/L BB (pH 7.2) #fTfEK
RASEE. RELBERAR, REABREBF 2~
7d. RALERDE IR JHE R EER,
1.6 JX4i# ChAT,AchE.SOD f%# f1 MDA %
FHE - AEREBTIFIRG  LAKXR. 28
HED, AEmEkHR 10% 9% . KHXANE&
ULBA BT BRI E .
1.7 WAL MAO-B iE#.mRNA REAHREK
PN .10% BIREFARK LR 0.1 mL,
B MAOB AN ERABFHNREELBUE
MAOB E#., 3B KK MAO-B % [HfE, R
cDNA #&it29, 51 ydit R G EAMEREREF
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DB, FRY 1 535 bp #§ MAO-B F B, BN
EESEEYHEARKESLWE GADPH 5(#—
MYEX NS R, Ry 1 983 bp i) GADPH K Et.
MAO-B # t i 5| ¥ & 5-TGCTAGATAA-
GATCTGCTGG-3', T ¥ 5l #1 & 5'-ATCCAA-
TGTGTACGCAATTG-3';GADPH # L #5180
5'-TGAAGGTCGGTGTCAACGGATTTGGC-3';
T s KR 5-CATGTAGGCCATGAGGTC-
CACCAC-3', PCR R &K 95 'C.5 min &
#,95 ‘C.1 min,60 C.55s 5§ 72 C.90s,27 IME
3,72 'C.10 min, $ YA 296 BRARESERL W
%,Bio-Rad BEBR BB AWM EAERBR 5 2 7.
Western blotting | 8 MAO-B BEREIEKFE, B
actin AZ L. BRI AUV BRER A, AT R- £
AREBEARS T RGN BEAZFHITAN.

1.8 SH¥F&k-LRGRA z+s 25, %A
SPSS 10.0 et G QHFTHFEN T A LR R
Fl Dunnet t FEi# 7B EHRE,

2 &R :

2.1 MEBMNELIAFTRAREICILREBHY
W - 55 % B A, AN K B, 5 min N2 4 kRt ey
HMFEEREGREA RSN, MBS E R HE
R, IEHERBUBER. SEBMALE,/NER
HARF LB A ETRENKEH BB, Bk

MR

myE

ERAMVIEEK, FAEAMNERE, RE]L.
2.2 MAEEMEIREEXREDINHETHREHN
fER - RAMSBAETEE, BRSH, ARE
BHEW.ERRRAL AV EAREESE  HEH
BB EL AR HFIE R s /DEBARE A
2> 8 48 L 4 » (B K 4> 40 T 7 e i 51 2 A X
B4, RAE1,
2.3 NEWI AL A KBRNASELETHE
W 5 X R B B K L) ChAT 5 SOD &
¥EB B P& K ; AchE & .MDA K ¥ 5 MAO-B %
HEEHE., SEUAKE, PEBY ChAT 5
SOD ¥ #E 983 8 3 tn; AchE & ¥ .MDA K¥F 5
MAO-B #EH# B &M, W& 2.
21 MREXNEEATEXREDNEREEIECEH
EZERHMEHNBEHE® (L
Table 1 Effect of berberine on impairment of avoidant
learning and memory function and spatial
distinguish function induced by aluminum-

overload in rats (x+s)

mE/ %/ EFEBRHEEIELEN  FEARHES

(mgekg™) R WHEKH/K BEHRHA/s  FERRH/

Bt - 10 1.25+0.46 299.12+30.00  19.75+4.10
8- | 400 8 5.56+0.31%* 26.18+16.25* * 36.13+3.12**
ARW 100 10 2.43+0.49%%232.83+ 8.68" " 21.33%6.62%"

HxtRA k. - P<0.01, SHBARE. **P<0.01
* * P<0. 01 ws control group; ** P<(0.01 vs model group

/| BY B 4H

A B A R B

4 refer to neuron with karyopyknosis
B MEEMATAGHAREIHETREGHES
Fig. 1 Effect of berberine on impairment of hippocampal neurons induced by aluminum-overload in rats
2 DEBMEAHAMEAR ChAT, AchE.SOD, MAO-B 51 B MDA KX EHIKM (x+s, n=4)
Table 2 Effect of berberine on ChAT, AchE, SOD and MAO-B activities and MDA level

in brain tissue of aluminum-overload rats (x+s, n=4)

&/ ChAT/ AchE/ SOD/ MDA/ MAO-B/
o (mg « kg™1) (U * mg~1) (nU * mg™!) (nU » mg™1) (nmol » mg~1) (nU » mg™!)
pot::| ~ 988. 16+ 90. 00 0.31£0.02 39. 63+3.57 0.26+£0.13 0.43+0. 09
R 400 190. 02+34. 88" * 0.9940.13* " 14.04+2. 62" * 1.9340.27" " 1.8740.33°"
N 17 100 674.90+119. 26%# 0.48-40.09%# 35.0143.52%% 0.7240.15%* 0.8940.10%%

HxtR4an®: **P<0.01; SRBLHHE. **P<0.01
* * P<0. 01 vs control groups ** P<<0.01 vs model group
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2.4 /NEEXEM R HKERESHAS MAO-B
mRNA REAHEEZHWEW:RT-PCR 5 Western
blotting WRMZR BN, S EAMKL . HHEH K
B4 4 MAOBmRNA 5B (&8 HE
m. SERAEBE MEHRARBRRAA
MAO-BmRNA 5EARKHBENRTRE, LA 2.
3 RR3,

1 000 bp— ~—NADPH

500 bp—— -—MAO-B

M-Markers 1-#B4H 2/ RM4A 3-3 K4
M-Markers 1-model group 2-berberine group 3-control group
2 RT-PCR #3 MAO-B mRNA %ikkF
Fig.2 Expression of MAO-B mRNA
analyzed by RT-PCR

1 2 3

——2P -actin

TN Mg NN 54 000

M W . : B 0.5
" R (44 000)
1-REA -hREE -XME4
1-model group 2-berberine group 3-control group
3 Western blotting 3 MAO-B iR A REKE
Fig.3 Expression of MAO-B protein analyzed
by Western blotting
23 MBEHFEMEATHEXRE AR MAO-B mRNA
REARENEMR Gts, n=3)
Table 3 Effect of berberine on mRNA and protein

expression of MAO-B in brain tissue

of aluminum-overload rats (x+s, n=3)

A % &/ (mg+ kg 1) MAO-B/NADPH MAO-B/B-actin

hog:i! - 0.54+0.01 1.8740.24
;% 400 1.0940.01°*  6.35+0.11**
/NEEBE 100 0.67+0.03%%  3.2440.28%%

Sxt At ©*P<0.01; HERMHALHE. **P<0.01
* * P<0. 01 s control group; **P<0. 01 vs model group

3 g

ChAT 1 AchE REMEHRE R EREH L
THEEAMEFEZ— B8 AD FHETBITH
BRI S AR P LB, 5XRA
HE HBHKRNALR ChAT FHEHBRERK, W
AchE FH U B &, A8 B % Bk R 83 R #

HEIEIZEHESERFIEIRAE . E4H8 5%
HEHTL, RARABEAGTEIMETREKRR
BEREEZIN.

RXTEBHBHE IR HZTBERH
HLOERMMATLEE AREHEMLNBRGEH
ZRBEPEETAEENEA . PRHELZRER
GRZFESBTHEBRABHENBRM. EXE
ZRLER, BHEAIATIEEKRES SOD &
K BRE.MDA KFEEAE. ERER. 5H
fib R BT R B B A L, B B th B2 5 T 184
ERmRERG.E2TEETR.

FHRE EREERMERERLENESANES
MiCIZESIBEYMEE, AD AFPREHRXEKE
MEDHILEABMELER (EERLEZFFLEER
FEREEREER WEABRTER AR,
TR RS R F B AR E LR MAO) 1T
fRiff. MAO R—F XK E S H, HEHH AT
SEREPRERLEFNEZFELRENZEKN
B S RED, MAO & MAO-A & MAO-B Hf
TR, BAERPHOREFNEZERNRBEESR
MAO-B #yfE Fi, MAO-A WERAMN & 20% &
B HREH, FRAEH P REREEE RS
AEIELHPREER. DL REXIBILH MG
MERREEHAEFEHEBEART, RALEHKE
BEIRENZEEES, TSR AREIEILE
HBEZHR, KRPRBREH MPTP, &R 2
ERENLEEMETERE  KEBEESVIS
KRGETHR  BrBRARELZEEEREENS
EAZ B RRB AR B I, IE % AR IS & BRI
BRTUSFHSHEF*ICIZER. REER
MAO-B FE#F B MM EFA MAO-B EAEE
BERa R A B B2 HO, 894 8, WXt # 2 4
M= B EF AR, SHERTIENHET
BEXRAN MAO-B BN REAE, W MAO-B
MENEHAEMNRPERS, IBERER
MAO-B ME# R ESHETRG M2 TRE
BRAFEWXRFR. HE MAOB SHEmE R F
MAO-B mRNA R HERREEMER,. F 2 BiF
JE it ARk NARE.

BEAHRER, DEHEREATATER
oK B8 30 B B2 S 2 R I E S B2 i
Rl . BRIt HEHnEdaFk
B 5 ChAT 5 SOD Wy, B & k8 R
K B AchE #E# 5 MDA K, Fat, B ER R
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078 K B4 2 89 MAO-B &, 3L 48 13 fa fi 51
BEKBMAS MAO-B mRNA & A RKAKH
G RN, D BEREXT 18 1 SR T AT 2 oTR
UL R BR 1R A S A P DL T BB 5 0% 95 R BB AR
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BOE AL, EFR.B S BREKRX X.F K
(BHR¥E ASBHSREPLO, K M 510632

W E-AN FERLXEABFHERYWNIEEBA (Con A) MMM/ PRT HEAREKIIEHZELAMANEY
W. A% TEIBPRERUKES HELARBE. MARELBRRKRE (5.25.50 mg/L) WEFERRY,
B MTT 2R T AREEERFIARSHARAR FCM) Z4NERARAREGERRNYESFE 4R
FH CD69 A FHEX; EARRMMARESEKRLEN CFDA-SE R RAMEXREADGEARRN T MKEHA,
% MTT BZRMEXREBYE 50 mg/L B AMAIEEL 52.36%., Con A} 6 h J&, % B4 CD69* &3k
Y (4.611£0.85)%,Con A A CD69* T M L E EAZE (38.30+2.50 % . B¥X ERBYELXFTREE 5.
25.50 mg/L Bf### Con A S8 CD3* T B CD69 B FE%E (P<0.01), HEXRELBTHEF (36.16%
2.14)%,(30.5+1.72) %, (15. 99£0. 87) % . 3% 3¢ 48.72 J5 , W AN B H (PD) 458 1.0140.01 7 1. 05+
0.01,ConA 4 PI 451558 1.4240.01,2.32+0. 01, ¥R RY A A KR 5.25.50 mg/L HMH T ke
MEERE (P<<0.01),48 h B PI 435]2% 1.2840.01,1.264+0.01.1.21£0.01;72 h 8f PI 4 31% 2.30+0. 03,
2.131+0.02.2.10£0.01, &it BRFEERBYLEABME Con A HEHMAR T KEHRM R ELMNE,H
ENBIKE#,
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