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(BBB) model of Alzheimer's disease (AD) in vitro and to explore the mechanism of LG in repairing the BBB
injury in AD. Method: A total of 50 male SPF rats were randomized into five groups: high-dose (4.8 g-kg'),
medium-dose (2.4 g-kg'), and low-dose (1.2 g-kg') LG groups, western medicine (0.5 g-kg"' donepezil
hydrochloride) group, and normal group (normal saline of equivalent volume). They received (ig)
corresponding drugs twice a day for 7 d. Drug-containing serum was respectively collected from the abdominal
aorta 1 h after the last administration. The BBB injury of AD in vitro was induced with the cell co-culture
method, and 6 groups were designed: normal group, model group, high-, medium-, and low-dose LG groups,
and western medicine group. The model group was added with 100 pL amyloid B,,, (AB,.,, final concentration:
5 wmol-L"), and high-dose, medium-dose, and low-dose LG groups and the western medicine group were
added with corresponding 10% drug-containing serum in addition to the 100 wL AB,,, (final concentration:
5 wmol-L™"). Cell survival rate was detected by methyl thiazolyl tetrazolium (MTT) assay, expression of BBB-
related skeleton proteins (claudin-5, ZO-1, occludin) , matrix metalloproteinase-2 (MMP-2) , and matrix
metalloproteinase-9 (MMP-9) by Western blot, and content of inflammatory factors interleukin-18 (IL-18) ,
interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-«) by enzyme-linked immunosorbent assay (ELISA).
BBB AP transporter low-density lipoprotein receptor-related protein 1 (LRP-1) and advanced glycation end
product receptor (RAGE) at different time points in high-dose, medium-dose, and low-dose LG groups were
determined by Real-time PCR and Western blot. Result: Cell survival rate of the model group was lower than
that of the normal group (P<0.05) and the survival rates of the western medicine group and high-dose LG group
was higher than that in the model group (P<0.05). The skeleton proteins were down-regulated and MMP-2 and
MMP-9 were up-regulated in the model group compared with those in the normal group (P<0.05). The
expression of skeleton proteins was higher (P<0.05) and that of MMP-2 and MMP-9 was lower (P<0.05) in the
western medicine group and high-dose LG group than in the model group. Compared with the model group, only
the medium-dose LG group showed the up-regulation (P<0.05) of claudin-5 (P<0.05) and the decrease (P<
0.05) of MMP-2. IL-18, IL-6, and TNF-« in the model group were up-regulated ( P<0.05) compared with those
in the normal group, and those inflammatory factors in the western medicine group and high-dose and medium-
dose LG groups were lower (P<0.05) than those in the model group. LRP-1 expression was up-regulated and
RAGE expression was down-regulated at 3 h compared with those at 0 h (P<0.05), while the expression of the
two became stable at 6, 12, 24, 36 h. At 3 h, LRP-1 expression was down-regulated and RAGE expression was
up-regulated in model group compared with those in the normal group at 3 h (P<0.05). Moreover, the LRP-1
content was higher and RAGE content was lower in the western medicine group and high-dose LG group than in
the model group. Conclusion: LG can repair the BBB injury in vitro by inhibiting the expression of
inflammatory factors and MMP-2, MMP-9, promoting the expression of skeletal proteins, and regulating the
balance of transporters.

[Keywords] blood-brain barrier; Linggui Zhugantang (LG) ; amyloid 8,,, (Af,.,) , Alzheimer's disease
(AD)
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F4:3:2:2  REUIRAS 40 g, FEAL 30 g, AR 20 g, H
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Sk 7 LA g ok A 5 e 3 S0 K R 20 min, B 25T,
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SCK R 20 min, IR G 2 BOF & /N2 S T ik 5 &
e HE 78 K A i A B A S T E AR 2 BTV B 1 g-mL!
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FR 2> ], [ 24 ME 5~ H20030472) o
1.3 il M ABL, (3 Sigma 72~ #l , it &
SCP0038) ; K L 1 48 Jifd /v % -18(1L-18) , IL-6, i 7
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(BRI =8 A5 R A R A 5 200 21773-1-
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T AC il & 2 80% , 75 2% 4 55 95 1t 22 B T | ] e (LRP-1)AHX mRNA ik & .
L IG f4 10 A5 N B2 40 i (BMEC) , SR J5 K 15 7 i & T =1 3457
5% COZ ,37 OCiJ“?‘; Q[_éj;ii?% 24 hUOJ Table 1 Primer sequences
2.4 H# AR, S AD W BBBHI iR Hi T W _ R0l (53" Kz /bp
LA S B0 E  BRIEE H2Z AN HImA AB,, RAGE I GACAGTGATCCCCACCCAAG 138

(&M EH 5 pmol L"), QA”WEBZ%FESCWHJ #
ST AB % S AD 1K 4b BBB 5 5 K5 B, 4k £ 1 5%
24 h, ?‘EHELJ_éy\éﬁ TFRE A O 10% 23 1 L3
10% R 2 23 IR 55 1L 35 , 10% LG 4.8 g-kg' L7 ,
10% LG 2.4 g-kg' MLi% 1 10% LG 1.2 g-kg' L7 ,
Yk SEWEE 24 h 5 o ) ik AR
2.5 MTT I a2 % BBB i %I:*Ha‘éém it 3% P
7 FH £ 0 U 5% 45 21 40 IR 28 2= A2 4k, I
MTT Eb 75 00 45 2 A0 B 9 05 7 . Tk BR300, 4
fLINAMTT 10 pL, 7E35 5% 4~6 h, 5% LI, AL —
FH 2L A (DM SO) 100 L, F A FR A %E 560 nm A
WG RE A
2.6 7E [ A B 2 (Western blot) 45 1ll BBB #it 4
J& A 1 B M MMP-2, MMP-9 26 H #£35  4
M35 55 IS, 28 RIPA 24 i 24 i I 5 0 B 20
HHEE S, 4k SDS-PAGE MLk 5 , % & 1 L i &
PVDF [ I, LA 5% WG Wk B AL B A — 3t , i
B A% K0 9 M Claudin-5(1:500),Z0-1(1:1 000),
Occludin (1: 1 000) , MMP-2 (1: 500) , MMP-9 (1:
500),B-actin N Z:(1:1000),4 °CHEF 0, Ve k)R
JMA HRP FRIC A —HL(1:2 000) E iR H 1 hJ5,
ECL JiE ¥4k 2% & Ot B €8 )5 WOt W 5% |, 3l i Bio-Rad
Chemi DocXRS b %% & Ot W& & 4t , 45 R il 1]
Image J /4 5€ B #9457 5 N £ B-actin JK BE E 7Y
FeAE 7R o
2.7 ELISA £ il BBB i 173 J5 #H 3¢ & i [ + % &
o M 3% 3R e, WO B W W, 2 500 remin B0
5 min, B2 . $%08 ELTISA 357 & U6 W 45 e 1 ,
il AD {4 4 BBB #5144 155 2 ft TNF-a, IL-18, IL-6
1) 23R O o
2.8 Real-time PCR K illl BBB i /i Ji 45 i 1] 15 AB
iz mRNA X RIA R #%£480,3,6,12,24,
36 h 6 NI E] A, 51 AR DAY TR (R ) IR
A BRS WA . ] TRIzol 35 HE BUREAS 5 RNA,
4T PCR ¥ # (95 °C, 2 min; 95 °C, 15 s, 60 °C,
34 5,40 MG, 72 °C, 30 s, 3R B B (E ;95 °C, 15
$,60 °C, 1 min,95°C,15s), 51 W FEH WE1, L
B-actin 24 N 2, H 273 43 A 1 55 6 0 Ok Ak ¢
Y Z Ak (RAGE) UK % B2 AR & 1 32 /R AH G & -1

T i CAACCAACAGCTGAATGCCC
LRP-1 [- 3 CCGCATCTTCTTCAGTGACA 117
T it ACAGAGCCCACATTTTCCAC
3 AATCGTGCGTGACATCAAA 123

B-actin

T AAGGAAGGCTGGAAAAGAGC

2.9 Western blot#: il BBB #i1i )5 AB %45 T A F+
ik P BRUL RS Rt B Uy ik R 2.6 0, A I A% i R
1 LRP-1, RAGE Wy % ik . — Bi fi B A% £ 4 il
RAGE(1:1 000)FILRP-1(1:277)., ZHiHi Bl 4k
7] 2.6 T .
210 Fiit*# ik R GraphPad Prism 8.3.0 4K {4
AT EAE M, T R R DL vs TR R K5,
P<0.05 =R BA G E X
3 &R
3.1 X BBBt e Ml s e 5 IE
B PR, AR 2 20 M AE S R ] AR, R 69.52%
(P<0-05) 5&‘%/? BBB #5175 155 784 @ 37 i 1 5 5 A 4
L, R Z R SF A MM A R B, R
83.55%(P<0.05) , & W #h 2 2 7% R 5% 1] 4 = 41 Jfl A7
TR PR LI IR TR SR A A LG
IR 2 AL, AR AE IS R 4 0 79.82%,
78.30%,78.00% , Ho vy b & 2 I E 4 2% v B 4
T2 X (P<0.05), W2,

®2 FEAHFX BBBRGEHEXMAMBE R (n=4)

Table 2 Effect of LG on related cell activity after BBB injury

(n=4)
41 51 Flit/g-ke! A(xts)  HUBAETE R /%

EH 0.25+0.01 100.00
R 0.17+0.01" 69.53"
LA 1.2 0.19+0.01 78.00

2.4 0.19+0.01 78.30

4.8 0.20+0.01 79.82%
R £ 45 UR 5% 0.000 5 0.20+0.02 83.55%

TF 5 0F % 41 H AV P<0.05; 5 B A L 402 P<0.05 (3 3~4, 8
[A) .

3.2 Xf BBB #ifii fa M B 4L 1 & MMP-2,

MMP-9 £ ik B 52 i 5 1E % 4 b &, B A4

Claudin-5, ZO-1, Ocdudin & 1 7K F B & B& % (P<
. 19 .
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0.05) , MMP-2, MMP-9 & [ /K *F- ¥ B & J} & (P<
0.05) , 4 7k BBB 451 14 #5848 37 & Ty 5 A A0 4] [
B,LG & R A AR R 2 AR R ST AL S L ZO-1,
Claudin-5, Ocdudin £ 4 7K ¥ 34 B & F} & (P<0.05) ,
MMP-2, MMP-9 & {4 7K - 5 B &[4 ik (P<0.05) ; 5
BEAY 2 4, LG I i 4 Claudin-5 2 (1 /K F B 12
1 (P<0.05) , MMP-2 7K 3 B &, ## (P<0.05) , #h
M2 22 25 W 55 2 25 R 3R W S0 06 5 12 T i 5 vh 25 21 45
BERW LG —ERE X BBBHiG HABE
EH . WE1,%3.

3.3 X BBBH#ifiJ M X RIENFREMWZEW 5
1EH 4H e, BRI ZH TNF-a, IL-18, IL-6 & 2 B g 7f
17 (P<0.05) , $& 7~ BBB $i i #5% 4 4t 57 5 Ty 5 55 45 A4
M, R 2 43R 57 40 TNF-a, IL-18, IL-6 & &
FEREAR(P<0.05) , RS Jy ik TR ; SR AL L
BL,LG @ o i A R E TR B R
(P<0.05), 4/~ LG £ — & 72 &£ b 7] [k BBB AH ¢

70-1 N SRS S S e e 230 kDa

s g - o

Ocdudin 59 kDa

practin 42 kDa

I

MMP-2 72 kDa

%

MIVIP-O S S——— — 67 kDa

p-actin

42 kDa

A B C D E F
A IEWH B, BAEEAR TG MRA A  C. AR H R4 ;D. %
AR H e a2l B, $h PR 2 2 WRST A F. AR AL (1 217]))
1 FHEARHZX BBBH G AR B R E B MMP-2, MMP-9
ik 43 T
Fig. 1
and MMP-2, MMP-9 after BBB injury

Electrophoresis of LG on expression of skeletal protein

HAE 1Y & &, AT X BBB 4545 B AT 1B E AR
}:Ho %%%40

£3 FTRERAHZHBBBIRGEBERES K MMP-2, MMP-9 KX M (X+s5,7=3)
Table 3 Effect of LG on expression of skeletal protein and MMP-2, MMP-9 after BBB injury (x+s,n=3)

21 5 /g kg Claudin-5/B-actin Z0-1/B-actin Ocdudin/B-actin MMP-2/B-actin MMP-9/B-actin
EHR 0.82+0.08 0.77+0.13 0.76+0.14 0.62+0.05 0.35+0.08
7Y 0.40+0.02" 0.35+0.02" 0.36+0.05" 1.2240.09" 0.78+0.19"
AT 1.2 0.40+0.01 0.43+0.05 0.45+0.04 1.04+0.12 0.63+0.11
2.4 0.57+0.02% 0.50+0.05 0.44+0.06 0.80+0.11% 0.49+0.09
4.8 0.80+0.09 0.68+0.10” 0.75+0.12% 0.72+0.02% 0.43+0.09?
N EZ S 0.000 5 0.77+0.05% 0.59+0.07” 0.66+0.09” 0.87+0.06” 0.41+0.06%
F4 BEAHZWEBBBIRGEHXRERFEENEM (f+s,1=3)
Table 4 Effect of LG on related inflammatory factors after BBB injury (x+s,n=3) pg-L!
21 5 Fl /g kg TNF-a IL-18 IL-6
EH 1 065.58+28.55 1075.29+41.70 377.52+30.24
%l 2375.46+£179.85" 1 639.38+56.48" 661.90+24.10"
EHEATG 1.2 2 068.97+56.997 1 578.56+58.29 603.14+29.64%
2.4 1 828.34+38.447 1 430.33+67.03% 524.37+49.46%
4.8 1 634.44+28.76% 1273.63+51.96% 487.52+7.79%
NI EZ S 0.000 5 1534.02+183.42% 1263.05+50.91% 445.94+53 587

3.4 X} BBB #ii i J5 45 I [A] 5 AB %% iz 45 1 mRNA
XA R S50h4l % ,3,6,12,24,36 h
At RAGE mRNA 7K - ¥4 B It '~ 9 (P<0.05) , LRP-1
mRNA KFEH B 5 8 (P<0.05), %W 3 hif , LG
25 I3 © 48 B AT 40 RAGE, {2 #F LRP-1 43 W i E
Ho WES5~7,

. 20 .

3.5 X BBB fit 175 J5 45 B 0] A5 AB 7% 32 B P AH X &
KE B Real-time PCR K 45 . 7% , 3 hint
LG X 7 32 35 (11 T BU808 e AF |, B A0 7 3 h st
M AR, W2, HIER 4t SR 4
RAGE 7K F W & F+ 5 (P<0.05) , LRP-1 7K % B & %
R (P<0.05) ; SR 4] b 5%, $h R £ 23 WR 5% M LG &



528 5 14l
20224F 1 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 1
Jan. ,2022

x5 BHEAEBFIEFNESHAN BBBIRG/E ABEIZE E mRNA Rik
BIZ M (X+s,n=3)
Table 5 Effect of LG high dose group on AB transporter mRNA

levels after BBB injury (x+s,n=3)

Asf 18] /h RAGE LRP-1
0 1.00+0.06 1.00+0.04
3 0.16£0.03" 4.60£0.10"
6 0.27+0.03" 3.724+0.09"
12 0.39:+0.04" 3.14+0.08"
18 0.46+0.02" 2.87+0.05"
24 0.53+0.02" 2.54+0.05"
36 0.59+0.02" 2.11£0.12"

50 h 4l He#s "V P<0.05( 3 6~7 ) s Fl 43 A 4.8 g- kg

£ 6 FTHARHFHFAEMAN BBB R E ALK IEZE A mRNA Kk
QR (X£s5,n=3)
Table 6 Effect of LG medium dose group on AB transporter

mRNA levels after BBB injury (x+s,n=3)

15 8] /h RAGE LRP-1
0 1.00+0.08 1.00+0.10
3 0.24+0.01" 3.89+0.07"
6 0.33+0.13" 3.27+0.13"
12 0.43+0.01" 2.67+0.07"
18 0.50+0.02" 2.36+0.04"
24 0.56+0.02" 2.14+0.06"
36 0.63+0.02" 1.89+0.03"

H A R 2.4 g ke
®7 FERAHZHEFAZMH BBBH{FE ABKIEZE A mRNA Rk
BRI (Y+s,n=3)
Table 7 Effect of LG low dose group on AB transporter mRNA

levels after BBB injury (x+s,n=3)

B [H] /h RAGE LRP-1
0 1.0040.09 1.00£0.28
3 0.29+0.06" 3.38+0.17"
6 0.38+0.03" 2.99+0.15"
12 0.48+0.01" 2.40+0.08"
18 0.53+0.11" 2.03+0.15"
24 0.62+0.03" 1.77£0.03"
36 0.68+0.02" 1.61x0.05"

TR 12 g0 ke

7 8 41 RAGE 7K °F- B I B 1% (P<0.05) , LRP-1 /K -
B & T (P<0.05) , #2785 LG % 25 1L 3% v 1+ 7 BBB
FHOCHG B By 235, T 02D AB Y i N AR, Xt
BBB#ifhifa A —EMEEEM. kS,

rAGE N A 2 <Da
LRP1 “*- 85 kDa

fuin S D S
A B C D E F
B2 EFEAHZXBBBIGEABRIEEAREX
Fig. 2 Electrophoresis of LG on AB transporter after BBB injury

x8 HZEAHHXNBBBHRG G ABEIZEARIZNEZM (X,
n=3)
Table 8 Effect of LG on AB transporter after BBB injury (x+s,

n=3)

290 FlH/g-kg!'  RAGE/B-actin  LRP-1/B-actin
EH 0.84+0.07 1.31£0.16
FEL A 1.41£0.17" 0.66+0.08"
LHART 7 1.2 1.30+0.14 0.800.02
2.4 1.03+0.19 0.84+0.14
48 0.86+0.10% 1.04+0.08”
N EZN S 0.000 5 0.90+0.20% 1.04+0.16>
4 itit

it S5 K v (R AIG AB KSR L B B R A L
HX Ik B 2 8 34 1 L X BBB #5358 Sk 4E 5 1912 WF Y
T A AD 1928 2 2 b, BBB 1543 56 T 4R
A PEAR (7= A1 00 38 e Bl A X H 498 ik L AR A
1k & B, BBB 5¢ & 1 Bl & A % 3 i 2 3 2% Al
AF 4 B Y B DN BE A AR (MCTD) ' BBB 3l 3% 1
& 3%t AD B 1IN A BE 71 5 BBB S8 1 L
EHEFR [ & 8, i & AB /KT IX B, . BBB
[ 56 B B, AT RE S H L B 1 Bk ABRE T T REAT
S i AB Y B 82 400K T SO AR I N T LR
1% SR i AR ZKSF AB AR, DN in 2 AD 19 955 2
&, — 2% BBB e . ML W, BBB
SEREMEZ WIS AD BRI IR, H 2 IE ARG, H I
X BBB i 3 J5 18 S 4 A B OCH 2

BBB J& P B 4t Jfl 22 (8] & B A9 48 (1] 55 %85 34 4%
(THREAEYCEE, TI AL B FE M R 3R R R AE R & 2k
L7 % 45 ¥ 1 Claudin, ZO, Occludin %5 15 28 & 4
. BBB 58 8L 5 1048 4 B 4l | /Y Claudin-5,
ZO-1, Occludin % & 42 86 (1% YIAH OC 0 5 i []
fF, MMP-2, MMP-9 14 i % 35 o] il 3K T AH ¢ B 9L 8
FI, AT 34 i BBB 1 452 4, 4 itk BBB 19 1 75 5
MMP [ b8 R 428 E R T 8 25 DIAE G .

BBB X AB 1) %% 12 Dy e 32 %2 i 9 52 40 i 19 5% 2
75 1, LRP-1 Fll RAGE 52 382", /I B N Bz 45 S 1

. 21 .
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LRP-1 %1 & 000 T V5 AB 19 I S HE | fili 2% > Fi
IC A2 5B 0 B, 26 W LRP-1 68 M P HE HH AB, T8 4%
i 9 AB B Fa 2512, RAGE 5 AB 1 45 4 23 i 1 i rh
1) AB #5 2k BBB % 8 21| il P9 , i =5 ik 9 AB TR, AL
M2 VE A2 % 40 g I 7 (TNF-«, IL-18, IL-6) ) B
5 e A A 98 40 M DR A R AT 39 i Y
B2 4 M, AT R 3 BBB A 515 2L 5 B9 KR s
BBB [ % ¥, B 38 BBB [y 52 #E 2 BT ik
it FE,BBB M CHE 2 B 15 AB GG I i 5] R I
RAE SN, BBB 1 PR FLH 375 14 3 I, 3 Bk o AB Y
b FEUCRL, FE 1 i E AD 99 B A

A Mg, LB MR A b = U5 R I R
IR O AR, R JE LA TR 25 86 I BE S kR L p AL
K BOR AT G S i MR AN, AD A 5
TR . WA K, FHRERE I BT, M PR
B FENHR AT L KR S D0 SR 9 SR AR AR S
75, 0L S B MRS R B TR AN K B B I O lOR
A ARG 5 B AR BB, W) 0 VE Ah 36 9 T RN 3 R
TROT W2 Y R SRR g% A e SRR T
HAD AW EE . o WL, 7 AD & R R IR
AN R H G O B A OF N R B R IR N A
2 LT Y A O oA I W - KO e ) AR
PRI T IE U R R R M LR 2 2 AR
TR G, AL 4wk 2y SR 250K B Bo(h A
BE o ARZEARIRAR , 5 M B ECR  BL AT KR A
AR AL PN H R AN, M 2 . UG
FH MG M, PR & IR AR IE bR A eI, BLAR 24
PR S IR R W % T h 2 R R A bR T
AL B M AR AP AR

AR S 56 SR OBUJZ S 1 37 14 AR S BBB A,
% ABES G, Tk & AD R HRAS R 91k 4 BBB
PR SECR A AR, 24 Wi, LG E 4R
Y A7 15 5, G S 2 AR I 45 7 LG 24 h )5
HEH AE N T UL MMP-2, MMP-9 fiY 26 ik 1
Bl S5IEHE A b AR A AT SRR K
T K%, B BBB #6419 AH 5 42 0E B KO B2 T
F W ABIE S IS BBB 0 45 1 U g 57 2 o A
RUZHAH LG, LG 41 0] i 3% B8 oo 20 I A7 0 R, HL 52 vk
W, 9120 4 78 LG 7 — & B B X BBB #iif J5 A
HBEEERH. #—2R kM, SHR4 K, LG
21 BBB B L8 (1 FH &, AH G SAE - A & MMP-2,
MMP-9 7K F& % , 2 W LG 7] & /> BBB 1 I A1 2]
RERERT , 7F —E R L4 BBB I SERE. HRE
144 B ) BBB %5 % % #: HLA — & fa o DY i

. 22 .

RAGE fll LRP-11E R #%32 AB W ZRAK , 77 75 A Wi fE A
FEG AR W 8h 25 F M R4S o IR 8 4L w3 F 9 &
P, 76 AD KB R LG ] P4 BBB LA % H B
#5 1 LRP-1, RAGE /K, g1 /> AB UL AL 51 L Y
10 N A E 45405, 3 BRI T4 T LG R
[i1] i 48 2 B4 N [ ) ) 8 0% A AH 26 55 32 3R 1 Y 7R
1k o 3 g X AN [ B ) S AB A G 5% 32 11 mRNA A
Xf e ik AT & I, 3 hit) ,RAGE & & 5 , LRP-
1 it fe s, BB B ) ZE K, RAGE &% it 3% i I
Ft,LRP-1 & @& PR, RUITELS T LG 3 ha , Xt
LRP-1,RAGE M 2 7E F 1k 2 T 0 |, Bl J5 3% 26 #a T
ML, XKW T LGHE 3 hE B4 84 BBB L X2
A R E A, DT > AB Y iR N T, X BBB
Wi e BA — Mg e,

Zi Bk LG X AB., 51 1) BBB it 475 H A B
WA EN, —Jr A e S 5 ABL, R
BBB ] 5 & 42 & 11 (ZO-1, Claudin-5, Ocdudin) [%
% 3L 42 )8 2 i (MMP-2, MMP-9) L K 48 4iE A
TR TS, T 51 BBB e B2 A4 K 5 — 0
] AT HE 5 MUAE AB W e s R A AR 5 LRP-1 7K °F
P23 AR Y FRAK RAGE 7K I A% AB%E A, AT 2
7 BBB i 5 M A G , i 1A W AR AR Ik 2% “ AB UL
FL-BBB M IR -AB UL FL” 1) B AEE 25 o
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