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Effect and Mechanisms of Danxi Tongfeng Fang on Permeability of Blood Brain

Barrier and g-Amyloid, ,, of Hippocampus in Alzheimer’s Disease Mice

ZHANG Xiao-jie, FEI Hong-xin, LIU De-shui, ZHANG Ying-bo
(Qigihar Medical University, Qigihar 161006, China)

[ Abstract ] Objective: To explore the effect and relevant mechanisms of Danxi Tongfeng Fang
(DXTFF) on the permeability of blood brain barrier ( BBB) and B-amyloid,,, ( AB,, ) of hippocampus in
Alzheimer’s disease ( AD) mice. Method: Mice were randomly divided into normal group, model group, donepezil
(0.001 g-kg™') group, and DXTFF high-dose (52 g-kg™'), medial-dose (26 g-kg™') and low-dose (13 g-
kg ') groups. Through injection with AB,,, into bilateral hippocampus and intraperitoneal injection with D-
galactose, the AD mice model was established. The mice were killed after continuous treatment for 35 days. Water
content and EB level in brain tissue, electron microscopy of hippocampus and organ coefficients of AD mice were
measured. Biochemical methods were used to determine the content of AB,,, in hippocampus and serum, the
content of receptor of advanced glycation and products ( RAGE ) and low-density lipoprotein receptor related

protein 1 (LRP1) in hippocampus. Real-time PCR methods were used to determine the expression of RAGE and
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LRP1 mRNA in hippocampus. Result; Compared with the normal group, the model group showed significant
increases in water content and EB level in brain tissue, content of AB,,, in hippocampus and content of RAGE in
hippocampus (P <0.05), and significant decreases in AB,,, in serum, LRP1 in hippocampus, spleen index and
thymus index (P <0.05) , regular neuronic morphology in hippocampus CA1, smaller neurons, round and atrophic
nucleus, nuclear double karyotheca, insufficient cytoplasm and fewer organelle. Compared with the model group,
in the DXTFF group, water content in brain, EB level in brain, AB,,, and RAGE level in hippocampus
significantly decreased (P <0.05), and AB,,, level in serum, LRP1 level in hippocampus, organ coefficients of
splenic and thymus significantly increased ( P < 0.05), with notable improvement in neuronal structure of

hippocampus. Conclusion: DXTFF reduces the permeability of BBB and AB, ,, in hippocampus by down-regulating

RAGE and up-regulating LRP1 in hippocampus.
[ Key words ]

Danxi Tongfeng Fang; Alzheimer’s disease; blood brain barrier; receptor of advanced

glycation end products; low-density lipoprotein receptor related protein 1

[ SR % 1 BR A ( Alzheimer’s disease, AD ) 2 % H
L 2 RGGRATHE SRR 2 — " . AD RNy BT
B3 BE 2 11 (B-amyloid , AB) LB I 1l 4F Bt ( senile
plaque,SP) ., AB IR T B-IEMHEE R AR,
AB EEL5r AB L, T AB, L, AB, B 5TE I SP, AB,
AR B AB, L, A H 38 5 I i BF BE ( blood brain
barrier, BBB) §% 3z , A A 5% M) 1 S 4 HE AL 2K 7 1)
ZUR(RAGE) 35", AB 5 I 4 P9 J 40 i 4% 35 5
RAGE Ik % £ M5 & A A2 /R #H & 1 1 (LRP1) A
01 PRz R ( Danxi Tongfeng Fang, DXTFF )
JE AR FHE 2 K R S B B Z5 T R 0 2 4 T 2
— NI XU 0 A B R B I T AR AR R
FHT I TAF 78 DXTFF 3 o 41 & /E R I/ R &
PR AU ICHT 2 (AGA) ™ % AGA™ KBl AGA™
& . DXTFF Ht AD J5 10 0 5¢ [ 9 &0 R 0L SOk 4z 18
T x4 A I 2 DXTEFF %F AD /)N BBB i 3%
PR AB, Lo 5% M B ML B 55
1 #a
L1 iy MW EHR T AR R, (RE
(23 22) g,42 H WL F g i1 v BE 25 K2 50 5K 5
Yt , G A%IIES SCXK (] )2013-0012, 5256 30 ¥)
O 2 R FAE TSR R IR A 2, i)
A R ) SR K
L2 259 Kk 2780k (H oA B 25 A R
23], dit 5 20141201 ) , DXTFF (f8 g VL B2 2 K %
rh s 25 B 5 B SR RO AR W 3K T IR e T R 2 KA
B Jm 28 —BE Be , Horfr DXTFF 207 K& 15 g, & A
15 ¢, BHI15 g, B 15 g, R 15 ¢, 35 15 g, %
A 15 g, )Il& 10 g, Bk~ 10 g, 20 4E 10 g, FE1h 20
g, HiAL 20 g, 1AK% 25 ¢, 31200 g) , AB, ., , RAGE FiI
LRP1 JHE fe s iR & (rg ot 2k ) TR B9 I,

it 20140401) , AB, ,, Fl D->F- L #E ( 3£ [E Sigma 24
A ), oA 35 Sy [ 7 43 b 4l
1.3 {Y#% Applied Biosystems step one plus 5L Hif 3¢
€ B PCR( Real-time PCR) X ( 38 = N HI A=) & 48
/v ),6100 A RT-F5 AL B A7 AL (£ B RT A ] ),
PLZOZ-S FYH, K F (1 57 1) -4E R 2 AL 8% A R 2
F) ), TCNAI-G2 7Y% 5 B 58 (fof 2= /A H) ) , STW-1 7l
i AR SE AL (LR AR ) o
2 AFik
2.1 AD BRI /N BUK & SR, 5 &k
T B &, [ /0y RSk T A, STW -1 28U Jig 7 K =
DA AL/ )N BRIV T DX, ol oA 255 U0 i 2 7 5 X
HEEEEA 10 ng 9 AL, (2 g- L") 4k ® T 15
min J5 AL FL /N B, 8] I /N B ip D-2EZLAE (180 mg -
kg ™) o TE AN BUSUN G 2 ip S5 BER UK
2.2 SrAURIRZS NEBEAL AT Ry IR A BRI,
Z S WR ST 41, DXTFF & o AR =2, 2k 42 2, &
417 H . DXTFF i H B #0824 Bk J AT 8
RIRIRAT o IEHW AR ig 4 T BRER K, £ 45
URFFUL ig 4T £ ASWRFF 0.001 g-kg™', DXTFF 7 |
R4 B ig 45T DXTFF 52,26,13 g-kg ™',
LR ig 452535 d,
2.3 WEmG KR DEORIRGZ 2 h e, Wik Ak
Y, A ik, 2% B /0N i A i, A R K R U, FHDE 4K
W 2% TV AR, R, DR SF R ik 0 A i 14 2, B s FH P
POE RS (52 °C) fE IR AR 72 h Bt/ BRUNG 3 fil
T&E,

Wi kR = [ (B E ~ i T8 /2 & ] x 100%
2.4 s BBB A YE  BBB @& M N KW
(EB) &tk om. NECRIKGAZ 2 h 5, B# kT
55 2% EB KA U BRI /N B, B9 FIE I B A Sk
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AL OEFE R A KL 70 mL, 9K 5 1
1 S S TRl LT SR AN L o A R O
45 CHEYCIEE 72 h, 413 ,4 000 r-min ' &0 10
min, FEFRAY L 630 nm ZhE FVEWRMOGE A, AR
P EB brifE i 4ok EB & &, EB & ] EB W &/
VR (pg-g ') KRR
2.5 BHEBNERD CAl X458 NEERS
252 h i, e BT A MK 70 mL, HETE 2.5%
S T0 mL, HOB /N BRUG E H CAL X 3 — [
SE DU AR AR I B K L YD S O G E B
£ AD /NEUE T CAL X454
2.6 MERESEREL ADMRERKRSGZ 2 h 5, BFR
SRR IS BRAAR EE 45 21 /)N B IR Sk AR BE , OB /DN BR
JEN N L SRl N O 19 A N N
B, RS R A

JUE #4650 (mgeg™") = JUE 2% i fk (mg) /1K (g)
2.7 FHERRIER I EWE S AB, L, LTE AB L,
RAGE #1 LRP1  /NEUKIRZ 2 2 h J5 , IRBHE T4l
PR R 2R, BUIR SR A i, BUN BOE 5, 515 i B g D
A14% W R I, TGL-16G 1 & 20 B .0 ML 4 000 1+
min " B0 10 min, B, %%, - 80 CARTE,
FERFFRAL [ 450 nm 4 b s A, 22 il bR ofE ih 22,
KA/ D AB L, ML AB,., 1 & RAGE
1 LRPI1

%1 DXTFF 3t AD /NRHES/KEMNEM (x2s,n=7)

2.8 Real-time PCR ¥l 22 i & RAGE F1 LRP1
mRNA %5 /PNEORIREZS 2 h J5 BRI/ B, AR 2E
ANER, VK B RO B S e BRI S R
i FH Trizol 3 51 £ $2 B 5 & RNA, 3% 5% 5% 5 1l
¢DNA,#47 PCR ¥ 34, RAGE 5| ¥y: BiiF514 5'-
AAAACGACAACCCAGGCGT-3", T W 51 ¥ 5'-
ATTCTCTGGCATCTCCGCTTC-3"; LRP1 5| ¥. I W%
214 5'-CCGACTGGCGAACAAATACAC-3", F i 5
¥ 5'-ATCGGCTTTGTTGCACGTG-3"; B-HIl 3 & 1
(B-actin) 5| ¥1: b % 51 ¥ 5'-CGTGCGTGACATCA
AAGAGAA-3", T i 8l ¥ 5'-AACCGCTCGTTGCC
AATAGT-3', 51 [ g sEss ) TR A RA
A4 . PCR VAR R Z%0:50 C 2 min,95 C 10
min,95 °C 15 5,60 °C 1 min, 3t 40 NMEH, P 3=
YpLL 2 %% ¥k %8 RAGE f1 LRP1 mRNA A %f %
ikE,

2.9 geitsEar bt SR AT SPSS 19. 0 B F k4T 48 it
A BRI & s Kox, Z A B R KR %
ST, LA P <0.05 HERE G L.

3 R

3.1 X AD /NERUR SRR 5IEE 4R,
55 20 /)N BRI 5 7K 1 B 38 n (P < 0.05) 5 511 A
AL, Z 28R FF 4, DXTFF & | o 55 5 20 /0 BRI 2
KEBBREEAR(P <0.05), WK1,

Table 1 Effect of DXTFF on water content of brain tissue in AD mice(x +s,n=7)

21 59 /g kg ™! I 1% 5/ mg Jit§ T 5/ mg i 5 7K A/ %
iEH - 235.35 £12.65 60.53 +10.25 74.14 £5.01
155 - 222.03 +23.84 33.20 +6.34 84.86 +3.63"
EZ Y15 0.001 234.58 £22.91 56.68 £10.46 75.86 £3.72%
DXTFF 52 229.74 £26. 14 57.22 +14.85 75.43 £4.04%

26 224.79 +20.85 52.39 £9.88 76.57 £4.58%
13 227.88 £17.51 39.63 +4.27 82.57 £1.90

G IERA LR P <0.05; GHIMA Y P <0.05(F2~6 ),

3.2 XFAD /MR EB SEBE N HIEWEHLL
B R /NEU EB S B BN (P <0.05) ;5
BERIZH L3, 2 A3 R 5741, DXTFF &5 o 7] & 41/ B
i EB & & B W FEAR (P <0.05) , WLk 2,
3.3 X} AD NERIE DY CAL X B 25 70 HE B 45 40 1 52 1)
75 S H A 45 AT UL E R 2H /) BRI B A 2T IE S
e Y 0% 2 N = R & 2 o0 | 2T o
/N B Tl 28 T AR ), B 28 e /N, Al e A
[RIE H 22 40, B2 8% AN I W ; 2 45 Uk 57 41, DXTFF
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e PR B2 N B R 22 T A LU, 22 5T
B, 200 M A R TG [, A% 435 Wb ; DXTFF IR 57 £ 21
AN SR IR EEATE MW DL L

3.4 X AD /NEUEE S CAT XA 28 040 i 5 e 455 45+
FRUSENE F 5 F B LA AT DL IE 2/ BT T 4 22T
206 S5 e, RELTET DAY S P 2, A A AR 3 B 5 A6 7
/NI Dy R oA M TR AN E O AR AR B D g
DXTFF {697 )5 , Z AWk FF 41, DXTFF 5 v AR5 & 41
/I BRCE S A 22 U AR A A () AR B s . LIRS 2
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%2 DXTFF3t AD /NREB S 2SN (i +s,n=7)
Table 2 Effect of DXTFF on EB level of brain tissue in AD mice

(x£s,n=17)

AR FlkE/g kg™ EB FiWE/mg L EB FH/pgeg !
EH - 0.21 £0.11 0.89 £0.49
HLAY - 0.41£0.15" 1.85+0.70"
ZHRIR T 0.001 0.21 +0.10% 0.94 +0.50%
DXTFF 52 0.25 +0.12% 1.10 £0.59%

26 0.26 +0.08% 1.17 £0.32%
13 0.36 £0.16 1.61£0.73

D F

A IEH LB BRI C. 243 0R 57 0. 001 g-kg ™' 41;D. DXTFF 52 g-
kg ~"41;E. DXTFF 26 g-kg ' 4 ;F. DXTFF 13 g-kg " 21 (/& 2 [7)
E1 DXTFF 3f AD NRiEDS CAl REMMEMW (B HEHA
i, x2 550)

Fig.1 Effect of DXTFF on electron microscopy of hippocampal

CAL1 sector in AD mice (scanning electron microscope, x2 550)

%3 DXTFF 3t AD /NRAESRIEHMEM (2 +5,n=7)
Table 3 Effect of DXTFF on organ coefficients in AD mice(x +s,n=7)

F

B2 DXTFF 3 AD /AR iED CAl £HMBEm (HEHA
i, x16 500)

Fig.2 Effect of DXTFF on electron microscopy of hippocampal

CA1 sector in AD mice( scanning electron microscope, x 16 500)

3.5 X AD /NRBERS R BN 5 IE W A R,
BEARYZH /)N BRI i B RN Bl B R BCRT W RE IR (P <
0.05) ; SHIRIZH AL, 2 72 WR 55 41, DXTFF & | 15
I 21 /) UL AR H5OFN it AR 4 B T (P < 0.05)
4 B AR R O B Fe B B U E AN B, LER 3,
3.6 X AD /NERIEH AB, L, FLILIE AB, o 152
55 A L A, B 2 N B Ey AB, L, W HS m HL
M AB L T FEML (P <0.05) ; 5 AL LL#R, £
ZURFT 4L, DXTFF &5 b i 21/ RO 5 AL, P i
AR ELIMLTE AB, L W 3G I (P <0.05) . W3k 4,
3.7 Xt AD /NEUE D RAGE 1 LRP1 (52 my  51F
B LR, B A 2 /)N BRUVE E RAGE B I 38 i H g 5

mg:g
21531 H /g kg ™! [LIEHE ik i 54 JH 45 %% 5 F5 4k
EH# - 3.35£0.22 2.26 £0.18 39.26 +1.92 14.55 +0.79
TR - 2.74 +0.13" 1.79 £0.11" 40.23 +3.67% 14.96 £0.98
LIRS 0.001 3.24 +0.23% 2.22 +0.23% 39.15+1.68 14.56 £1.21
DXTFF 52 3.17 £0.31% 2.17 £0.25% 39.32 £2.39 14.56 +1.45
26 3.12 +0.26% 2.13 £0.20% 39.35 £2.09 14.45 +0.95
13 2.85+0.26 1.89£0.16 39.76 +2.27 14.28 +0.82

LRP1 W] W B (P <0.05) s 5 AL L AL, 2 48 Uk
F5eH , DXTFF & A 5fl & 41/ [ 2 RAGE B i [%
R B 5 LRP1 BRI fin(P <0.05), WK S,

3.8 %} AD /NEUE D RAGE Ml LRPI mRNA %3k 1
o 5 IE R 4 B, R A4 N )R S RAGE
mRNA B i 3 fn H LRP1 mRNA B i J& % (P <
0.05) ; SERIA L3, 2 AWk 55 41, DXTFF & | 5

BN T RAGE mRNA B 8 %1% LY & LRPI
mRNA B B (P <0.05) ., WL 6,
4 itig

SEH 4 AD B 7 B R AR £, 1) 4 i 1 X
BTG ABLL" M X B S AR, & ip DKL
W TR R R AR, L, S D=2 FL B
% AD B 7 B OB DA AR S8 R AB L,
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%4 DXTFF 3} AD /NRED AB,,, M5 AB, . I M (& + 5,
n=7)
Table 4 Effect of DXTFF on AB,,, of hippocampus and serum in

AD mice(x £s5,n=7) ng-L~!

5 AB 4y

197.58 +76.53

26 51 ﬁ‘]iﬁ/g'kgfl L AB 40

i - 165.58 +36. 19
F 7 -

Z ISR 55 0.001

326.41 +51.87" 93.29 +28.55"

200.09 +52.59% 144.34 +48.39%

DXTFF 52 211.87 +87.25% 142.76 +51.52%
26 217.58 +69.87% 150. 15 +29.84%
13 290.61 +45.31 104.36 £37.71

%X 5 DXTFF 3 AD /MRiED RAGE #1 LRP1 B9 (2 £s,n=7)
Table 5 Effect of DXTFF on RAGE and LRP1 of hippocampus in
AD mice(x +s,n=7)

HH FlE/g kg ! RAGE/pg-g ™' LRPI/mg-g~"
E% - 18.98 +5.52 80.38 +13.45
TR - 34.43 +4.89" 46.99 =6.40"
ZRIRF 0.001 19.85 +6.22% 75.05 £15.52%
DXTFF 52 21.04 £8.06% 73.63 +14.07%

26 22.18 +4.99% 69.04 +14.79%
13 29.66 £5.31 50.34 £15.39

#& 6 DXTFF 3t AD /N 5 RAGE #1 LRP1 mRNA By &08 (x £,
n=7)
Table 6 Effect of DXTFF on RAGE and LRP1 mRNA of

hippocampus in AD mice(x +s,n=7)

HH R/ kg ! RAGE mRNA LRP1 mRNA
IEH - 1.007 4 £0.124 8 1.010 8 +0.162 2
A - 1.42510.272 7"  0.489 8 +0.122 9"
LZ2MRFF  0.001 1.152 6 £0.259 0 0.738 9 +0.173 9%
DXTFF 52 1.143 4 £0.183 79 0.807 1 £0.262 6

26 1.124 9 +£0.213 32 0.751 6 +0.226 8%
13 1.338 8 £0.284 5 0.5855£0.151 6

H1 D=2 ZUBE XU P & AD REAL,

WS R T 31T DXTFF %F AD /N BBB i %
PR D AB, Lo B 52 W K ML, >R Al DXTFF Sk jiti fin
P2 TT R S B I o 35 G H 45 L 45 T A 1 5 401 /D B
T S A 28 0 B AR 25 b TE R 5 B R 2 /)N BV B R 48 T
TS AN RO , 240 Jf0 o 45 /0, 1 B ASE 70 2 /)N R ) i 22
JUHR 7, AR S R T, 3 A BE BRI X g
AB oy K FE T D FUOME 57 AD B 28 5
DXTFF J& 97 )5 , 71N BRI I 0 28 50 08 A 8 AL, 40
i 25 AN ) R R e, 0, A 96 I 25 o 5 4 AN T B A5
FIAS [7] A5t g ok A2

WFoE R, AR S5 LA &3 51 R AE S B I 18 Jin

<122 -

BBB il i P, BBB i i 1k f# ] EB & & gk 47 %
R ISR I E T /N B ok i &% EB R,
PLULIT# DXTFF X AD /)N B BBB 3 i 4 (1) 5 i)
R oK, 24 3f DXTFF 3697 J5 , DXTFF & | rf 5 &
/N U K D EB % BERE AR, $278 DXTFF & |
R A T BBB B M 0D K 4 1A D
KB . AD fEA S B ThBEAR T 7, G 8 2% B i AR
XA ] ) A P A e e T g, A5 R BOR, &t
DXTFF J& 97 Ji , /> BRI 46 B30 g B 48 %503 i, $27R
Yo P A Y AORE OT T B G 0, 2 55 R S 5 R 4 i G
PEE 1) 48 K5 38 0, 6 B DXTEF 38 him AD /)N BLUAY B2
PEDIRE . T3 S5 W0 2 T BOR ' F8 5, &AL L
IG5, Ut DXTFF JCRIVEH . #8758 DXTFF ]
PLek s AD /N B % %8 T BE, JF B DXTFF ¢ Al
fER -

WFoE 8, BBB 45 M 42 5 AB 15 KR, AB
WERFHEE AB VLB " . AD Jik 7 75 K i
AB,AB L, I TER R iz A2 5 T il it BBB i
Fi¥eiz , T 52 ik A 2L AB, o 1 & it o SEER 45 2R
R, 43t DXTFF 3897 )5 , DXTFF & A58 & 41/ B
M2 20 B AB, L, K& I, $8 77 DXTEF [ A% fii 41 2%
AB, o I8 T IGZHEY AB, L, I 52 i L ZUE 1, SP, [R] B
MG AB o NN, 78 AB, Lo 38 3 HE B R 5K 5 i AL T
i AB, Lo 5 BBB A HESE A I 24, 34 T i v
AB\ Lo, T 5 i 2H 21 5 BBB #% 1z AB,, 9 & 1 it &
RAGE Fl LRP1, [H It 45 2% Z FF J& RAGE FI LRP1 (¥
I 7E

S5 4 3 o il B B 2E S FL Real-time PCR 5 {2 46
W T 5 AB,L %12 % YIHH X RAGE F1 LRP1, %5
FH, &3 DXTFF 597 J5 , DXTFF & | i) 4 41 /)N
B D RAGE FiAFHAL, M D LRP1 Fik 8, $7m
AB o BE A G980 1T AB, o e 35 G 1S 0, 156 B il
AB oD, W52 AB, L, U, DR AD, X 26 5 ]
DXTFF 7] D)3@ +F 545 RAGE Fl LRP1 (1) 3% 3k ok ol 3
BBB 138 i 1 & HG D AB, L o

Zi b pr ik, DXTFF 3@ i F 9 RAGE 1 I i
LRP1 k36 AD /Nl BBB il 1 A0 5 AB, L,
JKF ,DXTFF 47 AD ) BRI 8 A 7 Fiff — 20 5
B HF5Y .
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