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Effect of Sijunzi Decoction on regulation of AB-related
proteins across blood-brain barrier

GUO Yuanyuan ZHENG Qin" WU Ling ZHANG Ming=ia ZHANG Ke-nan XIAO Shuai LI Wending YANG Ming
( Key Laboratory of Modern Preparation of Traditional Chinese Medicine Ministry of Education Jiangxi University of
Traditional Chinese Medicine Nanchang 330004 China)

Abstract  According to traditional Chinese medicine " spleen transport" is closely related to the metabolism of substance and ener—
gy. Studies have shown that Alzheimer’s disease ( AD) is a disease related to glucose and lipid metabolism and energy metabolism. The
traditional Chinese medicine Jiangpi Recipe can improve the learning ability and memory of AD animal model. Sijunzi Decoction
originated from Taiping Huimin Hefang Prescription is the basic prescription for strengthening and nourishing the spleen with the effects
of nourishing Qi and strengthening the spleen. In this experiment human brain microvascular endothelial cells ( HBMEC) and Sijunzi
Decoction water extract (0.25 0.5 1 mg*L™") were pre-incubated for 2 h and then AB,s; oligomers ( final concentration 40 pmol*
L™") was added for co-culture for 22 hours. The effect of Sijunzi Decoction on the activity of AB,s.s oligomer injured cells and the ex—
pression of related proteins were investigated. Q-TOF-.C-MS was used first for principal component analysis of Sijunzi Decoction water

extract. Then MTT assay was used to investigate the effect of Sijunzi Decoction water extract on the proliferation of HBMEC cells. Real-
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A

time fluorescence quantitative PCR ( RT-qPCR) was employed to detect the mRNA expression of GLUT1 RAGE and LRP1. The ex—
pression of AB-related proteins across blood-brain barrier ( RAGE LRP1) was detected by Western blot. The results showed that 40
pmol * ™" AB,5 .5 oligomers could induce endothelial cell damage reduce cell survival increase expression of RAGE mRNA and RAGE
protein and reduce expression of GLUT1 mRNA LRP1 mRNA and LRP1 protein. Sijunzi Decoction water extract could reduce the
AB,s55 oligomer-induced cytotoxicity of HBMEC decrease the expression of RAGE mRNA and RAGE protein  and increase the expres—
sion of GLUT1 mRNA LRP1 mRNA and LRP1 protein. The results indicated that Sijunzi Decoction could reduce the injury of HBMEC
cells induced by AB,s ;5 oligomer and regulate the transport-related proteins GLUT1 RAGE and LRP1 which might be the mechanism
of regulating AB,s35 transport across the blood-brain barrier.

Key words Sijunzi Decoction; Alzheimer’s disease; human brain microvascular endothelial cells ( HBMEC) ; advanced glycation
end products; low density lipoprotein receptor—related protein 1; glucose transporter 1
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( ) . N N
3:3:3:2( 36.249 ¢
36. 060 g 36.342 g 24.255 ¢g)
10 1h 1.5 h 2
( 38.26%) ; 5 mL
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MTT : MTT 250. 00 mg
50 mL HBSS 5
mgeml”"  MTT o
2.2 : ACE

EXCEL 5 C,;-AR (2.1 mmx150 mm 5 wm)
0.1% (A)- (B)

(0~3 min 5% ~23% B;3~11 min 23% ~35% B;

11~23 min 35% ~70% B; 23 ~25 min 70% ~90% B;

25~27 min 95% B;27~30 min 5% B) 40 C
10 pL 0.3 mLemin',
: ( ESI) N
. m/z 100 ~1 250
(ISVF) 5.5 kV ( TEM) 500 C
( DP) 100 eV (CE) 45 eV( —45 eV)
( CES) 15 eV ( CUR) 40
psi( 1 psi = 6.895 kPa) ( GSI1)
( GS2) 50 psis
2.3 e HBMEC
2.5x10°~3.0x10°  /mL 96
100 pL 6 24 h
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Table 1  Primer sequence of PCR ECIL, 2 min
(53) /bp
GAPDH CCGCATCTTCTTTTGCGTCG 94 ° Image] 180
CGCCCAATACGACCAAATCC
GLUTI GCTGTCTGGCATCAACGCTGTC 147
CCTGCTCGCTCCACCACAAAC °
LRP1 TTGCTGCTGCTGCTGGTTCTG 99 2.8 SPSS 21.0
CCCGTTGGTCATCCGTTGGTG
RAGE CCCGTCCCACCTTCTCCTGTAG 140 LSD _
TGCTCCACCTTCTGGCTCCAC '
Tamhane’s T>( M)
2.7 ( Western blot) o Xts P<0. 05
LRP1 RAGE o
2.5x10°~3.0x10° /mL 6 3
1.5 mL. 2.5 3.1
N ~ o 12 (XX) r.n']jl’l_l 15
150 pL 4 °C 30 min min Q-TOFL.C-MS
1.5 mL EP 4 °C 13 000 r*min”"' N l.
20 min 0.2 mL 17 N
BCA . 12 ( ) (
we SDS-PAGE PVDF 5% ) . N 2o
90 min TBST 3 10
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Fig.1 Total ion chromatograms of water extraction of Sijunzi Decoction by negative mode ( A) and positive mode ( B)
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Table 2 The main chemical constituents identified in extracts from Sijunzi Decoction
M-H ~ M+H *
No. tp/ tp/
oo (m/2) R (m/z) 1%
min min
1 1. 400 430 429.125/383.074 - - - T-methy glycyrrhizin 12 31.22  Cy,H,04
2 - - - 1.981 268  269.573 coumestrol 12.67  C,;sHgOs
3 5.369 514 497.331/417.116 - - - 25-hydroxyporicoic acid H 13 1.62  C3Hy04
4 6.011 550  549.155 - - - isoliquiritin apioside 2,99  CyHz0045
5 6.245 418 417.116/255. 065 - - - neoliquiritin 3.31  CyH,0,
6 - - - 6. 364 256 165.069/147.042/137.022 liquiritigenin 2.1 CysH 504
7 7.687 946 783.482/475.372 - - - ginsenoside Re 3.55 CuHg0p
§ 12244 800 637.428/475.373 - - - ginsenoside Rg, 0.2 CyHypn0y,
9 - - - 12.31 162 118.921/105. 073 T-hydroxycoumarin 0.41  CoHgO5
10 - - - 12.756 528 529.346/511.334/469.332/423.322 poricoic acid DM 13 3.34  C3Hyu04
11 13.703 1078  945.538/783.482 - - - ginsenoside Re 2.25  Cs3Hgo0p
12 14.299 838  837.384/51.055 - - - licoricesaponin G 2.5 CpHe044
13 - - - 14. 408 486  487.341/405.315 poricoic acid G 1.98  C3oHys05
14 15.254 822  821.388/351.055 - - - glyeyrrhizic acid 11.43  CuHg044
15 - - - 15.347 470 471.347/453.337/407. 330 16a-hydroxytrametenolic acid 11.53  C30Hy04
16 - - - 16. 096 808 633.395/457. 369/439. 357 licoricesaponin B 12 1.35  CupHgOs
17 - - - 17.977 249 250.151/213.128/175.076/163. 073 atractylenolide [II 2,95  CysHy004
3.2 AB,s; HBMEC ‘4 3 (x+s n=6)
ABos s 40 wmol* Table 3 Effect of water extract of Sijunzi Decoction on cell via—
L 53 60% bility( x+s n=06)
-1 /mgemL™! /%
( P<0.01) 2 40 wmol L™ Ay, ; TR
° 0.062 5 97.75+4. 84
0. 125 100. 59+7. 82
150- 0.25 97.86+7. 04
0.5 96.02+5. 22
1 97. 13+4. 64
5 1% 2 89.24+7. 13"
e
S
50
= 3.4 AByss  HBMEC
-1
( ABoss 40 pmol<L™")
od 3
4\&»&' N 5 R S © ( P<0.001) ;
P Ap,, ,/umol L 1
D p0.0l( 3 ). 0. 125 mg-mL
2 ABa,s  HBMEC 0.25
-1
Fig.2 Effects of different concentrations of AB,s;s on cell via— 0.5 1 mgemL (P<0.05 P
bility in HBMEC <0.001) 4, 0.25 0.5 1 mg*
mL_l ~ ~
3.3 HBMEC °
| mgemL" HBMEC 3.5 HBMEC  GLUT1 LRPI
3. RAGE mRNA
0.25 0.5 1 mgemlL" . 24h  GLUTI
N o LRP1 RAGE mRNA 5.
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4 ABys 35 HBMEC
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Table 4 Effect of water extract of Sijunzi Decoction on the da—

5 HBMEC GLUT1 LRP1
RAGE mRNA

Table 5 Effect of water extract of Sijunzi Decoction on the mR—

(x+s n=6)

mage of HBMEC induced by AB,sss( x+s n=4) NA expression of GLUTI LRP1 RAGE in normal HBMEC
ABasas / / (x+s n=06)
pmol 17! mgemL™! 1% / RNA
- - 100. 00+0. 00 mgemL™! GLUTI LRP1 RAGE
40 - 45.00+2. 96" - 1.00£0.00 1.00£0.00 1.00+0. 00
40 0.125 47.71%3.22 0.25 0.94x0.15 0.94x0.13  0.96+0.26
40 0.25 51.71£3.297 0.5 0.87+0.15 1.10£0.20  1.00+0.28
40 0.5 61.70£6.207 1 0.94£0.22  0.96x0.00 1.15:0.31
40 1 73.90+4. 719
: Y p<0.001; 2 P<0.05 Y P< _
0.001. ( ABysss 40 pmol * L")
GLUT1 LRP1 mRNA (P<0.01)
3.6 ABosss HBMEC RAGE mRNA (P<0.01) ;
GLUT1 LRP1 RAGE mRNA N GLUT1 LRP1 mRNA
2 h ABs 35 (P<0.05 P<0.01 P<0.001) RAGE
22 h. Real4ime qPCR mRNA ( P<0.05 P<0.01) 6.
6 ABis s HBMEC GLUT1 LRP1 RAGE mRNA (x+s n=6)

Table 6  Effect of water extract of Sijunzi Decoction on GLUT1 LRP1 RAGE mRNA expression in AB,sss-induced HBMEC injured

cells( x+s n=6)

ABas3s / / mRNA
pmol L™ mgemL"! GLUTI LRP1 RAGE
- - 1. 00+0. 00 1. 00+0. 00 1. 00+0. 00
40 - 0. 54+0. 08" 0. 470. 05" 1.52+0. 11"
40 0.25 0.58+0. 15 0.43+0.05 1.59+0. 33
40 0.5 0.79+0. 10° 0. 62x0. 042 1.12+0. 18%
40 1 0.98=+0. 16% 0.72+0. 119 1. 04+0. 07
) p<0.01; 2 P<0.05 ¥ P<0.01 ¥ P<0.001.
3.7 HBMEC LRP1 RAGE race [N oo e O
Western blot LRI ———— 5 kD2
24 h GAPDH — - ——— 36 kDa
LRP1 RAGE A S
3, “ EmLRP1
3.8 ABosss HBMEC  LRPI L A
RAGE E
2 h ABs s 22 ho Wes— b
tern blot ( ABasss
40 ;Lmol'L']) LRP1 (P<0.01) v
A B C D P A B C D
RAGE ( P<0.05);
A. ; B. ; C.
LRP1 ( P<0.01) D
RAGE ( P<0.05) 4, 3 HBMEC LRPI  RAGE
4 . e . .
Fig.3 Effect of water extract of Sijunzi Decoction on the protein
( AD) expression of RAGE and LRP1 in normal HBMEC
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Fig.4 Effect of water extract of Sijunzi Decoction on the protein 27
expression of LRP1 RAGE in AB,;ss-induced HBMEC injured
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3 STORCK S E  MEISTER S NAHRATH ] et al. Endothelial
BBB LRP1 transports amyloid4%( 1-42) across the blood-brain barrier
J . J Clin Invest 2016 126(1):123.
“ . WINKLER E A % 4 J
5 ZHANG L. LIM ZHAN L B et al. Plasma metabolomic profi—
B ling of patients with diabetes-associated cognitive decline J .
° ABas s PLoS ONE 2015 10(5) : €0126952.
HBMEC 6 ZHUL ZHANG L ZHAN L et al. The effects of Zibu Piyin
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