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[Abstract] Objective: To investigate the effect and mechanism of Guilu Erxiangao on Alzheimer's
disease (AD) model rats induced by hydrocortisone and amyloid 3-protein(AB) based on the theory of kidney-
brain correlation. Method: Intraperitoneal injection of hydrocortisone and intracerebroventricular injection of
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AB were performed to induce AD in rats, and different concentrations of Guilu Erxiangao were used for
intervention. The indexes of hippocampus, kidney and adrenal gland were measured, and the spatial learning and
memory ability of AD rats was observed by Morris water maze experiment. The levels of testosterone (T) and
corticosterone (CORT) in serum samples were determined by enzyme-linked immunosorbent assay (ELISA).
Liquid chromatography-mass spectrometry (LC-MS) was used to collect and analyze the serum metabolic data
of model rats. The active components and corresponding targets of Guilu Erxiangao were collected using
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) , a
Bioinformatics Analysis Tool for Molecular mechANism of Traditional Chinese Medicine (BATMAN-TCM)
and Traditional Chinese Medicine Integrated Database (TCMID). GeneCards and Online Mendelian Inheritance
in Man (OMIM) were retrieved to obtain AD-related targets, and protein-protein interaction (PPI) network was
constructed to perform gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis. The expression level of interleukin-6 (1L-6) in the hippocampus of rats was detected by
Western blot. Result: Compared with the model group, the low-, medium- and high-dose groups of Guilu
Erxiangao exhibited significantly increased hippocampus index, kidney index and adrenal gland index, reduced
CORT levels in serum and down-regulated IL-6 levels in hippocampal tissues. According to the results of water
maze experiment, as compared with the model group, the platform crossing times of rats was significantly
increased in the low- and high-dose groups of Guilu Erxiangao, with evidently prolonged distance traveled in
quadrant I (%) and time in quadrant Il (% ). A total of 24 serum differential metabolites associated with AD
were identified by LC-MS, and 50 high-frequency common compounds and 187 high-frequency common targets
for AD treatment were screened by network pharmacology method. Results demonstrated phosphatidylinositol 3-
kinases(PI3K)/protein kinase B( Akt) signaling pathway plays an important role in the complex AD pathological
mechanism. Conclusion: Guilu Erxiangao can significantly improve the cognitive dysfunction of AD model rats
induced by hydrocortisone and AB, reduce serum CORT levels and IL-6 levels in hippocampal tissues, and
regulate the metabolic level, which provides a reference for its clinical application.

[ Keywords] kidney-brain correlation; Guilu Erxiangao; Alzheimer's disease; metabolomics; network
pharmacology
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F1 BAEZUEXAD X RAERIEHMZM (Xx£s,n=10)
Table 1 Effect of Guilu Erxiangao on organ index in AD model rats (x+s,n=10)
25 4 Fl /g kg™ S35 5% 5 I FE % 5 L RS
S 50.611+4.524 6.291+0.345 0.169+0.012
R ZH 45.633+3.714Y 5.785+0.295Y 0.152+0.025%
BFA A 50.845+1.710% 6.375+0.409% 0.174+0.039%
FORE A RN 2 2.25 48.541+2.707 6.405+0.316" 0.161+0.031
o AR R R R A 45 50.991+1.651% 6.646+0.383" 0.158+0.017
B R v ) A 9.0 51.719+3.862Y 6.489+0.306" 0.227+0.032"

TE 52 4 8 Y P<0.05,2P<0.01; S5 B 41 [ 4% ¥ P<0.05,%P<0.01(% 2 .3 3[F)

®2 AEZWENADKBRMKEELR (X+5,n=10)

Table 2 Morris water maze experiment of of Guilu Erxiangao in AD model rats (x+s,n=10)

4151 FAEig-kg™ o P B AU I 4 BR % 1 5 R i 17 /9%
2 H4l 3.250+1.500 37.809£2.115 40.590+4.150
R4 1.000+1.414% 33.004+1.804" 32.997+3.119Y
BT AR 3.333+1.154% 38.995+3.367% 38.611+1.796
e A AR 5 4 2H 2.25 3.250+0.500" 42.285+5.988* 44.118+6.445"
o A ) 2 45 2.333+0.577 37.298+3.472 37.630+2.784
o A e ) A 2 9.0 3.333+0.577% 41.083+6.250" 42.778+7.081%

TE = 1F 3052 B0 I 5 21 A B0 Uk 2952 P b o R R AT ARSR R B 1
SR BRI vk L
B 1 fE_E ADXRE KESEHE
Fig. 1 Rats Morris water maze track of Guilu Erxiangao in AD

model rats
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*3 RABEZIWENAD ARBFEHZEAKE (X+s5,n=10)
Table 3 Results of serum hormone levels of Guilu Erxiangao in AD model rats (X+s,n=10)
20 5 M k/g-kg™ CORT/pg-L™ T/pg-L?
] 421.454+100.484 9.135+1.019
R 4] 657.958+82.578% 7.521+0.210Y
BF A4l 574.081+52.967 9.344+0.342%
e Al g 2.25 495.734+83.244Y 7.678+0.638
o A bR R Al 4.5 451.204+60.4329 8.058+0.945
B A s R 9.0 402.877+87.800" 7.806+1.875
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x4 BEZWFRTADHEXNERRIEY
Table 4 Differential metabolites related to the treatment of AD with Guilu Erxiangao

. 2% 5484k
P Z 5y
Nvs.C Cvs. H
1 IF IR It erucamide 1 -
2 T K T 395 5 A% palmitoy! sphingomyelin 1 1
3 UR-144 N-53£ 2514 UR-144 N-heptyl analog 1 1
4 fish J¥ie — Y 1% I sulfamethazine il 1
5 a- WV JFK 2 a-linolenic acid 1 l
6 1 % H 3 1-linoleoyl glycerol 1 -
7 2-% L -N,N- "2 3 Z Bt i 5 2 2-amino-N, N-diethylacetamide ! 1
8 M1 1k JHz oleamide ! 1
9 i 2 + & dodecyl sulfate ! _
10 2-53-1,3,4-+ )\ b = 2-amino-1, 3, 4-octadecanetriol 1 -
11 9-fil§ K7 iR 9-nitrooleate 1 -
12 N8-Z. it 5 44 12 N8-acetylspermidine ! -
13 3K 55 betaine ! 1
14 B E R flavin mononucleotide (FMN) - 1
15 R I urocanic acid ! !
16 N, N-— 5 3 2l N, N-diisopropylethylamine (DIPEA) l -
17 1-FA 3 -L-#[ & R 1-methylhistidine ! 1
18 2-3ih Bt H i 2-linoleoyl glycerol 1 _
19 JE A choline ! -
20 + SR BE Mz hexadecanamide - 1
21 JR T2 urocanic acid - !
22 WL(E ) % creatine 1 -
23 AHE cholic acid 1 -
24 2-$2 37K £, 1% 2-hydroxyphenylacetic acid ! -
e T RS B L AR 2R S R NS AL BRI s HL U R A T N B
I 2 2
d [ i NN-ZRAEZEE 1 R e — P l 1
- TAREE 0 1l
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. LBER I AT a4l
I = - LRERTR I C
= , a-PE-DLAIEE i
= UR-144 N-BEE 254008 13 L-
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Fig. 4 Heat map of metabolic differences of different group
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®5 ABE_WERTADXZERR
Table 5 Guilu Erxiangao to treat AD intersection gene

75 FE
1 i Z R 3R Pt Ak A 1 (PTGS1)
2 HA I R N ALY 5 2 (PTGS2)
3 WL R 2 1K (gamma RXRG)
4 NIRF A E H(NCOA2)
5 — A A G (NOS2)
6 MR Z AR (AR)
7 1o S A 0y G 1 40 TG A2 1 (y PPARG)
8 22 IR E M 1 (PRSS1)
9 2 Z /K (PGR)

10 A9 R 2Z /& M1 (CHRM1)

*6 RE_MFATADMXBESER
Table 6 Key signaling pathway in the treatment of AD with Guilu

Erxiangao

% ID 5 4 B P B4

hsa05417 g J5 F1 5 Jjk ok A: £ £k 2.17x107 40
hsa05418 i 14 55 1) 17 3 1 2 Jok 35 5 Ak
hsa05167 -5 i P4 [A) 3 AH I8 92 i i R e
hsa05161 &, BT %

hsa05163 A2 i 41 Jifd o 2 Jk

hsa04010 #£ %4 Jii i 1k 8 11 I (MAPK)

5.58x10% 32
2.55x10% 32
1.25x10°% 31
2.75x10" 31
3.62x10™ 30

hsa04151 W JIR ME/ULES 3-34 MG (PIK) /AR 1 4.34x10™ 30
AT B(AK) {55 1 %

hsa04933  #f# fR % I & JE T ) AGE/RAGE  7.87x107%° 29
{7 55 3 fi%

hsa05022 2 Fi i 3R 471 952 9 119 3 [t 5.96x107 28
hsa05160 7471 fiT 4

hsa05169 EB J 7 /&

hsa05166 A2 T 4l ffd 1 1 g 7 1 /g e
hsa04668 g R SE R ¥ (TNF) 5 53t #%

hsa04657 IL-17 15538 %

1.31x107% 26
6.90x10™ 26
4.78x10™ 26
2.74x10™"° 25
4.90x10%° 24

hsa05215 i} 41l i Jiri 1.10x107% 24

R7 BBR_UBXMADAKREBESHEAREAKFHHM (Xts,
n=10)
Table 7 Effect of Guilu Erxiangao on protein expression level in

hippocampus of AD model rats (X+s,n=10)

S| Fl /g kg™t IL-6/B-actin
Sk 0.51+0.10
A 70 2 1.67£0.20?
R AR H 0.82+0.11%
L RE AR 4 2 2.25 1.6620.16
o AN TP 2 45 0.84+0.15%
o A e ) 2 9 0.44+0.10%

IL-6 bﬂ - oo- ‘, - FZSkDa.

J-actin - - s SR -’ 45 kDa
A B Lo} D E F

5 RE_WEMNADAKRBIHEARILAEKEK

Fig. 5 Electrophoresis of Guilu Erxiangao on protein expression

level in hippocampus of AD model rats
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