- 1452 - 2% %R Acta Pharmaceutica Sinica 2022, 57(5): 1452 -1458

ET'H NMRRIHEZF &7 FRHESARN R WEREE B L S

EXEEDRETR

ERAL MEEL A HL AR TERL HEE BREN

(L. R EEZ K255, (LR 5F R 250355; 2. “FIE M ARERE, Ih7R F 5 266700; 3. W7 P EZ K90
Fly, AR B 250355; 4. LR 4 s 2 SE A 0 B AU =, ILZR R 250355; 5. L AR R 2K HUE A
PR 2G4 IR H M SLIR =, LR B RS 250355)

FHE: ARSI B 7E R SR R 52 R oy B 05 1%, A0 M 3 B R ot 11 e s ol P K RO 2R 4 P D
R K12 R R m R KRB AR AR5 2540, F2l 6 R, 6 R WKY K BRUAE st 4 .
SR H 4 T 0.3 mg-kgt (1 8 R RA T, X IR AR R & HN % TR EAEESK. I gd bR
25 RS A A L B (45 SDUTCM20210721002). 4 45: 45 24 8 J& J5 B &4 K R e L 4 44, SR HI*H
NMR 7792 45 & 18 2R BRI 40 M1 3 41K S T 4148, 53R 25 S MEACU = 40 40 M AR S A 1T 1, 3 i ot 5 3
IR 5 35 [R 20 Rk 4 1 00 12 A 30 22 S AR T I A S L 0, o S A R A5 A2 0 BB A 4 T S B B AR R AT X B B
F R T KA B s AN T A R R, S A . LRI 7 A2 R AU, XA ) F
K EIRACH A B R . o PR AR R U SIS O MACE Q4R A S RF. IR RS IR, B
TR B 2 1) % i e K RV T 4 4 A AN 8 S R A R

IR L AL o T B TR R D

FE 525 RIL7 RRFRINED: A Y E S 0513-4870(2022)05-1452-07

Effects of isornyncophylline on hippocampal metabolism using
‘H NMR-based metabolomics combined with molecular docking
analysis

WANG Guan-jie', ZHENG Hai-tao?, DU Zhen', YANG Wen-jie', WANG Yue-chen’,
JIANG Hai-giang***, TIAN Zhen-hua®**"

(1. School of Pharmaceutical Sciences, Shandong University of Traditional Chinese Medicine, Jinan 250355, China;

2. Pingdu People's Hospital, Qingdao 266700, China; 3. Experimental Center, Shandong University of Traditional
Chinese Medicine, Jinan 250355, China; 4. Shandong Provincial Key Laboratory of Traditional Chinese Medicine for
Basic Research, Jinan 250355, China; 5. Key Laboratory of Traditional Chinese Medicine Classical Theory, Ministry

of Education, Shandong University of Traditional Chinese Medicine, Jinan 250355, China)

Abstract: The purpose of this study was to investigate the effect of isorhyncophylline on hippocampal
endogenous metabolites in spontaneously hypertensive rats (SHR) by 'H NMR metabolomics and molecular
docking. Twelve SHR were randomly divided into a model group and a treatment group. Six Wistar-Kyoto rats
were selected as a control group. The rats in the treatment group were administered isorhyncophylline (0.3 mg-kg™)
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while the rats in the other two groups were treated with the same amount of sterilized saline solution. Animal
experiment was authorized by the Ethics Committee of Shandong University of Traditional Chinese Medicine
(No. SDUTCM20210721002). Hippocampal tissues were removed after administration for 8 weeks and assayed
by ‘H NMR based metabolomics technology combined with a pattern recognition method to find characteristic
metabolites, and the metabolic targets were retrieved from the Kyoto Encyclopedia of Genes and Genomes
database. Molecular docking technology was used to evaluate binding of isorhyncophylline to the core targets. The
results of a principal components analysis (PCA) and partial least squares discriminant analysis (PLS-DA) showed
a clear cluster of samples among three groups. There were seven differentially altered metabolites, and glucose
metabolism and glutamate metabolism were the principal related pathways. Molecular docking indicated that
isorhyncophylline had good binding properties with nine key candidate target proteins. According to the above
research results, isorhyncophylline can influence energy metabolism and glutamate metabolism in the hippocampus.
Key words: hypertension; metabolomics; molecular docking; isorhyncophylline; hippocampus
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Figure 1  The systolic blood pressure of rats before and after
8 weeks intervention. A: before intervention; B: After 8 weeks
intervention. The rats in treatment group were administered with
isorhyncophylline (0.3 mg-kg™) while the rats in other two groups
were treated with the same amount of sterilized saline solution.

P < 0.05, P < 0.01 vs the model group
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Table 1  Metabolites found in *H NMR analysis of hippocampus

extract
No. Metabolite Chemical shift/ppm
1 Leucine®®! 0.92 (d), 0.94 (d)
2 Valine® 0.99 (d)
3 Lactate®*! 1.25 (d), 4.08 (q)
4 Alanine®®?! 1.42 (d)
5  Lysine®2! 1.45 (m)
6  y-Aminobutyric acid®#?1  1.84 (m), 2.30 (t), 2.95 (t)
7 Acetate™? 1.86 (s)
8  N-Acetyl-aspartate® 2! 1.95 (s)
9  Glutamate®21 1.99 (m), 2.07 (m), 2.23 (m)
10  Glutamine®%! 2.29 (m)
11 Aspartate®?2 2.64 (dd), 2.77 (dd)
12 Creatine®?! 2.97 (s), 3.86 (s)
13 Choline®®?! 3.14 (s)
14 Taurine®# 221 3.36 (1)
15  Glucose®®*" 3.46 (dd), 3.69 (m)
16 Glycine®*1 3.50 (s)
17 Myo-inositol®?! 3.45 (dd), 3.99 (1)
18 Adenosine monophosphate/  6.03 (d), 8.19 (s)
adenosine diphosphatef®?4
19 Histidine 1 7.60 (s)
20 Inosinel®! 8.28 (s)
21  Formatel??22! 8.39 (s)
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Figure 2 Principal components analysis (A) and partial least

squares discriminant analysis (B) score plots of hippocampus
tissues metabolites from the control group, model group and
treatment group
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Figure 3 The permutation test for PLS-DA model
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Figure 4 The change trends of differential metabolites among
three groups. 1: Control group; 2: Model group; 3: Treatment
group. A: Lactate; B: Alanine; C: Glutamate; D: Glutamine; E:
Creatine; F: Taurine; G: Glucose. “"P < 0.01 vs model group
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Figure 5 Metabolic pathway analysis of the altered metabolic

network generated by MetaboAnalyst solftware. 1: Alanine, aspar-

tate and glutamate metabolism; 2: Glutamine and glutamate metab-

olism; 3: Taurine and hypotaurine metabolism; 4: Arginine biosyn-

thesis; 5: Arginine and proline metabolism
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Figure 6 The metabolic network of the altered biomarkers in
three groups. Red markers represented target proteins which was
performed by docking verification. GLAST-1: Glutamate-aspartate
transporter-1; GLT-1: Glutamate transporter-1; GDH: Glutamate
dehydrogenase; GOGAT: Glutamate synthase; GLUOX: Gluta-
mate oxidase; AGPE: Glucose-1-phosphatase; GLUT-1: Glucose
transporter-1; PKM: Pyruvate kinase M; LDH: Lactate dehydroge-
nase
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Figure 7 The molecule docking model of isorhynchophylline
and target proteins. A: Isorhynchophylline and GLAST-1; B: Iso-
rhynchophylline and GLT-1; C: Isorhynchophylline and GDH; D:
Isorhynchophylline and GOGAT; E: Isorhynchophylline and
GLUOX; F: Isorhynchophylline and AGPE; G: Isorhynchophyl-
line and GLUT-1; H: Isorhynchophylline and PKM; I: Isorhyncho-
phylline and LDH

Table 2 The molecule docking result of isorhynchophylline and
target proteins

Target PDB ID Affinity/kJ-mol™
GLAST-1 5MJU -6.86
GLT-1 1XFH -6.12
GDH 5GP4 -6.42
GOGAT 1EAQ -6.70
GLUOX 7TEOC —-7.58
AGPE 6RMR -6.52
GLUT-1 5EQG -9.04
PKM 6B6U -6.84
LDH 4PLZ -7.38
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