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ABSTRACT

KEY WORDS

Objective: Coronary heart disease (CHD) is a serious threat to human health because of its
high morbidity. It is very urgent to study the pathogenesis of CHD and the effective drug
target. The purpose of this paper is using the 'H-nuclear magnetic resonance spectroscopy
('H-NMR) metabolomics technology to establish the metabolic fingerprint and find the
potential biomarker metabolites of CHD with blood-stasis syndrome and phlegm
syndrome, and to reveal the metabolic mechanism of Xuefu Zhuyu Decoction for the
treatment of CHD with blood stasis syndrome.

Methods: The plasma samples of 69 patients with CHD blood-stasis syndrome, 60 patients
with CHD phlegm syndrome, and 40 healthy volunteers were collected in this study. Based
on the 'H-NMR metabolomics technology, the metabolic fingerprint of CHD with blood-
stasis syndrome and phlegm syndrome was established. Multivariate statistical analysis
methods including principal component analysis (PCA) and orthogonal partial least
squares-discriminant analysis (OPLS-DA) were used to find the potential biomarker
metabolites of CHD with blood-stasis syndrome and phlegm syndrome. Xuefu Zhuyu
Decoction was used to randomly selected blood-stasis syndrome patient. The plasma
samples of pre-treatment and post-treatment were collected. 'H-NMR and multivariate
statistical analysis were used to analyze the changes of metabolites in patients with CHD
blood-stasis syndrome before and after Xuefu Zhuyu Decoction treatment.

Results: A total of 15 potential biomarkers were identified in the plasma of patients with
CHD blood-stasis syndrome, including 3-hydroxybutyrate (3-HB), lactate, alanine,
glutamate, glutamine, pyruvate, phosphatidylcholine (PC), glycerylphosphorylcholine
(GPC), glycine, glucose, phenylalanine, citrate, tyrosine, formate, very low density
lipoprotein (VLDL). The levels of glucose, 3-HB, and VLDL increased, while the levels of
other 12 metabolites decreased. A total of 16 potential biomarkers were identified in the
plasma of patients with CHD phlegm syndrome, including valine, lactate, alanine, N-acetyl-
B-glucosaminidase (NAG), glutamate, glutamine, pyruvate, creatine, choline, glycine, glucose,
phenylalanine, citrate, histidine, tyrosine, and formate. The levels of glucose and choline
increased, while the levels of other 12 metabolites decreased. After treatment with Xuefu
Zhuyu Decoction, the levels of choline, phospholipids/glycerolipids, creatine, lipids, and
citrate increased, while the level of lactate decreased in patients with CHD blood-stasis
syndrome.

Conclusion: 'H-NMR combined with multivariate statistical method could effectively
establish the diagnostic model for CHD blood-stasis syndrome and CHD phlegm
syndrome, and find the metabolites related to the syndrome type. The metabolic mechanism
of Xuefu Zhuyu Decoction on CHD blood-stasis syndrome may be associated with

regulation of lipid metabolism and energy metabolism.

coronary heart disease blood-stasis syndrome; coronary heart disease phlegm syndrome;

metabolomics; 'H-nuclear magnetic resonance spectroscopy; Xuefu Zhuyu Decoction
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Figure 1 Typical spectra of plasma samples in the group of coronary heart disease blood-stasis syndrome, the group of

coronary heart disease phlegm syndrome, and the group of control

B: Coronary heart disease with blood-stasis syndrome; P: Coronary heart disease with phlegm syndrome; C: Control; 3-HB: 3-
hydroxybutyrate; NAG: N-acetyl-glycoprotein; OAG: O-acetyl-glycoprotein; PC: Phosphorycholine; GPC: Glycerophosphorycholine;
L1: LDL, CH3-(CH2)n-; L2: VLDL, CH3-(CH2)n—; L3: LDL, CH3-(CH2)n~; L4: VLDL, CH3-(CH2)n—; L5: VLDL, -CH2-
CH2-C=0; L6: Lipids, -CH2-CH=CH-; L7: Lipids, -CH2-C=0; L8: Lipids, =CH-CH2-CH=; L9: Lipids, -CH=CH-.
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Figure 2 Three-dimensional scatter score map of PCA in
the group of coronary heart disease blood-stasis syndrome ,
the group of coronary heart disease phlegm syndrome, and
the group of control

B: Coronary heart disease with blood-stasis syndrome; P:

Coronary heart disease with phlegm syndrome; C: Control
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Figure 3 OPLS-DA score plots (A) and correlation coefficient load diagram (B) of the group of coronary heart disease blood-

stasis syndrome and the group of control

C: Control; B: Coronary heart disease with blood-stasis syndrome.

x1 AEEFREHMEEEXRY

Table 1 Differential metabolites and correlation coefficients between groups

Metabolic substance Chemical shift -

PvsC BvsC
Valine 0.99(d), 1.04(d) -0.554
3-HB 1.20(d) 0.395
Lactate 1.32(d), 4.11(q) -0.600 -0.649
Alanine 1.48(d) -0.544 -0.389
NAG 2.03(s) -0.376
Glutamate 2.06(m), 2.35(m) -0.727 -0.779
Glutamine 2.13(m), 2.46(m) -0.794 -0.779
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p
Metabolic substance Chemical shift
PvsC BvsC
Pyruvate 2.37(s) -0.492 -0.440
Creatine 3.03(s), 3.94(s) -0.523
Choline 3.20(s) 0.410
PC 3.22(s) -0.339
GPC 3.22(s) -0.339
Glycine 3.56(s) -0.580 -0.650
Glucose 3.42(t), 3.54(dd), 3.71(t), 3.73(m), 3.84(m), 3.25(dd), 3.41(t), 0.327 0.327
3.46(m), 3.49(t), 3.90(dd), 4.65(d), 5.23(d)
Phenylalanine 7.32(d), 7.37(t), 7.42(dd) -0.818 -0.627
Citrate 2.53(d), 2.64(d) -0.933 -0.920
Histidine 7.06(s), 7.78(s) —-0.358
Tyrosine 6.90(d), 7.19(d) -0.707 -0.505
Formate 8.45(s) -0.431 -0.345
L2: VLDL, CH3—-(CH2)n- 0.88(m) 0.373
P: LML B: OMILBNEL; C: XHRLL
: ](JI x50 Gllc Cho ) 0.8
40 \ , il v,\J‘L\“u,k,.‘l-".h‘\_,“@..-’_-_..._.w i __N/‘L___,, 1M o6
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Figure 4 OPLS-DA score plots (A) and correlation coefficient load diagram (B) of the group of coronary heart disease

phlegm syndrome and the group of control

C: Control; P: Coronary heart disease with phlegm syndrome.
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Figure 5 Three-dimensional scatter score map of PCA
before and after Xuefu Zhuyu Decoction treatment for

coronary heart disease blood-stasis syndrome
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Table 2 Hemorheological evaluation of clinical effect of Xuefu Zhuyu Decoction on coronary heart disease blood-stasis syn-

drome
Whole blood viscosity/(m-Pa™-S™) o o o
Group - Plasma viscosity/(m-Pa'-S™)  Erythrocyte aggregation index
High shear Low shear
Before treatment 4.11+£0.38 7.78+0.39 2.34+0.78 4.63+0.70
After treatment 3.34+0.45% 6.38+0.20* 1.51£0.24* 4.17+0.67*
*P<0.05,
1 Before treatment 0.8
o After treatment x16 PC/GPC.E '
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Figure 6 OPLS-DA score plots (A) and correlation coefficient load diagram (B) before and after Xuefu Zhuyu Decoction

treatment of coronary heart disease blood-stasis syndrome
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Table 3  Differential metabolites and correlation

coefficients before and after Xuefu Zhuyu Decoction

treatment
Metabolic substance Chemical shift r
Lactate 1.33(d), 4,12(q) -0.429
Citrate 2.52(d), 2.64(d) 0.664
Lipids(=CH-CH2-CH=) 2.74(s) 0.391
Creatine 3.03(s) 0.467
Choline 3.18(s) 0.461
PC/GPC 3.20(s) 0.348
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To Lo LB UE A7 1 ) PC FT GPC /K -F- B
TR, 1 PCFI GPC 2R 1Y F L iR 5y, EEH
AL AR M BB 454, DR Tk 20 Jf 5 ) B8 A0 A Gt Y
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TUTIE B85 AR B K oA B A AL Y R A N R SR L R
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