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Analysis of the Characteristics of the Metabolic Network in Ankylosing
Spondylitis Patients with the Syndrome of Deficiency of Kidney and

Cold of Governor Vessel by Metabolomics Methods
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Abstract: Objective To investigate the possible relationship of syndrome of deficiency of kidney and cold of
governor vessel with the changes of internal metabolic network of ankylosing spondylitis (AS) patients by examining
the serum metabolic profile, exploring the distribution of syndrome manifestations, and detecting the
inflammatory indicator levels, so as to supply scientific evidence and material basis for the research of
modernization of traditional Chinese medicine (TCM) syndromes. Methods Twenty— five AS patients with the
syndrome of deficiency of kidney and cold of governor vessel served as the AS group, and 25 healthy volunteers
served as the control group. By using 1H nuclear magnetic resonance (1H-NMR) technique and by combining
with the methods of pattern recognition and multivariate statistical analysis, we analyzed the differences of plasma
metabolites in AS group and control group, investigated the distribution of TCM syndrome manifestations in the
two groups, and detected the levels of inflammatory indicators of erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP), interleukin—6 (IL-6), and tumor necrosis factor alpha (TNF-a ), so as to clarify the
metabolic characteristics and pathogenesis of AS patients with the syndrome of deficiency of kidney and cold of

eovernor vessel. Results (1) In respect of TCM syndrome manifestations in AS patients with the syndrome of
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deficiency of kidney and cold of governor vessel, AS group had higher occurrence rates of the primary symptoms of
lumbago and morning stiffness, and higher occurrence rates of the secondary symptoms such as aversion to cold,
cold limbs, slobbering at the night and abnormal stool than the control group, and the differences were
statistically significant (P < 0.05 or P <0.01). (2) In respect of the inflammatory indicators, AS group had higher
levels of CRP, ESR, IL-6 and TNF-a than the control group, and the differences were statistically significant
(P<0.05). (3) Based on metabolomics analysis, we screened out 19 metabolites, which involved 8 metabolic
pathways of tyrosine pathway, glycine — threonine metabolic pathway, phenylalanine pathway, ketone body
pathway, B—alanine pathway, pyruvate pathway, aminoacyl tRNA biosynthesis, glyoxylic acid and dibasic acid
pathways. Conclusion The pathogenesis of AS with the syndrome of deficiency of kidney and cold of governor
vessel may be related to the metabolic disturbances such as energy metabolism disorder, amino acid metabolism
disorder, lipid metabolism disorder and gastrointestinal flora disorder and immune disorders, which affect the
spleen—kidney functional axis in many ways and lead to the occurrence of the disease.

Keywords: ankylosing spondylitis; syndrome of deficiency of kidney and cold of governor vessel; 1H nuclear

magnetic resonance (1H-NMR); pathogenesis; spleen—kidney functional axis
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Table 2 Comparison of the levels of inflammatory indicators in the two groups (x+s)
251 P (1)) CRP(mg-L™") ESR(mm*h™) IL-6(ng-L™") TNF-a(ng- L")
TREMEE R (AS)H 25 22.56 +3.74" 35.00 £ 6.41" 45.50 £7.12% 13.80 + 3.15"
fatHEeH 25 7.89 = 2.69 14.00 +3.93 22.10 + 6.43 9.10 = 4.01
P <0.05 <0.05 <0.05 <0.05

DP<0.05, SHHEH

0% ASYl; R4 fEEFE4l, Hrb. 1L % EEEAMNER(HDL-C); 2. a2 ; 3.MEM; 4. 72M; 5. RNEMR;
6. lRALEY; 7. AERRE:; 8 N-LBHEH; 9. B —R; 10. HEMR; 11. ffiEmR; 12. fiERR; 13. DIRERLE; 14. 6

e

1 SEEMEFRK(AS)AMERAMNEFREH 1H-NMR 54 R
Figure 1 1H-NMR analysis results for the plasma metabolites in the AS group and healthy control group
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Figure 2 PCA analysis results for the plasma
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metabolites in the AS group and healthy control group
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Figure 3 PLS-DA graph of 1H-NMR analysis results for
the plasma metabolites in the AS group and healthy
control group
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Figure 4 OPLS-DA graph score plot(a) and loading plot(b) of 1H-NMR analysis results for the plasma metabolites in

the AS group and healthy control group
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Figure 5 Differences in the plasma metabolites in the
AS group and healthy control group
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Table 3 The differential metabolites and their variation

trend in the AS group and healthy control group
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Figure 6 Metabolic network analysis for the AS patients
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Figure 7 Analysis of the pathway of the metabolites in the AS patients with the syndrome of deficiency
of kidney and cold of governor vessel
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