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Fig.1 Typical '"H NMR spectra of serum from hyperthyroidism(a) and healthy(b) individuals
NAC1, NAC2: N-acetyl glycoprotein signals.
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Fig.2 Score(A) and loading(B) plots of 'H NMR spectra of serum from healthy( o)
and hyperthyroidism( v) groups
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Table 1 Bins with greater contribution to group distinct and their corresponding potential metabolites ~

Index of bins "H NMR, & Potential metabolite Change Index of bins "H NMR, 6 Pntenti.al Change
metabolite
190—193 0.84—0.93  Lipid, Cholesterin, VLDL, LDL Ll 115 2.36 Pyruvate )
168 1.33 Lactate li 71—72 3.21 Choline 1
160 1. 46 Alanine ! 62—70 3.24—3.40 Glucose 1
130—132  2.02—2.06 Glycoprotein 1 24—25 4.12—4. 14 Lactate L

s Abbreviations and keys: 1 : detectable elevation from control levels; |+ detectable reduction from the control levels; || : obviously

reduction form control levels.
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2.3 BITRERBH 'H NMR 5347

3 2 TR MR A PRI A MR 'H NMR 35 E. &3 dbr i 7 — 208 DL Ay, gl i
(Lactate, 8 1.33) ., TN&MR ( Alanine, 8 1.46) | ¥ ( Citrate, 8 2. 56, 2.72) . —H I ( Dimethylamine
DMA, 82.73) , JLABRT ( Creatinine, § 3.03, 4.05) , JLZJ ( Creatine, 6 3.02, 3.92) , A = H i
(TMAO, & 3.27) . H& MR (Glycine, & 3.57) . %M (Glucose, 8 3.2 ~4.0) . T JR R ( Hippurate,
87.73, 7. 64) M LEL (Formate, 6 8. 44) 5.
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Fig.3 Typical '"H NMR spectra of urine from hyperthyroidism(A) and healthy(B) individuals
TMAO: Trimethyl-N-oxide; DMA: dimethylamine; DMG: dimethylglycine.
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Fig.4 Scores(A) and loading(B) plots of urine samples from healthy( @) and hyperthyroidism( v) groups
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Table 2 Bins with greater contribution to group distinct and their corresponding potential marked metabolites *

Tndex of bins  'H NMR, Potential Change || Index of bins  'H NMR, & Potential Change
’ metabolite ’ metabolite
168 2.37 Pyruvate 1 127 3.57 Glycine "
166 2.39 Succinate L 113—126 3. 60—4. 00 Glucose N
155—160 2.62—2.77 Citrate " 108 4.12 Lactate !
144 3.03 Creatinine 1 44—45 7.50—7.85 Hippurate L
135—136 3.24—3.26 Taurine N 9 8. 44 Formate L
137 3.27 TMAO 1

s Abbreviations and keys: 1 : detectable elevation from control levels; |+ detectable reduction from the control levels; 17 . obviously

elevation from control levels; | : obviously reduction form control levels.
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NMR-based Metabonomics Study on Serum and
Urine of Hyperthyroidism

WEI Yang-Yang'>, WANG Cai-Hong’, LI Wei*, DONG Ji-Yang’* , CHEN Zhong'”
(1. Department of Biomaterials, College of Materials, 2. Fujian Key Laboratory of Plasma and Magnetic Resonance,
Department of Physics, School of Physics and Mechanical & Electrical Engineering,
Xiamen University, Xiamen 361005, China;
3. Department of Endocrinology, Xiamen First Hospital, Xiamen University, Xiamen 361002, China )

Abstract Nuclear magnetic resonance (NMR) based metabonomics was applied to study the hyperthyroidism
by analyzing metabolic profiling of serum and urine. The purpose of this study is to determine an array of
characteristic metabolites in serum and urine samples from hyperthyroidism patients and then to interpret these
metabolites in possible metabolic pathway. Serum samples from 33 hyperthyroidism patients together with 17
healthy volunteers and urine samples from 53 hyperthyroidism patients with 58 healthy volunteers were collec-
ted. Differences in endogenous metabolites were detected on serum and urine samples from the hyperthyroidism
group and control group using multivariate statistical analysis. The results show that the hyperthyroidism group
has elevated levels of choline, glucose and declined levels of VLDL, LDL, cholesterol, lactate, glycoprotein
and alanine in serum samples relative to the healthy group. In urine samples, the hyperthyroidism group show
increased levels of glucose, citrate, taurine and creatinine as well as decreased levels of hippurate, trimethyl-
amine-N-oxide, formate and succinate. These results indicate that hyperthyroidism have not only disturbed the
carbohydrate metabolism, lipid metabolism and protein metabolism but also influenced energy metabolism,
hepatoenteral circulation and gut microflora and caused liver and kidney injury.

Keywords NMR-based metabonomics; Hyperthyroidism; Biofluid; Principle component analysis
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