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Abstract: Based on dehydrogenation of monocrotaline-induced Beagle dog model of pulmonary hypertension
(PH), GC-TOF-MS metabolomics technique was used to identify potential biomarkers and biologically significant
changes in the serum. Pattern recognition method was used for processing metabolomics data to compare PH
Beagle dogs (n=11) versus healthy controls (n=8). The results show that 514 compounds were detected in the
serum. The profiles of PH models and healthy controls can be distinguished clearly, indicating that there are
significant differences in the metabolic profiles. Data analysis revealed 15 types of potential biomarkers, including
amino acids glycine and 3-cyanoalanine, glucose, fructose, 1-monopalmitic acid glycerin, and malic acid. Diversified
metabolites and their metabolic pathways have been analyzed. We found that different degrees of turbulence and
disorganization occurred in glyoxylate and dicarboxylate metabolism, TCA cycle, starch and sucrose metabolism
pathways in the Beagle dogs. A soluble guanylate cyclase activator, 4,6-diamino-2-[1- (3-fluorothiophen-2-yl)
methyl-1H-pyrazolo[3, 4-b]pyridin-3-ylI] -5-pyrimidinyl-N-methyl methyl carbamate (sGC003), was administered
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(n=15) for comparison with the model and the control. We found that three groups were clearly clustered, indicating
that there were differences in the three groups of metabolites. ANOVA statistical analysis results suggested that
sGCO003 exhibited pharmacodynamic effect, and at the same time, it also changed the endogenous metabolites to
some extent. This study laid a foundation for the application of metabolomics in early diagnosis of pulmonary
hypertension and provided experimental evidence for the application of sGC003 compound. In this study, the
program of animal testing had been approved by Committee on the management of experimental animal in the
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Table 1  Mean pressure of pulmonary artery (mPAP) and RVI
levels of group C, M and MHM. RVI: Right ventricular index; C:
Control group; M: Pulmonary hypertension model group; MHM:
Model group given high dose sGC003 compound (4,6-diamino-2-
[1-(3-fluorothiophen-2-yl)methyl-1H-pyrazolo[3,4-b]pyridin-3-yl]-
5-pyrimidinyl-N-methyl methyl carbamate)

Index Group C Group M Group MHM
Systolic Bp/mm 29.81+575 6045+11.65 30.08+7.13
Diastolic Bp/mmHg ~ 11.47+4.70 30.30+14.68  9.16 +5.58
mPAP/mmHg 2049+215 4328+9.01 18.88+5.01
RVI/L-min*-m? 0.29+0.01  0.33+0.02 0.31+0.01
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Figure 1 PCA scatter plot of serum metabolites among QC, C,
M, MHM groups in GC-TOF-MS. QC: Quality control
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Figure 2 OPLS-DA score plots (A) of serum metabolites and permutation test plots (B) for OPLS-DA model validation between C and M

groups in GC-TOF-MS

Table 2 Identification and trends of potential biomarkers. 2Potential biomarkers in GC-TOF-MS;  Change trends of potential biomarkers
in M compares with C groups. The levels of potential biomarkers were marked with ( | ) down-regulated or (1) up-regulated
No? te/min m/z Metabolite VIP P-value M vs CP Fold change
1 5.87 102 Glycine 1 191 0.020 ! 0.71
2 5.93 191 Oxalic acid 1.49 0.024 ! 0.55
3 6.15 147 3-Hydroxybutyric acid 1.38 0.014 ! 0.43
4 6.99 299 Phosphate 2.38 0.001 1 1.30
5 7.61 117 Pelargonic acid 1.52 0.050 ! 0.98
6 7.67 152 3-Cyanoalanine 1.37 0.006 ! 0.56
7 7.76 240 Resorcinol 1.66 0.042 ! 0.97
8 8.40 73 L-Malic acid 1.63 0.029 ! 0.90
9 9.93 205 Fucose 2 1.73 0.025 ! 0.97
10 10.88 103 Glucose 2 2.00 0.018 1 1.30
1 12.16 144 Thioctamide 1 1.80 0.009 } 0.64
12 12.28 227 Fructose 2,6-biphosphate 191 0.025 ! 0.92
13 13.85 147 1-Monopalmitin 1.59 0.031 ! 0.54
14 14.56 193 Maltose 1.69 0.023 ! 0.59
15 15.84 243 2'-Deoxyadenosine-5'-monophosphate 1.90 0.044 | 0.42
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Table 3 Endogenous serum metabolites of C, M, MHM groups in GC-TOF-MS. Meanx10-. "P<0.05 vs C

No Metabolite Mean C (n=8) Mean M (n=11) Mean MHM (n=15)
1 Glucose 1898.85 + 235.55 1633.23 +181.95" 1782.20 + 208.20
2 Fructose 2,6-biphosphate 10.47 +3.23 7.29 £2.07" 942+ 161
3 Maltose 234+£1.78 0.58 +£0.11" 0.94 +0.17
4 D-Arabitol 49.12 +41.13 57.36 £ 43.64 15.28 £ 13.05
5 1-Monopalmitin 3.40£0.98 1.91+1.48" 2.12 +£1.36
6 Arachidic acid 5.55+2.43 3.97 £3.02 1.23+3.13"
7 Hexadecane 1.69 + 4.45 6.35+6.31 8.70 +8.11"
8 Glycine 289.21 + 115.36 169.31 + 77.67 137.08 + 87.78"
9 N-Ethylmaleamic acid 2.11+0.35 1.07 £ 0.84" 1.52 +0.87
10 Norvaline 0.57+£0.34 0.78 £0.13 0.81+0.13"
11 Thymidine 14.52 + 3.62 10.06 +5.14" 14.27 £4.13
12 Phosphate 2098.68 + 207.68 1764.25 + 115.84" 1810.48 + 201.5"
13 Citraconic acid 6.26 £ 0.88 5.57+0.91 497 +0.81"
14 Glutaric acid 0.77 £0.39 0.43+0.43 0.240 +0.38"
. FIEH KT, #2785 sGC003 1h & %t PH A5 7L 2 (LA AR
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Figure 3 Metabolomic pathway analysis overview with Metabo-
Analyst 4.0
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