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rat model of yin deficiency based on urine metabonomics
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Abstract: The Chinese herbal Radix Scrophulariae is the main medicine for nourishing yin and reducing fire.
It can be used to treat hyperthyroidism due to yin deficiency and fire hyperactivity, but its mechanism is not clear.
The present study was aimed to explore the mechanism of Radix Scrophulariae treatment of hyperthyroidism due
to yin deficiency and fire hyperactivity. The urine metabolomic approach was conducted using the method of
UPLC-TOF-MS. The results showed that Radix Scrophulariae has good therapeutic effects on hyperthyroidism
rat model of yin deficiency. After treatment with Radix Scrophulariae, through metabolic profiling and protocol
analysis, 6 potential metabolic markers may be closely related with the treatment mechanism of Radix Scrophu-
lariae on this disease, including proline betaine, estrone, thymidine, 5-hydroxyindoleacetic acid, cyclic AMP
and L-dopa. The strongest metabolic pathways were associated with tryptophan metabolism, pyrimidine
metabolism, tyrosine metabolism, purine metabolism and steroid hormone biosynthesis.  The urine metabolomic
approach can be applied to clarify the therapeutic mechanism of Radix Scrophulariae on hyperthyroidism rat of
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yin deficiency, and provide the theoretical basis for the clinical practice of Radix Scrophulariae on nourishing yin

to reduce pathogenic fire.

Key words: Radix Scrophulariae; hyperthyroidism rat model of yin deficiency; nourishing yin to reduce

pathogenic fire; metabonomics
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Figure 1 Based peak intensity chromatograms obtained from
the positive ion and negative ion of rat urine. A, D: Control
group; B, E: Model group; C, F: Radix Scrophulariae group
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Figure 2 Trajectory change diagram of the urine metabolic
phenotypes of rats at different time points following the admini-
stration of euthyrox. 0 m represents before administration; 1 m
represents the first day after administration; 3 m represents the
third day after administration; 5 m represents the fifth day after
administration; 7 m represents the seventh day after administra-
tion; 9 m represents the ninth day after administration; 11 m
represents the eleventh day after administration; 13 m represents
the thirteenth day after administration; 15 m represents the
fifteenth day after administration. The X axis is the score on
the first principa component; The Y axis is the score on the
second principal component

A Scores Comp[1] vs. Num vs. Comp[2]. colored by condition [l
LUF

600 35
Figure3 3D-PCA score plot among control group, model group and Radix Scrophulariae group. K represents control group, M represents
model group; Q or g represents Radix Scrophulariae group. The X axis is the score on the first principal component; The Y axis is the

score on the second principal component.
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A, C: Positiveion detection mode; B, D: Negative ion detection mode
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Figure4 S(A, B)and VIPscoreplots(C, D) of euthyrox on normal rat urine samples in positive and negative ion mode
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Figure 5 Heatmaps visualization for urine samples. Rows: Samples; columns: Metabolites. Color key indicates metabolite expression
value, blue: Lowest; red: Highest. K represents control group; R represents model group; U represents urine.
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Table 1 Potential biomarkers in urine samples from hyperthyroidism rat model of yin deficiency induced by euthyrox. U represents
urine.  "P<0.05, “P<0.01 vs control group. 1: Upregulation; |: Downregulation; HMDB ID represents HMDB number; Formula
represents the molecular formula of markers; Metabolites represents the name of markers, KEGG represents the corresponding pathway
number in KEGG

lons Trends Anova Max Fold
No. tr- NV, HMDB ID VIP F I Metabolit KEGG
© Rl mode ormuia onte (M/K) (p-value) Change
Ul  3.74 193.0754n HMDB11723 Pos 34334 CyHuNOs  2-Methylhippuric acid s 0.0268 14708 (C01586

U2 226 143.0952n HMDB04827 Pos 34334 C;HiNO;  Proline betaine ! 00392 13118 C10172
U3  4.06 202.1218n HMDB00792 Pos 29892 CioHiOs  Sebacic acid ! 00284 12762 C08277
U4  2.83 183.0913n HMDBO00068 Pos 1.2214 CeHiNOs  Epinephrine ! 00367 12189 (C00788
U5 198 188.1067n HMDB00784 Pos 14546 CoHyOs Azelaic acid 1 00127 11799 (C08261
U6 6774752484 miz HMDB02004 Pos 15513 CisHisN,O  5-Methoxydimethyltryptamine | 00342 17471 08309
!
1

U7  6.10.193.1242 m'z HMDBO00933 Pos 1.0653 CiH2004 Traumatic acid 0.0039 13541 C16308

us 10.46_190.0515 m’z HMDBO01553 Pos 15339 CsHgOsS 2-oxo-4-Methylthiobutanoic 0.000 2 85747 C01180
acid

U9 1024 616.3478 Mz HMDB02513 Pos 3.4654 CgHs09 Lithocholate 3-O-glucuronide l 0.0051 7.6794 (C03033
U10 0.87_226.0826 Mz HMDBI15122 Pos 11446 GCoHyisNsOs  Cytarabine U 0.0186 13368 (02961
Ull 295 192.0655 miz HMDBO00735 Pos 12111 CyHuNO,  Hydroxyphenylacetylglycine v 00153 12774 C0559%
Ul2 192 2751255 m/z  HMDBO00273 Pos 16647 CioH1aN,Os Thymidine T“ 0.000 1 1.7576 C00214
U13 114 2230225 miz HMDBO00192 Pos 1.0167 CgHiN,OsS, L-Cystine 1 00158 13647 C00491
Ul4 475 316.1794 mz HMDBO00699 Pos 13581 C7HgN,O" 1-Methylnicotinamide Tk 0.047 8 1.7244 C02918
U15 5.65 446.1934n HMDB04483 Neg 15969 CyHs0Os Estrone glucuronide 1 00431 17694 C11133
U16 2.29 218.1049n HMDB01238 Neg 1.1694 CyH1N,O, N-Acetylserotonin 1™ 00066 15341 C00978
Ul7 4.84 3351689 mz HMDBO06285 Neg 17714  CyoH03 4-oxo-Retinoic acid Tk 0.026 5 18491 C16678
U18 1.23 298.9665 miz HMDB11719 Neg 2.0734 GCoHyiO;S  Homovanillic acid sulfate 1™ 00014 21387 CO05582
U19 452 403.1145m/z  HMDB01892 Neg 27372 CpHgO; Menadione 1™ 00003 20681 CO05377
U20 4.38 397.1475 miz HMDB02802 Neg 26038 CyHe0s Cortisone 1 00211 19721 CO0762
U2l 4.28 4491923 m/iz HMDBO00764 Neg 3.1689 CoH100; Hydrocinnamic acid 1 00082 19449 C05629
U22 10.75563.3435 m'z HMDBO00759 Neg 1.0048 CgHsN,Os  Glycyl-L-leucine 7 00048 16596 CO02155
U23 10.19 4552456 m'z HMDB10331 Neg 13006 CyHa0O7 Palmitoyl glucuronide I 00001 29269 C03033
U24 10.06_796.5415 m/z HMDBO7911 Neg 35575 CsHgNOgP PC(14:1(92)/20:0) U 00102 15665 CO00157
U25 9.15 3151924 miz HMDB04238 Neg 12141 CyHsO4 delta-12-Prostaglandin J2 I 00005 19388 (C05958
U26 5.65519.2071 mz HMDB10351 Neg 1.1618 CysH309 11-beta-Hydroxyandrosterone- 1" 0.0473 21774 C03033
3-glucuronide
U27 6.09 259.1306 mVz HMDB13835 Neg 24177 CigH20s4 Diisobutyl phthalate 1 00083 18722 C15205
U28 653 269.1869 miz HMDBO00077 Neg 16860 CioHs0; Dehydroepiandrosterone I 00052 14259 CO1227
U29 6.70 207.1137 miz HMDBO00511 Neg 1.0485 CioHx0; Capric acid I 00029 24332 CO1571
U30 7.10 269.1532 iz HMDBO00153 Neg 1.3890 CigHOs Estriol U 0.0462 12269 C05141
U3l 250 258.0564 miz HMDBO00866 Neg 2.6272 CpHisNO,  N-Acetyl-L-tyrosine 1 00182 16074 CO1657
U32 2412169922 m'z HMDBO00707 Neg 3.1667 CoHgOs 4-Hydroxyphenylpyruvic acid U 0.0333 12958 CO1179
U33 2331889952 miz HMDBO00152 Neg 10.4823 C;HeO4 Gentisic acid 1™ 00087 12143 C00628
U34 216 254.0798 mz HMDBO00824 Neg 1.6357 CyoHigNOs  Propionylcarnitine o 00022 21133 (C03017
U35 204 350.1547 mz HMDBO00128 Neg 17068 CsH;NsO,  Guanidoacetic acid 1 0.0128 12942 (C00581
U36 1.32 234.0202 iz HMDBO00181 Neg 19483 CoeHuNO,  L-Dopa 1™ 00001 12875 C00355
U37 1732190075z HMDBO01866 Neg 4.1105 CgHgOs 3,4-Dihydroxymandelic acid 1 0.0140 14454 C05580
U38 1.97 2250995 miz HMDB01325 Neg 13035 GCoH,0N20;  Ng,NeNe-Trimethyl-L-lysine v 00145 12562 C03793
U39 1.69 203.0126 Wz HMDBO00130 Neg 1.2826 CgHgOs Homogentisic acid 1™ 00030 12446 CO00544
U40 255 208.0726 vz HMDBO00014 Neg 1.8564 CoHisNsO,  Deoxycytidine " 00006 22982 C00881
U4l 3.89 281.0822 iz HMDB04230 Neg 12814 CsHsNO, Pyrrole-2-carboxylic acid 1™ 00032 22971 C05942
U42 374 2380835 mz HMDBO00201 Neg 6.8530 CoHi7/NO,  L-Acetylcarnitine 1™ 00002 16001 CO02571
U43 3.65 226.0296 miz HMDBO00763 Neg 1.0698 CiHoNOs  5-Hydroxyindoleacetic acid 1 00119 23057 CO05635
U44 307 212.0123 iz HMDB04073 Neg 147802 CyHeNO,  5-Hydroxyindoleacetaldehyde 17 00446 11331 CO05634
U45 3.38 364.0255 Mz HMDBO00058 Neg 2.6424 CioH1:NsOsP CyclicAMP 1 00043 14913 CO00575
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Figure 6 Topological graph of potential biomarkers in model group based on METPA (A) and pathway analysis of potential targets of

euthyrox on normal rat (B).

1: Tyrosine metabolism; 2: Ubiquinone and other terpenoid-quinone biosynthesis; 3: Phenylalanine, tyrosine

and tryptophan biosynthesis; 4: Tryptophan metabolism; 5: Linoleic acid metabolism; 6: Steroid hormone biosynthesis; 7: Cysteine and
methionine metabolism; 8: apha-Linolenic acid metabolism; 9: Nicotinate and nicotinamide metabolism; 10: Pentose and glucuronate
interconversions; 11: Pyrimidine metabolism; 12: Lysine degradation; 13: Starch and sucrose metabolism; 14: Glycerophospholipid
metabolism; 15: Glycine, serine and threonine metabolism; 16: Arachidonic acid metabolism; 17: Arginine and proline metabolism; 18:
Purine metabolism.  Blue rectangles represent pathway; red Ellipses represents metabolites (red: Upregulation; green: Downregul ation)

Table2 Biomarkersin the urine sample of hyperthyroidism rat model of yin deficiency induced by euthyrox

No. tr- M/z HMDB ID lons mode VIP Formula Metabolite KEGG
Ul 2.26_143.0952n HMDBO04827 Pos 3.955 77 C7/H13sNO; Proline betaine C10172
u2 0.93_235.1496 m/z HMDBO00145 Pos 1.278 45 Ci1gH20, Estrone C00468
u3 1.92_275.1255 m/z HMDBO00273 Pos 1.309 18 C10H14N20s Thymidine C00214
U4 3.65_226.0296 Mz HMDB00763 Neg 1.31896 C1oHgNO5 5-Hydroxyindoleacetic acid C05635
U5 3.38_364.0255 m/z HMDBO00058 Neg 1.789 16 Ci0H12NsOsP  CyclicAMP C00575
[8]9] 1.32_234.0202 m/z HMDB00181 Neg 1.506 27 CyH11NO4 L-Dopa C00355
oo B Conrol group FROHG N, R i E DD EE S N R IR T RE T )
> B Model group

B Radix scrophulariae group

10000

5000

lon intensity of potential biomarkers

Figure 7 lon intensity of potential biomarkers obtained from
urine samples (=10, X+s). "P<0.05, “"P<0.01 vs model group
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