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Effect of Tubson-2 on metabolism in ovariectomized rats based on
UPLC-Q-Exactive-MS metabolomics
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Abstract: Objective To explore the effect of Mongolian medicine Tubson-2 (354 #k-2, combined with Eucommia ulmoides and
Echinops grijsii) on metabolism in ovariectomized rats based on UPLC-Q-Exactive-MS metabonomics technology. Methods
Female Wistar rats were randomly divided into blank group, sham group, model group, conjugated estrogen group (0.065 mg/kg),
Gushukang Granule group (105.1 mg/kg), high-, medium- and low-dose Mongolian medicine Tubson -2 (950, 475, 237.5 mg/kg)
groups, with six animals in each group. One week after ovarian extraction, rats were subjected to vaginal epithelial cell keratinization
experiments. After successful modeling, rats in each administration group were ig corresponding drugs, rats in blank group, sham
group and model group were ig 0.9% sodium chloride solution, once a day for 8 weeks. 24 h after the last administration, feces and
urine of rats in each group were collected for UPLC-Q-Exactive-MS detection. Results A total of 28 potential biomarkers and eight
metabolic pathways were identified in urine samples related to the treatment of postmenopausal osteoporosis by Mongolian medicine
Tubson-2; A total of 28 potential biomarkers and seven metabolic pathways were identified in feces samples related to the treatment
of postmenopausal osteoporosis by Mongolian medicine Tubson-2. Conclusion Mongolian medicine Tubson-2 mainly regulates
histidine metabolism, taurine and hypotaurine metabolism, alanine, aspartic acid and glutamate metabolism and vitamin B6

metabolism to treat postmenopausal osteoporosis.
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Fig. 1 Rat estrus cycle vaginal smear under microscope
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Fig.2 PCA score plot of urine samples of rats in each group in positive ion (A) and negative ion (B)
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Fig.3 OPLS-DA score plot of urine samples of rats in medium-dose Mongolian medicine Tubson-2 group and model group in

positive ion (A) and negative ion (B)
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Table 1 OPLS-DA model parameters of urine samples of rats in medium-dose Mongolian medicine Tubson-2 group and

model group by 200 permutation tests

B A R%x RYy ? RAUE Q> #Hiila
EETF 1+140 0.416 0.998 0.934 0.835 -0.101
MET 1+14+0 0.416 0.995 0.896 0.876 -0.136
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Table 2 Potential different metabolites in urine samples of rats in medium-dose Mongolian medicine Tubson-2 group and

model group

o . U mlz RZE ) BRI vs FAEARR-2
i ) ATR BTER T i a0y MM VP e i s RO
1 3R CsHgOs  [M—H]" 103.0401 104.0462 —9.76 1.28 1.66 1 |
2 N-TH&ER C/HuNO; [M—H]" 156.0666 157.0732 —6.45 3.59  1.64 t |
3 RE CisH100s  [M—H]" 269.0455 270.0537 -3.75 17.68 1.59 | t
4 LJRER CoHoNO;  [M—H]™ 178.0510 179.0576 —5.65 474 1.58 t |
5 EwHER CeH1207  [M—H]" 1950510 196.0579 —5.16 0.71 1.57 1 |
6 3-FRIET IR CioH2003 [M—H]" 187.1340 188.1409 —538 17.69 1.57 | t
7 R CeHsO7  [M—H]" 191.0197 192.0264 —5.27 0.82 143 1 |
8 L-A%E CeHoN3O2 [M—H]™ 154.0622 155.0688 —6.53 0.63 141 1 |
9 N-OBE-L-RAZEE CeHoNOs [M—H]™ 1740408 175.0475 —5.78 0.72 1.40 t |
10 WIS HE R CuHuNOs; [M—H]" 204.0666 205.0736 —4.93 1096 1.38 1 |
11 L-RAFER C4H/NOs  [M—H]" 132.6448 133.0376 —2.96 0.76 132 1 |
12 4Bk %R CsHoNOs [M—H]" 146.0459 147.0522 —6.89 0.85 1.26 t |
13 5-FFEMBE-3-2/8  CioHoNOs [M—H]™ 190.0510 191.0579 —5.30 7.03 123 1 |
14 3-SR EEFRIR C/H20s [M—H]" 1750612 176.0679 —5.75 0.70 1.20 | t
15 m|we-3-7LIR CuHuNOs; [M—H]" 204.0666 205.0738 —4.94 9.50 1.20 1 |
16 N-HIEZEAAEERE CisHisN204 [M+H]™ 265.1183  264.1097  3.80 549 1.83 t |
17 33-"HEEEL "8  CHOs [M+H]" 161.0808 160.0716  6.27 489 1.66 | t
18 LR CeH1207  [M+H]" 197.0656 196.0564  5.12 0.73 1.63 1 |
19 L-F5 P8 CsHsOs  [M+H]" 137.0444 136.0353  7.36 0.89 1.54 t |
20 A-THIR C:H7NOsS [M+H]" 126.0219 125.0127  8.01 0.78 1.53 1 |
21 3-BFEAREIERHER C/H/NOs  [M+H]™ 154.0499 153.0408  6.55 0.94 135 | t
22 WEMKER C/HsNOs  [M+H]" 168.0291 167.0234  5.99 L.11 127 1 |
23 PR C/Hi204  [M+H]" 161.0808 160.0717  6.26 623 125 1 |
24 3-FRBEIRHIR C7HeO3;  [M+H]" 139.0390 138.0298 725 11.04 125 I t
25 JR CsHaN4O3  [M+H]" 169.0356 168.0265  5.97 1.07 1.19 1 |
26 2-FA3E I JRER CoHoNOs  [M+H]" 196.0604 195.0516  5.15 331 1.16 1 |
27 BT C/Hi206  [M+H]" 193.0707 192.0616 523 0.85 1.13 | t
28 JRTIMR CeHeN202  [M+H]"™ 139.0502 138.0411  7.26 098 1.03 | t

VR, 13n B, R4

| shows down-regulated, 7 shows up-regulated, same as Table 4
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Fig. 4 PCA score plot of feces samples of rats in each group in positive ion (A) and negative ion (B)
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Fig. 5 OPLS-DA score plot of feces samples of rats in medium-dose Mongolian medicine Tubson-2 group and model group in

positive ion (A) and negative ion (B)
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Table 3 OPLS-DA model parameters of feces samples of rats in medium-dose Mongolian medicine Tubson-2 group and model

group by 200 permutation tests

B A R%y R%y ? R2AR Q> #iia
EETF 1+140 0.282 0.967 0.692 0.926 -0.139
MET 1+14+0 0.288 0.953 0.490 0.919 -0.080

R4 RHEHR-2 PHEEASKRVBRARBEEERNEEESRNKSY
Table 4 Potential different metabolites in feces samples of rats in medium-dose Mongolian medicine Tubson-2 group and
model group

o " , e N AFhE RE w TR v FHEAMR-2
Gy (NCiEY) ZEEN R R Wl FOUE (<109 min T BFERA AR v ERE
12BN CioHi2NsOs  [M+H]™ 253.0931252.0850 1.57 1.34 1.88 | t
2 L-BRAB CsHioN20;  [M+H]™ 147.076 4 146.0693 6.85 0.98 1.70 | t
3 S-SR CsHN20  [M+H]" 117.1022 116.0952 8.60 0.86 1.63 t |
4 6FREMBER CisHiN203  [M+H]™ 249.123 4 248.1153  4.05 11.94 1.56 t |
5 L-RERR C4H/NO4 [M+H]" 134.0448 133.0376 7.51 094 147 t |
6 3-MLE LR C7H/NO:2 [M+H]" 138.0550 137.0476 7.30 1.05 1.44 t |
7 L-RAB% CsHsN20s  [M+H]™ 133.0608 132.0536 7.69  0.90 1.37 t |
8 L-HAR CeHoN:O2  [M+H]" 156.076 8 155.0696 645  0.80 136 | t
9 4-Q-RIEHFE)-24- " TR CloHoNOs  [M+H]" 208.0604 207.053 1 4.84 1.12 133 t |
10 W5[Wk-3-2.1 CioHoNO,  [M+H]™ 176.070 6 175.0633 572 11.63 1.30 t |
11 L-RITEHR CsH7NO4 [M+H]" 134.044 8 133.0376 751  1.04 121 t |
12 L-BER CsHoNO4 [IM+H]" 148.060 4 147.0531 6.80  0.89 1.19 t |
13 LR CsHiNO>S  [M-+H]™ 150.0583 149.0506 6.72 142 1.19 | t
14 LHA5EM CeHuNsO,  [M-+H]™ 1751190 1741116 575 177 1.18 t |
15 ngreEs CsHoNO3 [M+H]" 168.0655 167.0582 599 111 1.15 | t
16 BELER CioH1004 IM+H]" 195.0652 194.0578 5.16 10.65 1.13 t |
17 mErE CsH1NO3 [M+H]" 170.0812 169.0740 592 097 1.10 t |
18 MW E 5-BiERdh CsHisN20sP [M+H]™ 249.0635 248.0565 4.04 629 1.07 t |
19 W CsHiN20;  [M+H]" 169.0972 168.0898 596 1.78 1.05 t |
20 3-BREER C7H/NOs [M—H]" 152.0353 153.0417 —6.62 1.62 1.99 | t
21 FEHER C12H1503 [M—H]" 209.1183 210.1253 —4.82 16.09 1.85 | t
22 A-RECRHIRE C7Hs02 [M—H]" 121.0295122.0357 —8.31 530 1.68 t |
23 A% CsHioN20;  [M—H]™ 145.061 9 146.0682 —6.94  0.62 1.57 | t
24 TR C:H/NOsS  [M—H]™ 124.0074 1250136 —8.11  0.63 1.56 t |
25 PRIARE Ci5H100s [M—H]" 269.0455270.0535 —3.75 16.84 1.54 t |
26 GRER CoHoNOs3 [M—H]" 178.0510 179.0576 —5.65 4.75 1.8 t |
27 N-LBE-L-FREFRER CiyHiNO;  [M—H]™ 206.0823 207.0892 —4.89 898 1.23 t |
28 4-MEWSHR CsHoNO4 [M—H]" 182.0459 183.0525 —5.53 096 1.12 i |
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Table 5 Metabolic pathways analysis of Tubson-2 regulated potential biomarkers in urine of ovariectomized rats
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Table 6 Metabolic pathways analysis of Mongolian medicine Tubson-2 regulated potential biomarkers in feces of
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