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3. UPLC-Q-TOF/MS analysis chromatographic conditions and mass spectrometry conditions for metabolomics analysis; 

4. The ion fragmentation pathway for the identification of rhubarb components;

5. Methodological survey of QC samples and mass spectrometry control results for metabolomics;

6. Table S3. Detailed AUC results of nine metabolites in ROC curve.

1. UPLC-Q-TOF/MS analysis chromatographic conditions and mass spectrometry conditions for identification of rhubarb ingredients
Chromatographic conditions

UPLC separation was carried out on Waters ACQUITY UPLC BEH C18 column (100 mm × 2.1 mm, 1.7 μm, Waters, Milford, MA, USA) with a column temperature of 45 °C. The flow rate was 0.3 mL/min; and injection volume was 5 μL. Mobile phase compositions were phase A (0.1% formic acid in water) and phase B (0.1% formic acid in acetonitrile). The specific elution gradient is shown in Table S1.

Table S1. UPLC-Q-TOF/MS gradient elution conditions for the identification of rhubarb

	Time

 (min)
	Phase A: 0.1% formic acid in water (%)
	Phase B: 0.1% formic acid in acetonitrile (%)

	0
	90
	10

	6
	90
	10

	10
	88
	12

	18
	83
	17

	24
	77
	23

	28
	66
	34

	29
	50
	50

	31
	30
	70

	33
	0
	100

	35
	0
	100

	37
	90
	10

	40
	90
	10


Mass spectrometry conditions

UPLC was coupled with Q-TOF/MS equipped with electrospray ionisation (ESI) in negative ion modes, using high-purity N2 as an auxiliary spray ionisation and desolvation gas. The conditions of the ESI source are as follows: quadrupole scan spectrum m/z 50-1,000; capillary voltage: 3.0 kV. Dryer temperature: 325 ℃. Dry gas flow rate: 10 mL/min. Desolvent flow rate: 600 L/h. Ionization source temperature: 120 ℃. Desolvation temperature: 350 ℃. Cone air flow rate: 50 L/h.
2. The comparison information and atlas of the standards and sample

The retention times of four rhubarb standards which included emodin, rhein, aloe-emodin and chrysophanol were 30.92 min, 29.64 min, 28.90 min and 31.86 min. The retention times of compounds 6, 7, 8 and 9 were 31.89 min, 28.90 min, 29.64 min and 30.91 min, respectively. Due to the retention time and the fragment ions of compounds in the sample are consistent with those of the reference standards, compounds 6, 7, 8 and 9 were identified as chrysophanol, aloe-emodin, rhein and emodin. The MS spectra of the four standards and the total extract of rhubarb are shown in Figure S1.
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Figure S1. The MS spectra of the four standards and the total extract of rhubarb. Emodin (A); rhein (B); aloe-emodin (C); chrysophanol (D); rhubarb total extract (E).
3. UPLC-Q-TOF/MS analysis chromatographic conditions and mass spectrometry conditions for metabolomics analysis

Chromatographic conditions

UPLC separation was carried out on Waters ACQUITY UPLC BEH C18 column (100 mm × 2.1 mm, 1.7 μm, Waters, Milford, MA, USA) with a column temperature of 40 °C. The flow rate was 0.3 mL/min; and injection volume was 1 μL. Mobile phase compositions were phase A (0.1% formic acid in water) and phase B (0.1% formic acid in acetonitrile). The specific elution gradient is shown in Table S2.

Table S2. UPLC-Q-TOF/MS gradient elution conditions for plasma metabolomics

	Time

(min)
	Phase A: 0.1% formic acid in water (%)
	Phase B: 0.1% formic acid in acetonitrile (%)

	0
	99
	1

	0.5
	99
	1

	2
	50
	50

	9
	1
	99

	10
	1
	99

	10.5
	99
	1

	12
	99
	1


Mass spectrometry conditions
UPLC was coupled with Q-TOF/MS equipped with electrospray ionisation (ESI) in positive and negative ion modes, using high-purity N2 as an auxiliary spray ionisation and desolvation gas. The conditions of the ESI source are as follows: quadrupole scan spectrum m/z 50-1,000; capillary voltage: 2.1 kV; collision energy: 20-40 eV; N2 temperature was 350 °C; desolventizing nitrogen flow rate was set to 600 L/h, atomizing gas pressure: 350 kPa. 

4. The ion fragmentation pathway for the identification of rhubarb components

Rheum officinale mainly includes anthracones tannins and anthraquinones,  among which the representative components are Sennoside A (compound 5),  Proanthocyanidin B2 (compound 17), Rhein-8-O-β-D-glucopyranose (compound 23). The following are the ionic cleavage pathways of these three components.

Identification of anthrone derivatives 
The deprotonated molecule [M−H]− at m/z 861.1877 of compound 5 in the negative mode suggested that the molecular formula was most likely C42H38O20. The ion at m/z 699.1340 [M−H]− was due to the loss of a glucoside unit, while the successive fragment ions at m/z 431.1033 and 269.0456 could be attributed to the loss of C15H8O5 and glucoside moiety. The fragmentation pattern fit well with that of sennoside A. The main fragmentation pathways of the deprotonated ion are depicted in Figure S2.
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Figure S2. The ion fragmentation pathway of component 5 in negative ion mode.

Identification of tannins
The common fragment structure of proanthocyanidins was m/z 425.0867 and 407.0761. Proanthocyanidin B parent ion was m/z 593.1287 [M-H]−, and fragment ion m/z 575.1203 [M-H-H2O]− due to loss of H2O followed by continuous loss of C2H2O or CO2 fragments to yield m/z 407.0763 [M-H-H2O-4C2H2O]− and 405.1026 [M-H-H2O-CO2-3C2H2O]−, and fragment ions generated by RDA cleavage m/z 421.0196 [M-H-H2O-C7H6O4]−. Compound 17 was identified as procyanidin B2 by comparison with the fragments. Based on similar mass spectrometric cleavage behavior, compounds 19 and 31 were deduced to be proanthocyanidin dimers, Proanthocyanidin B1 and Proanthocyanidin B2, respectively. In addition, compounds 18 and 19 exhibited the neutral loss behavior of C7H6O5 in addition to the characteristic fragments of proanthocyanidin dimer, and were presumed to have gallic acid structure. Therefore, they were identified as procyanidin B2 3'-O-gallery and procyanidin-5,3'-O-gallery based on the combination of accurate molecular weight and calculated molecular formula. A possible fragmentation pathway of compound 17 is shown in Figure S3.
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Figure S3. The ion fragmentation pathway of component 17 in negative ion mode.
Identification of anthraquinone derivatives

Compound 23 [M-H]− yielded the deprotonated molecule at m/z 445.0771 (C21H17O11) and had the characteristic product ion at m/z 283.0245 (C15H7O6) as the base peak in the MS/MS spectra. A possible fragmentation pathway of compound 23 is shown in Figure S3. Moreover, compound 8 showed m/z 283.0245 (C15H7O5), differing from the chemical formula of [M-H]− (m/z 445.0771, C21H17O11) by one glucoside moiety. Compounds 23 and 8 both yielded successive fragmentation ions at m/z 239.0350 (C14H7O4 ) and 211.0397 (C13H7O3 ). In addition, the MS/MS spectrum features were in agreement with those describedin the literature. On the basis of their elution time and MS data, Compounds 23 and 8 were tentatively identified as rhein-8-O- β-d-glucopyranoside and rhein, respectively. The main fragmentation pathways of the ion are depicted in Figure S4.
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Figure S4. The ion fragmentation pathway of component 23 in negative ion mode.
5. Methodological survey of QC samples and mass spectrometry control results for metabolomics

Methodological survey of QC samples

Before performing UPLC-Q-TOF/MS analysis, the QC sample was usually used to examine the instrument precision, method precision and sample stability. The method was as follows:

The same QC sample solution was continuously injected 6 times for instrument precision inspection. Twenty peaks were randomly selected, and the relative standard deviation (RSD) values of peak area and retention time were calculated.

Six QC samples were prepared in parallel, and continuous injection analysis was carried out for method precision investigation. Twenty chromatographic peaks were randomly selected to calculate the RSD values of peak area and retention time.

The same QC sample solution was taken and analysed at 0, 6, 12, 18, and 24 h for sample stability investigation, and 20 peaks were randomly selected to calculate the peak area and retention time RSD.

Mass spectrometry control results for metabolomics

After continuous injection of the same QC sample, 20 peaks were randomly selected from the obtained peaks, and the peak area and retention time RSD values were calculated. The RSD value was less than 14.8% for the peak areas, and less than 1.0% for the retention time, which proved good precision of the instrument. After parallel QC sample injections, 20 peaks were randomly selected from the obtained chromatographic peaks and the RSD value was calculated to be less than 14.1% for the peak area, and less than 1.0% for the retention time, indicating good method precision. After the same QC sample was injected at different times, 20 peaks were randomly selected from the obtained chromatographic peaks, and the results showed RSD < 12.5% for the peak area and less than 1.0% for the retention time, which proved that the sample was stable within 24 h.

6. Detailed AUC results of nine metabolites in ROC curve.
Table S3. Detailed AUC results of nine metabolites in ROC curve
	No.
	Metabolites
	AUC
	Standard error

	1
	Dopamine
	0.976
	0.037

	2
	Biopterin
	0.810
	0.124

	3
	Choline
	0.881
	0.114

	4
	Dynorphin B (10-13)
	0.952
	0.058

	5
	Coenzyme Q9
	0.762
	0.139

	6
	Cervonoyl ethanolamide
	0.881
	0.096

	7
	P1,P4-Bis(5'-uridyl) tetraphosphate
	0.762
	0.146

	8
	LysoPE(18:2)
	0.881
	0.097

	9
	3-hydroxyphenyl 2-hydroxybenzoate
	1.000
	0.001




