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Fig. S1.  BPI chromatogram of UPLC/ESI/MS profile of the aqueous extract in the negative (A) and positive (B) modes.         
[image: ]
[image: ]
     
Fig. S2. BPI chromatogram of UPLC/ESI/MS profile of the methanol extract in the negative (A) and positive (B) modes.



                         
Fig. S3. Hydroxyl radical scavenging effect of aqueous extract (AqE) and methanol extract (ME) from S. atropurpurea L. Outcomes are given as mean ± SD (n=3). **p<0.01, ***p<0.001.



                                    
Fig. S4. Hydrogen peroxide scavenging effect of aqueous extract (AqE) and methanol extract (ME) from S. atropurpurea L. Results are shown as mean ± SD (n=3). *p<0.05, **p<0.01.



                        
Fig. S5. Analgesic impact of S. atropurpurea, at different concentrations. Values are represented as mean ± SEM (n = 5). ns: no significant difference, **P<0.01, ***P<0.001. AqE: aqueous extract, ME: methanol extract.































1

Table S1. Total phenolic, flavonoids and condensed tannins content of S. atropurpurea extracts.
	Extracts
	TPC (µg GAE/mg DE) a
	TFC (µg QE/mg DE) b
	CTC (µg CE/mg DE) c

	AqE
	81.6 ± 1.6
	45.33 ± 0.36
	41.04 ± 0.64

	ME
	114.13 ± 0.92
	100.57 ± 0.93
	26.22 ± 1.11








Data are shown as mean ±SD (n=3). a Gallic acid equivalent/mg of dried extract, b Quercetin equivalent/mg of dried extract, c Catechin equivalent/mg of dried extract.



























Table S2. Tentatively identified secondary metabolites from the methanol extract of Scabiosa atropurpurea aerial parts


	No.
	Compound name
	Chemical
Class
	Molecular Formula
	Rt
(min.)
	[M-H]-
m/z
	[M+H] +
m/z
	% Composition
	MS/MS fragments
	Ref.

	
	
	
	
	
	
	
	ME.
	
	

	1
	Catechin hexoside 

	Flavonoid
	C21H24O11
	1.60
	451
	-
	1.06
	405, 375, 353, 339, 305, 247, 181
	1,2

	2
	Catechin hexoside isomer
	Flavonoid
	C21H24O11
	5.96
	451
	-
	0.21
	405, 389, 353, 325, 243, 191
	1,2

	3
	Caffeoyl quinic acid dimer
	Cinnamic acid deriv.
	C32H36O18
	7.94
	707
	732
	8.54
(5.62)
	353, 191
	3

	4
	Eustomoside*
	Secoiridoid
	C16H22O11
	9.40
	389
	401
	5.76
	353, 233, 225, 179
	4

	5
	Fragment of ursolic acid*
	Triterpenoid
	-----
	10.33
	363
	-
	2.35
	393, 336, 308, 191, 179
	5

	6
	Phloridzin
	Dihydrochalcone
	C21H24O10
	10.57
	435
	447
	1.19
(1.12)
	403, 381, 377, 353, 335, 281, 246, 195
	1,4,6

	7
	Tetrahydroxy trimethoxy dihydroxyflavone 

	Flavonoid
	C19H18O10

	10.79
	377
	-
	0.52
	374, 336, 305, 275, 199, 179
	1,7

	8
	Ursolic acid derivative*
	Triterpenoid
	-----
	12.64
	547
	-
	4.50
	447, 411, 393, 300, 291, 253, 241, 149
	1,8

	9
	di-Caffeoyl quinic acid*
	Cinnamic acid deriv.
	C25H24O12
	13.19
	515
	-
	2.21
	447, 431, 353, 337, 265, 231, 201, 169
	9,10

	10
	di-Caffeoylquinic acid isomer*
	Cinnamic acid deriv.
	C25H24O12
	13.56
	515
	-
	7.18
	489, 447, 353, 301, 265, 193, 187, 179, 161
	9,10

	11
	Unknown saponin
	Saponin
	-----
	13.88
	789
	808
	4.45
(1.93)
	706, 653, 631, 584, 525, 461, 372, 331, 265, 225, 199, 181, 161
	-

	12
	Caffeoyl-succinyl-[(hydroxyphenyl)-acetyl)]-methyl quinate 

	Phenolic acid
	-----
	14.79
	629
	-
	1.52
	587, 520, 458, 421, 373, 285, 201, 187, 179, 161 
	1,11

	13
	Diosmetin-hexoside*
	Flavonoid
	C22H22O11
	16.05
	461
	-
	0.30
	440, 433, 389, 330, 285, 253, 212, 191, 179
	10

	14
	tri-Galloyl-hexose 
	Tannin
	C27H24O18
	16.66
	635
	637
	0.45
	537, 465, 419, 368, 341, 309, 280, 269, 181
	1,12

	15
	Glycosilated dimeric proanthocyanidin
	Tannin
	-----
	17.12
	739
	-
	2.50
	538, 467, 426, 393, 313, 289, 213, 183, 163
	13

	16
	Hypolaetin-allosyl-[acetyl]-hexoside 

	Flavonoid
	-----
	17.59
	667
	-
	0.55
	537, 489, 375, 344, 309, 285, 185, 179
	1,14

	17
	Cirsimaritin*
	Dimethoxyflavone
	C17H14O6
	19.05
	313
	-
	0.44
	297, 249, 229, 177, 175
	1,15

	18
	Hederagenin*
	Saponin
	C30H48O4
	19.99
	471
	476
	0.42
	457, 434, 325, 293, 249, 190
	16

	19
	Apigenin-rutinoside

	Flavonoid
	C27H30O14

	20.70
	577
	-
	0.06
	564, 476, 448, 339, 295, 291, 217, 191, 181
	1,15

	20
	alpha-Artemisic acid
	Sesquiterpenoid
	C18H32O3
	21.19
	295
	298
	6.36
	246, 223, 205, 199, 177, 167, 127
	17

	21
	Caffeoyl-2-hydroxyethane-1,1,2-tricarboxylic acid 
	Cinnamic acid deriv.
	C14H12O10

	27.39
	339
	-
	0.41
	326, 299, 265, 186, 174
	17-19

	22
	Caffeic acid-hexouronide 
	Cinnamic acid deriv.
	C15H16O10

	28.78
	355
	-
	7.21
	339, 311, 300, 221, 197, 161, 145
	17,20


Compounds in bold are the major components. Rt; retention time, Ref.; reference(s). 
* For compounds previously identified from genus Scabiosa.






Table S3. Tentatively identified secondary metabolites from the aqueous extract of Scabiosa atropurpurea aerial parts


Compounds in bold are the major components. Rt; retention time, Ref.; reference(s). 
* For compounds previously identified from genus Scabiosa.

	No. 
	Compound name
	Chemical
Class
	Molecular Formula
	Rt
(min.)
	[M-H]-
m/z
	[M+H] +
m/z
	% Composition
	MS/MS fragments
	Ref.

	
	
	
	
	
	
	
	AqE.
	
	

	1
	Myricetin-(galloyl)-pentoside 

	Flavonoid
	C28H24O17 

	13.32
	601
	-
	4.48
	525, 483, 447, 431, 379, 265, 225, 189, 179
	1,7,21

	2
	Protocatechuic acid-hexoside*
	Cinnamic acid deriv.
	 C13H16O9
	17.17
	315
	-
	4.52
	293, 271, 219, 212, 179, 153
	22

	3
	Feruloyl-caffeoyl-quinic acid derivative
	Cinnamic acid deriv.
	-----
	22.30
	265
	-
	32.81
	243, 196, 154, 116
	17,23

	4
	Feruloyl-caffeoyl-quinic acid derivative isomer
	Cinnamic acid deriv.
	-----
	22.57
	265
	-
	4.71
	249, 203, 194, 178, 156, 123, 117
	17,23

	5
	p-Coumaric acid-hexoside*
	Cinnamic acid deriv.
	C15H18O8
	25.82
	325
	-
	8.67
	311, 293, 271, 265, 235, 145
	24



Table S4. Inhibition percent of protein denaturation by aqueous extract (AqE) and methanol extract (ME) from S. atropurpurea L at different doses. Data are given as mean ± SD (n=3).         
                 
	
[C] mg/mL
	            % Inhibition
	

	
	AqE
	ME

	0.5 mg/mL
	61.97 ± 1.35
	33.60 ± 1.29

	0.25 mg/mL
	54.70 ± 0.34
	25.66 ± 1.36

	0.125mg/mL
	37.85 ± 1.76
	19.06 ± 1.50









Table S5. Anti-inflammatory potential of S. atropurpurea on formalin-induced paw edema. Results are given as mean ± SEM (n=5). ns: no significant difference, *P<0.05, **P<0.01, ***P<0.001. AqE: aqueous extract, ME: methanol extract.
	[bookmark: _Hlk189761206]Extracts/
Standard
	[C] mg/kg
	
	Inhibition %
	
	

	
	
	30 min
	1h
	2h
	3h

	AqE
	25
	27.29 ± 1.42**
	29.44 ± 1.79***
	30.77 ± 0.84***
	32.28 ± 2.37***

	
	50
	32.6 ± 2.7ns
	37.9 ± 3.12ns
	46.15 ± 1.66**
	48.58 ± 2.46***

	
	100
	39.22 ± 2.85ns
	42.26 ± 4.57 ns
	52 ± 2.89 ns
	57.91 ± 3.76**

	ME
	25
	34.64 ± 2.31 ns
	39.87 ± 0.8 ns
	43.46 ± 1.11***
	50.65 ± 3.07***

	
	50
	37.25 ± 2.29 ns
	40.2 ± 2.4 ns
	52.94 ± 2.75 ns
	55.88 ± 2.37***

	
	100
	42.48 ± 1.74 ns
	43.79 ± 2.35 ns
	54.9 ± 2.17 ns
	61.11 ± 1.58*

	Diclofenac
	25
	39.13±2.04
	44.35±3.64
	60±2.79
	70.25±3.52





Table S6. Binding interactions of the major compounds with cyclooxygenase-2 (5F19)
	Compound name
	Score Kcal/mol
	Hydrophobic
	Hydrogen bond
	π-stacking
	π-cation
	Salt bridge

	Loganic acid
	-7.6
	VAL 447
	THR 206
	-
	-
	HIS 207

	
	
	
	HIS 207
	
	
	HIS 207

	
	
	
	ASN 382
	
	
	HIS 386

	
	
	
	ASN 382
	
	
	HIS 386

	
	
	
	GLN 454
	
	
	HIS 388

	
	
	
	
	
	
	HIS 388

	Chlorogenic acid
	-9.5
	GLN 203
	ALA 199
	-
	-
	HIS 207

	
	
	GLN 203
	PHE 210
	
	
	HIS 207

	
	
	LEU 391
	THR 212
	
	
	HIS 214

	
	
	
	HIS 214
	
	
	HIS 386

	
	
	
	ASN 382
	
	
	HIS 388

	
	
	
	HIS 386
	
	
	

	
	
	
	HIS 386
	
	
	

	Luteolin hexoside
	-9.7
	GLN 203
	ALA 199
	HIS 207
	HIS 388
	HIS 207

	
	
	GLN 203
	HIS 214
	HIS 207
	
	HIS 214

	
	
	LEU 391
	ASN 382
	
	
	

	Caffeoyl quinic acid dimer
	-9.4
	GLN 203
	ALA 199
	-
	-
	HIS 207

	
	
	PHE 210
	ALA 202
	
	
	

	
	
	PHE 210
	GLN 203
	
	
	HIS 386

	
	
	VAL 291
	GLN 203
	
	
	HIS 388

	
	
	LEU 294
	HIS 214
	
	
	HIS 388

	
	
	TRP 387
	TRP 387
	
	
	

	
	
	ILE 408
	HIS 388
	
	
	

	
	
	VAL 447
	
	
	
	

	Eustomoside
	-8.1
	-
	THR 206
	-
	-
	HIS 207

	
	
	
	TYR 385
	
	
	HIS 207

	
	
	
	TYR 385
	
	
	HIS 214

	
	
	
	TRP 387
	
	
	HIS 386

	
	
	
	HIS 388
	
	
	HIS 386

	
	
	
	GLN 454
	
	
	HIS 388

	
	
	
	
	
	
	HIS 388

	Apigenin-hexoside
	-9.9
	VAL 295
	HIS 207
	HIS 207
	-
	HIS 207

	
	
	LEU 391
	ASN 382
	
	
	HIS 386

	
	
	LEU 391
	ASN 382
	
	
	HIS 388

	
	
	
	TYR 385
	
	
	

	
	
	
	HIS 386
	
	
	

	
	
	
	TRP 387
	
	
	

	Derivative of syringaldehyde
	-7.2
	GLN 203
	HIS 207
	-
	HIS 207
	-

	
	
	GLN 203
	TYR 385
	
	
	

	
	
	
	HIS 388
	
	
	


Table S6. Binding interactions of the major compounds with cyclooxygenase-2 (5F19) (Cont.)
	Compound name
	Score
Kcal/mol
	Hydrophobic
	Hydrogen bond
	π-stacking
	π-cation
	Salt bridge

	Ursolic acid 
	-8.5
	LEU 145
	ARG 376
	-
	-
	-

	
	
	ASP 229
	ARG 376
	
	
	

	
	
	ILE 337
	
	
	
	

	
	
	VAL 538
	
	
	
	

	
	
	VAL 538
	
	
	
	

	di-caffeoylquinic acid
	-10.1
	HIS 388
	GLN 203
	HIS 388
	-
	HIS 207

	
	
	LEU 391
	HIS 207
	
	
	HIS 386

	
	
	VAL 444
	PHE 210
	
	
	HIS 386

	
	
	
	THR 212
	
	
	HIS 388

	
	
	
	HIS 214
	
	
	HIS 388

	
	
	
	ASN 382
	
	
	

	Protocatechuic acid-hexoside
	-8.2
	GLN 203
	ALA 199
	HIS 388
	-
	HIS 207

	
	
	
	HIS 207
	
	
	HIS 386

	
	
	
	HIS 214
	
	
	HIS 388

	
	
	
	ASN 382
	
	
	

	
	
	
	ASN 382
	
	
	

	
	
	
	TYR 385
	
	
	

	
	
	
	HIS 386
	
	
	

	Caftaric acid
	-8.6
	ALA 202
	GLN 203
	-
	-
	HIS 207

	
	
	GLN 203
	PHE 210
	
	
	HIS 207

	
	
	
	THR 212
	
	
	HIS 214

	
	
	
	ASN 382
	
	
	HIS 386

	
	
	
	
	
	
	HIS 386

	
	
	
	
	
	
	HIS 386

	
	
	
	
	
	
	HIS 388

	Hydroxy-octadecatrienoic acid
	-6.9
	ALA 202
	HIS 207
	-
	-
	HIS 214

	
	
	TYR 385
	HIS 388
	
	
	HIS 386

	
	
	TRP 387
	HIS 388
	
	
	

	
	
	LEU 390
	GLN 454
	
	
	

	
	
	LEU 391
	GLN 454
	
	
	

	p-coumaric acid-hexoside
	-9.2
	PHE 210
	GLN 203
	HIS 386
	HIS 207
	HIS 207

	
	
	PHE 210
	THR 212
	
	
	HIS 214

	
	
	
	THR 212
	
	
	HIS 388

	
	
	
	ASN 382
	
	
	

	
	
	
	TRP 387
	
	
	

	
	
	
	HIS 388
	
	
	

	Caffeic acid-hexouronide
	-8.9
	PHE 210
	GLN 203
	HIS 386
	HIS 207
	HIS 214

	
	
	PHE 210
	THR 206
	
	
	HIS 388

	
	
	
	HIS 207
	
	
	HIS 388




Table S6. Binding interactions of the major compounds with cyclooxygenase-2 (5F19) (Cont.)
	Compound name
	Score
Kcal/mol
	Hydrophobic
	Hydrogen bond
	π-stacking
	π-cation
	Salt bridge

	Caffeic acid-hexouronide (Cont.)
	-
	-
	THR 212
	-
	-
	-

	
	
	
	THR 212
	
	
	

	
	
	
	ASN 382
	
	
	

	
	
	
	TYR 385
	
	
	

	
	
	
	TRP 387
	
	
	

	
	
	
	TRP 387
	
	
	

	Diclofenac (Standard)
	-7.9
	ALA 202
	ASN 382
	HIS 207
	HIS 388
	HIS 207

	
	
	GLN 203
	HIS 388
	
	
	HIS 386

	
	
	LEU 390
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