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Figure 1. Total ion chromatogram of milk thistle extract (10 µg/mL) analyzed on a Shimadzu 9030 UHPLC-Q-ToF mass spectrometer (resolving power 30,000) with negative ion electrospray. A 22-min gradient from 5% to 95% methanol containing formic acid (0.1%) in water (also containing 0.1% formic acid) was used for the UHPLC separation with a Waters Cortecs C18 (2.1 × 150 mm, 1.7 µm) column.
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Figure 2. Total ion chromatogram of milk thistle extract (10 µg/mL) analyzed on a Shimadzu 9030 UHPLC-Q-ToF mass spectrometer (rssolving power 30,000) with positive ion electrospray. A 22-min gradient from 5% to 95% methanol containing formic acid (0.1%) in water (also containing 0.1% formic acid) was used for the UHPLC separation with a Waters Cortecs C18 (2.1 × 150 mm, 1.7 µm) column.





Table 1. Proposed and confirmed components corresponding to the peaks in the UHPLC-HRMS chromatograms in Figures 1 and 2 of milk thistle (Silybum marianum) extract.

	Peak number
	Retention time (min)
	m/z
(-) top
(+) (bottom)
	[bookmark: _GoBack]ΔM (ppm)
(-) top
(+) bottom
	Proposed ID
Molecular Formula
(CAS)
Confidence3
	Chemical
Structure
	Comments

	1
	10.42
	303.0485
305.0554
	8.2
1.3
	Taxifolin
C15H12O7
24198-97-8
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard

	2
	11.14
	303.0485
-
	8.2
-
	Taxifolin isomer
C15H12O7
-
Tentative

	

	HRMS supports molecular formula.
MS/MS supports structure through comparison of taxifolin major fragment ion of m/z 125

	3
	12.13
	287.0538
-
	8.0
-
	Taxifolin minus H2O
C15H12O6
-
Tentative
	

	HRMS supports molecular formula of taxifolin minus a water molecule.
MS/MS supports structure through comparison of taxifolin major fragment ion of m/z 125


	4
	12.76
	481.1101
-
	8.1
-
	Neusilychristin
C25H22O10
-
Tentative
	

	The peak elution of silybin isomers are usually close and among silychristin isomers reported in literature, neusilychristin is suggested as the peak eluting before silychristin A. The MS/MS data match that of silychristin. Neuchristin was reported in the literature [1].

	5
	13.35
	481.1102
-
	7.9
-
	Silychristin
C25H22O10
33889-69-9
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard

	6
	14.20
	481.1101
-

	8.1
-
	Silydianin
C25H22O10
29782-68-1
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard

	7
	16.15
	257.0735
259.0899
	8.5
1.2
	D4-Daidzein internal standard
C15H6D4O4
486-66-8
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard

	8
	19.60
	481.1102
483.1283
	7.9
0.41
	Silybin A
C25H22O10
22888-70-6
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard

	9
	20.27
	481.1103
483.1284
	7.7
0.2
	Silybin B
C25H22O10
    142797-34-0
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard.

	10
	20.93
	481.1102
-
	7.9
-
	A silymarin isomer, likely 2,3-cis-silybin A
C25H22O10
--
Tentative

	



	The peak elution of silybin isomers are usually close. Based on structural similarity, the suggested isomer is 2,3-cis-silybin A, which is reported in the literature [1]. The HRMS data support a silybin isomer and the MS/MS matches that of other silybins.

	11
	21.85
	481.1103
483.1254
	7.7
6.4
	Isosilybin A
C25H22O10
142796-21-2
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard

	12
	22.26
	481.1102
-
	7.9
-
	Isosilybin B
C25H22O10
142796-22-3
Reference standard
	

	HRMS supports molecular formula.
MS/MS supports structure via reference standard.
Retention time matches that of reference standard

	13
	13.59
	-
453.1176
	-
0.88
	In source fragment of silychristin
C24H20O9
-
Tentative
	

	Common fragment ion for silybins and isosilybins. The retention time suggest an insource fragment ion of silychristin. Fragmentation data of silychristin match literature data [2].

	14
Shoulder of peak 6
	14.51
	-
505.1101
	-
0.79
	Na+ adduct of silydianin
C25H22NaO10+
-
Tentative
	

	Retention time and accurate mass strongly support a sodium adduct of silydianin.





[1]	Csupor D, Csorba A, Hohmann J. Recent advances in the analysis of flavonolignans of Silybum marianum. J. Pharmaceut. Biomed. Anal. 2016; 130: 301.
[2]	Lee JI, Hsu BH, Wu D, Barrett JS. Separation and characterization of silybin, isosilybin, silydianin and silychristin in milk thistle extract by liquid chromatography–electrospray tandem mass spectrometry. J. Chromatogr. A 2006; 1116: 57.
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Figure 3. Negative ion electrospray HRMS (top panel) and MS/MS of peak 1 with m/z 303.04854 eluting at 10.42 min
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Figure 4. Negative ion electrospray HRMS (top panel) and MS/MS of peak 2 with m/z 303.04854 eluting at 11.14 min








[image: ][image: ]

Figure 5. Negative ion electrospray HRMS (top panel) and MS/MS of peak 3 with m/z 287.0538 eluting at 12.13 min
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Figure 6. Negative ion electrospray HRMS (top panel) and MS/MS of peak 4 with m/z 481.1101 eluting at 12.76 min
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Figure 7. Negative ion electrospray HRMS (top panel) and MS/MS of peak 5 with m/z 481.1102 eluting at 13.35 min
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Figure 8. Negative ion electrospray HRMS (top panel) and MS/MS of peak 6 with m/z 481.1101 eluting at 14.20 min
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Figure 9. Negative ion electrospray HRMS (top panel) and MS/MS of peak 7 with m/z 257.0735 eluting at 16.15 min
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Figure 10. Negative ion electrospray HRMS (top panel) and MS/MS of peak 8 with m/z 481.1102 eluting at 19.60 min
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Figure 11. Negative ion electrospray HRMS (top panel) and MS/MS of peak 9 with m/z 481.1103 eluting at 20.27 min
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Figure 12. Negative ion electrospray HRMS (top panel) and MS/MS of peak 10 with m/z 481.1102 eluting at 20.93 min
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Figure 13. Negative ion electrospray HRMS (top panel) and MS/MS of peak 11 with m/z 481.1103 eluting at 21.85 min
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Figure 14. Negative ion electrospray HRMS (top panel) and MS/MS of peak 12 with m/z 481.1102 eluting at 22.26 min
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Figure 15. Positive ion electrospray HRMS (top panel) and MS/MS of peak 1 with m/z 305.0651 eluting at 10.64 min
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Figure 16. Positive ion electrospray HRMS (top panel) and MS/MS of peak 7 with m/z 259.0899 eluting at 16.51 min
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Figure 17. Positive ion electrospray HRMS (top panel) and MS/MS of peak 8 with m/z 483.1283 eluting at 19.80 min
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Figure 18. Positive ion electrospray HRMS (top panel) and MS/MS of peak 9 with m/z 483.1284 eluting at 20.43 min
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Figure 19. Positive ion electrospray HRMS (top panel) and MS/MS of peak 11 with m/z 483.1254 eluting at 21.99 min
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Figure 20. Positive ion electrospray HRMS (top panel) and MS/MS of peak 13 with m/z 453.1176 eluting at 13.59 min
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Figure 21. Positive ion electrospray HRMS (top panel) and MS/MS of peak 14 with m/z 505.1101 eluting at 14.51 min



image5.emf
O HO

OH O

OH

OH



image6.emf
O HO

OH O

OH

O

CH

2

OH

OH

OCH

3

OH



image7.emf
O HO

OH O

OH

O

CH

2

OH

OH

OCH

3

OH



image8.emf
O HO

OH O

OH

O

O

H

H

H

OH

H

OCH

3

HO



image9.emf
O

OH

HO

O

D

D

D

D



image10.emf
O HO

OH O

OH

O

O CH

2

OH

OCH

3

OH



image11.emf
O HO

OH O

OH

O

O CH

2

OH

OCH

3

OH



image12.emf
O HO

OH O

OH

O

O CH

2

OH

OCH

3

OH



image13.emf
O HO

OH O

OH

O

O CH

2

OH

OCH

3

OH



image14.emf
O HO

OH O

OH

O

O

CH

2

OH

OCH

3

OH



image15.emf
O HO

OH O

OH

O

O

CH

2

OH

OCH

3

OH



image16.emf
O HO

OH O

OH

O

CH

2

OH

OH

OH



image17.emf
O HO

OH O

OH

O

O

H

H

H

OH

H

OCH

3

HO

Na



image18.png
Inten.

03 QAT
10000
7500
5000
2500 126 90386 285.03810
Aashde 48111012
112.9845 205 93161 ‘ 37103550 661.17283
o P i llh, L 2R L 1}h 32503010 l 44790081 49912046 549 gags 60710443 ‘

100 150 200 250 300 350 400 450 500 550 600 mz





image19.png
Inten.

75012592356

500
250
175.03866
1500.73970
1 \V Ll H\ | 28503842 523093745 74399200 85027019 105697128 1242 64000 7\
0 T T T T T

250 500 750 1000 1250 mz




image20.png
Inten.

2500
126.90383
2000
1500
1000

5004

17495474

170.83(185

\hw \L\ ‘.‘m“ \‘\ w\u‘ \H‘ ‘

30304866

Ll

[M-H]-

150

200

250

300 350

400

450

500

550

mz





image21.png
Inten.

125.02355
150 MS/MS
1001
501
0 H . L ’ ; ; ;
125.0 150.0 175.0 200.0 2250 250.0 275.0 3000 miz




image22.png
Inten.

287

5376

40001 [M-H]-
30004
126.90388
2000+ 174.95470
10004
ol ‘ s \h\‘w ‘ i \‘\ i - “\. - L | ‘ 1 ‘ ‘ ‘ ‘
100 150 200 250 300 350 400 450 500 550 600 650 700 750 m/z





image23.png
250Inten.

125

2328

MS/MS
200
150
1004 177.05442
50 ‘
0 - | L ‘ ‘ | ‘ ‘ ‘ ‘ ‘ : ‘
100 150 200 250 300 350 400 450 500 Mz





image24.png
Inten.

TBTAT022
4000 (M-H]-
3000
126.90389
2000 174.95464
1000+
ol ‘ L \h\‘\\ ‘ I uhw‘ l“ MH\‘ \H‘ " | “‘n\ —t | . - Ll L . . . .
100 150 200 250 300 350 400 450 500 550 600 650 700 750 m/z





image25.png
Inten.

151.0p211
2001 MS/MS
1507 125.02335 152.Q1021
153.01765
1007 178.9973
501
T T \‘ T T \‘ T T T \‘ T L
1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750 miz




image26.png
Inten.

25000

200004

15000

10000

5000

4817027

[M-H]-

200

300

400

500

600

700

800

900

1000 Mz





image27.png
Inten.

125.07355
MS/MS
1500
1000+ 151.00224
178.9970
500
‘ | 1 L | |
100 150 200 250 300 350 400 450 m/z




image28.png
Inten.

12500

10000

7500

5000

2500

48171016

[M-H]-

200

300

400

500

600

700

800

900  mz





image29.png
Inten.

125.07355
MS/MS
1500
1000+ 151.00224
178.9970
5004 325.1568
‘ L . L I
100 150 200 250 300 350 400 450 500 m/z




image30.png
Inten.

25707358
40001 (M-H]-
30004
126 90382
2000+
10004
ol 1 i \h\‘m “\\u \lm‘\‘\‘m\“\\\\“J‘ : B T N R : : :
100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 400.0 4250 450.0 mz





image1.png
MS Intensity

(x100,000)

6.0] TIC (-)
9

4.0]

1 5
2.04 11

, 1 6 12

Nz 24 ’ <
0.0]
20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220

Retention time (min)





image31.png
250Inten.

257

7363

20Q701779 13604528 MS/MS
1507 21207646
137 05350 22706388
1004
e ‘
| L
100.0 125.0 150.0 175.0 200.0 2250 250.0 275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0 4750 m/z





image32.png
Inten.

75000 48737028
(M-H]-
500004
250001
0-— e ‘ ‘ T ‘ ‘ T T 7 T
100 200 300 400 500 600 700 800 900 1000 mz





image33.png
Inten.
50004 125.0p340

MS/MS

152.01011
4000+

3000
2000

178.9970 273.0738  301.0330
1000

m M\ (IR | Wbl A ‘\ L :
100 150 200 250 300 350 400 450 500 m/z

[=]





image34.png
Inten.

100000 48777032
[M-H]-

75000

50000

25000

100 200 300 400 500 600 700 800 900 1000 mz




image35.png
Inten.

50004 725 07340
MS/MS
15201011
40004
3000
20007
178.9970 230738 301.0330
1000
| H‘H“‘!\‘ “‘\“\‘ L . | S S S .
100 150 200 250 300 350 400 450 m/z




image36.png
Inten.

ZBTT025
[M-H]-
10000
7500
5000
2500
ol ‘HL\ TP \ - L . . . .
100 200 300 400 500 600 700 800 900 mz





image37.png
Inten.

50004 125.0p340
152.01011 '\/IS/'\/IS
4000
3000
20007
273.0738 301.0330
178.9970

1000 ‘

U LU 1\ i ‘\‘ ST | | . S N i

100 150 200 250 300 350 400 450 m/z




image38.png
Inten.

250007

20000

15000

10000

5000

48171037

[M-H]-

200

‘
300

400

‘
500

600

700

800

90  mz





image39.png
Inten.

2000

1500+

1000

500

125.0;

152.01013

178.0697

2290488

274.0457

301.0328

MS/MS

100

150




image40.png
Inten.

300001
250004
200001
15000
100004

5000

48777029

[M-H]-

200

300

400

‘
500

600

700

800

900

1000





image2.png
(x1,000,000)

TIC (+)
1.001
0.751
2
3
c
[}
£ 0501
(2]
= a
0251
0.0
T L L L L L L T L T L T L L L L B B L L B
20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0

Retention time (min)




image41.png
Inten.

125.0p339
2000] MS/MS
1500]
152.01013
1000]
500+ 274.0457
178.0697 229.0488 301.0328
| W H | , | W | | |
100 150 200 250 300 350 400 450 m/z




image42.png
Inten.

3056517
[M+H]*
5000
163.97641
25004 14195827
O h\ h‘\\ ‘\“HHM‘H‘\‘I\““\‘“\ \Hd‘\‘ Wl i, \‘h \‘hh\ Al u\h‘uh”\‘mh ‘\ \‘\ ‘\H Ll ‘M‘ \M I ‘\ \u‘ “L L .

100 150 200 250 300 350 400 450 500 550 600 mz




image43.png
Inten.

T23.05370
10001 a3y MS/MS

750

5007 231.0649

213.0539
2501 185.0592
0 - ‘ ) : bl 1 I A : : L : : :
100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 m/z




image44.png
Inten.

25908987
50007 [M+H]*
16397648

4000
3000
2000
bbb bbbl

o —u H‘Hw!\\ m‘\ !M n‘\‘lh‘hm\ ‘HH‘\“ i u‘\“ MHM“ Ll \“MU‘H M\LH\M \HMH'\ ‘ H H“\I\H”H\Imhh\‘h e il TR : .

100 150 200 250 300 350 0 450 500 m'z




image45.png
Inten.

95.0789%
MS/MS
5007 203.10003
259.08982
180Tt 184.08334
137.02803
250+ 231.0953
ol N “‘ \H“ L H‘\ ! Il L : | : : : : ‘
100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 m/z




image46.png
Inten.

200233728

[M+H]*
50000
483.12838
25000
o . ; oL ‘ ‘ ‘ ‘ ‘ ‘ ; ‘
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 m'z





image47.png
Inten.

153.01787
30001 MS/MS
2000+
149.02295
10004 195.0285
o “\ i ‘! \J‘J‘ I T | m“ il M i L — | . : Lo : : :
100 150 200 250 300 350 400 450 500 550 m/z




image48.png
Inten.

125000

1000004

75000

50000

25000

0

20023734

L

48312842

1
T

M+H]*

200

300

400

500

500

700

800

900

1000

1100

1200

1300

1400

m'z





image49.png
Inten.

153.0]

30001 MS/MS
2000
149.02295
10004 195.0285
ol “‘ e i ‘j \\‘\‘ e LD J ‘u“ i M L, - — | L L : :
100 150 200 250 300 350 400 450 500 550 m/z




image50.png
Inten.

20093721
40000

[M+H]*
30000
20000+ 483.12846

10000

0 — " L Ll TARFNTEN TGN T SO .\\ ‘\l.

100 200 300 400 500 600 700 800 900 m'z




image3.emf
O HO

OH O

OH

OH

OH


image51.png
Inten.

20004 531784
1500] MS/MS
1000+ 147.04369

500

P L, ; \‘m I O A ‘

100 150 200 250 300 350 400 450 500 550 mz




image52.png
Inten.

20000] T3 A[767
[M+H]*
15000+
10000+
505.1102
5000
o N VR VT Lo d gy el st L | L L P - : : : :
100 200 300 400 500 600 700 800 900 1000 m/z




image53.png
Inten.

30001 153001779
MS/MS
20004
149.02294
1000+
‘ 379.1177
ol bl L \\‘\ L I M i) \‘th\ \‘ ol L - : : : : :
100 150 200 250 300 350 400 450 500 550 600 m/z




image54.png
Inten.

45371766
[M+H]*
5000
163.97648
50511016
2500
0l — ‘M“ xJ\l \\‘m \‘\H HHMH« .\M\HH\H \H“‘\‘J d\h\“‘\MM\HLW\”" “HN\"\‘H \h‘\ ully g Lm“\ ‘m ‘L ;“ ‘h —p . : :
100 150 200 250 300 350 400 450 500 550 600 m'z





image55.png
Inten.

185.0p626
MS/MS
309
131.04840
201
101
P IR TH T | | T | : S R | I : -
100 150 200 250 300 350 400 450 500 550 600 m/z





image4.emf
O HO

OH O

OH

OH

OH



Analysis of Milk T


histle (


Silybum marianum


) Extract U


sing


 


High R


esolution 


UHP


LC


-


MS


 


and 


UHPLC


-


MS/MS


 


 


Richard B.van Breemen and Ruth N. Muchiri


 


Department of Pharmaceutical Sciences


 


Linus Pauling Institute


 


Oregon State University


 


2900 Campus Way


 


Corvallis, OR 97331


 


 


 


 


Figure 1


. 


Total ion chromatogram of milk thistle extract (10 µg/mL) analyzed o


n a Shimadzu 9030 UHPLC


-


Q


-


ToF 


mass 


spectrometer (resolving power 30,000) 


with 


negative 


ion electrospray


.


 


A 


22


-


min gradient from 


5%


 


to 95%


 


me


thanol


 


co


ntain


ing formic acid (0.1%) in water


 


(also


 


containing 0.1% formic acid


)


 


was


 


used for the UHPLC separation with a 


Waters Cortecs C


18


 


(2.1 × 150 mm, 1.7 µm)


 


column.


 




Analysis of Milk T histle ( Silybum marianum ) Extract U sing   High R esolution  UHP LC - MS   and  UHPLC - MS/MS     Richard B.van Breemen and Ruth N. Muchiri   Department of Pharmaceutical Sciences   Linus Pauling Institute   Oregon State University   2900 Campus Way   Corvallis, OR 97331         Figure 1 .  Total ion chromatogram of milk thistle extract (10 µg/mL) analyzed o n a Shimadzu 9030 UHPLC - Q - ToF  mass  spectrometer (resolving power 30,000)  with  negative  ion electrospray .   A  22 - min gradient from  5%   to 95%   me thanol   co ntain ing formic acid (0.1%) in water   (also   containing 0.1% formic acid )   was   used for the UHPLC separation with a  Waters Cortecs C 18   (2.1 × 150 mm, 1.7 µm)   column.  

