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Analysis of Prototype Components and Metabolites from Bergeniae Scopulosae Rhizoma
Absorbed into Blood by UHPLC-Q Exactive Focus MS/MS

REN Hui, LU Wenjing, CUI Xiaomin, HU Jing, LI Ning, QU Tong, CHEN Zhiyong’
(Shaanxi Academy of Traditional Chinese Medicine, Xi'an 710003, China)

[Abstract] Objective: To analyze the blood-transition constituents of Bergeniae Scopulosae Rhizoma
extract based on the serum pharmacochemical method. Method: Ultra-high performance liquid chromatography-
quadrupole/electrostatic field orbital trap high resolution mass spectrometry (UHPLC-Q Exactive Focus MS/MS)
technique was used to compare the chromatogram differences of Bergeniae Scopulosae Rhizoma extract, blank
serum and drug-containing serum, according to the retention time, relative molecular weight and the ratio with

primary and secondary ion fragments provided by MS, the prototype components and metabolites of Bergeniae
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Scopulosae Rhizoma extract were analyzed in serum of rats after oral administration. The detection conditions
were as follows: the mobile phase of methanol (A) -0.1% formic acid solution (B) for elution gradient
(0-40 min, 5%-95%A; 40-45 min, 95%A) , the flow rate of 0.3 mL-min"', the injection volume of 1 pL,
heated electrospray ionization, detection range of m/z 80-1 200, positive and negative ion scanning modes.
Result: After oral administration, a total of 35 components were detected in the serum, of which 6 were
prototype components and 29 were metabolites of prototype components. The 6 prototype components were
identified as arbutin, mallonanoside A, bengenin, ardimerin, salicylic acid and ellagic acid. The 29 metabolites
were mainly metabolites from compound containing structural units such as gallic acid, mallonanoside A,
bengenin, catechin, and ellagic acid, and their metabolic pathways were mainly glucuronidation, sulfation,
methylation and others, which by phase I metabolism. Conclusion: The components absorbed into the blood
and their metabolites may be the pharmacodynamic components of Bergeniae Scopulosae Rhizoma. Among
them, mallonanoside A, bengenin and ellagic acid can not only enter the blood as prototype components, but
also exert their efficacy through phase Il metabolism. Most of the other chemical components in Bergeniae
Scopulosae Rhizoma may be transformed into simple structures such as gallic acid, bengenin and catechin by
hydrolysis, and then further metabolized by phase 1II .

[Keywords] Bergeniae Scopulosae Rhizoma; Bergenia scopulosa; ultra-high performance liquid

chromatography-quadrupole/electrostatic field orbital trap high resolution mass spectrometry (UHPLC-Q

Exactive Focus MS/MS) ; prototype components; metabolites; phenolic acids; C-glycoside
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Base peak chromatograms of drug-containing serum and blank serum of rats in positive and negative ion modes
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Fig. 2 EIC of prototype components from Bergeniae Scopulosae Rhizoma absorbed into blood
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Table 1 Analysis of prototype components from Bergeniae Scopulosae Rhizoma absorbed into blood
mlz
No. k& -7 f/min S/ppm [ MS/MS
M S AE
Pl AESRAY C,H,0, 1.78 271.0823 - - [M-H]" 108.0205
P2 mallonanoside A C,,H,O,, 289 3450827 345.0828 03 [M-H]" 330.060 1,225.040 1.,210.015 8.,194.992 9.180.005 6,
166.026 3.,138.0312.124.015 5
P3 AHRR C,H,0, 758 329.0867 - - [M+H]®  233.044 8.205.049 6.195.029 0,193.049 8.191.033 6.
181.049 7.177.018 2,159.044 1.133.028 6
7.62 327.0722 327.0723 03 [M-H]™ 312.048 8.234.016 7.206.021 4,192.005 8
P4 ardimerin C,H,0, 759 679.1481 679.1487 0.9 [M+Na]" 351.0687
7.62 655.1516 655.1522 0.9 [M-H]™ 327.0723.312.048 9.249.040 3.207.029 4
P5 JKHHIR C,HO, 13.74 137.024 4 - - [M-H]" 93.0333.65.0384
P6 HEALIR C,,H,Oq4 18.18 300.9990 3009991 03 [M-H] 283.996 7.257.008 2,229.013 6,201.018 9,185.023 8,

173.023 6

m/z 492.112 6 [M-H-CH,] ~ . 225.040 1 [M-H-
CH,0,-C,H,0,] ~ . 180.005 6 [M-H-C.H,0,-

C,H,0,-CH,~CH,0] ", fk & % M3, M9 W] ¥ &
MS/MS, #E M 3% 3 4~ k4 ¥ 7T BE & mallonanoside A
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Fig. 3 Chemical structures of prototype components from

Bergeniae Scopulosae Rhizoma absorbed into blood
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MS/MS H 38 7] UL B 85 T m/z 249 [M-H-CH,0-
C,H,0,] .207 [M-H-CH,0,~C,H,0,] .192 [M-H-
CHO,-CH,~C H,0, ], I — 35 AT G8 A & H 32 3
EERE R, LAY MI12 18 B TR R AT A
# m/z 262.986 7 [M-H] M 2 B & 7, Bl & 70 F
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207.029 4 [M-H-SO,-C,H,0,]".192.005 8 [M-H-
SO,-CH,-C,H,0,] ~, #& /5 Al g Jy % 1 3¢ & i 2
B . b A MIS fE B 7R U S
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(14 Da) , H MS/MS v #] UL H¢ fF # K & +
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{5 TG 2 o e WY 3 Ak o 0 0 AR 07 05T B
M16 . M17 75 17 8 6 20N 15 2] (9 5 1 825 1 53
WA m/z 489.125 3 [M-H ] ,489.125 7 [M-H]", 4
TR C,H, O, W BN [F) 4y R i =3 40 F
KB A A REMN T T CH,,0,(162 Da),
HAE MS/MS 0] UWLARAF 08 F 1 T m/z 249 [M-H-
CH,,0,-C,H,0,] . 207 [M-H-CH,0,-C,H,0,] .
192 [M-H-CH,,0,~CH,~C,H,0, ], #f il — % wJ fig
KA R EEAEET . (LAY MI8TEIE 5 X
T A3 8 m/z 451.123 5 [ M+H | %) 48 B0 g + 0%, 42
&5 TR N C, H,0,,, MS/MS Al WL 45 4 B Fr 8 1
m/z 275.091 3 [M+H-CH,O,]", [t 4> T 55 T i />
T 176 Da, i 7] UL I C ¥ JF 24T Bl 19 FRAE 78 R 88 1
m/z 139.039 1 [C,H,0,]".107.049 6 [C,H,O0]"; 1 it
BT AR MS/MS R LR AE R R BT
m/z 273.077 0 [M-H-CH,O, ], #E M iZ 1t & ¥ 7] GE
Shy B SR )L A% A R R

b6 P M19 78 18 145 =0T 15 3 4 1 2 1
W S m/z 353.035 3 [M-H] ", 4+ ¥\ K C;H SO
MS/MS o] WLRFAERE 85 F m/z 273.077 1 [M-H-
SO, 1™, L4 F B T8 /b T 80 Da, $7R 1] fig ] &
LR EE " . L& % M20 . M25 76 1E & 7 4
KT B A5 3] m/z 287.091 4 [M+H "4 $2 B B F
W AT C H, O B R TRET
CH, (14 Da) ; fb & ¥ M20 £ MS/MS ' C 3 I 24 4=
B OXE AR R IR R AR B F m/z 137.059 8
[C,H,0,]", fk &% M25 Il JE MS/MS, #E 3 2 4~ 1k
W] Re S H R R 2R (H JE A R AR M R Y
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mlz521.114 8 HESI mlz 5&77.135 5 HESI- m/z 248971 1 HESI-
M2 M3 M4
M9
M1 L~ M6
0 15 30 45 0 15 30 45 0 15 30 45
m(z 345.082 7 HEST m/z 345.046 3 HESI- m/z 503.104 2 HESI
| -M5 M{ Mi1
M13
Ml{
; . k1 , ; l . A "
0 15 30 45 0 15 30 45 0 15 30 45
m/z 262.986 7 HESI m/z 407.029 0 HESI m/z 183.029 9 HESI
Mi12 Mi4 lzh&ls
T = T T 1 f l T r T
0 15 30 45 0 15 30 45 0 15 30 45
miz 489.125 0 HESI miz 451,123 5 HESI* miz 499.108 9 HESI
L ~M16 M18 M18
L M17
T - T T 1 r l IL T L T = J. — T
0 15 30 45 0 15 30 45 0 15 30 45
m/z 353.033 7 HEST m/z 287.091 4 HESI* m/z 305.102 0 HESI*
L -M19 L~ M20 M21
M25
A l al '.L . . —l IL - ra ; : . s :
0 15 30 45 0 15 30 45 0 15 30 45
m/z 359.062 0 HEST m/z479.119 5 HESI- m/z 517.065 7 HESI
S | M23 M24
t/M26
T T 1 f T r ia T - T 1
0 15 30 45 0 15 30 45 0 15 30 45
m/z 300.999 0 HESI- m/z315.014 6 HESI- m/z 329.030 3 HESI
M27
M28 M29
f T r L T
0 15 30 45 0 15 30 45 0 15 30 45
t/min

4 HBIBEEARANMR G =HH EIC

Fig. 4 EIC of metabolites from Bergeniae Scopulosae Rhizoma absorbed into blood

A S . kAW M21 75 IF B T 8 T 15 %)
m/z 305.102 0 [ M+H " 2 B 7, U5 7 F 20k

[C,H,0,]".137.059 8 [ C,H,0,]", #E W i% AL A ¥ 7T fik
S FHE L ZE 2, (F R 0 A TP A 0 W 00 134 Aoz

C,H,0,, lLILEZE TR £L T CH,, HfE MS/MS 1 g b AW M22 7E s AR N A8 B 8 HE

C ¥ JF 2 5 W %F IR 88 7 B m/z 139.039 1

B W m/z 359.062 1 [M-H]", 2+ ¥ & C,H,0,,
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Table 2 Analysis of metabolites from Bergeniae Scopulosae Rhizoma absorbed into blood
t m/z
No. PR s ° 5N AN e MS/MS
/min g s /ppm
M1 mallonanoside A #j C, H,O 1.05 521.1148 521.1147 -02 [M-H|™ #iZ#EEmA  345.082 6.330.059 2,255.050 9.225.040 0,
2] I T A 195.029 2
M2 mallonanoside A #j C,)H,0,, 1.50 521.1148 521.1146 -0.4 [M-H] ZEEmMmI 345082 6.330.059 4,255.050 7.225.039 9,
2 BRI R 195.029 2
M3 mallonanoside A #j C, H, O,  1.85 507.1355 - - [M-H]" ##EH1k -
H R
M4 BT IR AR R R C,HSSO,  2.25 2489711 - - [M-H] #iRREEt 169.013 4,125.023 3
M5  mallonanoside A [f] C ;H,,0,,  2.29 345.0827 345.0830 0.9 [M-H]" Rk 330.059 3.210.016 5.,194.993 0,180.005 7 ,
I3 SR A 166.026 3.138.0312,124.015 5
M6 B TR R i CHSO,  2.65 248.971 1 - - [M-H] BifeARfk 169.013 3.,125.023 3
M7  mallonanoside A #j C,H,,O,,  2.75 507.1355 507.1357 0.4 [M-H]™ #i&EEHL 492.112 6,255.050 9.,225.040 1.,195.029 3,
T 180.005 6
M8  WETERMAFENE C,H,0,  3.38 345.0463 - - [M-H]" #japEEs i -
R
M9 mallonanoside A #j C,(H,,0,,  3.41 507.1355 - - [M-H]" ##sEk -
ik
MI10 AR WA C,H,0,, 3.47 503.1042 503.1045 0.6 [M-H]™ ZHZMEEMRM  327.0723.312.049 2,249.039 9.207.029 3,
TR 192.005 8.113.023 2
M1l HEFREHMEE CH,0, 4.01 3450463 - - [M-H]" #i%pEEs R -
R
M12 IR RN CHSO, 435 262.9867 - - [M-H]" @Rt 183.029 1,168.005 6.,124.015 5
M13  HEREWHE MY C,H,0,, 448 503.1042 503.1036 -1.2 [M-H]™ WZMEMIL  327.072 6.249.040 0,207.029 4 ,192.005 8 |
[ivass 113.023 3
M14 5 3R R R C,,H,SO,, 5.31 407.0290 407.0287 -0.7 [M-H] #iREE 1k 327.073 3.249.040 3.,207.029 4.,192.005 8
M15 FUER & FR C,H,0, 6.47 183.029 9 - - [M-H]" B 124.015 6.123.007 6.95.012 7.61.987 1
M16 HHFEREMAEMTT  C,H,O0, 7.13 489.1250 489.1253 0.6 [M-H]™ #i%HiTF{L  249.040 4.207.029 4,192.005 7
M17 HAFXFEEHMEH  C,H,0, 7.90 489.1250 489.1257 1.4 [M-H]™ #&EEHIL  327.0753.249.040 3.207.029 5.192.005 8
MI18 B LA #48 C, H,,0,,  7.99 451.1235 - - [M+H]" #i4ibsEmE R L 275.091 3.149.059 9.139.039 1.107.049 6
M 8.00 449.108 9 - - [M-HI 273.077 0
M19 BIJRILZASK A NE  C,H,SO, 8.06 353.0337 353.0353 4.5 [M-H|™ #iMiEfk 273.077 1.,255.066 0,137.023 4
M20 Al 2 3 C,H,0,  8.66 287.0914 - - [M+H]" W EAfL 149.059 8.137.059 8.122.036 6
M21 LA R Cc,H,,0, 8.6 3051020 - - [M+H]" F %A 147.044 1.,139.039 1,137.059 8
M22 W E TR C,H,0, 8.69 359.0620 359.0621 0.3 [M-H]~  HILfb/H% 183.029 1
M T PR Y MR 1L
M23  HIILJLASE WA C,,H,,0,, 8.70 479.1195 479.1191 -0.8 [M-H]™  HIL{L/A#% 303.087 6.113.023 2
8 R T W R A
M24  HILEETEEAESR C,H,,S0,, 10.00 517.0657 517.0657 0.0 [M-H]" iRk 437.109 0.422.085 3.327.072 2.183.029 1
H B 2 TR
M25 HIEA B % C,H,,0, 1033 287.0914 - - [M+H]" Hi -
M26 LK Z WA C,H,,0,, 1037 479.1195 479.1204 1.9 [M-H]™ #i%i#E A1k 303.087 4,113.023 2
i R 1
M27 ¥EAERR R oy AR €\ H,O,  18.55 300.999 0 300.9990 0.0 [M-H]™ Rk 283.996 0.257.009 6,229.013 5.205.027 5,
201.018 5,185.023 8,173.022 9
M28 W IEEEAE R CHO, 2032 3150146 3150160 4.4 [M-H] H3fk 299.991 3
M29 — WL EEIE R C,H,0, 2043 329.0303 329.0291 -3.6 [M-H]™ WAk 314.006 3.,298.983 5.270.988 4
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HMS/MS H AT WLRFAE B Fr 85 m/z 183.029 1 [M-
H-CH,O, ], L5 T B F Uk > T 176 Da, il %
LAY RTRE W H S & TR A MR . b
G M23 M26 75 B 115 T 1Y HE > 1B g )
K miz 479.119 1 [M-H] .479.120 4 [M-H ], %
T C,H,,0,,; & MS/MS 1 1] WL AE i H- 55
F m/z 303 [M-H-CH,O, ], bt FE LA K In T
C,H,0,(176 Da) , 4 ix 2 4~ 16 & Py vl fig Sy B 56 L
REBMBRBERT " . L&Y M24 7R3 TR
T 45 B e 4 T8 05 m/z 517.065 7 [M=H ], 4>
TR N C,,H,S0,,; H: MS/MS i A] WL4AF 7 A 85 1
m/z 437.109 0 [M-H-SO,], L 7r T8 700 T
80 Da, MS/MS H1if A F#E 6 5 B F m/z 422.085 3
[ M-H-SO,-CH, ]~ ,327.072 2 [ M-H-SO,~hydroquinone |~
FI L B T FR S AE B F m/z 183.029 1 [C,H,0,],
S5 4 SCHRAE I 32 Ak G W oy WY R VB F T AR R
R .

b6 M27 78 1B 18 T A5 B0 E S 1 R
W m/z300.999 0 [M-H]", 5+ k C,,H,O;, MS/MS
oA A R AR B T B T m/z 283.996 0 [M—H-OH ",
257.009 6 [M-H-CO,] ~ . 229.013 5 [M-H-CO,-
COJ .201.018 5 [M-H-CO,-2CO] .185.023 8 [M-
H-2C0,-C0O]™.173.022 9 [M-H-CO0,-3CO ], & #%
SCHER I 5 TR B A3 e v 4 DA% Ak S W Sk R AR TR TR
RS LA M28 1 BB PR A5 B E S
FE T m/z315.016 0 [M-H ], 4> T3 K C ;H,O,,
R R 4y T £ CH,(14 Da) , H: MS/MSS W A 45
fiE#E B F m/z 299.991 3 [M-H-CH, ], #E I i% 1k
AW R I REAETR 5 JC 5 0 s HY 3 Ak v w0 ) 1R gt
P AR M29 75 7B TR T A B o T B
T m/z 329.029 1 [M-H]~, 7 ¥ N C,H,0,, It
BEAER 7 T3 £ 24 CH,, H: MS/MS A H5 fF 1 A
B 7 m/z 314.006 3 [M-H-CH,] .298.983 5 [M-H-
2CH,] .270.988 4 [M-H-2CH,~CO ], #fE I iZ k&
Yok — W SRR AC IR, (H TG 1k 5 3 Ak o A 10 £ 3
7 a5
4 itig

KA RIE S H RN 2 A, M s
AU B SRR R AR NI S A B R i R AR T
YR, 38 2k it 90 L6 B B AR I 04 1 43 mT LA /N iE 5
ZIE A HRIRIT 2 E R &k ok i i
J 9% S 2 55 0 R0 ) B R el T e 2 A AR
B8 AN S EA T A DA, Bom
AR IR T T 46 T 2R AR T Y

WE 5% 4 ok T — & M B . 1 UHPLC-Q Exactive
Focus MS/MS A L o by fiff ik — i) i, i 4 R 2
LTEE XS /NGy FA6E W50 B, J0F BB A & o0 R
o RO PR BT AR L, T DR S B
TG B R AR AR N A3 BT i SO R A R
K, BB S S I 25 W) HE AR TN A B8 1Y 52 2 LA 1Y 43 BT R
UE S

A W 5% % F} UHPLC-Q Exactive Focus MS/MS
X OR B R 23 08 A 1 SR 4 YY) e 1Y I T R A AT
G307, 55 ET IR BT Y 2R 08 G SR i A A3 AT L
XF, AR5 AL 5> MS/MS B o i 43 1 25 - M RHE
B, g th 35 B AT R o 6 A4 Sl R
RIS, 29 AR W o Sl A AT RIS A
A =, & 32 B F R . mallonanoside
ACEHRR LR BRALTR 5 W5 & A ) % 1
(R A TN A R AN TRk R AN LR R A Wl O
A T BT Y 23 08 S S 2 M b R IR B )
TAHBE TR CAARR LA RFEWIT, i
I 22 U 5 11 3 25 14 v 9 4k 27 o3 A2 P AT g 32 22
R K ERREAANEE TR CEARR.
LA R EM A, 3k — 20 A4 T A,
mallonanoside A .5 F1 36 3 B AL R 76 7 9 BE 7T DL LA
B AU, AT DL 28k T ARAR I & #2588 B
il R EAREG OEE PLR Bt A
PR 1% A AR 25 4E FP mallonanoside A B —
EPURRE N A AR RO YT & N %L 2
BHHARR R, L BGPMAey AL 0 0@
A BB I R R A R
BFRAEAIR LA DU LAY B
AR R B A PUR L PR PUEAE PUE
P 0 e 3 5 A TE 0 1 A B R R AR VE R LA
FHAISAY AL U BUIARSE R
ZRUA S SR A% , AS BIF 5 3 o N H 24 0
) UHPLC-Q Exactive Focus MS/MS 43 #7 J5 ¥ , i #r
T HRWE SRR Y B4 S AR, BT B
WA 0 22 S vk AU 43 43 B B A AR — S 25,
B XZ 25 A MRS AT 15 19 245 8801 i /5 i — 2D 7
K7/ 1| TN e B N o g
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