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Characterization of major constituents and determination of protocatechuic acid
in Chinese herbal medicine Cibotii Rhizoma
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Abstract: Objective To identify the chemical constituents of Cibotium barometz and establish a UPLC method for the determination of
protocatechuic acid, and to compare the content differences of protocatechuic acid between crude drug and decoction pieces. Methods
Ultra-performance liquid chromatography-tandem quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS) combined ESI ionization
source, and negative ion scanning mode were used to collect the mass spectrometry data of C. barometz extract. According to the precise molecular
mass, secondary fragment ions and comparison with literature data or standards, the major constituents of C. barometz were identified. The UPLC
method was performed on a ACQUITY UPLC CORTECS T3 (100 mm 2.1 mm, 1.6 um) column with 40 °C, and gradient elution with 0.1%
formic acid in water (A)-acetonitrile-methanol (70 : 30) (B) was used at the flow rate of 0.4 pg/mL, and the injection volume was 4 pL.. Results A
total of 26 constituents were identified from C. barometz, including 16 glycosides, 2 phenolic acids, 1 saponin, 1 phenylpropanoid, 1 lipid and 5 other
constituents. The linearity of protocatechuic acid was good in the range of 0.94—202.00 ug/mL, (R?>=0.999 9). The average recovery was 101.90%,
the limit of detection was 0.20 pg/mL, and the limit of quantification was 0.79 pg/mL. The content of protocatechuic acid in the decoction pieces of
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Cibotium barometz achieved the standard of pharmacopoeia (>0.020%, n=6). The content of protocatechuic acid in crude drug was lower the
standard of pharmacopoeia (content was 0.003 8%—0.005 3%, n=4); But after acid hydrolysis, the content of protocatechuic acid significantly
increased (0.205 2%—0.450 1%), while also less than in the decoction pieces of C. barometz. Conclusion The established UPLC-Q-TOF/MS
method in this study can quickly identify the major constituents of C. barometz, which can lay a foundation for the quality control and the

pharmacodynamic material basis of C. barometz. The established UPLC method for the determination of protocatechuic acid has high sensitivity,
good accuracy, and feasibility, and can be used for the quality control of Cibotium barometz.
Key words: Cibotium barometz (L.) J. Sm.; glycosides; phenolic acids; saponin; phenylpropanoid; UPLC-Q-TOF/MS;

protocatechuic acid; content determination
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Table 1 Information of crude drug and commercially
available decoction pieces of C. barometz
%5 its EERA
Zibf 1 20200104-1 53148 25 75 B AL EL SR B8 s A
Zjkf 2 20200104-2 S =HE =S EBHIKY
Zj#1 3 20200104-3 53148 B ) B3RS A

Zikt 4 20191125-4 |THRAE mVF T RTERE BN B L
WO 1 20200104-1 2544 1 Ju ]

A2 20200104-2 ZH4 2 M

Y3 20200104-3 Zikf 3

W4 20191125-4 Zikf 4 Has

W5 20190925  dbrEMCETIZE RA A
WH 6 20191201  dbrpEMCEHIZE RA A
YA 7 20190514  dbEERM-EHIZGH TR A
W8 20200409 b EMCESIZEERA A
WH 9 20200622  dbiEMACETIZE RA A
YRR 10 20201002 JbEE R I 25 TR A #
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Fig. 1 Base peak intensity chromatograms of UPLC-MS of C. barometz extract (negative ion)
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Table 2 Identification results of the chemical constituents in crude drug of C. barometz

%15 te/min EMBRK AT IEST EWE SHIE REX109 MSE &+
1 084 3-JFF-y-nt R CsHiO3  [M—H]™ 111.0082 111.0077  —45 111
2 098 3-FRE-y-mtmER (R CsHsOs  [M—H]- 111.0082 111.0076 54 111
3 178 3-(LBEME)-2-FNE-B-D-MMHEMEE  CuHaOs [M—H]- 295.102 9 295.103 2 1.0 295, 101
4 3.07 6-O-J5 JLAMHIE-D-Hi & b CisHs09 [M—H]- 315.0716 3150715  —0.3 315, 153, 109
5 325 JRJLZER CiHeOs  [M—H]- 153.018 8 153.019 3 33 153, 109
6 3.80 cyathenosin A CisH140s [M—H]- 313.0560 313.0556  -1.3  313. 153. 109
7420 6-O-Jf JLARBEIEE-D-HIENE (4 R CisH0e [M—H]- 315.0716 3150715  —0.3  315. 153, 109
8 424 6-O-J5 JLRMIE-D-H &M ([F o Fif) CisHs09 [M—H]- 3150716 3150715  —0.3  315. 153, 109
9 519 JiJLERE CHs0s  [M—H]- 137.0239 137.0238  —0.7 137
10 545 FHHER-4-0-B-D-i % it CiuHis09 [M—H]~ 329.087 3 329.087 3 0.0  329. 167. 152
11  6.96 cibotiumbaroside A Ci18H20011 [M—H]~ 411.0927 411.0919 -1.9 411
12 712 1-O-WniHkik-B-D- 2 b CisH1s0s [M—H]- 341.087 3 341.088 1 2.3 341, 179, 135
13 7.25 3-O-WnnkEt-p-D-7 % fE CisHis0s [M—H]- 341.087 3 341.088 1 2.3 341, 179. 135
14 8.26 4-O-WnnkEt-B-D-7 % FE CisHis0s [M—H]- 341.087 3 341.088 1 2.3 341, 179. 135
15 835 4-O-F Eik-B-D-il s b CisH1s0s [M—H]- 325.092 3 325.092 7 12 651, 325
16  8.66 6-O-NHFME-B-D- i % CisH1s0s [M—H]- 341.087 3 341.088 3 2.9 341, 179, 135
17 10.35 MY CaH2s013 [M—H]- 475.1452 4751420  —6.7 475, 312, 281
18 1044 1-O-WnmEBE-B-D-Hi 4 0E (74 FAis) CisHis0o [M—H]- 341.0873341.0862  —-32 341, 179. 135
19 12.01 3,7,3 4P I H CisH120s [M—H]- 287.0556 287.0555  —0.3 287, 137
20 12.35 [UZLRR 4-O-p-D-HIE M H CisH200s [M—H]- 355.102 9 355.104 1 34 711, 355
21 1380 ¥R CisH1s0s [M—H]- 353.0873 353.086 -37 353
22 17.36 JiftH R B2 CaoH26012 [M—H]~ 577.134 6 577.134 8 03 577
23 17.75 cibotiumbaroside G CisH200u [M—H]- 411.092 7 411.092 8 0.2 411, 315, 153
24 19.08 corchoionoside C* CiHx0s [M—H]- 385.1862 385.1855  —1.8  431. 385, 223. 153
25 21.03 cibotiumbaroside E CaH20u [M—H]- 439.1240 4391222  —41 439, 341, 179
26 23.65 cibotiumbaroside | CisH24010 [M—H]- 399.129 1 399.129 6 1.3 799. 399, 179
27 2454 K% CusHas018 [M—H]- 863.182 3 863.182 4 0.1  863. 455, 187
28 2490 K% CooH2s0u [M—H]- 439.1241 439.1240  —0.2 439, 323, 113

X7y 58 IR LT

« comparison with the reference substance
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Fig. 2 ESI-MS and proposed fragmentation pathway of protocatechuic acid in negative ion mode

BT U6A miz 329.087 3 [M-H]™ (CuH1709), HFE  AERE A B F miz 152.011 5. @it 5 ek,
R BT miz 167.034 2. 152.011 5, Himiz  HEWHZAL AV NE FIR-4-O-B-D-Hi & #E 1 (vanillic
167.034 2 Sy 7B T84k 25 17> T CeH100s T acid-4-O-B-D-glucopyranoside), 7] BE 24 iR I i
PRI R, SRS 10T CHs, 72 B 3 FR.
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Fig. 3 ESI-MS and proposed fragmentation pathway of vanillic acid-4-O-B-D-glucopyranoside in negative ion mode

323 MEEMEE HMETFEN, EY 1T W

REERE] 4 10.35 min, #5785 FU6h miz 475.142 0

[M—H] (CooH27013), FFEREF B FIEA miz 312.107 8.

281.063 9, H:r m/z 312.107 8 & sy 755 TIg k2=
312.107 8

313._111 7 [M—H]-

1 43 CsHgOs Al 1 431 CHs i LB B 1, 1%
R M2 1 90+ CHsO, FPAEMAET miz
281.063 9. JEIT 5 CHAMEL XS, HEWHZAL SRS
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1
1200

4751420
281.063 9
‘ 476.152 1
T T T T T T T T
0 200 400 600 800 1000
m/z
E 4 #EEFEHR ESI-MSE (hEF) REBER

Fig. 4 ESI-MS and proposed fragmentation pathway of primeverin in negative ion mode

3.2.4 corchoionoside C 1% %E & T
T, B 24 LR R TE N 19.08 min, #E4r T
BTk m/z 385.185 5 [M—H]~ (Ci9H2008), 4%
TERE F B 7645 m/z 431.190 6. m/z 223.133 3.

m/z 153.091 3, ' m/z 431.190 6 & HED T 5
TUEAF R 1 5y FH R AT B 7, #ED T

BTERE 1 4T CeHioOs IPAEBHE T miz
223.133 3, k4t X 1 43T CaHeO 18 IR A 55
+ m/z153.091 3. KAHMGIE A, %5 B R
Bk 242 nm, IS5 SCERISIANE F AR v 5 EEX
HEWTiZ AL &% corchoionoside C, T At ) 24 i
AU EE 5 fTaw
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Fig. 5 ESI-MS and proposed fragmentation
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331 HRGEHMIRLE 1% “2.47 TN GIE R
BEATREIN,  DUJS LR BR v ER BSOS T 6000,
Y EERT 1.5, RS SE 2R RO a2

MBKAEFE it 1) % B L 6 P s iz il 26 AR 1
J5U) LR IR RE WG I8 BIHL L 50 1, T 3EAT 5 St N 7 #r

pathway of corchoionoside C in negative ion mode

332 HLMERFRFELE  NEEWIDE LA XS I 5 i
BRI, WK FRRE AN [F) SR FE 433 4 202,00
101.00. 33.67. 16.83. 5.61. 2.81. 0.94 pg/mL ]
PR VA . TR “2.47 TR i & E, LA
BT R IR AR AL BR (XD, DL i FR R

NYPMERS () flbrdEdi 2, B[RRI Y=

B r
“E)L:ﬁg@
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Jn fal s n___ R A JII_ B -
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6 BILEREERINEHAE UPLC B (254 nm)
Fig. 6 UPLC of protocatechuic acid and C. barometz samples (254 nm)
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6 970.5 X+509.67 (R2=0.999 9), 45 F W FH Bk
JEE R AR 26 1 ¢ R R 4T

333 MRS ERMRME  BUR ) LASEOS R i i
VTR FRE-1% 0K BE R 7KW (70 & 30) B2 H
Bla, MAE ) LRRIAIIR (SIN=3) 24 0.20
ng/mL, SE&EPR (SIN=10) 4 0.79 ug/mL.

334 FEEEALS RS 101.00 pg/mL X HE
W, H% “2.47 TR Bl SRR gL R 6 1K,
TOSRIEHIA, 15 RSD H. 451 WoR R LA ER P34
U A4 702 603.8, RSD 4y 0.10%, I #HE %
=AY/

335 HEEMWHE HUEGMEESMAK 124, 7
] £ B K AR AT JE AR A, 1 “2.47 T i
FAFRERE, TCSRUETHIAN, THE R L A% R U TH AR 1)
RSD i . 45 5 SR BR/K AT )5 ) LA BRI THIFA Y] RSD
R 1.97%, BRIKAREIR)LAIRIEART) RSD A
2.86%, FKHIZIIEEEMERLT.

336 FEtkikie 4B B AR T A
W, H& “2.47 BURJ7ET 00 20 4. 8. 12, 24,
48 h HEFEIE, I sRUETAR, TR LA BRI I A1
[f) RSD {H. &5 S8R, FBR/KAMRAT IR ) LR IRIG T AR 1
RSD & 1.65%, FR/K M )5 i ) L2 BRI T AR 1) RSD Ky
1.20%, %45 B3R B 24000 I K A 1 I ARk L v
AT 48 h AR E M R 4T

3.3.7  fNFEEICRREE o BIRRKEL O AT E A
256 (5 20191125-4) 1.0 g 3t 12 4y, 4r kS5
TN JE LSBT R i, e Ak i 1) £ T V21 45 IR 7K
FE A JE AR VAR, AR “2.47 TUT B S A
€, THEEMCER . IR SR EG 45 R, HE K
FR AT 5 LR BR B35 AR Rl % 9 101.90%, RSD
9 1.75%, FPEIKMRIE IR LASER P35 e [l 2
N 99.11%, RSD A 1.31%, R ZR 5t xF %A%
T3 10 58 W 4 SRR AL N

3.3.8  JUHAMBRIKMERT G S R LA BRI &
B RO EI SR, X 4 JURE 2R TR
Ab PRI AR, IFR “2.47 TT il kAR
FEME, FIFHAMRMETTE R LA PR R4, 4
AR 3. 10 HEHPEO B S5 LA R IR o 243 4
BIKTF 0.020%, FFH (REZH) 2020 5 HR M
E bR AE o 256 R R LR IR B & o AL rE
0.003 8%~0.005 3%, E/hT (HEZH) FRifE,
EPE M 2 BRI, R LSRRI B2 5
BFE TR, &%) 0.205 2%~0.450 1%.

x3 BIKBRTERMEAMRIRAPRILEEBRNSE
Table 3 Content of protocatechuic acid in crude drug and
decoction pieces of C. barometz before and after acid

hydrolysis
- o J?i L7RRI%

K A K&
2 1 20200104-1 0.005 1 0.2150
2kt 2 20200104-2 0.003 8 0.2455
2 3 20200104-3 0.005 3 0.205 2
Zitt 4 20191125-4 0.0050 0.450 1
Wh 1 20200104-1 0.586 5 —
Wh 2 20200104-2 0.648 8 —
W3 20200104-3 0.6619 —
Wh 4 20191125-4 0.556 0 —
WH 5 20190925 0.665 2 —
Wh 6 20191201 0.8357 —
Wh 7 20190514 0.8177 —
W8 20200409 0.597 1 —
W9 20200622 0.617 1 —
WA 10 20201002 0.850 9 —
4 Tig

A SIS W 2541 ) UPLC-Q-TOF/MS 7
E A T AR g AL, B4 Waters BEH
Cis~ Waters HSS T3. Agilent SB Cs. Waters
CORTECS T3. Waters BEH HILIC. Waters BEH
Amide. HALO RP-Amide %, KIUSIEHREY) +
(=5 B %5 7F Waters CORTECS T3 il i B
BAF R R R 4> B R s TR 25 %2 T AN [E] A e B v
A, AU T B L5 CLRASE Ee ] ) H
HOREREMEZR, KL T AR KA IR,
A E A WA N QRS -H I (70 2300, KAHA
0.1% H IR, LIS bt i i W 9 22, 70 B8 FE AR
AR, WA G S HOHAT T HEEE, Rl E TR
P . BB B E . EWAIRIRES, R&HE
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