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Abstract: Objective
Bisabolocurcumin ether (BCE) in Curcuma species. Methods UPLC-Q-TOF-MS/MS was used to establish a qualitative analysis

To qualitatively and quantitatively analyze the terpene-conjugated curcuminoid compound-

of BCE, and its distribution in Curcuma species was studied. UPLC was used to establish quantitative analysis of BCE and three
main curcuminoids in three Curcuma species (Rhizoma Curcumae Longae, HuangsiYujin, Curcuma phaeocaulis), in order to study
the difference of BCE content in different Curcuma species and its content difference with other curcuminoids. Results In the
qualitative analysis, by analyzing the primary, secondary pyrolysis fragments and the cracking law of BCE, it was found that only
Jianghuang and HuangsiYujin contained it, but BCE could not be detected in the PengEzhu. In the quantitative analysis, BCE and
the three main curcuminoids had good linear relationship in their linear range (> 0.999 3); The average recovery rates were in range
of 99.407%—113.631%, and RSD < 4%. It was found that the content of three curcuminoids in Jianghuang were significantly
higher than the other two herbs, and the content of BCE in the three herbs was very different. The BCE content in Jianghuang was
four times than that of HuangsiYujin. Conclusion The qualitative and quantitative analysis methods established in this study can
provide reference for the discovery and analysis of more novel BCE structure’s compounds, and provide a basis for improving the
quality standards of Curcuma species.

Key words: Rhizoma Curcumae Longae; HuangsiYujin, Curcuma phaeocaulis Val.; UPLC-Q-TOF-MS/MS; UPLC; curcumin;

demethoxycurcumin; bisdemetho xycurcumin; bisabolocurcumin ether
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BFE R G MR A YE YRS T, R YU T P
T ZEORBMEY) . Kk, BCE KLU
YIAIN Jy 7 — AR FL i R B F R S i P B &
Y. SR, AEH AT 2258 8 250 1 BT E AR I 7T
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Manager FTN. Acquity UPLC PDA Detector LA
Empower 3 TAE34), M Acquity UPLC® DEH Cjg
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i@ miE v (BLmEA A RAAD;
sartorius BT25S 73h#T R [ FELF| Wikl 2= 4ds (At
5O HIRAT 1 Milli-Q £48 (Millipore, MA, £[H).,
1.2 #AmE5iH

CUR. DMC. BDMC X} & (Rl #R B AW
BIHEARAF, RS ECN 98.25%); BCE X
FH AR R T SR I A A8 B, R E SR T
98%7; HIfE. 4fiE. IR (i, %E Sigma
AT EBEFK (Milli-Q REGHI4); 2017—2018
S PU A [) Fof v UAC £ R P 222 3 24 6 1 R
AR D, BHEZER (TI~T6). LM 4E (T~
T12). ZEHAR (T13~TI18) HITEAMRZE, HHK
PR 25 R A BRI S E, Y
Curcuma longa L. [T MR ZE. W Curcuma
longa L. WT AR ZEIRAR Curcuma phaeocaulis
Val. [FFEARZE, FAEA7 T sl i s 25 K22 2 2
Bi—4 ‘CUKFEH o
2 HESHR
2.1 UPLC-Q-TOF-MS/MS E 45
2.1.1 I AIARIG ST FREL BCE T 10 mL &

1 HRER

Table 1 Information of samples

G AR 77l SR ]

TI %K PU)ip#E 2018 4F 1 H—2018 42 H
T2 %3 PUjIse#B 2018 4 1 H—2018 42 H
T3 %3 PUIBANT 2018 4F 1 A—2018 4F 2 A
T4 %3 PUIBANT 2018 4F 1 A—2018 4F 2 A
T5 ¥ PN 201841 H—20184E2 H
T6 #3H PjilsZi - 2018 41 H—2018 42 A

T7 A4 DY) ER
T8 wezHi4 DU)I4R
T9 A4 PN
T10 #E£AR4 P4)IA)I
TI1 $22A4 WUl
TI2 #eeh4: DU

2017 4 12 H—2018 /F 2 H
2017 4 12 H—2018 4 2 H
2017 4F 12 H—2018 4 2 H
2017 4F 12 H—2018 4 2 H
2017 4E 12 H—2018 £ 2 A
2017 4 12 H—2018 /£ 2 H

T13 ZEFA WM 20174 12 H—20184F 1 H
Ti4 #EHA  PIERIT 20174 12 H—20184E 1 H
TI5 A WUIRHE 2017 45 12 H—20184E 1 H
Ti6 ZEHA  TIARIL 2017 48 12 H—2018 4E 1 A
T17 #FFA WA 20174 12 H—20184F 1 A
TI8 A  PUIZM 2017 4F 12 H—20184E 1 H

M, FAHEEERZE 10 mL, BOEGERE,
BN E 25 28 21 FE 42 i) 1 BCE Rt it 8K o
2.1.2  HEASREREIHS RISk S i
A4, EFRARLH, BE, 100 B, 2 BIFR
HLO.1 g 8. W24, ERARLGMBMAT 10mL
R, IMHEEEREHEAE 1 h, A G H R L
EZ0E, %45, 022 um BPFLIERE ST, BL4:
PE N BRI

2.1.3 UPLC-Q-TOE-MS/MS fj% 1 f£ SCIEX
X500R Q-TOF b3k il i, ik s8use: &
TR SR, A Fa RN, B4R
F£350 C; A AK:241.32 kPa; & TSR 1:379.21
kPa; BTk 2: 379.21 kPa; B FHLJE: —4 500
V: ZAL2EE ) 206.84 kPa; EFEHE 60 V; —2
M fEREE 10V, —ZRAifERERE 15 V.

2.14 EMSHT FEST UPLC-Q-TOF-MS/MS 13 #%
HEREMT, AXBS SRR “2.1.37 T, PR IPERE G 3T
JE IR AR, 153 BCE 1 2 L B A
4 149.061 0. 217.042 8. 366.110 8. 451.210 5. H:Z
fEtE N 1 fis, 28 BCE xR 57551 BCE [1F:
BAIS R, Z4ATT AR R R, RS
WrEss . A EFONFES, 195 BCE 7& 3 F
FES A A RS LI 2, SEFEAR A A RER N 2] BCE.
2.2 UPLCEENE

2.2.1 UPLC tili%ft i Waters DEH Cig
(50 mm X 2.1 mm, 17 pm); JEBIAHA L5 (A)-0.1%
R /KIEWR (B), BEEELEML: 0~5 min, 39% A; 5~
7 min, 39%~50% A; 7~9 min, 50%~70% A; 9~
11 min, 70%~90% A; 11~13 min, 90%~70% A;
13~16 min, 70%~39% A; AR E 0.3 mL/min,
FEIR 35 °C; BERER 2 pL; KK 425 nm.

601.290 9

C
366.111 0
a b d
149.061 3 217.050 6 451.2122

100 200 300 400 500 600
mlz

a~d-BCE W EZRRHES T, K2 [H
a—d-main characteristic ions of BCE, same as fig 2
El1 BCE i UPLC-Q-TOF-MS/MS [&
Fig.1 UPLC-Q-TOF-MS/MS spectrum of BCE
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Fig. 2 UPLC-Q-TOF-MS/MS spectrum of BCE in three

Curcuma species

222 WEGIERPHI S Al REFPREC CUR,
DMC. BDMC. BCE 4 ™4t i& fhiR4& T 10 mL (%
BT, FAREEAE 10 mL, RO EGHERS,
RO B E 25 28 20 P B2 i) vt R i 2V, i o%
T B A TR FE 3 708 5.41 mg/mL CUR.
1.58 mg/mL DMC. 1.49 mg/mL BDMC. 9.7 pg/mL
BCE. 5 H8 i fith & WA IR RE 2 A5 1 6 MR FEE
o 2 AR FEE P X R VR

223 AUl 2. el S Mo
ARFE il 28 VAR “2.1.27 i,

224 LMERRIIFLE Rxd I & IR MR
F 6 M FEAR BE (R0 BRI IR “2.2.17 T
(1) L 25 A Y3 RE, LA CUR. DMC. BDMC Al
BCE ()i &3 B AR AR (XD, AEX R R U [T AR A
WS (V) 1A 1& B RIbsMERT 2. FR 7R
2N CUR: Y=72 074 X—3 320 (+=0.999 7); DMC:
Y=92 823 X—332 989 (»=0.999 5); BDMC: Y=
88 453 X—29 424 (r=0.999 6); BCE: Y=851376
X—22411(r=0.999 3). % CUR 7 8~270 pg/mL
MR AR RL; DMC 1F 4~157 pg/mL ZEMERR R
If: BDMC 7 4~148 pg/mL ZkMEx R K#F; BCE
7£ 0.03~0.97 ng/mL £&1%:5¢ R R

225 FREEEAE B IRA T R A R E R
6 K, THEIEIARMA AR HERZ (RSD), HT
RSD<2%, HJHIH AFEEE R . BOIE i &k

JEE (PR R T VAR R O ) i 2 AR, R
FE2 IR, BELLEFE 6d, RSDY%I<2%.

22,6  FEthise R R A S R 2
THIEJEH 0. 24 4. 8. 16+ 24 h HEATHERE, HEFE
BN 2 uL, AEEHATR R, THE S
BV ESB, FiH5 RSD, LAY R
RSD ¥1<1%, wJHf2E Mt RIF.

227 EEMHAE BREGFATHS 6tk
FE, THRIEIAFRME, IHE R ES 20 RSD, %
B B4y B RSD $1<1%, wAE SR,
22.8 fOFEEICERRES  BCIE ZEERE R, PAT
345, 7 BN B () (CUR: 135.31 pg/mL, DMC:
78.76 pg/mL, BDMC: 74.48 pg/mL, BCE: 0.49
pg/mL). H (CUR: 67.65 pg/mL, DMC: 39.38 pg/mL,
BDMC: 37.24 pg/mL, BCE: 0.24 pg/mL). fik (CUR:
16.91 pg/mL, DMC: 9.85 ug/mL, BDMC: 9.31 pg/mL,
BCE: 0.06 pg/mL) 3 ANBEHFE IR G0 I,
115 CUR. DMC. BDMC A1 BCE “F-33J[E[YSCR 535114
100.793%- 99.407%. 101.110%. 113.631%, RSD %}
AN 0.644%. 1.035% 1.479%- 3.725%.

2.2.9 SERIHT 3 2R CUR. DMC. BDMC
M BCE 70 nll ST DU 2250 a2l &
FARZ 6 HAESBT 0.22 pum HIBALIE I 5 %
“22.17 BUF W EIE KR, 15 3 N2 EE
EIWE 3, @ikigs iy s Rugms, W A&
W el A 77 B SRS e B ', AR R 2.

A c

ab
d
d
B
c d
D
\‘ S o -
0 2 4 6 g8 10 12 14

t/min
a-BDMC b-DMC ¢-CUR d-BCE
B3 RBEXRME (A). =& (B). HLHE (O) MEREA
(D) #J UPLC
Fig. 3 UPLC chromatograms of mixed standards (A),
Rhizoma Curcumae Longae (B), HuangsiYujin (C), Curcuma

Pphaeocaulis (D)
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*2 ZH. B4HE. BEREAPANMFUYHEE (X £5,n=3)

Table 2 Content of four analytes in Rhizoma Curcumae Longae, HuangsiYujin, Curcuma phaeocaulis (x £ 5 ,n=3)

JF 5 H(mg-g ")

Y5 BCE/(pg'gfl)
CUR DMC BDMC LZHERMEY A E
Tl 5.715+0.021 2.12340.018 1.67240.035 9.5114+0.075 14.80+0.01
T2 5.626+0.014 2.24940.028 1.59140.029 9.466+0.072 13.2840.02
T3 5.745+0.016 2.19240.017 1.48740.025 9.424+0.058 14.5840.02
T4 5.983+0.018 2.23440.017 1.54640.025 9.763+0.061 14.1940.04
T5 5.698+0.018 2.182+0.014 1.74240.019 9.622+0.052 15.1740.02
T6 6.022+0.014 2.14340.017 1.57540.026 9.739+0.057 14.06+0.03
T7 1.42040.021 0.482+0.022 0.379+0.022 2.28140.065 3.6410.02
T8 1.45940.019 0.498+0.016 0.353+0.012 2.31040.047 3.65+0.01
T9 1.36740.024 0.462+0.015 0.352+0.014 2.1800.054 3.574+0.02
T10 1.47240.019 0.481+0.015 0.3500.016 2.303+0.050 3.8040.02
T11 1.53240.034 0.4500.020 0.384+0.026 2.366+0.081 3.764+0.01
TI12 1.874740.026 0.484+0.021 0.379+0.018 2.737+0.065 3.584+0.02
T13 1.05440.016 0.6100.022 0.350+0.023 2.013+0.060 —
T14 1.25240.017 0.698+0.037 0.386+0.021 2.336+0.075 —
T15 1.10240.024 0.654+0.030 0.353+0.031 2.109+0.085 —
Tl6 1.030+0.015 0.642+0.018 0.31140.032 1.98240.065 —
T17 1.21440.023 0.622+0.021 0.335+0.026 2.178+0.069 —
T18 1.262+0.015 0.621+0.018 0.354+0.015 2.23740.049 —

M 2 "k, ¥ BCE FHFRESHZ 1435
ng/g, H CUR P& E1 0.25%, X 2&1%
FEFr B f i AR A AL — AR A R
TE 22385 23 I B ZE S0 -3 2248 & b A H BCE,
PR EDBN 3.67 ng/g, NEFHLMWZE T
1/4, A A R 2] BCE. 23+ CUR.DMC.
BDMC 3 MLEW 4 88N 9.588 mg/g, 2T
2284211 4.06 %, 2EEFRARM 4.48 %, WA BCE
A3 AL RBMELZE P S B RS-
3 g

As2I6Ed UPLC-Q-TOF-MS/MS 454 UPLC
XT3 P22 B JE 26 TR 0 A 2 R R
(BCE) MZEHZHK N5 (CUR. DMC. BDMC)
AT T R E M. E &5 . UPLC-Q-TOF-
MS/MS & 1415 E] BCE ARG HHHE F {5 B UL RAE A
4, At — 0 R 2 B BCE 45 M1k i 4 & 2%
WRIFNA YT T A0l FE N BCE 204 T2
TR 224 2 MR B AT, M EZERAR R
Rl 2. UPLC VA [FII € & 7 & 2% 5K H BCE Al
CUR. DMC. BDMC, J7iE4560ERoR 4 M ElY
WEABG SR, BEMEARENE, RiEeE

iR n 51, BCE SEfEZT P Rm, [FREMA
CUR EFEM 0.25%, XHAMLARZH R A RN
BCE WA, 4R —H% B BCE K4
PR CR By BT IR, B SR IR I T K .
[, DAAERIRIE TR, 2230 R A 24 1 o 4 A 7
FEE X B RIAEY), A BV A
BEHEBRPANA RGN RGihiE, A
B9 11 5 SR HR T 22 55 )R 254 1 R AR N A — 8
R IEE 20
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