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Abstract: Objective To establish a rapid and accurate analytical method for the identification of complex system of traditional
Chinese medicine, and to systematically clarify the chemical composition of sesquiterpenes in Alpinia oxyphylla. Method On the
basis of optimizing the extraction process of sesquiterpenes, the accurate molecular weight and secondary fragment ions information
of unknown compounds were captured by ultra-high performance liquid chromatography-quadrupole/orbitrap high resolution mass
spectrometry (UHPLC-Q-Orbitrap HRMS). Compared with the relative retention time and mass spectrometry data of the reference
substance, combined with relevant references and databases, the sesquiterpene unknown compounds in the fruits of A. oxyphylla
were accurately and rapidly characterized. Results A total of 24 sesquiterpenes were identified and classified into four categories
according to their skeleton structure, including nine eudesmane-type, six cadinane-type, eight eremophilane-type, and one
oplopanone-type. Conclusion In this study, the established analytical method was used to realize the rapid and accurate identification
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of sesquiterpenes in the fruits of A. oxyphylla, which provided a theoretical basis for the research on the pharmacodynamic substance

basis and quality control of the fruits of A. oxyphylla.

Key words: Alpinia oxyphylla Miq; sesquiterpenes; UPLC-Q-Orbitrap HRMS; extraction process; eudesmane-type; six cadinane-type
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Table 1 Factors and levels for Box-Behnken design
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36.0 min, 75%~5%B; 36.0~40.0 min, 5%B; &
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Fig.1 Results of single-factor experiments
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Table 2 Experimental results for Box-Behnken design

\ LR WORLEL, TR
% . R C
53 5U% (mLgl) =F/(mgg?)
1 70.00 60.00 30.00 1.288 24
2 55.00 70.00 30.00 154578
3 55.00 70.00 30.00 1.489 28
4 55.00 60.00 40.00 1.290 01
5 55.00 70.00 30.00 1.424 87
6 40.00 70.00 20.00 0.907 01
7 70.00 80.00 30.00 1.705 05
8 55.00 60.00 20.00 1.31594
9 55.00 70.00 30.00 1.405 68
10 55.00 70.00 30.00 1.424 96
11 70.00 70.00 40.00 1.282 53
12 70.00 70.00 20.00 1.267 92
13 55.00 80.00 40.00 1.491 68
14 40.00 60.00 30.00 0.685 32
15 40.00 80.00 30.00 1.081 17
16 40.00 70.00 40.00 0.500 07
17 55.00 80.00 20.00 1.480 57
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Fig. 2 Response surface and contour plot diagram of ethanol concentration and temperature to extraction quantity
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Fig. 3 Response surface and contour plot diagram of ethanol concentration to material-liquid ratio for extraction quantity

PRI E/(mgg )

WO (g mL™h)
R/ (mgg ™)
o
©

EREIC ToRHE/(gemL ) 25 2060 W EIC

B4 RESHREIEEITRENE BN R E E M EF S % E

Fig. 4 Response surface and contour plot diagram of temperature and material-liquid ratio for extraction quantity

(5S,7R,10R)-5-hydroxy-noreudesma-2-tien-3,11-dione
teuhetenone A. 7-epi-teucrenone. oxyphyllanene A.
oxyphyllenone A. (4aS,7S)-7-hydroxy-1,4a-dimethyl-
7-(prop-1-en-2-yl)-4,4a,5,6,7,-hexahydronaphthalen
2(3H)-one.

LA 7-epi-teucrenone A, iz SV

TREARTE 9.31 min. RIFE—HFEEL, H [M+
H] 455 116 miz 235.169 3, I Aff 5 A6 431
5 EMTHEATHRAR TIC 9 234,160 3. HLHE —ZR R IHLAL G B TR,

Fig.5 TIC of Alpiniae Oxyphyllae Fructus (positive ion mode) AW ELF|A HoO. CsHe. CsHs. CeHe. CO Zsrhiph:
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17 2 HeWriZAk &490°N T-epi-teucrenone, H:Ji %2 @ik 1%
W7,
33.2 ARMAGERLMEERE  AWFIL S E L 6 MR
. fef, HFE oxyphyllenodiol A. oxyphyllone E.
5 10 _ 15 20 oxyphyllenodiol B, 4S-isoprophy-6-methyl-1-tetralone.
ymin oxyphyllenone H. ketoalcohol. LA oxyphyllenone H
6 EBEFEATEANBS TICHE T, AR A S Y R EE I TR] D 11.15 min.
Fig. 6 TIC of mixed references (positive ion mode) W2 EE, H [M+H] 2758 7 miz
#3 FELCEFEEERNERS
Table 3 Chemical composition identified in compound sesquiterpenes from Alpiniae Oxyphyllae Fructus
o prog =
B LamER HTR MR tumin Ifn:jf P r‘n)”‘/”f (zil‘fe) 4%
1 oxyphyllenone A* C12H1803 BT 6.79 211.1329 2111325 -1.947 a
2 oxyphyllenone B[ C12H1803 BT 7.66 211.1329 2111326 -1.378 a
3 oxyphyllenodiol Al"] C14H2203 EEF 8.06 239.164 2 239.163 6 —2.555 b
4 (11S)-nootkatone-11,12- Ci15H2403 EEF 8.06 253.1798 253.1791 —2.690 c
dioll®3]
5  oxyphyllanene B! C12H1402 BT 8.57 191.106 7 191.106 5 -0.765 a
6 oxyphyllone El] C14H2003 BT 8.74 237.1485 237.148 1 -1.691 b
7 oxyphyllenodiol B[4 C14H2203 EST 8.91 239.164 2 239.163 7 -1.928 b
8  (4S"5E,10R")-7-0x0-tri- Ci12H1802 EST 8.97 195.138 0 195.1377 -1.416 a
or-eudesm-5-en-4p-olt4
9  (5S,7R,10R)-5-hydroxy- C14H2003 EBF 9.17 237.1485 237.148 2 -1.396 a
noreudesma-2-tien-3,11-
dionel™
10  7-epi-teucrenonel’s! CisH20; EBT 9.31 235.169 3 235.168 8 —1.856 a
11  teuhetenone Al Ci12H1802 EEF 9.47 195.138 0 195.1377 -1.314 a
12 oxyphyllanene Al C12H1602 EST 9.66 193.122 3 193.122 2 —0.758 a
13 diketonel™ C14H2002 EEF 9.82 221.153 6 221.153 2 —1.657 c
14  11-hydroxy-valenc-1(10)-  CisH24O2 EET 9.87 237.184 9 237.184 3 -2.389 c
en-2-onelts]
15  dehydro-nootkatonel4 Ci5H200 EST 10.40 217.158 7 217.158 3 —1.666 c
16  nootkatoll’] Ci15H240 EET 10.95 221.1900 221.1896 —1.682 c
17  oplopanone* Ci5H2602 EET 10.98 239.200 6 239.1999 —2.703 d
18  oxyphyllenone H'4 C14H2202 EET 11.15 223.169 3 223.1689 -1.732 b
19  (4aS,7S)-7-hydroxy-1,4a- C1sH2202 EET 11.83 235.169 3 235.168 8 -1.984 a
dimethyl-7-(prop-1-en-2-
yl)-4,4a,5,6,7-hexahydro-
naphthalen2(3H)-onel’]
20  ketoalcoholl” C14H220z EET 12.67 223.168 9 223.168 8 —2.001 b
21 eremophila-1(10),11(12)- C15H2002 EEF 12.88 233.1536 233.1533 —-1.443 c
dien-2,9-dionel!
22 nootkatone* [14] Ci15H220 IEET 14.96 219.174 3 219.1738 —2.472 c
23 4S-isoprophy-6-methyl-1- C14H150 EET 15.01 203.1430 203.142 7 -1.830
tetralonel®
24 valencene” CisHz4 EBT 17.69 205.195 1 205.194 7 -1.839 c

FEAIRR I ak R AR AR -

SR BESFFE A - S WA

#Compared with standard substance ~a-eudesmane-type b-cadinane-type c-eremophilane-type ~d-oplopanone-type
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C3H,

m/z 69.033 7 m/z 97.064 8 m/z175.111 6 m/z 161.096 | m/z 133.101 4

B 7 7-epi-teucrenone RILERIREZR
Fig. 7 Fragment pathway of 7-epi-teucrenone

223.169 3, HIILHHEMN 7> T RN 222.169 3. 1R
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CsHev CaHe CoHo SRR F, 456 k51N &
UL = Fwmn ik, W zamh
oxyphyllenone H, )i il 2 fift id: 42 WL 1Z] 8.

333 VHBIHEMEEE AW it 8 M
RIS B AR 2 0E, A4 (11S)-nootkatone-11,12-
diol. diketone. 11-hydroxy-valenc-1(10)-en-2-one.
dehydro-nootkatone . nootkatol . eremophila-1(10),
11(12)-dien-2,9-dione . nootkatone . valencene. LA
nootkatone Jyfiil, fﬁnnﬁlﬂwzﬁc/\#%ﬁ’ﬂ%‘éﬁﬁﬂﬂjj
14.96 min. 45— HFEE S, K [M+H] 515
TUEN miz 219.174 3, HULHHE A 7 TR EN

-@if

m'z 187 148 4

4H{
o

m/z 205.158 7

o
L0

m/z 163.1117

m/z223.169 3

m/z 1511119

218.174 3. MRHE R FUERMIE T, AT
FIH HoO. C4Hg. CHaw CO L5V ERIE S, 458
KR m B 5 IR b, HEWZL AN
nootkatone, )T iGELARIEE ML 9.

334 HZEAAfEER AL EEL 1S
il £ 2105 Coplopanone), RSz Ak &Y Ax:
FE I (8] 10.98 min. #R#E— i E R, H [M+
H]"4» T 55 T 06 A miz 239.200 6, FH LA 78 AF G 43
T2 238.200 6. HRHE 205 1 AR AL 1) B TR
Jr, A R|H HO. CsHew CaHsy CaHav CoHa
SR EETER, GA R RIS XX
b, HEWriZiL &%~ oplopanone, 5 it 2 fif iR

1% WA 10,

m/z 107.085 5 m/z 93.069 9

’ -C,H,
-H,0 @ -CH, %
E—

m/z 133.101 2

m/z 119.085 5

@5;

m/z 145,101 2

& 8 Oxyphyllenone H fRi%Z4RiE
Fig. 8 Fragment pathway of oxyphyllenone H
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