55

HET HPLC WA I H AP A M A A2 4 60 28
SrREH B

ORTLERML B EAE VKA IHF L PR (LA P EARFHER, AA 611137,
LEERBAZFEAGRI AR, RA 610225;3. )| KFLTAER, kA 610041)

HhESES R284.1 NERERD A XEHS  1001-0408(2020)23-2833-08
DOI  10.6039/j.issn.1001-0408.2020.23.04

O E BN ZIRNNE AL ST ARG AL oA ER D AR A58 7 ik, SF LB R Bl s A AR S 4 A R,
DA EE T, AL AOF R IF AT R AR RBERE L F ik A 124 W3k 46 A A AR S RIIEL b )G, KR & 204
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Comparative Study on the Contents of 4 Components in the Volatile Oil of Cyperus rotundus from
Different Origins Based on HPLC Method and Multivariate Statistical Analysis

XU Na', MOU Yuzhen', LI Wenbing’, FU Chaomei', CHEN Hulan', WANG Shiyu', LU Junrong"*(1. College of
Pharmacy, Chengdu University of TCM, Chengdu 611137, China; 2. Institute of Qinghai-Tibetan Plateau,
Southwest University for Nationalities, Chengdu 610225, China; 3. West China School of Pharmacy, Sichuan
University, Chengdu 610041, China)

ABSTRACT OBJECTIVE: To establish the method for simultanecous determination of the contents of cyperotundone,
nootkatone, a-cyperone and aristolone in the volatile oil of Cyperus rotundus, compare the content differences of 4 components in
C. rotundus samples from different origins, and to provide reference for germplasm screening, development and utilization of the
medicinal material. METHODS: The volatile oil was extracted from 46 batches of C. rotundus from 12 origins. The contents of
cypermenone, nootkatone, a-cyperone and aristolone in volatile oil were determined by HPLC. The determination was performed
on Kromasil C;s column with mobile phase consisted of methanol-water (68:32, V/V) at the flow rate of 1.0 mL/min; the column
temperature was 30 °C ; the detection wavelength was set at 242 nm; the sample size was 20 pL. Using the contents of above 4
components as evaluation indexes, radar image analysis, cluster thermal map analysis and principal component analysis were
performed for comparing the quality of C. rotundus from different origins. RESULTS: The results of content determination
methodology investigation met relevant requirements; the total contents of 4 components in volatile oil from C. rotundus from
different origins ranged from 136.986 4 to 538.832 1 mg/g, of which the total content of samples from Yunnan was the highest (the
average value was 476.059 2 mg/g). Radar image analysis results showed that the whole contour in the 4 origins of Guangdong,
Jiangxi, Guangxi and Yunnan was large relatively and better balanced, among which the samples from Yunnan had the largest
overall contour and the best balance. The cluster thermal map analysis results showed that the samples from 12 origins could be
grouped into 2 categories, the first category was from Hubei, Jiangxi, Yunnan, Sichuan, Guangdong, Shandong, Henan and
Shaanxi; the second category was from Guangxi, Shanxi, Anhui and Hainan; the quality of samples from the first category were
better than that of samples from the second category. The principal component analysis results showed that the cumulative
contribution rate of the first three principal components was 96.1% , and the samples from 12 origins were mainly clustered into
two categories, which was consistent with the results of cluster thermal map analysis. CONCLUSIONS: Established HPLC method
can be used for simultaneous determination of cypermenone, nootkatone, a-cyperone and aristolone in volatile oil of C. rotundus
from different origins. Among the samples from 12 origins, the quality of medicinal material from Yunnan is better.

KEYWORDS Cyperus rotundus; Origins; Volatile oil; Content determination; HPLC; Radar image analysis; Cluster thermal

map analysis; Principal component analysis

A MRV FRHEYI VS 5 Cyperus rotundus LAY ST P BRPS R | 5V | o B AR | 5 SR8 MR 25 35 R4

ML R RO T (R BRI 5R) , 3 M FRRITT , 981y

a7 BB AR AR IR 2 L i Ak, ot AR
ZRHCRIRZ B, GBI AR BT R K
B, A RA LR BUAAL et B R LK R R
SEAER. AR SRR A TR R AR e A
FERAMIEEF I, HA A2 B3 e 7 B 11 = B 4
JRoY G 2 A 2 LA AT A AL
JE S 2015 AR RRCH [E 25 L) (—0) A [F 25 04 SRR
I RE A LA R R R S HE AR A T PR AN,
JRAE AR PR B — |, R = XA RO B8 A, ok o
SN2 SRR TR . 2R DI ST
KB, A B2 v A BT ) L BAR | o 7 B R B A
TR AL R e 2R B I 8l g AR R R O,
TG R A A W ) R D A A A R, AR
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1o FLIG PR I Ak 27 B VE PR HE b , 27 i BAO A
i (HPLC ) [ I 52 3% 4 Rl o il 5, LAY B 1 3
Pl A B 2R 1 T

UEAh A A ) 2 oA A R E K 7R
KEFME T M7, B X e AR H LA
HBUTE AR, [ N ARG T A B R Y H #54
2 W5 ARGy A E R DL R TR (B i)
FEZ2A I, Bl TG Mo ma T S
ANTF A TR AT b T A AS TR A B A T 2
AWFFTWEE T 4 124577 36 46 U F B 24564 A kG
FESL B T AL e B BRS RS AL 6
X, B eI L PR R A B P 4 R I oy (LA B T [
R | o7 BRI L 25 SRAR TR 4 A B4 A AR ER) & G i X
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1 7
1.1 {88

Ultimate 3000 %Y HPLC {¥ (% [ Thermo Fisher Sci-
entific /A ] ) ; FA2004N 7Y B~ K- (g FE B2 7R
HBRAT]) s ZA30SAS T+ T7 43 2 —Hi K- (g 7e4E
MR ATBR 2N 1) s KQ3200E KA 74 i v vk oo (L 11 Tl s
1A B F] ) s ZDHW R A (J6 5T 24k A
A BRAFD .

12 &5

S 2 SR IR B 124N A7 b A B 2541 3L
4641t , 28 LA H R 2 R A 22 e Hh 2 BRI M FR AR
HF I Y VP R Y TP L C. rotundus L. T 18AR
25 HARORUEAE B L3 1o 7 BRH R 6 B8 A (HE 5
19091601, 41 & : =95% ) . a- # Bl X5 B (HE 5 -
20011502, 4l JiF : =99% ) . b Y 88 1 % B i (L5 .
20061706, 21 - =91% ) ¥l A AR K AETELE I BORAT
BEL 2> w5 152 Al ) %k B (36 [ Sigma A F] L S
10112423, 443 : >98% ) ; BN ik 4l , HAian 2
G3HT4l, K RZEAK

x1 EMHHHF=RIE
Tab 1 Origins of C. rotundus

Ji ] 24 L ) (DS ) 2204 H42 % 3l I 7 3 " PR A T R
ARSI . 35 R I B AR BB, PR E IR
SR RS TR R A R R R MR R (%) =
mIM*100% , 3 m 45 0 BT, M 2588 R i B
W GRS AR  hE R TR 2E R E
O, A DL 7 A i rP A R A P 2 A5 R e
(1.139% ), AU I 7™ K il v 45 il B9 °F 2915 R B IR
(0.63% ) 5 12 >N [7) 5™ 3b 7 B v 452 4 i ) ~F- 275 5y
0.90% o AIal7™ Hu A Bt p #4430 e 2 2R DL 2.
F2 AREFHEMPELMSENELSR
Tab 2 Volatile oil yield of C. rotundus from different

origins

e} e o7 i E
wags O ppge PR ppge MR Jppes RON
HB-1 1.00 GD-7 0.70 GX-2 0.80 AH-1 1.10
HB-2 0.90 GD-8 0.70 GX-3 0.90 AH-2 1.10
X1 1.10 GD-9 0.90 GX-4 0.70 YN 0.80
X2 1.00 GD-10 1.10 GX-5 0.70 YN-2 0.80
JX3 1.00 GD-11 0.70 GX-6 1.20 SX-1 1.20
JX-4 0.80 SD-1 0.70 GX-7 0.90 SX-2 0.90
GD-1 1.00 SD-2 1.20 GX-8 0.60 SC-1 055
GD-2 0.70 SD-3 1.00 GX-9 1.10 SC-2 0.70
GD-3 0.90 SD-4 0.80 HN-1 1.10 SX*-1 0.60
GD-4 0.80 HN*-1 1.00 HN-2 1.20 SX*-2 0.70
GD-§ 0.85 HN*-2 0.80 HN-3 1.00
GD-6 0.70 GX-1 0.80 HN-4 1.20

ik i g ik HRES g
1 HB-| 5[4 % GX-1 I
2 HB-2 iRl 25 GX-2 I A
3 JX-1 ] 2 60X I
4 1X-2 i 2 GX-4 I
5 X3 i} 2 GX-5 il
6 X4 ] 29 GX-6 i
7 GD-1 & 30 GX-T i
8 GD-2 % 3l GX-8 Wi
9 6D} Ik E)) GX-9 (]
10 GD-4 Ik 3 HN-| R
11 GD-5 Ik 34 HN-2 il
12 GD-6 'K 35 HN-3 i
13 GD-7 "% 36 HN-4 i
14 6D Ik 37 AH-L T
15 GD9 Ik 38 AH-2 d
16 GD-10 % 39 YN-| ZH
17 GD-11 'K 40 YN-2 =H
18 SD-1 IIFS 4] X1 I
19 D2 IIFS ) X2 Y|
2 D43 L% Iy SC-1 il
21 SD-4 IIF 4 5C-2 ol
N HN*1 R 4 SX*1 BERS
B HN*) L 46 §X*-2 B

TE " R U HNT R I HN R 577 7G-S XC
FR, B SX* " RR

Note: Origin of Hainan is represented by “HN” , Henan by
“HN*"; Origin of Shanxi is represented by “SX”, Shaanxi by “SX*”

2 AEEER
2.1 FEMELHARRNESEIHE
IR MFRICA [RIHE U B A 4% 100 g, 2 [ 2015 4F

FEEE 020FEE1FREH

2.2 EMHEL M AFMESHNESENE

2.2.1 WEWAIEIE (DIRAXT IR S % PRI
WRF 7 Tl 520 e ) oc- BFF ) 5 S A4 T 45 %o AR 3 o,
P2 i) 2% R i 6 52 49 531 A 0.295 4,0.005 3,0.064 2,
0.046 2 mg/mL ARG X BRI, &5 FH o (2) itk i i
W RE B FRI 2. 17700 R A B4 & 7 6 mg, B F 25 mL &
S P BE 25, B o (3) BT BE A LA H iAo
BRI o HE VA

222 MEFMFSRSEHAERE QA ESEA
TR A B & 2 0 ST, IR AT A S R .
F : Kromasil Cs(250 mmx4.6 mm, 5 pum) ; i shAH : B -
K (68:32, V/V) 5 i : 1.0 mL/min; A3 1 : 30 °C 5 Ko )%
2242 nm; PERE R - 20 pLo BU“2.2.17 300 R IR A X BE A
VSR A S TR ORE A : GX-1) R X B, 43
S T S AR AT e SR A R . SRR
IF A5 T (R0 AT D -7 T PRD 5 SRR ) 4 7 4 P € 355 0
5 AR AR U [A] 11 4 12 B2 39K F 15, BLS AR BUI AIL T
10 000, H.BAPEXT BRSO o 4. g E LK 1,
2.2.3 KPR EZEZ 2210170 FIRARIRLE
W 2.4.6.8.10,12 pL, 43545 “2.2.2" Wi F (i SRR
e e TR DA RE SRR (o, ng) AREARAR |
oI 1 RO AL AR () AR 28 o &5 R BR,
25 B FE LR B LN 5 LA A I TR A R PR G R
WRIF(HRT 0999 0), 4550 3.
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C.HIHXT BRI
TE - LA BRI R 5 2. AT 5 3. 2 YRAR R ; 4.0 75 B
Note: 1. cyperotundone; 2. nootkatone; 3. aristolone; 4. a-cyperone
1 BRREEEE
Fig1 HPLC chromatograms

F3 AFRAMEIEARE KMEEE KRNRINESR
NE 25 5
Tab 3 Regression equation, linear range, detection
limit and quantitation limit of 4 components

il Bl i r SR, pe  TER pg RIR, pe
FltHiaTE y=34745040.0889 10000 0.5419~32513 00094 0.0028
e y=8037—00314 10000  0.0092~00549 00046 0.001 4

ot y=81.588x+0.0071 1,000
DA y=12813r100546 09991

2.2.4 AMMFRANERBR  BC2.2.1(1) "R A
VW T, W BB M R I , #62.2.27 T Ak 2544
HEFENSE ,iC e AR . DAEMR L 102 1.3 1 40 535
BRI B3 1 e PR A B, 245 SR L3k 3.

2.25 AR BCEBHE A (FEA g5 . GX-1) 18
i, H%2.2.1(2) 7 il A el VA, AR R 4 2.2.27 I
TR A A PRI E 6 YR, 0 ST AR . S5 BUR,
T B ] AT o5 R D | L S48 ) 0 TRT R ) RSD 43
58 0.57% .0.56% .0.76% .1.64% (n="6) , i #H i )7 ¥
FREE RUF

2.2.6 FaetiAn BT (PR i . GX-11E
O BEERAM TR 0.2.4.6.8.12.24 h )5, 4%
“2.2.2" TR S AR E Il SRR R, S5

0.1252~0.7512 0.0063 0.0019
0.081 1~0.486 5 00365 00109
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WAF Az ] 520 A0 ) o7 O ) % 468 e 0 1T L ) RSD 433
0.59% .0.53% .0.69% .1.60% (n="7) , FBIHEIR i i
WAE A P S 24 h NFREE R AT
2.2.1 HEVEALE  BCEHE AN (R g5 : GX-1)iE
i, L6 0y, Al 2.2.1(2) IR ikl s e A T
SRIGHE“2.2.27 BT A5G A5 R AR DN 2 |, 1 S0 A, OF
MRIEFRUERN LT3 U B & 5 452K, A& TR I | (5
HHITR] | o= 75 BFF IR | D S8 1 55 2 1% RSD 43 514 1.06 %
1.92% .1.80% ,1.65% (n=6) , LM% w2 M R A
2.28 AEEICRIRE R PR ERE 0 A R
KM (FER S5 : GX-1)3 mg, 3L 6 40, 24945 2.2.1(2) " 15
T A A R SRS 2 iR E R
25121 (mim) 1 EEADRS %5 10 5 X6 BE b Y 9 (339 LA H it
RV RIS )T A SR e 2.2.27 BT A5 A% A AR DU
FE 0 ST UG AR, MR s v il 2 D7 RO A5 o
FIFTHE IR e . G5 R B, AR | B A
o BRI S A TR %) - S I [T %6 4333 S 95.54.% |
100.57% .99.23% ,96.86% ,RSD 435l 1.28 % .2.34% .,
0.68% .1.75% (n=6) , F W% J5 1 HERf B R A7, 45 5 L
4,

F4 AT HMFEREKZENELZ R (n=6)
Tab 4 Results of recovery tests of 4 kinds of compo-

nents(n=6)

Dot REPE O OMARL, WA,

MR THmEEE RSD,

e
frli g i, mg mg mg % e, % %
FHiT 0.003 1 04876 04552 0.9208 95.17 95.54 1.28

00029 04562 04552 08935 9607
00030 04719 04552 09032 9475
00031 04876 04552 09204 9508
00029 04562 04552 09012 9776
00030 04719 04552 09016 9440

(el 00031 00090 00088 00176 9773 10057 234
00029 00084 00088 00173 10014
00030 00087 00088 00177 10227
00031 00090 00088 00179 1014
00029 00084 00088 00175 1034l
00030 00087 00088 00173 9173

oM 00031 00200 01303 02488 9885 99.3 0.68
00029 01122 01303 02413 9908
00030 01161 01303 02470 10046
00031 01200 01303 02485 9862
0029 01122 01303 02410 9885
00030 01161 01303 02458 9954

DEAE 00031 00828 00770 01596 99.74 96.86 175
00029 00774 00770 0511 95.71
00030 00801 00770 01546 9675
00031 00828 00770 01568 9610
00029 00774 00770 01506 9506
00030 00801 00770 01554 9179

2.2.9  THATERE:  BCEMHA A (BEdh 45 : GX-1) 18
o, A3y, AR 2.2.1(2) T J5 vk B A
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PREFC2.2.27 00 F HoAth G5 S5 B ITE LT, 40 0l 558
HAEAR 3 (0.8,1.0, 1.2 mL/min) A [RIAEE (25 .30 |
35 °C) ARG K (242,254,280 nm) 54T Al &
SEIL IO SR TR, AR i s o fit £ A0 o A% )
M. AT 3 UL, BOP I . S5 5L, A B |5
AR oo S T | L SFE A4 7 AN [] 300 28 A ) 5 k1Y
RSD 43511245 0.53% .0.88% .0.34% .0.77% (n=3) ; fE A
[) A T A5 4 2 i A9 RSD 431l 4 0.33% . 0.34%
1.28% .0.39% (n=3) 5 TEA [AI G M A< T AR 15 1 1Y)
RSD 43514 0.35% ,0.49% ,0.68% ,0.72% (n=3) . 1£3
Fl 2 E R 4 Flst 205 500 RSD ¥9/NF 3% , 1% )y vk
it FE R4

2.2.10 FEAEREIGE A6 HEAR A & R S
G3EE“2.2.1(2) " TUT Jr il 45 LA i R AR S 4
“2.2.2" BT IS A RN E T SR TR, FFE AR BR
WERNZRIT A A8 B 5 1 25 51 S [ 7 e 78 B
T AR ) R S AR, A R B A
[l &y 65.785 3~417.977 0 mg/g, Ho DL = B 7= 7 (4
TP A e CEXME R 315.159 6 mg/g) 5 [RIARAR (1 7
TV 4 0.049 3~16.042 6 mg/g (R H4M) , I LA
T AR B R e e e CPE{E R 5.853 9 mg/g) ;
o-Tr B Y S VG LR 0.935 3~181.615 6 mg/g, FLH LA
B VG 7 A B 4 i rh B i e (34 142.251 6

mg/g) ; T SRR 75 R 6.563 4~112.485 5 mg/g,
LA DLl Pa 74 B i o B i s CEE4{E 2 95.002 6
mg/g) o AN[F] 7 b AR A A R a3 R B R
43 136.986 4~538.832 1 mg/g, HoH UL = R = & M5 &
iR AR R CERME N 476.059 2 mg/g) , 45 R W3 5.
2.3 ZRLGEITSH

N7 2 T RS ] A B R 4 o )
LIS AW 0 B R T TR AR I o3 b BRI o A
FF A R 12457 s 3k 46 SEAFBAE S EF T 04T
2.3.1 EIkEST DA B o7 B D
YRES TR 55 Ry B i VRN A, >R ] Excel 2010 MR 714
il 46 HE A FEAE S Rk I i F A AR R/ N 4%
JI 53V 43 A 1 LK S BN ) 7 b A AR it 7 I 2
S GERILE 2, G5REIR, LR I T AR
7 R DT R A R A 1) A R K L A Y- R
U, e MDA 2 B 7 A B ) R A B A K L A A
BT, B2 2 R A R il o o
2.3.2 RIEHIEHT  LAAE AR B | o7 B I
TG4 i 4 Fh o i A PR FE B, SR Heml-1.0 5%
TEXT 46 HEA BEAE G EA T RIS b . RIS Y1)
REE R WA HRE ol 1) 5 22 S5O0 3R R ) SR 2K
SRR A BT ) B i 25 S OC R AR R TR S B
25 B4y i v e A (B0 fh v B R AR 3R it i IR &)

®5 ARFHEMHELHP 4R IPEENELSR (ng/g,n=3)

Tab 5 Content determination results of 4 components in volatile oil of C. rotundus from different origins (mg/g,

n=3)
TAVS=N TAVSI=N
e oL s | wass g s
Hltiam ] il YL e [ o DA

HB-| 1349717 K 51.7383 315855 2182955 GX-1 1573021 29024 387053 26,6672 255770
HB-2 1233232 0.1692 33.8449 248324 1821697 GX-2 3104030 15356 439745 108.153 4 464066 5
JX-1 3446539 0.0959 75.843 4 532095 4738027 GX3 141.8499 2911 1 381022 25.1079 207971 1
JX-2 265981 8 02746 57.560 8 465310 3703482 GX-4 2111838 0.7042 184973 397889 270.1742
X3 183.250'5 Fhith 4078 323289 259.8072 GX-5 309.914 0 16710 322710 547090 398.566 0
JX-4 186.804 1 T 439045 319422 2626508 GX-6 101.108 5 02677 38017 318085 1369864
GD-1 758753 21059 666477 11.6813 1563102 GX-T 2956393 12318 142359 50808 1 3619151
GD-2 110.235 6 23870 109.803 9 242010 2466275 GX-8 4179770 25573 434817 748161 5388321
6D} 1651775 72904 87.885 6 21.409 4 2817629 GX9 3232633 0.8819 164194 83.8034 4243680
GD-4 191.521 0 54047 93.9979 293208 3202644 HN-I 1463100 02033 3319 59.6418 2093870
GD-5 657853 16,0426 108.2407 6.5634 196.632.0 HN-2 192.701 2 05619 55629 60.1474 2589734
GD-6 101.830 6 104028 109.7449 13.258 6 2352369 HN-3 1712190 0.0493 1.0612 659506 238280 1
GD-7 182.806 8 76674 109.5223 25,6284 3256049 HN-4 1794990 0.17129 09353 57.0253 2376325
GD-8 2639428 88188 1429547 3577135 4514898 AH-1 2594378 1.5702 293232 644020 3547332
GD-9 1922773 1.660 1 141700 602259 2683333 AH-2 1743402 Fhih 50633 629649 242368 4
GD-10 2055250 03397 43436 61.666 5 2718748 YN 331.9542 41644 1150191 503238 503461 5
GD-11 2515357 22533 403899 58503 8 352.6827 YN-2 2983649 20290 96.8419 514212 48,6570
SD-1 87.738 6 FHi 107.3649 19.5249 214628 4 SX-1 362,732 4 1.0510 113159 1124855 487584 8
SD-2 776507 06368 99.629 1 17.116 7 195.033 3 X2 2159226 0.0872 20174 715196 2955468
$D-3 139578 02843 1213081 266948 287.5650 NeA| 189.8325 K 718672 235128 2852125
SD-4 118.2877 Fhidh 124.169 6 239874 2664447 5C2 174689 1 K 67.363 1 210194 263.071 6
HN*-1 108.146 7 FHiH 114288 4 154140 237849 1 SX- 84.885 5 02142 102.887 5 13.506 4 201493 6
HN*2 1587314 K 124.809 6 19.749 0 303290 0 SX*) 1060778 02809 181.6156 19.0090 306.983 3
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Fig 2 Radar chart of the contents of 4 components in volatile oil of C. rotundus from different origins
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