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(partial least squares discriminant analysis, PLS-DA) XILEEARBAT M 0T £5R 15 HOLEATRSUIETEARBE KT 0.958,
HbrE T 12 M E N, FRIAESRER. PEEER. NS WER T HIENEE H. NS AR A BEARNES. BCYITNEE AT
Ay SHRT 6 AN T E BT, HRESE N 0.108%~0.524%. 0.168%~0.268%. 0.016%~0.029%. 0.004%~
0.007%- 0.056%~0.033%. 0.590%~1.293%. XM 15 #ZH 5N 3, ERSAHiEEN 4 MERS, HREBTE
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Abstract: Objective To establish the HPLC fingerprint and muti-component analysis of raw Ligusticum jeholense. Methods Thermo
Acclaim ™ 120 Cig column were performed on HPLC analysis. the mobile phase was acetonitrile(A)-0.1% formic acid (B) for gradient
elution. The flow rate was 1.0 mL/min, the wavelength was 280 nm and the column temperature was 30 “C. The content and fingerprint of
relative ingredients of 15 batches were measured simultaneously, combined with cluster analysis, principal component analysis and partial
least squares discriminant analysis (PLS-DA), which were applied in comprehensive analysis. Results The similarity of 15 batches of L.
Jjeholense was greater than 0.985, and 12 common peaks were calibrated, Chlorogenic acid, ferulic acid, senkyunolide I, senkyunolide H,
senkyunolide A, ligustilide, levistilide A were identified. The first six components were quantitatively analyzed, and their mass fractions were
0.108%—0.524%, 0.168%—0.268%, 0.016%—0.029%, 0.004%—0.007%, 0.056%—0.033% and 0.590%—1.293%, respectively. Cluster
analysis classified the 15 batches of medicinal materials into three categories, principal component analysis picked out four main ingredients,
and the cumulative variance contribution rate was 87.94%, indicating that the main ingredients contained the most information of the raw
statistics. PLS-DA screened out five difference components. Conclusion The established fingerprint and multi-component quantitative
analysis can be applied to the quality assessment of L. jeholense, which also can provide reference for the quality control and the
development of related prescriptions of L. jeholense.
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RN REY BEAR Ligusticum sinense
Oliv.BL B A L. jeholense Nakai et Kitag. [T J
RZBAAR, 0T “pRARZ”, Fyhami,
R B K20 . BARER, B9E, BRIE,
BRI DRk, AT TIRIT MERRE, BT,
MOBER . W REAR T HERME AW, B
FRR. AERE. ZHR LN ICREZ KK
&3, RN AR E R B %
R MBI AFEEEANEE . V)= A B A~N.
T IR R S HT R N RS . BRI TR R I, 1L
AR T & IR S AE R MR B AP B
TS A ERIE PR, R I EE A R 2 A A B
B . A B ETY T B AR L 2 T HER
PE R 53 B SR 2 i -0 R L 25 BRE PRI R, T
BOEHE . 2 oo & 2w 5 A T RS0 i E T
T2 8,

SR HPLC VAL T 15 U BEARME
SUEIE, FEXTHGAT B A, 458 KT
S R 3 Wi et | R s T8 AL DU W Nl ss
M EZE RSy, RN AL T I g A 6 ANE T R 1)
CrENETTE, VI B AR 7 I () 5
L ImRN RS,

1 UESHG

Waters €2695 /= R0 A L i ([ Waters 23
A]), CL21R B B0l (S EZRER K /R BHE A RD,
XP-6 K5 % KV (i L4 - 45 R 2 A F]D,
SB25-12DTD AUHE S IHBENL (T 308 Z AR
A IR A, TGL-18C-C MERE.LHL (Lif
%5 kexue fUAY) Do

xR S SRR (kS 110753-201716, Ji =4
#799.3%, 1 fr i 2 sk e B e e s Bl BRER (Htt
5 110773-201614, Jii&45r % 99.0%, +E &M
m A E WL BRY AN B A (Hik s
111826-201605, H [E £ i 24 s ke W i be, i =
7rH=98%); VE)IIEAEE T (5 200530, i
IE>98%, B AR IUMAERHE AR AFD; ¥
JIE AN H (b5 SBJ-12242, Jifi &5 5= 98%,
MR IUMAEDEHEARARD; FIEANE A
(IS 200615, Jii &7 20>98%, F§ A% VUMAD
BEH AR AR D, BANE (S
RFS-G01011812030, Jii&E /%L 99.1%, JERH; 4%
BAEVREARATD; L8, ttilkal, £E Tedia
AR HEE, fBika, EE Tedia AF; WA

RSl AKABAiK (Milli-Q HE 4l /KAUH ).
WEARBTETABEREREOEH, LOT
2. e, fEathEA R RBIGEERN
ILER L. jeholense Nakai et Kitag. [f] TG ZEFIHR,
CERTINFF B [ 24 8 ) 2020 FEFRGL FEAST T bR
BAREREIE 1.
F1 TEARRFER

Table 1 Source information of L. jeholense

G B )5 7

L1~L5 LB PURSRM Y B T
L6~L10 B TERE+OT 2
LII~L15 T34 LT8R B Lk

2 HESH#R
2.1 @IEEHG

Thermo Acclaim ™ 120 Cg fai%4E (250 mm X
4.6 mm, 5 pm); AN LME (A) -0.1%FERK
W (B, FRIEVENL, 0~16 min, 10%~20% A;
16~33 min, 20%~45% A; 33~54 min, 45%~85%
A; 54~56 min, 85%~10% A; 56~60 min, 10% A;
AR 1.0 mL/min, A58 30 C; A3 K 280
nm, BEFEAFR 10 L.
22 MR&EAREIE

IR IR BIERRS . FE)IE AEE I VIS A
fis He VENIS NER A BEARNES. KIS A X

ﬁg&]jﬁ%, ”%%_: ;ﬁ%’ EZ mL %;T’EAEP’ jJDEFl@?%U
BREWE 8 35.68. 9.63. 108.00. 93.90.

122.30. 84.40. 55.40 ug/mL [V A X HE S
23 HiX@EAREHIE

HULBEARY R (O =575 29 0.5 g, M FRE,
BHEHIT, FEIAN 50%F EE 50 mL, %%,
FREE, WA (D)% 250 W, MK 40 kHz)
45 min, %, FRERE, H 50%F RN ERR
P, #55), JEt, IR, 250 (14 000 r/min)
10 min, H{ BiEW, BP4E.
24 FBWBENEHEFER
241 MEEERR BULBEAHK (g5 R L4),
2 “2.37 URJTERI& R, % “2.17 DU il %
PRESENGE 6 Ik, sk tnk . LARTEEIR 2 g,
THEL AT W R AE G OR B B[R] FHAR 6 U T AR B RSD,
4 RALAT IR0 R BB (3] RSD 24 0.01%~0.04%
FXGHIETH AR RSD A 0.17%~1.29%, F WL ek
ARSI
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242 FRoEMRE BULEEAKM K (Y5 N L4,
i “2.37 WURN AR REM, & “2.17 TUN
KA 00 24 4. 64 8. 12, 24 h HERE, 0%
ok . AR R N S R, 15 LA 0 0 A S R
B R [F) ANAR X UG T AR ) RSD, 45 S 3L AT I A4 o) 4
BARFIE]) RSD A 0.22%~1.27%- HIXHIEEFE RSD
N 0.20%~2.45%, FHILX S ERAE 24 h WASE
PER T

243 HEMRE BOCEARMK (w5 L4,
% “2.37 URNHIEHIERERR, 1% “2.17 BUF 2%
PR RBERE, ROk DR NS IRE, it
SR A UG (AR G B B ) AR X U TR RSD, 45
TIAG W T AR BE N ] RSD A 0.02%~0.05%- #H
TG R RSD N 0.47%~3.21%, RWZTIRER
PEELT

2.5 IRYEEEN

251  ZHLKREE R EISE L IA W BOEER) 15
HOILEEA, 4% “2.37 TUNFE S AR 57201 2% 10 A
PRI, 4% “2.17 TUT R SR AR ERERI, SR
(i an s o BIE A UL RS 2012 b,
LI S1 ASIRENE, A EONIEHE, WE R v
JER 0.1, LUl Z SRIE. 4aiggIiad, 75 15 it
W BE AR S B AR S IR TR S B, LK 1,
ZULELfEhrE T 12 MR, 205X PDA
Fe ik B R AR B B TR EEFR A 7 AN, il
2 SUESEIRIR . 4 SUWERTERRG . 5 SUEVE)E N 1
6 FUEVEIE MR Hy 9 SIEFE)IENES AL 115
WEEEARNEE. 12 SRS IHNEE A. 4 5 EEES

A 4
2 |
|
T %6 Tl 1
B T
11 12
2 T 9
R 4 | [ |
T T T T T T T
0 10 20 30 40 50 60
t/min

2-LRIFIR  4-BTELER  S-VENIESATE 1T 6-VE)IIE AT H o 9-7¢)1
AR A 11-EANEE 12-BCEHAEE A

2-chlorogenic acid  4-ferulic acid 5-senkyunolide I ~ 6-senkyunolide
H 9-senkyunolide A 11-ligustilide 12-levistilide A

1 15 #TRAMEFER ) MEAXEM B) BIEE
Fig. 1 Chromatogram of common pattern (A) and mixed

reference substance (B) of 15 batches of L. jeholense

BEELE, REE AT ALE F, WA 4 (FEf
%) RNZE,
252 ARALEEVEAY DL E B AR R R RE SR S0
RNZHR, X 15 L AR SRR AT AU VR
HANBUEAE 0.958~0.999, %W LR 2 [AIAHBLEE
R4F.
2.6 WERNIRASH
2.6.1 FEoHT DL 12 MGG R,
M. SPSS 26.0 # AT RG KK, L HER
P SO IXE], R A A BT RIS, M2REE
BN 15~20 I, 15 HLZEATT LY N 3 2K, 1
AP L1~L2, L4~11, I3 HE L1, L9, I3
AHE L12~L15. HERLGRTH, 1R8N0
T S RGN T MR L BEAS, A HE L L
2 AN IT BE A ZE N

[F, 15 L BEAS R B I T TR,
L11~L15 KA HE 2 mE 3, B L1 4h, K4
T BRI N — 2, HEI RS Ll = ()L #
A5 TOF 2. SR VEE I AR — T
B b zESs, M2 R T RRE T R L i A 5
JrE i 75
2.6.2 ERSHHT SKH SPSS 26.0 XA I &
AT ER b, WERHEHERT 1, 255
BT 4AFERSY, HETTTREILR]T 87.94%, 4
B 2. B 1 FROFHEE N 3.87, Rl DTk
N 32.28%, XfRif R EBCK G AE 2 (SRR,
g 10, U3, &1, W12 (BRHANEE A, I 11
(BEARAER, 19 GEE)IE AR A, RIFHXE 1
TR REIECR, AU BEAR R RN S
I 5 2 EROFFEE N 3.66, RITTTERE A
30.49%, XN far # EBOR NI 6 CAE)ITES AT
H). g8, RHHXE 2 WA — ERERIY
W, 25 3 R IRFEE S T 1.86, RAITTERE
N 15.48%; B 4 FR FHIEEA 1.16, RAATTHR

#2 1I5SHTRKPERPFHEERFETMELER
Table 2 Principal component eigenvalues and variance

contribution rate results of 15 batches of L. jeholense

ERr RRIEE T ETERER%  RBUTE TR %
1 3.87 32.28 32.28
2 3.66 30.49 62.77
3 1.86 15.48 78.25
4 1.16 9.69 87.94
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N 9.69%. HTEREH, ILEARNET 4 DNFERK
Sy AT R A SR A R E R . B2 BoR, A6l
4 A F RS RHEE R 2P SOk, RART 4 N E
BV I B AR R A —E AT R, A
Fi SIMCA 13.0 2z A, % 12 AN I i g i A1
AT R b, SR WK 3, HEEREERES
R —5.

o 1 2 3 4 5 7 8 9 10 11 12

6
He
2 15 HITRAERS DFER
Fig. 2 Crushed stone chart of principal component
analysis of 15 batches of L. jeholense
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B3 TREAERIENE
Fig.3 Main component score chart of L. jeholense

2.6.3 i/ —IIEFN AT (partial least squares
discriminant analysis, PLS-DA) DL 15 #tiZ FEA K]
AT, I SIMCA 13.0 BfFik4T
PLS-DA 73#7, 4Rl 4 fiox, S5EESITER
—H, EABE VIP KT 1 ik 2L SR K
Iy ZE IR ENERL Sy, FRILIE 5, 430 g 12 (BR
LHNER AL I 6 GFF)IIENES HD. & 11 (BEA
PWIED. U2 (SRJEIRD. 1 1, DL BRI ATRER 3
BT R A Z RGN, #uk, oS
A2 iy Bl E R B

* 1515 -
4 mLI~5
L6610
mLII~15
2
0
-2
—4
-6
-6 —4 -2 0 2 4

4 15 #ITZ A PLS-DA S =&
Fig. 4 PLS-DA score scatter diagram of 15 batches of L.

jeholense

VIP[4]
[\)

L,

W12 Vg6 W11 UED I IE3IE10 IS IR WE4 IR 1T
VarID (Primary)
5 1SHITRA 12 N BIETE PLS-DA {REHH) VIP &
Fig. 5 VIP values of 12 common peaks of 15 batches of L.
jeholense in PLS-DA model

27 ZHRAEENE

271 RGGENME HURA SR LUK IR
¥ 207 TR ARG SRR AT, SRR BERIL
FENE NG I PSS AEE H SIS A AL 8
A PR 5 HAR AR (i 0 1) 7 B BESS T 1.5, R A
F1E 0.95~1.05.

2.7.2 MR RFERE WERER. B, F
JEANEE I PSS A H. FENES AR AL &
AP BT R OE R ARE 0 4 O )
BRI E N 69.89. 37.78. 47.52. 20.67-
242.19. 368.06 pg/mL [PV E X SIS, 1ER
o A H 28 B IR B . R R BUIR A 6 R
W1 mL, BT 2 mL &, 0B R IE
ERZBZNE, R KB ARIEL, KX
A5 B[R] 5 5 R S VR A RV, KR
“2.17 G KA R, LG AU AR (Y,
X HE T B IR BE O R ARBR (XD, 2 il A A i 2R
JENA TR, R IR 3.
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x=3 BERSEVERFEEXER
Table 3 Relevant information of regression equation of

each component

L% EYEpapEs r

LMk (ug-mL )

LRIR IR Y=14700 X—425 09999  1.09~69.89
Bl BRI Y=33053 X—419 09999  0.59~37.78
FENEABET Y=46855X—119 09999  0.74~47.52
FENE AR H Y=36 876 X+255  0.9999  0.32~20.67
FENE AR A Y=9880X+839 09999  3.78~242.19
WHANEE  Y=18656 X+3459 09999  5.75~368.06

2,73 MEEESR PULEAHR K (A5 L),
$ “2.37 TN FE i A 77 ) 2% 0 B AR R
W, 4 “2.17 TR a2 b, SESLEFE 6 1K,
THE 6 N VT ALY RSD B . 45 KW, 4
JRMR BTBRRE . )15 A BE I )= e H ¥
NENEE A BEANBESER RSD E7 70N
0.38%- 0.28%- 0.63%- 0.58%-. 0.50%. 0.29%.,
AN E A T R R

274 HEEMEHR BULEAKMK (w5 L4) 6
B3y F “2.37 TN RE S ALEE T5 ) L B
W, 4% “2.17 TUR BB a3 re, 15 6 Fasisr
BN RSD H. IFEASRIR. BIEERR . 7115 A
Be I FENEAEE He PSR A SERNER S
= RSD 1354 1.10%- 0.78%- 0.46%- 1.09%-
0.69%- 0.49%, KIHZIEEIERL .

275 RREMFEHR BULEAMK (W5 L4,
% “2.37 BURTTEESIEAEG, 1% “2.17 DT il
PESYHIAE 02 24 4. 6. 8. 12, 24 hidkkE, ot th
R TFEASER. FIBR. WIS A I F
JIE S HPE) 2 TS A 3R Y B THIAR [ RSD
53N 0.51%-0.59%- 0.78%- 1.96%- 0.40%-+ 0.59%,
AR A RAE 24 h WHRSE M R IT .
2.7.6  NFEREIEERREE RBERRSMEERNIL
HEAK A 64, B 250 mg, 2 HIFEE I 5
iR A EM YIS RR . BT . VRN NS 1
NS ANE Hy WS A0 A L FEAR N
M, % “2.37 U s AR, 4% 217
TN ol S AR e, TH B B ST 38 IR [T i
R, SRR BTEEEE . PRI NS I vE)IE A
fis He FE)ES NS Ay B Y TGP 25 R [E] i
39N 106.4%- 102.0%- 106.1%- 98.6%- 98.4%-
93.5%, RSD {H7 754 1.59% 1.58%. 2.66%-
3.68%- 1.77%- 1.20%.
28 UBEAZR7TSENE

€237 TUREHI 15 HEIL BEA ALK SR
W, BHCPAT 2 43, 3% 9217 TR ik & A
0T, THESEER . FTERRR . VE)I S A ER 1L VR
HNEE H. IS AEE A BEARANEERE S,
2R K 4.

T4 BHITIBLANZRASEENELER 1=2)

Table 4 Multi-component content determination results of 15 batches of L. jeholense (n =2)

s SERY% TR % PR IR 1% PRI I H/% FENNE MR A% B A /%
L1 0.360 0.268 0.021 0.006 0.152 1.293
L2 0.226 0.228 0.020 0.006 0.183 1.029
L3 0.190 0.196 0.024 0.006 0.078 0.901
L4 0.204 0.168 0.029 0.007 0.150 1.051
L5 0.108 0.185 0.022 0.007 0.096 1.191
L6 0.299 0.199 0.018 0.005 0.070 1.070
L7 0.249 0.252 0.025 0.006 0.087 1.074
L8 0.524 0.220 0.017 0.004 0.056 0.965
L9 0.410 0.249 0.022 0.006 0.328 1.292
L10 0.515 0.209 0.019 0.005 0.114 0.998
L1l 0.272 0.229 0.016 0.005 0.138 1.058
L12 0.233 0.173 0.028 0.006 0.114 0.668
L13 0.263 0.258 0.029 0.005 0.101 0.590
L14 0.210 0.205 0.023 0.005 0.119 0.669
L15 0.314 0.217 0.027 0.005 0.091 0.828
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3 e
SIS T PRSI R B X G L [l
s RBUEF (50% 70%- 100% ). FEEU
[f] (30 45 60 min) FFEHCENELL (0.5 ¢ @ 25 mL,
0.5g:50mL, 0.5g: 100 mL) X% 5 FHeR
(RIRENR,  Z56 75 BB AU G BUAR B A o B 2% £ 1 Ui Ui
B AT E A T I 2% 77 1R B 50% FH I
FRREE 0.5 g @ 50 mL #8 H2HL 45 min.
FEILFEA AR EIERE i, i 58 HE Y
R B B 1) B SR AR K LU, R SRR R . T
BRI VE )= AR 1. V)13 R H FE) S AR AL
B A YR KRR 2 U TR A S 7 AR . EREEAS AT
KA TS NAR . A3 B RE S X RRPE A4 2 [
TESH, &k 280 nm R AR K, 7Ei%
BN ey B R A, R X AR PR . SOk
WEFLHR H, I EAR AR R B A R IR 2
FEGEMERR Y, G SRR, B AR PSR |
BZEmR . PN B I SIS Nl 5y VSN
B Ay LEANE 6 N NEERE, TG
B30 BE AR Fr J 807 i B A O B AR R 1 2 A
W, WCHIHNEE A RHFEEEER S 2 —, H
WA, SERIK, 4R EEH ]
YE R 58 TEFR A -
(FREZHY 2020 Fh L BEAR ) E B R E T
A BT BRI AT S R E, 1A STk T 2R
FH B BRIR K BEAS AT 2 N o0 %l BE AR AT I & 55
. ABGE T E — AN B LA bR A FEAN RE 4T
SN BEA T, MO ST AT RS IEE R S
WXL BT RN AT B, aia iy
THRZENT, AT IR N AR R L5 M 1L AT
B EE S ARSI A R S AT A
i, KA HPLC XL BEA A 6 ARy idhAT e =i,
FHAEF — ik 2 T @ L HAR SR, Reis R4

THI R 0) 310 BE A (1) 07 AT VPAN -

SEEGXT 3 AN 15 HEIL FEATEAT TR T
FRIAH 7 ANEr, FEREE A 6 AT e AT,
BRI A v 3 28, Hodrg LIRS a8 14
KEOF oMl SRz MAAEHEER, TS/
iy 35 K 398 P B o BORWSUN TRI S R ARG .
BT AT RIS B I RT 4 A 354 1 Rt Tr ik ak
FI| 87.94%, AIAAFRIL B A 44 K 4115 B . PLS-DA
SHTLL VIP [ ATREbRHESE] 5 ARt E R
5y, BEWS N Bl E TR bR RIS .

AR T R 4 ST B R 2 R
SEMER T, X 15 JELFEA R R,
[t s APV W NGih= P53 %l bUE. Z NI}
2R T S%.

RBFR FHGEHFAREEFGF R
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