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Abstract

Objective: To establish an UPLC-MS/MS method for the simultaneous determination of eleuthero-
side E, sofraxidin, chlorogenic acid, protocatechuate and oleanolic acid in Acanthopanax Stems and
leaves. Methods: water-methanol is used as mobile phase to operate gradient elution; Flowing
Speed: 0.25 mL/min; Temperature: 25°C; Injection volume: 10 pL. Mass Condition: ESI ion source,
positive, MRM scanning mode is used, and external standard method is used to ration. Results:
eleutheroside E, sofraxidin, chlorogenic acid, protocatechuate and oleanolic acid have good linear
relationship by the range of 10 - 10,000 mg/mL, 0.1 - 5000 mg/mL, 1 - 10,000 mg/mL, 0.1 - 10,000
mg/mL and 100 - 30,000 mg/mL respectively, and Rz > 0.9993 in all over. The spiked recovery is
between 94.67% - 98.03%. This method is successfully applied to measure the contents of target
compound in wild and cropped Acanthopanax senticosus (Rupr. Maxim.) Harms stem and leaf.
Conclusions: This method has the advantages of high sensitivity, good selectivity and shorter
analysis time, and can be applied to make accuracy quantitative analysis for the eleutheroside E,
sofraxidin, chlorogenic acid, protocatechuate and oleanolic acid in Acanthopanax.
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W =

HE: B —RWER AR AMEE. FEER. KRR, RILXRIFBERNSENHE. H
e SR OB 3 — B REIE A (UPLC-MS/MS)i%:. Rt 44 1F: RA B EE TR, EE RS,
EETRMRNE# TR RASMIERITERA . S8 HAMEFE. RRER. FER. FE)LK
B BEB TR K& ' 51710~10,000 mg/mL. 0.1~5000 mg/mL. 1~10,000 mg/mL. 0.1~
10,000 mg/mL F1100~30,000 mg/mLIRFEERE N, LHERARRLEF, REY > 0.9993; fifrLi B
7£94.67%~98.03%2 [f]. 458 AR . EREMET. S4retasE, T AR Fn R T E.
FFER. FHRR. REEEME) L RRETERG 'S .

Xiin

R EE - FUEECH (UPLC-MS/MS), RITmM, RIAINEE, RERER, KRR,
FILRER, FFHRR
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1. 5l8

1 F 1 (Acanthopanax senticosus (Rupr. Maxim.) Harms) 2 o il&l (Araliaceae)$| 1. il J& (Acanthopax) i)
WA, A T ARJEH X R4k 1 #E, A= T4k 800 m BA T (FRIE) & 1500~2000 m (Hedb) Ak %t e v
ACRN[L], SASE R ATIRER. HAAG /A0 . izt 25, RSLTR el 2, W PE RN NZ .
FLICEE AT B AT ) B i B 1L B 3, Xm?ﬁiﬁ’ﬂ%f@ﬁuuﬁ’]ﬁﬂ 0 B A G SR AT R e 1 B
R I ThRE, BREAE RN PUMIE . POEE . PUR S AU ST AR AL, 38w R TR T 0 i
P BEPRI . A EESS . e LR S I SRR G 7756 [2] [3] [4] [5] [6]. Hete 5 Bl B i SR iOnT B fl:
BARSEA, HAERBENEE AR ZNH, efediiEiR, Mo, @5, Z 155K, 1F
M5 AS MU [8] [9] [10]-
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(CRFEHNHD) FRRITINN AL b7, B “wrhaa =, BHE, BES, AREFHE” . R
A CTH-mEN, AHEEBE” MUE[11] [12] [13]. A R T AN A o547 KR ) 2 A
By, Hh S AR TN E. REERNE. SIFHR . LRGSR IR EE M [14] [15]. T2
SR AT A, R TUMBEFAE IR C HR =, AR 25040 oy vh 25 0B 2 ZRIE . 9 TR
AR TR T . 2R T By SRR FFEURIR . S RuE AR LR IR Ti H R & xt
EE, DU T B I A A RGP A P SR AL B SRt 23 L HIB T b HPLC T34 iz B HIAE X 31 T
e H AR A S BTN E . 2009 AT AR SR A e RGO €O R O R R O E R i
AT INFE[16]. 2010 4, FKFEEEMEH] HPLC J53EM5E 1A [R5 Hi AR o on v e B we ) 5 & [17], sKife=F4%
[FIFEAE A HPLC J7 i I E 1 0] T sk b 5 SR WA B SRR 14 75 [ 18] o ol i RO AR (oA
T AR ) TN S P R SR R A T A A & AT TN SE [19] . 2012 S5 #9558 ] RP-HPLC 7201
SE T RITUIN P h SRR 5 [20] . AHTFURESL T — Rk, PR HERIET LC-MS/MS %, NEF AR
TOMANTARITUNZE . MR TONE By W R AR E IR . JRLZRIR « FREURER 10 Sz Hi AT A A
MR T IS W .

2. MM5EFHE
2.1. RS

I FINR T 5 WA S 35 17 )\ KT BURK IR B AR R T =s . A N ARSI T =8, i, seaR b
RNV RE =R AR, Rk Rid 20 A# 0 RIIINHE E. FRERNE. SRR LRI EURIR
gk s an sl 1R, TR RRAE S (PEREYS) > 98%) X0 T o [ 24 fh Al i K E P s B PR . &
BT AL R REA R B3k IR SE T 5 [ Sigma A 7] X8 /K A AUKACE .
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Figure 1. Chemical constituents of the target compounds. Eleutheroside E (a); Isofraxidin (b); Protocatechuate (c); Chloro-
genic acid (d); Oleanolic acid (e)
E 1. BfeEMEEE=N. @QRAEME E; O)REREE; (ORFREE; (d)FE/LEREL; (e)STHREE
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22. UB/ERF

Qtrap5500 Ji i1, FiA HWiE HEHEERE AB AF]), H B 2GR il (H A RE A ),
f# ] LC-20AD 7, EEiEH4%, HIEA, SIL-20A AR FZ-06 1 258 LI T IR IS T B SR e
W) s 250DC BUE A E DA VL2 LA AR A PR A R BS124S HLFRF fE[E Sartorius 2
Al; Millipore i 4l7KA% ¥ E Millipore A7 .

23. A&

2.3.1. ik AERNEIE
B A 9 T 0 AT N TR o T hn 25 L Ry K % 0.5 g, N FEE 20 miL 8 75 $EX (100 kHz, 40°C) 30 min,
I SE A R NN 20 mL 7S A FEER 30 min, SLUEJE A IEPIVCIEN, WE AT 0.45 pum (RBSLIE R

2.3.2. FEGRBRHIE

RO TN By R nE. SRIERE . i) LA AN SF R B An it i & & &, B 50 mL &,
IR A RIFRBEEZIE, 5. K 1 mo/mL FRHERIAWR, T 4CUKFE P ORAF &, (ATt aE
B R S AH B bR T AR
2.3.3. LC-MS/MS A3k

1) ik

WBhH: A% -HEE, B%-/K; 25% B (0~1.5 min), 25%~50% B (1.5~2 min), 50% B (2~4 min), 50%~90%
B (4~4.5 min), 90% B (4.5~5.5 min), 90%~25% B (5.5~6 min), 25% B (6~7 min); fAik: ACQUITY UPLC
BEH C18 Column(1.7 um, 2.1 mm x 50 mm); Jiti#: 0.25 mL/min; F:iE: 25°C; #fFfE: 10 uL.

2) At

K FH HLIE 25 55 7+ JK (electrospray ionization, ESI), 1F&-FH##E, £ 81 &M I (multiple reaction
monitoring, MRM)#34 77 s #EFLHL R 2 3 KV; B FIEZEIEE 5000°C; A0S 25 psi, i< 15 psis

24. FEFER

24.1. BEERE
WERRI R TN E. SRR, SRIRRR. JE LSRN R W bn v L VA OB S RE 6 Yk, TH ALK
[ RSD. AN NG L .

2.4.2. REMRNE

AR TR RN ZE . Hse R AT, EIRCE 24 h WASFIRS TERE, 205035 5 B H Atk &4
1) RSD, B4HFMTEAE M
243 EEMEE

B 6 BF AR FomAE AR TN ZE . i, 28 ild% 1.3.1 Wi ATAE T & 513 31 6 4FATRE S, 233l
BERE R TSI T AN RSD {8, HZR UL AR LM .

2.5. ¥RAERIZRRYLEH

K TURDBRAE SV U S ARRRRE AN R BE IR TARL 4% B3R LC-MSIMS T3 B BEAT R, 445
S AR TR BE (X) 5 W TRT R (y) HEAT R Il R, 4330 113 5 FRAIAR R REL(R?), s et
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26. HRPELAYSENE
S HTRTE IERZE 0.45 um JEME TS 38 )5 BE4T LC-MSIMS i, % FAIARITE YR & &
t=(cxv)/m 1)
K@) t HERECE(mg/mL); ¢ NERBURINAS F BRI /(mg/mL); v NFRBURARF/mL; m Ayl F
Fr R EIg.

27. RGO

AR FEIFREERAT T, BAFERER 3 IR, IR RECFIIE, KA SPSS 18.0 Xt HAM %=, Z5SMEA
FH Q T, SigmaPlot 10.0 22 ¥k K14

3. &ER5vHe
3.1. LC-MS/MS &894t 4L

43 I E B % % B8 1~V (electrospray ionization, ESI)IE. 7B 7R N R FINE E. SRR, 55
BORER. ST nE . R LA ERPRE AT R, 450 5 PR IE S TR TR EE SRS T
BT, R RS TR, A oA TR o =R fE 5 M A AT B R S
M, 281 O i (multiple reaction monitoring, MRM)$3i75 o 8% 5 1% 46 1F L4675 e A
WA HEFLABER 3 KV B TURZELIRE 5000°C; 546K 25 psi, AT 15 psis 5 FhEZZGHIK
AR A B RAREE. R . R S A AR L L.

TEMZEAF TR, 5 FhIE 0S5 feome X s ROBUAH R Sl AH AL RORT L3R AT T 5 %%, 25 3R
K - BN TR A R bt BE VR R, o> BRI, REVE S, BETRRLGE 2).

Table 1. MS analysis of parameters of 5 objective compounds
= L5 MBS RIESTTEHSE

ER S m/z DP CE CXP
T INE E 765.3 — 603.1 70 62 23
R i e 223.1 — 206.3 60 40 9
SEIR IR 355 — 162.7 50 18 5
FHBIRIR 479.3 — 4355 70 28 17
J5 LA 155 — 92.9 70 21 17

Table 2. Gradient elution program

=2 BERRER

Al B1
Time AY%IK BY%

0 75 25
15 75 25
2 50 50

4 50 50
45 10 90
55 10 90
6 75 25

7 75 25
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PR B A AT %%, 45 FAR IR BAH TR AT K - FE BN IR S AH 0 2E bt FE e, 4 BS AL
Rbr, REER, [FNGREEREEENRS, JEaea sdhm RIS 0~ E. miE 2 7k, KA L
I LC-MS/MS J5 i ke S AT AN, SRAGREE] 2, S:JE R A OIS AR B I 18] 0.60 min; JRJLZRER A {4 BE
i8]y 0.86 min; il FLINFF E 4% B I 18] A 2.69 min; 53188 i i (A 4 B3 IF 18]y 2,76 ming SRR BRIV {2 BY
i} /5] 4 5.66 min.,

32. PN ER

BIOMF E. SRR SPHURER. 708 B ne A5 LR IR br e i SR 6 0K, 1T 5IE MR RSD, 4y
H4 0.65%. 0.44%. 1.26%. 2.11%F12.25% (7 3), RUASMIREREE BRI BORFINZE, SR i
W, EIE 24h WAFEIR EEERE, M gEmAR T RSD, FNiF E. ZRJERE . FFHURIR. W B me Al
J5)LZRBRLE IR F F 24 h PRI AL RSD 43714 0.66%- 0.05%- 0.79%. 0.58%F10.79% (% 3), *
BIRE R PE 00 24 h WAROE s B 6 M EF A ORI AR TN 28 ik, e ld% 1.3.1 WU VA TR 45 )G
23] 6 A TATRES, 3R G THE G A RSD {H, TN E. S5EER. FFHURIR. S e, JFILR
BRI THI AN RSD 4354 0.85%. 0.36%. 2.30%. 2.30%71 0.23% (% 3), UiBiut ik E kLT B 6 43 o
ISR SRR AR, IINIE B CUAIR E AR SRS, e AR 1.3.1 BUTVERI &R, o IR S T 5
FRI R T SR AD RSD, 5 SRR INT E. SERR. FFHURIR. FMeine. J&)LAER -T2 ks
[l 2% )y 96.21%. 97.02%. 96.66%. 95.74%. 97.03%, RSD N 0.85%. 0.81%. 1.17%. 1.04%. 0.95%
(# 4.
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Figure 2. MRM chromatogram of the target compound. 1. Protocatechuate; 2. Chlorogenic acid; 3. Eleutheroside E; 4. Iso-
fraxidin; 5. Oleanolic acid
E 2. BfrLE4IR MRM &I5E. 1. RIRES; 2. JRILEEL; 3. RIAME E; 4. RHREIE; 5. FFBIRER

Table 3. Wild acanthopanax and artificial acanthopanax leaf precision, repeatability, stability results

=3 OBEE, EEM. REMER

RSD(%)
R UED N
HFNF E 0.65% 0.85% 0.66%
SR 7 I 0.44% 0.36% 0.05%
ZE R R 1.26% 2.30% 0.79%
FI R 2.11% 2.30% 0.58%
JR LR 2.25% 0.23% 0.79%
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Table 4. Acanthopanax five plus glycoside E, isothiazine, chlorogenic acid, oleanolic acid, protocatechuic acid extraction
recovery

4. REEER

Tk FEg R & & NGERY NN 5 El&s S35 [l e RSD
(ng/mL) (ng/mL) (ng/mL) (%) (%) (%)

500 5489 96.47%

FIF N E 5190 1000 5996 96.87% 96.21% 0.85%
1500 6375 95.29%
500 1679 96.49%

I e 1240 1000 2165 96.65% 97.02% 0.81%
1500 2683 97.92%
500 3876 97.85%

A 3461 1000 4351 95.61% 96.66% 1.17%
1500 4789 96.53%
50 160 94.67%

JELARIR 119 100 210 95.89% 95.74% 1.04%
150 260 96.65%
500 8464 96.84%

FEHR R 8240 1000 9058 98.03% 97.03% 0.95%
1500 9371 96.21%

3.3. ¥RAERIZLRYLE ]

TE IR M 7260 FICIOINE E. SRR STHURER . 70 5 me Rl IR L AS BR bs 4 & 7 W kAT
LC-MS/MS 34t M FERIE AR (3 U ME) AT 2 VeI, 4532 [B1 307 FEAIAH G R 8, 45L& 5.
SERFRW], RITUINH E. RERUE. SRR JFLRER . FICREREMEEE: 10~10,000 mg/mL. 0.1~5000
mg/mL.1~10,000 mg/mL.0.1~10,000 mg/mL #1100~30,000 mg/mL i [ Py £k 1% % & R 47, R*#3 > 0.9993.

3.4. PEMZE. HEREMZE

3.4.1. FFERAEMAAIREMHBE 5 HERULEVHNSE
S AACTR ISR AT, B AR T o AR S R OR) T E SRR T N LRE R U, B R
#:5%(p < 0.05), %%y 0.068 + 0.01 pg-g * F10.029 + 0.006 pg-g *; Eﬂ%&%ﬁiqﬂﬁiﬁ?kiﬁﬂ*ﬁ,
B BE % 5 (p < 0.05), 40514 0.025 +0.007 pg-g * A10.007 £ 0.001 pg-g s GFRBREFA T EEST A
THE, TREEHEZER, ﬁj\ﬁu 40.031 + 0.008 pg-g - A1 0.025 + 0.008 pug-g *; JR )L%E‘i%ﬁzﬂwﬁd\?}@
il &R, B RENEZER(p<0.05), 4518 2.252 £0.94 pg-g * 13.952+0.73 ug-g * ?ﬁ@%@ﬁﬁéﬁ#ﬂ
AT NTAES &, Bf R @E%E’F(p <0.05), Z}5I4 3.087+0.04 pg-g A1 2507 093 pgg 'y 45
LK 3,

342 BFEREMMATIREMZEH Y S HERKESYNEE

ML 4 R DL S AR R 2 v R R B R TN AR o, B R % R (p < 0.05), M
P 22 B A7 B 28 ) b0 oAb B 20 i 2 3.650 £ 0.83 ugrg . 2.140 £ 0.85 pgrg '\ 2.546 £ 3.72 ug-g . 0.380
+0.12 ugg 1. 4574 £ 1.53 pgrg s N LRI TLAN QE% | 1.540 + 0.52 ug-g *. 0.020 £ 0.007 pg-g *. 0.359
+0.15ugg . 0.872+0.14 pgg . 2574+ 0.62 pgg L
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Figure 3. Contents of the five major phenolic compounds in wild and artificial acanthopanax
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Figure 4. Wild and atificial acanthopanax stem 5 kinds of major phenolic compounds content
4. BFERAMMALREMZER 5 MEEMBEXUEYNESE

Table 5. Regression equation, correlation coefficient and linear range result (n = 3)
F 5 @VFAFIE. HXREREMTEELSERN=23)

WA [E]5 75 F(y = ax + b) KRR LAV il (ng/mL)
FIFNA E y = 4E + 10x + 183557 R?=0.9999 10~10,000
2R y = 2E + 08x + 64305 R?=0.9998 1~10,000
FHEURER y = 3E + 07x + 37388 R? = 0.9993 100~30,000
SR R g y =7E + 07x + 5358.3 R*=1 0.1~5000
JEILZARIR y = 2E + 08x + 33494 R?=1 0.1~10,000

3.4.3. FERIMMATRIAMHAZES 5 HBRULEDEE ST
mi & 5 ATELE AR B st & ek AR AR R o S A RO R RO R, AT N DR R
m, PR FOINER AL SRR R E A S .
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Figure 5. PCA analysis of 5 major target compounds in wild and artificial acanthopanax stem and leaf

E 5. HFERAMMATIRIAMES 5 MERULEVLRE DT

4, 4Eip

LC-MS/MS sl 75 2 ] LA S [E) i Ar A2 B i) 2 Bl B4y, BT MRM RS 7 vk 2 R AL S 1 4
TR R EEERE 0, T DUHERR AT T4, SR BE I R B TR AR, T AE R A B[R] Y SR B AL A
HE B T. ARSLIHEST [ LC-MS/MS 720 5 3 Tn 22 A vl T By SRR RCnE . SRIRIR . JRLA
FRANSE R S s i, Gl ik g%, Wi m s R SR Fon e R B AR A P HE
Wose BT, ME A RRY], FHINE E. FHERE. SRR T LA TR IR 78 B A ) i 25 o
&2 3.650£0.83 ngrg b 2.140 £0.85 pgg '\ 2.546 +3.72 ugg ', 0.380+0.12 pg'g L F1 4.574 +
1.53 pgrg b, E AN THAERI TLnZEd 23 58 1.540 +0.52 pg-g *, 0.020 + 0.007 pug-g ™, 0.359 +0.15 pg-g *,
0.872 £ 0.14 pg-g * 1 2.574 + 0.62 pg-g o (EFFAM TN & 84514 0.0680.01 pug-g ', 0.025 + 0.007
ng-gt, 0.031+0.008 ug-g ', 2.252+0.94 pg-g *F13.087 +0.04 ug-g*, 78N TR TLINH F b4 514 0.029
+0.006 pug-g ™, 0.007 +0.001 pg-g *, 0.025 +0.008 pg-g ', 3.952 +0.73 pug-g * Al 2.507 + 0.93 pg-g *o Hh4h,
IR B TR S P Y A2 5 T DN EF E R R R W 2 A B A R L R A AR R T LA R 2 o 7
N AR R o & 2 e . SR RGELE R TOm et 50 248 H HPLC 7575 H AR &b AT kil [21] [22],
R B4, R B EL IR A 22 P Ak S R P E G TR . AR 7 (A LC-MSIMS J7i, i i s 2
TR 2R G R AU B TR, e A I 2 o A 0 ) 38 R R 22 A & 00 [ R AS I Ry AR B 1, T DA
Hb 56 RS R] IR it o ) 22 P s EAT B, ARORARBE B 10 H ARk &9 e P 5 o ) RAERE AT
AERATE o 55 LAAE 22 060 3R Fn rh— B A R 43 3R 4700 5 RO FOAR B [21] [22], b5 32 Ok R I Al 3R
oA EARC AR SR, A ME R IR], AT DU O B R A T A RS R, RN T
RN A T 7 B R IR 2%

S
Fp I EORROE BB HE )T 7R 8 % 42 00 H ([2015]TQO007) ¥ Bl .
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