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Abstract: Imperatorin and isoimperatorin are 6, 7-furocoumarin compounds, which are

the major medicinal effective ingredients of Radix Angelicae Dahuricae. Coumarin com-
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pounds are widely used in topical formulations because it has many properties, such as
anti-bacterial, anti-inflammatory, antipyretic and analgesic effects. At present, the
chemical components of traditional Chinese medicine are mainly analyzed by thin layer
chromatography ( TLC), gas chromatography (GC) and high performance liquid
chromatography ( HPLC). However, because there are some difficulties in Chinese
medicine analysis, such as complex composition, difficulty in separation and low
content, traditional methods (TLC, HPLC, etc.) were difficult to determine and
analyze the composition sometimes. HPLC/MS is a comprehensive technique, it has
become an important modern separation and analysis technique because of its high sepa-
ration ability, high sensitivity, wide application range and strong specificity. Tandem
mass spectrometry (MS/MS) has higher sensitivity and selectivity than unipolar mass
spectrometry and can obtain more structural information. In this study, the in vitro
percutaneous permeability of imperatorin and isoimperatorin in Radix Angelicae Dahu-
ricael extracting solution was evaluated by the modified Franz diffusion cell with isola-
ted rat skin. The content of imperatorin and isoimperatorin was determined by high per-
formance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS). The
chromatographic conditions were as follows: Dimonsil C18 column (250 mmX4. 6 mm,
5 pm), the temperature of column is 35 ‘C, mobile phase was methanol-water (80 : 20,
V/V) and flow rate was 0. 8 mL./min. A tandem mass spectrometer coupled with posi-
tive electro-spray ionization (ESI) source was used for detection. The quantitative and
qualitative analysis were performed on selective ion chromatograms acquired by a multi-
ple reaction monitoring ( MRM) mode of following transitions: m/z 271.1 — m/z
203.04, m/z 271.1—>m/z 147.05. The results showed that the limits of detection
(LODs) of imperatorin and isoimperatorin were 0.01 and 1 pug/L, and the limits of
quantification (LOQs) of imperatorin and isoimperatorin were 0. 25 and 2 pg/L, respec-
tively. Calibration curves were linear over the range of 0.001-1 mg/L for imperatorin
and isoimperatorin. Both the inter-day and intra-day reproducibility (RSDs) were lower
than 4%, the precision and stability of the method were lower than 2% , which indicated
that the method has good precision, and the test solution could keep steady within 24 h.
The mean recoveries of imperatorin and isoimperatorin were 98. 09 % and 100. 60%. The
cumulative permeation amounts of imperatorin and isoimperatorin were 116. 11 ;lg/cm2
and 210.06 pg/cm” and the percentage of cumulative permeation were 37.75% and
71.86% , respectively. The steady state permeation rate of imperatorin was 26. 5 pg/h * cm”
and its in vitro percutaneous permeabilities was conformed to Higuchi equation. This
study clarified the percutaneous permeation mechanism of imperatorin in vitro and pro-
vided a theoretical basis for the development of Radix Angelicae Dahuricae as a topical
transdermal preparation.
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Table 1 HPLC-MS/MS MRM conditions of imperatorin and isoimperatorin
[iaet’] % B I [ HEE FET L1 R il 48 i
Compound tr/min Parent ion(m/z) Daughter ion(m/2) Cracking voltage/V Collision energy/V
[VEGIEES 6.72 271. 1 203. 04 10 14
147. 05 38
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147.05 38
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Fig. 1 Full scan product ion spectra of imperatorin (a)

and isoimperatorin (b) parent ion [M+H]*
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Table 2 Linear equations, correlation coefficients (),

limits of detection (LOD) and limits of quantitation (LOQ) of HPLC-MS/MS

ket L P )y )
re LOD/(mg/L) LOQ/(mg/L)
Compound Linear equation
EGINES y=508617.2061x—2946. 2 0. 9944 0.01 1
LG ES y=1426806.0789x—6671. 2 0.9974 0.25 2
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Table 3 Recoveries of imperatorin (n=6)
4% R A 4 i AT RSD/
No. Content/pg Addition amount/pug  Measured amount/pg  Recovery/%  Average recovery/ % %
1 0.01 1 1. 00 98. 6 98. 09 1. 64
2 0.01 1 0.99 98. 4
3 0.01 1 0.98 97.1
4 0.01 1 0.97 96. 2
5 0.01 1 1.02 100. 8
6 0.01 1 0.98 97. 4
x4 RERATHRAMERKZE(n=6)
Table 4 Recoveries of isoimperatorin (n=6)
S Rl N W it e F 4 RSD/
No. Content/pg Addition amount/pug  Measured amount/pug ~ Recovery/%  Average recovery/ % %
1 0.01 1 1.02 100. 6 100. 60 1. 81
2 0.01 1 1. 00 99.0
3 0.01 1 1.02 101.1
4 0.01 1 1.03 102.1
5 0.01 1 1. 04 102. 8
6 0.01 1 1.01 98.0
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Fig.3 (-t and Q%-t permeation kinetics curves

of imperatorin and isoimperatorin (n=3)

o 3 AT AL WRHT I R AE 1 h s R 4R 2
BB 1 iSRRI 2R AE 12 h J5 A IF iR . 7648 h



B Ak BREE P2l b BT R SR BT ) B AR A 22 B 1B 1 R 1Y R B RS BT 5 43

Ab L BRHTH R 1 BN B T 4r R 37. 7504 1
FERHETARMRRBBEH N 71.8600. %
S5 R UL L 5 MR 2K 48 B2 8 i3 B AR T 06 A9 1)
A4 0 (EL 3L 48 h (9 RERB & 11 7 R ik & T

X RRCHITH 3R 14 1R Sh 22 BB i3 A7 O 03 i R A T

TR ITRE— I FEF Higuchi 7 FELA , High
RINT K5,

ZMBERRHAXDIIE . REBEEE
LG T R B R AR IS I E Y Q=0 B
IR H. ZPF5 BORTE R W& Ak
BB SHI TR 6,

x5 KRAAEHEMEREETANBEFE(=3)

Table 5 In vitro cumulative release fitting equation of imperatorin

[aex?] R 7 it G 7 e KR r
Compound Model equation Fitting equation Correlation coefficient r
LG IEZEN FHIT Q=3.2146:+27. 037 0.9576

— YT In(1000—Q) = —0. 00356¢+6. 8812 0. 9627
Higuchi J5 2 Q=26.5¢/2—12. 805 0.9823
x6 KRETHENEIIMNSEHREXSH
Table 6 Relative parameters of imperatorin in vitro
[ax?] FHBELEQ RABBHEE ] i e i [
Compound Accumulative amount /(pg/cm?) Steady state permeation rate/(pg/h « cm?) t/h
W R 3R 116. 11+14. 54 26.5 0.2335

HH 2 5 M oG R E ) /N AT BROETEH 2R
MRS 22 B2 % % 4T R 45 3 T Higuchi J5 ##
(r=0.982 3), 3 6 P{RINE T % M XS HUR
N T BRCHITEA 2R B 28 KB B R L R A B I R
SR T R A 3R 04 48 B ¥ 3% T i S B Ta] )
2 WY RRCHIT #H 38 75 K BB R e B O B ) 5 B G
1£0.233 5 h UG HIRAR K BIE,

3 &

A5 Rl HPLC-MS/MS 3% % %2 (1 1
A2 O KR 2% M S ORI ) 3% Y 42 B2 8 B g
Ji. BREW, “HEYW AR R KB ENGES K
BT 28 19 22 B2 15 15 L B 15 (] W) S B S5 XKD )
BRI 48 h A, SR ] R 1 RS
S AS I < Y i L 17 B QT UE N L B
BT W1 2% 1) SRS o2 i 4% i P [A] 9 22 4 T 4
PIFH T 1 R B B RTE 48 h R 58 &k
FURLAS » 2 W RRAT W1 3R A0 5 BRI ) 3R BAY 48 5
AR EARI R AT BRATHI R AR 2 R &
WA A 5 Higuchi BRI EEA W) 5, 3R W] IR K
EEREE U O P AR LS E MR R

v'—
(2

A S I8 AT DAy Ji 4 DRI 1) 2% A0 S R ) 3R A
28 B 20y 21 ) 9] B Ak B R R AT AT PR A

e pd s

(1) Bl Bhve b, 45, BRETII R S & B 38
WEFELT]. A F 2545 . 2013.38(16) -2 605.
BAI Jie, LU Yang, DU Shouying, et al. Study
on in vitro penetration of imperatorin[ J]. China
Journal of Chinese Materia Medica, 2013, 38
(16): 2 605(in Chinese).

(2] GEHBE.HIGE. EEEk. % KT REHETNN
W )], W 2558 25 5 i IR 25 #H, 2000, 11 (4) .
244,
LIAN Qishen, HU Xiao, SHANGGUAN Zhu,
et al. Study on sedative effect of Osthole[]].
Traditional Chinese Drug Research and Clinical
Pharmacology, 2000, 11(4): 244(in Chinese).

(3] Hma/NAE B, WA 2 5 5 BRI W 22 A9 24 3 2
W) ], g B R 2 . BE2E iR, 2012, 52
(3):95-100.
YANG Xiaohua, HU Xiao. Pharmacology re-
search progress of imperatorin and isoimperatorin

[J]. Journal of Nanchang University ( Medical



44 Btk R fR38%
Science), 2012, 52(3): 95-100(Cin Chinese). macologiaeque Shanghai, 2007, 21(5): 72-75(in

[4] NGWENDSON J N, BEDIR E, EFANGE S M, Chinese).
et al. Constituents of Peucedanum zenkeri seeds L10] SKAT . ok mi o . #h BE. -5 56 FH B R 78 25 0F
and their antimicrobial effects [ J ]. Pharmazie, SR LT, BRI 25 %23k . 2010, 26 (6) :
2003, 58(8): 587-589. 558.

(5] FEEH . BH0, B, 5. [ 10 Pl g Bk ZHANG Li, ZHANG Liping. SUN Chengchun.
WA B RIS 2y FEAVE AR gE (1], K AR 7= 9 i Application of liquid-mass spectrometry in tradi-
X5 % ,2010,22(3) . 485-489. tional Chinese medicine research[]]. Pharmaceu-
WANG Mengyue, JIA Minru, MA Yuying, tical Journal of Chinese People’s Liberation
et al. Pharm acological effect of four linear furo- Army, 2010, 26(6): 558(in Chinese).
coum arins in Radix Angelicae Dahuricae[]]. [11] BRBEK A% T, I8, 4. W*H@ﬁ:{f %Hf\
Natural Product Research and Development, (GC-MS/MS) iy FHF T R[] . i 2 iﬁi s
2010, 22(3): 485-489(in Chinese). 2013,34(5): 308-320.

[6] /.4 AE. AIEBEE T LRI 56 #lik CHEN Xiaoshui, HOU Hongwei, BIAN Zhaoy-
RWEL [T, I B B2 25 52 Bk, 2012, 21 (7). 557- ang, et al. Research progress on application of
558. GC-MS/MS[J]. Journal of Chinese Mass Spec-
JIA Xiaojing, YANG Yueqing. Heel pain 56 trometry Society, 2013, 34(5);: 308-320(in Chi-
cases of Angelica dahurica powder sticking nese).
treatment clinical observation[ ]J]. Proceeding of [12] XUESML, (3 . FE 5P, 25, 1k B R 8 iR 4 i3
Clinical Medicine, 2012, 21(7): 557-558(in Chi- BeAT Rtk ge 1], [ i 25 2% 3. 2013, 38 (16)
nese). 2 609-2 613.

(7] BEETF, AR, X F R 2 XU B BE ke 70 1 i LIU Congmin, BAI Jie, DU Shouying, et al.
BT PEZSY 5 K,.2014,14(7):909- Study on transdermal behavior of Zhitong cata-
910. plasm [ J]. China Journal of Chinese Materia
PAN Dongsheng, CAO Xuedong, LIU Chun- Medica, 2013, 38 (16): 2 609-2 613 (in Chi-
quan. The quality control of Dongfeng Cuokang nese).
gel[J]. Chinese Remedies and Clinics, 2014, 14 [13] 50, 2R w. BT 0 R 2B AR N3 K
(7): 909-910(in Chinese). FEVERFZE ()] o B 252 2% L 2003, 38 (12) : 45-

(8] FEcol.maMHh. ikt BT sk 58] 47.

A FE HBE ,2000,20(5) 61, LU Wen, HE Langchong. Study on the trans-
WANG Wenkai, YUAN Hongwei. The develop- dermal permeability of coumarins in Radix An-
ment and application of Angelica dahurica burn gelica Dahurica in vitro[ J]. China Pharmaceuti-
tincture [ J]. Henan Traditional Chinese Medi- cal Journal, 2003, 38(12): 45-47(in Chinese).
cine, 2000, 20(5): 61(in Chinese). C14] SEHESE, TG, T30, 45, 1k o8 flcL o5 I A il
(9 Jel skalte, 2240, 46 AE AR B X B 6 # RSN LT ] b p E 2 R %25 4, 2015,

Frg W b R )], i B 25 K254,
2007,21(5) :72-75.
ZHOU Dian, ZHANG Jianhua, LI Hua, et al.
Comparative study on effects of different extracts
from Angelica dahurica on melanin[J]. Acta

Universitatis Traditionis Medicalis Sinensis Phar-

38(4):253-259,291.

ZHANG Yewen, WANG Qiong, YU Jingxin,
et al. Preparation and in vitro evaluation of anal-
gesic microemulsion cataplasm[J]. Journal of
Beijing University of Traditional Chinese Medi-

cine, 2015, 38(4): 253-259, 291(in Chinese).





