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[ Abstract | Objective: To study on the absorptive characteristics of Inula cappa extract in rats by in situ
intestinal circulating perfusion model. Method: Nine representative ingredients in I. cappa extract were selected
as objects of this study. An UPLC-MS/MS was established to determine their cumulative absorption amount and
investigate the absorptive amount of the nine components at different intestinal segments, influence of extract

concentration, pH value, P-glycoprotein inhibitor, bile and different intestinal segments on intestinal absorption of
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the nine components for expounding the absorptive characteristics of ingredients in different intestinal sections.
Result: Scopolin in high concentration existed saturation phenomenon, it indicated the transport mechanism of
scopolin was active transport in the intestine and the other 8 compounds were passive diffusion. The best absorption
sites of luteolin-7-glucoside, 1, 3-O-dicaffeoylquinic acid, 4, 5-O-dicaffeoylquinic acid and 3, 4-0-
dicaffeoylquinic acid were jejunum. The best absorption sites of scopolin and 3, 5-O-dicaffeoylquinic acid were
ileum. The best absorption sites of chlorogenic acid, cryptochlorogenic acid and neochlorogenic acid were
duodenum. The absorption of all the compounds were affected by pH and bile. Conclusion: All of the nine
ingredients in I. cappa extract can be absorbed in small intestine, but their absorption rate, the best absorptive
site and mechanism are not the same.
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Inula cappa; extract; caffeoylquinic acids; intestinal absorption; luteolin-7-glucoside; in

situ intestinal circulating perfusion model; chlorogenic acid
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Table 1 Stability of nine components from Inula cappa extract in

circuit pipe and blank intestinal perfusate(x +s,n =3) %
R A A S . s 25 16 AW
% T PR 6 0 3 25 M 4
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1,3-0-—ufjinfl: B 5 25 5 g 98.11 £5.57 102.25 £6.70
PN 106.20 £5. 42 97.29 +8.72
3,4-0- 0 HERE 3 2 96.35 +1. 69 98.75 +6.74
3,5-0- 0 HEEE 3 4 R 100. 60 =2. 20 102. 17 £6. 54
4,5-0-nnjk R 45 T R 106.24 1. 60 102.05 £2.24
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Bk R 93.06 +3.25 98.84 £3.18
et 5 J5 R 93.71 +1.33 92.76 £8.73

2.8 FEHARIYAEZ A G IE R AR E S
¢ WA H KRS0 mL T KRB HAEE 3 h, il
WA EBR . U ABREH & 5.0 g LT £ HA
PEICYI VWL, 37 CARB AR, 4351 F 0,3 h R
B H AR BT 2 A Wb i AR E R, W
K1, FREVFHGRBYEZAHBE T 3 h
2.9 KEAERTE R RE AR 0 A 45 245 1 K B4R
24 h, Aok, FARMH 1.4 g- kg™ 17 13 51
30% SRR, BE THEEF ARG ,37 CHRIR, #
E, WHEPLBEEIFO 3 ~4 em, N E+ 48
W, IS5 HL S IBAE 140 15 1 S0 0 g B, b U A
A/INEEIAE B [, JE HEE AL, T ui U0 H 4 A
RERCAE e, S AL LIl 8% .+ Z 46 W B F
(T1 em ZEFFERTE S 10 em (k2S5 B H T 15 em
BT 10 em 1k F7 B H EH B EAT 20 em JFIR1E
10 em 1k 5B BONE B T IFHET 10 em gk
2B E g A+ e b 2 b5 T ok o R
B, 37 CHyAETEEL K L 1.0 mL - min ™' A9 3 3 op
Ve E g HE A K Ay o BU3T C A H G SR U W
50 mL, ) 5 mL-min " JBEIEIRFH 15 min, B 55
P2 2.5 mLemin ", 57 B2 0 B0 0 R AU DA 2R
W A P IRORE 1 mL, A O 2 I JR] 24 ) Tk RE B A
1) 2 f& oAb i K-R & 1 mL, 53 51 3 30,60,90,
120,150,180 min B[R] B BURE , PG 3 h 4538 52 56
R A i o S 00 A8 A T B R BRI K g T AR A
W] s 25 6, BRI AR 25 5 (P, ) o FEAG A 171 % o 1

IO AR R TR, REAE 34 52 42, F 28 SCHE B 9 R0 A8 I DY
WA, Bk i 18 RS B SR AR B, SRR RN I A —
st 51 3 F0) 2 05 12 50 B0 by 12 B () S 0 PR TR AR . DAt
J5 ¥ AT o 0 R ) AR R O

P, =C, xV, +1.0 x zlc

A= (Py—-P,)/P, x100%

A PO e 28 PR R 25 W, €, O A8 3
WGP UG B W BE V, W IREN A IR AR, €, O in
I 2R P2 R R I, V,, N e IS ZU AR ER IR AR,
tn AR IR BCRE T T, P, R 0 B R 00 4R 25 W L A
N3 h FF AR P 0 h R H P, 3 h
Rk, LI/ PR A 255 09 B 2R X 50 O i
6] ¢ A, BT A B Rk B Ol W A AR (K)o
2.9.1 FHAGEB W pH XA B0 o3 i Wi
S PSR R R BERL O 4 AL B 4 H
Sy R RE N 5.0 g+ L7 A6 pH (5.0,
6.0,6.86,7.4) - H 49 1% AR AL Bl b AR RS
559 MR K, A3 h BIFRICR(A) 45 R R
F o By 32 pH B9S2, pH Dy 6. 0 IF 4% 18 7>
3 h R CREOR Bk £ pH 6. 0 BEAT 5 25K
Ko k2,

2.9.2  FH-A 5 U B TR U RN i W A 5 T

WS B R R B, BEHLZr G 3 41, B 41 4 L, B4
B E H 2.5,5.0,10.0 g- L' (pH 6.0) By 3 H-
P U A AR A AF 9 ML B9 K, R A,
D3R 3o SRR BUR R A AR o o R R R A
TEAFNEL G, 487 AR Py Wit vl B8 8 8 %42,
LA B3 BE A B2 oI5 3 2 110 18 22 IR o R 5
B R 75 A — PANE WS 1 AR AR SR
AR 8 ALY ORI R T BE A B
2.9.3  JEE X HAG R B i WO O
BIRAR AL W 2 4,4l 4 H 2.9 TR
TR ARG FLIEAE (X IR S5 4L ) L 48 Y
JRiE R BE R 4 5.0 g+ L7 3E HOA 4 B 7 W (pH
6.0)50 mL 1y Jij 4 UL AL , 188 i M B A0 2 10 L
WA B T7 2 A AL 3 h A LR S5 LIRS Y
FH A S O B b 25 o B AL S5 R R BT
XFAR RS A AR R R Rk I TR R o SR ) R i
YJEA WA 1E T, XF 3, 4-0- 0l 15 5 4 7 R
HI3,5-0- 0 M B 1 2 7 IR 0 W SO e 2 Y i F
PEHT o s g 2 fir o k47 IEAE 45 30, RAHE BR JIH 7 X
A WM B2 R, DRAIE S B B TS . LR 4

- 5.



24 B2 M FEXEAFFESRSE Vol. 24 ,No. 2
2018 4 1 A Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2018
R2 ¥EFHENYWHKAEN pH X BHRD B RBARME(x£5s,n=4)
Table 2 Absorption percentages and K, of nine components in Inula cappa extract under different pH (x +s,n=4)
pH 7.4 pH 6. 86 pH 6.0 pH 5.0
a&Y
A/ % K,/min ™! A/ % K,/min ™! A/ % K,/min ™! A/ % K,/min ™"
RO 79.2 2.0 0.516+0.082 76.8 1.8 0.504+0.038 80.6+3.0 0.549 £0.004 67.2+4.7" 0.379 +0.007%
1,3-0-Z M0 21.5+7.9" 0.067 £0.027" 23.2 +4.5" 0.080 +0.009" 63.3£3.3 0.279£0.007 52.7 +2.3" 0.275 £0.022
M P 35 25 T R
PN A 85.2+7.3" 0.320+0.087") 95.0+2.1 1.142+0.097" 97.2 4.0 1.468 +0.030 87.1 £4.0" 0.668 +0.059
3,4-0-Z M 25.6+5.4" 0.110 £0.008" 24.3 2.6 0.101 £0.010" 55.8 +1.1 0.276 £0.027 55.6+2.7  0.286 +0.029
MEmESE ZE TR
3,5-0-Z 00 38.1+2.6" 0.158 £0.020" 32.6+4.1" 0.167 +0.041" 56.9 3.8 0.245+0.033 38.3 +5.2" 0.183 +0.010"
M mE L 25 TR
4,5-0-2 W 49.9+£2.9V 0.271 £0.070 59.4x7.1 0.277 £0.054 58.6+1.8 0.286+0.016 49.2 £8.3" 0.219 +0. 009"
MEMESE 2 TR
2 R 36.3 +1. 1Y 0.131 +£0.019") 46.3 +3.8") 0.270 +0.027") 54.2 6.1 0.231 +0.030 48.9 6.7  0.074 +0.023"
Bk I R 30.5+2.2" 0.238£0.014 38.7 £6.5" 0.158 £0.010" 60.5+6.5 0.242+0.025 45.9+1.5" 0.157 +0.022"
[ 2 IR 35.3£3.8") 0.249 £0.023 43.8 £3.6" 0.249 +0.006 60.4+2.9 0.258 £0.038 51.9 £6.6" 0.251 +0.022
E:45 pH 6.0 414 L") P <0.05,
3 ¥FEHRIYHKBANRERENBREAZME (v £5s,n=4)
Table 3 Absorption percentages and K, of nine components in Inula cappa extract under different concentration(x +s,n=4)
2.5 g L~ 5.0 g-L°! 10 g-L°!
&
A/ % K,/min ™" A/ % K,/min "' A/ % K,/min "'
RO 83.7+9.4 0.534 £0. 062 78.1+5.6 0.530 £0. 024 76.3 £5.8 0.511 £0. 082
1,3-0-= 0 W Fik Ik %5 7 i 23.9 £4.0 0. 064 +0. 009 27.8£1.9 0. 100 0. 007 30.7 £3.9 0. 100 0. 009
A R B 80.6 1.4 0.418 £0.010 79.2 1.0 0.543 £0.011 81.7=1.7 0. 620 =0. 035
3,4-0-—WnHERE 3L ZE TR 32.0+4.1 0.111 +0. 005 36.5+3.2 0.157 +0. 006 38.1+1.0 0.138 +0. 003
3,5-0-Z 0k it 5L 25 7 1R 30.0+1.4 0.053 +0. 008 38.8 +2. 1 0. 130 +0. 003 43.8 +4.5 0.223 +0. 009
4 ,5-0- WMk ik 35 25 7 iR 29.8 £3.6 0. 134 £0. 004 34.3 3.9 0.135 £0.012 39.0+5.3 0. 140 0. 006
SRR 33.6 £2.0 0.100 +0. 007 35.5 2.4 0.142 0. 003 53.7 +4.8 0.307 £0.019
ik R R 23.6 £4.5 0.063 +0. 005 24.8 £6.9 0.076 0. 007 25.4+4.3 0.062 +0. 005
[ 2 I iR 28.9 +4.2 0.081 +0.010 33.9+5.7 0.193 +0. 047 35.2+1.4 0. 138 +0. 002
x4 PEHARPgpMAFNEEFRIYB RN (x+5,n=4)
Table 4 Effect of bile and verapamil on intestinal absorption of nine components in Inula cappa extract(x £s,n=4)
X MR (S5 LR ) AL P-gp 13 51
&Y
A/ % K,/min "' A/ % K,/min ™! A/ % K,/min "'
R 88.9+0.6 0.755 +0. 062 77.2 £5.8%  0.470 £0.099"  94.3 +0.6" 0.969 +0. 089"
1,3-0- =Wk ik 35 25 2 i 53.3 %5.1 0.258 0. 051 55.9£5.8 0.372 £0.092"  30.5 +5.0% 0.122 0. 032"
N 94.9 1.4 1.091 +0. 097 81.4 £6.3%  0.621 +0.098"  82.8 x1.1% . 054 0. 007
3,4-0-Z 0 HE it 5L 25 7 IR 41.9 8.2 0.200 +0. 065 53.6£9.5"  0.231+0.071 26.8 £8.2" 0.090 +0. 024"
3,5-0- "W HERE 3L ZE TR 42.9 £7.2 0.207 0. 074 52.5+7.2"  0.251 £0.062 31.1+3.3% 0.126 +0. 031
4,5-0- W MEBE I Z TR 33.6+8. 1 0.179 +0. 079 39.9+2. 1 0.170 0. 074 23.6+9.9 0.101 +0. 028
2 JE iR 35.5%2.4 0.142 +0.013 30.0£1.4 0.113 £0.010 31.6 +6.9 0.110 0. 008
Bk IR 35.4+4.3 0. 062 +0. 005 18.0 2.1 0.040 £0.006"  35.4+5.7 0.069 +0.018
[ 2 TR 35.2+1.4 0.138 +0. 002 15.3 3.8 0.006 £0.002"  34.8 4.4 0. 088 0. 005"

o G Y P <0.05,Y P <0.01,

6.
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2.9.4  P-gp HH 0 X 3 T4 52 U I 00K f 5
WUAS 5 K B, BERLAY A 2 4, 4 B g%
2.9 BiF )7 i RAE, Ve d% 5.0 g- L R H 4G R U i
Wi (pH 6.0)50 mL F My 5 3 300 , #0474l B AR %
Z BN A P-gp 10151 350 25 B WE K S 33X 9 43 114 1
WO, HLE AL L3R 4, B HAR A, J7 2240 BT 45 R
FWIINA S 100 pmol « L™ P-gp 11l 57 £ & 4k £ 11
K5 AR E W, BB B 2 R 1,3-0-
TR R A TR, KR B3, 4-0- il 4
TRRAN 3,5-0- Wi ME B 3 25 7 R 00 W 0K 3 R AR .
DLW Z3 B %5 4 7T RE 2 P-gp MOIIC A, Ho AR 143 AT g D
R ZE A P-gp BEY)
2.9.5  EFAGR I 7E A [ B 0 RE A4 T
FU AN [ M B3 45 40 B9 A, 2B o 7 1A g

RS FEFERIYESHEARBBESSIN (v ts,n=4)

W E KT+ 48 0, 45 il e N - R
s R RRREAT 6 25 I W WROBCR T+ 48 W, tE 45 I
WSt 2N T AR W 5 1, 3-0- Ml I 2 4 T R
3,4-0- W HE L3 245 TR 4,5-0- Wi fE 3 45
2 7 25 i 1 W e B 2 R F + 48 153, 5-0- i vk
Tk 35 25 7 R 7 [0 Ji 1 W i B8 3 K+ 48 W s ek
T2 7 25 1 (W WS B /N7 1 48 W, 9 D R N B
SRR TR AEZS B 1 i RN 45 B i W e 3 e 3N
. LAaRW ARREAT,1,3-0- 0k it 3 245 7
2 ,3,4-0- 00 M mE 3 25 7 W2 0 4, 5-0- 0 il ot
45 TR ) F2 WSS A 7E S W, AR R M 3,5-0-
P T 2 R ) AR A 7 R B R
B Sk iR R B o D R A 2 R W AR A+ R o
WS,

Table 5 Absorption percentages and K, of nine components in Inula cappa extract at different intestinal segments(x +s,n =4)

+ =45 7] EY7] 45 1
k&Y
A/ % K,/min ! A/ % K,/min ! A/ % K,/min ! A/ % K,/min !
RE AT 26.6£2.4 0.063+0.008 25.6+3.6 0.074+0.008 36.6+1.5" 0.145 +0.007" 14.7 £0.6"  0.071 £0. 006
1,3-0-— W mEfE 22.9+6.3  0.064 £0.025 28.4+4.1" 0.074 £0.010 20.5£3.3 0.083=0.007 5.2+2.7" 0.016 0. 005"
HETM
A R B 26.0+8.5 0.110+0.003 25.9+6.3 0.113 £0.004 23.1+4.4" 0.107 £0.008 15.8 +3.9"  0.049 £0. 003"
3,4-0-Z0MERE 21.5+8.7  0.0330.009 31.3+4.0" 0.103 +0.004"22.5£6.0 0.101 £0.002" 16.5 +3.4"  0.034 0. 009
TR
3,5-0-ZUIMEBE 30.5+4.1  0.107£0.010  21.8 +4.5" 0.173 +0.007"42.2 +5.8" 0.204 +0.013" 22.4 5.8  0.080 =0. 023"
R TR
4,5-0-ZUnMEBE 21.6 +7.5  0.021 £0.009  38.9 +2.5" 0.195 +0.007"22.8 £3. 1" 0.072 £0.010" 14.5=6.0"  0.047 =0.007"
TR
25 JF iR 18.8+7.1 0.075+0.018 15.2 +4.0" 0.035£0.007"16.5+5.5 0.063 £0.008 16.8 +0. 4 0. 064 +0. 009
2k R 14.7+3.3  0.036+0.018  5.7+2.9" 0.014 £0.003" 7.8 +4.7" 0.042 £0.005 10.3 +2.5"  0.033 0. 006
P gk I iR 19.9+7.6 0.051 £0.033  11.9 +£5.9" 0.055+0.006 10.6 £5.6" 0.042+0.010 5.3 +0.7" 0.023 £0.006"
E 5+ 4wt P<0.05,
3 itig WO AL HH L, I LA A B 245 0 R IR T L . H

BIF 5 24 W) 1) i T8 W W RE 68 1 A% 245 W 16 i 1 1) I
W AT S, AR T 5 28 4 308 4 R 1) B 5, DA TR 2 i
LY MM E 48 TR RS B 25, 259 1
W BIF S T R FH A 1A i TR R4S 0 45 AR 3 AN D) I
A8 R A 22l ORFF 15 i 1 22 RPN o3 e A B9 52
L JCAR A K S T 3 PN 0 v R T ORI T L
0L L A AN A A 0 A P B e, A B IR
W R AR AR SR N AT, BLRETH BR B I N AW
FRHE E R0 A0 A T AT 32 B0 R 25 A PR R B2 R

TR0 P 0 0 S e R e Ay i
W — BEAER N B, 2B BRER KRS i N 25 9 o i T
Ja T PR A R RN L S O O AL, I S

HELm A RATEE, 5 B GE . 347 Js 9 ] g
OF H- 4G 15 PR AL A9 B> AR B 3 BRI TH R
FEPECT BRI L @ 5 BE A 2R 1S min
BORE 1 W, MAR 2R3 2 30 min HORE 10, RITE 35
3 ol B 2 A I iR R, T RE R E A TR
LY 75 3 1) W /N B A A, DT AR A5 B AR E
AR o i 28 R PR IE PR TRAE AT SR
FHAG R 9 B R o3 15 i 18 1 I I 2%
RFMW] AR A M 0 I R s PIL R T RE O =
iz i B, SR SRR A5 H A 8 A I 7 i 3l A i
BLI AT BEAS 2 Bl (9 5 3h 97 Bl AR, AT A A —
SLIRMEN Tyt B o A o B W 2 pH AR
7.
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FRZ R, AR R, 1, 3-0-0fi M B 2 45 T R, 3, 4-
O-Z W MERE 3 25 7 2 f 4, 5-0-— o ol ik 2 25 7 1R
F B SRR 7 25 i, AR R R 3, 5-0-
P 25 2 7 1R 1) 3 B RSO A7 7 [ g , 2 DR I 4 I
T 1 I 2 JE R ) 2 B WMSR AL A + — 48 1, A A
9T A BUAR R 5 1 T i P-gp B, Hik 8 Nk
Sy A REIF AN & P-gp BUIRY o (HA SCULAF1E— E 1Y
Jey BRAE , i T 7 AR A i T O K 6 2 AR 40 24 Y40 B
PRS2 R T % B R o3 B AME R R A B 25 W)
M W R, 1 775 32 AT RE AT A M R BB 20 o B R A i
PO BE N —SE Rl BT, DRI Y B 5 — T
i 5 Xk 245 R B a3 B4 I B AR D LA HE BR AT BEAE AE T
PS5 1) 1B BH P 45
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