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Study on intestinal absorption of aqueous extract from Chaihu Shugan San

LIU Yang" %, ZHAO Yang"?, YU Meng? JIA Hong-mei%, MA Li-yan®, ZOU Zhong-mei’

1. Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China;

2. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, China

Abstract: Objective To evaluate the intestinal absorption of main components (paeoniflorin, ferulic acid, narirutin, naringin,
neohesperidin, and glycyrrhizic acid) in aqueous extract of Chaihu Shugan San (CSS). Methods UPLC method was established to
simultaneously determine the concentrations of the six components in the test samples of everted gut sacs and in situ single pass
intestinal perfusion (SPIP) models. Absorption kinetics parameters were calculated for describing their absorption characteristics.
Results In SPIP model, the results indicated that ferulic acid was the well-absorbed ingredient in whole small intestine, while other
ingredients presented moderate or poor absorption. In everted gut sacs model, paeoniflorin in jejunum, ferulic acid, naringin, and
neohesperidin in duodenum, narirutin in duodenum and jejunum, had the best absorption, while there was no significant difference in
absorption of glycyrrhizic acid in the intestine. Conclusion In vivo model indicated that the main constituents in CSS could be absorbed in
intestinal wall of rat, ferulic acid could be much more easily penetrated intestinal wall into the blood circulation than the other five
components. Ex vivo model could further articulate that six index components could be absorbed selectively in different intestinal segments.
Key words: Chaihu Shugan San; Ultra performance liquid chromatography (UPLC); aqueous extract; intestinal absorption; paeoniflorin;
ferulic acid; narirutin; naringin; neohesperidin; glycyrrhizic acid; everted gut sacs; in situ single pass intestinal perfusion
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PL4:4:3:3:3:3:1LENRESE, WrrrucHe,
I 12 f5 /KR 30 min, B 2 Uk, BRI 1h,
ERELIE, GIFIER, WURRYEE 100 mL, B %1
i, 19BN SE T EOK SR R, $e0h 28.66% .
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118.23 pg/mL CZEFFMMEZ ) 232.87 pg/mL Chli 7
). 200.88 pg/mL CHifs 1) 47.40 pg/mL CH
PR TR0 A
2.3 UPLC @it &t

{63 73 B K ) Acquity UPLC HSS T3 {4 kT,
PRI N 0.40 mL/min, A9 35 °C; RS EHE
Jy4 °C, BEFEEN 5 ul, KK UV 230 nm (A
Z5). 320 nm (FTZER ). 283 nm = F Al %
Rl B RIS B2 ). 250 nm CHEEIR) . IREhAH A
0.1%H1&-/K (A) F10.1%FIR-LI5 (B), BAEVE
Jiit (0~6 min, 99%~90% A; 6~8 min, 99%~88%
A; 8~15min, 88%~82%A; 15~20 min, 82%~
80% A; 20~25min, 80%~65% A; 25~27 min,
65%~55% A; 27~30 min, 55%~0%A).
2.4 KRFEWILE 5
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A B R KRB D A 7 o T A 2R T LA . H
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37 CI1. “2.17 T K-R L I 850 57 I oK 3
YIBGRI, PGS LL 0.2 mL/min ¥EVE ks, P
30 min. ARJEIHFURTII, WCERAE 15 min & e
WP (Rs4E 0~15. 15~30. 30~45. 45~60-.

60~75. 75~90. 90~105. 105~120 min Ik a]
RUIGZRD, LR 2 h (M7 HERA I . A HE T T
T4 CIRAF. HEPE UG SR B (D
FANE (.

242 KEANHBYESY:  $MSoaE®, 2k
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A, HEUOK. Bsiabst, wiEaLiirr, oK
B E R RGBS, B =3, . [
4% 14 cm, JEA 37 °C Tyrode Wb, FIZAEFEEEK
Mk, AN RIES B IR A G R, K
B —um a5 LR, I ORI E B, H
Tyrode ML R o) —im &b 4L, BRI . 1
HHENIEN 2 mL 251 Tyrode W, KIHUBRACH
Tyrode ¥ (122 (G Rl eh,  SEEGRERE AR OREE 37 “C1E
Wi, FFEI A E N 95% O, Al 5% CO,. i 5 min
S, B ICUS R R i Tyrode I HY, £5 . 43 51
FA AN “2.17 TP RCHILT 37 CHEET
Tyrode SEHHBR AR 40 mL, 7E4525 15, 30, 45,
60. 90. 120 min /5 MHFEAHUEE 200 pl, [AIHSRME
FAFARRZS (1 Tyrode ¥

243  FESRWOEIS BRI R VR IR R
VRS 200 pl, N FEE 200 pl, 993 ETE ), 13 000
r/min .0 15 min, 2 K, BT 04T .
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Table 1 Results of linearity correlations of six ingredients of aqueous extract of CSS

ELANERD %) EEpg r? R (ugmL D
ISEIRE Y=14923X—1640.0 0.999 9 2.16~216.02

R 3 1R Y=68 665X—6 330.0 0.999 9 2.62~26.24

SEF RN Y=20 760X+54.8 0.999 9 1.18~118.23

il 7 Y=21112X+1553.4 0.9998 2.33~232.87

R Bt Y=17 287X+565.4 0.9998 2.00~200.88
B Y=10661X—1 204.0 0.999 9 0.47~47.40
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Fig. 1 UPLC chromatograms of aqueous extract of CSS
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BI/NT 3%, RIAUERRE I R AT
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RISk S FRbR I A T AR, THEAT 25
PgRme . S mh Rt MR, BT HRR
H A 1) RSD (n=6) 43 Jll 5 0.31%. 1.01%. 0.29%.
0.61%- 1.74%. 1.68%, iKW, FERHEKLE 24 h
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SRR AR, TR €23 T R
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95%~105%, & A 7k I e R AT

32 KMRAHMEERERBFERKIER R
M ST AIE

3.2.1 SZIGLSHLTIN A Lipinski #UWE, o
B2 BAT I ROBCR 28 5B R 1, A& R TR
FOREI: (1) H AR CGERAE N FTO LK H IR
FHO BH/NT5; (2) HEEZAE (N FTO 1% H D
HH/NT 105 (3) HIX ¥ /T 500; (4 Ji
KT ARENT 5. WK 2 Pon, FIBLESH H B4y
WEHN 4, H 8ZAEHA 6, MXTIEN
194.18, IE/K M B4k 0.964+0.28, BBk E T 5¢
W, AT SEMBL . M BT
FH R A B R B H YR T 5, W JE 0 25
W2id.

F 2 LCHAIRATEL 6 FIERRTER S Lipinski TR
Table 2 Lipinski properties of six ingredients of aqueous extract of CSS

FabRPERL sy B EER R H 2R H ARSI H ARG TogP (25 'C) AW T Hh MR R IR
AL 12 11 5 16 0.25+0.63 480.46 164 A2
BT R IR 4 4 2 6 0.96+0.28 194.18 66.8A2
AT 14 14 8 22 —0.52+0.78 580.53 225 A2
Al R T 14 14 8 22 —0.19+0.79 580.53 225 A2
R At 15 15 8 23 —0.89+0.84 610.56 234 A2
HER 12 16 8 24 4.64+0.86 822.93 267 A2
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3.2.2 Iy BEX; SEEERH R bR ) BRI A
W R BN E T S8 K-R VD, EEBURE
i J5 S P SR AR P R B AR A, SR
R 3R, FRFRIERI IR T B KT 96.15%,
B R BRI BE R S B I BCF R Ak 1o T S 25 1
Wy PRI BA

%3 BEXLEPARATR P ERER SRR MIER (X £
s,N=6)

Table 3 Physical absorption of six ingredients of CSS
aqueous extract in intestine ( X £s, n = 6)

FRbR RS> FEbRPE RS TR 2%
AJPE 96.6045.82
R BE PR 104.90+3.38
TEE MR AT 99.64+4.81
Rl e 99.4345.61
BB R AT 98.61+5.82
HERR 96.15+4.87

3.2.3  SEWIGL I AICAE 78 1A B 1 fi 9 U 1R WAL 2
SRR B AE A B 1) P E SR S B A TR, 7 Y 3 ST
UPLC & & M vt Se s g 5 ) e v g b
PERS P BEATIE, $2I A (D, (2) TSR
FFEURE R AT 2 PTBRIR =A RhBE

2.0 =
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3
L

[
o
1

T T e

Ka/(X10 2 minY)

0.5 1

AU PTBRR A B B RTR R H R

FlREFE,  BTRS R R SRR I WBGE R H A (K
RIEHIBIERE (P, SR 20 252595, Bt
B, SERMRAT. MRAT. B R R K,
4351k 033X 1072, 1.35X10 7%, 0.29X 1072, 0.27X
102, 0.26 X102 F1 0.73X 10 %/min, Pes 235K
0.03X 102, 0.24X 102, 0.03X 102, 0.06 X102,
0.03X 1072 1 0.09X 1072 cm/min. 4 P.<<0.018X
10 2 em/min, £ IWLIE ; P >0.12X 10 2 cm/min,
R sE 4, AT P2 )k h g o,
ATUTE. EEANRTR. B R AR R R
B0 SRR R A 2 1oy, T BT BRI Ay 5 4% L
W, 2555 Lipinski BEUUAIAL, 2 BB 2R ER AT 24
o ERANRER. MR BB R R SR
325 1L R BE N IR

MSGE R (Ko HRBIE R (Pe), it
AT

Ka=Q (1—CouQou/ CinQin) /nr?l ¢D)

Per=—Q In (CouQou/ CinQin) /2rln 2

Cou WA 2k, BHIE O 25909 Ciy
S i N T WG ME R AT WRE : Q VL (0.2
mL/min); r RERIG R KA | R K Qi
1 Qour 43 I I3 08 0k H LB AR, (mL) o

Peit /(X 10 Zecm-min %)
N

A M Z el

ATEGTE PIBERR AR IBCAT WECHT R HRR

t

2 SCHARATELT 6 FEIRIE S ERRBBERIEIR (X £s5,n=6)

Fig. 2 Absorption parameters of six ingredients of aqueous extract of CSS in intestine ( X %s, n = 6)
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i OK-2RFEG, DARCRE R AIE IS I Wbs
#Eo Q MW TRIMEARDCIIA T A3 iR (LD BRI I
LAY SR Ky (pg/min/cm).

WK 3 P, +f5h. e ik 6
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FRFRE 7 1) Q P BN (W) (& pn Mg i, Ay
EIAES, BEWITE 120 min i _Fik 6 R batE
J% 53 i BOBC R BT IR BMAIR &5 . JF HAE 120
min IFERH RSN, Hoft 5 FRFR LR £ T B

1 Qu20 min HHAMERZER (& 5). LL Q XJHFH]
YEAHSRIENA 53 B R B, SEHER IO Y 6 Bhdatsn
FRAEAN 5] iy B IR ) Ay e e R, 3 R? B3k 5]
0.9 VLI, R E gt

®1 xizit ~ P38 4y bR 10) AL o
E: 3% e , % E: 6 [A13%
(o4 2 o o 4
1 2
04— T T T T 04— T T T T 04— T r v v
30 45 60 90 120 30 45 60 90 120 30 45 60 90 120
t/min t/min t/min
8 1A AT ~ TRl 107 gy ~F R 087 e +i‘¢ﬁﬂ%
6 e 8 % e ] ~ 5
E Ty 26 TEE w | E 1
5 4 = 2 I
o 5, S04 T ]
2 2 0.2
0l — ol
30 45 60 90 120 30 45 60 90 120 30 45 60 90 120
t/min t/min t/min

3 SCHARATELT 6 MBI S ERRMER (T2, =H. EiF) MENRIHZ (X £s5,n=6)

Fig. 3 Cumulative absorption profiles of six ingredients
S, N =6)

of CSS aqueous extract at different intestinal segments ( X &

F5 LCHARTATELD 6 FIBHRIER S RS EL AT Quo0 min ( X £5,n=6)
Table 5 Q of six ingredients of CSS aqueous extract at different intestinal segments ( X xs, n =6)

e e Q120 min/Hg

bty g Sl s

AJPE 3.33+0.36 4.82+053" 2.9540.11%

(g7 2.4110.46 1.36+0.29" 0.87+0.19™

SEF RN R 7.274+0.60 6.94+0.67 5.55+0.60"

Rl e 5.3610.99 3.90+0.95" 3.26+0.89"

BRE R AT 8.60+0.55 5.8940.77" 5.0840.53"

HHR 0.56+0.12 0.54+0.10 0.54+0.11

ST AR A P<<0.05; SR AR I A *P<<0.05
“P < 0.05 vs same component absorbed in duodenum; “P < 0.05 vs same component absorbed in jejunum

332 EARMEN) Ky 257 T iUl B 5 g!f*‘ﬁ%
FEITHCT 6 BRI —d, AW [l T ) =T
RIS L, B0 LU T 5 HR PR MR Lo 78 & B ol .
9 Ka (B 4)e AZEAE NI Kae 220>+ 3% e
Jor >0l Bl ZRIR . 2= Bkl B ERUEbE Bt A/ i P
() Ka: 38> > E: R e M <
Ka: > [l >+ ikl HEmAe 1 K, 0- SRE-ERELLEE RS- ana
TR ELAr T B Wk 2 A AU BTBER A M R R
B 2 5 4 SEAERATAY 6 MMBRRIER P EER AR Ko ( X £5,n=6)
4 g Fig. 4 K, of six ingredients of CSS aqueous extract at

b
e

AR SR AR A 1 i E SRS 5 T

different intestinal segments ( X £s, n =6)
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SR B B TR O, 45 SRR, Tl xof 5]
BT R AOFR AR TR > AT — 8 IR, AT
ERMBCHT « BB BT« b R TR H SR O h A%
REPEWORC AL EE Ry, T BT BRI A e e, e 2
PRI LA S Pl bt e 7> 5 5y i i e N I 0
o AHFFE4E 5 Lipinski B0 BT 000 (14 45 5

Wt i R IS MB i BER  25 5 1 SRk B /)
Wit e GR AL, B CH =46, 2. 1l
) Xt L3k 6 Pl btk ey (1 SR A B I 1]
(Rrsgopnimu g, AR s p B o S, 754
TR SRR, AT AL, B
B W B AHT G ST AR il Az, A
4= o i =7 77 el 78 S VAN LT 6 4 B TS R
1645 B B (WO 3 Y o TP R RSO 2
PRI AR R H SRR AE 2% i B R e AT
WAVERI S, AWEFE AT A e A R
. BB AR BT R oo, L SCRR
FAEA—E N TRE LS FTCH (At fE bR
PRSI0 3 a3 WSO AR5, T ASHIE T
FRR TG SE OB ERAT,  L5 SCHRIRIEAT 3. BEAh,
AUl B RORTRS B S AT 4R
Yoo, $R7RIX 2 PR ARIE B AEIE NPT BEAFAE
F MR eIz T .

3 OX 3 P i B A i SRS R 1 R A R
B LU, S BUHCAE PR SR AT rp A ARK IR AN [,
KT ety PRSI I R PR AT O, AR 1A i) i
TSI ) S0 2 A 5 D IRE 24 )5 25 1l )
T8 IE A AR, (2 3 E T e e 1
K25y i, T 2 T A P R R AR,
1M AN SR R B T S B AL SN BB L,
H R H AR I SRR S 25 M RO L, <33k
W SE X 23 ) e FE G, L T B A 1
B R, I B R B RS . A
Lot Bt BRI AN, U S A% 1 A Rl
(RISt o, LB B PRI TR REL b 5 fin b
ALGANEE R R A, TR, Rk, ShBIiE
PERERUMILE (AP 1) i RE U ASE 2R B89 T AN ) 7 T 4
(GE7)) 7 e S O NTTRA R ESE 7N 71 ChE S e
B 1R W ASORE R T AN BE M B A5 52 25 D AR Y 1
W, I HAER . B 45 5 K 22 T
5277 2R PR B T B

GRS B T 20— REF s, 24
A LA LA B AR, X255

IR S BAT AR . 2501 i v R e
225415 2 AR TR (01 P, w2
JiAS R RCATAE R TE WO R i sh AR e, ]
AR 7 v 2 52 7 (RO AL D B DA S AR F B ASB5T
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