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Study on the Effect of Soybean Milk on the Intestinal Absorption Characteristics of Legumes Traditional
Chinese Medicine and Relevant Mechanism

LING Xiao"?*3, ZHANG Hui"?*3, LT Weixia"*?, TANG Jinfa"*3, LI Chunxiao'??, WANG Xiaoyan'?3,
LI Xuelin1’2’3(1.The First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000, China; 2.Henan
Province Engineering Laboratory for Clinical Evaluation Technology of Chinese Medicine, Zhengzhou 450001, China;
3.Collaborative Innovation Center for Prevention and Treatment of Respiratory Diseases, Zhengzhou 450001, China)

ABSTRACT: OBJECTIVE To determine the effect of Chinese dietary soybean milk on intestinal absorption of legume
traditional Chinese medicine, and to guide the rational diet during clinical medication. METHODS Pharmacokinetics was used
to study the effect of soybean milk on the absorption in vivo of the representative flavonoids of Puerariae Lobatae Radix,
Astragali Radix, Glycyrrhiza Radix et Rhizoma and Sophorae Flos. /n vivo inte stinal perfusion was used to study the effect of
soybean milk on the absorption of the effective ingredients and its change rule with time. Eversion intestinal sac method and
enzyme inhibitor method were used to study the effect of P-gp and MRP2 protein in this process. UHPLC-QQQ-MS/MS method
was used to detect the contents of puerarin, rutin, glycyrrhizin and anthocyanin in plasma and intestinal fluid and the
pharmacokinetic parameters, cumulative absorption capacity and absorption rate constant of each component in rats were
calculated. RESULTS Soybean milk significantly reduced the AUCo., Cmax of the functional components in rats. The
simultaneous perfusion of soybean milk and liquid medicine could significantly inhibit the absorption of the four functional
components in each intestinal segment. The pre-perfusion of soybean milk for 2 h also significantly inhibited the absorption of
puerarin, anthocyanin and glycyrrhizin. The pre-perfusion of 0.5 h and 1 h had no significant effect on the absorption of the
functional components. Verapamil and probenecid had no significant effect on the cumulative absorption, absorption rate
constant and apparent permeability of the four components. CONCLUSION Soybean milk significantly inhibit the absorption
and transport of flavonoids from Puerariae Lobatae Radix, Astragali Radix, Glycyrrhiza Radix et Rhizoma and Sophorae Flos in
rats in vivo, which may not be related to P-gp and MRP2. The specific mechanism of action needs further study. When taking
drugs containing legumes, it is avoided to taking soybean milk at the same time.

KEYWORDS: soybean milk; food-drug interaction; legume traditional Chinese medicine; intestinal perfusion in vivo; everted
gut sac; UHPLC-MS/MS
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BY)-25% A H A F (food-drug interaction, FDI)
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1.1 4R

TSQ Endura & Quantiva #UFiii{% . Vanquish
Horizon UHPLC (3304 B 282K & ; KQ-500E
P T VAR UL B Ll R P A A FR A 7D 5
BT125D 1/10 J7HLF RV ([ Sartorius 23 H]);
DE12G13 R G IHL(GERIEERD).

1.2 250 5k

BRZEA S 110752-201816; 4 . 95.4%).
HHEHFES . 111610-201908; 4. 95.0%). &7
TS : 100080-2018115 4l : 92.2%) . ¥4 H (#t
5 1107152021225 4l . 94.2%) . EhBRZEHINIK
@5 100223-200102; ZiEE: 99.5%). AT
51 101113-2011015 4. 99.5%)304 A = £ 5
25 R ST B 5 RIS AR AL 2 R SRR A B
HRRAT, #5: 170712035 4iF>99%)., Tyrode
(Zr KB FREL NaCl 8.0 g, KCl 0.28 g, MgCl,
0.1 g,NaHCOs3 1.0 g, NaH,PO4 0.05 g, T 500 mL
7K, BRI REFREC CaCl, 0.2 g T
500 mL K APV R TR —F SR G
I 1.0 g RIS, FER(Eaikal) . oG (@5
afy, ¥ H3EE J.T.Baker A F; 4K (EE K
K, T BELIRE SIRORHE BR A FD) s R
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BRI B b2l B R R 254k 23T e rh s
2 KA — W I e 24 2 0 24 5 it 2 i R AT
MY RE, B MG RHEY Y & Pueraria lobate
(Willd)Ohwi (TR, BAE N G RHEYIRE Sophora
Jjaponica L. AL AR, BB S RMEYI S
T [€ Astragalus membranaceus(Fisch.) Bge.var.
mongholicus (Bge.) Hsiao 184, HH A GRHME
Y H 5 Glycyrrhiza uralensis Fisch AR FIARZE
1.3 zh¥)

SD K, 65 2, &, i (240+10)g, W H
At Yl A A LR S YRR ABR A E], AR
SCXK(3%)2016-0011, B #8744 e sh Py fdi FI I
Eap Lol eV IIBTi /e
1.4 Jrik
1.4.1 A% %4 Acquity UPLC BEH C g o i54:
(2.1 mmx100 mm, 1.7 pm); FEshth 0.1%H Rk
(A)-ZNEB), FAHELERL(0~5 min, 20%—100%B;
5~6 min, 100%B; 6~6.1min, 100%—20%B ;
6.1~9 min, 20%B), #EFERE 1 pL, JiE 0.2 mL-min',

JERERII 2. EST BT B4R
3500V; kAT 25psi; TSR
325 °C; FHEAMBE: 7.0 Lomin!, RS
iR, REREL: ZRMEIMRMEL, 551
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WSS YRR 51 E e e s
VI B A0 R R R R R A o
TREEF T E ). 8 o FN AR B 5
MRM S 1, (AL . g WL 1.
Rz1 MW EARFH MS 25

Tab.1 MS parameters of analyte and internal standard
TET TET SERmN e fifie RE

ey m/z m/z ms A% eV HER
ERE 417.0  297.0 200 66.0 26.0 +
JTEHER 269.0 237.0 200 80.0 21.0 +
HR 417.0 255.0 200 69.0 21.0 -
WA (MR 447.0 2710 200 60.0 21.0 +
T 609.0 271.0 200 120.0 21.0 -
1.4.2 A&

1.4.2.1 RS MRS E RS ARSI
R .OFIPARAER L AT RH R RS E R,
FH B il i 1 mL S B AR K 2.5 mg ., FITEARAE
# 2.82mg. T 2.58 mg FIHFEH 2.83 mg MR
A0 RS R o K R WO B B R, AN
[F) A9 A PR s v e, ol B — R A MR A X
PRSI, F T 07k 25 S B P A il ) 1 45 o

- 1827 -

Chin J Mod Appl Pharm, 2021 August, Vol.38 No.15



- RTEARIER - HET
x10! +ESI Product Ion (0.14 min) Frag=80.0 V CID@21.0( 269 -> **) x10! +ESI Product Ion (0.17 min) Frag= 60 .0V CID@21.0( 447-> **)
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Fig. 1 Structural formula and secondary mass spectrum of analytes(puerarin, anthocyanin, glycyrrhizin, rutin) and internal

standard(baicalin)

1.4.2.2  ERAZGEGIR  FRECEHR 85 AL
HRA 10g, N SAKIZH05h 5, R 21K,
BR L h, I, BIHETERARERY . RAA
ST h 7 I RRE AR UHPLC-MS/MS #6177 ¥
XTAWIRT M P ERE . SRR . AT
H R T A I, FRIRE & 8 2 R A
FEREH . e, BB rh Aoy
e BB R E 3120 mgg! . HITEHIAEER
1.03mg-g'. T 5.13mg-g”' . HEFF 421 mg-g',
AT ER GRS, E SRR IA
100 g K G A1 1000 mL 7K, >R H sh ¥ il 5 52K .
1.4.3 MK FGEAES AR 2 mL EP 48
A MK /ARFER 100 uL, FEEBINAREEET)
TAER (20 uL, 10 pg-mL-"YHInA ML/ RE &
W 30s, A 500 uL FHEEVA, WP 3 min,
15000 rrmin' B.0> 10 min, B EERE, RS
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WR T BB Y 200 uL I EEE R, IR 2 min,
15000 r'min' &.0> 10 min, HC 3§ #f7 UHPLC-
MS/MS H il 5341 o

1.44 2530245 12 2 SD KRR, &, iR5nT
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M3, —20 CLRAFE .
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25 8] 5 e B Ui 12 FH TBML SPSS Statistics
20.0 B, XIRIEILLANZ 6] Py I K, 0925 5 XF L
F AR % )5 2243 M1 (One-way ANOVA), P<0.05
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2 SR
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AP 0 25t 2 LA, 25 SR LR 2. B4R
ZIMZGWEELSLZE 1h Wl EF, 425
0.25 h BEIRF M 25 R WA, 7F 0.25~2 h P ML 24 4k
1R AKOE, 4~24h [ B AR R EEHGE T
M. (BN S8 nr, SR BERIKT BIRE
1ER BRI AUC., [(428.41+93.01)ng'mL~""h vs
(197.08+23.57)ng'mL~"-h], MRTo.[(5.74+1.51)h vs
(4.12+0.21)h] Al Crmax [(79.42£9.42)ng-mL~" vs
(41.77+ 6.94)ng-mL""], 45HR LK 2,

T 2R EEAE R 2 )5 LI, 7E 1 h ik ]
M2 PR, BEIG I 2~24 h Y, T i 2hHk s
P N, Rl A IR G R, R TR R AR
f) AUC., [(424.53+119.44)ng'-mL"""h vs (253.42+
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(59.59+7.84)ng mL~ ¥ W EFEAK, 1 VZ/F [(0.11+
0.05)mg kg™ vs (0.18+0.06)mg-kg~']F1 CI/F [(0.015 1+
0.004 2)mg-kg~"*h™" vs (0.024 8+0.006 9)mg kg™ h']
RN . R IR BB T AR N,
T AR R R, AR 2,

AR AE R M 2GR A 2 e %18 LT, #Edh
245 2 h BRI 25 BEEAE, B 25k BE PR R
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T AR SR P 2K RO, S5 IR 2,

HRAT M2y AR 2 el T, A2
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252 6 h I 24 T CL 2 ARG R 21 MR A5 24530
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37.88)ng'mL~"-h vs 88.43+20.92)ng-mL!h], Ciax
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MRTo.; [(2.25+0.26)h vs (1.83+0.33)h]7E AR 5.3
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Fig. 2 Time curves of puerarin, rutin, anthocyanin and glycyrrhizin in rats after oral administration of decoction of

legume( x + 5, n=6)

Group A-single drug group; group B—soybean milk + traditional Chinese medicine group.

E)

ERE. HNERLEE. FT. #EF RS ABARARNAANFSH(X s, n=6)

Tab. 2 Pharmacokinetic parameters of puerarin, anthocyanin, rutin and glycyrrhizin in rats after oral administration( x * s , n=6)

T 41 AUCq/ng-mL'h MRT,./h tia/h Tnax/h Cinax/ng mL! Vz/F/mg-kg™! Cl/F/mg-kg'-h™!

NS A 428.41+93.01Y 5.74£1.519 8.64+4.331 0.33+0.13 79.42+9.421 0.07+0.03 0.006 0£0.001 3D
B 197.08+23.57 4.12+0.21 4.91+1.83 0.42+0.13 41.77+6.94 0.08+0.03 0.012 4+0.001 3
CIE i A 457.96+117.85Y 5.93+1.54 7.02+3.35D 2.50+1.22 69.08+7.71" 0.02+0.01 0.002 0+0.000 7
B 260.41+68.74 4.54+1.65 44243 .45 2.50£1.22 46.06+7.45 0.02+0.01 0.003 5+0.001 1

T A 424.53+119.44Y 3.85+0.93 4.98+1.84 1.17+0.68 98.33+5.591 0.11£0.05" 0.015 1£0.004 2
B 253.42+74.12 3.87+0.92 5.60+2.08 1.17+0.68 59.59+7.84 0.18+0.06 0.024 8+0.006 9

e A 179.03+37.88Y 2.25+0.26" 2.56+0.62 0.50+0.11 74.45+13.78Y 0.01+£0.003 0 0.002 6+0.000 59
B 88.43+20.92 1.83+0.33 2.30+0.83 0.50+0.11 41.194£7.03 0.02+0.003 2 0.004 9+0.001 5

H: A-BZR 2 SR ZG K FOR A s B-TR] I I A L M SR P 2R B4 s 5 B AL, DP<0.05,

Note: A—treated with traditional Chinese medicine decoction alone; B—treated with soybean milk and traditional Chinese medicine decoction at the same

time; compared with group B, "P<0.05.

2.2 AFFTERWREX SRR B R, T
FTH FE R W A1) 5 )

S INROK AT TE 38 W T 22 By W WU
[l iz FZs i Wi i 25 . P AR R L H R
Ko T Py BEAG VR BESE IR I, QA7 AR S vk A
MBS, $RBRE AT AR shy 84, 1
S BOAAEAE EhFEIE . T I Ko B Payy B VR
FERS WG, A SRR M S, #oR
FETAE R TE WA LA sh 8Ol o RITEARIE R 1)
Ko Fl Popy SYRETCIH BAE, $RRITEAIERTE
AW L) Shig s 32, S5 L 3.
2.3 THXEME . ITAEE . TR R
i W AC P 5 e B JEL Bt s 1) 228 ) LA

TR 2 R R S R AR R L il
WAEER . AT BT ES B, B
TR 2 h IR AR . RARAE R L H R

R E B 227 2021 4E 8 45 38 B4 15 )

FES I B0, AR Do o3 B W WA Fn oG
I RIS HE . TR 0.5 h A1 1 h FERE U 2500 4%
DO WM TG 8 35 52 255 LR 4~5,
2.4  ARIHZIH EZURUL 7S I BRI R
4 PR TE LG 2520 . b+l
2H N AT+ 2 2 25 i [E] S5 1Y Qtn RS 25 5,
AER+P AR Qin AL H AL 3 41 8 FH K
(P<0.01), Z5H LKA 3,
2.5 RO AEAN R 25 245 20 A i W i SR
4 MMEZER Y Qn 5 R TE] A AH 5& R BL(R?)
¥1>0.9, RUILX 4 DGTHTES L 25 H AW
LNERIL, FFEFRWRMBOERE, BARER . AR
R.AT . HEHAERIA A, dehifik+hzy
A, WEEF- PN, KoM Poyp AEA T
EMERS, MAEGK PG, 4 MR
Ko Fll Py S5HAD 3 2 H BB FRAR, S5-I 6,
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B3 ER/hx. AEmLE. #2F. FIETRGSHAARZE BN E TR ke
A G-BE 24U, B A-Sh 24, C Al-ERiMR -+ 2541, D -INIET+h 24,
Fig. 3 Accumulative absorption of puerarin, anthocyanin, glycyrrhizin and rutin in jejunum of rats in different administration

groups
Group A-single drug; group B—soybean milk + traditional Chinese medicine; group C—verapamil + traditional Chinese medicine; group D—probenecid+
traditional Chinese medicine.

RI3 TERERENIHENARREAREMBER K SHK(XLs, n=5)
Tab. 3 Absorption parameters of different concentrations of aqueous extracts of legumes in different intestinal segments of
rats(x 5, n=5)

sy PIRIE e k00 it Pyyx105 ememin | Shaisy POREE e k10 mint Pyy/x10° cmemin
mg-mL"! mg-mL"!
R 0.05 +=38%m  1.127 1£0.088 8"  0.148 4£0.069 9V [P T 025 T35 0.2779+0.077 8D 0.060 6+0.071 O
E}7] 0.874 4+0.120 6 0.122 2+0.077 8" E}7] 0.272 5+0.034 4V 0.060 0+0.070 5V
7] 1.594 3+0.109 9V 0.196 6+0.072 8" = 0.460 6+0.037 8" 0.079 3+0.070 8V
251% 0.5733+0.120 1D 0.058 9+£0.012 3V 7] 0.180 4+0.024 8" 0.018 6=0.031 OV
0.10 +—=¥M  2.016 0+0.160 2 0.210 8+0.025 2 0.57 T35 0.488 0£0.141 8D 0.050 7+0.017 4V
E)i7] 1.584 9+0.208 4 0.167 1+0.023 5 m)i7] 0.505 7+0.061 8" 0.053 0+0.006 3V
=W 3.040 0+0.197 5 0.302 2+0.029 9 =371 0.694 1£0.040 5 0.068 9£0.010 6V
7] 1.291 5+0.086 6 0.136 1+0.029 7 E2317 0.385 6+0.029 1V 0.050 4+0.071 7V
030 + 3% 2.1401+0.179 9 0.212 5+0.028 4 0.80 8 0.844 8£0.2600  0.064 9+0.046 2
E)i7] 1.645 4+0.220 2 0.162 7+0.023 4 m)i7] 0.737 5£0.090 1~ 0.054 1£0.039 5
=W 3.072 4+0.138 6 0.305 9+0.029 5 =371 0.830 5+0.0355  0.082 4+0.032 6
S 1.101 0+0.088 9 0.119 4+0.013 4 Zk 0.403 0+£0.020 5 0.042 3+0.044 9
MR 0025 4885 1.828 4+0.088 5 0.221 0+0.072 8 HR 0.1 + =488 0.849 4+0.102 6 0.119 4+0.079 OV
E)7] 1.086 8+0.067 0 0.144 2+0.074 8 E)7] 0.676 7+0.067 4V 0.101 8+0.074 3D
7] 3.022 240.152 5 0.285 6+0.084 2 37 1.474 2+0.021 8D 0.137 6+0.076 4V
24 1.067 3+0.072 4 0.110 2+0.010 3 2t 0.401 7+£0.141 1Y 0.041 8+0.059 4V
0.05 T3 1.676 0+0.079 2 0.174 440.004 4 025 +=3#W 1.6120+0.1145 0.179 6+0.037 8
E)i7] 1.090 2+0.061 1 0.114 7£0.008 0 B 1.289 6+0.091 5  0.135 7£0.010 9
7] 2.748 1+0.081 7 0.274 1£0.030 5 7] 0.849 4+0.102 6 0.1452+0.014 6
7] 1.237 2+0.239 1 0.132 1£0.034 4 ] 0.742 9+0.128 4 0.084 1£0.026 5
0.10 +=3H%  1.7002+0.082 0 0.169 0+0.020 5 0.50 =¥ 1.6345+0.1447 0.148 8+0.043 5
E)i7] 1.120 4+0.062 5 0.1102+0.012 5 B 1.373 3+£0.0954  0.122 8+0.033 9
7] 2.757 9+0.041 5 0.275 0£0.032 6 7] 1.4757+0.0153  0.145 4+0.014 1
2 1.193 3+0.103 0 0.108 1£0.015 1 e 0.8157+0.043 8  0.079 9£0.067 8

T SEWEALL, DP<0.01,
Note: Compared with high concentration, "P<0.01.
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R4 ERE. MNEWMER, HEH, PTETASHEAAREMBENRREREH(K) (X L5, n=5)

Tab. 4 Absorption rate constants(K,) of puerarin, anthocyanin, glycyrrhizin and rutin in different intestinal segments of

rats(X + 5, n=5) x103-min~!
RN Vgl =t} 87 mli7} 4
HRZE 1 2.016 0+0.160 2 1.584 9+0.208 4 3.040 0+0.197 0 1.291 5+0.086 6
2 1.056 9+0.813 91 0.837 3+0.169 0V 1.502 8£0.072 19 0.648 3+0.215 21
3 1.988 0+0.182 2 1.593 6+0.206 2 2.782 0+0.063 8 1.099 9:£0.098 4
4 1.952 6+0.133 3 1.532 3+0.193 1 2.885 3+0.080 8 1.091 4+0.078 5
5 1.365 4+0.113 19 1.069 0+0.142 3V 1.985 2+0.081 8" 0.779 4+0.057 5"
FITARAEER 1 1.676 0+0.079 2 1.090 2+0.061 1 2.748 1+0.081 7 1.237 2+0.239 1
2 0.854 9+0.539 51 0.512 0+0.144 6 1.414 9+0.052 41 0.402 7+0.035 9V
3 1.671 0+£0.072 8 1.086 8+0.067 0 2.580 8+0.121 9 1.113 2+0.077 3
4 1.633 5+0.066 2 1.069 1+0.073 0 2.689 9+0.083 9 0.973 0+0.010 4
5 1.138 440.048 9V 0.742 9£0.040 29 1.714 7+0.244 0V 0.580 8:£0.068 9V
T 1 0.488 0+0.141 8 0.505 7+0.061 8 0.694 1+0.040 5 0.385 6+0.029 1
2 0.258 5+£0.072 9" 0.272 5+0.034 4 0.359 6+0.020 6V 0.148 9+0.023 9
3 0.485 4+0.150 4 0.504 7+0.053 5 0.682 2+0.047 5 0.325 2+0.045 5
4 0.477 0£0.118 3 0.594 0+0.261 5 0.679 5+0.034 8 0.306 800193
5 0.431 9+0.099 9 0.541 1+0.044 6 0.650 7+0.072 7 0.389 6+0.024 11
HRLT 1 1.612 0+0.114 5 1.289 6+0.091 5 1.474 2+0.021 8 0.742 9+0.128 4
2 0.821 9£0.094 4V 0.676 7£0.067 49 0.939 4+0.340 OV 0.315 2+0.136 8V
3 1.619 6+0.113 0 1.2358+0.1319 1.426 8+0.047 2 0.807 3+0.010 8
4 1.572 9+0.111 8 1.246 1+0.093 8 1.442 2+0.026 5 0.085 4+0.049 9
5 1.097 240.080 5V 0.881 4+0.071 0V 1.008 7+0.022 8" 0.442 8+0.075 79

e VARG RN R AL 2 TR R R 3 -G 05 h Al 4 A-IER TR 1 h 4l S Al-PUER GIK 2 h A FERL K
B BARE . HESRAR . T AH RS0 0.10, 0.05, 0.57, 025 mg- mL', 5 144k, P<0.01.

Note: Group l-perfused with legume traditional Chinese medicine alone group; group 2—soybean milk + legume traditional Chinese medicine group;
group 3—pre-perfusion soybean milk 0.5 h group; group 4—pre-perfusion soybean milk 1 h group; group 5—pre-perfusion soybean milk 2 h group. The
concentrations of puerarin, formononetin, rutin and liquiritin were 0.10, 0.05, 0.57 and 0.25 mg- mL"!, respectively; Compared with group 1, "P<0.01.

R5 BERE. NEFMEE, HEH. FPTETRSHEAAREMENENL EEPyp)(XLs, n=5)
Tab. 5 Apparent permeability(Pspp) of puerarin, anthocyanin, glycyrrhizin and rutin in different intestinal segments of
rats(X £ s, n=5) %103 cm-min~!

DORsr SyeH

+ 5

2)7]

4

HIRE 1
2

3

4

5

HITEARAE R 1
2

3

4

5

BT 1
2

3

4

5

HHAR 1
2

3

4

5

0.210 8+0.025 2
0.107 4+0.009 4"
0.203 9+0.023 8
0.204 1+0.022 2
0.138 8+0.012 6"
0.174 4+0.004 4
0.086 8+0.007 1V
0.170 7+0.005 5
0.170 0+0.005 2
0.115 6+0.006 79
0.050 7+0.017 4
0.026 2+0.007 4"
0.049 7+0.016 4
0.048 6+0.014 6
0.033 6+0.010 1
0.179 6+0.037 8
0.082 9+0.009 7"
0.164 5+0.011 4
0.175 5+0.037 3
0.110 7+0.008 4V

0.167 1+£0.023 5
0.087 0+0.009 2
0.165 1+0.020 8
0.161 6+0.022 4
0.112 4+0.012 49
0.114 7+0.008 0
0.046 9+0.018 2V
0.078 8+0.072 3
0.112 54+0.009 1
0.078 2+0.003 8"
0.053 0+0.006 3
0.027 3+0.001 7"
0.050 9+0.002 8
0.062 2+0.026 9
0.035 8+0.004 2
0.1357+0.010 9
0.071 3+0.007 OV
0.130 4+0.018 4
0.1312+0.011 4
0.086 4+0.017 1V

0.302 2+0.029 9
0.155 1+£0.007 9"
0.289 9+0.011 9
0.302 0+0.011 6
0.205 5+0.013 8"
0.274 1+0.030 5
0.146 0+0.004 6"
0.288 1+0.054 1
0.281 4+0.010 9
0.177 4+0.026 9V
0.068 9+0.010 6
0.036 9+0.001 7"
0.111 740.093 0
0.070 6+0.004 0
0.034 0+0.024 6
0.1452+0.014 6
0.097 3+0.037 6"
0.167 2+0.043 7
0.150 2+0.006 1
0.104 0+0.004 41

0.136 1+0.029 7
0.065 8+0.007 9V
0.110 7£0.016 9
0.112 8+0.014 2
0.079 4+0.014 0V
0.132 1+0.034 4
0.041 1£0.007 59
0.115 5+0.009 8
0.100 7+0.015 9
0.059 4+0.013 9V
0.050 4+0.071 7
0.015 2+0.034 19
0.056 7+0.004 7
0.031 5+0.002 1
0.018 8+0.004 29
0.084 1+0.026 5
0.032 6+0.017 19
0.083 9+0.014 0
0.087 9+0.007 9
0.044 6+0.007 6"

W VA G R ER AL 2 AT SRR A 3 A-FER S 05 hdl; 4A-BUER TR 1 hdl; S A-TEREK 2h 4l

TEVIROREE . BARR . RESARAER . T FH B A 509 0.10, 0.05, 0.57, 025 mg- mL™'o 5 1 4AfLL, VP<0.01,

Note: Group 1-perfused with legume traditional Chinese medicine alone group; group 2—soybean milk + legume traditional Chinese medicine group;
group 3—pre-perfusion soybean milk 0.5 h group; group 4—pre-perfusion soybean milk 1 h group; group 5—pre-perfusion soybean milk 2 h group. The
concentrations of puerarin, formononetin, rutin and liquiritin were 0.10, 0.05, 0.57 and 0.25 mg- mL"!, respectively. Compared with group 1, VP<0.01.
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ko6 ERE. MNEHLE, #EH. FTETASHA
KR I B T B (KPR W5 Pyp(X £ s s
n=6)

Tab. 6 Absorption rate constants(K,) and apparent
permeability(Papp) of puerarin, anthocyanin, glycyrrhizin and
rutin in jejunum of rats in different administration groups
(xxs,n=6)

[t} 2151 K, /ug-min~'-cm™ Papy/x1075 cm-min~!

HRE A 0.101 120.012 2 33.69+4.07
B 0.020 8+0.001 81 6.93+0.59"

c 0.081 1£0.011 7 27.03+3.88

D 0.094 8+0.004 8 31.59+1.61

FITARAE R A 0.025 5+0.003 8 25.52+3.82
B 0.010 9+0.002 21 10.87+2.17

C 0.022 1+0.001 8 22.09+1.84

D 0.022 5+0.001 6 22.46+1.62

BT A 0.017 3+0.002 8 3.03+0.48
B 0.007 120.000 9V 1.25+0.16Y

c 0.015 2+0.001 4 2.68+0.24

D 0.015 6+0.001 2 2.74+0.21

HEH A 0.012 5+0.001 8 2.89+0.41
B 0.005 9+0.001 41 1.36+0.321

c 0.015 4+0.001 4 3.59+0.32

D 0.011 1+0.000 7 2.78+0.36

T AR B A-TRH PR C ARk 24
D A-NifEF+ 254l 5 A 4L, DP<0.01,
Note: Group A-treated with single drug; group B-soybean milk +
traditional Chinese medicine group; group C-verapamil +traditional
Chinese medicine group; group D-probenecid+traditional Chinese
medicine group; compared with group A, VP<0.01.

2.6 FIEYHEEE

I 3% A7 W T A e B A3 AT ) B AR I
B, JIrERA RIFNRESSE. HRE . Ml
TRAEER L T H R A 25 3 A G
2 Pk [l )5 7 R RRE G R BT B 2K, 2 a2Eind
B A AT R R R A E R ¥=0.5753X+3.488 9
(5~1 000 ng'mL™"), FIFERRIEE ¥=0.627 7X+3.174 9
(5~500 ng-mL7"), /T Y=0.623 7X+4.152 2(5~
1000 ngmL™")y, HHEH ¥=0.556 7X+2.777 7(5~
200 ng-mL~"), MM IS 45 LA R RN B
HEZ ¥=0.505 3X+9.579 8(10~1 250 ng-mL"), i
WitE & ¥=0.5731.X+16.52(28~2 820 ng-mL™"), /T
Y=0.8549X+15.209(26~2 580 ng'-mL™") , H ¥ Ff
¥=0.902 7X+9.600 8(10~2 830 ng-mL™"), IfiL3Z A1}z
W TP R R L RIPSER . B~ T
H N H RIS R O 25 AR G 20K, g
BHRZE H MR H B AER R 2.15%~5.23%, RSD
N 4.53%~7.67%, RIT-HNAER H NFH (R HES
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M 5.09%~7.17%, RSD H 4.69%~9.39%, /T H
6] A H N ME R OBE N 1.79%~7.68% , RSD K
5.30%~9.26% , H & AF B [ 1 H P 6 5N
4.45%~7.17%, RSD } 5.26%~8.32%. Wik ih
EARE H PR B N -3.67%~17.62%, RSD
K 7.68%~14.51%, RIT-ARAEER H NFH [E)ERR B
H-3.39%~7.18%, RSD & 7.26%~14.66%, 7 T H
6] A H N OUE AR OB N —2.51%~7.69% , RSD &
8.57%~14.51% , H H 1 H [ F1 H P #E 8 R
—9.28%~11.42%, RSD & 6.10%~15.01%, 5>
FE SRR M EDSCR TR 85%~115%, X EHRZE | il
TARAER . HEH . T TIEARIESM T R
FEVESHAT T TN, S TE 3 P SR T
T L0 i T RS 2 RER B AR e, IR
AP ERZE RSD N 3.53%~11.54%, RlFEHEZE
RSD 4 3.21%~12.85%, 77 T RSD 4 3.11%~11.03%,
HHH RSD A 3.59%~8.60%. Mk &M % RSD
K 5.72%~12.78%, HI=HifEZ= RSD K 3.35%~
10.82%, /%1 RSD A 2.76%~8.20%, H#H RSD
K 2.91%~13.48% Lk I ikt s 4 R A( 24
YRR IR 2548 8) T2 R TR SR ) BK
3 g
i 3 2 W WA 5 W T R 0 355 i A e T2 B T S
7, B, A3 B DO o RS A A i
T LA ER O AT 4 . 2l b 45 SRR
SRR ERACERE . BRI AT RS
RAER R AUCos . Crnaxo 55 HRA O 1145
Yo FORE PR BB B T 2, AR R R AR
PR sy, HAA RAFER A R . etk
Sy I 2 AR T OB VR Y H R A PR R
VERT, L JLT B R 2540 G 7 9 e &
SFEETN AT RN, mH R R R
BRI A2 ST AR P AR A
PURAER, W FIAE B AR RN 8 TR g5 5 5
FITSAR AL R AE B RN R FE 2R G R 2 h A
TE, XETHRUEATTER NSO, W B m
B CHE L MR AR N RN AT IAVER
FERIE R R AR 58588, &
W EWA T ERE, B R. &7, HE
e R A B, HANE a2 DL 32 shfs
ERFERRDSY BN FE, R IYT 7 E
W™ A A . ARAEAHESE, AT TER R
BUME Y 8O &, AR Sh Y 5N RE s AT,
P E B 2G4 2021 4E 8 H 4B 38 448 15 )




TR L WA ) S e AT RE RN R T 8 B A i v
JEA K. AT KR, A Sl
HEE, i T R AR FH 20, i DR P 2 3
DR PE AR EZNME, WEERRE, S
TS MRS, HE— 2D BRI TR i R
W, SRXMERR . HEE RSN RN D)
e A BRI FETE A 2 h G2
A B ER K e R T R 3R T A ) B X i T TR
SERVEE S S, AT E AR R L AR AL R R R
AW A A, I AT R A ) A
B R AFIRN A L F sk, KIER T
WG, sagtEmil T2 EahiteErEE, A
ST DO A W T, T A SR I [R) A K
0.5, 1h)AIFA T XFE- A B, B &
R AF RN A WM 52 AN K o IR 45 R R
N, ANELERA R FERIRHZ Y, B RKER
MO iE, BMEAS TR RER-, 54 AT exs
25 RS HE R

R ARG IR 3 BT AR A3 W ST A R Y L
il AWK AN 3 LS5 & P-gp F1 MRP2 HI
A, PRIE IR B AR 3R A D0 S W AT P 5 i)
EEMIMEE A X, SRR SR
HEM PSSR —3, TR BERA T EMRER . il
WiEER . T . B e ERmE R i . 58
M, ARSI 07 B8 ) 25 R AN 2 A 1 SOk diaE , &
S IR DO s W R BLRIATIAS B R, — 2t
WF5E W, P-gp Fll MRP2 iz ihfr & 17 Hirp—Fh
F itz 27 HARPE LR 25 R, SN
MR SR AT HE By E oo
B RIP R 2 FAMEFRETCC, ARSI
G5, IMAZERIIR SN B ET R X TR R L
AL . AT RH R Qin, Ko Al Py YK
HioE2ZS, Uil P-gp Al MRP2 % 2 2K (15 |k
R 4 TR W M W iz TR B R A BR
X2z R A S b ies A L. ANAHmiE
FR T P-gp Al MRP2 5, i A FLIE T 24 2 11 (breast
cancer resistance protein, BCRP) ., HHLAE T#iz
Z Jik (organic anion transport polypeptide, OATP),
A ML B 4% 12 /& (organic anion transporter, OAT),
A HLBH B F4%i2 1K (organic cation transporter, OCT)
XML IZENNZ 54PN EE, XEREAK
YEE Z M2, Hrhol a3 s 59 .
Caco-2 AT LRI, BREK . tSWAERTE

R E B 227 2021 4E 8 45 38 B4 15 )

B AL B Z %] MRP fll OAT B9/ F28, BCRP
AR 2 55 B2 o0 ) e 1z O B DG AR
M, r2REm2 b &2 BCRP MIEY),
J& BCRP A4,y A POLR v [ 6 BRLB
L2 B R 5%t e IRV 22 BT S A A B AR 2R
A LL3E eI th OATP2B1 X9 I M %15
& WX BE B2 At )2 OATP2B1 MUY . K
HE RIS GRARR . REH . K
11 70) O A BIE X R E AR, AJR
B 293H BRI R, JURIR R AT LI 241
il OAT1 FI OAT3 f1¥3% 14121, MDCKII 41 L i3 AU AT
KB RAKEFEMCKGT T, KEHm. R
R.EHOER A )L AT ReE
OATP2BI1 50 SMIEY) 5T (GL4E 2590 1) 5 40 45t e
iz B iR N AMARE I R U R E K AT
J& BCRP (I A 5022, bR SClRHGE 1
KRG BV 2 5 EE2E B v] REl L 4 il OAT .
OATPS %ftia i, W/ miE g fix BR . ¥
FUH ) BRSSP, T R Ak L rp
R ERI R . Rk, 7ER kB T flSE
XSG B 3 — AR 5T A R R 2 i
AL o

WS IE T 25 8l2E . AR HE T A R
R T SR MG R 2 BV . 4R KR,
TR BEMG TER . EE, R X 4 4
A% v 2 v A R 2 T R A M R
Wiz, BRARGR SE 25 W TEAR N A B0 B o AR HF
FERW, RRIEGE A IERT R, RS
e 245 1) O At ot SR Ty SR B 7 3k A [ Bl R
GREY, BEXKERAGEEYE S RFERK
K] R FH 2R 2
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