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Rat intestinal absorption trait of danshensu and protocatechuic aldehyde in Salviae
Miltiorrhizae Radix et Rhizoma extract by single pass perfusion
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Abstract: Objective To investigate the rat intestinal absorption kinetics of danshensu (DS) and protocatechuic aldehyde (PA) in
Salviae Miltiorrhizae Radix et Rhizoma extract. Methods In situ single pass intestinal perfusion model was employed to investigate
the effects of perfusion rate, perfusion solution pH value, bile duct ligation, drug concentrations, absorption sites and P-glycoprotein
(P-gp) on absorption of DS and PA, and perfusion volume was corrected by gravimetric method. Meanwhile, the concentration of DS
and PA in the perfusate were determined by HPLC. Results The drug absorption constant (K,) and apparent absorption coefficient
(Papp) of DS and PA increased linearly along with the increasing perfusion rates among the ranges of 0.2—0.8 mL/min. pH value of
perfusion solution affected drug absorption (P < 0.05), K, and P,,, of DS and PA decreased with increasing pH value at pH values of
7.4, 6.8, and 5.5. And at pH value of 5.5 and 6.8, the absorption had no significant difference, but there was significant difference at pH
value between 5.5 and 7.4 (P < 0.05). There was no significant difference in K, and P,,, value between bile duct ligation group and no

ligation group. At different absorption sites, K, and Py, of DS in the duodenum, jejunum, ileum, and colon sequence have a downward
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trend, but not for PA, while PA could be absorbed well at all intestinal segments. In the drug concentrations of 0.8, 1.5, and 2.2 mg/mL,

K, and P,,, of DS decreased with higher concentrations, and PA absorption parameter has non-obvious changes. There was no

significant difference in K, and P,,, between the presence of P-gp inhibitor and no P-gp inhibitor. Conclusion Perfusion rate and pH

value have significant influence on absorption of DS and PA. Two water-soluble ingredients could be absorbed at all intestinal

segments and DS has better absorption at former intestinal segments. The concentration of the extract has no influence on its absorption

parameters of PA, which preliminarily demonstrates that PA is absorbed by passive diffusion mechanism. However, absorption of DS is

affected by concentration, indicating that in addition to passive diffusion, it may also have active absorption or facilitation diffusion in

absorption process of DS. Moreover, two ingredients are not affected by P-gp efflux.
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Fig.1 HPLC chromatograms of DS (A), PA (B), sample (C), and blank intestinal perfusate (D)
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x1 ASEMRILEZBEARR pH EERRTORKSHEE (x+5,n=4)

Table 1 Comparison on absorption parameters of DS and PA at different pH values of perfusion solutions (x +s,n=4)

- e % B

pH (i - -3 i .-l -3 -
K,/min Popp/(X 107 cm'min ) K,/min Popp/(X 107 cmrmin )

7.4 0.019 94+0.007 7 1.854+0.79 0.063 5+0.0119 6.33+1.04

6.8 0.034 1£+0.006 9 3.60+0.99 0.087 9+0.009 5 10.92+1.25

5.5 0.044 54+0.014 3 4.47+1.40 0.114 1£0.034 6 13.294+4.06

F2 BEEFILSEHASHEMEILZBENERESEHZN (x+5,n=4)
Table 2 Effect with and without bile duct being ligated on intestinal absorption parameters of DS and PA (x +s5,n=4)

A > LA
e R -3 -1 -1 -3 -
K,/min Popp/(X 107 cm'min ) K,/min Popp/(X 107 cmrmin )
JHAE AL 0.0550+0.013 6 4.75+1.45 0.1450£0.016 0 14.91+3.12
ER=EZEiN 0.051 0+0.006 3 4.4340.30 0.137 8+£0.039 6 14.03+3.78
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Table 3 Comparison on absorption parameters of DS and PA in different segments of intestine (x +s,n = 4)

. &% JR LRI
A S | -3 -1 -l -3 -1
K,/min Popp/(X 10 cm'min ) K,/min Popp/( X107 cmrmin )
R =117 0.044 1+0.018 3 3.80+1.20 0.135240.040 4 13.43+£2.59
&7 0.034 610.003 7 3.3840.70 0.088 5+0.028 7 10.61%3.60
E)i7] 0.013 940.005 9 1.24+0.40 0.106 3+0.004 6 10.96+1.47
7] 0.008 240.002 1 0.73+£0.24 0.090 1+0.013 8 9.114+1.75
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x4 ERBPASREIMREXNASRNRILZENERESEOZW (xts,n=4)

Table 4  Effect of extract concentration in perfusion on intestinal absorption parameters of DS and PA (x+5,n=4)
R gL 15 % B
K,/min”' Pp/(X 107 cmmin™") K,/min™' Pp/(X 107 cmmin™")
0.8 0.031 54+0.007 5 2.66+0.67 0.086 240.026 6 8.261+2.46
1.5 0.018 81+0.008 1 1.8940.72 0.082310.024 4 9.68+2.54
22 0.009 3+0.005 9 1.284+0.14 0.091 61+0.029 6 9.37+2.40

P-gp WA L EE e (HRR “ 259k
EEAO NP RNy LY/ )IN i ] e S e B ERY 7]
JIs 111 BELRS 25 0T o LA SR R 4 WK A A P-gp 4036
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vt #%4 1.5 mg/mL, LU/ (2910 cm) A
WAL, PR 0.2 mL/min, pH {H 6.8, BEAT#E

W, B FFEE 105 min (15 minX7), FJREE
T K, B Py AN 50 22 ANOVA 430 HT 3R B,
AR LRI ZE R MK L P2 R AR ) LA
KNS EL Ky T Py (TG R F 2257 (3R 5),
ULHH P-gp X PFZ B AU LS EREA TR M - XF
HWos A W s, P2 2R LR AN P-gp
(A o

x5 P-gp WASHEMFEILEE/NGREEIZE (x+5,n=4)
# 5 Effect of P-gp on intestinal absorption parameters of DS and PA (x + 5 ,n=4)

o P& SR LA
o K, /min™' Popp/(X 107 cm-min™") K, /min™' Pypp/(X 107 cmrmin ™)
ANIndEdr ik 0.052 9+0.008 4 4.80+0.76 0.1321£0.020 6 13.94+2.35
pikiZodEbS 0.0574+0.011 5 5.32+1.24 0.113940.003 1 12.58+1.97
3 g HPLC ERIBIE HIFIF P22 BILRED
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[RS8 25 A1 5 I IR 24 5 2 04 A 1) P T B 5 T
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L R T B ) BV L AR AR BV B RE A B AT
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SRS IR T 2 AR IR T [ U E ) 2 5 B i P R
B ({5, (HHORK LW R B /R4 e h A
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AT — 5B, S FAE N W B S Y o
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B SEY R S HAT O PR B D972 U ER K,
HAEGE, R ReAE AL 11T o 2
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