
Drug Development and Industrial Pharmacy, 34:164–170, 2008 
Copyright © Informa Healthcare USA, Inc.
ISSN: 0363-9045 print / 1520-5762 online 
DOI: 10.1080/03639040701484668

164

1LDDIAssessment of Intestinal Absorption 
of Vitexin-2″-O-Rhamnoside in Hawthorn 
Leaves Flavonoids in Rat Using In Situ and 
In Vitro Absorption Models

Intestinal Absorption of Vitexin-2″-O-rhamnosideYing-ai Xu, Guorong Fan, Shen Gao, and Zhanying Hong
Shanghai Key Laboratory for Pharmaceutical Metabolite Research, School of Pharmacy, Second 
Military Medical University, China

The purpose of this study was to investigate the absorption
mechanism of vitexin-2″-O-rhamnoside, the index component in
hawthorn leaves flavonoids (HLF) in the rat intestine, using two
different absorption models, the in situ single-pass intestinal per-
fusion and the in vitro everted gut sac model. The effective perme-
ability coefficients (Peff) in the in situ single-pass intestinal
perfusion experiments and the apparent permeability coefficients
(Papp) in the in vitro everted gut sac experiments were calculated.
Furthermore, the influences of the P-glycoprotein inhibitors, ver-
apamil and digoxin, on the intestinal absorption of vitexin-2″-O-
rhamnoside in HLF were studied using the above-mentioned two
models. Results showed that there were no significant differences
in the absorption of vitexin-2″-O-rhamnoside in HLF in four seg-
ments of the rat intestine, duodenum, jejunum, ileum, and colon,
and at different concentrations of HLF ranging from 0.05 mg/ml
to 0.5 mg/ml (P > 0.05). The Peff values for vitexin-2″-O-rhamnoside
in the rat jejunal perfusion at the concentration of 0.05, 0.1, 0.25,
and 0.5 mg/ml were (2.48 ± 0.33) × 10−5; (2.23 ± 0.67) × 10−5; (2.18
± 0.48) × 10−5; and (2.25 ± 0.17) ×  10−5 cm/s, respectively. But
there was significant difference between absence and presence of
verapamil or digoxin (P < 0.05). Peff and Papp values of vitexin-2″-
O-rhamnoside in HLF were increased in the presence of vera-
pamil or digoxin. In conclusion, vitexin-2″-O-rhamnoside can be
classified into high permeability class drug according to the biop-
harmaceutical classification system. Passive diffusion dominates
the absorptive transport behavior of vitexin-2″-O-rhamnoside in
HLF. The absorption and secretion are mediated by the efflux
transport system, P-gp. The absorption of vitexin-2″-O-rhamno-
side in HLF can be enhanced administered together with P-gp
inhibitors.
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INTRODUCTION
Crataegus (hawthorn) is a medicinal plant that has been

widely used for a long time. It has numerous mild but well-
documented pharmacological activities, especially in the
cardiovascular system, with few side effects (Ammon &
Händel, 1981a, 1981b) In China, there are about 16 species of
hawthorn. Crataegus pinnatifida Bge. is one of the two major
species, called Shanzha in Chinese. The extract of hawthorn
leaves is reported to improve the heart function deficiency of
the coronary blood supply and mild forms of arrhythmias
(Christian, Wilson, & Thomas, 2000; Tauchert, 2002). Haw-
thorn leaf flavonoids (HLF) are the main active constituent of
hawthorn leaves, in which more than 30 components were iso-
lated, including vitexin, vitexin-2″-O-rhamnoside, quercetin,
rutin, and hyperoside, and so on. (Ding, Jiang, Zhong, & Zuo,
1990). The content of vitexin-2″-O-rhamnoside is the highest
in HLF (Ying, Lu, Li, & Li, 2007).

HLF preparations are marketed mainly as tablets and cap-
sules in China. For these oral drug delivery formulations, it is
required to characterize the intestinal absorption, including the
transport mechanisms and the transport rate. So studying the
intestinal absorption of HLF is warranted. In vitro and in situ
absorption models, such as Caco-2 cell monolayers, everted gut
sacs, and perfused animal intestine, are commonly used to inves-
tigate transport mechanisms, classify permeability, and predict
in vivo absorption of drugs in humans (Amidon, Lennernäs,
Shah, & Crison, 1995; Lennernäs, Nylander, & Ungell, 1997). It
has been reported previously that these models are well corre-
lated to the in vivo permeability and fraction of the dose
absorbed in humans, and therefore have a proper predictive
value (Fagerholm, Johansson, & Lennernäs, 1996; Lennernäs,
Nylander, & Ungell, 1997; Lennernäs, Palm, Fagerholm, &
Artursson, 1996). P-glycoprotein (P-gp), a 170 kDa transmem-
brane protein, is an ATP-dependent efflux membrane transporter
apically expressed throughout the gastrointestinal tract and act-
ing as major biochemical barrier to oral bioavailability. P-gp
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also plays a critical role in the distribution, metabolism, and
elimination of many clinically important therapeutic substrates
(Varma, Ashokra, Dey, & Panchagnula, 2003). Even if passive
transcellular diffusion is the dominant transport mechanism for
intestinal absorption of many drugs, it has been reported that car-
rier-mediated efflux transport by P-glycoprotein (P-gp) and
other efflux proteins may affect the overall rate and extent of
drug absorption and first-pass metabolism in rat and human
intestines (Gan et al., 1996; Kruijtzer et al., 2002; Lown et al.,
1997; Terao, Hisanaga, Sai, Tamai, & Tsuji, 1996; Zhang &
Benet, 2001). An understanding of the physiologic regulation of
P-gp is a key to design strategies for the improvement of thera-
peutic efficacy of these drugs. Verapamil and digoxin are P-gp
substrates that have been increasingly used for understanding
mechanistic aspects of intestinal P-gp (Berggren, Hoogstraate,
Fagerholm, & Lennernäs, 2004; Varma, Kapoor, Sarkar, &
Panchagnula, 2004; Varma, Sarkar, Kapoor, & Panchagnula,
2005).

The main advantage of the in situ single-pass intestinal perfu-
sion technique is the presence of an intact blood and nerve supply
in the experimental animals. This methodology is found to be sim-
ple and highly accurate for predicting intestinal absorption in
humans (Fagerholm, Johansson, & Lennernäs, 1996). Because
water absorption and secretion during the perfusion may cause
errors in the calculated Peff values, a non-absorbable marker to
correct water flux is needed (Amidon et al., 1995). For this pur-
pose, phenol red is co-perfused with drug compounds. The everted
gut sac technique is a simple and useful in vitro model to study
drug transport (Barthe, Woodley, & Houin, 1999).

To develop a theoretical basis for understanding the oral
absorption of the main component, vitexin-2″-O-rhamnoside
(Figure 1) in HLF, characterization of its intestinal transport
mechanism and contribution of putative secretory/efflux is
imperative. In this study, we used the above-mentioned two
intestinal absorption models in rats, in situ single-pass

intestinal perfusion model and in vitro everted gut sac model,
to investigate and characterize the intestinal absorption of
vitexin-2″-O-rhamnoside in HLF in different intestinal
segments, at different concentrations and P-gp–mediated
intestinal transport.

MATERIALS AND METHODS

Drugs and Materials
HLF was purchased from Jinjia Pharmacy Co. Ltd. (Shanxi,

China). Digoxin and vitexin-2″-O-rhamnoside were obtained
from Sigma (St. Louis, Missouri, United States). Verapamil
was obtained from the National Control Office of Pharmaceuti-
cal and Biological Products (Beijing, China). High-performance
liquid chromatography (HPLC) grade solvents such as glacial
acetic acid and tetrahydrofuran methanol, acetonitrile were
obtained from Caldon Laboratories Ltd. (Ont., Canada).
Phenol red was purchased from Sanaisi Reagents Co. Ltd.
(Shanghai, China). All other chemicals were of analytical
grade and were used as such.

Single-Pass Perfusion Experiments
Sprague-Dawley rats of both sexes weighing 230 to 250 g

were obtained from Slac Laboratory Animal Co., Ltd. (Shanghai,
China). The surgical procedure and the jejunal perfusion of a
10 cm isolated intestinal segment were performed as previ-
ously described (Lindahl, Sandström, Ungell, & Lennernäs,
1998). In brief, the animals fasted for 16 to 18 hours but with
free access to water, and were anaesthetized 1 hour before the
experiment by an intraperitoneal injection of ethyl carbamate
(20%, w/v) at a dose of 0.6 ml/100 g body weight. The rats
were placed under a lamp to maintain a body temperature of 37
± 1 °C . The abdomen was opened by a midline longitudinal
incision; a segment of the jejunum (10 cm) was cannulated
with plastic tubing (4 mm o.d.) and perfused (0.2 ml/min) for
90 minutes. The effective jejunal permeability (Peff) of vitexin-
2″-O-rhamnoside in HLF was determined at concentrations of
0.05, 0.1, 0.25, and 0.5 mg/ml in separate experiments (n  = 4).
Each perfusion experiment lasted for 90 minutes and the outlet
perfusate was quantitatively collected on ice at steady state at
40, 50, 60, 70, 80, and 90 minutes. The intestinal topographic
study of vitexin-2″-O-rhamnoside in HLF at the concentration
of 0.25 mg/ml was also performed in four separate groups (n = 4).
The intestine was divided into four fractions of equal lengths
(10 cm): the duodenum segment (1 cm from the pylorus), the
jejunum segment (15 cm from the pylorus), the ileum segment
(20 cm above the cecum) and the colon segment (from the end
of the cecum). The efflux substrates/inhibitors, verapamil or
digoxin, were added at a concentration of 0.05 mM at the con-
centration of 0.1 mg/ml of HLF. Both the control and inhibi-
tion perfusion experiments were performed in separate groups
(n  = 4). The samples were immediately frozen and stored at
–20 °C until analysis.FIGURE 1. Chemical structure of vitexin-2″-O-rhamnoside.
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The perfusion solution (pH 7.4) consisted of 48 mM NaCl,
5.4 mM KCl, 2.8 mM Na2HPO4, 4mM NaH2PO4 and 1 g/l
D-glucose, 20 μg/ml phenol red, and HLF in the absence and
presence of verapamil or digoxin as a P-gp inhibitor. Phenol
red was included as a marker for transmucosal water flux. The
current animal study was approved by the animal ethics com-
mittee in Second Military Medical University, Shanghai.

Intestinal Everted-Sac Experiments
Sprague-Dawley rats of both sexes weighing 230 to 250 g,

provided by Shanghai Slac Laboratory Animal Co., Ltd.
(China), were anesthetized by an intraperitoneal injection of
ethyl carbamate (20%, w/v) at a dose of 0.6 ml/100 g body
weight. A 20 cm segment of jejunum was quickly removed,
rinsed with Tyrode buffer and everted (Barthe et al., 1999; Guo
et al., 2004). This segment was tied at one end with a cotton
thread, filled with oxygenated Tyrode buffer, and then tied at
the other end. The resultant large sac was divided into four 3 to
4 cm sacs by tying at intervals. Each sac contained about 0.5
ml oxygenated Tyrode buffer.

Each sac was individually placed in a 15 cm high glass tube
containing 2 ml oxygenated Tyrode buffer kept in a 37 °C
water bath. After equilibration at 37 °C for 5 minutes, 2 ml of
drug solution was added to each tube to initiate the experiment.
The whole samples of inside medium were taken at 20, 30, 45,
60, 75, and 90 minutes, then fresh oxygenated Tyrode buffer
was added to the sacs and incubation was continued. At the end
of the 90-minute experiment, the everted sacs were removed
from the tube. The area of each sac was measured. Different
concentrations of HLF were tested. In addition, the effect of
verapamil and digoxin on the absorption of vitexin-2″-O-
rhamnoside in HLF was investigated. All the samples collected
were extracted by mixing with methanol. The mixtures were
centrifuged at 6,000 rpm for 10 minutes and the supernatants
were analyzed by HPLC. The current animal study was
approved by the animal ethics committee in Second Military
Medical University, Shanghai.

Analytical Methods
Samples were assayed for vitexin-2″-O-rhamnoside con-

tent by HPLC. The Dionex HPLC system (Dionex, Sunnyvale,
California, United States) was used including P680 pump,
thermostatted column compartment, and PDA-100 photodiode
array detector. Chromeleon software (Version 6.50) was used
for evaluation and quantification. Vitexin-2″-O-rhamnoside
and phenol red were all quantified with reversed phase HPLC
using a Diamonsil-C18 column (5 μm, 4.6 mm × 200 mm)
(Dikma, Beijing, China) preceded by a C18 guard column
(Dikma, Beijing, China). The mobile phase consisted of 80%
solvent A (tetrahydrofuran-methanol-acetonitrile [80:8:12,
v:v:v]) and 20% solvent B (2.5% acetic acid). The samples
were thawed, mixed, and centrifuged at 5,000 rpm for 10 min-
utes, whereupon 20 μl was injected into the column at a flow

rate of 1.0 ml/min and the column temperature was main-
tained at 30 °C. The detector was set at 340 nm and 430 nm
for determination of vitexin-2″-O-rhamnoside and phenol red,
respectively.

Data Analysis
Effective permeability coefficient (Peff) was calculated from

the steady-state concentrations of vitexin-2″-O-rhamnoside in
the perfusate collected. Permeability values were calculated
using the following equation (Berggren et al., 2004):

where Cin is the inlet concentration and Cout (corrected) is outlet
concentration of vitexin-2″-O-rhamnoside, which is cor-
rected for volume change in segment using phenol red
concentration in inlet and outlet tubing. Qin is the flow rate
(0.2 ml/min), r is the rat intestinal radius, and L is the length
of the segment. It has been demonstrated that in humans, at
a Qin of 2 to 3 ml/min, Peff is membrane-controlled. In the
rat model the Qin is scaled to 0.2 ml/min, since the radius of
the rat intestine is about 10 times less than that of human.
Cout(corrected) was calculated according to the following equa-
tion (Cummins, Salphati, & Reid, 2003; Singhal, Ho, &
Anderson, 1998):

where PRin and PRout are the inlet and outlet concentrations of
the non-absorbable water flux marker, phenol red.

Apparent permeability coefficients (Papp) of vitexin-2″-O-
rhamnoside in HLF were calculated according to the following
equation:

where the dQ/dt (μg/min) is the drug permeation rate, A is the
cross-sectional area (4.2 cm2), and C0 (μg/ml) is the initial
vitexin-2″-O-rhamnoside concentration in the donor compart-
ment at t = 0 min.

Statistical Analysis
The results reported are the means (± SD). The statistical

difference between treatment groups was evaluated using
analysis of variance (ANOVA) and the identification of signif-
icances was carried out with Student’s t test; P < 0.05 was
considered to be statistically different.
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RESULTS AND DISCUSSION

Determination of Vitexin-2″-O-rhamnoside
Calibration curves covering the entire range of vitexin-2″-

O-rhamnoside and phenol red concentrations in the perfusate
were prepared. Excellent linear plots relating the peak area and
the concentrations of vitexin-2″-O-rhamnoside and phenol red
were obtained. The mean recovery for determination of
vitexin-2″-O-rhamnoside and for phenol red was 100.8% ±
3.6% and 100.3% ± 2.5%, respectively. Precision assay
showed the averages of the relative standard deviations within 1
day for vitexin-2″-O-rhamnoside and for phenol red were 2.4%
and 1.7%, respectively, and between days for vitexin-2″-O-
rhamnoside and phenol red was 4.1% and 3.3%, respectively.

Excellent linear plots relating the peak area and the concentra-
tions of vitexin-2″-O-rhamnoside red covering the entire range in
the intestinal sac were also obtained. The mean recovery for
determination of vitexin-2″-O-rhamnoside was 101.3 ± 3.4%.
Precision assay showed that the average of the relative standard
deviations within 1 day was 2.5% and between day was 4.6%.

The analytic method fit the requirement of content
determination.

In Situ Single-Pass Perfusion Experiments
Intestinal Absorption of Vitexin-2″-O-Rhamnoside in Different 
Segments and at Different Concentrations of HLF

In situ perfusion of intestinal segments of rodents (mice, rats,
and rabbits) is frequently used to study the permeability and
absorption kinetics of drugs (Stewart, Chan, Jezyk, & Fleisher,
1997; Varma, Kapoor, et al., 2004). In vivo studies permit
determination of absolute or relative bioavailability, but are also
complex in terms of plasma assay and assessing rate-limiting
process in drug absorption. Meaningful feedback to the drug
discovery efforts generally requires a balance between the
higher throughput of in vitro or in vivo studies. In vitro or in situ
models are of particular utility when absorption is rate-limiting
to systemic availability and permeability is rate-limiting to
absorption. Of all permeability screening methods, in situ rat
single-pass intestinal perfusion study offers a simple and relevant
method of permeability assessment and correlates very much
with the true absorption properties in human beings (Grassi &
Cadelli, 2001; Salphati, Childers, Pan, Tsutsui, & Takahashi,
2001). Single-pass perfusion of the rat’s different intestinal seg-
ments showed that the effective permeability coefficients (Peff )
of vitexin-2″-O-rhamnoside were not significantly different in
duodenum, jejunum, ileum, and colon segments (Figure 2).
There were no significant differences at different concentrations
of HLF ranging from 0.05 to 0.5 mg/ml (Figure 3).

We conducted a topographic study to assess drug absorption
in the duodenum, jejunum, ileum, and colon segments. These
experiments allowed us to detect or discard possible preferential
absorption at some point along the intestine attributable to local-
ization of the iminoacid carrier or simply to differences in per-

meability along the intestinal canal, as has been reported for
different marker molecules (Artursson, Ungell, & Löfroth,
1993). The results did not reveal any statistically significant dif-
ferences among the Peff tested in different intestinal segments,
duodenum, jejunum, ileum, and colon. Thus, Peff values seem to
be invariable along the rat small intestine. Based on these results,
the existence of a preferential absorption zone in the small intes-
tine can be discarded. Since Peff values did not differ along the
small intestine, we have chosen the jejunum segment for the
experiments at different concentrations and the influences of
P-gp inhibitors on the absorption of vitexin-2″-O-rhamnoside in
HLF. The results also showed that there were no significant

FIGURE 2. Effective permeability (Peff [cm/s]) of vitexin-2″-o-rhamnoside
using intestinal single-pass perfusion at intestinal segments: duodenum,
jejunum, ileum, and colon. The standard deviation of each mean value is also
presented (n  = 4 in each group).
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differences in the permeability at different concentrations of
HLF ranging from 0.05 to 0.5 mg/ml, which clearly indicates
that potential saturable carrier-mediated intestinal efflux did not
largely affect the rate or extent of the intestinal absorption of
vitexin-2″-O- rhamnoside. These combined observations render
it likely that passive membrane diffusion dominates the absorp-
tive transport behavior of vitexin-2″-O-rhamnoside in HLF.

The Peff values for vitexin-2″-O- rhamnoside in the rat jejunal
perfusion at the concentration of 0.05, 0.1, 0.25, and 0.5 mg/ml
were (2.48 ± 0.33) × 10−5; (2.23 ± 0.67) × 10−5; (2.18 ± 0.48) ×
10−5; and (2.25 ± 0.17) × 10−5 cm/s, respectively. Three differ-
ent classes of in vivo absorption may be defined in man: (a)
poor, 0% to 30%; (b) intermediate, 30% to 90%; and (c) com-
plete, 90% to 100%. According to this classification, compounds
with an average Peff in humans of approximately < 0.1 × 10−4

cm/s are poorly absorbed, whereas those with Peff of about > 0.7
× 10−4 cm/s are completely absorbed. The Peff for passively
absorbed compounds is on average 3.6 times higher in humans
compared with rats (Peff,man = 3.6Peff,rat + 0.03 × 10−4, r2 = 1.00).
So corresponding estimates in rats are < 0.03 × 10−4 cm/s and
> 0.2 × 10−4 cm/s, respectively (Fagerholm et al., 1996). Based
on these permeability data, vitexin-2″-O-rhamnoside can be clas-
sified as a high permeability class drug according to the biophar-
maceutical classification system (BCS) (Amidon et al., 1995).

Influence of P-gp Inhibitors on Peff of 
Vitexin-2″-O-Rhamnoside in HLF

The P-gp efflux inhibitors, verapamil and digoxin, signifi-
cantly increased the measured jejunual Peff for vitexin-2″-O-
rhamnoside at the HLF concentration of 0.1 mg/ml (Figure 4)

(P < 0.05). The permeability (Peff) of vitexin-2″-O-rhamnoside
absence of P-gp inhibitor, presence of verapamil, and presence
of digoxin as P-gp inhibitor were (2.25 ± 0.67) × 10−5; (4.10 ±
0.34) ×  10−5; and (10.59 ± 0.87) ×  10−5 cm/s, respectively. To
evaluate the quantitative functional role of P-gp, the intestinal
efflux inhibition ratio (EIR), that is, the ratio of permeability
due to P-gp–mediated efflux activity (PP-gp) and the passive
permeability (PPD), was calculated. PP-gp was obtained by
subtracting Peff,control (absence of P-gp inhibitor) from Peff,inh
(presence of P-gp inhibitor) while PPD is equal to Peff,inh
(Troutman & Thakker, 2003). EIR values using verapamil and
digoxin as P-gp inhibitors were found to be 0.45 and 0.79,
respectively, indicating that about 45% and 79% of passive
transport of vitexin-2″-O-rhamnoside was attenuated by P-gp–
mediated efflux, respectively. The absorption and secretion of
vitexin-2″-O-rhamnoside in HLF are mediated by P-gp.

In Vitro Everted Gut Sac Experiments
Intestinal Absorption of Vitexin-2″-O-Rhamnoside at Different 
Concentrations of HLF

The everted gut sac technique is a simple and effective
method of studying absorptive transport and the action of intes-
tinal P-gp on intestinal drug absorption in vitro (Barthe,
Bessouet, Woodley, & Houin, 1998). The system provides
information on drug absorption mechanisms through testing
the drug content in the intestinal sac. The everted sac provides
quantitative information on the intestinal absorption of tested
drug (Guo et al., 2004; Sha & Fang, 2004).

The mucosal side (bulk solution) to the serosal side (inside
sac) transport of vitexin-2″-O-rhamnoside was investigated at
concentrations ranging from 0.1 to 0.5 mg/ml. Figure 5 shows

FIGURE 4. Effective permeability (Peff [cm/s]) of vitexin-2″-o-rhamnoside
using intestinal single-pass perfusion at the HLF concentration of 0.1 mg/ml
(control), 0.1 mg/ml with addition of verapamil, and 0.1 mg/ml with addition
of digoxin. Groups with different letters are statistically different at a 5%
significance. The standard deviation of each mean value is also presented (n = 4
in each group).
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the cumulative permeation of vitexin-2″-O-rhamnoside
across the everted gut of rat. It can be seen that the cumula-
tive permeation amount of drug increased proportionally with
time. No concentration dependence or saturation was
observed for the absorptive transport of vitexin-2″-O-
rhamnoside at concentrations ranging from 0.1 to 0.5 mg/ml.
Figure 6 shows the apparent permeation coefficients (Papp) of
vitexin-2″-O-rhamnoside in rat gut at different concentrations
of HLF. There were no significant differences at different
concentrations of HLF ranging from 0.1 to 0.5 mg/ml. Simi-
lar to the results of in situ single-pass perfusion, the absorp-
tion of vitexin-2″-O-rhamnoside was not concentration
dependent, suggesting that passive diffusion dominates in the
absorptive process.

Influence of P-gp Inhibitors on Papp of 
Vitexin-2″-O-Rhamnoside in HLF

P-gp is an energy-dependant efflux pump associated
with multidrug resistance in tumor cells, but is also
expressed in a variety of normal human tissues including
the liver, brain, kidney, and gastrointestinal tract (Thiebault,
Tsuruo, Hamada, Gottesman, & Pastan, 1987). At the intes-
tinal level, P-gp is located on the apical membrane of the
mature intestinal cells and acts as a pump that transports
drugs back into the lumen as they are absorbed across the
intestinal mucosa (Hebert, 1997; Watkins, 1997). There is
currently considerable interest in intestinal P-gp and the
central role it plays in limiting the oral bioavailability of a
wide class of drugs (Benet, Wu, Hebert, & Wacher, 1996).
The everted gut sac method is a simple and efficient in
vitro model for studying the intestinal role of P-gp (Barthe
et al., 1998).

In this study we investigated the influence of P-gp inhibi-
tors on Papp of vitexin-2″-O-rhamnoside in HLF by using
everted gut sac method. Figure 7 shows the apparent perme-
ation coefficients of vitexin-2″-O-rhamnoside in rat gut in
absence and in presence of P-gp inhibitors verapamil or
digoxin. The P-gp efflux inhibitors verapamil and digoxin
significantly affected the measured jejunual Papp of vitexin-
2″-O-rhamnoside. It was found that the addition of verapamil
or digoxin significantly increased the absorption of vitexin-
2″-O-rhamnoside (P < 0.05). One likely explanation was that
vitexin-2″-O-rhamnoside absorption was lowered through
interaction with P-gp. These results are similar and in agree-
ment with those obtained using the in situ intestinal single-
pass perfusion technique.

CONCLUSIONS
In conclusion, the results presented here show vitexin-2″-O-

rhamnoside in HLF can be classified as a high permeability
class drug according to the biopharmaceutical classification
system. The existence of a preferential absorption zone in the
small intestine for vitexin-2″-O-rhamnoside can be discarded.
Passive membrane diffusion dominates the absorptive trans-
port behavior of vitexin-2″-O-rhamnoside. The absorption and
secretion are mediated by the efflux transport system, P-gp.
The absorption of vitexin-2″-O-rhamnoside is enhanced when
administered together with P-gp inhibitors.
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FIGURE 6. Apparent permeability (Papp [cm/s]), of vitexin-2″-O-rhamnoside
using the everted rat sac model at HLF concentrations of 0.1 mg/ml, 0.25 mg/ml,
and 0.5 mg/ml. The standard deviation of each mean value is also presented
(n = 4 in each group).
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FIGURE 7. Apparent permeability, (Papp [cm/s]) of vitexin-2″-O-rhamnoside
using the everted gut sac model at HLF concentrations of 0.1 mg/ml (control),
0.1 mg/ml with addition of verapamil, and 0.1 mg/ml with addition of digoxin.
Groups with different letters are statistically different at a 5% significance.
The standard deviation of each mean value is also presented (n  = 4 in each
group).
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