INFLUENCE OF SOME BIOFLAVONOIDS ON
THE TRANSPORT OF NITRENDIPINE

Kandhagatla Rajnarayana, Allenki Venkatesham
and Devarakonda R. Krishna*

Department of Pharmacology and Clinical Pharmacy,
University College of Pharmaceutical Sciences,
Kakatiya University, Warangal, India

SUMMARY

Flavonoids form a large class of phenolic substances widely
distributed in nature and exhibit several biological effects. P-
glycoprotein is part of a large family of efflux transporters found in the
gut, gonads and other organs. Male albino rats were used for this
study. The whole small intestine was flushed with 50 ml of ice-cold
saline after sacrificing the animal with an overdose of pentobarbital.
The small intestine was isolated and divided into duodenum, jejunum
and ileum. Each segment was everted, a 5-cm long sac was prepared,
1 ml of nitrendipine solution was introduced into the everted sac
(serosal side), and both ends of the sac were ligated tightly. The sac
containing nitrendipine solution was immersed in 30 ml of Dulbecco’s
phosphate buffer solution (D-PBS) containing 25 mM glucose and the
same concentration of different bioflavonoids, viz., diosmin, quer-
cetin, chrysin, methyl hesperidin and gossypin, was introduced into the
mucosal side. Transport of nitrendipine from serosal to mucosal
surfaces across the intestine was determined by collecting samples
from the mucosal medium periodically at different intervals: 0, 10, 20,
30, 60, 90 and 120 minutes. The samples were analyzed by HPLC.
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Diosmin and quercetin decreased the transport rate of nitrendipine to
nearly the same extent in all regions. Chrysin and gossypin decreased
the transport rate of nitrendipine to a greater extent in the ileum than
in the duodenum and jejunum. Methyl hesperidin caused inhibition of
nitrendipine transport in the ileum and jejunum, but not in the
duodenum. All bioflavonoids, i.e., quercetin, diosmin, methyl hesperi-
din, gossypin and chrysin, decreased the transport of nitrendipine, a P-
gp substrate in the rat intestine. The highest expression of P-gp was
found in the ileum followed by the jejunum and duodenum.
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INTRODUCTION

Flavonoids form a large class of phenolic substances widely
distributed in nature, which exhibit several biological effects. Diosmin
is a flavone, used for treating venous insufficiency, hemorrhoids and
varicose veins. Quercetin has antioxidant, antithrombotic, anti-inflam-
matory and anticarcinogenic activities /I/. Chrysin is a flavone which
reduces elevated blood pressure, cardiac hypertrophy and functional
vascular changes, but shows no effect in normotensive Wistar Kyoto
(WKY) rats. These protective effects are associated with reduced
oxidative stress due to the antioxidant properties of the drug /2/.
Gossypin is a flavonoid glycoside isolated from the flower of Hibiscus
pitifolius (Malvaceae). Gossypin exhibits varied biological activities,
viz., analgesic, antipyretic, and anti-inflammatory. Methyl hesperidin
is a flavonone. It possesses anti-inflammatory and antioxidant
activities /3-7/. Grapefruit contains different flavonoids in the form of
glycosides. Among their aglycones, naringenin, quercetin, kaempferol.
hesperidin and apigenin were reported to inhibit microsomal CYP3A-
mediated oxidation of drugs such as nifedipine in rat and human liver
/8/. It has been postulated that the drug transporter P-glycoprotein (P-
gp) and CYP3A4 are functionally linked components of a xenobiotic
detoxification cascade that limits the bioavailability of several drugs
/9/. The flavonoids naringenin, kaempferol and quercetin inhibit
CYP3A4-mediated dihydropyridine metabolism by human liver
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microsomes in vitro /10/. P-glycoprotein is part of a larger family of
efflux transporters found in the gut, gonads, kidney, biliary system,
and luminal membranes of the endothelium of blood vessels in the
brain and other organs. They appear to have developed a mechanism
to protect the body from harmful substances. P-gp, encoded by the
human MDRI and rodent MDR1a/lb gene, is constitutively expressed
in the brush border membrane of intestinal enterocytes and in the
canalicular membrane of hepatocytes, and transports structurally and
functionally diverse compounds /11/. Intestinal P-gp, an ATP-depen-
dent multidrug efflux pump, can be an active secretion system or an
absorption barrier by transporting some drugs from intestinal cells into
the lumen /12,13/. Substrates transported by P-gp include a variety of
compounds including certain anticancer agents, steroid hormones,
calcium channel blockers, immunosuppressive agents and f-blockers
/14,15/. P-gp is also expressed in other human and rodent tissues,
including the adrenal gland, kidney, liver, colon, brain, testis and eye
/16,17/. In these tissues, P-gp is reported to prevent the accumulation
of xenobiotics by active efflux. However, there are only a limited
number of studies on the in vivo function of P-gp in normal tissues,
such as the intestine, and on the relationship between in vivo and in
vitro P-gp function under various experimental conditions. Therefore,
we examined the influence of some flavoncids, viz., chrysin, gossypin,
methyl hesperidin, quercetin and diosmin, on everted rat intestine in
vitro using the transport of nitrendipine as a model substrate for P-gp.

MATERIALS AND METHODS

Materials

Nitrendipine and nifidipine pure substances were a kind gift from
Aristo Pharmaceuticals Ltd, Mumbai, India. Diosmin, methyl hesperi-
din and chyrsin pure substances were a kind gift from Elder Pharma-
ceuticals Ltd, Mumbeai, India. Quercetin was purchased from SD Fine
Chemicals, Mumbai, India. Gossypin pure substance was a kind gift
from Andhra University, Vishakapatanam. Acetonitrile and methanol
(HPLC grade) were purchased from E. Merck Ltd, Mumbai, India.
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High performance liquid chromatograpy (HPLC) system

A Shimadzu high performance liquid chromatography unit
equipped with LC-8A solvent delivery module, SPD-10AVP UV-
visible spectrophotometer detector, Class CR-10 data processor,
rheodyne (with 20 pl capacity loop) injection port and Wakosil II C-18
column (stainless steel column of 25 cm length and 4.6 mm internal
diameter packed with porous silica spheres of 5 p diameter, 100 A
pore diameter) was used for analysis of samples. The mobile phase
consisted of methanol:water:glacial acetic acid (75:25:1 v/v/v) with a
flow rate of 1 ml/min. The eluent was monitored at 235 nm and
sensitivity of 0.001 a.u.f. was used for analysis.

Study design

Experiments were performed with Wistar rats weighing from 180
to 210 g. The animals were housed in colony cages under conditions
of standard lighting (lights on from 07.00 to 19.00 h), temperature (22
= 1°C) and humidity (60 £ 10%) for at least one week before the
experiments. Approval for this study was given by the institutional
animal ethics committee. The experimental procedure was performed
by modified method /18/. The animals were fasted overnight prior to
sacrifice. The whole small intestine was flushed with 50 ml of ice-cold
saline after sacrificing the animal with an overdose of pentobarbital.
The small intestine was isolated and divided into duodenum, jejunum
and ileum. Each segment was everted, a 5-cm long sac was prepared,
1 ml (2 mg/ml) of nitrendipine solution was introduced into the
everted sac (serosal side), and both ends of the sac were ligated
tightly. The sac containing nitrendipine solution was immersed in 30
ml of Dulbecco’s phosphate buffer solution (D-PBS) containing 25
mM glucose and the same concentration (25 mM) of different
bioflavonoids, viz., diosmin, quercetin, chrysin, methyl hesperidin and
gossypin in DMSO, was introduced into the mucosal side. DMSO was
used in control experiments. The solution was pre-warmed at 37°C
and pre-oxygenated with 5% CO, and 95% O, throughout the
experiment. The transport of nitrendipine from the serosal to the
mucosal surface across the intestine was measured by collecting
samples from the mucosal medium periodically at different intervals:
0, 10, 20, 30, 60, 90 and 120 minutes. In the present study, different
bioflavonoids, diosmin, quercetin, chrysin, methyl hesperidin and
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gossypin, were added to the mucosal medium. Using this medium, the
transport of nitrendipine in the absence (control) or presence (test) of
the different bioflavonoids was determined.

Method of analysis

Nitrendipine transport was estimated by a modified reversed phase
HPLC method /19/. To 490 pl of sample solution, 10 pl of nifedipine
(1 mg/ml) was added as internal standard and vortexed for 2 minutes,
then 20 pl of the supernatant was injected onto the HPLC column. The
retention times of nitrendipine and nifidipine were 7.1 and 5.0
minutes, respectively.

Different concentrations (0, 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 32 and 40
pg/ml) of nitrendipine in D-PBS containing 50 mM of glucose
solution were prepared for the calibration curve. Samples were treated
as above and peak areas obtained at different concentrations of the
drugs were plotted against the concentration of drug. The slope of the
plot determined by the method of least square regression analysis was
used to calculate the nitrendipine concentration in the unknown
sample. A linear calibration curve in the range 0.5-40 pg/ml nitrendi-
pine in D-PBS containing 50 mM of glucose solution was established
(r* = 0.999).

Statistical analysis

Transport of nitrendipine from the everted sac of rat intestine in the
presence and absence (control) of different bioflavonoids was
represented as means + SD (n = 6) and was compared using Student’s
t-test for determining statistical significance (p <0.005).

RESULTS

The transport of nitrendipine from the serosal to the mucosal side
in everted parts of the duodenum, jejunum and ileum in the presence
of bioflavonoid/DMSO (control) was determined (n = 6). In both
segments, the transport was significantly inhibited by diosmin and
quercetin. Thus, the expression of P-gp in rat intestine was func-
tionally confirmed. Diosmin and quercetin decreased the transport rate
of nitrendipine to nearly the same extent in all regions. Chrysin and
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gossypin decreased the transport rate of nitrendipine statistically
significantly more in the ileum than in the duodenum and jejunum.
Methyl hesperidin decreased the transport rate of nitrendipine
statistically significantly more in the ileum and then the jejunum
compared to the duodenum. This might be due to low expression of P-
gp in the duodenum. Transport of nitredipine from the serosal to
mucosal side in the everted duodenum, jejunum and ileum in the
presence (test) and absence (control) of different bioflavonoids is
shown in Figure 1.

DISCUSSION

P-gp-mediated nitrendipine transport showed regional variation
and the transport rate in the ileum was about 5-6 fold higher than in
other regions. The transport of nitrendipine when compared with
control was 3.5-, 2.8- and 17-fold higher in the duodenum, jejunum
and ileum, respectively. The transport rate of nitrendipine from the
serosal to mucosal surface in the ileum was double that of the
transport rate measured in the duodenum.

The transport of nitrendipine in rat intestine was inhibited in the
presence of diosmin by 70%, 63% and 84% in the duodenum, jejunum
and ileum, respectively. This inhibitor increased the transport of
nitrendipine in the apical-to-basolateral direction by inhibiting P-gp
function. The mechanism for the transport of nitrendipine in the
presence of diosmin is not clear. However, in rat jejunum, the
epithelial cell layer connected by tight junctions is relatively leaky
with transepithelial electrical resistance (TEER) of approximately 30
Ohm.cm® /21/. Therefore, transport via the paracellular route may be
involved in the intestinal transport of nitrendipine, which should be
insensitive to diosmin. P-gp-mediated nitrendipine transport showed
regional variation, and the transport rate in the ileum was about 9.1-10
fold higher than in other regions. The transport of nitrendipine when
compared with control was 2.0, 1.9 and 19.2-fold higher in the
duodenum, jejunum and ileum, respectively, to that of test.

The addition of natural rodent diet or quercetin increased etoposide
absorption in everted sacs of jejunum or ileum, in comparison to those
with artificial rodent diet. The enhancing effect of quercetin was
compatible with the effect of natural rodent diet in the ;jejunum and
was higher in the ileum. These in vitro data support the hypothesis that
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certain dietary components, possibly flavonoid-related compounds,
may influence P-gp’s function in the intestine and thus increase the
absorption of etoposide /22/. The transport rate of nitrendipine from
the serosal to mucosal surface in the ileum was double that of the
transport rate measured in the duodenum and jejunum. The transport
of nitrendipine in rat intestine was inhibited in the presence of
quercetin by 52%, 46% and 94% in duodenum, jejunum and ileum,
respectively. The transport of nitrendipine when compared with
control was 1.7-fold higher in the ileum to that ofi test. The transport
rate of nitrendipine from the serosal to mucosal surface in the ileum
was higher than in the duodenum and jejunum.

The transport of nitrendipine in rat intestine was inhibited in the
presence of chrysin in duodenum and jejunum by 8% and 9%,
respectively, but did not reach statistical significance, and 40%
inhibition in the ileum was statistically significant. P-gp-mediated
nitrendipine transport showed regional variation and the transport rate
in the ileum was about 1.5-fold higher than in the other regions. The
transport of nitrendipine when compared with control was 1.62-fold
higher in the ileum than that of test. The transport rate of nitrendipine
from the serosal to mucosal surface in the ileum was higher than in
duodenum and jejunum. The transport of nitrendipine in rat intestine
was inhibited by gossypin by 5% and 0.6% in duodenum and jejunum,
respectively, statistically insignificant, whereas in the ileum inhibited
was 37%, which was statistically significant. Chrysin and gossypin
inhibited nitrendipine transport across the ileum but not in the
duodenum and jejunum. This might be due to low expression of P-gp
in the duodenum and jejunum. The transport of nitrendipine when
compared with control was 4.1- and 1.7-fold higher in the ileum and
jejunum, respectively, compared to that of test. The transport rate of
nitrendipine from the serosal to mucosal side in the ileum was higher
than in jejunum.

The transport of nitrendipine in rat intestine was inhibited in the
presence of methyl hesperidin in the duodenum by 17%, statistically
insignificant, whereas in the ileum and jejunum it was inhibited by
75% and 40%, respectively, statistically significant.
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CONCLUSION

Inhibition of P-gp by bioflavonoids might increase the oral bio-
availability of drugs which are metabolized by CYP3A isozymes. It
might also decrease the development of drug resistance in cancer cells
by inhibiting P-gp. All bioflavonoids tested, viz., quercetin, diosmin,
methyl hesperidin, gossypin and chrysin, decreased the transport of
nitrendipine, a P-gp substrate, in the everted rat intestine. The highest
expression of P-gp was found in the ileum, followed by the jejunum
and duodenum. The results of the present study suggest the highest
expression level of P-gp is in the ileum. P-gp mediated transport of
nitrendipine in the everted rat intestine in the presence of the above-
mentioned bioflavonoids was as follows:

quercetin > diosmin > methyl hesperidin > gossypin > chrysin.
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