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Abstract

Silymarin was a flavonoid extracted from the medicinal plant Silybum marianum. Male albino rats were
used for the study. Silymarin (50mg/kg, p.o) was given orally for.9 days and on day 10, 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 over dose of pentobarbital. The small intestine was isolated and
divided in to duodenum, jejunum and ileum. Each segment was everted and a 5 cm long sac was prepared
and 1ml of nitrendipine solution 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. The 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. Silymarin pretreatment significantly increased the transport rate of nitrendipine to greater extent
in ileum than jejunum and with no effect in duodenum. It might be due to induction of P-glycoprotein (P-
gp) in the intestine, with highest expression of P-gp being found in ileum followed by jejunum and
duodenum.

Keywords: Silymarin, nitrendipine, everted rat intestine, P-glycoprotein.

Introduction

Flavonoids form a large class of phenolic substances widely distributed throughout the plant
kingdom and can be detected in 3000 varieties (Kuhnau 1976). Silymarin (Fig. 1) was a
flavonoid obtained from the medicinal plant Silybum marianum (Milk thistle) belonging to the
family Asteracease. It was used in treatment of acute or chronic hepatitis and cirrhosis induced
by drugs or toxins (Pepping 1999). Silymarin appeared to enhance the recovery from CCly-
induced hepatotoxicity and also reduce lipid peroxidation in the liver (Germano et al. 2001). P-
glycoprotein (P-gp) is part of a larger family of efflux transporters found in the gut, gonads,
kidney, biliary system, luminal membranes of the endothelium of blood vessels in the brain and
other organs. P-gp is also expressed in other normal human and rodent tissues, including the
adrenal gland, kidney, liver, colon, brain and testis (Thiebaut et al. 1987). The transporters
appear to protect the body from harmful substances. P-gp, encoded by the human MDR1 and
rodent MDR1a/1b gene, is constitutively expressed in the brush border membrane of intestinal
enterocytes and in the canalicular membrane of hepatocytes and transportersstructurally and
functionally diverse compounds (Ambudkar et al. 1999).
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Intestinal P-glycoprotein, an ATP-dependent multidrug efflux pump, can be an active secretion
system or an absorption barrier by transporting some drugs from intestinal cells into the lumen
(Terao et al. 1996). Substrates transported by P-gp include a variety of compounds such as some
anticancer agents, steroid hormones, calcium channel blockers, immuno-suppressing agents and
B-blockers (Hunter et al. 1993). Nitrendipine has been used as a marker to study the function of
P-gp in various multidrug resistant cells and various normal tissues including the intestine, but
no clear reports are available on action of silymarin on P-gp transporter system.

Figure 1: Structure of silymarin
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In this paper we report, the action of silymarin pretreatment on nitredipine (P-gp substrate)
transport in rat intestine.

Materials and Methods

Materials

Nitrendipine and nifidipine pure substances were a kind gift from Aristo Pharmaceuticals Ltd, Mumbai,
India. Silymarin was purchased from Brown & Burk Pharma Ltd, Mumbai, India. Acetonitrile and
methanol (HPLC grade) purchased from E. Merck Ltd, Mumbai, India.

HPLC instrumentation

Shimadzu high performance liquid chromatography unit equipped with the 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 50 diameter, 100 °A pore
diameter) were used for analysis of samples. Mobile phase consisting of methanol: water: glacial acetic
acid (75:25:1 v/v/v) with a flow rate of 1ml/min. The eluent was monitored at 235nm and sensitivity of
0.001 a.u.f.s was used for the analysis.

Study design

Experiments were performed with Wistar rats weighing between 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. The experiment is planned
after getting the approval from the institutional animal ethical committee. The experimental procedure
was performed by modified method (Yumoto et al. 1999). Silymarin (50mg/kg, p.o) was given orally for
9 days and on day 10, 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 over dose of pentobarbital. The
small intestine was isolated and divided in to duodenum, jejunum and ileum. Each segment was everted
and a 5 cm long sac was prepared and 1ml of nitrendipine solution (2 mg/ml) introduced into the everted
sac (serosal side), and both ends of the sac were ligated tightly. The sac containing nitrendipine solution
was immersed into 30 ml of Dulbecco’s Phosphate Buffer Solution (D-PBS) containing 25 mM glucose.
The solution was pre-warmed at 37°C and pre-oxygenated with 5% carbon dioxide (CO,) and 95%
oxygen (O,) throughout the experiment. The transport of nitrendipine from serosal to mucosal surfaces
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. Control animals were without any pretreatment
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with silymarin. DMSO used for control animal experiments. The transport of nitrendipine in the absence
(control-DMSO)/presence of silymarin pretreatment (test) were determined.

Method of analysis

Nitrendipine levels were estimated by a modified reversed phase high performance liquid
chromatography (HPLC) using Narinkonic et. al. (2001) method' To 490 pl of sample solution 10 ul of
nifedipine (I mg/ml) was added as internal standard and vortexed for 2 minutes and 20 pl of the
supernatant were injected onto the HPLC column. The retention times of nitrendipine and nifidipine were
7.1 and 5.0 minutes respectively.

Calibration curve of nitrendipine in D-PBS (Dulbecco’s Phosphate Buffer Solution) containing 50mM of
glucose solution: Different concentrations (0, 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 32 and 40 pg/ml) of
nitrendipine in test solution were prepared for calibration curve. The samples were treated as above and
peak areas were obtained at different concentrations of the drugs. The areas of the peaks 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 samples. A linear
calibration curve in the range of 0.5 to 40 pg/ml was established (1*=0.999) in D-PBS containing 50 mM
of glucose solution. : '

Statistical analysis: Transport of nitrendipine from everted sac of rat intestine in the absence and presence
of silymarin pretreatment represented in mean + SD (n=6) and was compared using Student’s paired t-test
for determining the statistical significance.

Results

The transport of nitrendipine from serosal to mucosal side in everted parts of duodenum,
jejunum and ileum in the absence and following pretreatment silymarin was determined. The
nitrendipine transport was greater in the ileum and jejunum and statistically significant, whereas
in duodenum it was found to be insignificant (Figures 2, 3 and 4). Exsorption rate constant, half
life of nitredipine transport in everted intestinal region and 50% nitredipine transport time (T50)
in intestinal region are given (Table 1 and 2). Silymarin pretreatment signifantly increased the
transport rate of nitrendipine to greater extent in ileum than in jejunum with no effect in
duodenum. '

Figure 2. Transport of nitredipine from serosal to mucosal side in the everted duodenum in the
presence (test) and absence of silymarin pretreatment. (n=6)
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Figure 3. Transport of nitredipine from serosal to mucosal side in the everted Je]unum in the
presence (test) and absence of silymarin pretreatment. (n=6)
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Figure 4. Transport of nitredipine from serosal to mucosal side in the everted ileum in presence
(test) and absence of silymarin pretreatment. (n=6)
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Table 1. T50 value of nitredipine transport in everted intestinal region. (n=6)

Intestinal region T50 (min)
Ileum 6
Jejunum 13
Duodenum 30
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Table 2. Mean + SD value of exsorption rate constant and half life of nitredipine
transport in everted intestinal region. (n = 6) '

Intestinal

region Exsorption rate constant (min™) |Exsorption half-life (min)
Duodenum 0.0099 £ 0.001 69.71 £13.75

Jejunum 0.0094 + 0.007 93.21 +£39.01

Ileum 0.0177 £0.058 51.87 +£16.32

Discussion

Silymarin may influence the metabolic capacity of CYP3A4, a CYP 450 isoenzyme
responsible for the hepatic and intestinal metabolism of many important classes of drugs
(Venkataramana et al., 2000). Silymarin has little effect on the metabolism of erythromycin
(CYP3A4), chlorzoxazone (CYP2E1), S (+)-mephenytoin (CYP2C19), caffeine (CYP1A2)
and coumarin (CYP2AG6). A moderate effect was observed for high affinity dextromethorphan
metabolism (CYP2D6). Clear inhibition was found in case of dinitro nifedipine oxidation
(CYP3A4) and S (-)-warfarin 7-hydroxylation (CYP2C9) (Beckman et al. 2000).

In earlier studies it was reported that silymarin pretreatment for 9 days increased the clearance
of metronidazole and its major metabolite, hydroxy-metronidazole (HM) by 29.5% and 31.9%,
respectively, with a concomitant decrease in half-life, C,,, and AUC (0-48) in healthy
volunteers. Urinary excretion of acid-metronidazole (AM), HM as well as metronidazole
during 48h following administration was decreased. It could be due to induction of intestinal
P-gp (Rajnarayana et al. 2004).

In another study conducted on pretreatment with silymarin for 7 days revealed that it had no
effect on pharmacokinetics of ranitidine in healthy volunteers, therefore at the dose given in
the study did not alter ranitidine Cy,,x and AUC (..., that has clinical relevance. There was a
significant difference in area under the first moment curve (AUMC) and mean residence time
(MRT). It indicates that there was no significant influence on CYP3A4 mediated hepatic or
intestinal metabolism of ranitidine (Nageshwar Rao et al. 2007).

The results of the present study indicate that silymarin might induced intestinal P-glycoprotein
upon multiple dose administration. Along the length of rat small intestine, the P-gp-mediated
nitrendipine transport showed a regional variation and the transport rate in the ileum was about
2.3- fold higher than in the other regions. The transport of nitrendipine when compared with
test (silymarin pretreatment) was 2.3- and 2.1- fold higher in ileum and the jejunum
respectively, than in control. The transport rate of nitrendipine from serosal to mucosal side in
the ileum was higher than in jejunum. The transport of nitrendipine in rat intestine was greater
in the presence of silymarin by 5.5 % in duodenum was not significant. Whereas, in the case
of ileum and jejunum the transport was increased by 57.7% and 52.5% respectively, and was
statistically significant. Silymarin pretreatment showed induction of nitrendipine (a P-gp -
substrate) transport in the everted ileum and jejunum and no effect in duodenum. It might be
due to little expression of P-gp in the duodenum.
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Conclusion

Silymarin pretreatment increases the transportation of nitrendipine in the everted rat intestine. It
might be due to the induction of P-gp in the intestine. Highest expression of P-gp was found in
ileum followed by jejunum and duodenum.
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