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Abstract

Pyrazinamide (PZA) is widely used in combination with other drugs in chemotherapy
for tuberculosis (TB). However, the dose-related liver injury is the main adverse effect
of PZA and its metabolite (pyrazinoic acid; PA). Silibinin is the main flavonoid
extracted from milk thistle (Slybum marianum), and it displays hepatoprotective

properties. This study investigates the pharmacokinetics of PZA and PA, and their

interaction with silibininin rats. The parallel study design was divided into six groups:

PZA aone, PZA + long-term silibinin exposure, PZA + concomitant short-term
silibinin exposure, PA alone, PA + long-term silibinin exposure, and PA + concomitant
short-term silibinin exposure groups. The results indicate that the distribution ratio of
PZA from bile-to-blood (AUChiie/ AUChinog) iN the PZA + long-term silibinin exposure
and PZA + concomitant short-term silibinin exposure groups was aso not
significantly different when compared with the PZA aone group. However, the
bile-to-blood distribution ratio of PA was significantly decreased from the PA +
long-term silibinin exposure and the PA + concomitant short-term silibinin exposure
groups. Upon PZA administration, the blood but not bile levels of PA were markedly
increased in the PZA + long-term silibinin exposure and PZA + concomitant
short-term silibinin exposure groups but the bile-to-blood ratio of PA was decreased.
These results suggest that the excretion pathway of PA might be blocked by silibinin

through xanthine oxidase and hepatobiliary excretion.
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I ntroduction

Pyrazinamide is one of the frontline agents prescribed for the treatment of
Mycobacterium tuberculosis. It is considered to be a prodrug of PA, which is believed
to be the active inhibitor of M. tuberculosis (Trnka et al., 1964). However, PZA has
some drawbacks since it is associated with liver dysfunction (Singh et al., 1995;
Kunimoto et al., 2003; Yee et al., 2003) and with hyperuricemia (Lacroix et al., 1988;
Solangi et al., 2004). PA is the main active metabolite of PZA, which is produced by
the liver microsomal deamidase and then PA is further hydroxylated to
5-hydroxypyrazinoic acid (5-hydroxy-PA), by xanthine oxidase. The other metabolic
pathway, PZA is directly oxidized to 5-hydroxypyrazinamide (5-hydroxy-PZA) by
xanthine oxidase. These three metabolites of PZA are mainly excreted in urine. One
minor part of PZA metabolic pathway consists of PA with glycine to give pyrazinuric
acid (Lacroix et al., 1988). Some drugs, like silibinin, could be a challenger to

compete with the two hydroxylated metabolites for glucuronidation.

Silymarin, which contains polyphenolic flavonoids, is extracted from the seeds of
milk thistle (Slybum marianum), has been used for its hepatoprotective effects in
clinical application (Hora et al., 1998). Derivatives of milk thistle have been used as
herbal remedies for along time; silibinin is the main flavonolignan of silymarin, with
stereoisomers such as isosilybin, dihydrosilybin, silydianin, and silychristin (Wagner
et al., 1968; Wagner et al., 1974). It displays hepatoprotective properties and can be
used clinically for the treatment of toxic liver damage and chronic liver disease. The
protective effects of silymarin have been studied in various models of experimental

liver damage (Valenzuela et a., 1985; Mourelle et al., 1989; Muriel et al., 1992).
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Silymarin appears to enhance the recovery from hepatic damage induced by

antitubercular drugs (Tasduq et al., 2005).

Results of clinical trials suggest that silymarin might be more effective than a placebo
for viral hepatitis and for hepatitis caused by toxins and alcohol (Flora et al., 1998;
Pepping, 1999). Silymarin has also been reported to prevent liver damage caused by a
variety of drugs, including phenytoin, halothane and phenothiazines (Pepping, 1999).
However, little is known about the drug interaction potential of silymarin. A clinical
study has indicated that silymarin might induce both intestinal P-glycoprotein and
CYP3A4 upon multiple dose administration (Rajnarayana et al., 2004). The in vitro
studies have suggested an inhibitory effect on the xanthine oxidase (Sheu et a., 1998),

which is responsible for the metabolism of PZA.

Herbal remedies and complementary medicines are widely used, despite a lack of
information about their pharmacology, pharmacokinetics, and potential drug-drug
interaction. The incidence of PZA-induced hepatotoxicity during treatment for active
tuberculosis (TB) is substantially higher than that with other first-line anti-TB drugs
(Yee et a., 2003), and silymarin is used as a therapeutic agent for many types of acute
and chronic liver diseases (Flora et al., 1998). TB meningitis is one of the most
devastating infectious diseases involving the central nervous system, and the drugs
containing PZA is generally advised for the treatment of TB meningitis (van
Loenhout-Rooyackers et al., 2001). Barzaghi et a., (1990) demonstrates that the
Pharmacokinetics of human subjects shows a pattern similar to rats. In this study, we
describe the pharmacokinetics of PZA and PA aone as the control groups, and the

effects of long-term silibinin exposure and concomitant short-term silibinin exposure
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groups in rats. In addition, we show that the hepatobiliary distribution of PA was
inhibited by silibinin, but not its parent drug PZA. The brain-to-blood
(AUCuan/AUChi00q) distribution ratio of PZA will be investigated in this study. The
bile-to-blood (AUCh i/ AUCy00q) distribution ratio of PA was decreased after silibinin

exposure.

M ethods

Experimental animals

All experimental protocols involving animals were reviewed and approved by the

institutional animal experimentation committee of the National Yang-Ming University.

Male specific pathogen-free Sprague-Dawley rats weighing 280-320 g were obtained
from the Laboratory Animal Center of the National Yang-Ming University. The
animals had free access to food (Laboratory Rodent Diet 5001, PMI Feeds Inc.,
Richmond, IN, USA) and water until 18 h prior to being used in experiments, and
after that only food was removed. The rats were initially anesthetized with urethane 1
g mI™* and a-chloralose 0.1 g mi™ (1 ml kg?, i.p.), and remained anesthetized
throughout the microdialysis sampling period. The femora vein was exposed for
further drug administration. The rat’s body temperature was maintained at 37 °C with

a heating pad during the experiment.

Chemicals and Reagents
PZA, PA and silibinin were purchased from Sigma Chemicals (St. Louis, MO, USA).
Liquid chromatographic grade solvents and reagents were obtained from E. Merck

(Darmstadt, Germany). Triply de-ionized water from Millipore (Bedford, MA, USA)
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was used for all preparations.

Liquid Chromatography

The HPLC system consisted of a chromatographic pump (BAS PM-80, West
Lafayette, IN, USA), an off-line fraction collector (CMA 140, Stockholm, Sweden)
equipped with a 20 pl sample loop, and an ultraviolet detector (Varian, Walnut Creek,
CA, USA). PZA, PA and dialysate were separated using an Alltech, Altima C18
column (150 x 4.6 mmi.d.; particle size 5 um) maintained at 30 °C. The mobile phase
comprised of 10 mM monosodium phosphate — triethylamine (100:0.1, v/v, pH 3
adjusted by orthophosphoric acid), and the flow rate of the mobile phase was 1 ml
min™. The mobile phase was filtered through a Millipore 0.45 pm filter and degassed
prior to use. The optimal UV detection for PZA and PA was set at awavelength of 268
nm. Output data from the detector were integrated via an EZChrom chromatographic

data system (Scientific Software, San Ramon, CA, USA).

Method validation

The intra-day and inter-day variabilities for PZA and PA were assayed (six replicates)

at concentrations of 0.1, 0.5, 1, 5, 10, 50 and 100 pg mi™ on the same day and on six

sequential days, respectively. The accuracy (% Bias) was calculated from the nominal

concentration (Cnom) and the mean value of observed concentration (Cqs) as follows:

Bias (%) = [(Cops-Crom)/(Crom)] X 100. The precision relative standard deviation (RSD)
was calculated from the observed concentrations as follows: % RSD = [standard

deviation (SD)/Cog X 100. Accuracy (% Bias) and precision (% RSD) values of the
limit of the quantification was pre-defined within + 15% (Bressolle et al., 1996). The

limit of quantification served as the lowest concentration of calibration curve.
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Microdialysis experiment

Blood, brain and bile microdialysis systems each consisted of a microinjection pump
(CMA/100, Sockholm, Sweden), microdialysis probes and stereotaxic frame. The
dialysis probes for blood (10 mm in length), brain (3 mm in length) and bile (7 cm in
length) were made of silica capillary in a concentric design with their tips covered by
the dialysis membrane (Spectrum, 150 mm outer diameter with a cut-off at nominal
molecular mass of 13,000, Laguna Hills, CA, USA). The blood microdialysis probe
was positioned within the jugular vein toward the right atrium and then perfused with
anticoagulant citrate dextrose and ACD solution (citric acid 3.5 mM; sodium citrate

7.5 mM; dextrose 13.6 mM) at aflow-rate of 2.4 ul min™.

The bile duct microdialysis probe was constructed in our own laboratory (Tsai, 2001;
Tsai et a., 2001) based on the design originally described by Scott and Lunte (Scott
and Lunte, 1993). A 7-cm dialysis membrane was inserted into the polyethylene
tubing (PE-60; 0.76 mm I.D. x 1.22 mm O.D., Clay-Adams, NJ, USA). The ends of
the dialysis membrane and PE-60 were inserted into the silica tubing (40 mm I.D x
140 mm O.D., SGE, Australia) and PE-10 (0.28 mm I.D. x 0.61 mm O.D.),
respectively. Both ends of the tubing and the union were cemented with epoxy and the
epoxy was alowed to dry for at least 24 h. For post bile duct cannulation, the
microdialysis probe was then perfused with Ringer’s solution (147 mM Na’; 2.2 mM

ca®; 4mM K*; pH 7.0) a 2.4 pl min™ flow rate.

After the implantation of blood and bile microdialysis probes, each rat was
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immobilized in a stereotaxic frame (David Kopf Instruments, Tujunga, CA, USA).
The skull was surgically exposed, and a hole was trephined into the skull based on
stereotaxic coordinates. The brain microdialysis probe was placed into the right
striatum (0.2 mm anterior to bregma, 3.2 mm latera to midline and 7.5 mm lower to
tip). The brain microdialysis probe was perfused with Ringer’s solution at a flow-rate

of 2.4 pl min™,

Drug administration

Animals were divided into six groups, after a 2 h post-surgical stabilization period
following the implantation of microdialysis probes, PZA (50 mg kg™, i.v.) or PA (30
mg kg?, i.v.) was administered via the femoral vein as the control groups of PZA
alone and PA aone groups, respectively. The following four treated groups were PZA
+ long-term silibinin exposure, PA + long-term silibinin exposure, PZA + concomitant

short-term silibinin exposure, and PA + concomitant short-term silibinin exposure

group.

For the PZA + long-term silibinin exposure group and PA + long-term silibinin
exposure group, silibinin 100 mg kg* was given orally for three consecutive days and
on the fourth day, PZA (50 mg kg, i.v.) or PA (30 mg kg™, i.v.) was administered via
the femoral vein, respectively. For the PZA + concomitant short-term silibinin
exposure group or PA + concomitant short-term silibinin exposure group, silibinin (30
mg kg*) was injected via femoral vein 10 min prior to PZA (50 mg kg™ i.v.) or PA (30
mg kg, i.v.), respectively. Dialysates were collected from the blood, brain and bile by

a fraction collector (CMA/140) at 10 min intervals and immediately analyzed by a
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refrigerated microsampler (CM A/200) coupled to avalidated HPLC system.

Recovery of microdialysate

It is possible that the analytes adhere to the microdialysis apparatus. Besides, matrix
effect and cross over could disturb the microdialysis and analytical systems. To avoid
these interferences, an in vivo recovery was performed by the following steps. The
blood, brain and bile microdialysis probes were inserted into the rat jugular vein,
brain striatum and bile duct under anesthesiawith urethane 1 g mi™ and chloralose 0.1
g mi™. Ringer’s solutions containing PA 6, 10 and 20 pug mi™, and PZA 10, 30 and 60
ug ml™ were passed through the microdialysis probe into rat bile and brain. In
addition, ACD solutions containing PA 6, 10 and 20 pug ml™, and PZA 10, 30 and 60
ug mi™ were passed through the microdialysis probe into rat blood. These were all
done by individual experiment at a constant flow rate of 2.4 pl min™ using an infusion
pump (CMA 100). Following a stabilization period of 2 h post probe implantation, the
perfusate (Cper) and dialysate (Cga) concentrations of PZA and PA were determined
by HPLC. The in vivo relative recovery (Rgia) of PZA and PA across the microdialysis

probe was calculated by the following equation: Rga = (Cpert —Cuiar)/ Cpert-

Phar macokinetic application

The protein-unbound concentrations (C,) of anaytes in the extracellular fluid were
corrected from the concentration in dialysate (C,) as follows. C, = Cw/Rga.
Pharmacokinetic calculations were performed on each individual set of data using the

pharmacokinetic software WinNonlin Standard Edition Version 1.1 (Pharsight Corp.,

10

20z ‘8T |udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on May 31, 2007 as DOI: 10.1124/dmd.107.014894
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 14894

Mountain View, CA, USA) by the noncompartmental method.

The areas under the concentration-time curves (AUC) were calculated according to
the log linear trapezoidal method. The clearances (Cl) were calculated as follows: Cl
= dose/AUC. The blood to tissue distributions were calculated as follows:
AUCissue/ AUChi00g (LiN €t al., 1982). All data are presented as mean + standard error

mean.

Satistics

The results were represented as mean + standard error of the mean. The dtatistical
analysis was performed with SPSS version 10.0 (SPSS Inc. Chicago, IL, USA).
One-way ANOVA was followed by a Dunnett’s post hoc test comparison among PZA
alone, PZA + long-term silibinin exposure and PZA + concomitant short-term
silibinin exposure groups, and PA aone, PA + long-term silibinin exposure and PA +
concomitant short-term silibinin exposure groups. All statistical tests were performed

at the two-sided 5% level of significance.

Results

Chromatograms in blood, brain and bile

The characteristics of analytes are hydrophilic compounds and the mobile phase
without contain organic solvent for the reversed phase column. In order to avoid the
contamination of endogenous substance or analytes in the column, the column was
washed with methanol (50%) for 1 hr after experimental day. Following the above

method, protein-unbound PZA was found in the dialysates of blood, brain and bile,

11
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while the PA metabolite was found in the dialysates of blood and bile. This result
suggests that PA was undetectable in the brain dialysis. Typical chromatograms of
PZA and PA in rat blood dialysates are shown in Figure 1. Separation of PZA and PA
from endogenous substances in the blood diaysate was achieved in an optimal mobile
phase containing 10 mM monosodium phosphate — triethylamine (100:0.1, v/v, pH 3
adjusted by orthophosphoric acid). The retention times of PA and PZA were 7 and 12
min, respectively. Figure 1A shows a calibration sample of PZA (10 ug mi™) and PA
(10 pg mi™), and Figure 1B shows the chromatogram of a blank blood dialysate.
None of the observed peaks interfered with the analyte within the retention times of
the anaytes. Figure 1C shows the chromatogram of a blood dialysate sample
containing PA (0.45 ug mi™) and PZA (19.22 ug mi™) collected from the rat blood

microdialysate at 90 min after PZA administration (50 mg kg2, i.v.).

Figure 2A shows a calibration sample of PA (5 ug mi™) and PZA (5 ug ml™), and
Figure 2B shows the chromatogram of a blank brain dialysate. Figure 2C shows the
chromatogram of a brain dialysate sample containing PZA (4.26 ug ml™) collected
from the rat brain microdialysate 40 min post PZA administration (50 mg kg™, i.v.).

PA in brain dialysate was not detected in this analytical system.

Figure 3A shows a calibration sample of standard PA (10 ug ml™) and PZA (10 ug
mi™). Figure 3B shows the chromatogram of a blank bile dialysate sample obtained
from bile duct microdialysis probe before the drug administration. Figure 3C shows
the chromatogram of bile dialysate sample containing PA (1.07 ug mli™) and PZA
(12.22 ug mi™) collected from the rat bile microdialysate 200 min post PZA
administration (50 mg kg, i.v.). To avoid the interference of endogenous peak, the

12
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small amount of peak area was calculated by valley-to-valley.

Method validation

The calibration curves of PZA and PA were obtained prior to the LC analysis of
dialysates over a concentration range of 0.1-100 pg ml™* (r>> 0.995). The
concentrations of PZA and PA were linearly related to the peak areas of the
chromatogram. The intra-assay and inter-assay accuracy and precision were thus
found to be acceptable for the analysis of a dialysis sample in support of
pharmacokinetic studies (Bressolle et a., 1996). This method is sufficiently sensitive
to allow for the measurement of PA in rat blood, bile and PZA in rat blood, brain and

bile for pharmacokinetic study.

In vivo recoveries of PA and PZA

Average in vivo recoveries of PZA were 33.4 + 1.7 %, 15.4 + 0.9 % and 80.3 + 1.6 %
for blood, brain and bile, respectively. Average in vivo recoveries of PA were 36.0 +
1.8 %, 16.3 + 0.8 % and 81.9 + 1.5 % for blood, brain and bile, respectively. The data
indicated that no significant difference in recovery vaues for the same region was
observed after the addition of PZA or PA to the perfusate. The recoveries from the
microdialysis probes in rat blood, brain and bile were independent of the
concentration required for these experiments. The surface area of the dialysis
membrane is one of the major factors for the recovery. Due to the small brain regional
area, the dialysis membrane of microdialysis probe is much smaller than the probes
for blood and bile. This may lead to the brain recovery smaller than the blood and

bile.

13
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Interaction of silibinin and protein-unbound PZA in blood, brain and bile

Figures 4-8 show PZA and its metabolite PA concentrations versus time profiles in
blood, brain and bile for the PZA aone, PZA + long-term silibinin exposure and PZA
+ concomitant short-term silibinin exposure groups, respectively. Pharmacokinetic
data for PZA and PA are presented in Tables 1-2. The pharmacokinetic curves for the
group of PZA alone reflect the fact that the disposition of PZA in rat bile exhibited a
peak concentration at 20 min after PZA administration (50 mg kg™), followed by a

slow elimination phase.

For the groups of PZA aone, PZA + long-term silibinin exposure and PZA +
concomitant short-term silibinin exposure, PZA concentrations in the blood were not
significantly altered. The metabolite PA concentrations in blood were gradually
increased after PZA administration up to a plateau during 1-2 h (Fig. 5). The blood
AUCs of PZA in both PZA + long-term silibinin exposure group and PZA +
concomitant short-term silibinin exposure groups were 18200 + 4500 and 20200 +
2100 min pg mi™, which was not significantly different from the PZA aone group
(19300 + 3800). However, the AUCs of metabolite PA in both PZA + long-term
silibinin exposure and PZA + concomitant short-term silibinin exposure groups were
809 + 69 and 568 + 23 min pg ml™, which were significantly higher than the PZA

alone group (212 + 22).

After long-term silibinin exposure or concomitant short-term silibinin exposure prior
to PZA administration, PZA concentrations in the brain were not significantly altered
(Fig. 6). The brain AUCs of PZA in the groups of PZA + long-term silibinin exposure

and PZA + concomitant short-term silibinin exposure were 6900 + 710 and 7800 +

14
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880 min pg mi™, which were not significantly different from the PZA alone group

(7900 + 1700 min pg mi™).

After long-term silibinin exposure or concomitant short-term silibinin exposure prior
to PZA administration, the PZA concentrations in bile were not significantly altered
(Fig. 7). The bile AUCs of PZA in both groups of PZA + long-term silibinin exposure
and PZA + concomitant short-term silibinin exposure were 14900 + 2300 and 23900 +
3600 min pg mi™, which were not significantly different from the PZA alone group
(20500 + 4200). The metabolite PA concentrations in bile were gradually increased
after PZA administration up to a plateau around 1 h (Fig. 8). The AUCs of the
metabolite PA in both groups PZA + long-term silibinin exposure and PZA +
concomitant short-term silibinin exposure were 649 + 29 and 407 + 76 min pg ml™,
respectively, which were not significantly different from the PZA aone group (527+

28 min pg mi™h).

The hepatobiliary distribution of PZA was defined as the bile-to-blood distribution (k
value), which was calculated by the AUC ratio in bile-to-blood (k = AUCh;ie/ AUChi00d)
(de Lange et al., 1997). The bile-to-blood distribution PZA in both groups of PZA +
long-term silibinin exposure and PZA + concomitant short-term silibinin exposure
were 0.67 + 0.10 and 0.96 + 0.16, respectively, which were not significantly different
from the PZA aone group (1.02 + 0.16). The brain-to-blood distribution of PZA in
both groups of PZA + long-term silibinin exposure and PZA + concomitant short-term
silibinin exposure were 0.44 + 0.12 and 0.40 + 0.08, respectively, which were not
significantly different from the PZA aone group (0.42 + 0.05). The bile-to-blood

distribution of PA in both groups of PZA + long-term silibinin exposure and PZA +
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concomitant short-term silibinin exposure were 0.81 + 0.02 and 0.80 + 0.07, which

were significantly decreased from the PZA alone group (2.67 + 0.63).

Interaction of silibinin and protein-unbound PA in blood, and bile

Mean PA concentrations versus time profiles in blood, and bile with the PA alone, PA
+ long-term silibinin exposure and PA + concomitant short-term silibinin exposure
groups are presented in Figs. 9-10 and the pharmacokinetic data is presented in Table
3. The pharmacokinetic curves of the PA alone group show that the disposition of PA
in rat bile exhibited a peak concentration at 20 min of PA administration (30 mg kg'),

followed by a slow elimination phase.

After long-term silibinin exposure or concomitant short-term silibinin exposure prior

to PA administration, PA concentrations in the blood were markedly increased (Fig. 9).

The blood AUC of PA in the groups of PA + long-term silibinin exposure and PA +
concomitant short-term silibinin exposure groups were 3140 + 300 and 3730 + 380
min pg mi™, which was significantly increased from the PA alone group (892 + 140)

(Table 3).

The PA concentrations in the bile quickly reached a maximum level within 20 min
and then gradually decreased (Fig. 10). After concomitant short-term silibinin
exposure prior to PA administration, PA concentrations in the bile were not
significantly altered, but after long-term silibinin exposure, PA concentrations in the
bile were significantly decreased. The bile AUC of PA in the PA + long-term silibinin
exposure groups were 2830 + 270, which was significantly increased from the PA

alone group. The hile AUC of PA in the PA + concomitant short-term silibinin
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exposure group was 3610 + 410min pg mi™, which was not significantly different

from the PA alone group (3670 + 190 min pg ml™).

The bile-to-blood excretion PA in the groups of PA + long-term silibinin exposure and
PA + concomitant short-term silibinin exposure were 0.96 + 0.16 and 0.92 + 0.08,
respectively, which were significantly decreased from the PA alone group (3.74 +

0.41).

Discussion

This study performed in rats demonstrates that the mean concentration of PZA in the

brain increased during the first 10 min, reaching a peak concentration (Cmax: 23.68 +

368 ug m™) a 20-30 min (Table 1) of exposure. The minimum inhibitory

concentration (MIC) of PZA has been demonstrated at 15 pug mi™ for some strain of M.

tuberculosis a a pH of 5.6 (Heifets et al., 1989). This protein-unbound concentration
ranges can be reachable within 300 min after PZA administration at a dosage of 50
mg kg™, i.v., and these concentration levels were not significantly different in the
groups of PZA + long-term silibinin exposure and PZA + concomitant short-term

silibinin exposure (Figure 4).

PZA is largely converted to PA and 5-hydroxy-PA, which are subsequently cleared
through renal and nonrenal (Stottmeier et a., 1968), with 3% of the dose that
appeared unchanged in the urine, and 40% that was excreted as PA (Ellard and
Haslam, 1976; Bareggi et al., 1987). The effect of silibinin on PZA level may be

counteracted by other PZA biotransformation pathways. After long-term silibinin
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exposure or concomitant short-term silibinin exposure, PZA levels in blood, brain and

bile were not significantly different from the PZA alone group.

After PZA administration, the PZA kinetics was unaltered by the associated silibinin,
but the AUC of the metabolite PA in the blood of the PZA + long-term silibinin
exposure and PZA + concomitant short-term silibinin exposure groups were clearly
increased by 382% and 268%, respectively. The silymarin group displayed inhibitory
effects on xanthine oxidase (ICsy of 27.58 + 3.48 uM) (Sheu et al., 1998), and the
possible mechanisms for this interaction include the inhibitory xanthine oxidase and
the decrease in hepatobiliary excretion by slibinin. Silibinin may inhibit PZA
metabolism to 5-hydroxy-PZA or 5-hydroxy-PA, but PZA passable enzymatic
deamidation, followed by the formation of main active metabolite PA. This result is
consistent with that reported by Lacroix et al. (1988) for the interaction between
allopurinol, a xanthine oxidase inhibitor, and PZA. Drugs affecting xanthine oxidase
activity, such as alopurinol or caffeine, significantly affected the PZA metabolism
(Lacroix et al., 1988, Mehmedagic et a., 2002). Our study demonstrates that the
distribution ratio of PZA from bile-to-blood in the PZA + long-term silibinin exposure
and PZA + concomitant short-term silibinin exposure group were not significantly
different from the PZA aone group (Table 1). However, the biliary distribution ratio
of the metabolite PA was significantly decreased (Table 2). Silibinin did not markedly
affect the hepatobiliary distribution of PZA but increased the blood level of PA and

markedly affected the hepatobiliary distribution of PA.

Recent clinical study proves that a commercia silibinin formulation was oral

administration in prostate cancer patients. The plasma Cmax concentration of silibinin
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in a patient was greater than the 1Cso (27 uM; 13 ug ml™) of xanthine oxidase at daily
doses of 13, 15 and 20 g in three divided doses, and the result appears to be good for
the treatment of prostate cancer (Flaig et al., 2007). Besides, unpublished data in our
laboratory shows that the Cmax of silibinin in rat plasma was 92 + 7 ug mi™ (about
190 pM) after silibinin administration (30 mg kg™, i.v.). For silibinin tissue
distribution in a mouse at an oral dose of 50 mg kg™, the peak levels of silibinin at 30
min in the liver, lung, stomach, and pancreas were 8.8 + 1.6, 4.3 + 0.8, 123 + 21, and
5.8+ 1.1 ug g, respectively. Other tissues retained it for along time. The peak levels
of silibinin a 60 min in the skin and prostate were 1.4 + 0.5 and 2.5 + 0.4 pg g™,
respectively (Zhao and Agarwal, 1999). The above pharmacokinetic data indicate that
the 1Csp of silibinin on xanthine oxidase should be feasible in an appropriate dose

regimens.

Concentrations of PA in the bile higher than those in blood were against a
concentration gradient at the dosages of 30 mg kg™ over the same period of time. As
seen in Figs. 9-10, the time course of PA levels in bile was greater than those in blood,
indicating that PA is condensed in the bile by an active transport excretion or by the
formation of micelles in the bile. Active biliary excretion would be compatible with

the significantly superior AUC of PA in the bile than that in blood.

In order to find the hepatobiliary distribution pathway of PZA and PA, PA was
individually given but not measured by the metabolite of PZA. After PA
administration, the hepatobiliary distribution ratio of PA in the PA + long-term
silibinin exposure and PA + concomitant short-term silibinin exposure group were

0.96 + 0.16 and 0.92 + 0.08, respectively, which were significantly decreased from the
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PA aone group (3.74 + 0.41) (Table 3). These data suggest that the hepatobiliary
distribution of PA might be excreted through a different process. PA might be blocked
by silibinin through xanthine oxidase and there could be a decrease in PA transport
into bile. The bile-to-blood ratio of PZA was not significantly different, although the
hepatobiliary distribution ratio of PA was decreased on both groups of the metabolite

of PZA (Table 2) and PA administered (Table 3).

Apart from hepatic toxicity, hyperuricemia is a common finding in patients treated
with PZA (Shapiro and Hyde, 1957; Snider et a., 1984). Silibinin increased the blood
concentrations of PA, which is directly responsible for the inhibition of renal urate
secretion (Weiner and Tinker, 1972; Ellard and Haslam, 1976). Silibinin displays
inhibiting xanthine oxidase in relation with uric acid generation. To determine
whether silibinin increase the risks of PZA induce hyperuricemia, must to go a step

further study. Out data supported that the metabolic interaction of silibinin and PZA.

In conclusion, the blood, brain and bile pharmacokinetic data presented here are
important in confirming the expectation that PZA is rapidly and readily distributed
into the bile and brain. Furthermore, the addition of silibinin shows no significant
effects on the pharmacokinetic parameters of PZA but shows significant effects on the
distribution ratios of PA. These results suggest that the hepatobiliary elimination of PA
may be affected by silibinin in the groups of long-term silibinin exposure and

concomitant short-term silibinin exposure.
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Figure legends

Figure 1. Typical chromatograms collected from the rat blood microdialysate 90 min
post PZA administration (50 mg kg, i.v.) of: (A) standard PA (10 pg mi™), PZA (10
ug mi™), (B) blank blood dialysate from the microdialysis probe before drug
administration, and (C) blood dialysate sample containing PA (0.45 ug mi™), PZA

(19.22 ug mi™Y). 1: PA, 2:PZA

Figure 2. Typical chromatograms collected from the rat brain microdialysate 40 min
post PZA administration (50 mg kg™, i.v.) of: (A) standard PA (5 ug ml™), PZA (5 g
mi™Y), (B) blank brain dialysate from the microdialysis probe before drug
administration, and (C) brain dialysate sample containing PZA (4.26 ug ml™). 1: PA,

2:PZA

Figure 3. Typical chromatograms collected from the rat bile microdialysate 200 min
post PZA administration (50 mg kg, i.v.) of: (A) standard PA (10 ug mi™), PZA (10
ug mi™), (B) blank bile diaysate from the microdialysis probe before drug
administration, and (C) bile dialysate sample containing PA (1.07 pug ml™), PZA

(12.22 ug mi™). 1:PA, 2:PZA

Figure 4. Concentration-time profiles for PZA in blood after PZA i.v. administration
at a dosage of 50 mg kg, and with long-term silibinin exposure and concomitant
short-term silibinin exposure groups. Each group of data is represented as means +

s.e.mean from six individual microdiaysis experiments.

Figure 5. Concentration-time profiles for metabolite PA in blood after PZA i.v.
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administration at a dosage of 50 mg kg, and with long-term silibinin exposure and
concomitant short-term silibinin exposure groups. Each group of data is represented

as means + s.e.mean from six individual microdialysis experiments.

Figure 6. Concentration-time profiles for PZA in brain after PZA i.v. administration at
a dosage of 50 mg kg™* and with long-term silibinin exposure and concomitant
short-term silibinin exposure groups. Each group of data is represented as means +

s.e.mean from six individual microdiaysis experiments.

Figure 7. Concentration-time profiles for PZA in bile after PZA i.v. administration at a
dosage of 50 mg kg* and with long-term silibinin exposure and concomitant
short-term silibinin exposure groups. Each group of data is represented as means +

s.e.mean from six individual microdiaysis experiments.

Figure 8. Concentration-time profiles for metabolite PA in bile after PZA i.v.
administration at a dosage of 50 mg kg™ and with long-term silibinin exposure and
concomitant short-term silibinin exposure groups. Each group of data is represented

as means + s.e.mean from six individual microdialysis experiments.

Figure 9. Concentration-time profiles for PA in blood after PA i.v. administration at a
dosage of 30 mg kg* and with long-term silibinin exposure and concomitant
short-term silibinin exposure groups. Each group of data is represented as means +

s.e.mean from six individual microdialysis experiments.

29

20z ‘8T |udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on May 31, 2007 as DOI: 10.1124/dmd.107.014894
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 14894

Figure 10. Concentration-time profiles for PA in bile after PA i.v. administration at a
dosage of 30 mg kg* and with long-term silibinin exposure and concomitant
short-term silibinin exposure groups. Each group of data is represented as means +

s.e.mean from six individual microdiaysis experiments.
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Table 1

Pharmacokinetic data of PZA in the rat blood, brain and bile, For PZA alone, at a dose
of PZA 50 mg kg, i.v. was administered. For the PZA + long-term silibinin exposure
group, silibinin 100 mg kg, p.o. for three consecutive days, on the fourth day PZA 50
mg kg™, i.v. was administered. For the PZA + concomitant short-term silibinin
exposure group, silibinin 30 mg kg, i.v. coadministered with PZA 50 mg kg™, i.v.

was administered. Six individual rats were used in each group.

PZA aonegroup PZA +long-term PZA + concomitant

silibinin exposure short-term silibinin
group exposure group
PZA
Blood
AUC (minpgml™)  19300+3800 18200 + 4500 20200 + 2100
Cl (ml kg* min 252+0.38 2.30+0.29 2.12 +0.49
ty (Mim) 204 + 33 189 + 14 227+ 79
Cmax (ug mi™) 119+ 31 145 + 46 144 + 22
Brain
AUC (minpgml™®) 7900 + 1700 6900 + 710 7800 + 880
ty (Mim) 204 + 47 165 + 18 206 + 38
Cmax (ug mi™) 23.7+3.7 27.7+15 28.6 + 2.6
Bile

AUC (minpgmi) 20500 +4200 14900 + 2300 23900 + 3600
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typ (Mim) 193 + 29
Cmax (ug mi™) 91.7+ 138

AUC:/AUC piood 0.42 + 0.05

AUC1/AUC piood 1.02+0.16

123+ 25
85.5+10.7
044 +0.12

0.67+0.10

257 +45
95+91
0.40 + 0.08

0.96 + 0.16

Data are expressed as mean + s.emean. (n=6). *P<0.05 Significantly different from

the PZA alone group.
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Table 2

Pharmacokinetic data of the metabolite PA in the rat blood and bile, for PZA alone, at
a dose of PZA 50 mg kg, i.v. was administered. For the PZA + long-term silibinin
exposure group, silibinin 100 mg kg™, p.o. for three consecutive days, on the fourth
day PZA 50 mg kg, i.v. was administered. For the PZA + concomitant short-term
silibinin exposure group, silibinin 30 mg kg™, i.v. coadministered with PZA 50 mg

kg™, i.v. was administered. Six individual rats were used in each group.

PZA aonegroup PZA +long-term PZA + concomitant

silibinin exposure short-term silibinin
group exposure group

PA

Blood

AUC (min pg mi™) 212+ 22 809 + 69* 568 + 23*

Bile

AUC (min pg mi™ 527 + 28 649 + 29 407 + 76

AUC/AUC y00d 2.67 +0.63 0.81 + 0.02* 0.80 + 0.07*

Data are expressed as mean + s.emean. (n=6). *P<0.05 Significantly different from

the PZA aone group.
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Table 3

Pharmacokinetic data of PA in the rat blood and bile, for PA aone, at a dose of PA 30
mg kg, i.v. was administered. For the PA + long-term silibinin exposure group,
silibinin 100 mg kg'?, p.o. for three consecutive days, on the fourth day PA 30 mg kg?,
i.v. was administered. For the PA + concomitant short-term silibinin exposure group,
silibinin 30 mg kg, i.v. coadministered with PA 30 mg kg, i.v. was administered.

Six individual rats were used in each group.

PA aonegroup  PA + long-term PA + concomitant

silibinin exposure short-term silibinin
group exposure group

PA

Blood

AUC (minpgml™®) 890+ 140 3140 + 300* 3730 + 380*

Cl (ml kg* min) 0.04 +0.08 0.01 + 0.008 0.01 + 0.001

ty, (Mim) 22+3 27 + 1* 39 + 5+

Cmax (ug mi™) 37.2+146 97.3+ 7.6* 119 + 41*

Bile

AUC (minpgml™®) 3670+ 190 2830 + 270* 3610 + 410

tyz (Mim) 35+4 38+9 44+8

Cmax (ug mi™) 81.2+14.1 74+91 64+ 11

AUCi1/ AUC pood 3.74+041 0.96 + 0.16* 0.92 + 0.08*

Data are expressed as mean + s.emean. (n=6). *P<0.05 Significantly different from

the PA aone group.
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