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bstract

Cefoperazone is a third generation cephalosporin antibiotic with a broad spectrum against gram-positive and gram-negative bacteria. It is clinically
ffective in the treatment of the biliary tract infections. In the present study, we utilized microdialysis sampling technique with shunt linear probe
or continuous monitoring levels of cefoperazone from rat biliary ducts. The effects of berberine (a potential P-glycoprotein enhancer) pretreatment
ere also evaluated. Analysis of cefoperazone in the dialysates was achieved using a reversed phase RP-18 column (250 mm × 4.6 mm i.d.; particle

ize 5 �m) maintained at ambient temperature. The mobile phase comprised 100 mM monosodium phosphate (pH 5.5)–methanol (70:30, v/v), and
he flow rate of the mobile phase was 1 ml/min. The UV detector wavelength was set at 254 nm. The area under the concentration–time curve and

limination half-life of cefoperazone were about 242.3 ± 13.4 min mg/ml and 64.1 ± 28.2 min, respectively. No significant effect was showed on
he pharmacokinetics of cefoperazone with berberine pretreatment. This study represents a successful application of biliary microdialysis sampling
echnique, which is feasible for pharmacokinetic and biliary drug excretion studies.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Cefoperazone (Fig. 1) is a third generation cephalosporin
ntibiotic with a board spectrum of activity against gram-
ositive and gram-negative bacteria [1]. It is clinically effective
n the treatment of infections in the biliary tract [2,3].
he ideal drug for the treatment of biliary tract infec-

ion should have excellent effects against potential biliary
athogens and should easily penetrate and be concentrated
n the biliary tree [4,5]. Cefoperazone is excreted primarily

n the bile where it can achieve concentrations of more than
000 �g/ml and can be many folds higher than the simultane-
us serum level [2,6–9]. The unique biliary pharmacokinetics
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f cefoperazone combined with its excellent in vitro activ-
ty against most commonly isolated biliary pathogens makes
t the ideal drug for the treatment of biliary tract infec-
ion.

The use of herbal products to treat a wide range of conditions
s rising rapidly, leading to increased intake of phytochemi-
als. Berberine, an alkaloid isolated from the roots and bark
f Berberis aristata and Coptis chinensis, extracts of which
ave been found to have antibacterial effects [10] and commonly
sed in traditional oriental medicine. It has been reported that
erberine might up-regulate the multi-drug resistance (MDR)
ransporter expression and function in human and murine hep-
toma cells [11]. Moreover, some previous studies indicated
hat plant amphipathic cations, like berberine alkaloids, were

ood MDR substrates [12,13]. Herbal medicines are usually
sed by an increasing number of patients who typically do not
dvise their clinicians of concomitant use [14]. Cefoperazone
nd berberine may be concurrently used in patients with infec-

mailto:thtsai@ym.edu.tw
dx.doi.org/10.1016/j.jpba.2007.05.002


Y.-L. Chang et al. / Journal of Pharmaceutical an

t
o
t

t
i
c
t
a
t
t
a
c
d
g
a
w
b
a
t
o
m
[
t
s

d
n
p
o
b
a
o
p
m

2

2

B
(
r
T
u

2

f
U
p
m
c
s
0
o
a
T
t

2

(
a
w
T
L
t
p
5
p
0
l
w
(

2

w
a
o
0
o
w
m
(
a
a
A
1
w

2

Fig. 1. Chemical structure of cefoperazone.

ions. Hence, it is of particular interest to examine the effects
f berberine on the dispositions of cefoperazone in the biliary
racts.

The selection of an antibiotic for the treatment of infec-
ion is usually based on information given by the minimum
nhibitory concentration (MIC) and the time versus serum con-
entration profile of drugs. Conversely, the data obtained from
he serum may not be appropriate for evaluating infections of
n extravascular compartment, such as a biliary tract or soft
issues [15,16]. In these cases the pharmacokinetic profiles in
issues rather than in serum determine the clinical outcome of
ntibiotic therapy [17]. However, knowledge about tissue con-
entrations of antibiotics is insufficient. In fact, only the unbound
rug is considered active because it can spread to reach the tar-
et tissues. And only the free non-protein bound fraction of
n antibiotic exerts antimicrobial activity. Microdialysis is a
ell-developed technique allowing the unbound drug fraction
oth in plasma and tissues of interest to be sampled. It can
lso provide a unique way to obtain near-complete concentra-
ion profiles of drugs in anatomically clearly defined tissues and
rgans. Cefoperazone levels in different tissues have been deter-
ined previously by microbiological methods [3,18] or HPLC

18–22]. Some of the HPLC assays with different extraction
echniques have been extensively applied to pharmacokinetic
tudies [22,23].

To the best of our knowledge, this is the first study in which the
isposition of cefoperazone in rat bile is examined by the tech-
ique of microdialysis. In this paper, we utilize a shunt linear
robe [24] for continuous monitoring microdialysates of cef-
perazone from the rat biliary ducts. In addition, the effects of
erberine on the pharmacokinetics of cefoperazone were evalu-
ted. Hence, to establish the biliary drug–drug interaction profile
f cefoperazone, we use an in vivo on-line microdialysis sam-
ling method coupled with the HPLC analytical system for
easuring cefoperazone in rat biliary ducts.

. Experimental

.1. Chemicals and reagents

Cefoperazone was purchased from Pfizer (Roma, Italy).

erberine injection (5 mg/ml) was purchased from Kyorin

Taoyuan, Taiwan). Liquid chromatographic grade solvents and
eagents were obtained from E. Merck (Darmstadt, Germany).
riple de-ionized water (Millipore, Bedford, MA, USA) was
sed for all preparations.
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d
I
o
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.2. Animals

Adult, male Sprague–Dawley rats (280–350 g) were obtained
rom the Laboratory Animal Center at National Yang-Ming
niversity (Taipei, Taiwan). These animals were specifically
athogen-free and were allowed to acclimate to their environ-
entally controlled quarters (24 ± 1 ◦C and 12:12 h light–dark

ycle) for at least 5 days before the experiments began. At the
tart of experiments, the rats were anesthetized with urethane
.8 g/ml and chloralose 0.08 g/ml (0.1 ml/kg, i.p.). Through-
ut the experimental period, anesthesia was maintained by
dministering one quarter of the initial dose at each hour.
he experimental animals were kept warm with a heating pad

hroughout the experiments.

.3. Chromatography

The HPLC system consisted of a chromatographic pump
BAS PM-80, Bioanalytical System, West Lafayette, IN, USA),
n on-line injector (CMA/160, Stockholm, Sweden) equipped
ith a 20 �l sample loop and a UV detector (Soma S-3702,
okyo, Japan). Cefoperazone dialysate was separated using a
iChrosorb RP-18 column (Merck, 250 mm × 4.6 mm i.d.; par-

icle size 5 �m) maintained at ambient temperature. The mobile
hase comprised 100 mM monosodium phosphoric acid (pH
.5)–methanol (70:30, v/v), and the flow rate of the mobile
hase was 1 ml/min. The buffer was filtered through a Millipore
.45 �m filter and degassed prior to use. Detecting UV wave-
ength was set at 254 nm. Output signal from the HPLC-UV
as recorded using an EZChrom chromatographic data system

Scientific Software, San Ramon, CA, USA).

.4. Method validation

All calibration curves of cefoperazone (external standards)
ere made prior to the experiments with correlation values of

t least 0.995. The intra-day and inter-day variabilities for cef-
perazone were assayed (six replicates) at concentrations of
.5, 2, 10, 50, 250, 1000 and 4000 �g/ml on the same day and
n six consecutive days, respectively. The accuracy (% Bias)
as calculated from the nominal concentration (Cnom) and the
ean value of observed concentration (Cobs) as follows: bias

%) = [(Cnom − Cobs)/(Cnom)] × 100. The relative standard devi-
tion (R.S.D.) was calculated from the observed concentrations
s follows: % R.S.D. = [standard deviation (S.D.)/Cobs] × 100.
ccuracy (% Bias) and precision (% R.S.D.) values of within
5% covering the range of actual experimental concentrations
ere considered acceptable [25].

.5. Microdialysis experiment

The bile duct microdialysis probes were manually made in-
ouse based on the design originally described by Scott and

unte [24]. The detailed construction of the flow-through micro-
ialysis probe has been described in our previous reports [25,26].
n brief, a 7-cm piece of dialysis membrane (spectrum, 150 �m
uter diameter with a cut-off at nominal molecular weight of
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Table 1
Intra-assay and inter-assay accuracy of cefoperazone

Nominal
concentration (�g/ml)

Observed
concentration (�g/ml)

CV
(%)

Accuracy
(% bias)

Intra-assay
0.5 0.48 ± 0.04 8.45 3.33
2 2.04 ± 0.06 2.90 −2.08
10 9.95 ± 0.10 0.99 0.48
50 50.03 ± 0.18 0.35 −0.07
250 249.93 ± 0.60 0.24 0.03
1000 998.15 ± 1.60 0.16 0.19
4000 4026.02 ± 48.40 1.20 −0.65

Inter-assay
0.5 0.46 ± 0.05 10.00 7.33
2 2.04 ± 0.07 3.54 −1.75
10 9.97 ± 0.12 1.25 0.33
50 49.97 ± 0.05 0.10 0.07
250 250.45 ± 2.67 1.07 −0.18
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The concentration versus time curve of cefoperazone of rat bil-
iary dialysate is shown in Fig. 3. As can be seen, cefoperazone
appeared in the biliary microdialysates in the first sampling
points and the average concentration got to 1100 �g/ml. The

Table 2
In vivo microdialysis recoveries (%) of cefoperazone in rat bile
60 Y.-L. Chang et al. / Journal of Pharmaceuti

000, Laguna Hills, CA, USA) was inserted into a section of
he polyethylene tubing (PE-60; 0.76 mm i.d.; 1.22 mm o.d.),
ith the ends of the dialysis membrane connected to a piece
f silica tubing (40 �m i.d; 140 �m o.d., SGE, Australia). A
iece of PE-10 tubing (0.28 mm i.d.; 0.61 mm o.d.) was then
ttached to both ends of the PE-60 tubing and all unions were
emented with epoxy. At least 24 h was allowed for the epoxy
o dry. After bile duct cannulation, the probe was perfused with
ormal saline and the flow rate set at 2 �l/min. Outflows from the
ile microdialysis probe were connected to an on-line injector
nd automatically injected every 10 min. After dialysate lev-
ls had stabilized (approximately 2 h), cefoperazone (30 mg/kg)
as intravenously administered via the femoral vein. From each

ample, 20 �l of dialysate was assayed using the HPLC sys-
em. In the pretreatment group, 30 mg/kg berberine was given
ntravenous 24 h before cefoperazone administration.

.6. Recovery of microdialysate

For in vivo recovery, normal saline solution containing cef-
perazone (50 or 100 �g/ml) were pumped through the probes
t a constant flow rate (2 �l/min) using the infusion pump
CMA/100). After a stabilization period of 2 h, the inlet (Cin) and
utlet (Cout) concentrations of cefoperazone were determined by
PLC. The in vivo recovery ratios were then calculated by the

ollowing equation [27]: Recoveryin vivo = 1 − (Cout/Cin).

.7. Drug administration

After a 2-h post-surgical stabilization period, cefoperazone
30 mg/kg) was administered via femoral vein by i.v. bolus
njection for each rat. Berberine (30 mg/kg) was pretreated 24 h
efore cefoperazone administration in the berberine group. Six
nimals were used in each group. All dialysates were collected
very 10 min and then measured by a validated HPLC system.

.8. Pharmacokinetic study

The concentrations of cefoperazone in the rat bile dialysates
ere determined from the calibration curves. Absolute con-

entrations in extracellular fluid were calculated from the
oncentrations in dialysates by the following equation: concen-
ration = dialysate/recovery. Pharmacokinetic calculations were
erformed using the observed data. All data were subsequently
rocessed by the computer pharmacokinetic program Win-
onlin standard version 1.1 (Science Consulting Inc., Apex,
C, USA) for the calculation of pharmacokinetic parameters

ccording to the non-compartmental model [28]. All data are
resented as mean ± standard error. The area under the concen-
ration curves (AUC), the area under the first moment curve
AUMC) and the mean residence time (MRT) were calculated

y using statistical moments [29]. The mean residence time
nd clearance was calculated as follows: MRT = AUMC/AUC,
L = Dose/AUC. The t-test was employed and the level of sig-
ificance was set to p < 0.05.

C

1

1000 998.03 ± 9.33 0.94 0.20
4000 4000.40 ± 2.13 0.05 −0.01

. Results and discussion

The chromatograms obtained evolving from the liquid chro-
atographic method shown in Fig. 2. Each analysis of the
icrodialysate was completed within 10 min. Separation of cef-

perazone from endogenous chemicals in dialysates from biliary
uct was achieved in an optimal mobile phase containing 70% of
00 mM monosodium phosphate (pH 5.5) and 30% of methanol.
he retention time of cefoperazone was 6.0 min (Fig. 2). Peak
reas of cefoperazone were linear (r2 > 0.995) over a concen-
ration range from 0.5 to 4000 �g/ml. Fig. 2A shows a typical
hromatogram of a standard mixture containing cefoperazone
50 �g/ml). The blank sample (Fig. 2B) shows that the chro-
atographic conditions revealed no biological substances that
ould interfere significantly with the determination of cefoper-

zone. Fig. 2C depicts a chromatogram of microdialysate from
at biliary duct. The sample contains cefoperazone (27.8 �g/ml)
ollected from the microdialysates at 360 min following cefop-
razone intravenous administration (30 mg/kg).

Intra-assay and inter-assay (Table 1) accuracy of cefopera-
one levels fell well within the predefined limits of acceptability.
ll % bias and % CV values were within 10%. This method has
quantitative limit of 0.5 �g/ml. The in vivo recovery of cefop-
razone is shown in Table 2. It can be seen that this method is
ensitive enough to measure cefoperazone from microdialysates
f rat biliary duct and to be applied for pharmacokinetic study.
oncentration (�g/ml) Recovery (%)

50 0.58 ± 0.01
00 0.59 ± 0.01
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ig. 2. Typical chromatograms for injection of (A) standard cefoperazone (5
efoperazone (27.8 �g/ml) collected from rat bile microdialysate 360 min post

rug levels reached the plateau within 20 min after drug admin-
stration and revealed a steady decline in the following 300 min.
hese facts suggested that cefoperazone is readily distributed

nto the hepatobiliary system after intravenous administration.
P-glycoprotein mediated transport in the liver has been shown

o be responsible for the excretion of xenobiotics via the canalic-
lar membrane of hepatocytes into bile, and this physiological
unction may be a control mechanism to accelerate the pro-
esses of hepatobiliary excretion [30]. Previous study reported

hat berberine might up-regulate the multidrug resistance trans-
orter expression and function in human and murine hepatoma
ells [11]. The treated concentrations of berberine were 32 and
20 �M (equal to 10 and 100 �g/ml). The previously published

ig. 3. Unbound concentration–time profile of cefoperazone in biliary duct after
.v. administration of 30 mg/kg or pretreatment with berberine 30 mg/kg. Each
oint is represented as means ± S.E.M.
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/ml), (B) a blank bile dialysate, and (C) a bile dialysate sample containing
razone administration (30 mg/ kg, i.v.). 1: cefoperazone.

ork by our lab [31] revealed that the biliary concentration of
erberine sustained above 10 �g/ml for at least 120 min after i.v.
dministration of 30 mg/kg berberine. To ensure the time course
eeded for effective MDR regulation, we choose the berberine
ose of 30 mg/kg i.v. for 24 h pretreatment in the current study.
owever, the results showed berberine pretreatment had no sig-
ificant impact on the biliary disposition of cefoperazone. In
able 3, the t1/2, Cmax and AUC also indicated insignificant
ifference in both treatment groups.

The rationale for monitoring unbound drug concentrations is
ounded on the basic pharmacological principle. Even though
t is suggested as the most reasonable approach for many drugs,

onitoring of protein unbound drug concentrations is still a rel-
tively new concept. Microdialysis represents a reliable tool for
he measurement of unbound peripheral compartment concen-
rations [32]. However, only with the development of suitable

nalytic techniques has the routine measurement of unbound
rug been possible [33], because the small sample volume and
ow concentrations obtained from this technique require a more
ensitive and analytical system. Compare to previous published

able 3
stimated pharmacokinetic parameters of bile following cefoperazone admin-

stration (30 mg/kg, i.v.) or berberine pretreatment (30 mg/kg, i.v.)

arameters Cefoperazone alone Add berberine

1/2 (min) 64.1 ± 28.2 62.5 ± 10.0

max (mg/ml) 5.4 ± 0.4 4.4 ± 0.8
UC (min mg/ml) 242.3 ± 13.4 218.6 ± 41.0

ata are expressed as mean ± S.E.M. (n = 6); asterisks represents p < 0.05.
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Table 4
Analytical methods used for determination of biliary concentrations of cefoperazone

Authors Mobile phase Column type Limit of detection
(�g/ml)

Linear range of
analysis (�g/ml)

Reference

Current study 100 mM NaH2PO4
−

methanol = 70:30, v/v (pH 5.5)
LiChrosorb RP-18 column 0.1 0.5–4000 –

Muder et al. 0.005 M tetra-butyl-ammonium
buffer: acetonitrile = 80:20

�Bondapak phenyl 1 5–50 [34]

Haghgoo et al. 30 mM KH2PO4: Methanol = 80:20
(pH 5)

Cosmosil C18 0.2 0.2–200 [20]
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Bawdon et al. 0.1 M Na3PO4
− acetonitrile = 84:16

(pH 6)
C18� Bond

apers concerned about the analytical procedures of cefop-
razone assay for biliary samples, as can be seen in Table 4,
he method of the current study provided the most sensitive
etection with board range of linearity for analysis [20,34,35].

From these microdialysis sampling data, the pharmacoki-
etic parameters were calculated using the non-compartmental
odel (Table 3). These data have been corrected for in vivo

ecoveries. The current results were comparable with previ-
usly conducted studies, in which bile samples were obtained
ither during the liver transplantation [19] or from patient under-
oing endoscopic retrograde cholangiopancreatography [36].
onventional methods used to measure drug concentration in

he bile use bile fluid collection. However, these methods require
relatively complicated clean-up process before samples can

e analyzed. Furthermore, the methods of obtaining bile (T-
ube drainage and duodenal tube aspiration) rarely result in a
omplete collection [2]. Thus, the attempts to determine drug
oncentrations continuously from the bile duct with no bile
oss have had limited success. To overcome these shortcom-
ngs of traditional methods, we employed an automatic on-line
ow-through microdialysis probe [24,37] for bile duct sampling
oupled with an HPLC analytical system. It can provide a near
eal-time analysis of cefoperazone in bile dialysate. The applica-
ion of microdialysis to monitor biliary drug concentrations did
rovide a dynamic profile, which characterizes the disposition
f cefoperazone in the biliary tract. These approaches have been
uccessfully applied in our previous studies [26,38–40].

In the current study we demonstrated an efficient and sensitive
hromatographic method for the monitoring of cefoperazone in
at biliary tracts using the microdialysis technique. This method
esults in less tissue damage, fewer animal use, and minimal
iological fluid loss. The pharmacokinetic profiles of cefopera-
one did not show significant difference between control group
nd berberine-pretreatment group. This work represents a suc-
essful application of biliary microdialysis sampling technique,
hich is feasible for the pharmacokinetic and drug-interaction

tudies.
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