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ABSTRACT

The e�ects of pretreatment with the enzyme inducers phenobarbital (PB) and 3-
methylcholanthrene (3-MC) and the enzyme inhibitor chloramphenicol (CM) on the
pharmacokinetic and pharmacodynamic parameters of azosemide were examined after
intravenous (IV) administration of azosemide, 10mgkg71, to rats. The nonrenal clearance
(1´63 versus 3´30mLmin71 kg71) of azosemide increased signi®cantly in 3-MC pretreated
rats. This suggested that the nonrenal metabolism of azosemide increased by pretreatment
with 3-MC. This relationship was supported by the signi®cant decrease in 24h urinary
excretion of unchanged azosemide in 3-MC pretreated rats (54´1 versus 41´1% of IV dose).
This relationship was also supported at least in part by the results of a liver homogenate
study; the amount of azosemide remaining per gram of liver decreased signi®cantly (48´2
versus 43´0mg) and the amount of M1 formed increased signi®cantly (4.88 versus 6.66mg
when expressed in terms of azosemide) in 3-MC pretreated rats after 30min incubation of
50mg azosemide in 9000g supernatant fractions of liver homogenates. The content of
hepatic cytochrome P-450 (0´751 versus 1´57nmol/mg protein) and the weight of liver (3.53
versus 4´20% of body weight) increased signi®cantly in 3-MC pretreated rats, suggesting
that the metabolizing enzyme(s) for azosemide seemed to be induced by pretreatment with
3-MC. The 8h urine output (29´2 versus 18´1mL) and 8h urinary excretion of sodium
(4´02 versus 2´39mmol) and chloride (4´01 versus 2´73mmol) per 100 g body weight
decreased signi®cantly in 3-MC pretreated rats. However, the diuretic, natriuretic,
kaluretic, and chloruretic e�ciencies were not signi®cantly di�erent between the control
and 3-MC pretreated rats. The pharmacokinetic and pharmacodynamic parameters of
azosemide were not signi®cantly di�erent between the control and PB pretreated rats, and
similar results were also obtained from the control and CM pretreated rats. The above
data indicate that the metabolizing enzyme(s) for azosemide seem(s) to be neither induced
by PB pretreatment nor inhibited by CM pretreatment. However, the content of hepatic
cytochrome P-450 and the weight of liver increased signi®cantly in PB pretreated rats,
while the values were not signi®cantly di�erent between the control andCMpretreated rats.
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INTRODUCTION

Azosemide (5-(4-chloro-5-sulphamoyl-2-thenylaminophenyl)-tetrazole), a loop
diuretic resembling furosemide in its mode of diuretic action,1 is also essentially
equipotent to furosemide on a weight basis after oral administration in
humans.2 In contrast, intravenous (IV) doses of azosemide are considerably
more potent than equal doses of furosemide in humans.3 The 11 metabolites of
azosemide including M1 (5-(2-amino-4-chloro-5-sulphamoylphenyl)-tetrazole)
were found in urine and bile after IV administration of azosemide to Wistar
rats.4 After IV and oral doses, 17±37 and less than 10% of the dose,
respectively, have been recovered in human urine as unchanged azosemide.5

This could be due to the fact that azosemide is subjected to a high ®rst-pass
metabolism,1 thus resulting in a low oral bioavailability (extent) in humans; the
values ranged from 10 to 19%.3 However, the exact metabolizing organ(s) for
azosemide seem not to have been clearly demonstrated to date.3 It has been
recently found in our laboratory that all rat tissues have metabolic activity for
azosemide with considerably higher activity shown in the heart and liver.6

The e�ect of pretreatment with enzyme inducers or enzyme inhibitors on
the pharmacokinetics and pharmacodynamics of other loop diuretics, such
as furosemide7,8 and bumetanide9,10 has been reported. For example, the
diuresis (urine output) of furosemide was reported8 to increase signi®cantly
in rats pretreated with the enzyme inhibitor chloramphenicol (CM), since
the amount of unchanged furosemide excreted in urine increased signi®-
cantly when compared with the value from rats without CM pretreatment.
The diuresis of furosemide increased signi®cantly, but the urinary excretion
of unchanged furosemide decreased signi®cantly, in rats pretreated with the
enzyme inducer phenobarbital (PB), and this might be due to the hormonal
changes brought about by PB pretreatment.7 In rats pretreated with the
other enzyme inducer 3-methylcholanthene (3-MC), the pharmacokinetic
and pharmacodynamic parameters of furosemide were not signi®cantly
di�erent between the control and 3-MC pretreated rats.7

The diuresis of bumetanide did not change signi®cantly after pretreatment with
PB in rats, and this was explained by the fact that the dose of bumetanide used
(2mgkg71) resulted in urinary concentrations at the plateau of the concentration±
e�ect relationship.9 The pharmacokinetic and pharmacodynamic parameters of
bumetanide were not signi®cantly di�erent between the control and 3-MC
pretreated rats.9 It has been reported10 that the diuresis and saluresis of bumetanide
increased signi®cantly in rats pretreated with the enzyme inhibitor, piperonyl
butoxide, due to the increased 2h urinary excretion of bumetanide. However, the
e�ect of enzyme inducers or inhibitors on the pharmacokinetics and pharmaco-
dynamics of azosemide does not appear to have been thoroughly studied.

The purpose of this paper is to report the e�ect of pretreatment with the
enzyme inducers PB and 3-MC and enzyme inhibitor CM on the pharmaco-
kinetics and pharmacodynamics of azosemide in rats.
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MATERIALS AND METHODS

Chemicals

Azosemide and one of its main metabolites, M1, were kindly donated by Sam
Jin Pharmaceutical Company (Seoul, Korea) and Boehringer Mannheim
GmbH (Mannheim, Germany), respectively. CM (as a sodium succinate, IV
powder) was a gift from Chong Kun Dang Corporation (Seoul, Korea).
b-glucuronidase, Tris bu�er, the reduced form of nicotinamide adenine
dinucleotide phosphate (NADPH), uridine diphosphoglucuronic acid
(UDPGA), 3-MC, and dextran were purchased from Sigma Chemical
Company (St Louis, MO, U.S.A.). Sodium PB was a product from
Schweizerhell Company (Basel, Switzerland). Heparin was obtained from the
Choong Wae Pharmaceutical Company (Seoul, Korea). Other chemicals were
of reagent grade or HPLC grade and used without further puri®cation.

Animal study

Male Sprague±Dawley (SD) rats, weighing 200±310 g, were purchased from
Dai Han Laboratory of Animal Development (Seoul, Korea). The animals
were housed in a clean room and given food (Samyang Company, Seoul,
Korea) and water ad libitum.
Rats received four daily intraperitoneal (IP) injections of 80mgkg71 sodium

PB dissolved in 0´9%NaCl injectable solution (APT group) or 20mgkg71 3-MC
dissolved in corn oil (AMTgroup),11 or ®ve daily IP injections of 30mgkg71 CM
sodium succinate reconstituted with 0´9% NaCl injectable solution (ACT
group).8 Control rats received equivalent volumes of 0´9% NaCl injectable
solution (APC or ACC group) or corn oil (AMC group). During pretreatment,
the rats had free access to food and water.

In the morning of the ®fth (APT, APC, ACC, AMT, or AMC groups) or
sixth (ACT group) day, the right carotid artery and the right jugular vein were
catheterized with polyethylene tubing (Clay Adams, Parsippany, NJ, U.S.A.),
while the animals were under light ether anaesthesia. Both cannulae were
exteriorized to the dorsal side of the neck terminated with a long silastic tubing
(Dow Corning Company, Midland, MI, U.S.A.). Each silastic tubing was
covered with wire to allow free movement of rats. The exposed area was
surgically sutured. Each animal was housed individually in a metabolic cage
(Dae Jong Company, Seoul, Korea) and was allowed 4±5 h to recover from
anaesthesia. They were not restrained at any time during the study.
Heparinized 0´9% NaCl injectable solution (20UmL71), 0´3mL, was used
to ¯ush each cannula to prevent blood from clotting.

Azosemide (15mg azosemide powder was dissolved in 1mL 0´1M NaOH
solution, ®ltered through a 0´45 mm ®lter and diluted with 0´9% NaCl
injectable solution before use, having a ®nal pH of approximately 10),
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10mgkg71, was administered in 1min via the jugular vein of each group of
rats (n=12). The total injection volume was approximately 1mL. Approxi-
mately 0´12mL blood was collected via the carotid artery at 0 (to serve as a
control), 1 (at the end of infusion), 5, 15, 30, 45, 60, 90, 120, 180, 240, 300, 360,
420, and 480min after IV dosing. The blood was centrifuged immediately and
50 mL of each plasma were stored in the freezer prior to the HPLC analysis of
azosemide.12 The heparinized 0´9% NaCl injectable solution (10UmL71),
0´3mL, was used to ¯ush the cannula just after each blood sampling. It has
been reported that the pharmacodynamic e�ect of IV administration of
furosemide13 and bumetanide14 is dependent on the rate and composition of
¯uid replacement. Therefore, in the present rat study, ¯uid and electrolyte
losses in urine induced by azosemide were replaced volume for volume by IV
infusion of lactated Ringer's solution via the jugular vein, for up to 8 h after IV
dosing. After 8 and 24 h, the metabolic cage was rinsed with 10mL distilled
water. The rinsings were combined with urine, and the urinary bladder was cut
at 24 h after IV dosing and washed in the combined 8±24 h urine. After the
exact volumes of 0±8 and 8±24 h urine output and the combined urine had
been measured, an aliquot of the combined urine was stored in the freezer
prior to the analysis of azosemide and M1,12 and creatinine, Na+, K+, and
Cl7. A portion (0´5mL) of the combined urine was also incubated in 1mL
Sùrensen phosphate bu�er of pH 7´4 containing 10 000 units b-glucuronidase,
in a water-bath shaker for 24 h kept at 37 8C and at a rate of 50 oscillations per
minute (opm). Twenty-four hours after IV dosing, as much blood as possible
was collected and plasma was stored in the freezer prior to the analysis of
creatinine and the measurement of protein binding. At the same time, the
weights of liver, kidney, and stomach were recorded, and the whole GI tract
(including its contents and faeces) was removed, transferred into a beaker
containing 50mL 0´01M NaOH (to facilitate extraction of azosemide), and
cut into small pieces using scissors. After shaking manually and stirring with a
glass rod for 10min, two 100 mL aliquots of the supernatant were collected
from the beaker and stored in the freezer prior to the HPLC analysis of
azosemide.12

Metabolism in homogenates of stomach, kidney, lung, and liver

The procedures were similar15±17 to those reported by Litterst et al.18 In the
morning of the ®fth (APT, APC, ACC, AMT, or AMC groups) or sixth (ACT
group) day, after pretreatment with enzyme inducers (PB or 3-MC) or enzyme
inhibitor (CM), additional rats (n=4) of each group were exsanguinated and
sacri®ced by cervical dislocation. One gram portions of the stomach, kidney,
lung, and liver were excised, rinsed in 50mM Tris-HCl bu�er (pH7´4), blotted
dry with paper tissue and weighed. All subsequent procedures were conducted
at 4 8C. Each tissue sample was minced into small pieces with scissors and then
homogenized with four volumes of cold 0´25M sucrose, using a tissue
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homogenizer (Ultra-Turrax T25, Janke and Kunkel, IKA Labortechnik,
Staufeni, Germany). The homogenates were then centrifuged using a Beckman
Model J2-21 (Palo Alto, CA, U.S.A.) at 9000 g for 20min. After discarding the
¯oating fat layer, the 9000 g supernatant fraction was collected for incubation.

Metabolic activity was initiated by adding 1mL of the above supernatant to a
glass test tube containing 25mL azosemide solution (50mg azosemide), 100mL
NADPH (1mM), 1´9mL Tris-HCl bu�er, pH7´4 (100mM), and 25mL UDPGA
(3´3mM). Themixture was then thoroughly mixed by hand and shaken in a water-
bath shaker kept at 37 8C and at a rate of 50opm. After 30min incubation, 1mL
1MNaOH was added to terminate the enzyme activity. After centrifugation, two
100mL aliquots of supernatant were collected and stored in the freezer prior to the
HPLC analysis of azosemide and M1.12

Preparation of liver microsomes

In the morning of the ®fth (APT, APC, ACC, AMT, or AMC groups) or sixth
(ACT group) day, after pretreatment with enzyme inducers (PB or 3-MC) or
enzyme inhibitor (CM), additional rats (n=4) of each group were sacri®ced by
cervical dislocation. The portal vein was cannulated with a 21-gauge needle and
liver was perfused with ice-cold 0´9% NaCl injectable solution. Each liver was
excised, chilled, blotted dry with paper tissue, and weighed. Microsomes were
obtained as follows. The liver was homogenized by a tissue homogenizer (Ultra-
Turrax T25, Janke and Kunkel) with a medium comprising of 0´154MKCl
containing 50mMTris-HCl, pH7´4. The homogenateswere then centrifuged using
a Beckman Model J2-21 at 12 000 g for 20min. Supernatant was collected and
centrifuged (LA-80Ultracentrifuge, Beckman, PaloAlto, CA,U.S.A.) at 105 000 g
for 1 h. Supernatantwas discarded and pellet was resuspended in the homogenizing
mediumand centrifuged again at 105000 g for 1h.Livermicrosomeswereobtained
from the pellet by resuspending with the homogenizing medium. All subsequent
procedures were performed at 4 8C.19 Protein contents of liver microsome were
measured by the reported method.20

Analysis of hepatic cytochrome P-450

The content of cytochrome P-450 in liver microsomes was determined by its
carbon monoxide spectrum di�erence after reducing with sodium dithionite
according to the procedure of Omura and Sato21 using a spectrophotometer
(Shimadzu UV-260, Tokyo, Japan). An extinction coe�cient of 91mM71 cm71

was used to calculate the P-450 content of the liver.

Plasma protein binding study

One millilitre of plasma collected from each group of rats 24 h after IV
dosing was dialysed22 against 1mL isotonic Sùrensen phosphate bu�er,
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pH7´4, containing 3% dextran (to minimize volume shift), using a 1mL
dialysis cell and Spectra/Por membrane 2 (m.w. cut o�, 12 000±14 000;
Spectrum, Los Angeles, CA, U.S.A.). Azosemide was spiked into the plasma
side to reduce equilibrium time,23 having a plasma concentration of
10 mgmL71. The spiked dialysis cells were incubated for 16 h in a water-bath
shaker kept at 37 8C and at a rate of 50 opm. It was found that it took
approximately 8 h incubation to reach equilibrium between the plasma and
bu�er sides for azosemide, and the plasma protein binding of azosemide to 4%
human serum albumin was independent of azosemide concentrations ranging
from 5 to 100 mgmL71.24

HPLC analysis of azosemide and M1

Azosemide and M1 in biological samples were analysed by HPLC as
previously described.12 2´5 volumes of acetonitrile for the analysis of azosemide
and one volume of saturated Ba(OH)2 and ZnSO4 aqueous solutions for the
analysis of M1 were added to the biological sample. After vortex mixing and
centrifugation, 50 mL of each supernatant was injected directly onto the HPLC
column. The mobile phases, 0´03M phosphoric acid±acetonitrile (50:40, v/v) for
azosemide and 0´03Mphosphoric acid/0´2Macetic acid±acetonitrile (83:17, v/v)
for M1, were run at a ¯ow rate of 1´5mLmin71 and the column e�uent was
monitored by UV detector at 240 nm for azosemide and 236 nm for M1. The
detection limits for azosemide and M1 in human plasma and urine were all
50 ngmL71. The interday and intraday coe�cients of variation for azosemide
and M1 were less than 5´55 and 8´32%, respectively, in human plasma and the
corresponding values in urine were less than 4.24 and 7´88%. The retention times
for azosemide and M1 were approximately 6´0 and 8´3min, respectively.

Analysis of creatinine, sodium, potassium, and chloride

The concentrations of creatinine in plasma and urine, and chloride in urine, were
determined by aChemicalAnalyzer (Gilford SBA300, CorningLaboratory Science
Company, Oberlin, OH, U.S.A.), and those of sodium and potassium in urine by
¯ame photometry (model IL943, Instrumentation Laboratory, Milano, Italy).

Pharmacokinetic analysis

The area under the plasma concentration±time curve from time zero to time
in®nity (AUC) was calculated by the trapezoidal rule±extrapolation method;15

this method employed the logarithmic trapezoidal rule, recommended by
Chiou25 for the calculation of areas during the declining plasma-level phase,
and the linear trapezoidal rule for the rising plasma-level phase. The area from
the last data point to time in®nity was estimated by dividing the last measured
plasma concentration of azosemide by the terminal rate constant.
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The standard method26 was used to estimate the following parameters; the
time-averaged total body clearance (Cl), area under the ®rst moment of the
plasma concentration±time curve (AUMC), mean residence time (MRT),
apparent volume of distribution at steady state (Vss), and time-averaged renal
(Clr) and nonrenal (Clnr) clearances. In the calculation of Clr, the total amount
of azosemide excreted in urine up to time in®nity (Ae(?),azo) was assumed to be
equal to the total amount excreted in 24 h, since a negligible amount of
azosemide could be found in urine collected later.

Stable kidney function was assumed during the experimental period in the
estimation of creatinine clearance (Clcr).
The mean values of each clearance, Vss, and half-life were calculated by the

harmonic mean method.27

Pharmacodynamic analysis

The diuretic, natriuretic, kaluretic, and chloruretic e�ciencies were
calculated by dividing the total urine output (mL) and total amount (mmol)
of sodium, potassium, and chloride excreted in 8 h urine by the total amount
(mg) of azosemide excreted in 8 h urine, respectively.

Statistical analysis

Levels of statistical signi®cance were assessed using a t-test between twomeans
for unpaired data. A p value of less than 0´05 was considered to be statistically
signi®cant. All data are expressed in terms of mean+ standard deviation (S.D.).

RESULTS AND DISCUSSION

The mean arterial plasma concentration±time curves of azosemide from AMC
(n=12) and AMT rats (n=12) are shown in Figure 1, and the relevant
pharmacokinetic parameters are listed in Table 1. After IV administration, the
plasma levels of azosemide appeared to decline in a polyexponential fashion
with considerably lower levels in AMT rats, and this resulted in a signi®cant
decrease in AUC (2500 versus 1770 mgminmL71). As expected, the Cl
increased signi®cantly (3´99 versus 5´64mLmin71 kg71) in AMT rats, and
this was due to the signi®cant increase in Clnr (1´63 versus 3´30mLmin71 kg71)
since Clr was not signi®cantly di�erent between the AMC and AMT rats. The
MRT decreased signi®cantly (60´0 versus 40´0min) in AMT rats, but t1/2 andVss

were not signi®cantly di�erent between the two groups of rats. The percentages
of IV dose excreted in 24 h urine as unchanged azosemide (Aeazo,0±24 h) decreased
signi®cantly in AMT rats (54´1 versus 41´1%), and this was not due to the
reduced glomerular ®ltration rate (GFR); the GFR values estimated by
creatinine renal clearance (Clcr) were not signi®cantly di�erent between AMC
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and AMT rats. It has also been published7 that the GFR value as estimated by
iothalamate renal clearance was not in¯uenced by pretreatment with 3-MC in
rats. It is to be noted that the e�ect of IV injection of 1mL azosemide solution
having a pH of approximately 10 on the pharmacokinetics and pharmaco-
dynamics of azosemide in the present rats seemed to be negligible, if any.17

The contribution of biliary and/or GI excretion of azosemide to Clnr after IV
administration of azosemide seemed to be minor, because 3´65 and 2´98% of

Figure 1. Mean plasma concentration±time pro®les of azosemide after intravenous administration
of azosemide, 10mgkg71, to 3-methylcholanthrene control (*, n=12) and 3-methylcholanthrene
pretreated (*, n=12) rats. Bars represent standard deviation. * p50´05; ** p50´01; *** p50´001
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the IV dose was recovered from GI tract at 24 h after IV administration as
unchanged azosemide in AMC and AMT rats, respectively (Table 1). A similar
value, 3´13%, was also reported after IV administration of azosemide,
10mg kg71, to control SD rats.28 Moreover, the percentage of IV dose
excreted in 24 h bile was 60´3% (measured as total radioactivity) with 4´8% as
unchanged azosemide when 14C-azosemide was administered intravenously to
Wistar rats.4 Similar results have also been obtained from other loop diuretics
such as furosemide7,16,29 and bumetanide.9,17,30,31 Azosemide was stable in
basic pH and unstable in acidic pH (especially at pH1), but it was stable in

Table 1. Mean (+S.D.) pharmacokinetic and pharmacodynamic parameters of azosemide
after intravenous administration of azosemide, 10mgkg71, to 3-methylcholanthrene

control (n=12) and 3-methylcholanthrene pretreated rats (n=12)

3-methylcholanthrene
control rats

3-methylcholanthrene
pretreated rats

Parameters Mean+S.D. Mean+S.D.

Body weight (BW (g)) 265+31´3 255+12´5
t1/2 (min) 96´1+29´1 91´3+29´2
AUC (mgminmL71) 2500+646 1770+309**
MRT (min) 60´0+26´1 40´0+12´4*
Vss (mLkg71) 224+59´9 212+69´8
Cl (mLmin71 kg71) 3´99+1´08 5´64+1´05***
Clr (mLmin71 kg71) 2´02+0´800 2´29+0´496
Clnr (mLmin71 kg71) 1´63+0´951 3´30+0´700***
Azosemide recovered from GI tract
at 24 h (% dose) 3´65+2´41 2´98+1´25

Aeazo,0±24 h
a (% dose) 54´1+14´3 41´1+4´95**

AeM1,0±24h
a,b (% dose) 4´90+1´06 7´44+2´04***

Aeazo-glu,0±24 h
a,b (% dose) 3´87+2´95 3´40+2´39

AeM1-glu,0±24 h
a,b (% dose) 1´20+0´503 1´69+0´776

AeSum-met, 0±24 h
a,b (% dose) 9´96+3´62 12´5+3´26

Urine output (mL/100 g BW) 29´2+13´8 18´1+7´47*
AeNa+,0±8h (mmol/100 g BW) 4´02+1´98 2´39+1´01*
AeK+,0±8 h (mmol/100 g BW) 0´406+0´181 0´310+0´122
AeCl7,0±8 h (mmol/100 g BW) 4´01+1´69 2´73+0´931*
Diuretic e�ciency (mLmg71) 57´0+24´3 45´1+16´9
Natriuretic e�ciency (mmolmg71) 7´91+3´58 5´97+2´32
Kaluretic e�ciency (mmolmg71) 0´772+0´329 0´782+0´287
Chloruretic e�ciency (mmolmg71) 7´88+3´02 6´83+2´15
Liver weight (% BW) 3´53+0´413 4´20+0´272***
Stomach weight (% BW) 0´513+0´0721 0´546+0´0756
Kidney weight (% BW) 0´810+0´113 0´795+0´0866
Protein binding (%) 94´2+1´70 93´9+3´24

* p50´05; ** p50´01; *** p50´001.
aazo, azosemide; M1, metabolite of azosemide; glu, glucuronide; sum-met, sum of three
metabolites, M1, azo-glu, and M1-glu.
bExpressed in terms of azosemide.



380 S. H. LEE AND M. G. LEE

acidic human gastric juice (n=5) having pH values ranging from 1´5 to 8´0 for
up to 240min of incubation in a water-bath shaker kept at 37 8C and at a rate
of 50 opm.6 Therefore, the signi®cant increase in Clnr in AMT rats suggested
that the nonrenal metabolism of azosemide could be increased by pretreatment
with 3-MC. This was supported by the signi®cant decrease in 24 h urinary
excretion of unchanged azosemide (Aeazo,0±24 h, 54´1 versus 41´4% of IV dose).
The 24 h urinary excretion of M1 (AeM1,0±24 h, 4´90 versus 7´44% of IV dose
when expressed in terms of azosemide) increased signi®cantly in AMT rats
(Table 1). The percentages of IV dose excreted in 24 h urine as glucuronide of
M1 (AeM1-glu,0±24 h, 1´20 versus 1´69%, p50´0766) and the sum of these
metabolites (Aesum-met,0±24 h, M1 and glucuronides of both azosemide and M1,
9´96 versus 12´5%, p50´0810)Ð expressed in terms of azosemideÐalso
tended to increase in AMT rats.

The increased nonrenal metabolism of azosemide in AMC rats could be
also supported at least in part by the in vitro incubation of 50 mg
azosemide in 9000 g supernatant fraction of tissue homogenates. The
amount of azosemide remaining per gram of liver after 30min incubation
reduced signi®cantly in AMT rats; the mean values were 48´2 and 43´0 mg
for AMC and AMT rats, respectively (Table 2). The amount of M1 formed
after 30-min incubation of azosemide in liver homogenates increased
signi®cantly in AMT rats; the values were 4´88 and 6´66 mg for AMC and
AMT rats, respectively, when expressed in terms of azosemide (Table 2).
However, the amounts of azosemide remaining per gram of kidney,
stomach, or lung were not signi®cantly di�erent between AMC and AMT
rats (Table 2). The above data clearly indicate that the metabolizing
enzyme(s) for azosemide could be induced in rat liver by 3-MC
pretreatment. More studies are required to establish whether CYP1A1/2
is (are) the likely enzyme(s) responsible for metabolism of azosemide or
not. The increased metabolic activity for azosemide in AMT rat liver could
also be partly supported by the signi®cant increase in hepatic cytochrome
P-450 content; the values were 0´751 and 1´57 nmol/mg protein for AMC
and AMT rats, respectively, although the amount of microsomal proteins
was not signi®cantly di�erent between AMC and AMT rats (Table 3). The
weight of liver (3´53 versus 4´20% body weight) also increased signi®cantly
in AMT rats (Table 1). However, the corresponding values for stomach
and kidney were not signi®cantly di�erent between the two groups of rats
(Table 1).

Pharmacodynamic parameters of azosemide in AMC and AMT rats are also
listed in Table 1. Since more than 94% of azosemide eventually excreted in 24 h
urine was excreted in 8 h urine and the lactated Ringer's solution was replaced
for up to 8 h after IV dosing in the present study, the following
pharmacodynamic parameters will be con®ned to the 8 h period. The 8 h
urine output per 100 g body weight decreased signi®cantly (29´2 versus
18.1mL) in AMT rats, and this could be due to the signi®cantly reduced
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Table 2. Mean (+ S.D.) amount of azosemide remaining and M1 formed per gram of tissue after 30min incubation of 50mg azosemide
in 9000 g supernatant fraction of liver, kidney, stomach, or lung homogenates in 3-methylcholanthrene control, 3-methylcholanthrene
pretreated, phenobarbital control, phenobarbital pretreated, chloramphenicol control, and chloramphenicol pretreated rats (n=4 each)

3-methyl-
cholanthrene
control rats

3-methyl-
cholanthrene
pretreated rats

Phenobarbital
control rats

Phenobarbital
pretreated rats

Chloramphenicol
control rats

Chloramphenicol
pretreated rats

Tissue Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D.

liver 48´2+1´43 43´0+1´26** 45´0+1´51 45´1+1´64 45´0+1´51 45´9+0´930
Azosemide (mg) kidney 48´8+0´845 48´6+0´900 46´0+2´69 46´8+2´53 46´0+2´69 44´3+2´07

stomach 47´8+4´38 47´3+2´86 47´1+1´03 48´9+0´467 47´1+1´03 46´8+3´36
lung 46´7+2´13 48´2+1´89 46´8+2´14 44´4+2´87 46´8+2´14 44´2+3´71

M1a (mg) liver 4´88+1´21 6´66+1´15 4´50+0´933 4´66+0´709 4´50+0´933 4´55+0´516

aExpressed in terms of azosemide.
** p50´01.
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Table 3. Mean (+S.D.) amount of hepatic cytochrome P-450 and microsomal proteins of 3-methylcholanthrene control, 3-
methylcholanthrene pretreated, phenobarbital control, phenobarbital pretreated, chloramphenicol control, and chloramphenicol

pretreated rats (n=4 each)

3-methyl-
cholanthrene
control rats

3-methyl-
cholanthrene
pretreated rats

Phenobarbital
control rats

Phenobarbital
pretreated rats

Chloramphenicol
control rats

Chloramphenicol
pretreated rats

Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D.

Cytochrome P-450
(nmol/mg protein) 0´751+0´0297 1´57+0´0781*** 0´779+0´0646 1´65+0´286** 0´779+0´0646 0´845+0´118

Microsomal proteins
(mg/g liver) 14´9+1´14 15´5+1´27 16´8+0´615 16´2+1´25 16´8+0´615 15´9+2´48

** P50´01; *** P50´001.
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amount of unchanged azosemide excreted in 8 h urine. However, this was not
due to the reduced kidney function (GFR estimated by Clcr) or reduced protein
binding in AMT rats; the values of protein binding of azosemide were 94´2 and
93´9% for AMC and AMT rats, respectively. It also has been reported2,32,33

that the GFR values do not change after administration of azosemide in
humans. It should be noted that IV administration of M1, 10mgkg71, to rats
(n=3) does not show any diuretic e�ect.

The amount of sodium (AeNa+,0±8 h, 4´02 versus 2.39mmol) and chloride
(AeCl7,0±8 h, 4´01 versus 2´73mmol) excreted in 8 h urine per 100 g body weight
also decreased signi®cantly in AMT rats. However, the corresponding value for
potassium (AeK+,0±8 h, 0´406 versus 0.310mmol) was not signi®cantly di�erent
between AMC and AMT rats, although the values of 8 h urine output and 8 h
urinary excretion of sodium and chloride per 100 g body weight decreased
signi®cantly in AMT rats (Table 1). Similar results have also been obtained
from furosemide in humans,34 dogs,35 and rats,36,37 and from bumetanide in
rabbits.38 This might be due to the constant rate of potassium secretion in the
distal tubule.39 It is to be noted that although the 8 h urine output and 8 h
urinary excretion of sodium and chloride per 100 g body weight decreased
signi®cantly in AMT rats, the diuretic, natriuretic, and chloruretic e�ciencies were
not signi®cantly di�erent between AMC and AMT rats (Table 1). The kaluretic
e�ciency was also not signi®cantly di�erent between AMC and AMT rats.

The mean pharmacokinetic and pharmacodynamic parameters of azosemide
in APC and APT rats are listed in Table 4. After IV administration, the plasma
levels of azosemide declined similarly in both APC and APT rats (data not
shown). All pharmacokinetic and pharmacodynamic parameters (Table 4) and
the amount of azosemide remaining per gram of liver, kidney, stomach, and
lung after 30min incubation of azosemide in tissue homogenates (Table 2) were
not signi®cantly di�erent between APC and APT rats. Although the amount of
hepatic cytochrome P-450 (0´779 versus 1´65 nmol/mg protein, Table 3) and the
weight of liver (3´32 versus 4´08% body weight, Table 4) increased signi®cantly
in APT rats, the metabolizing enzyme(s) for azosemide seemed not to be
induced by the PB pretreatment in rats.

The pharmacokinetic and pharmacodynamic parameters of azosemide in
ACC and ACT rats are also listed in Table 4. After IV administration, the
plasma levels of azosemide declined similarly in both ACC and ACT rats (data
not shown). All pharmacokinetic and pharmacodynamic parameters except t1/2
(Table 4), and the amount of azosemide remaining per gram of liver, kidney,
stomach, and lung after 30min incubation of azosemide in tissue homogenates
(Table 2) were not signi®cantly di�erent between ACC and ACT rats. The
amount of hepatic cytochrome P-450 (0´779 versus 0´845 nmol/mg protein) and
the weight of liver (3´32 versus 3´32% body weight) were also not signi®cantly
di�erent between the two groups of rats. The above data indicate that the
metabolizing enzyme(s) for azosemide seem(s) not to be inhibited by CM
pretreatment in rats.
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In conclusion, the metabolizing enzyme(s) for azosemide seemed to be
induced by pretreatment with 3-MC but not with PB, and not inhibited by
pretreatment with CM. The pharmacodynamic parameters of azosemide,
such as the 8 h urine output and 8 h urinary excretion of sodium and
chloride per 100 g body weight, decreased signi®cantly by pretreatment with
3-MC in rats due to the signi®cantly reduced amount of 8 h urinary

Table 4. Mean (+S.D.) pharmacokinetic and pharmacodynamic parameters of
azosemide after intravenous administration of azosemide, 10mgkg71, to
phenobarbital or chloramphenicol control (n=12), phenobarbital pretreated (n=12),

and chloramphenicol pretreated (n=12) rats

Phenobarbital or
chloramphenicol

control rats
Phenobarbital
pretreated rats

Chloramphenicol
pretreated rats

Parameters Mean+S.D. Mean+S.D. Mean+S.D.

Body weight, BW (g) 263+22´7 256+31´0 259+23´8
t1/2 (min) 103+32´7 84´8+22´7 146+38´5**
AUC (mgmin71mL71) 2020+309 1850+403 1870+546
MRT (min) 44´0+13´6 40´3+9´70 55´5+23´5
Vss (mLkg71) 203+79´2 210+73´5 271+87´6
Cl (mLmin71 kg71) 4´94+0.881 5´40+1´50 5´34+1´57
Clr (mLmin71 kg71) 2´60+0´632 2´83+0´829 3´11+1´04
Clnr (mLmin71 kg71) 2´18+0´678 2´38+0´977 1´95+1´00
Azosemide recovered from GI

tract at 24 h (% dose) 3´67+3´36 3´70+2´89 4´73+3´30
Aeazo,0±24 h

a (% dose) 54´1+9´14 53´3+9´30 59´2+10´7
AeM1,0±24h

a,b (% dose) 4´40+1´36 3´87+0´855 3´71+0´636
Aeazo-glu,0±24 h

a,b (% dose) 4´66+1´68 5´16+1´53 4´40+2´16
AeM1-glu,0±24 h

a,b (% dose) 2´16+2´17 2´20+0´917 1´82+0´535
Aesum-met,0±24 h

a,b (% dose) 11´2+3´81 11´4+1´74 9´93+2´01
Urine output (mL/100 g BW) 33´6+14´1 26´4+8´36 29´8+9´21
AeNa+,0±8 h (mmol/100 g BW) 4´51+2´22 3´72+1´18 4´12+1´22
AeK+,0±8 h (mmol/100 g BW) 0´387+0´140 0´431+0´145 0´377+0´0708
AeCl7,0±8 h (mmol/100 g BW) 5´03+2´68 3´77+1´23 4´26+1´25
Diuretic e�ciency (mL mg71) 62´0+21´7 50´7+14´3 51´8+13´0
Natriuretic e�ciency

(mmolmg71) 8´19+3´59 7´15+1´96 7´12+1´78
Kaluretic e�ciency (mmolmg71) 0´722+0´239 0´849+0´279 0´747+0´239
Chloruretic e�ciency

(mmolmg71) 9´56+4´21 7´31+2´19 7´34+1´72
Liver weight (% BW) 3´32+0´169 4´08+0´396*** 3´32+0´312
Stomach weight (% BW) 0´530+0´0383 0´509+0´0665 0´543+0´102
Kidney weight (% BW) 0´763+0´0397 0´769+0´0454 0´798+0´0415
Protein binding (%) 95´0+2´78 96´9+0´532 94´5+3´21

** p50´01; *** p50´001.
aazo, azosemide; M1, metabolite of azosemide; glu, glucuronide; sum-met, sum of three
metabolites, M1, azo-glu, and M1-glu.
bExpressed in terms of azosemide.
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excretion of azosemide. However, the diuretic, natriuretic, chloruretic, and
kaluretic e�ciencies were not signi®cantly di�erent between AMC and AMT
rats.
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