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ABSTRACT 

Aim Furosemide is a loop diuretic. Different authors demonstrated that continuous 

administration of furosemide modulates the expression of organic anion transporters. This 

study was undertaken to simultaneously evaluate the effects of furosemide pretreatment on 

organic anion transporter 1 (Oat1) and multidrug resistance protein 2 (Mrp2) renal 

expressions, on p-aminohippurate (PAH) pharmacokinetics and on renal and urinary PAH 

levels in rats. 

Methods Male Wistar rats were treated with furosemide (6 mg/100 g b.w./day, s.c, 4 days) 

(Treated group) or saline (Control group). On the 5
th

 day, PAH was administered as a bolus 

infusion in the femoral vein and plasma samples were obtained from femoral artery at 

different time points. PAH levels in renal tissue and urine were also assessed. Renal Oat1 

and Mrp2 expressions were evaluated by Western blotting. 

Results Furosemide pretreatment increased both the expression of Oat1 and Mrp2. PAH 

plasma concentrations decreased following a biexponential function. Furosemide-treated 

group showed higher PAH plasma levels, a lower systemic clearance and elimination rate 

constant from the peripheral compartment, indicating that PAH renal elimination was 

decreased. PAH levels in renal tissue were significantly elevated and in urine appeared to 

be significantly lower as compared with control animals.  

Conclusions Furosemide pretreatment caused a significant decrease of PAH renal 

elimination, despite Oat1 and Mrp2 augmented renal expression.  

The goal of the present study is the addition of important information in the wide gap of 

knowledge that exists about drug-drug interactions. Due to furosemide worldwide use, the 

data obtained are interesting and useful in terms of translation to clinical practice. 
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INTRODUCTION 

In clinical practice, diuretics are widely used in hypertension treatments and other disorders 

that are characterized by an excess of extracellular fluid, such as the nephrotic syndrome, 

chronic kidney disease, cirrhosis and heart failure.
1,2

 Loop diuretics such as furosemide, are 

the most efficient of all diuretics and are highly used and commercialized in many 

countries. Furosemide inhibits the sodium-potassium-chloride (Na
+
-K

+
-2Cl

-
) co-transporter 

located in the apical membrane of tubular cells in the thick ascending limb in the kidney. 
1,3

  

  Furosemide bounds to plasmatic proteins and is not filtrated by the glomeruli in a large 

proportion. Therefore, as many other diuretics, needs to be secreted by proximal tubular 

cells in order to reach its site of action.
2
 Furosemide is a weak organic acid, and hence it is 

secreted by the renal organic anion secretory pathway. The first step in this vectorial 

transport process is the uptake of furosemide from blood into the cell, which is mainly 

mediated by the organic anion transporter 1 (Oat1). On that subject, Bartel et al.
4
 reported 

that both thiazides and loop diuretics inhibit in vitro tubular uptake of p-aminohippurate 

(PAH, the model organic anion for experimental protocols) in proximal tubule of rabbit 

kidney. Moreover, Uwai et al.
5
 described in Oat1-expressing Xenopus laevis oocytes, that 

PAH uptake by this transporter was inhibited in the presence of these two types of diuretics. 

The second step of this vectorial transport is the efflux of furosemide from the cell into the 

tubular lumen. Furosemide is primarily eliminated by the kidneys as an unchanged drug but 

its metabolic clearance via glucuronidation is also remarkable in the kidneys.
6.7

 It has been 

suggested that furosemide efflux from the cell is mainly mediated by the multidrug 

resistance protein 2 (Mrp2).
7
 Bakos et al.

7
 using Mrp2-expressing Spodoptera frugiperda 

ovarian cells demonstrated that Mrp2 is responsible for the active secretion of furosemide 

and other widely used therapeutic drugs. 
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  Oat1 (SLC22A6) is expressed basolaterally in renal proximal tubule and in the choroid 

plexus. This protein transports a variety of endogenous substrates, such as cyclic 

nucleotides and urate, products of biotransformation, as well as β-lactam antibiotics, non-

steroidal antiinflamatory drugs (NSAIDs), antiviral drugs, and other compounds of 

pharmacological relevance.
8,9

 

  Mrp2 (ABCC2) is expressed apically in renal proximal tubule and enterocytes, and in the 

canalicular membrane of hepatocytes. It is involved in the transport of pravastatin, 

methotrexate, probenecid, indomethacin, doxorubicin, mycophenolic acid and a wide 

variety of potentially toxic endo- and xenobiotics in the form of amphiphilic anionic 

conjugates.
8
 

  Organic anion tubular secretion is saturable, due to protein transporters are involved in 

this process, and the administration of different drugs simultaneously can lead to the 

possibility of clinical drug-drug interactions.
8
 Furthermore, alterations in the expression 

levels of organic anion transporters may have clinical relevance in the elimination of 

several therapeutic drugs that exist as organic anion compounds at physiological pH that 

are administered concomitantly with furosemide.
8,9

 

  So, modulations in basolateral and apical transporters expression and their transport 

activity through transcriptional and post-translational mechanisms might alter individual 

pharmacokinetics and drug efficacy.
8,9

 In previous studies, different authors have 

demonstrated that the continuous administration of furosemide modulates the renal 

expression of organic anion transporters in rats.
10,11 

 

  Both Oat1 and Mrp2 mediate the renal transport of PAH, which is a suitable marker of the 

renal organic anions secretory pathway. This prototypic organic anion commonly employed 

in experimental studies undergoes important renal secretion, is scarcely protein bound and 
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its metabolization is negligible.
12

 The basolateral uptake of PAH is mainly mediated by 

Oat1 as previously reported by Eraly et al.
13

 using Oat1 knock out mouse model. On the 

other hand, Mrp2 has been described as one of PAH transporter in apical membranes from 

renal proximal tubule cells.
14,15

 

  In order to foresee possible pharmacokinetic interactions in patients who use furosemide 

and other anionic drugs at the same time, the aim of this study was to simultaneously 

evaluate the effects of furosemide pretreatment on Oat1 and Mrp2 renal expressions, on 

PAH pharmacokinetics and on PAH levels in both kidney and urine in rats. 

 

MATERIALS AND METHODS 

 

Experimental animals 

Adult male Wistar rats (aged 110–130 days) were used throughout the study. Animals were 

cared for in accordance with the principles and guidelines for the care and use of laboratory 

animals, recommended by the National Academy of Sciences and published by the 

National Institute of Health 
16

 and recommended by regulations of the local ethics 

committee. All experimental procedures were approved by the Faculty of Biochemical and 

Pharmaceutical Sciences Institutional Animal Care and Use Committee (Res. N°484/2015).  

 

Experimental protocols 

The animals were randomly divided into two experimental groups: Control group 

(Control): rats were treated with furosemide vehicle (600 µL saline/100 g body weight 

(b.w.)/day, subcutaneously (s.c) for 4 consecutive days; Furosemide group (Treated): rats 

were treated with furosemide (6 mg/100 g b.w./day, s.c) as previously described, 
10,11

 for 4 
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consecutive days. All animals were provided with two separate bottles of drinking water, 

one containing 0.8% NaCl and 0.1% KCl, and the other containing tap water. On the 4
th

 

day, the animals were transferred to metabolic cages for urine collection for the next 18 h, 

without food to improve urine sample quality as described by Pinches et al.
17

 The urinary 

volume (VU) was determined gravimetrically and was expressed as µL/min/100 g b.w. On 

the 5
th

 day, all the animals were anesthetized with sodium thiopental (70 mg/kg b.w., i.p.) 

for pharmacokinetic studies (see below). One set of experimental animals was used for 

biochemical/physiological parameters evaluation and for kidney plasma membranes 

preparation (Western blotting studies). Another set of experimental animals was employed 

for pharmacokinetic studies and PAH levels determinations. 

 

Biochemical determinations 

On the day of the experiments, blood samples were obtained by cardiac puncture and blood 

plasma was separated by centrifugation (1,000 g for 10 min). Urine samples were 

centrifuged at 1,000 g for 10 min to remove cell debris. The plasma samples were used for 

the determination of creatinine [Cr]p and furosemide levels. The urine samples were used 

for the determination of creatinine concentrations [Cr]u. Creatinine levels were determined 

employing a commercial kit (Wiener Laboratory, Rosario, Argentina). Creatinine clearance 

ClCr was calculated employing the conventional formula: [Cr]u × VU /[Cr]p. Furosemide 

levels were measured using the method described by Bratton-Marshall.
18.

 

 

Pharmacokinetic studies 

On the 5
th

 day, animals were anesthetized and a single bolus of PAH (3 mg/100 g b.w., 

aqueous solution, i.v.) was administered through a femoral venous catheter. Blood samples 
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from femoral artery were collected at 0, 15, 30, 45 seconds and 1, 2, 5, 15 and 25 minutes 

after administration of PAH solution. At the end of the experiments, spot urine for PAH 

analysis was obtained by bladder pressure and kidneys were removed surgically. The 

animals were euthanized with anesthetic overdose. Blood and urine samples were 

centrifuged (1,000 g, 10 min) and stored at –20 °C until analysis. Concentration of PAH in 

plasma, urine and renal tissue was measured using the method described by Waugh and 

Beall.
19 

Kinetic model for the elimination of PAH: 

The plasma concentration versus time curves for PAH for each individual animal were 

fitted with the PKCALC computer program.
20

 The choice of the best fit was based on the 

determination of coefficient values (R
2
) and F test.

20,21
 All fits had R

2
 values > 0.9.  

Kinetic analysis was done considering a model of two open compartments, because the 

data fitted as described above were in agreement with this model. PAH concentration 

decreases in the central compartment following a biexponential function. So, the following 

equation was used to describe the biexponential concentration–time curves: 

Cp = Ae
−αt

 + Be
−βt 

where Cp is PAH plasma concentration (mg/mL) at time t (seconds or min) after its 

administration; constants α and β represent the disappearance rates for the distribution and 

elimination components, respectively, and the slopes of each of the adjusted curves give 

their values. A and B represent the initial concentrations of the distribution and elimination 

components, respectively, extrapolated from the y-axis intercept.  

  Previous kinetic analyses for the elimination of PAH were done in our laboratory using 

the classical two compartments model. 
22,23,24

 This model assumes that drug elimination 

occurs from the central compartment because the major sites of drug elimination (renal 
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excretion and hepatic drug metabolism) occur in organs, such as the kidney and liver, 

which are highly perfused with blood. In the present work, we applied the mathematical 

model originally reported by Richards et al.
25

 for describing bromosulphthalein 

pharmacokinetics (an organic anion mainly excreted by the liver). As PAH is an organic 

anion mainly excreted by the kidneys, it was assumed that kidneys represent the peripheral 

compartment and consequently drug elimination takes place from the peripheral 

compartment. To our knowledge, this is the first time that this mathematical model is given 

to account for the temporal distribution of PAH in blood, kidney and urine, assuming there 

is no extra-renal loss of this organic anion.  

  The estimated parameters (α, β, A, B) were used to solve the first-order rate 

microconstants (k12, k21, k20) with classical equations described by Richards et al.
26

. 

Derived parameters: area under the concentration-time curve (AUC), total volume of 

distribution (VdT), volume of the central compartment (VdC), volume of the peripheral 

compartment (VdP), steady-state volume of distribution (Vdss), systemic clearance (Cls) and 

elimination half-life (t1/2) were calculated according to standard procedures for 

compartmental analysis. 

 

Preparation of renal homogenates for PAH determination 

The kidneys were removed, decapsulated, cleaned in cold saline, dried and weighed. The 

renal tissue was minced and homogenized in 30 g/100 mL of ice-cold 250 mM sucrose, 10 

mM HEPES-Tris HCl buffer (pH 7.40) and 1 mM PMSF for 5 min at top speed in a Glas-

Col homogenizer.
13

 From this preparation, we obtained total renal homogenates, and 

aliquots were taken and stored at −80 °C until use. 
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Preparation of renal plasma membranes for immunoblotting 

Renal plasma membranes were obtained according to the method described by Jensen and 

Berndt 
26

 as previously reported by us.
11

 Aliquots of the membranes were stored 

immediately at −80 °C for 2 weeks. Each preparation represented renal tissues from four 

animals. Protein quantification of samples was performed using the method of Sedmak and 

Grossberg.
27

 

 

Electrophoresis and immunoblotting 

Immunoblotting and densitometry for Oat1 and Mrp2 was carried out in renal plasma 

membranes samples as previously described 
11,23,24

 using a commercial rabbit polyclonal 

antibody against rat Oat1 or with a commercial mouse polyclonal antibody against rat 

Mrp2. Blots were processed for detection using a commercial kit (ECL Plus Western 

Blotting Detection Reagents; Amersham, Buckinghamshire, UK). A densitometry 

quantification of the Western blotting signal intensity of membranes was performed using 

the Gel-Pro Analyzer software (Media Cybernetics, Silver Spring, MD, USA). To verify 

equal protein loading and transfer between lanes, Ponceau Red was used as previously 

described.
11,23,24.

 

 

Materials 

Chemicals were purchased from Sigma (St. Louis, MO, USA) and were analytical grade 

pure. The polyclonal antibody against Oat1 for Western blotting studies was purchased 

from Alpha Diagnostic International (San Antonio, TX., USA) and the polyclonal antibody 

against Mrp2 from Abcam (Cambridge, MA, USA). Furosemide was purchased from 

Sanofi Aventis Laboratory (Argentina). 
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Statistical analysis  

Statistical differences between groups were evaluated using the unpaired Student´s t-test. 

When variances were not homogeneous, a Welch´s correction was employed. p values of 

less than 0.05 were considered statistically significant. The values are expressed as the 

means ± standard error (SEM). For these analyses, GraphPad (CA, USA) software was 

used. 

 

RESULTS 

Table I shows a significantly increase of kidney weight and kidney/body weight ratio in 

Treated animals. Body weight significantly decreased in furosemide-treated animals in 

comparison with the control group. No modifications were observed in creatinine 

clearance.  

  Oat1 and Mrp2 abundance in renal plasma membranes (Fig. 1) were both increased, after 

the treatment with furosemide.  

  The pharmacokinetic studies revealed that PAH concentration decreased in the central 

compartment following a biexponential function (Fig. 2A).  

  Animals which received furosemide showed a significantly higher area under the curve 

and therefore a significantly lower systemic clearance for PAH (Fig. 2B) than Control 

animals. No difference was observed in , which represents the distribution from the 

central compartment (Table II). However, animals treated with furosemide showed a lower 

β compared to Control group, which is an equilibrium constant reflecting the dynamics 

between k21 and k20. In addition, the elimination rate constant from the peripheral 
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compartment (k20) was significantly lower in Treated group than Control group, indicating 

an important decrease in this organic anion elimination phase. Total volumes of distribution 

were not significantly different between groups. A statistically significant decrease was 

observed in the volume of the central compartment in furosemide-treated animals.  

  Furosemide plasma levels were measured in order to determine whether the plasma 

concentration of furosemide may interfere with the excretion of PAH. Plasma furosemide 

was not detected in both experimental groups. 

  Net accumulation of PAH in total homogenates of renal tissue was greater in furosemide-

treated animals than Control ones (Fig. 3A). Results were expressed as percentage of the 

administered dose of PAH. On the other hand, a statistically significant decrease was 

observed in the quantity of PAH excreted in urine of Treated group (Fig. 3B). 

 

DISCUSSION 

Renal organic anion transporters are implicated in the pharmacological responses to drugs 

such as diuretics, and in drug-drug interactions. This is a topic of clinical significance 

(therapeutic or toxic) Probenecid is a well known inhibitor of renal secretion of other 

diverse anionic drugs, with the consequent decreasing in drugs excretion.
12

 The interaction 

between methotrexate and NSAIDs has been informed with severe adverse effects after 

chemotherapeutic treatment. In addition to the direct interaction of drugs with drug carriers, 

indirect regulation of transporter proteins could be involved in kidney-specific drug 

interaction.
12

 Compounds including drugs, xenobiotics, and endogenous factors, which 

regulate the expression levels of drug transporters, could influence renal handling of 

therapeutic drugs being secreted or reabsorbed in the kidney.
8,12 
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  The frequency of possible drugs interactions increases with the number of simultaneously 

prescript drugs, and these interactions can produce severe adverse events resulting in harm 

to the patients.
8,12

 Studies of the role of organic anion transporters in drug-drug interaction 

have been recently initiated, and in the future, the data obtained could be employed for 

establishing adequate medication for individual patients. 

  Furosemide is a loop diuretic that is administered along with different drugs in order to 

regularize hemodynamic function. Oat1 and Mrp2 are two of the main organic anion 

transporters involved in furosemide tubular secretion 
4-7

. In the present work, we observed 

that furosemide pretreatment increases the protein expression of Oat1 and Mrp2 in a 61 % 

and 1167 %, respectively. In this connection, Kim et al. 
10

 have demonstrated that 

prolonged furosemide treatment induces a strong diuresis together with an increase in Oat1 

protein abundance in rat kidney. This effect resulted from the furosemide effect itself, since 

sucrose water loading, which raised urine volume, failed to increase Oat1 renal expression. 

Moreover, Hazelhoff et al.
11

 have recently described that a pretreatment with furosemide in 

rats, increases the uptake of mercuric ions forms into the tubular cells through Oat1 

enhanced renal expression and the highest expression of Mrp2 causes an increase in 

mercuric ions excretion into the tubular lumen thus reducing tubular toxicity due to a 

decrease in the renal accumulation of mercury. 

  The Oat1 and Mrp2 up-regulation by long-term administration of diuretics might develop 

a quicken delivery of active drug to its pharmacological site of action and also to an 

accelerated renal elimination of different Oat1 and Mrp2 substrates, which will impact in 

the pharmacokinetics of numerous frequently used therapeutic anionic drugs. The prototype 

substrate, PAH, has been traditionally used to characterize the organic anion transporting 

mechanisms. In this work we evaluated if PAH pharmacokinetics in rats was altered by 
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furosemide (another organic anion) pretreatment. Furosemide-treated group showed 

significant higher PAH plasma levels accompanied by a largest area under the curve, a 

lower systemic clearance and a minor elimination rate constant from the peripheral 

compartment (k20), indicating that PAH renal elimination was decreased.  

  PAH accumulation was also assessed in renal tissue and urine. PAH levels in renal tissue 

were significantly elevated in animals which received furosemide which might be 

accounted by Oat1 augmented renal expression. On the other hand and consistently with 

PAH pharmacokinetic parameters described in this work, PAH levels in urine appeared to 

be significantly lower in furosemide pretreated animals. Taken this together, it would be 

possible that PAH apical efflux would be impaired, avoiding its urinary excretion and 

allowing a higher PAH renal tissue accumulation than it was expected from its higher renal 

inflow mediated by the up-regulation of Oat1 expression. PAH is transported principally by 

Oat1 in basolateral membranes of proximal tubular cells. After entering the tubular cell, 80 

% of PAH is excreted into urine in the intact form and 20 % as an acetylated metabolite 

(transformed to acetylated PAH in the renal cells).
28

 Although PAH uptake by basolateral 

transporters from blood into the cell has been well characterized, little is known about the 

apical urinary PAH efflux transporters. In this connection, it has been described that PAH 

could be excreted into the urine by the Mrp2,
14,15

 Mrp4,
29

 and BSP/bilirubin binding 

protein, BBBP.
30

 In this current work, Mrp2 renal expression was increased the 5
th

 day after 

furosemide pretreatment. Nevertheless, PAH urinary elimination was decreased. The 

present data suggest that Mrp2 has not an important role in PAH efflux in vivo, as it was 

previously demonstrated by Smeets et al.
28

 These authors showed that PAH excretion in 

Mrp2-deficient (TR
-
) rat kidney was not different from wild-type. On the contrary, 

mercuric ion urinary excretion in Mrp2-deficient (TR
-
) rat kidney was significantly lower, 
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indicating that Mrp2 plays a role in the physiological handling and renal elimination of 

mercuric ions, consistently with the results recently described by Hazelhoff et al.
11,31

 

  Nevertheless, it cannot be discarded that accumulated PAH into proximal tubular renal 

cell (at a high cell concentration accounted by the increased Oat1 expression), could inhibit 

its own renal efflux by interacting with a secondary binding site that allosterically 

modulates the apical transporters of this organic anion. In this connection, Zelcer et al.
32

 

proposed that the ATP binding cassette family of transporters has two ligand binding sites 

which are similar but non identical: one of them from which substrate are transported called 

S site, and a second one named M site which has the capacity to modulate transport. If a 

modulator binds to the M site, it induces a structural change that in consequence results in a 

differential fit of the substrate at the S site. 

  Beyond the cause that makes PAH accumulation in renal tubular cells in furosemide 

pretreated rats, the results obtained in this work could be of great relevance because of 

furosemide treatment might be producing significant alterations in the pharmacokinetics of 

different drugs that exist as anionic species at physiological pH, decreasing its clearance 

and increasing its renal accumulation. Nowadays, many patients all around the world are 

polymedicated. Many of them consumes furosemide, together with other anionic drugs, and 

therefore particular caution should be taken especially if the latter are also eliminated by 

renal excretion, and even more, if these drugs are nephrotoxic, because of its possible renal 

accumulation. Hence, it is of major importance to evaluate substrates interaction with these 

renal transporters for a better understanding of the cellular pharmacological and 

toxicological mechanisms of a wide variety of compounds, as well as for the proper 

planning and adjustment of pharmacotherapy.  
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  The goal of the present study is the addition of important information in the wide gap of 

knowledge that exists about drug interactions. The data obtained in this work, acquire more 

relevance if we take into account that furosemide is a therapeutic drug frequently 

prescribed. 

 

CONCLUSIONS  

Furosemide pretreatment causes a decrease of PAH renal elimination in rats in spite of the 

increased expression levels of Oat1 and Mrp2. PAH accumulation in kidney tissue was also 

observed. Due to furosemide worldwide use, these results have high pharmacological and 

toxicological relevancies since the treatment with this diuretic might generate significant 

alterations in the pharmacokinetics of different organic anion drugs and might produce their 

renal accumulation. The data obtained are interesting and useful in terms of their potential 

translation from bench to bedside. 
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LEGENDS TO FIGURES 

Figure 1. Western blotting for Oat1 (A) and Mrp2 (B) in renal plasma membranes from 

control (n = 6) and furosemide-treated (n = 6) rats. The abundance of Oat1 in the samples 

from the experimental animals was calculated as percentage of the mean control value for 

that gel. The mean of the control value was set as 100 %. Results are expressed as the mean 

± SEM. * p < 0.05.  

 

Figure 2. Mean plasma concentration–time profiles of p-aminohippurate after a single dose 

(30 mg/kg b.w., i.v.) in control (n = 8, filled circles) and furosemide-treated (n = 7, open 

circles) rats (A). A comparison of the mean plasma concentration between groups at each 

time-point was performed. A Student´s t-test showed significant results in the range 0,5-25 

minutes. Systemic clearance of p-aminohippurate in control and furosemide-treated rats 

(B). Results are expressed as the mean ± SEM. * p < 0,05 vs. control group. 

 

Figure 3. p-aminohippurate levels in renal tissue (PAHr) (A) and amount of PAH in urine 

excreted during 25 min following a single dose of PAH (30 mg/kg b.w., i.v.) (B), in control 

(n = 8) and in furosemide-treated rats (n = 7). Results are expressed as the mean ± SEM. * 

p < 0.05. 
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Control rats  

(n = 6)  
Treated rats                             

              (n = 6) 

Cl
Cr

 (mL/min per 100 g b.w.)  0,52 ± 0,09  0,43 ± 0,04  

Body weight
 O 

(g)  373,2 ± 3,7  374,7  ± 3,5  

Body weight
 
(g)  358,5 ± 4,6  342, 5 ± 4,8*  

Kidney weight (g)  2,32 ± 0,03  2,69 ± 0,05*  

Kidney weight/body weight (×10
-3

) 6,47 ± 0,01  7,85 ± 0,14 *  

    

 

 

 

 

Body weight O = Initial body weight at time 0, just before the injection of 

vehicle (control rats) or furosemide (treated animals).  

Body weight = Body weight of the day of the experiments  

Results are expressed as means values ± SEM * p < 0.05. 

Table I Creatinine clearance, body weight, kidney weight and kidney 

weight/body weight ratio from control and furosemide treated rats.  
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Parameters (units)  
Control rats 

(n = 8)  

Treated rats  

           (n = 7) 

AUC (mg/min per mL)  1,46 ± 0,23 4,08 ± 0,83*  

Cls (mL/min per 100g b.w.)  2,34 ± 0,27 1,02 ± 0,26*  

A (mg/mL)  0,30 ± 0,04 0,40 ± 0,03  

B (mg/mL)  0,06 ± 0,01 0,09 ± 0,01*  

α (min
-1

)  1,01 ± 0,12 1,18 ± 0,13  

β (min
-1

)  0,05 ± 0,01 0,03 ± 0,01*  

k20 (min
-1

)  0,06 ± 0,01 0,04 ± 0,01*  

k12 (min
-1

)  0,86 ± 0,11 0,98 ± 0,11  

k21 (min
-1

)  0,15 ± 0,02 0,19 ± 0,03  

t1/2 (β) (min)  14,64 ± 1,91 28,83 ± 5,67*  

VdT (mL per 100g b.w.)  46,06 ± 5,99 31,94 ± 1,98  

VdC (mL per 100g b.w.)  9,21 ± 1,03 6,29 ± 0,39*  

VdP (mL per 100g b.w.)  36,86 ± 5,81 25,64 ± 1,99  

Vdss (mL per 100g b.w.)  34,65 ± 3,15 27,79 ± 1,11  

Results are expressed as the mean ± SEM. *p ˂ 0.05.  

AUC=area under curve; Cls=systemic clearance; A and B=initial 

values of the distribution and elimination components, respectively; 

α and β=disappearance rates for the distribution and elimination rate 

constants, respectively; k20=elimination rate constant from the tissue 

compartment; k12 and k21=first-order rate microconstants of transfer 

from the central to the tissue compartments; t1/2(β)=elimination 

half-life; VdT=total volume of distribution; VdC=volume of the 

central compartment; VdP=volume of the peripheral compartment; 

Vdss=steady-state volume of distribution 

Table II Pharmacokinetic parameters of p-aminohippurate after a 

single dose (30 mg/kg b.w., i.v.) in control and furosemide-treated 

rats. 
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