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In-vivo Clearance Study of Vancomycin in Rats
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Abstract

The renal handling of vancomycin in rats and the effects of various drugs (probenecid, cimetidine and
quinidine) on urinary excretion of the antibiotic were investigated by in-vivo clearance.

The vancomycin-to-inulin excretion ratio (ER) was greater than unity at various infusion rates of
vancomycin. Quinidine, co-administered with vancomycin, significantly decreased the total, renal and net
secretory clearance of the antibiotic. Cimetidine also decreased, though not significantly, the secretory
clearance of vancomycin by about 20%, but probenecid did not.

These results suggested that vancomycin is secreted in renal tubules in rats, and that quinidine decreases the
total clearance of vancomycin partly by inhibiting its tubular secretion in the kidney.

Vancomycin hydrochloride, a glycopeptide antibiotic, is fre-
quently used to treat infections with methicillin-resistant sta-
phylococci (Cook & Farrar 1978). Vancomycin however, may
be ototoxic and nephrotoxic at high plasma concentrations
(Cook & Farrar 1978). Therefore, to use vancomycin safely
and effectively, monitoring of the drug concentration in plasma
is often recommended for the appropriate adjustment of dose,
dosage interval, or both.

Vancomycin is eliminated mainly by the kidney (Lee et al
1956-1957). However, the renal handling of vancomycin is
still controversial and is not fully understood. Some investi-
gators suggest that vancomycin is excreted by glomerular fil-
tration, whereas others support the involvement of renal
tubular secretion (Nielsen et al 1975; Nivoche et al 1982;
Golper et al 1988; Rodvold et al 1988; Rybak et al 1990). In
addition, there is little information concerning the mechanisms
underlying tubular secretion of vancomycin in the kidney, if it
occurs.

In the present study, we first examined the renal handling of
vancomycin, specifically its tubular secretion, by in-vivo
clearance technique in rats. The results suggested that vanco-
mycin was secreted in renal tubules. We next studied the
effects of various ionic drugs (probenecid, cimetidine and
quinidine) on the renal handling of vancomycin to clarify the
mechanism of its tubular secretion. The renal secretion of
vancomycin was inhibited by quinidine, suggesting the possi-
ble involvement of the organic cation transport system.

Materials and Methods

Materials
Vancomycin hydrochloride was provided by Shionogi (Osaka,
Japan). Probenecid was purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Quinidine sulphate, cimetidine and
inulin were purchased from Nacalai Tesque (Kyoto, Japan).
All other chemicals were of the highest purity available.
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In-vivo clearance study

The investigations were performed on male Wistar albino rats
(200250 g) by in-vivo clearance (Kamiya et al 1983; Kikkoji
et al 1988). The animals were anaesthetized with pentobarbital
administered by an intraperitoneal injection (50 mg kg™ .
When necessary, additional pentobarbital was administered to
keep the animals anaesthetized throughout the experiments.
Two catheters were inserted into the left femoral artery and the
right femoral vein for blood sampling and for infusing drugs,
respectively. Urine was collected from urinary bladder cathe-
terized after a suprapubic incision. Vancomycin was admi-
nistered alone or with probenecid, cimetidine or quinidine. The
loading dose of vancomycin (0-1-4-0 mg) required to give a
plasma concentration of drug equal to that at steady state was
administered with inulin (10 mg) and mannitol (40 mg)
through the femoral vein. The loading dose remaining in the
catheter was forced in with saline. Thereafter, a continuous
infusion of vancomycin (0-1-4-0 mg h™') was started con-
comitantly with inulin (20 mgh~') and mannitol
(100 mg h~") at 2.2 mL h~! over a period of 1 h for equili-
bration. Mannitol was administered to maintain a sufficient and
constant urine flow rate. Vancomycin was co-administered as
follows. The dosages of probenecid (2-6 mg) and cimetidine
(4-8 mg) were co-injected intravenously with the loading dose
of vancomycin (2-0 mg). The loading dose of quinidine was
omitted because of its acute circulatory effect. Thereafter,
probenecid (9-7 mg h™'), cimetidine (48 mg h™") or quini-
dine (8-5 mg h™') was infused simultaneously with vanco-
mycin (2-0 mg h™') at 2.2 mL h™'. After a 1-h infusion for
equilibration, three consecutive 20-min clearance studies
(periods 1-3) were performed. All blood samples for the
antibiotic and inulin assays were collected at the midpoint of
each experimental period, and centrifuged for plasma sam-
pling. Urine samples obtained during the three periods were
diluted 1:100 with saline. After the experiments, the rats were
killed under anaesthesia to obtain plasma samples. Plasma and
urine samples were stored at —20°C until analysis.

Analytical methods
Samples were assayed within 3 days from the time of collec-
tion. The concentrations of vancomycin in plasma and urine
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were determined by high-performance liquid chromatography
(HPLC). A high-performance liquid chromatograph LC-3A
(Shimadzu, Kyoto, Japan) was equipped with a variable
wavelength UV detector SPD-6A (Shimadzu) adjusted at
235 nm and an analytical C,3 reverse-phase column (Chem-
cosorb 5-ODS-H, 15 cm x 4.6 mm, Chemco Co., Osaka,
Japan). The mobile phase consisted of 0-05 M sodium phos-
phate buffer (pH 5-5): acetonitrile =93:7. The flow rate was
1.0 mL min~" and the column temperature was maintained at
40°C. The concentration of vancomycin was calculated by
measurement of peak height using a calibration curve. Samples
(0-2 mL) were deproteinized by adding 0-3 mL of an acetone-
10% trichloroacetic acid (1:2) mixture. The mixture was vortex
mixed and centrifuged for 2 min at 13 000 rev min~" in an
Eppendorf centrifuge. To a 0-25-mL volume of the super-
natant, 0-25 mL of 0-05 M phosphate buffer (pH 3-0) and
1.0 mL of ether were added. The mixture was vortex mixed for
10 s and then centrifuged for 1 min. The upper ether layer was
aspirated and discarded. After remaining ether was removed,
the water layer was passed through a 0-45-um filter and 50 uL
of the filtrate was injected into the column to assay vanco-
mycin. Inulin concentrations in plasma and urine were ana-
lyzed by spectrophotometric assay with a modification of the
method of Dische & Borenfreund (1951). The protein binding
of vancomycin was determined by ultrafiltration of a plasma
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FIG. 1. Plasma concentration (C,) of vancomycin and glomerular

filtration rate (GFR) during the experimental periods. The plasma
and urine samples were collected as described in the Materials and
Methods. Infusion rate of vancomycin was 0.1 (O), 0.5 (@), 2.0 (A) or
4.0 (A)mg h™', Period I: 60-80 min; period 2: 80—100 min; period 3:
100-120 min after starting vancomycin infusion.

sample with a micropartition system (MPS-1; Amicon Corp.,
Beverly, MA, USA). The free fraction (f,) of vancomycin wag
expressed as the ratio of the vancomycin concentration in the
ultrafiltrate to that in plasma.

Data analysis

Pharmacokinetic parameters were calculated based on standard
procedures for each experimental period. The total body van-
comycin clearance (CL,) was calculated as the infusion rate
divided by the steady-state plasma concentration (C.). The
renal clearance (CL,) was obtained as the urinary excretion rate
(UV) divided by the C,.. The renal clearance of unbound
vancomycin (CL,¢) were determined by dividing CL, by f,.
The excretion ratio of vancomycin-to-inulin (ER) was esti-
mated as CL, ¢ divided by the glomerular filtration rate (GFR;
assumed equal to the CL, of inulin). The net renal secretory
clearance of unbound vancomycin (CL) was calculated by
subtracting GFR from CL, ;. In each experiment, the clearance
of vancomycin and inulin was estimated as the mean of the
three experimental periods.

Statistical analysis

Each experiment was performed with more than four rats. Data
are expressed as meansks.e.m. of separate experiments.
Statistical comparisons were completed by the appropriate
analysis of variance model and Scheffé’s test for multiple
comparisons provided that the variances of groups were
similar. If not, a Scheffé-type test following Kruskal-Wallis
analysis was applied. P values of less than 0-05 (two-tailed)
were considered to be significantly different.

Results

As shown in Fig.1, we confirmed that the plasma concentration
of vancomycin was in a steady state and that glomerular fil-
tration rate (GFR) was fairly constant during the three
experimental periods. Table 1 shows the pharmacokinetic
parameters obtained from the clearance studies at various
infusion rates of vancomycin (0-1-4-0 mg h™ h. Cpss increased
proportionally with increasing infusion rates and therefore the
total clearance of vancomycin remained fairly constant over
these rates. CL, and CL, ¢ were not changed significantly in all
experimental groups and the CL, was more than 90% of the
CL, of vancomycin. CL,, the calculated net renal secretory
clearance, was 1.2-1.3 mL min™".

Table 2 summarizes the effect of various drugs on the renal
handling of vancomycin at an infusion rate of 2-0 mg h™'. In
these experiments, the test compounds were probenecid (an
anionic drug), cimetidine and quinidine (cationic drugs). In the
group co-administered probenecid, there were no significant
differences in the kinetic parameters of vancomycin compared
with those in the control. When cimetidine was co-adminis-
tered, there was no significant difference, although C,, tended
to increase and CL,, CL,, CL, ¢ and CL, tended to decrease. On
the other hand, in the presence of quinidine, C,, increased and
CL,, CL,, CL,, GFR and CL, decreased significantly. ER also
decreased, though not significantly.
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fe 1. Urinary excretion of vancomycin during the constant intravenous infusion of vancomycin.

Tab

ion rate Cpss uv CL CL CL,¢ GFR ER CL,
::lf;s}llo—nl (ypé mL™h (ug min~") (mf, min ') (m]: min~") (mIr, min~ 1) (mL min~") (mL min~")
ol 1-18+0:11 1.58+0-18 1.54+0-14 1.33+0:06 3.25+033 1.95+0-14 1.67+£0-12 1.33+0-29
05 426+ 0-20 8-33+£0-39 2:09+0-09 1.98 £0-11 3.70+023 2:51+0-10 1-47 £0-06 1-19£0-16
2.0 22-8+1:26 31.4£1.96 1.57+0-10 1-39+£0-07 3241016 1-98 £0-09 1.65 +0-08 1.26£0-13
2.0 440+ 3-08 68-2+3.48 1-62+0-11 1-56 £ 0-05 3-25+0-10 2:10£0-09 1-56 £ 0-04 116 +0-06

Each value represents the meantsem;n=35,7, 8 and 5 for vancomycin infusion rates of 0-1, 0-5, 2-0 and 4.0 mg ht, respectively.

Table 2. Effect of the co-administration of various drugs on the urinary excretion of vancomycin.

Cpss uv CL, CL, CL. ¢ GFR ER CL,

(ug mL™") (ug min~") (mMLmin"") (ML min"") (mLmin~") (mL min~ ) (mL min™")
Control 21.9+1-35 31.54+2.84 1.631+0-10 1.45+0-14 3-12+0-29 1.91 +0-14 1-62+0-04 121 +£0-16
Probenecid 21.8+1-61 27-9+1.97 1.64+0-12 130+ 0-13 314 £ 0-46 1-69+£0-15 1-84+0-16 1-45+0-35
Cimetidine 26-1+1-57 30-3+2.48 1-36 +0-08 1119+ 0-16 2-724+0-32 1.77+£0-25 1-56 £0-05 0-96 +0-09
Quinidine 34.14+£3.80% 2251246 1.06+£0-10¢  0.-71+£0-13* 1.41+0-29* 1.04+0-19% 1.34+0.05 0-37+0-11*

Vancomycin was infused intravenously at 2-0 mg h~! without or with probenecid (9-7 mg h™"), cimetidine (48 mg h™') and quinidine
(85mgh”™ 1). Each value represents the mean +s.e.m.; n=6, 5, 4, and 4 for control, probenecid, cimetidine, and quinidine groups, respectively.

*P < 0-05, significantly different from the control value.

Discussion

Although vancomycin is widely used to treat infection with
methicillin-resistant staphylococci, its fundamental pharma-
cokinetics have not been fully elucidated. This report describes
the in-vivo effects of the changes in infusion rates and of
various drugs on the urinary excretion of vancomycin using a
rat model. The control of the latter studies was designed to
mimic the clinical situation by setting the steady-state plasma
concentration of vancomycin to about 20 ug mL ™ '

Net tubular secretion of vancomycin in rabbits (Nivoche et
al 1982) and in humans (Rodvold et al 1988; Rybak et al 1990)
has been suggested. On the other hand, there are some reports
indicating that vancomycin is renally excreted via glomerular
filtration (Nielsen et al 1975; Golper et al 1988). We calculated
the excretion ratio of vancomycin in rats using the plasma
concentration of free drug, and found that the excretion ratio of
vancomycin was greater than unity in all infusion rates
examined, indicating that this antibiotic is secreted by the renal
tubules in rats. The ER values obtained were 1-5-1-7, sug-
gesting that about 30—40% of vancomycin excreted in the urine
is due to tubular secretion. Our results also showed that
changes in the infusion rates had no effect on the net secretory
clearance of vancomycin. The value of CL; was nearly con-
stant over a wide range of plasma vancomycin concentrations,
suggesting that the putative vancomycin transport system may
not be saturated under these experimental conditions.

The renal secretion of vancomycin implies transport across
both the basolateral and brush-border membranes of renal
tubular epithelium. In the kidney, many ionic drugs are
excreted either by an organic anion transport system or by an
organic cation transport system in proximal tubular cells
(Pritchard & Miller 1993). Vancomycin has both carboxyl and
nitrogen groups in its chemical structure. Therefore, it is

interesting to test the effect of anionic (probenecid) and
cationic (cimetidine, quinidine) drugs on the renal handling of
vancomycin.

First, the effect of probenecid, a potent inhibitor of the renal
organic anion transport system, was examined. However,
probenecid did not affect the renal handling of vancomycin.
Therefore, the organic anion transport system may not be
involved in the renal secretion of vancomycin. We then studied
the effects of cimetidine and quinidine, which are organic
cations that can inhibit the renal organic cation transport sys-
tem (Prichard & Miller 1993; Katsura et al 1993; Gross &
Somogyi 1994). Quinidine significantly increased the Cpgs of
vancomycin and decreased the CL,, CL,, CL,f and CL,. ER
was also decreased, though not significantly, because CL, ¢ as
well as GFR decreased. The decreased renal clearance of
vancomycin (CL,, CL, ;) should be partly due to the decrease in
GFR. However, the decrease in CL; cannot be explained by the
decrease in GFR and it is likely that quinidine inhibited the
renal secretion of vancomycin. Cimetidine showed similar, but
weaker effects on the renal handling of vancomycin when
compared with those by quinidine, and the changes in kinetic
parameters were not significantly different.

Sokol (1991) has studied the transport mechanism of van-
comycin by using rabbit renal membrane vesicles. Though he
did not measure the transport of vancomycin itself, he showed
that it inhibited the uptake of tetracthylammonium by baso-
lateral membrane vesicles and that when preloaded in the
vesicles, vancomycin stimulated the uptake of tetra-
ethylammonium (trans-stimulation). Based on these results, the
author concluded that vancomycin is transported by the
organic cation transport system in rabbit renal basolateral
membrane. These findings and ours suggest that the secretion
of vancomycin in rat renal tubules is mediated by the organic
cation transport system.
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However, it is reported that both quinidine and cimetidine
are also substrates for P-glycoprotein (Tsuruo et al 1984; Pan
et al 1994). P-Glycoprotein is a membrane glycoprotein
encoded by the multidrug resistant gene, and is expressed not
only in multidrug-resistant tumour cells but also in normal
tissues including the kidney (Gottesman & Pastan 1993). In the
kidney, this glycoprotein is expressed in the brush-border
membrane of proximal tubular cells, and functions as a drug-
efflux pump with broad substrate specificity. In addition, the
substrate specificity of P-glycoprotein partly overlaps that of
the renal organic cation transport system (Dutt et al 1994).
Therefore, the inhibitory effect of quinidine and cimetidine on
the renal secretion of vancomycin should be carefully inter-
preted. Further studies are needed to clarify the mechanisms
involved in the tubular secretion of vancomycin in the kidney.

In summary, vancomycin is secreted in the rat kidney and
the net renal secretory clearance is fairly constant over a wide
range of the plasma concentrations of vancomycin. Further-
more, quinidine may inhibit the renal secretion of vancomycin,
resulting in decreased total clearance and increased plasma
concentration of the antibiotic. The present findings provide
useful information for further studies of the mechanisms
underlying the renal transport of vancomycin.
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