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Decreased distribution of gentamicin in rat kidney
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Summary

The effect of dextran sulfate on aminoglycoside concentration in rat renal cortex was studied. Dextran sulfate has one class
involving many binding sites for aminoglycosides. Gentamicin has a higher affinity for dextran sulfate than either amikacin or
dibekacin. A complex of dextran sulfate and gentamicin had no influence on the elimination of gentamicin from the blood, but
gentamicin concentration in the renal cortex showed a significant decrease. The binding of gentamicin to brush-border membrane
vesicles was inhibited non-competitively by dextran sulfate. Substantial amounts of administered dextran sulfate were found in the
urine, possibly indicating that dextran sulfate may inhibit the interaction between aminoglycoside and brush-border membranes at
the lumen of the renal proximal tubule. There is thus the possibility that dextran sulfate may effectively inhibit the distribution of
aminoglycosides on the reabsorption process and decrease the accumulation within the renal cortex.

Introduction

Aminoglycoside antibiotics (AGs) are widely
used to treat Gram-negative bacterial infectious
diseases. However, nephrotoxicity is one of serious
side-effects incurred by patients, and is strongly
related to the concentration of AGs within the
renal proximal tubular cells (Kaloyanides and
Pastoriza-Munoz, 1980). Many investigators con-
sider that AGs penetrate renal proximal tubular
cells through brush-border membranes (Silverblatt
and Kuehn, 1979; Wedeen et al., 1983; Aramaki
et al., 1986). Consequently, reduction in this dis-
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tribution may be an essential means for avoiding
the nephrotoxicity. Josepovitz et al. (1982) re-
ported that a decrease in the uptake of gentamicin
by rat renal cortex results from the coadministra-
tion of polycations, spermine and tetralysine. But
polyamines themselves are nephrotoxic.

AGs, polycationic drugs, have been reported to
bind easily with substances such as phosphati-
dylinositol (Feldman et al., 1982; Sastrasinh et al.,
1982), ATP (Inaba et al., 1986), and acidic muco-
polysaccharides (Deguchi et al., 1978; Aramaki et
al., 1987a) through ionic interactions between the
amino group(s) of AGs and the phosphate,
carboxyl or sulfate group(s) of binding substances.

In the present study, an investigation was made
of the effects of dextran sulfate (DS) on the distri-
bution of AGs in rat renal cortex in vivo.
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Materials and Methods

Materials

Dibekacin (DKB; Meiji Seika Co., Tokyo),
[’H]DKB (66 pCi/mg, Meiji Seika Co., Tokyo),
gentamicin sulfate (GM; Shionogi Pharmaceutical
Co., Osaka) and Amikacin sulfate (AMK, Banyu
Pharmaceutical Co., Tokyo) were used. Dextran
sulfate (DS; mean mol. wt. = 5000, S-content was
15%) was obtained from Sigma Chemical Co. (St.
Louis, MO). The GM-DS complex (molar ratio of
GM/DS =1:2) was prepared by incubation at
37°C for 15 min. N-2-Hydroxyethylpiperazine-
N’-2-ethanesulfonic acid (HEPES) was purchased
from Sigma Chemical Co. and other chemicals
were from Wako Pure Chemical Industries
(Osaka). Male Wistar rats (250-280 g) were
purchased from Shizuoka Agricultural Co.
(Shizuoka).

Binding studies

The binding of AGs to DS was studied by the
equilibrium dialysis method. DS was dissolved in
10 mM Tris-HCl buffer (pH 7.0) at a concentra-
tion of 200 ug,/ml. AGs were also dissolved in the
buffer at various concentrations. Equal volumes of
each of these solutions were dialyzed against the
buffer at 25° C for 24 h. The non-specific binding
of AGs to the dialysing equipment was negligible.
Analysis was performed using the program
MULTI (Yamaoka et al., 1981).

In vivo studies

Male Wistar rats were used for all the experi-
ments. Under light ether anesthesia, a polyethyl-
ene catheter (PE-50) filled with heparin was
secured to the femoral vein and artery followed by
placing the rat in a Bollmann cage. Following
complete recovery of the rat from anesthesia, i.v.
administration of GM (20 mg/kg) or GM-DS
(450 mg/kg, equivalent to 20 mg/kg of GM) was
conducted. Blood samples (0.2 ml) were withdrawn
from the femoral artery at the indicated times, and
urine samples were collected in the Bollmann cage
over 3 h. The rats were sacrificed by decapitation
at 3 h following the administrations and their
kidneys were removed. Pharmacokinetic parame-
ters were obtained using the program MULTI
(Yamaoka et al., 1981).

Binding of ['H]DKB to brush-border membrane
vesicles

Brush-border membrane (BBM) vesicles were
prepared from the renal cortex by the calcium
precipitation method (Malathi et al., 1979). Their
purity was determined by alkaline phosphatase, a
marker enzyme. Activity was enriched by about 9
times that of the renal cortical homogenate. Con-
tamination of the basolateral membranes was
negligible, since Na* K *-ATPase activity was very
low. Cytochrome ¢ oxidase, N-acetyl-B-D-gluco-
saminidase and glucose-6-phosphatase activity in
the BBM vesicles was also lower than that of the
homogenate. The membrane preparation was sus-
pended in 20 mM Tris-HEPES buffer (pH 7.0)
containing 250 mM mannitol.

The effects of DS on the [*HJDKB binding to
BBM vesicles were determined by the rapid filtra-
tion technique using a Millipore filter (type HA,
0.45 pm). One-hundred pl of the BBM suspension
(20-30 pg of protein) was mixed with 100 ul of 20
mM Tris-HEPES buffer (pH 7.0) containing 250
mM mannitol, 5 uM of [*H]DKB, and various
concentrations of DS. Following incubation at
37°C for 30 min, 2.0 ml of ice-cold buffer was
added and filtered through a Millipore filter under
light suction. The filter was washed twice with 2.0
ml of the ice-cold buffer and then dried. The BBM
vesicles remaining on the filter were dissolved in
1.0 ml of ethylene glycol monoethyl ether and
measured for radioactivity using a liquid scintilla-
tion counter (Aloka 903).

Analytical method

In the equilibrium dialysis experiment, AGs
concentrations were determined by HPLC (Anhalt
and Brown, 1978) using Licrosorb RP-18 or RP-8
column (5 pm, 250 X 4 mm, Merck). In the plasma,
urine and renal cortex, AGs concentrations were
determined by bioassay using the Bacillus subtilis
ATCC 6633 as the test organism. Extraction of
GM from rat kidney cortex was carried out by the
method of Ruben et al. (1984). Protein concentra-
tion was determined by the method of Lowry et
al. (1951). Alkaline phosphatase (Bessey et al.,
1946), Na*,K*-ATPase (Jorgensen, 1974), N-
acetyl-B-p-glucosaminidase (Niebes and Ponard,
1975), cytochrome ¢ oxidase (Wharton and



Tzagoloff, 1967), and glucose-6-phosphatase
(Aronson and Touster, 1974) activity was measured
by the reported methods.

Results

Binding of aminoglycosides to DS

The Scatchard plots in Fig. 1 of 3 kinds of AGs
are linear, indicating DS to have one class of
binding site for each AG. The AGs and DS bind-
ing parameters are given in Table 1. The highest
binding constant (K) was obtained for GM, but
the AGs had essentially the same number of bind-
ing sites. Since it had the highest affinity (n X K =
604) to DS, GM was used in in vivo experiments.

Concentration in plasma GM

Fig. 2 shows plasma concentrations of GM
following intravenous administrations of GM or
the GM-DS complex. In both cases, the elimina-
tion of GM is about the same, and GM was
eliminated from the plasma circulation bi-ex-
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Fig. 1. Scatchard plots of aminoglycosides binding to dextran
sulfate. Cf, the concentration of free GM; r, the ratio of GM
binding to DS. @, gentamicin; W, amikacin; &, Dibekacin.
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TABLE 1

Binding parameters of aminoglycosides binding to dextran sulfate

Aminoglycosides K(x10*M™ 1 n

Gentamicin 58.30 10.4
Amikacin 21.63 129
Dibekacin 447 10.7

ponentially. Pharmacokinetic parameters were
listed in Table 2. These results suggest that GM in
GM-DS complex may be subjected renal elimina-
tion as well as free GM, i.e. DS has no effect on
the elimination of GM from the blood.

Concentration in renal cortex and urinary excretion

Three hours after the administration of GM-DS
complex, the GM concentration in the renal cortex
(146.9 + 25.6 pg/g cortex) was significantly lower
than that of free GM administration (300.9 + 89.3,
Fig. 3A). The urinary excretion of GM during the
3 h after the administration of the GM-DS com-
plex was 6102.0 + 895.0 pg, and that of free GM
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Fig. 2. Plasma gentamicin level. Rats were injected

i.v. with gentamicin (20 mg/kg, O) or gentamicin—dextran

sulfate complex (®). Values shown represent mean =+S.D.
for 3 experiments.



196

i 0.02

5 (a) p <

by I l
.8 400 4
j=g}
(9]
-
& 300 _I:

& 4
S
et
2%
g 200 4
«© bp
S
fol 1]
[~
O~ 100 A

GM GM-DS

NS
g (B)
Rl
& 8000 1 I l
jou]
o
-~
. 6000 1
o'}
E4 T
£ 4000 |
o)
g
5 20004
=
Q
(]
GM GM-DS

Fig. 3. Renal cortical distribution (A) and urinal excretion (B) of gentamicin. Rats were injected i.v. with gentamicin (O) or
gentamicin—dextran sulfate complex (7). Values represent mean + S.D. for 3 experiments.

TABLE 2

Pharmacokinetic parameters of gentamicin and gentamicin—
dextran sulfate complex

Values shown represent the mean of 3 experiments 1 S.D.

Parameter GM GM-DS

A 201.0+29.3 3595+14.6 **
a 156+ 12 241+ 0.7 **
B 56.7+ 5.4 771+ 52*
B 08+ 0.1 1.0+ 02
AUC(pg-h/ml) 782+ 5.6 912+ 82
Clioar (ml/h) 6421 4.8 551+ 5.2
ty2 (7h 0.8+ 0.1 07+ 0.1

Statistical analysis was carried out by r-test. *; P < (.05, **;
P <0.01
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Fig. 4. Comparison of antibacterial activity of gentamicin and

gentamicin—dextran sulfate complex. The concentration of

gentamicin in gentamicin-dextran sulfate complex is equiv-

alent to that of gentamicin only. ®, gentamicin only;
O, gentamicin-dextran sulfate.
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Fig. 5. Effect of dextran sulfate on [>H]dibekacin binding to
BBM vesicles.
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Fig. 6. Double reciprocal plot of dibekacin binding to BBM
vesicles in the presence (@) and absence (O) of dextran sulfate.



was 4986.9 + 512.2. There is a difference in mean
values, but statistical significance could not be
obtained (Fig. 3(B)).

Antibacterial activity of GM-DS complex

The effect of DS on antibacterial activity of
GM was studied by the bioassay method using
Bacillus subtilis ATCC 6633 as the test organism.
As shown in Fig. 4, GM and GM-DS complex
have equal antibacterial activity.

[*H]DKB binding to BBM vesicles

To clarify the effect of DS on the renal distri-
bution of AGs in vitro, the effect of DS on
[*H)DKB binding to BBM vesicles was examined.
As shown in Fig. 5, the binding of [*H]DKB to
BBM vesicles decreased with increasing DS con-
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pM DS. A double reciplocal plot of this inhibitory
effect indicated DS to inhibit non-competitively
the binding of DKB to BBM vesicles (Fig. 6).

Discussion

The selective accumulation of aminoglycosides
into the renal cortex is closely related to their
nephrotoxicity. It is considered that their accumu-
lation within renal proximal tubular cells occurs
during reabsorption of AGs (Bennett, 1983;
Francke and Neu, 1983; Whelton, 1985). Reab-
sorption through BBM may be the primary route
for proximal tubular accumulation (Collier et al.,
1979; Aramaki et al., 1986). Thus, it should be
possible theoretically to reduce aminoglycoside
nephrotoxicity by blocking this route. To find
some means for this, the interactions of DS with
AGs and their disposition in the rat were investi-
gated in the present research. DS was chosen as
inhibitor for the following reasons: (1) the stabil-
ity of DS is sufficient and its toxicity is low
(William et al., 1969); (2) the urinary excretion of
DS is very high (Wada et al., 1976); and (3) DS of
various molecular weights is available.

In the binding study, 3 kinds of aminoglyco-
sides were made to interact with DS and GM was
found to have the highest affinity for DS. The
binding site of DS for AGs is considered to be its
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sulfate groups since AGs in a previous study were
IOUII(I io IldVC no clIIlIl][y IOI' (lextfafl (Ardmdl&l et
al., 1987b). These results are consistent with the
flndino that AGs have an affinity for substances
with a negative charge (Aramaki et al., 1987a;
Deguchi et al., 1978; Sastrashinh et al., 1982).

The antibacterial activity of GM and GM-DS
mixture was examined by bioassay, and both cases
were found to have essentially the same activity
(Fig. 4). Thus, the addition of DS to a GM
solution will not interfere with the antibacterial
activity of GM. In vivo experiments showed that
there was no significant difference in the elimina-
tion of GM from the blood between the adminis-
tration of GM and the GM-DS complex. Thus,
glomerular filtration is the primary route for AG
elimination and the rate of filtration of GM and
GM in the GM-DS C(‘)I‘ﬁpu“:)\ may be neariy the
same. The renal distribution of GM significantly
decreased by administration of the GM-DS com-
plex (Fig. 3). Because the recovery of GM from
renal cortex and urine was almost complete in
GM administration (100.9 &+ 10.3%) and GM-DS
administration (113.8 + 16.7%), the distribution of
GM within the renal cortex may be disturbed by
Ds.

AGs are considered by some investigators to
accumulate within the proximal tubular cells dur-
ing the reabsorption process (Collier et al., 1979;
Aramaki et al., 1986). Consequently, a study of
the interactions between AGs and BBM is very
important for understanding their nephrotoxicity.
Sastrasinh et al. (1982) reported that AGs bind to
phosphatidylinositol on BBM vesicles of rat renal
proximal tubular cells. We found that DKB binds
to BBM vesicles with the same affinity as that of
GM (Takahashi et al., 1987). Thus, the effect of
DS on AG binding to BBM vesicles was studied
using [*HJDKB. The binding of [*HJDKB was
clearly inhibited by the addition of DS (Fig. 5). As
discussed above, GM has affinity toward the
sulfate group(s) of DS and thus, [°H]DKB bind-
ing to BBM vesicles is inhibited non-competitively
by the addition of DS.

The results of an in vivo experiment showed
about 30% of the administered DS to be recovered
in the urine within 3 h (data not shown). Thus, DS
in GM-DS complex reduces the renal accumula-
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tion of GM by interfering with the binding of GM
to BBM.

The data of the present research demonstrate
DS to be an effective substance for reducing the
accumulation of AGs within the renal cortex.
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