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The effects of gentamicin and G418 on the cellular function of LL.C-PK, epithelial pig kidney cells were
investigated. Exposing the cells for 2 days to these aminoglycoside antibiotics inhibited the increase
in cell-associated apical membrane enzyme activity (alkaline phosphatase, aminopeptidase, and y-glu-
tamyltransferase). Kinetic analysis revealed that the maximal activity of alkaline phosphatase was
reduced by these aminoglycosides. Both aminoglycosides inhibited [*H]leucine incorporation into
microsomes prepared from LLC-PK, cells. The LLC-PK, cells transfected with DNA encoding ami-
noglycoside 3’-phosphotransferase II, designated T2000B, were resistant to G418 as assessed by
colony formation assay and the number of floating dead cells and by assay of apical enzyme activity.
After a 4-hr exposure to G418, [*H]leucine incorporation in the host LLC-PK, cells was inhibited,
whereas that in T2000B cells was relatively unaffected. Gentamicin inhibited [*H]leucine incorporation
similarly in both cells. The inhibition of protein synthesis by aminoglycosides occurred earlier than
that of apical enzyme activity. These findings suggest that the inhibition of protein synthesis by
aminoglycoside antibiotics is a possible cause of the reduction in cell viability as well as the apical
enzymes in LLC-PK, cells.

KEY WORDS: aminoglycoside nephrotoxicity; apical membrane enzymes; aminoglycoside 3’-

phosphotransferase II; protein synthesis inhibition; kidney epithelial cell line.

INTRODUCTION

Aminoglycoside antibiotics inhibit bacterial protein syn-
thesis or cause mistranslation (1). They are widely used in
the treatment of Gram-negative infectious diseases. Amino-
glycosides are transported and accumulated by renal proxi-
mal tubular cells, where they induce necrosis in humans and
experimental animals (2,3). Although aminoglycoside-
induced nephrotoxicity has been extensively studied, the re-
sponsible mechanisms remain unclear.

LLC-PK, is an established epithelial cell line derived
from the pig kidney (4). The cells form an oriented mono-
layer with microvilli at their apical side, and they exhibit the
characteristics of renal proximal tubular cells, such as trans-
port activity for hexose (5,6), amino acids (7), phosphate (8),
and organic cations (9-12). Since the necrosis induced by
aminoglycosides is confined to the proximal part of kidney
tubules, LLC-PK, cells can serve as a model for the study of
aminoglycoside-induced nephrotoxicity (13—16). In a study
of aminoglycoside resistant LLC-PK, cells, we suggested
that a common mechanism is involved in the aminoglyco-
side-induced reductions in apical enzyme activity and cell
viability (14). We also found that the reduction in apical en-
zyme activity is caused at least in part by the inhibition of
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protein synthesis (16). However, whether the inhibition of
protein synthesis by aminoglycosides is essential for the cy-
totoxic effect of the drugs in LLC-PK, cells requires clari-
fication.

G418 is structurally similar to gentamicin. Two of the
three sugar rings in G418 are the same as those of gentamicin
while the third sugar ring of G418 contains one less amino
group and three more hydroxyl groups (Fig. 1). G418 inhibits
eukaryotic protein synthesis by interfering with 80S ribo-
somes (17). We compare here the effects of G418 and gen-
tamicin on the cellular function of LLC-PK,. Furthermore,
G418 can be inactivated by the bacterial aminoglycoside 3'-
phosphotransferase II [APH(3")I1], which is encoded on the
transposon, Tn 5. Therefore, if the gene encoding APH(3")I1
is introduced into LLC-PK, cells by transfection and is ef-
ficiently expressed, the gene should confer resistance to
G418.

In this study, we examined and compared the effects of
the two aminoglycoside antibiotics, G418 and gentamicin, on
the cellular function of LLC-PK,. We then transfected LLC-
PK, cells with the plasmid pSV2-neo, which encodes
APH(3")II and we investigated the effects of G418 and gen-
tamicin on cellular function in the native and transfected
LLC-PK, cells.

MATERIALS AND METHODS

Cell Culture

LLC-PK, cells obtained from the American Type Cul-
ture Collection (ATCC CRL-1392) were grown in plastic
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Fig. 1. Structure of G418 and gentamicin.

dishes (Corning Glass Works, Corning, NY) in medium 199
(ICN Biomedicals, Costa Mesa, CA), supplemented with
10% fetal bovine serum (Whittaker, Walkersville, MD), with-
out antibiotics, in a 5% C0,-95% air atmosphere at 37°C.
The cells were subcultured every 4-5 days, using 0.02%
EDTA and 0.05% trypsin. In most experiments, 60- and 100-
mm dishes, as well as six-well plates, were seeded with 4 X
10° cells in S mL, 1 X 10° cells in 10 mL, and 2 x 10° cells
in 2 mL of complete culture medium (medium 199 supple-
mented with 10% fetal bovine serum), respectively. In the
present study, the LLC-PK, cells used were between pas-
sage 222 and passage 241.

DNA Transfection and Selection of Transformed
LLC-PK, Cells

The plasmid, pSV2-neo, was introduced into LLC-PK,
cells by means of calcium phosphate precipitation (18).
Briefly, 60-mm dishes were seeded with 3 X 10° cells in 5 mL
of complete culture medium. After 20 hr, the cells were ex-
posed to CaPO,/DNA (2.5 ng DNA per dish) and incubated
for 4 hr, after which the medium was replaced with medium
without CaPO,/DNA. After 2 days, the cells were replated
and incubated for about 2 weeks in a selective medium to
obtain stable transfectants. The selective medium contained
various concentrations of G418 sulfate up to 2 mg/mL. We
observed that LLC-PK, consists of subpopulations with
variable susceptibility to aminoglycoside antibiotics (14).
Therefore, in this study, more than 50 clones which survived
in the presence of 2 mg/mL G418 were combined and ex-
panded. In control experiments, clones were not obtained
when nontransfected LLC-PK, cells were cultured in me-
dium containing 2 mg/mL G418. The G418-resistant cells,
designated T2000B, were maintained in 400 ug/mL G418.
However, prior to the experiments, the cells were cultured in
the absence of G418 for three or four passages.

Enzyme Assays

LLC-PK, cells were washed twice with ice-cold saline,
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then removed with a rubber policeman into ice-cold saline (2
mL for a 60-mm dish and 4 mL for a 100-mm dish). The cells
were homogenized with a bath-type sonicator (Model
G112SP1, Laboratory Supplies, Hicksville, NY) three times
for S sec each time. Alkaline phosphatase (EC 3.1.3.1), ami-
nopeptidase (EC 3.4.11.2), and vy-glutamyltransferase (EC
2.3.2.2) in the homogenate were measured as described pre-
viously (13,15). Protein was measured by the method of
Bradford (19), using the Bio-Rad Protein Assay Kit, with
bovine y-globulin as the standard.

Measurement of [*H]Leucine Incorporation in Cells

The amount of [*H]leucine incorporation was measured
in LLC-PK, and T2000B cells grown in six-well cluster
plates. Four or five days after seeding, the culture medium
was replaced with Dulbecco’s phosphate-buffered saline
(PBS buffer; 137 mM NaCl, 3 mM KCl, 8 mM Na,HPO,, 1.5
mM KH,PO,, | mM CaCl,, 0.5 mM MgCl,) containing S mM
D-glucose and aminoglycoside. Four hours thereafter, the
cells were rinsed twice with PBS buffer. The cells were then
incubated with 1 mL of serum-free medium 199 containing
PHlleucine (1 wCi/mL) for 30 min at 37°C in a CO, incuba-
tor. The medium was immediately aspirated and the wells
were rapidly rinsed three times with ice-cold PBS buffer.
The cells were fixed with 1 mL of 2.5% trichloroacetic acid
for 30 min and rinsed twice with 2 mL of 2.5% trichloroacetic
acid, then once with 2 mL of ethanol. The residues were
solubilized with 0.1 N NaOH, and aliquots were transferred
into scintillation vials to determine the amount of [*H]leu-
cine incorporation. Protein was measured as described
above.

Preparation of the Microsomal Fraction from LLC-PK, Cells

All apparatus and buffers used were sterilized by auto-
claving or with 80% ethanol. Microsomes were separated
from LLC-PK, cells by the method of Bennett et al. (20)
with some modifications. Samples were kept at 4°C during
the preparation. Six days after seeding, LLC-PK, cells
grown on 100-mm culture dishes were washed twice with 10
mL of ice-cold buffer comprising 150 mM NaCl, 20 mM
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(HEPES), pH 7.2, and scraped with a rubber policeman.
After centrifugation at 1000 rpm for 5 min, 5 mL of ice-cold
buffer A [10 mM KCl, 1.5 mM Mg acetate, 10 mM HEPES,
pH 7.5, 0.7 mM dithiothreitol (DTT), 0.1 mM (p-
amidinophenyl)methanesulfonyl fluoride hydrochloride] was
added and the cells were allowed to swell for more than 10
min. Cells were homogenized with 50 strokes of a motor-
driven Teflon pestle, then 1.2 mL of buffer B (550 mM KCl,
2.5 mM spermidine, 0.35 mM DTT, 50% glycerol, 0.1 M
HEPES, pH 7.5) was added and centrifuged at 27,000¢ for 10
min at 4°C. The supernatant was centrifuged at 100,000g for
120 min at 4°C. The top lipoprotein layer was removed by
aspiration, and the supernatant (cell sap) was retained as a
source of cofactors in the translation assays. The transparent
microsomal pellet was gently homogenized in 0.5 mL of
buffer A:B (5:1) and diluted with the same buffer to give a
protein concentration of 2 mg/mL.
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Measurement of [*H]Leucine Incorporation into
LLC-PK, Microsomes

Microsomes (50 p.l, 0.1 mg protein) were combined with
100 mM KCl, 0.5 mM DDT, 30 mM HEPES, pH 7.5, | mM
ATP, 0.25 mM guanosine 5'-triphosphate (GTP), 2 mM Mg
acetate, 0.4 mM spermidine, S mM creatine phosphate, 54
pg creatine phosphokinase, 50 uM amino acid mixture (19
amino acids without leucine), 50 pL cell sap, and 2 pCi
L-[*H]leucine (25 Ci/mmol) in a total volume of 200 pL and
assayed at 37°C for 20 min in a water bath. The [*H]leucine
incorporation was terminated by adding 0.2 mL of ice-cold
6% trichloroacetic acid (TCA). The tubes were left for 10
min on ice, then centrifuged at 3000 rpm for 10 min. The
pellet was dissolved in 0.1 N NaOH, and the protein was
precipitated with TCA. This step was repeated. The super-
natant was aspirated and the pellet was dissolved in 200 pL
of 0.1 N NaOH, from which aliquots (100 pL) were trans-
ferred into scintillation vials for radioactivity counting.

Materials

Gentamicin sulfate and G418 sulfate (geneticin) were
obtained from Sigma Chemical (St. Louis, MO) and GIBCO
(Grand Island, NY), respectively. L-[’H]Leucine (140 Ci/
mmol) was obtained from Amersham International plc.
(Buckinghamshire, UK). The plasmid, pSV2-neo, was a gift
from Dr. Akinori Ishimoto (Institute for Virus Research,
Kyoto). All other chemicals were of the highest purity avail-
able.

RESULTS

To examine the effects of G418 and gentamicin on alka-
line phosphatase activity in LLC-PK, cells, we replaced the
culture medium with that containing the antibiotic at the
times indicated by the arrows (Fig. 2). After 2 days of incu-
bation, the specific activity of cell-associated alkaline phos-
phatase was determined. A preliminary experiment to deter-
mine the effect of G418 on apical membrane enzymes
showed that the potency of G418 was about 10-fold that of
gentamicin (data not shown). We therefore used 0.2 mM
G418 against 2 mM gentamicin. In this experiment, the cells
reached confluence about 4 days after seeding. As shown in
Fig. 2, G418 and gentamicin inhibited alkaline phosphatase
activity when the activity in nontreated, control cells was
increasing (days 3-5 and 5-7, respectively). On the other
hand, the effects of the antibiotics were less pronounced
when the activity in the control cells was decreasing (days
7-9 and 9-11, respectively). Studies of the other two apical
membrane enzymes, aminopeptidase and vy-glutamyltrans-
ferase, also showed that G418 and gentamicin were more
effective when enzyme activity was increasing than when it
was decreasing or relatively constant (data not shown).

We then measured alkaline phosphatase activity in con-
trol, G418-treated, and gentamicin-treated cells at various
substrate concentrations. After a 3-day incubation of LLC-
PK, cells with 0.2 or 0.5 mM G418 or 2 mM gentamicin,
alkaline phosphatase activity in the cell homogenate was de-
termined in the presence of 0.005-1 mM p-nitrophenyl phos-
phate as a substrate (Fig. 3). G418 and gentamicin reduced
the alkaline phosphatase activity at all substrate concentra-
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Fig. 2. The effect of G418 and gentamicin on alkaline phosphatase
activity in LLC-PK, cells. LLC-PK, cells were cultured in 60-mm
culture dishes. At days 3, 5, 7, and 9 after seeding (indicated by
arrows), the culture medium was replaced with fresh medium or
with that containing 0.2 mM G418 or 2 mM gentamicin. After a 2-day
incubation, the specific activity of alkaline phosphatase in the ho-
mogenate of control, G418-treated, and gentamicin-treated cells was
determined. Each point represents the mean of three separate ex-
periments.

tions in a dose-dependent manner. The inset in Fig. 3 shows
an Eadie—Hofstee analysis of the data. The maximal enzyme
activity (V.. ) of alkaline phosphatase for the control cells
and for the cells treated with 0.2 and 0.5 mM G418 and 2 mM
gentamicin was estimated as 60, 44, 34, and 48 nmol/mg
protein/min, respectively. On the other hand, the apparent
affinity constants for the substrate (K,,) were relatively un-
changed, being 12, 11, 10, and 11 pM, respectively.

Figure 4 shows the effect of G418 and gentamicin on in
vitro microsomal protein synthesis. Cycloheximide, a pro-
tein synthesis inhibitor, served as a positive control. Both
G418 and gentamicin, as well as cycloheximide, inhibited
[*Hlleucine incorporation into microsomes of LLC-PK, cells
in a dose-dependent manner, and the inhibitory potency of
these aminoglycosides was weaker than that of cyclohexi-
mide.

We then investigated the effects of aminoglycoside an-
tibiotics on the cellular function of LLC-PK, cells trans-
fected with DNA encoding APH(3')II. The transfectant was
selected in the presence of G418 and designated T2000B.
APH@3")II, when expressed in T2000B cells, should inacti-
vate G418 by phosphorylating the antibiotic. Colony forma-
tion was assayed to test the sensitivity of the transfectant to
G418, which was compared with that of the host LLC-PK,
cells. Eight days after seeding T2000B and LLC-PK, cells in
the presence of various concentrations of G418, the number
of colonies was counted. As shown in Fig. SA, colony for-
mation by the host LLC-PK, cells was markedly inhibited by
G418, while the effects of G418 on the transfectant were
much weaker than on the host LLC-PK, cells. We reported
previously that the treatment of LLC-PK, cells with genta-
micin increased the number of floating cells in the culture
medium (13). These floating cells were dead, as assessed by
trypan blue staining, indicating that their numbers can also
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Fig. 3. The effect of G418 and gentamicin on alkaline phosphatase
kinetics. LLC-PK, cells were grown on 100-mm culture dishes for 4
days, then incubated with G418 or gentamicin. After 3 days, the
alkaline phosphatase activity in control, 0.2 mM G418-treated, 0.5
mM G418-treated, and 2 mM gentamicin-treated cells was deter-
mined at various concentrations of substrate (p-nitrophenyl phos-
phate). Each point represents the mean +SE of three determinations
from a typical experiment. The inset shows Eadie—Hofstee plots.

be used as a marker of aminoglycoside cytotoxicity to LLC-
PK, cells. We therefore measured the number of floating
dead cells in the culture medium after a 3-day incubation
with or without 2 mM G418. As shown in Fig. 5B, the num-
ber of floating cells in the LLC-PK, cultures was markedly
increased by G418, while no effect was observed in T2000B
cells. These results show that T2000B cells are resistant to
G418 cytotoxicity.

The effect of G418 on apical membrane enzymes in
T2000B and LLC-PK, cells was investigated. The cells were
cultured for 4 days in the absence of G418, then treated with
various concentrations of G418 for 3 days. At the end of the
incubation, alkaline phosphatase, aminopeptidase, and
v-glutamyltransferase activity was measured (Fig. 6). The
activity of these enzymes in the host LLC-PK, cells was
markedly reduced by G418 in a dose-dependent manner. In
contrast, the reduction of enzyme activity by G418 was mar-
ginal in T2000B cells. Gentamicin reduced the activity of
these enzymes in T2000B cells to the same extent as that
observed in the host LLC-PK, cells (data not shown), indi-
cating that T2000B cells are not resistant to gentamicin.

The effects of G418 and gentamicin on protein synthesis
were evaluated in T2000B and the host LLC-PK, cells.
When the cells reached confluence and apical enzyme activ-
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ity was still increasing (day 4 or 5), they were incubated with
various concentrations of G418 and gentamicin for 4 hr in
PBS buffer containing 5 mM p-glucose; then the [PH}leucine
incorporation over 30 min was measured. In the host LLC-
PK, cells, [PHlleucine incorporation was reduced by G418 in
a dose-dependent manner, whereas it was relatively unaf-
fected in T2000B cells (Fig. 7). Gentamicin inhibited [*H]leu-
cine incorporation similarly in both LLC-PK, and T2000B
cells.

The effect of G418 and gentamicin on apical enzyme
activity was examined under the same experimental condi-
tions as described for Fig. 7. In contrast to the results ob-
tained when LLC-PK, cells were treated with these amino-
glycosides for a longer period (Figs. 2, 3, and 6), the activity
of alkaline phosphatase and aminopeptidase was not affected
by a 4-hr incubation with either G418 or gentamicin (data not
shown). In addition, no floating cells were observed under
the light microscope after the cells were incubated for 4 hr
with the antibiotics.

DISCUSSION

We investigated the effects of G418 and gentamicin us-
ing the cultured kidney epithelial cell line LLC-PK,. We also
transfected LLC-PK, cells with the gene encoding
APH(3")II, which inactivates some aminoglycoside antibiot-
ics, such as G418, by phosphorylating their 3’ hydroxyl moi-
ety. The results indicated that the inhibition of protein syn-
thesis is a cause of the reductions in cell viability and in
apical enzyme activity induced by aminoglycosides in LLC-
PK, celis.

The time course and the kinetic analyses of the effect of
G418 and gentamicin on apical membrane enzymes sug-
gested that these antibiotics act on a common site in LLC-
PK, celis. After LLC-PK, cells have been seeded, the ac-
tivity of apical membrane enzymes develops concurrently
with the differentiation of the cells during and after the for-
mation of tight junctions (21,22). G418 as well as gentamicin
inhibited the increase in the activity of apical membrane en-
zymes, rather than enhancing their decrease at later stages of
culture incubations. Thus, the reduction of apical enzyme
activity by the aminoglycosides should be due to the inhibi-
tion of enzyme synthesis (16). The finding that G418 as well
as gentamicin reduced the maximal activity, but not the af-
finity, of apical membrane enzymes supports this notion.
Further, these aminoglycosides inhibited [*H]leucine incor-
poration into LLC-PK, cells and into microsomes isolated
from the cells, confirming that these drugs potently inhibit
protein synthesis.

Transfection of eukaryotic cells with the gene encoding
APH(3)I and the selection of transfectants with G418 are
frequently utilized for the introduction of another gene by
cotransfection (18). In the present study, LLC-PK, cells
were transfected with pSV2-neo, and the transfectant,
T2000B, was selected in the presence of 2 mg/mL G418. The
T2000B cells were resistant to G418 when evaluated by col-
ony formation assay and by the number of the floating cells,
as well as by the effects of the antibiotic on apical enzyme
activity and on protein synthesis. Gentamicin, on the other
hand, inhibited apical membrane enzymes and protein syn-
thesis similarly in the host LLC-PK, cells and in T2000B
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Fig. 4. The effect of G418, gentamicin, and cycloheximide on [*H]leucine
incorporation into microsomes isolated from LLC-PK, cells. The microso-
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Materials and Methods. Microsomes were incubated with G418, gentamicin,
and cycloheximide for 15 min at 4°C, then with 2 uCi [*H]leucine for 20 min
at 37°C. Each point represents the mean =SE of six to nine determinations

from two or three experiments.

cells. This result is expected, since APH(3")Il phosphory-
lates the hydroxyl group at the 3’ position of aminoglyco-
sides, whereas gentamicin has no hydroxyl group at that
position. Thus, the resistance of T2000B cells to G418 cyto-
toxicity should be conferred by the metabolism of G418 by
aminoglycoside phosphotransferase in the cells.

Various mechanisms such as lysosomal alterations

(23,24), mitochondrial energetic failure (25), and active ox-
ygen-induced cell injury (26) reportedly contribute to the
development of aminoglycoside nephrotoxicity. We there-
fore attempted to test the involvement of these mechanisms
in the development of gentamicin cytotoxicity in LLC-PK,
cells. However, our preliminary experiments (data not
shown) showed that the levels of phospholipids and adeno-
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with 5% glutaraldehyde and stained with 0.4% crystal violet, and the number of
colonies was counted. Data are expressed as percentages of control (without an-
tibiotics). (B) After 4 days of culture in 60-mm culture dishes, both cell types were
incubated with or without 2 mM G418. After 3 days, the number of floating cells
in the culture medium was counted. Each point or column represents the mean

+SE of three experiments.
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sine 5’-triphosphate in the gentamicin-treated LLC-PK, cells
were not significantly different from those in control cells
when the cells were treated for 4 days with 2 mM gentami-
cin, suggesting that the contribution of lysosomal alterations
and mitochondrial energetic failure to aminoglycoside-
induced cytotoxicity is small. Furthermore, cotreating LLC-
PK, cells with gentamicin and radical scavengers, such as
dimethyl sulfoxide, dimethylthiourea, 2,3-dihydroxybenzoic
acid, and deferoxamine mesylate, did not prevent the de-
crease in the level of apical membrane enzymes caused by
gentamicin. Therefore, although the involvement of these
mechanisms in in vivo nephrotoxicity of aminoglycoside can-
not be ruled out, they probably contributed little, if any, to
the cytotoxicity of aminoglycosides in LLC-PK, cells under
our experimental conditions.

Aminoglycoside antibiotics kill bacteria by inhibiting
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Fig. 7. The effect of G418 and gentamicin on [*Hlleucine incorpo-
ration in LLC-PK, and T2000B cells. LLC-PK, and T2000B cells
were seeded into six-well cluster plates. At confluence (day 4 or 5),
the cells were incubated with 1, 2, or 5 mM G418 and 5 mM genta-
micin for 4 hr at 37°C. Thereafter, the [*H]leucine incorporation over
30 min was measured. Each point or column represents the mean
+SE of three experiments.
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their protein synthesis through the failure of initiation and
misreading of messenger RNA. Therapeutically available
aminoglycosides such as netilmicin and tobramycin inhibit
protein synthesis when they are added to the microsome
fractions from eukaryotic cells (27—-29). Buss and Piatt (30)
reported that gentamicin administered in vivo reduced pro-
tein synthesis in microsomes isolated from rat kidney. Sub-
sequently, Bennett ef al. (20) demonstrated that [°H]leucine
incorporation into renal microsomes isolated from rats in-
jected with gentamicin was significantly reduced, even
though the morphology and functions of the kidney were
well preserved. However, it is not clear whether the inhibi-
tion of protein synthesis represents an early and an essential
event for the pathogenesis of aminoglycoside nephrotoxicity.
To address this issue, cell culture systems should have some
advantages over in vivo studies, partly because of the rela-
tively homogeneous cell population. We found that G418 and
gentamicin inhibited [?H]leucine incorporation into LLC-
PK, cells and into microsomes isolated from them. Further-
more, the inhibition of protein synthesis by aminoglycosides
preceded the reduction in apical enzyme activity and in cell
viability. In T2000B cells, it is likely that the inhibitory effect
of G418 on protein synthesis was attenuated due to the me-
tabolism of the drugs, which in turn resulted in the reduced
G418 toxicity on apical membrane enzymes and cell viabil-
ity. Therefore, the inhibition of protein synthesis by G418 is
probably the cause of the reduced apical membrane enzyme
activity and drug cytotoxicity in LLC-PK, cells. Since gen-
tamicin had similar effects to those of G418 on apical mem-
brane enzyme activity and [*H]leucine incorporation into
LLC-PK, cells and their microsomes, the inhibition of pro-
tein synthesis by gentamicin should also be, at least in part,
the cause of its cytotoxicity.

In conclusion, the inhibition of protein synthesis by ami-
noglycoside antibiotics appears to play a role in their reduc-
ing cell viability as well as apical membrane enzyme activity
in LLC-PK, cells. Aminoglycoside-induced nephrotoxicity
may thus be explained in part by the inhibitory effect of
these antibiotics on protein synthesis. However, the involve-
ment of other mechanisms in aminoglycoside nephrotoxicity
in vivo cannot be ruled out.
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