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I. INTRODUCTION

The

agents in the management of severe Gram-

aminoglycosides are potent antibacterial

negative bacterial infection. But serious nephro-
toxicity is a major limitation to the usefulness
of the aminoglycoside and the same spectrum
of toxicity is shared by all members of aminog-
lycoside antibiotics.”" Nephrotoxic potential of
aminoglycoside appears to be increased accord-
ing to the extent to which the drug is accumu-
lated in the proximal tubular cells and the in-
teraction between aminoglycoside and mem-

of
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branes epithelial cells or intracellular
organelles.

One of the newest aminoglycoside agents is
tobramycin(TB). TB was derived from neb-
ramycin and demonstrated a great antibacterial
activity,  particularly  with  respect  to
Pseudomonas.” Like other aminoglycosides, TB
are entirely excreted by the normal kidney and
its accumulation in kidney cortex has been de-
scribed previously.*™ Furthermore administra-
tion of TB to ammals has produced histopatho-
logic alterations in the proximal tubules which
are similar to those produced by gentamicin."**"
Also the antimicrobial activity and pharmaco-
kinetic properties of tobramycin are very similar
to those of gentamicin The similarities be-
tween tobramycin and gentamicin in drug-
induced pathology suggest that information
available about gentamicin may be relevant to
tobramycin.

Nephrotoxicity from aminoglycoside is essen-
nally a form of acute tubular necrosis and is
initially manifested by the inability to concen-
trate the urine.” Recent studies by Lee and
Park® concluded that the aminoglyciside (genta-
mucin or tobramycin)-induced polyunia and urine

concentrating defect are due to osmotic diuresis

induced by proximal Na rejection and the
mechanism with which gentamicin and tobramy-
cin impair renal functions is basically identical
but nephrotoxic potential of gentamicin is re-
latively higher than that of tobramycin. Compa-
rative toxicology studies in ammals also
showed that tobramycin exhibited a lesser
nephrotoxic potential than did gentamicin*" In
previous study using frog skin preparations”
gentamicin increased the Na permeability of the
mucosal border and inhibits the activity of the
Na pump mechanism at the serosal border of
the epithelium The above authors considered
these alterations 1n membrane functions as the
early events of aminoglycoside nephrotoxicity.

The objective of the present study was to
further investigate the mechanism with which
aminoglycosides impair transepithelial Na trans-
port using frog skin preparations and to com-
pare the effects of tobramycin on Na transport
across the isolated frog skin with those of gen-
reported  from  this

tamicin  previously

laboratory.”

1. MATERIALS AND METHODS

The common frogs Rana migromaculata, were
captured in the Kimhae field near Pusan,
Korea, and brought to the laboratory where
they were kept fasting in tap-water at the room
temperature of approximately 25C. The experi-
ments were performed on these ammals within
2~3 weeks of capture. The short-circuit current
(SCC) across the 1solated skin was measured as
described by Ussing and Zerahn*" The abdo-
minal skin was removed from a frog and
mounted as a flat sheet between two Lucite
chambers having a cross-sectional area of
3.1dcrf. The potential difference across the skin
was measured with a pair of Ringer-KCl-agar



Sung Won Hong : Tobramycin Effect on Sodwum Transport across the Frog Skin

bridges connected to the chamber and a DC
digital voltmeter. Current was dnven through
the skin from an external source via Ag-AgCl
electrodes connected to the chamber by another
pair of Ringer-agar bridges. For the measure-
ment of SCC a digital microammeter was used.
The skin was bathed on both sides with a Rin-
ger solution containing 115mM NaCl, 1mM
CaCly, 25mM NaHCOs, and 3.5mM KCl and
finally adjusted to pH 74. The solution was
continuously stirred with a stream of air. The
tobramycin sulfate stock solution (80mg/mé) was
purchased from Daewoong Pharma Inc. Ltd.,
Korea. This solution was diluted with Ringer
solution to the appropriate final concentration
of tobramycin. In all cases pH of the tobramy-
cin-Ringer solution was adjusted to 74 with
NaOH.

When potential difference and SCC were sta-
bilized which usually ocurred at 40~60 min af-
ter mounting the frog skin, tobramycin was ap-
plied to the mucosal, serosal, or both sides of
the skin and followed the changes in SCC for
the next 60 min. When bathing solution of skin
was replaced by the tobramycin-Ringer solution,
the other side was filled with fresh Ringer solu-
tion. In the same experiments oxygen consump-
tion of the isolated frog skin was measured us-
ing a biological oxygen monitor (Yellow Spring
Instrument, Model 53). After skin was removed
from the animal it was divided sagitally into
two identical pieces, which were incubated in
normal Ringer solution with airation. After 60
min approximately 20~50mgs of the wet tissue
from each preparation were transferred to the
polarography reaction vessel containing 2mé of
the room-air saturated normal Ringer or tob-
ramycin {0.2mg/m¢) containing Ringer solution,
and the changes in PO, in the medium were
measured using a Clark oxygen electrode for
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40 min at 25C. The amount of oxygen con-
sumption by the tissue (QQOz) was calculated us-
ing the Henry’s law :

Change 1n oxygen content= @ X o
where @ is the O solubility in water at 25C;
PO;, partial pressure of oxygen, Pp, barometric
pressure; and V, volume of incubation medium
in milliliters.

[I. RESULTS

In all experiments, tobramycin was applied to
the appropriate medium when the SCC was sta-
bilized (the basal SCC) after 40~60 min. The
value of SCC after drug treament was express-
ed as the percentage of the basal SCC (control)
of that preparation.

Fig. 1 illustrates changes mn SCC across the
frog skin after tobramycin was applied to the
serosal bathing medium at a concentration of
01,02, 05 or 1.0mg/mé. At 0.1, 0.2 or 0.5mg/mé
of tobramycin, the relative SCC was increased
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Fig. 1. Changes in short-circuit current (SCC) after
tobramycin (TB) was applied to the serosal side of
the frog skin Each pomnt represents the mean of 4~
5 skins*tSE. Absolute value of SCC at time zero
was on the average of 2253+128#A/3.14cr (n=
36).
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immediately during the mitial 10 min period
and followed by gradual reduction in SCC
without stable value which usually occurred at
40~50 min after gentamicin administration (see
Fig. 2 of Hong and Park,'). At 10mg/mé of tob-
ramycin, inital mcrease in SCC disappeared
and the magnitude of reduction in SCC was
less than that of 05mg/mé of tobramycin after
40~60 min. The maximal magnitude of reduc-
tion 1n SCC was approximately 94, 77, 75, and
78% of the respective basal SCC at 0.1, 0.2,
0.5, and 10mg/m¢ of tobramycin respectively.
Changes in SCC after tobramycin was admi-
nistered to the mucosal side of the frog skin at
four different concentrations of tobramycin (Osl,
0.2. 0.5, and 1.0mg/m¢) were shown in Fig. 2.
At 0.lmg/mé of tobramycin, the initial increase
in SCC was lasted 40 min and finally de-
creased to 96% of the control value at that con-
centration (of tobramycin). But at 0.2, 0.5, and
1.0mg/mé of tobramycin. the relative SCC at the
point of maximal inhibition was approximately
79, 75, and 84% of the control value, respec-
tively Interestingly. on the mucosal border of
the frog epithelium, this inhibitory effect of tob-
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Fig. 2. Short-circuit current (SCC) change induced
by tobramycin (TB) added to the mucosal side of
frog skin. Each data point represents the mean of 4
frog skins£SE.
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ramycin on SCC was opposite to the stimula-
tory effect of gentamicin, while both drugs had
the same inhibitory effect on the serosal side
(see Fig. 3 of Hong and Park). Moreover, the
inhibitory action of tobramycin on SCC was
significantly decreased at 1.0mg/m¢é when com-
pared with that observed at 0.5mg/m¢ This pat-
tern of tobramycin action on SCC was also
shown when the tobramycin applied to the
serosal side of the frog skin (see Fig. 1).

Fig. 3 summarizes the dose-response rela-
tionship for gentamicin and tobramyein applied
to the serosal or mucosal side of the frog skin
for one hour. It is seen that both the stimula-

tion of SCC by the mucosal side gentamicin

and the mhibition by the serosal side gentamu-
cin were maximal at 0.1~02mg/m¢ On the
other hand the inhibition of SCC by the serosal
or mucosal tobramycin was most cffective at
0.2~05mg/mé. Thus mhibitory potental of gen-
tamicin on SCC was relatively higher than that

of tobramycin.
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Fig. 3. Gentamicin and tobramycin dose-response
curves in short-circuit current (SCC) across frog skin
Each data pomnt represents the mean SCCESE of 4
~6 frog skins after 60 min exposure to gentamicin

at the mucosal (M) and serosal (S) side

Fig 4 compares SCC changes observed in
the skins treated with tobramycin (0.2mg/m¢) at
the serosal (S), mucosal (M), and both mucosal
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and serosal (S+M) sides respectively. When
tobramycin was added to both sides of the skin
the SCC decreased further (71%) than those in
which drug was applied to only one side of the

frog skin.
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Fig. 4. Changes m short-circuit current (SCC) at
02mg/mé concentration of tobramycin (TB) admunis-
tered to the serosal (S), mucosal (M), and both the
serosal and mucosal (S+M) sides of frog skin Each
.pomnt represents the mean of 4 frog skins+=SE

In order to test possibility that the reduction
of SCC by tobramycin applied to the serosal
and the mucosal side was secondary to the
metabolic inhibition in epithelial cells, the
study on the effect of tobramycin on oxygen
consumption of epithelial cells was undertaken
in the next series of experiments. The results,
however, appear that oxygen consumption of
the skin tissue was not significantly changed by
0.2mg/mé of tobramycin (Table 1).

V. DISCUSSION

The objective of the present study was to
further investigate the mechanism with which
aminoglyciside impairs Na transport across the
frog skin using tobramycin, one of the newest
aminoglycoside agents.

In the present investigation, tobramycin (0.1
~1.0mg/m¢) administered to the serosal side of
the frog skin resulted in 3~6% inhibition of
net Na transepithelial Na transport (see Fig. 1).
Since the Na pump site in frog skin was lo-
the basolateral (serosal)
membrane” and the oxygen consupmtion of the

cated on cell
skin tissue was not impaired by tobramycin (see
Table 1), the inhibition of the Na transport was
probably related to direct alterations in the
activity of Na pump mechanism. In the baso-
lateral side of the frog skin the mode of tob-
ramycin is consistent with that of gentamicin.”
These findings strongly suggest that aminogly-
coside inhibition of Na pump mechanism 1s due
to the interaction of aminoglycoside with the
basolateral membrane of the frog skin.
Previous studies have provided various evi-
dences that the cell membrane may be an im-
portant site of toxic action due to aminoglyco-
Williams et al®®*

binding of gentamicin to basolateral membranes

sides. demonstrated the
in rat renal proximal tubule after # w0 admi-
nistration of gentamicin and concluded that
basolateral membrane change may be important

Table 1. Effect of Tobramycin on the Oxygen Consumption of the F rog Skin.

Control
Tobramycin (0.2 mg/ml)

Q02 (u1/gm/40 min)
71.01+2.35
70.18 +3.38

Note. Each datum represents the mean + SE for 5 preparations.

—-07 —
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in the pathogenesis of gentamicin nephrotoxic-
ity. They also reported that changes in baso-
lateral membrane function involve the activity
of Na-K-ATPase, an enzyme localized in the
basolateral membrane of the renal cell Furth-
ermore, aminoglycosides may cause toxicity
through involvement with plasma membrane is
supported by additional work done in the kid-

ney, the ear, and artificial membranes®™" %1%

¥ concluded

In recent studies, Lee and Par
that tobramycin-induced polyuria and urine con-
_cefitrating defect was primarily attributed to the
osmotic diuresis associated with reduction n
Na reabsorption in the proximal tubule. There-
fore, tobramycin-induced inhibition of Na pump
mechanism in frog skin and in the renal pro-
ximal tubule may be considered to be a’ result
of the basolateral membrane change induced by
interaction of aminoglycoéide and the basolater-
al membrane. Sastrasinh at al” identified the
acidic phosphatidylinositol, one of major consti-
tuents of plasma membrane, as a prime target
for a charge interaction with polycationic ami-
noglycosides due to amino side group at phy-
siological pH™ In order to further access the
role of cationic charge in nephotoxicity as a de-
terminant of interaction between aminoglycoside

22)

and plasma membrane, Simmons et al® ex-
amined the renal effect of polycationic diethyla-
minoethyl (DEAE) dextran, since DEAE pos-
sessed a molecular structure very similar to that
of aminoglycoside antibiotics. They demons-
trated that DEAE dextran had considerable
mitochondrial and renal toxicity and these tox-
icities were not observed with neutral dextran.
Therefore cationic charge seems to be a impor-
tant molecular and pathogenic determinant of
nephrotoxicity.

If this hypothesis is correct, the ability of
aminoglycoside to interact with the anionic

_.98_

components of biological membranes is impor-
tantly influenced by the number of ionizable
primary and secondary amino groups present
within the molecules. The competitive binding
studies with various aminoglycosides demons-
trated that kanamycin and amikacin, each with
four ionizable amino groups, had relatively
similar affinities for the membrane binding site,
whereas netilmicin, gentamicin, and tobramycin,
each with five ionizable amino groups, were
distinctly more attractive than kanamycin and
amikacin, but did not differ markedly from one
another. Neomycin, with six ionizable amino
groups, was the most attractive aminoglycosi-
de™ This appears to be close to the ranking
for nephrotoxicity potential of aminoglycosides
(neomycin >gentamicin >kanamycin >amikacin

>tobramycin >>streptomycin; gentamicin > tobra-
mycin >netilmicin) observed in humans or in
rats.""

On the other hand, although gentamicin and
tobramycin have the same number of ionizable
amino groups, the Na transport was most effec-
tively inhibited at 0.2mg/mé of tobramycin and
at 0.1mg/m¢ of gentamicin when each aminogly-
coside was applied to the serosal bathing
medium (see Fig. 3). Furthermore vanous stu-
dies showed that gentamicin was more nephro-
toxic than tobramycin*® This different toxicity
between gentamicin and tobramycin may be
due to a lower affinity of tobramycin than that
of gentamicin for the receptor of the plasma
membrane as suggested by Soberon et al® in
their comparative studies of aminoglycoside
nephrotoxicities.

When tobramycin was applied to the mucosal
surface of the frog skin, tobramycin reduced the
Na permeability of the mucosal border and sub-
sequently decreased the net Na transport across
the frog skin. In our previous studies gentami-
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cin increased the Na permeability of mucosal
border. The interpretation of these opposite
effects of gentamicin and tobramycin is not yet
provided. However, the hypothesis that aminog-
lycosides bind to phosphoinositides on plasma
membrane suggest a possibility that these drugs
may causes injury to frog ephithelia For exam-
ple, the phosphoinositides have been implicated
as-part of the membrane receptor-complex for a
number of agonists and are thought to regulate
membrane permeability to cations.*"" Thus, it
is possible that aminoglycosides, by interacting
with the phosphoinositides, interfere a specific
agonist-receptor interaction or promote a gener-
alized dysfunction consequent to altered mem-
brane permeability to cations. Furthermore, one
of the aminoglycoside nephrotoxic actions is an
interference with mitochondrial energy produc-
tion. Weinberg and Humes®™ and Weinberg et
al® showed that gentamicin-induced dysfunc-
tion of renal cortical mitochondria was due to
alterations in the Na and K permeability of in-
ner mitochondrial membrane at Mg* "-sensitive
sites They suggest that aminoglycoside may be
specially acting to displace Mg™ from the
same sites due to its cationic properties, and
the ability to produce effects similar to those of
gentamicin is a function of the extent to which
they are cationic at physiological pH

The data presented in this paper and the pre-
vious paper’ strongly suggest that both in the
frog skin and in the renal proximal tubule tob-
ramycin and gentamicin inhibit the activity of
the Na pump mechanism at the serosal mem-
brane and induce changes in the Na permeabil-
ity of the mucosal membrane of the epithelium.
These changes 1n membrane functions may be
responsible for the early events of aminoglyco-
side nephrotoxicities characterized by proximal
Na rejection and osmotic polyuria.

_99_.

V. SUMMARY

The effect of tobramycin (TB) on sodium
transport across the 1solated frog skin was stu-
died in order to further investigate the mode of
aminoglycoside action. When TB was applied
to the serosal side of frog skin short-circuit cur-
rent (SCC) was increased immediately during
the initial 10 min period and-deereased gradual-
ly to 94% of control value at 0.1mg/mé, to 77%
at 0.2mg/mé, and to 75% at 0.5mg/mé of TB. At
10mg/mé of TB, the initial increase mn SCC
disappeared and the maximal reduction in SCC
was to 78% of the control value. The inhibitory
effect of TB was greater at 0.5mg/mé than at
1.0mg/mé. When TB was added to the mucosal
surface of frog skin, it decreased SCC to 96,
79, 75, and 84% of the respective control value
at 0.1 0.2, 0.5 and 1.0mg/m¢, respectively The
inhibitory action of TB on SCC was signifi-
cantly decreased at 1.0mg/mé when compared
with that observed at 0.5mg/mé{. When both
sides of frog skin were treated with 0.2mg/mé of
TB. the inhibition of SCC was greater than
those treated with TB at the mucosal and
serosal side alone The inhibitory action of tob-
ramycin on transepithelial® Na transport was
most effective at 0.2mg/mé, whereas that of gen-
tamicin was at 0.lmg/mé. The quantity of frog
skin oxygen consumption at 02mg/mé of TB
was 70.18%+3.38 #1/gm/40min which were not
significantly different from the control value.

The present results suggest that 1) TB in-
hibits the activity of Na pump mechanism at
the serosal membrane and decrease Na per-
meability of the mucosal membrane of epithe-
lium, and 2) these alterations in membrane
function are responsible for the early events of
nephrotoxicity characterized by increased pro-
ximal Na rejection and polyuria.
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