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Abstract—We examined the protective effect of inositol hexasulfate (1Sg) against
tobramycin (TOB)-induced nephrotoxicity. In the electrophoretic analysis, TOB
alone and |Sg alone were observed as single spots on the cathode and anode sides,
respectively. However, in the mixture of TOB and ISg preincubated at 37°C for
3 hr, the tailing of the spots of TOB and 1Sy were observed from the origin to the
cathode and the anode sides. respectively, and the overlapping of the spots of TOB
and ISg was recognized at the origin. These results indicated that TOB directly
interacted with ISg in vitro.  Assay of TOB binding to rat kidney brush barder mem-
branes (BBMs) indicated that IS4 inhibited the binding of TOB to BBMs through
an interaction of TOB and 1S5;. No significant reduction in intrarenal TOB level
was observed in the rats given TOB (90 mg/kg, s.c.) and IS; (163 or 610 mg/kg,
s.c.). However, the treatment of rats with a combination of TOB and 1S5 reduced
the degree of necrosis of renal tubular cells and also suppressed the increases in
urinary protein, urinary enzyme activities, blood urea nitrogen and plasma creatinine
induced by TOB. Additionally, we detected a complex of TOB and 1S4 in the
urine of rats given both compounds simultaneously. These results indicate that
I1Sg protects against TOB-induced nephrotoxicity and that the protective action of
1Sg may be due to the inhibition of TOB binding to BBMs through an interaction of

TOB with 1S,

Aminoglycoside antibiotics (AGs) are
known to induce severe nephrotoxicity in
humans (1) and experimental animals (2).
Recently, it has been reported that oral
calcium supplementation (3, 4), thyroxine
administration (5) and parathyroidectomy (G)
prevent nephrotoxicity induced by AGs in
experimental animals.

We have also reported that latamoxef
(LMOX), an oxacephem antibiotic, protects
rats from TOB-induced nephrotoxicity, and
that the protective effect of LMOX is due to a
reduced intrarenal TOB level (7) and inhibi-
tion of TOB binding to brush border mem-
branes (BBMs) isolated from rat kidney
cortex (8). More recently, we have found that
pyridoxal-5"-phosphate (PALP) also pro-
tects against TOB nephrotoxicity by means
of mechanisms similar to those by which

LMOX prevents TOB nephrotoxicity (9).

As shown in Fig. 1, LMOX and PALP have
carboxyl and phosphate groups, respectively,
and thereby both these compounds have
negative charges at physiological pH. Re-
cently, since it has been reported that AGs
bind to negatively charged phospholipids
such as phosphatidylinositides of BBMs (10),
our studies using LMOX and PALP suggested
that the negative charge of the compounds
may play a role in inhibiting the TOB binding
1o BBMs in vitro. in reducing the renal ac-
cumulation of TOB and in preventing the
nephrotoxic action of TOB in vivo. Thus, in the
present study, according to the methods used
in the studies with LMOX and PALP, we in-
vestigated the ability of inositol hexasulfate
(1Sg). which has six negatively charged
sulfate groups in its molecular structure to
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Fig. 1. Chemical structures of tobramycin, latamoxef, pyridoxal-5'-phosphate and inositol hexasulfate.

prevent TOB nephrotoxicity, and examined
the importance of the negative charge in the
molecules that can prevent TOB nephrotoxi-
city.

Materials and Methods

Drugs: TOB (free base) and 1Sg (sodium
salt) were provided by Shionogi Co., Ltd.
(Osaka, Japan) and Mitui Co., Ltd. (Tokyo,
Japan). respectively.

Animals: Male Sprague-Dawley rats
weighing about 230 g (Japan SLC, Shizuoka,
Japan) were used in all experiments. These
animals were housed In an air-conditioned
room at 24+1°C.

Electrophoretic analysis: To detect the in-
teraction of TOB and 1S4, electrophoretic
analysis was carried out as previously de-
scribed (11). In brief. TOB alone, 1S4 alone
and a mixture of both compounds (molar
ratio, TOB : 1S=1:2) were dissolved in H,0,
followed by adjustment of the pH to 7.4 by
adding HCI| or NaOH. The solution containing
the compounds was incubated for 10, 30 and
60 min at 37°C, and aliquots sampled at a
suitable time of incubation were subjected to
paper and cellulose acetate membrane elec-
trophoresis for detecting TOB and IS¢, respec-
tively. The spots associated with TOB and
IS were visualized by the ninhydrin (0.2
w/v 9% acetone solution) reaction and alcian

blue (0.5 w/v % acetic acid (3%) solution)
staining. respectively.

Assay of TOB binding to BBMs: The isola-
tion of BBMs from rat kidney cortex and the
assay of TOB binding to BBMs were carried
out by the method of Ca precipitation (12, 13)
and the method of Ishikawa et al. (14), re-
spectively. In the assay of TOB binding to
BBMs, 200 z| of membrane suspension (200—
2560 ng protein) was incubated at 37°C for
70 min with 200 #l of 0.2 mM TOB in 20 mM
HEPES/Tris buffer (pH 7.4) containing 100
mM mannitol, followed by centrifugation at
45,000xg for 30 min at 4°C. The supernatant
was discarded, and 200 #l of H,O and 200 #l
of 5% trichloroacetic acid were added. After
centrifugation at 1,600xg for 20 min, the re-
sultant supernatant was used for the measure-
ment of TOB concentration by means of a
substrate-labeled fluorescent immunoassay
(SLFIA, Ames TDA tobramycin assay kit,
Miles-Sankyo Co., Ltd., Tokyo, Japan) (15).
TOB (final concentration; 0.2 mM) and 1S4
(final concentration: 0.4,0.8, 2, 4 and 10 mM)
were dissolved in 20 mM HEPES/Tris buffer
(pH 7.4) containing 100 mM mannitol. To
correct for any effect of sodium, in the addi-
tion of {Sg, on TOB binding to BBMs, TOB
binding in the treatment with TOB alone was
assayed in the presence of NaCl solution con-
taining the same sodium content as that in
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each concentration of 1S;.

Measurement of the intrarenal TOB con-
centration: Rats were given TOB (20 mg/kg,
s.c.) aloneor TOB and IS¢ (153 or 610 mg/kg.
s.c.) simultaneously for 3 days. On the 1st and
3rd days, TOB levels in the left kidney were
determined by the previously reported method
(7). except for centrifugation of the kidney
homogenate at 9,000xg for 1% min and
the measurement of TOB concentration by
SLFIA. When TOB was given alone, sub-
cutaneous injection of NaCl solution was
also carried out to correct for any sodium
effect on intrarenal TOB level caused by the
iSg injection.

In vivo nephrotoxicity studies: Animals
were given TOB (90 mg/kg, s.c.) alone or
TOB and 1S5 (153 or 610 mg/kg. s.c.) simul-
taneously for 15 consecutive days. After the
beginning of drug treatment, protein content,
and N-acetyl-4-D-glucosaminidase (NAG)
and alkaline phosphatase (ALP) activities
were measured in the twenty-four hour urine
ondays 1, 4,7, 10and 15, as described in our
previous reports (7). On the 10th, 13th and
156th days, urea nitrogen and creatinine con-
tents in the blood obtained from the tall
vein were assayed by the method of Searcy
and Cox (16) and by using a CRE-EN
Kainos kit (Kainos Laboratories, Tokyo,
Japan), respectively. In addition, rat kidneys
fixed with formalin, sectioned, and stained
with periodic acid-Schiff (PAS) were ob-
served under light microscopy, as described
previously (7).

Detection of a complex of TOB and IS¢ in
urine: Ureteral catheterization and urine col-
lection were carried out by slightly modifying
the methods of Stizer and Martinez-Maldo-
nado (17) and Cojocel et al. (18). The rats
given H,0 (8 ml, p.o.) were anesthetized with
sodium pentobarbital (32.4 mg/kg, i.p.).
placed on a temperature-regulated hot plate,
and subjected to tracheostomy. The left
kidney was exposed by midline abdominal
incision, and the left ureter was catheterized
with polyethylene tubing (PE-10) for urine
collection. After an equilibration period of 30
min, the rats were given TOB (90 mg/kg, s.c.}
alone, 1Sy (153 mg/kg, s.c.) alone or both
compounds simultaneously. In other rat
groups. 1Sg was injected 5 hr before or after
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TOB injection. At various times after drug in-
jection, 1 al of the urine was obtained directly
from the ureteral catheter to avoid sampling
any complex of TOB and 1S4 formed within
the bottle used for urine collection, and was
subjected to cellulose acetate membrane
electrophoresis. The cellulose acetate mem-
brane electrophoresis of the wurine was
performed for 1 hr with 70 mM Tris-HCl buffer
(pH 7.4), and then the cellulose acetate mem-
brane (7x10 mm) was placed on an agar
(Pearlcore, Hart Infusion Agar, Eiken, Japan)
plate containing about 1x10% CFU/ml of
Pseudomonas aeruginosa SR-24 (Shionogi
Co., Ltd., Japan). After the incubation of the
plate for 18 hr at 37 °C, the inhibition zone of
the bacterial growth caused by TOB was
assessed. In addition, 1Sg on the cellulose
acetate membrane was also visualized by
alcian blue (0.5%) staining.

Statistical analysis: The data were analyzed
by the one-way analysis of variance and the
Duncan multiple range test or non-parametric
statistics. When only two groups were used,
the data were analyzed by Student’s r-test.
The data in the text, figures and tables are ex-
pressed as the mean+S.D. Differences were
considered significant if the P value was
<20.05.

Results

1. Analysis of an interaction of TOB and IS¢
by paper and cellulose acetate membrane
electrophoresis

Figure 2 illustrates the interaction of TOB
and 1Sg in vitro. The spot of TOB alone was
observed as a single spot on the cathode side
(Fig. 2A). However, the spot corresponding to
TOB alone almost disappeared, and the nin-
hydrin  reaction was observed from the
cathode side to the origin, when the mixture
of TOB and 1S4, which was incubated at 37°C
for various times, was subjected to the elec-
trophoresis. As shown in Fig. 2B, the alcian
blue staining for |Sg showed that the spot of
1Sg was observed on the anode side, and
in the mixture of TOB and 1S4 the spot
associated with 1Sg was detected from the
arigin to the anode side. As demonstrated by
Fig. 2. A and B, the spots of TOB and 1S4
overlapped at the origin. In addition. 1Sg
seemed to interact with TOB immediately
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Fig. 2. Analysis of the interaction of TOB and IS¢ by electrophoresis.
B: Detection of 1Sg by alcian blue staining.

ninhydrin reaction.
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paper indicate the spots corresponding to TOB and 1S,. respectively. The mixture of TOB and IS; (molar
ratio, TOB: 1Sg=1:2) was incubated for 10, 30 and 60 min at 37°C. The electrophoreses using paper or
cellulose acetate membrane were carried out with 70 mM Tris-HCI buffer (pH 7.4). O.: origin, T:
tobramycin, T+1S,: incubated mixture, #: the compounds were separately spotted at the origin.

after the mixing of the two compounds.
2. Assay of TOB binding to BBMs

Figure 3 illustrates the effect of 1S5 on TOB
binding to BBMs. The simultaneous addition
of TOB (0.2 mM) and IS¢ (0.4 to 10 mM) tc
the BBMs fraction resulted in a significant
inhibition (20-60%) of TOB binding to BBMs
(Fig. 3A). The addition of the reaction mix-
ture of TOB and 1Sg (0.4 to 10 mM), which
was preincubated for 3 hr at 37°C, did not
have inhibitory effect on TOB binding to
BBMs (Fig. 3B). Pretreatment of BBMs with
ISg showed that the amounts of TOB which
bound to the membranes were similar to those
observed in simultaneous treatment with TOB
and 1Sg (Fig. 3C). No significant differences
in the TOB binding to BBMs were cbserved
between [S4-treated and non-treated (Fig.

3D).
3. Effect of 1Sg on intrarenal TOB concentra-
tion

Table 1 summarizes the effect of IS on
TOB level in the kidney. I1Sg was ineffective in
reducing the intrarenal TOB level.
4. In vivo nephrotoxicity study

1) Effect of TOB alone and in combination
with 1Sg on biochemical parameters in urine
and blood: Although urinary protein content
and urinary NAG and ALP activities were in-
creased by the injection of TOB, the combina-
tion of TOB and I1S; significantly suppressed
the elevation In those parameters caused by
TOB (Fig. 4). Additionally, BUN and crea-
tinine contents elevated by TOB were also
reduced by combination with 1S; (Table 2).

2) Histological observations: Figure b
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Fig. 3. Effect of simultaneous treatment (A) and pretreatment (C) with IS, and the reaction mixture of
TOB and IS4 (B) on TOB binding to BBMs. and the binding of TOB to the |Sg-treated BBMs (D). A:TOB
and 1Sg: 1S (0.4, 0.8, 2, 4 and 10 mM) and TOB (0.2 mM) were added simultanecously to the BBM
fraction and incubated for 10 min at 37°C. TOB: TOB and NaCl were added simultaneously to the BBM
fraction and incubated for 10 min at 37°C. To correct for the effect of sodium, in the addition of 1S4, on
the TOB binding tc BBMs, TOB binding in the addition of TOB alone was monitored in the presence of a
NaCl solution containing the same sodium content (2.4, 4.8, 12, 24 and 60 mM) as that in each concen-
tration of 1Sg. B! reaction mixture of TOB and 1Sg: TOB and IS¢ were mixed and preincubated for 3 hr
at 37°C to form the complex of both compounds. The preincubated reaction mixture was added to the
BBM fraction and incubated for 10 min at 37°C. TOB and ISg: TOB and 1S4 were added to simultaneously
to the BBM fraction and incubated for 10 min at 37°C as described above. C: pretreatment with 1S;:
Pretreatment with ISg for 10 min at 37°C, followed by the incubation with TOB for 10 min at 37°C.
Simultaneous treatment with 1S,: ISy and TOB were added simultaneously to the BBM fraction and
incubated for 10 min at 37°C as described above. D: BBMs were preincubated for 10 min at 37°C in a
medium (100 mM mannital, 20 mM HEPES/Tris, pH 7.4) with (ISg-treated BBM) or without (non-
treated BBM) IS, centrifuged at 45,000 g for 30 min, and then the membrane pellets were resuspended
in the fresh medium (100 mM mannitol, 20 mM HEPES/Tris, pH 7.4). The resuspended BBMs were
incubated for 10 min at 37°C with 0.2 mM of TOB. The values are expressed as the mean=S.D. Con-
centrations shown are the final concentrations.

shows the light micrographs of the kidneys
from given TOB or TOB and S on the 10th
day. As shown In Fig. bB. the treatment with
TOB induced severe tubular cell necrosis,
cast formation and exposure of the tubular
basement membrane. On the other hand, the
kidneys from rats receiving TOB and 1S;
showed a reduced degree of cell necrosis
(Fig. 5. C and D).

5. Detection of a complex of TOB and IS¢ in
urine

Figure 6 illustrates the interaction of TOB
and 1Sg in vivo determined by cellulose
acetate membrane electrophoresis, micro-
biological test and alcian blue staining. In the
micrabiological test, the inhibition zone of
cell growth caused by TOB was observed as
a single zone on the cathode side. However,
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Table 1.
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Effect of ISg on intrarenal TOB concentration

1S5 153 myg/kg
TOB+NaCl
TOB+IS,

I1Sg 610 mg/ky
TOB+NaCl
TOB+1S,

130.63£21.02
157.92+£13.66

107.24+28.08
117.63+19.38

ug/g tissue wet weight

3 days

310.66+52.06
313.13=51.89

223.63+56.32
259.66+44.89

The values are expressed as the mean=S.D. from 7 rats.

Protein
80 -

40

2od - /’{/4 % :
T .= e Tl L
%MJ/Z"‘ & #Cd:::lﬂﬁ 2

mg/24 hr urine
o
[s)
1
|
i
NN
+ '
/\/ :
l _'/_’—'

-

mU/24 kr uring

20+ jrl:r;‘—_ ¢‘1_,ﬁ),'—': . ‘
|

Fig. 4.
glucosaminidase and alkaline phosphatase activities.

when the aliquot of the urine obtained from a
rat given TOB and 1S4 was analyzed, the in-
hibition zone was detected from the cathode
side to the origin {Fig. 6A). As shown in Fig.
6B, alcian blue staining showed that the spot
of IS¢ alone was observed as a single spot on
the anode side, and that 154 was excreted into
the urine immediately after the injection. In
the analysis of the urine from rats receiving
both compounds, alcian blue on the acetate
membrane was found from the origin to the
anode side.

N-acetyl-B-D-glucosaminidasa

8O-y

604

@
=
El
=
-
T a0«
=)
E
20+ T4
T
}':4-5,’3
parBds o tanz5a ~ - -2=
© T T T T o
1 -4 v 1o 15 days
Qu — =0 narmal
~ 2 TOB,%C malkg
& — A TOB,90 maska & 1S4 153 ma'kq
O = -2 TOB,90 ma/kg + 1Se,810 malka

*.p < 0.05 P << 001, conpared ta normal

P < 0.05, »= 1" <{ 0.01, compared to TOR alane

Effect of TOB and in combination with |Sg on urinary protein content and urinary N-acetyl-8-D-
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Discussion

The purpose of the present study was to
examine the involvement of the negative
charge of compound in protecting against
nephrotoxicity induced by TOB by evaluating
the ability to prevent TOB nephrotoxicity of
1Ss which has negative charges derived from
its sulfate groups.

We have already detected, by paper elec-
trophoresis, the overlapping of the spots of
TOB and LMOX (11) and that of TOB and



3b3

Protection by IS¢ against TOB Nephrotoxicity

*sles / WOUY (Q'SFUBSW ayl se passaldxs ale san|ea ay |

"IOBN+80L 01 PRIedwod "LO0>d 4 'G00>d Iy

‘[eUlOU O} patedwod “LO0>d . G004 S,

#+70'0F V0
~+80°0F¥G°0

#800F¥40
«+80°0F99°0

Z0'0FYY'0

sAep

Gl

#LO'0FPY0 +£0°0F8V°0 89'CFE0°02

«« LTO0F9L0 +£€°0F08°0 L£26F 19V

#»01'0F49°0 #+CL'0FE90 #9949 CFLB8L

««9L'0FG8°0 «GL0FE6°0 #elTEFGLOT

¢0'0F08°0 S0'0FLG°0 G8°Z¥G0°8L
€l ol shep g\

[p/Bw auiuileald ewse|4

#9EFFBYET
«GL0LF0LZE

OL'GF¥9°GZ
V8 9FEL0E

mm.run_.m.m_.

el

#LETFBY LT
+99°CLFELOY

#PEEFCIAPE
B OLFBY 09

eQ'eLFLE VL

ol

|p/6w usboinu eain poo|g

°31+80L
1DeN+201
By/Bw QL9 °S|

’s1+901
IDEN+901
By/6w g6 °3)

JewloN

auluneald ewseld pue uaboniu esIn poo|q uo G| YA UOHBUIGUIOD Ul pue GO 4O S19843 °Z 3|qeL



R. Kojima, M.

lto & Y, Suzuki

Fig. 5.

tended necrosis of proximal tubular epithelial cells (arrow head).

Light micrograph of rat kidney on the 10th day (PAS stain). A: Normal.

B: TOB—note the ex-
C:TOB+1S¢. 153 mg/kg: D: TOB+1Sg,

600 mg/kg—the degree of necrosis of tubular cells was reduced.

PALP (9) as a documentation of the interac-
tion between two compounds. Likewise, in
this study, electrophoretic analysis showed
that in the mixture of TOB and 1Se. the
overlapping of the spots of both compounds
was found at the origin. This result indicates
that 1Sg directly interacts with TOB in vitro
(Fig. 2). With regard to the molecular mech-
anisms of the interaction between TOB and
IS, the ionic binding between the positive
charge of TOB and the negative charge of
IS¢ and other binding forces such as hydrogen
bonding may be involved in the interaction
between both compounds.

It has been proposed that the first step of
accumulation of AGs into renal tubular cells is
the binding of AGs to biomembranes such as
BBMs (19), and we have already reported
that LMOX and PALP were effective in in-
hibiting the TOB binding to BBMs in vitro. In
the present study, we have found that IS5 also
inhibited the binding of TOB to BBMs in a

dose-dependent manner (Fig. 3A). Although
itis unclear whether 1S4 binds to BBMs in this
study, the experiments concerning the pre-
treatment with 1Sg (Fig. 3C) and the [S4-
treated BBMs (Fig. 3D) indicated that the
modification by 1Sg of the membrane prop-
erties of BBMs would not, at least, con-
tribute to the inhibitory effect of 1S5 on TOB
binding to BBMs. Qur previous studies
showed that the addition of the reaction mix-
tures of TOB and LMOX (8), and that of TOB
and PALP (9), to the BBM fraction resulted in
a significant inhibition of TOB binding to the
membranes, and this suggested that the
molecular interaction between TOB and
LMOX, and that between TOB and PALP,
was associated with the inhibition of TOB
binding to BBMs caused by LMOX or PALP.
However, in this study. the addition of the
reaction mixture of TOB and ISg to the mem-
brane fraction failed to inhibit the membrane
binding of TOB to BBMs more than values
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Fig. 8. Detection of the complex of TOB and IS4 in the urine of rats given both compounds simul-
taneously. A: Detection of the complex by paper electrophoresis and microbiological test.
of the complex by cellulose acetate membrane electrophoresis and alcian blue staining.  Urine samples
were analyzed by the method described in Materials and Methods. O.: origin. T: tobramycin, *: Each
uring sample containing TOB or 1S was separately spotted at the origin.  Arrow heads represent the

B: Detection

complex of both compounds.

observed in the case of co-addition of TOB
and 1Sg to the BBM fraction (Fig. 3B). This
may be explained by the rapid interaction
between TOB and 1S4 as suggested by the
electrophoretic analysis (Fig. 2, A and B).
Based on the observations in the electro-
phoretic analysis and the membrane binding
assay, it is considered that the inhibitory
effect of 1S5 on TOB binding to BBMs may
result from the molecular interaction between
TOB and [Sg. This result was also in agree-
ment with those observed in the experiments
with LMOX and PALP, except for the result
from the experiment regarding the pretreat-
ment with |Sg.

In the in vivo nephrotoxicity study, we have
demonstrated that 1S4 protects against TOB
nephrotoxicity, as evaluated by the measure-
ments of the biochemical parameters in the
urine and blood (Fig. 4 and Table 2), and the
histological findings (Fig. b).

Generally, it has been assumed that the ac-
cumulation of AGs within the proximal tubular
cells is related to the pathogenesis of AGs
nephrotoxicity (2). In fact, we have found
that LMOX (7) and PALP (2), which reduce
the intrarenal TOB level, prevent the nephro-
toxic action of TOB. However, in spite of
having responses similar to those with LMOX
and PALP in the experiment concerning the
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chemical reaction with TOB and the action on
TOB binding to BBMs, 1Sz prevented TOB
nephrotoxicity without a decrease in the renal
TOB level {Table 1). This result raises the pos-
sibility that the intrarenal accumulation of
TOB may nat be involved in the pathogenesis
of nephrotoxicity induced by TOB.

[t has been reported that AGs including
gentamicin (GM) induce striking alterations in
membrane properties such as fluidity (20),
permeability {21-23). potential (24) and
metabolism (25-29). This evidence suggests
the importance of the interaction of AGs
with biomembranes in the pathogenesis of
AGs nephrotoxicity. Thus, on the basis of the
evidence from the present study and the
results reported by other investigators (20—
29), we make the following speculations
about the mechanisms of the protective ac-
tion of 1S against TOB nephrotoxicity: 1Sg
interacts with TOB in the renal tubular lumen
or in the blood, inhibits the TOB binding to
BBMs, and consequently prevents the
nephrotoxic action of TOB. The documenta-
tion of the complex of TOB and IS in the
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urine from rats treated with TOB and IS,
simultaneously (Fig. 6, A and B), as well as in
the cases of TOB and LMOX or PALP (data
not shown), may reflect the molecular in-
teraction of TOB and 1Sg in vivo. Moreover,
we demonstrated that the protective effect of
|Sg in vivo and the complex of TOB and IS¢ in
the urine were not observed in the rats in-
jected with [Sg b hr before or after TOB in-
jection {data not shown). Additionally, we
detected by mass spectrometry the non-
metabolized 1Sg In the urine from rats receiv-
ing 1Sg alone (data not shown). These ab-
servations also may support our speculation
regarding the mechanism of the protective
action of ISg against TOB nephrotoxicity. In
addition, the possibility that 1Sg may intracel-
lularly prevent the toxic action of TOB should
also be examined to clarify the mechanism of
the protective action of 1S4.

Recently, several investigators (30-32)
have reported that polyaspartic acid (PAA)
also protects against GM nephrotoxicity in
rats without reducing the accumulation of
GM in the renal cortex. Williams et al. (30)
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also demonstrated the inhibitory effect of
PAA on the binding of GM to BBMs in vitro
and suggested the significance of the binding
of AGs to BBMs rather than the intrarenal ac-
cumulation of AGs in the pathogenesis of AGs
nephrotoxicity. Thus, our findings that LMOX
(7}, PALP (9) and ISg, which inhibited the
binding of TOB to BBMs in vitro, protected
against TOB-induced nephrotoxicity in vivo
also indicate that the binding of AGs to BBMs
may be a crucial factor in the expression of
cell toxicity induced by AGs.

A series of studies on LMOX, PALP and [S¢
raises the possibility that a compound which
inhibits the binding of AGs to the biomem-
branes including BBMs may prevent AGs-
induced nephrotoxicity. Furthermore, since
these three compounds have negative charges
derived from the carboxyl, phosphate or
sulfate group in their molecules (Fig. 1), our
studies suggest the possibility that a com-
pound which has a negative charge in its
molecular structure can be used for pre-
venting AGs nephrotoxicity. The observation
that negatively charged PAA inhibited the
GM binding to BBMs and prevented GM
nephrotoxicity (30) may also support our
suggestion.

In conclusion. the present studies indicate
that 1Sg protects against TOB-induced
nephrotoxicity, and that the protective action
of 1Sz may be due to the inhibition of TOB
binding to BBMs by the interaction between
TOB and 1Sg. In addition, our studies using
LMOX. PALP and 1S5 suggst the possibility
that some compounds, but not all, having a
negative charge in their molecular structure
can be used for preventing TOB nephro-
toxicity.
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