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Release of Renal Dipeptidase from Rabbit Renal Proximal
Tubules and Its Inhibition by Gentamicin
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Effects of several drugs on rabbit renal proximal tubules were examined for the applicability
of renal dipeptidase (RDPase, EC 3. 4. 13. 11) release as a model system to study
nephrotoxicity. The proximal tubule prepared by the method of Taub (1990) released
RDPase spontaneously in the control experiment which was confirmed by Western blotting.
RDPase was also released from cisplatin, lipopolysaccharide (LPS), and indomethacin-treated
tubules. Gentamicin inhibited RDPase release in a concentration-dependent manner. This
RDPase release system may not be a general model to screen nephrotoxicity but could be
a useful source of RDPase purification in a simple and inexpensive way.
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INTRODUCTION

The primary site of renal injury by various drugs is often
the proximal tubule which may be attributable to the
drug-accumulating capacity of this cells (Bayliset al., 1977;
Kaloyanides and Pastoriza-Munoz, 1980; Olsen, 1989;
Park et al., 1992; Kuhlmann et al,, 1997). A large number
of amphiphilic drugs including aminoglycosides were
concentrated within the lysosomes of proximal tubule cells
and induced the formation of myeloid bodies containing
undegraded remnants of cytomembranes. It is presum-
ably caused by the inhibition of the lysosomal hydro-
lases, thus resulting in nephrotoxicity (Kaloyanides and
Pastoriza-Munoz, 1980; Olier et al., 1986). Focal degene-
ration of brush border following gentamicin treatment
is common features (Baylis et al., 1977; Olsen, 1989).
The morphological damage by cisplatin, one of the most
widely used chemotherapeutic agent of cance; was also
focused in the proximal tubules (Safirstein et al, 1987;
Kuhlmann et al., 1997).

Renal dipeptidase (RDPase, EC 3. 4. 13. 11) is a well
known glycosylated phosphatidylinositol (GPl)-anchored
protein of microvilli of renal proximal tubules. It was
released into the urine of healthy and renal patients, and
was termed as urinary dipeptidase (Udpase; Park et al.,
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1992). RDPase and Udpase were reported to be
an identical enzyme (We et al., 1997). When cepha-
loridine was administered to the rabbit, maximal release of
Udpase with concomitant necrosis of proximal tubules was
obvious 2 days post in-jection (Park et al,, 1992). Similar
result was observed with aminoglycoside treated LLC-PKT1
cells. Alkaline phosphatase and aminopeptidase, the marker
enzymes of the apical membranes, were released into the
culture medium in increased amount after aminoglycoside
treat-ment (Hori et al,, 1984). These observations suggested
that various lesions at the same locus could be probed by
RDPase release assay of proximal tubules caused by
nephrotoxicity by various drugs. The nephrotoxicity caused
by cephaloridine, gentamicin and cisplatin takes 5 to 10
days to manifest the effects in vivo (Park et al., 1992;
Olsen, 1989).

In this study, we wished to examine the rabbit proximal
tubule in relation to RDPase as a fast and general model
system for the evaluation of renal toxicity of several drugs.

MATERIALS AND METHODS

New Zealand white rabbits (1.5 kg) were provided by a
local animal farm. The 83 and 253 pm nylon meshes from
Tetko, Inc., Kansas City, MO were soaked in 70% ethanol
before each use. Dulbecco's modified Eagle's medium
(DMEM) from Sigma, St. Louis, MO was filtersterilized.
Western blotting kit was purchased from Clontech, Palo
Alto, CA. The purification of RDPase and its antibody
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production were described previously (Park et al, 1992).
Glycyldehydrophenylalanine (Gdp), a substrate of RDPase,
was synthesized according to the method of Campbell et
al. (1963). Solutions, surgical tools, glass wares and other
necessary equipments were autoclaved. Experimental
procedures were carried out at 4°C, otherwise stated.

Proximal tubule preparation

New Zealand white rabbits were sacrificed by cervical
dislocation and the proximal tubules were prepared by
the method of Taub (1990). Antibiotics were not added
in the tubule preparation since the effect of drugs were
studied compounds. Fresh kidneys were perfused through
renal artery over a sterile 20-gage needle three timeswith
40 ml of phosphate buffered saline (PBS) followed by iron
oxide (0.5%) perfusion twice (Cook and Pickering, 1958).
The perfused cortex was cut into small pieces and
homogenized with 3 volume of DMEM-44 mM sodium
bicarbonate buffer, pH 7.5 using a Dounce tissue homo-
genizer and was passed through the 253, then 83 pum
nylon mesh. The tubules and glomeruli on 83 um mesh
were resuspended in small volume of DMEM bicarbonate
buffer and the iron oxide-entrapped glomeruli were re-
moved with magnetic bar. The remaining tubules were
incubated for 2 min with soybean trypsin inhibitor (0.025%)
and centrifuged (100x g, 10 min). The pellet was resus-
pended in DMEM-bicarbonate buffer, and referred to as
proximal tubule'.

Effect of incubation time, temperature and pH

Proximal tubules (2 mg/ml) were incubated at 37°C
with shaking (100 rpm) as a function of time up to 10
hours. After centrifugation (18,300x g, 15 min) the super-
natants were assayed for the released RDPase. Maximum
release of RDPase was achieved with 6 hour incubation.
The effect of incubation temperature on RDPase release
was examined with 6 hour incubation while pH was
determined after with 2 hour incubation.

Effect of drugs on the proximal tubules

Total volume of 250 ul reaction mixture contained
proximal tubules (approximately 2 mg/ml) and different
concentration of drug compounds; gentamicin, cisplatin,
LPS or indomethacin in Eppendorf tubes. They were
incubated for 2 and 6 hours. After centrifugation
(18,300 x g, 15 min) the effect of various drugs on the
release of RDPase was examined. The RDPase released
in the control tube, which does not contain any drug,
was taken as 100%.

Enzyme assay

The released RDPase was determined by Gdp (EZ7™
=1.56 x 10*) hydrolysis according to the method of
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Campbell et al. (1963). The enzyme activity, unit (U),
was defined as pmole Gdp hydrolyzed per min. The
protein concentration was determined by the method of
Bradford (1976).

Electrophoresis and Western blotting

The electrophoresis of the native PAGE (8%) was done
according to the method of Laemmli (1970). Western
blotting was carried out according to the manufacturer's
protocol (Clontech) with the rabbit IgG raised against the
human RDPase as described previously (Park et al,
1992).

RESULTS

The control experiment, incubation of proximal tubulesin
the absence of drug compound, was carried out as a
function of time. There was no detectable RDPaserelease
up to 2 hours, but thereafter the enzyme release was
increased reaching the maximum at 6 hour followed by a
rapid decrease (Fig. 1). At the peak point, the released
RDPase was 175% of the membrane-bound form. The
effect of temperature and pH on the tubule was
examined. There was no detectable RDPase activity at 4
or 23°C with 6 hour incubation but the maximum release
(100%) of RDPase was reached at 37°C followed by
a decrease at 42°C (Table 1). There was pH change
from 7.5 to 6.0 with 6 hour incubation. The enzyme
release was not detected after 2 hour incubation at
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Fig. 1. Release of RDPase from rabbit proximal tubules as a
function of time. Rabbit proximal tubules (250 pl, 1.6 mg/ml,
174.9 mU/ml) were incubated at 37°C for 10 hours. After
centrifugation (18,300 X g, 15 min), the supernatant was assayed
for the released RDPase as described in the 'Materials and
Methods. The RDPase activity in the proximal tubule before
incubation was taken as 100%. Each data point represents
the average of triplicates.
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Table 1. Effect of incubation temperature on RDPase release
from rabbit proximal tubules
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Table ). Effect of drugs on RDPase release from the rabbit
proximal tubules

Incubation (°C) RDPase release (%)?

4 ND?
23 ND
37 100
42 58.6

2RDPase at maximal release was taken as 100 %.
5ND, not detected.

37°C at any pH (pH 6.0, 7.0 and 7.5).

The release of RDPase from the proximal tubule with 6
hour incubation in the control was confirmed with
Western blotting with 8% native polyacrylamide gell
(Fig. 2). The rabbit RDPase immunologically cross-reacted
with polyclonal IgG raised against human RDPase. The
human RDPase in lane 1 exhibited two bands. Most of
the physico-chemical characteristics of the major band
was elucidated but the fast moving minor band was not,
except that it was a glycoprotein with Gdp-hydrolyzing
activity (Park et al., 1992; Park et al, 1994). The released
rabbit RDPase in lane 2 exhibited the same mobility
with the minor band of human RDPase.

The effect of several drugs on RDPase release of
proximal tubules was examined after 2-and 6-hour
incubation (Table Il). The maximum release of RDPase
observed with 6 hour incubation in the control tube was
taken as 100%. Various drugs including cisplatin (5x107
and 5x107° M), indomethacin (1x107° and 1x10™* M) and
LPS (1 and 10 pg/ml) did not affect the release of RDPase
significantly. However, gentamicin blocked the RDPase

Fig. 2. Western blotting of released RDPase. The native poly-
acrylamide gel (8 %) was used for the analysis of purified
human RDPase (0 ng, lane 1), and released rabbit RDPase
(26 pg in the supernatant of the control tube with 6 hour
incubation {Lane 2). The purification of human RDPase and
its antibody production was described previously (Park et al.,
1992). The blotting was carried out according to the protocol
of manufacturer (Clontech).

Released RDPae activity (%)

incubation time (hour)

2 6
Control NDP 100
Nephrotoxic drug
Gentamicin (8x107° M) ND 70.0=11.2
Gentamicin (8x107° M) ND 2.6+0.8
Gentamicin (8x107° M) ND 3.420.1
Cisplatin (5x1 0° M) ND 100.5+0.8
Cisplatin (5x107° M) 0.1x0.1 100.1+0.1
Inflammation factor
LPS (1 pg/mi) ND 101.3%1.6
LPS (10 pg/ml) ND 100.2%6.0
Anti-inflammation factor
Indomethacin (1x107 M) ND 102.1+2.9
Indomethacin (1x107™* M} ND 106.0+6.0

°Released RDPase of the control experiment was taken as
100 %.
"ND, not detected.

release almost completely with 6 hour incubation in a
concentration-dependent manner. With 810 M
gentamicin, 70% of RDPase release was demonstrated
but it became negligible with higher drug concentration
(8x10™° M and 8x10® M). There was no detectable
RDPase release with 2 hour incubation in the drug-
treated samples as well as the control tube.

DISCUSSION

When rabbits were treated with nephrotoxic cepha-
loridine, necrosis of proximal tubules was observed witha
dose-dependent release of RDPase into urine (Udpase)
suggesting its use as a nephrotoxic index (Park et al.,
1992). We hoped that the drugs tested in this study could
give us better understanding of nephrotoxicity and the
applicability of this model system to screen the
nephrotoxicity.

Gentamicin and cisplatin are well established nephrotoxic
agents with different effects, although their mechanisms
are not clear, yet. Gentamicin was suggested to inhibit PI-
PLC of lysosomal and of brush border membrane
resulting in abnormal degradation of phospholipid, thus
forming myeloid bodies (Lipsky and Lietman 1982;
Ramsammy et al, 1989). Schwertz et al. (1984) de-
monstrated an uncompetitive inhibition of gentamicin on
brush border membrane-associated PI-PLC of rabbit
proximal tubules. The central event of cisplatin toxicityin
proximal tubule was pointed as the mitochondrial injury
(Singh, 1989; Brady et al, 1990). Bacterial LPS is an
inflammatory factor and LPS-treated mice developed a
proliferative glomerulonephritis associated with renal in-
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sufficiency and proteinuria (Cavallo and Granholm, 1990).
Indomethacin probably inhibited prostaglandin synthesis
and exerted its effect as a nonsteroidal anti-inflammatory
agent. According our results, neither LPS nor indo-
methacin affected RDPase release from the proximal
tubules. We did not observe any difference of RDPase
release by cisplatin, LPS and indomethacin compared
with the control experiment. Only gentamicin showed
significant difference; the inhibition of RDPase release.
Thus, the proposed model system of proximal tubule
in relation of RDPase release may not be used with
for general purpose of screening nephrotoxicity, but it
clearly distinguished the effect of two well known
nephrotoxic drugs, gentamicin and cigplatin. However, it
can't be interpreted as the difference of the nephrotoxic
mechanism of two drugs because we do not understand
the spontaneous release mechanism of RDPase from the
proximal tubule, yet. This relatively fast RDPase release
system using isolated proximal tubules was expected to
be useful for screening drug-associated nephrotoxicity
but it was not accredited for its general use.

The accompanied pH change from 7.5 to 6.0 hour
incubation does not appear to be the primary cause of
the RDPase release, since an incubation of the tubule for
2 hours did not release detectable RDPase in pH 6.0.
Traditionally the solubilization of RDPase was achieved
by detergent (Triton X-100, octyl8-D-glucoside) or orga-
nic solvent (n-butanol) followed by extensive dialysis
or other measures to remove the solubilizing agents
(Hitchcock et al., 1987; Adachi et al., 1989; Hooper and
Turner, 1989; Campbell et al., 1988; Park et al., 1993),
and bacterial PI-PLC (Hooper and Turner, 1989;
Littlewood et al., 1989). We did not add solubilizing
agents in our control sample but the released RDPase
was 175% of the starting proximal tubules (Fig. 1).
Such activity increase was reported by a number of
investigators (We, 1997; Campbell et al., 1990; Brewis
et al., 1994) for bacterial PI-PLC. Campbell et al. (1990)
interpreted this as a result of altered accessibility to the
active site. Brewis et al. (1994) proposed the result as the
conformational change of the RDPase. Thus, our spon-
taneous release of RDPase from the proximal tubules
is simpler and easier than the methods using solubilizing
agents and less expensive than the PI-PLC method.

The very fact that the membrane bound RDPase was
released into the supernatant indicated the presence
of a hydrolase acting on GPl-proteins of the proximal
tubule. It was supported by the temperature effect
on RDPase release which is indicative of a heat-labile
enzyme-catalyzed reaction (Table 1). We temporarily
named it hydrolase-X. Currently we are working on the
purification of hydrolase-X from the proximal tubules
in control experiment. The characterization of hydrolase-
X will give us better understanding of this selective
inhibition of RDPase release by gentamicin and the
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mechanism of spontaneous release of RDPase from the
proximal tubules.
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