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Characteristics of dendroaspis natriuretic peptide and
its receptor in streptozotocin-induced diabetic rats
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Abstract. Dendroaspis natriuretic peptide (DNP) shares a
functionally important sequence homology with other natri-
uretic peptides. However, the characteristics of DNP and its
receptor in the context of diabetes remafin to be fully eluci-
dated. In the present study, alterations in the plasma levels and
tissue contents of DNP and the properties of its receptor in
diabetic rats, induced by streptozotocin (STZ) injection, were
investigated. The plasma levels of DNP were 90.01+4.12 and
196.68+5.60 pg/ml in the control and STZ-induced diabetic
rats, respectively. The tissue contents of DNP in the cardiac
atrium, ventricle, renal cortex and inner medulla of the
STZ-induced diabetic rats were also significantly increased
compared with the control rats. Specific '*I-DNP-binding
sites were located predominantly in the glomeruli and inner
medulla of the rat kidney. In the glomeruli of the kidney,
the apparent dissociation constants (K;) of '*I-DNP in the
control and STZ-induced diabetic rats were 0.41+0.03 and
0.56+0.06 nM, respectively. The maximum binding capacities
(B,..) of 'I-DNP in control and STZ-induced diabetic rats
were 2.98+0.21 and 6.22+1.06 fmol/mg protein, respectively.
However, no differences were observed in the apparent K; and
B,..x of 'I-DNP in the inner medulla of the kidney between
the control and STZ-induced diabetic rats. In the glomerular
and inner medullary kidney membranes, DNP stimulated the
production of cyclic guanosine monophosphate (cGMP) in a
dose-dependent manner. The magnitude of cGMP production
in glomerular membranes was greater in the STZ-induced

Correspondence to: Professor Sung Zoo Kim, Department of
Physiology, Medical School, Institute for Medical Science, Chonbuk
National University, 20 Gungiro, Deokjin-Gu, Jeonju, Jeonbuk 561-180,
Republic of Korea

E-mail: szkim@jbnu.ac.kr

“Contributed equally

Key words: dendroaspis natriuretic peptide, natriuretic peptide
receptors, cyclic guanosine monophosphate, diabetes, rat

diabetic rats, whereas the magnitude of cGMP production in
the inner medullary membranes was lower in the STZ-induced
diabetic rats compared with the control rats. These results
indicated that STZ-induced diabetes modulate DNP and
its receptor, and also suggested that modulation of the DNP
system is involved in the renal function of diabetic animals via
the intracellular domain of the kidney NP receptor.

Introduction

Since dendroaspis natriuretic peptide (DNP) was origi-
nally isolated from the venom of the green mamba snake,
Dendroaspis angusticeps (1), several studies have been
performed to investigate its function. In one previous study,
DNP was revealed to exhibit sequence similarities with
atrial, brain and C-type natriuretic peptides (ANP, BNP and
CNP) (2). DNP has also been detected in mammalian and
human tissues (2-4). Synthetic DNP has been observed to
induce natriuresis and diuresis in dogs when administered
intravenously (3,5) and also result in dose-dependent decreases
in blood pressure in dogs (6). The natriuretic peptide receptors
(NPRs) for DNP have been reported to localize to the smooth
muscle tissue of the human mammary artery (4); in addition,
DNP has been observed to induce vasodilatation via the direct
activation of these receptors (7). Our previous studies provided
evidence that DNP exerts renal actions via the NPR-A subtype
and demonstrated that DNP and its specific receptor are present
in the kidneys of rabbits (8-10). Collectively, these results
suggested that DNP has a physiological role in regulating the
renal function of mammals by interacting with specific NPRs,
which have a particular guanylyl cyclase (pGC) domain.
Diabetic nephropathy is known to result from the inter-
action of genetic factors with chronic hyperglycemia (11).
Chronic hyperglycemia induces a markedly increased inci-
dence of cardiovascular pathology, which leads to myocardial
dysfunction, hypertension and renal failure (12). Diabetic renal
failure is characterized by distinct alterations in the regula-
tion of sodium and water balance (13). Additionally, ANP has
been observed to affect the course of diabetic nephropathy by
affecting afferent arteriolar dilatation and efferent arteriolar
constriction within the glomerulus (14). Infusion of ANP
has also been observed to increase the glomerular filtration
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rate, filtration fraction and extent of albuminuria in patients
with type I diabetes (15). In addition, plasma ANP levels
are augmented in streptozotocin (STZ)-induced diabetic
animals and in patients with diabetic nephropathy (13,16),
and the ANP-specific receptor is also significantly altered
in the kidneys of a diabetic animal model (13,17,18). The
cardiac mRNA expression levels of BNP and NPRs have
been observed to increase in STZ-induced diabetic animals
compared with controls (12,19), whereas the cardiac mRNA
expression of CNP decreased (12). Although several studies
have examined the modulation of natriuretic peptides and their
receptors during the development of diabetic nephropathy, the
precise association between the DNP system and diabetes
remains to be elucidated. The aim of the present study was to
investigate whether the DNP system has a pathophysiological
role in the development of diabetic renal abnormalities. The
extent to which the plasma levels of DNP, the tissue contents
of DNP and/or the properties of the DNP receptor were altered
in STZ-induced diabetic rats was investigated.

Materials and methods

Animals. A total of 49 male Sprague Dawley rats (200-250 g;
Orient Bio, DaeJeon, Korea) were used in the present study. The
animals were maintained at ~20°C with a constant humidity
of 55% and acclimated to standard conditions. The animals
were maintained on an ad libitum diet of standard chow and
tap water, maintained at 22-23°C with a constant humidity of
55%, and acclimated with a cycle of 12 h of light/darkness, as
described previously (8). The present study was approved by
the ethics committee of Chonbuk National University, Institute
for Medical Science (Jeonju, Jeonbuk, Republic of Korea),
according to the National Institutes of Health (Bethesda, MD,
USA) guidelines.

Diabetes mellitus was induced with a single intraperitoneal
injection of STZ (80 mg/kg body weight; Sigma-Aldrich, St.
Louis, MO, USA). Hyperglycemia was assessed by measuring
the fasting blood glucose level 48 h post-induction using a
glucometer (Roche Diagnostics GmbH, Berlin, Germany). Each
rat was placed in a metabolic cage to facilitate measurements
of food and water intake, urine volume and urinary electrolyte
excretions. The electrolyte concentrations of plasma and urine
were measured using an electrolyte analyzer (NOVA 4; Nova
Biomedical Corporation, Waltham, MA, USA).

Measurement of DNP. The animals were sacrificed under
pentobarbital (30-40 mg/kg) stable anesthesia and by decapi-
tation. The plasma DNP concentrations were determined,
as previously described (8). Briefly, blood was collected and
plasma samples were obtained by centrifugation at 10,000 x g
for 10 min at 4°C. To measure the DNP contents of the heart and
kidney, these tissues were prepared as previously described (8).
Briefly, the tissues were finely minced, boiled in 0.1 N acetic
acid, containing protease inhibitor mixture, for 10 min, homog-
enized and then centrifuged at 10,000 x g for 10 min at 4°C.
The supernatants were then assayed for levels of DNP.

Radioimmunoassay of DNP. For the DNP radioimmuno-
assay, '*I-DNP was prepared using a modified chloramine-T
method, as described previously (20). Synthetic DNP
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(5 ug/5 pl 0.1 M acetic acid; Peninsula Laboratories,
elmont, CA, USA) was introduced into a vial containing
25 u1 0.5 M phosphate buffered saline, followed by the addition
of 1 mCi 125I-Na (Amersham International, Amersham, UK).
Chloramine-T (10 ug/10 ul) was added to the reaction vial,
mixed gently and following a 30 sec incubation, bovine serum
albumin (BSA; 60 mg/200 pl) solution was added. Rabbit
(polyclonal) anti-DNP antibody (Phoenix Pharmaceuticals
Inc, CA, USA) did not have any cross-reactivity with the other
natriuretic peptides (ANP, BNP, or CNP). The lyophilized
samples were reconstituted in phosphate buffer (pH 7.4),
containing 50 mM NaCl, 0.1% BSA, 0.1% triton X-100 and
0.01% sodium azide. Following incubation with rabbit anti-
DNP antibody at 4°C for 24 h, 125I-DNP (specific activity
1420 Ci/mmol) was added to each reaction mixture and
incubated at 4°C for a further 24 h. The separation of the free
form from the bound form was achieved by the addition of
secondary antibody and the radioactive pellets were counted in
a gammacounter (Packard, Meriden, CT, USA). Non-specific
binding was 1%. The 50% intercept was at 202.8+15.2 pg/tube
(n=9). The intra-and inter-assay coefficients of variation were
3.6+0.6 (n=9) and 8.6+2.6% (n==8), respectively (8).

Autoradiographic binding of '*I-DNP. To measure the auto-
radiographic binding of '*’I-DNP, the samples (n=6; kidney)
were rapidly removed and snap frozen in liquid nitrogen.
Sample sections were cut in a transverse plane using a cryostat,
thaw-mounted on gelatin-chrom-alum-coated slides and dried in
a desiccator overnight. '*I-DNP binding to sample sections was
determined as previously described (8,21). Briefly, the sections
were washed with 150 mM NaCl and 0.5% acetic acid (pH 5.0)
at room temperature for 10 min in order to remove endogenous
DNP. The tissue sections were subsequently pre-incubated with
30 mM phosphate buffer (pH 7.2), containing 120 mM NaCl
and 1 mM phenanthroline at room temperature for 8 min.
The tissue sections were incubated with 250 pM '*I-DNP in
fresh pre-incubation buffer, containing 40 yg/ml leupeptin
and 0.5% BSA at room temperature for 60 min. Following the
incubation, the tissue sections were rinsed and washed with the
pre-incubation buffer for 5 min at 4°C. Subsequently, the tissue
sections were rinsed three times with cold distilled water at
4°C. Computerized microdensitometry analysis of autoradio-
grams was performed with a Leica Wild M420 microscope
(Leica Microsystems, Vienna, Austria) (22).

Measurement of pGC activity. The NP-mediated stimulation
of cGMP production by activated pGC was measured by
performing equilibrated radioimmunoassays of tissue super-
natants, as described previously (23).

Statistical analysis. The results are expressed as the
mean + standard error of the mean. Comparisons between
groups were evaluated using Student's t-test and one-way
analysis of variance. P<0.05 was considered to indicate a
statistically significant difference.

Results

General characteristics of STZ-treated rats. The general
characteristics of STZ-treated rats and their age-matched
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Table I. Characteristics of the rats in the control and streptozotocin-induced DM groups.

Characteristic Control group DM group
Number 16 33
Blood glucose (mg/dl) 118.91+2.78 459.70+13.09°
Hematocrit (%) 45.94+0.90 45.40+0.42
Urine volume (ml/day) 25.87+1.49 182.43+13.25°
Plasma sodium (mmol/l) 141.74+0.72 136.28+0.38"
Plasma potassium (mmol/1) 7.16+0.12 6.63+0.13*
Plasma chloride (mmol/l) 100.33+0.28 92.74+0.43*
Plasma osmolality (mOsm/kg) 282.42+1.53 271.86+0.89*
Urinary sodium excretion (mol/l/day) 2.23+0.36 4.34+0.33*
Urinary potassium excretion (mol/l/day) 4.24+0.29 6.25+0.39°
Urinary chloride excretion (mol/l/day) 3.35+0.25 7.75+0.34*
Urine osmolarity (Osm/l/day) 22.03+1.62 146.52+6.05°

Data are expressed as the mean + standard error of the mean. *P<0.05 and "P<0.01, vs. control group. DM, diabetes mellitus.
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Figure 1. Plasma levels of DNP in control and STZ-induced diabetic rats.
Data are expressed as the mean + standard error of the mean.”P<0.01 vs.
control. DNP, dendroaspis natriuretic peptide; STZ, streptozotocin; DM,
diabetes mellitus.

controls are shown in Table I. Successful induction of diabetes
in the STZ-treated rats was confirmed by the presence of
severe hyperglycemia and significantly increased urine
volumes compared with the untreated controls. No differences
in hematocrit levels were observed between the control and
STZ-treated rats. Plasma concentrations of sodium, potassium
and chloride, in addition to osmolalities, in the STZ-treated
rats were significantly less compared with those of the control
rats. The analysis of renal function revealed that the urinary
excretion of sodium, potassium and chloride by STZ-treated
rats was significantly greater compared with that of the control
rats. Notably, the urine osmolarity was significantly higher in
the STZ-treated rats compared with the control rats.

Plasma levels and tissue contents of DNP. The levels of
DNP in the blood, cardiac atria, cardiac ventricles, kidney

cortex and kidney medulla were detected using a specific
and sensitive radioimmunoassay. The plasma DNP levels of
the control and STZ-treated rats were 90.01+4.12 (n=18) and
196.68+5.60 pg/ml (n=18), respectively. As shown in Fig. 1, the
plasma levels of DNP were ~2-fold higher in the STZ-treated
rats compared with the control rats.

The levels of DNP were also quantified in the cardiac atria,
cardiac ventricles, renal cortex and renal medulla of each rat.
The levels of DNP in the cardiac right atrium, cardiac left
atrium and ventricles of the control rats (n=18) were 1.59+0.12,
1.70+0.25, 0.48+0.11 and 0.75+0.05 pg/mg wet weight, respec-
tively. The levels of DNP in the kidney cortex and kidney
medulla were 3.94+0.14 and 2.06+0.35 pg/mg wet weight,
respectively. As shown in Fig. 2, the DNP contents of these
tissues in the STZ-treated rats were significantly increased
compared with those of the control rats. However, these data
did not reveal any significant association between the plasma
DNP levels and the tissue DNP contents in either the heart or
the kidney tissues.

Renal binding characteristics of '*’I-DNP. Specific '*I-DNP
binding sites were identified in transverse kidney sections
using in vitro receptor autoradiography. As shown in Fig. 3, the
presence of specific and reversible binding sites of '*I-DNP
in the kidney glomeruli and inner medulla were observed.
The binding of '*I-DNP to the kidney was displaced entirely
by 1 #M unlabeled DNP, whereas no significant effect on the
diffuse background binding was observed.

All the specific binding sites for 'I-DNP were more
marked in the glomeruli compared with the inner medulla.
In the control rats, the binding densities of '*’I-DNP in the
glomeruli and inner medulla of the kidney without acid
washing were 1,735.21+11.15 and 188.52+21.13 dpm/unit
area, respectively (Fig. 4). To determine whether the apparent
modulation of a specific '*I-DNP binding site was caused
by prior receptor occupancy by endogenous DNP, the kidney
sections were washed with acetic acid solution prior to incu-
bation with '*I-DNP. This acid washing, which removed the
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Figure 2. Quantities of DNP measured in the (A) right atrium, (B) left atrium, (C) right ventricle, (D) left ventricle, (E) renal cortex and (F) renal inner medulla
in the control and STZ-induced diabetic rats. Data are expressed as the mean =+ standard error of the mean. "P<0.05 and “P<0.01 vs. control. DNP, dendroaspis

natriuretic peptide; STZ, streptozotocin; DM, diabetes mellitus.

Figure 3. Dark-field photomicrograph of autoradiograms of rat kidney sections incubated in the presence of (A) '*I-DNP and (B) their adjacent sections
incubated in '*I-DNP and an excess of unlabeled DNP (1 zM) to remove nonspecific binding. Specific '*I-DNP binding sites appear as white silver grains in

the glomeruli (G) and inner medulla (IM). DNP, dendroaspis natriuretic peptide.

endogenous DNP, markedly increased the specific binding
densities of '*I-DNP to the renal glomeruli and inner medulla to
2,125.23+17.40 (P<0.01) and 375.38+39.25 (P<0.05) dpm/unit
area, respectively.

The results of the competitive inhibition analysis, which
used unlabeled DNP to investigate the binding of '*I-DNP
to the glomeruli and inner medulla of the kidney, were
consistent with the presence of reversible binding sites for
DNP, with uniform affinity, on the intrarenal structures. The
specific binding of '*I-DNP to the kidney glomeruli and
inner medulla was competitively inhibited by unlabeled DNP

in a dose-dependent manner (Fig. 5). In the kidney glom-
eruli, the apparent dissociation constants (K,) of '*I-DNP
in the control and STZ-treated rats were 0.41+0.03 and
0.56+0.06 nM, respectively. The maximal binding capaci-
ties (B,,,,) of '’I-DNP in the control and STZ-treated rats
were 2.98+0.21 and 6.22+1.06 fmol/mg protein, respectively.
In the inner kidney medulla, the apparent K; of 'I-DNP
in the control and STZ-treated rats were 0.25+0.01 and
0.28+0.01 nM, respectively. The B, of "*I-DNP in the control
and STZ-treated rats were 0.62+0.01 and 0.61+0.06 fmol/mg
protein, respectively.
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Figure 4. Effect of acid-washing on the specific binding densities of '>I-DNP in the (A) renal glomeruli and (B) inner medulla of control rats. Data are
expressed as the mean + standard error of the mean.’P<0.05 and “P<0.01 for non-acidic washed vs. acidic washed specific '*I-DNP binding densities (n=6).

DNP, dendroaspis natriuretic peptide.
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Figure 5. Competitive inhibition of the maximum specific binding of '*I-DNP by increasing the concentration of unlabeled DNP. Data are expressed as the
mean + standard error of the mean and values are shown for the binding to the (A) renal glomeruli and (B) inner medulla in the (open circles) control and (filled
circles) STZ-induced diabetic rats (n=6). DNP, dendroaspis natriuretic peptide; STZ, streptozotocin.
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Figure 6. Production of cGMP in response to various natriuretic peptides
(all 1 uM) by plasma membranes from the glomeruli and inner medulla of
the rat kidney. Data are expressed as the mean + standard error of the mean.
“P<0.01 vs. vehicle group. cGMP, cyclic guanosine monophosphate; ANP,
atrial natriuretic peptide; BNP, brain natriuretic peptide; CNP, c-type natri-
uretic peptide; DNP, dendroaspis natriuretic peptide.

cGMP production. The basal rates of cGMP production,
which rely upon the activation of pGC, in the glomerular
and inner medullary membranes in the control rats were
34.64+1.69 and 42.35+3.45 pmol/min/mg protein, respectively.
By contrast, the addition of 1 uM DNP to the glomerular
membranes increased the production of cGMP~ 2-fold above
the basal level. The natriuretic peptides were ranked in the
following order, according to their potency in stimulating
cGMP production: ANP=DNP=BNP>>CNP (Fig. 6). As
shown in Fig. 7, the production of cGMP was stimulated in a
dose-dependent manner by synthetic DNP. The dose-response
curve of cGMP production in the glomerular membranes from
the STZ-treated rats was significantly higher compared with
the control rats, whereas the dose-response curve in the inner
medullary membranes from the STZ-treated rats was slightly
lower compared with the control rats.

Discussion

The present study examined the modulation of DNP and its
specific receptor in STZ-induced diabetic rats with severe
hyperglycemia. The successful induction of diabetes in the
STZ-treated rats was first confirmed by observing certain
changes in their general characteristics and comparing them
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Figure 7. Dose-dependent cGMP responses stimulated by DNP in the renal glomerular (A) and inner medullary (B) membranes of the (°) control and
(°) STZ-induced diabetic rats. cGMP, cyclic guanosine monophosphate; DNP, dendroaspis natriuretic peptide; STZ, streptozotocin.

with age-matched control rats (Table I). Briefly, the treatment
of rats with STZ resulted in significantly elevated plasma
glucose levels and significantly increased daily urine volumes,
changes typical of type I diabetes. The plasma electrolyte
compositions of the STZ-treated rats weer decreased after
2 weeks, whereas the urinary electrolyte excretions and osmo-
larities were significantly increased in the STZ-treated rats.

In diabetic animals and patients with diabetes, NPs and
their specific receptors are altered, which suggests that they
are important in the pathogenesis of diabetic renal abnormali-
ties (24). The plasma levels of ANP in diabetic rats have been
reported to be higher compared with those in age-matched
controls (13). In addition, the mRNA expression levels of ANP
and BNP have been observed to be upregulated in cardiac
tissue from STZ-induced diabetic animals (12,19,25). Acute
hyperglycemia has also been found to stimulate the secre-
tion of ANP in cardiac tissues (26). By contrast, the cardiac
mRNA expression of CNP is decreased in STZ-induced
diabetic rats (12). Although diabetes with hyperglycemia may
potentially lead to alterations in cardiac and renal functions by
stimulating the synthesis and secretion of natriuretic peptides,
the precise association between DNP and the pathogenesis
of diabetes remains to be elucidated. In the present study, the
plasma levels and tissue contents of DNP in STZ-induced
diabetic rats were significantly increased compared with the
control rats. Thus, the cardiac and renal DNP contents were
investigated, with the aim of identifying the predominant
source of elevated plasma DNP levels in STZ-induced diabetic
rats. Although the tissue contents of DNP in the cardiac
atria, cardiac ventricles, renal cortex and renal medulla in
the STZ-induced diabetic rats were significantly increased
compared with those of the control rats, no association was
observed between the plasma DNP levels and the tissue DNP
contents of these organs. As DNP was originally identified
in a reptilian species (1), the main organ responsible for the
synthesis and/or secretion of DNP remains to be elucidated.
Therefore, the present findings suggest that DNP may act as
a local hormone to affect biological functions, and that DNP
may modulate its own expression in pathological conditions,
including diabetes.

The binding characteristics of specific '*I-DNP binding
sites were also investigated using quantitative in vitro receptor
autoradiography. In the present study, autoradiograms of rat

kidney transverse sections revealed that specific '*I-DNP
binding sites were localized predominantly in the glomeruli
and the inner medulla. These intrarenal localizations of
specific '*I-DNP binding sites were consistent with our
previous data (8). In the present study, the binding character-
istics of DNP to the NPRs in rat kidneys exhibited marked
heterogeneity. The maximum specific binding density of
1T-DNP, which indicates the binding of a radiolabeled ligand
in specific conditions, was significantly higher in the glom-
eruli compared with the inner medulla. Competitive inhibition
analysis of the displacement of '*I-DNP with unlabeled DNP
indicated that the binding affinities of '*I-DNP in the rat
kidney glomeruli were marginally lower compared with those
in the inner medulla, whereas the maximal binding capaci-
ties were significantly higher in the glomeruli compared with
the inner medulla. These results suggested that the observed
heterogeneity in the maximum specific '*I-DNP binding
densities in the intrarenal structures is associated with differ-
ences in the properties of the receptor populations, rather than
the binding affinities of the receptor molecules. As shown in
Fig. 4, it was also observed that specific binding of '*I-DNP in
the glomeruli and the inner medulla was significantly increased
following removal of endogenous natriuretic peptides using an
acidic wash. This finding suggests that rat intrarenal NPRs,
which bind '"*I-DNP, are exposed to endogenous natriuretic
peptides, including DNP, as in rabbit kidneys (8).

To the best of our knowledge, the present study is the first
to demonstrate that the binding characteristics of '*I-DNP
in the kidney are altered in STZ-induced diabetic animals.
In rats with STZ-induced diabetes, the maximum binding
capacities of '*I-DNP in the glomeruli were significantly
increased compared with those in the control group, whereas
the binding affinities of '"I-DNP to these structures were
slightly decreased. However, the binding of '*I-DNP in
the inner medulla was not significantly different between
the control and STZ-induced diabetic rats. These results
suggested that the number of NPRs for DNP in the kidney
of STZ-induced diabetic rats is altered predominantly in
the glomeruli. Previous studies (17,18) have investigated the
binding characteristics of NPRs in the intrarenal structures of
STZ-induced diabetic rats; these studies used '*’I-ANP as a
radiolabeled ligand. In these studies, the maximum binding
capacities of '"I-ANP to the glomeruli in STZ-induced
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hyperglycemic diabetic rats were significantly decreased
in comparison with control or normoglycemic diabetic rats,
whereas those to the inner medulla remained unchanged. No
significant difference was identified in the binding affinities
of 'I-ANP to the glomeruli and the inner medulla between
control and STZ-induced diabetic rats. Considering the differ-
ences that have been observed between the binding properties
of 'I-ANP and '*I-DNP, it is hypothesized that NPRs may be
modulated by the expression of different natriuretic peptides
during the pathogenesis of diabetes.

NPRs are classified into three subtypes: NPR-A, NPR-B,
and NPR-C. NPR-A and NPR-B receptors each consist of
two monomeric proteins, with a combined molecular mass of
120-140 kDa. These two receptor types exhibit pGC activity
for cGMP production. By contrast, NPR-C receptors are
disulfide-linked homodimer proteins of 60-70 kDa. These
receptors do not possess GC activity, but do bind all endog-
enous NPs, thus facilitating the clearance of NP (27-30). The
NPR subtypes have also been characterized with respect to
their ligand selectivities and the potencies with which they
stimulate cGMP production by activating pGC; the relative
potencies for NPR-A and NPR-B are ANP>BNP>>CNP and
CNP>>BNP>ANP, respectively (27,30,31). In addition, compe-
tition binding experiments have revealed that ANP and BNP
exhibit greater affinities for '*I-DNP binding sites than CNP
and C-ANP, at least in human heart tissue (7). Using CHO-K1
cells expressing human recombinant NPR subtypes, DNP was
observed to have a high affinity for NPR-A type receptors
and no affinity for NPR-B type receptors (32). High plasma
levels of DNP have been previously detected and it has been
demonstrated that DNP produced cGMP via the activation of
NPR-A subtype receptors and that DNP exerts marked effects
on renal function in rabbits (8,9). In the present study, various
natriuretic peptides, including DNP, ANP, BNP and CNP, were
found to augment the production of cGMP via pGC in plasma
membranes isolated from the renal glomeruli and inner medulla
of rat kidneys. Furthermore, it was identified that natriuretic
peptides ranked in the following order regarding their potency
in stimulating cGMP production: ANP=DNP=BNP>>CNP.
The extent to which NPR-A subtype receptors are modulated
in STZ-induced diabetic rats was also evaluated. The respon-
siveness of DNP to the activities of pGC in the glomerular
and inner medullary membranes of the kidney were compared.
Notably, it was identified that DNP induced a dose-dependent
increase in the cGMP response in the glomerular membranes
of STZ-induced diabetic rats, whereas the cGMP responses
in the inner medullary membranes were decreased compared
with the control rats. Therefore, the present results indicated
that NPR-A subtype receptors are the predominant type of
DNP receptor of all the GC-coupled NPRs in the rat kidney.
These receptors can be upregulated in the kidney glomeruli of
STZ-induced diabetic rats.

In conclusion, the present study demonstrated several
properties of STZ-induced diabetic rats. Their plasma DNP
levels were significantly elevated compared with the control
rats and did not correlate with any increases in cardiac and/
or renal DNP levels. The specific '*I-DNP binding sites in
their kidneys were localized predominantly in the glomeruli
and the inner medulla and the maximum binding capacities
of '"I-DNP to their glomeruli were significantly increased

2975

compared with the control rats. The potency rank order of
the NPR subtypes in the kidney regarding cGMP production
was ANP=DNP=BNP>>CNP. Furthermore, DNP stimulated
a dose-dependent response in the production of cGMP, which
was enhanced in the glomeruli of diabetic rats compared
with the control rats. Finally, thedaily urination volumes and
urinary electrolyte excretions were significantly increased
compared with the control rats.

These findings suggested that DNP and its receptor system
modulate certain mechanisms of glomerular hyperfiltration by
upregulating the DNP-NPR-A-pGC-cGMP signaling pathway,
at least in animal models of diabetes.
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