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ABSTRACT ARTICLE INFO

We aimed, in this study, to determine the distribution of a-1 AR subtypes in rat and
human pelvis and calyces, and to evaluate, by comparing these two species, the possi-
bility of rats to be used as models for humans. Twenty patients with renal carcinoma
were included into the study. The patients underwent radical nephrectomy for renal cell
carcinoma (RCC). After nephrectomy, specimens were evaluated and excisional biopsies
from healthy pelvis and calyces tissues were performed. When pathology confirmed the
non-invasion of RCC, specimen was included into the study. A total of 7 adult Wistar
Albino (250-300 g) female rats were used in this study. Specimens included renal
pelvis and calyces. All specimens were evaluated under light microscope histopatho-
logically. The concentrations of the receptor densities did not differ between the two
groups. With the demonstration of the o receptors in rat kidneys and calyces, many
receptor-based studies concerning both humans and rats can take place. Novel medica-
tion targeting these subtypes -in this matter a.1A and a.1D for renal pelvis and calyces-
may be helpful for expulsive therapy and/or pain relief. With the demonstration of
similar receptor densities between human and rat tissues, rat model may be useful for
a-receptor trials for renal pelvis and calyces.
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INTRODUCTION

Alpha 1 (0-1) adrenoreceptors (AR) belong
to the G-protein coupled receptor family (1). Gene
cloning studies initially identified three subtypes
of a-1AR: a-1A, a-1B, and a-1D (2-7). The dis-
tribution of these receptors differs in the urinary
system. Even though researchers focused on alpha
receptors in bladder, ureter and prostate, fewer re-
searchers focused on their distribution (8). Identi-
fication of the alpha adrenoreceptor subtypes in

the urinary system, and their physiologic effects
such as the contractions they cause in the ureter,
bladder and urethra provided for the development
of effective urological treatment methods (9). To
these treatment methods, which have been confi-
dingly used in benign prostatic hyperplasia (BPH)
for many years, was added the urolithiasis cases in
the last decade (10,11). However, human and ani-
mal studies related to the receptor distribution in
kidney have been insufficient. Although there are
human and animal studies for modeling related
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to the bladder, ureter, and prostate, we have not
been able to access any published studies relating
to the renal pelvis and calyces (1,4,5). We there-
fore aimed, through this study, to determine the
distribution of a-1 AR subtypes in rat and human
pelvis and calyces, and to evaluate, by comparing
these two species, the possibility of rats to be used
as models for humans.

MATERIAL AND METHODS

Twenty patients with renal carcinoma
were included into the study. The patients un-
derwent radical nephrectomy for renal cell carci-
noma (RCC). After nephrectomy, specimens were
evaluated and excisional biopsies from healthy
pelvis and calyces tissues were performed. When
the pathologist confirmed non-invasion of RCC,
specimen was included into the study.

A total of 7 adult Wistar Albino (250-300
g) female rats were used in this study. The animals
were kept in a room at a constant temperature of
22+1°C and fed with standard pellet chow, and
the room was maintained on a 12-hour light/dark
cycle. Food and water were available ad libitum.
All experiments were performed in conformity
with the European Community Council Direc-
tive. This experimental study was carried out in
the animal research laboratory of a teaching and
research hospital and was approved by hospital’s
Animal Ethics Committee.

The animals were anesthetized intraperi-
toneally with combinations of ketamine (60 mg/
kg) and xylazine (10 mg/kg). All rats underwent
bilateral nephrectomy after skin incision and tis-
sue dissection.

The rats were sacrificed by overdose anes-
thesia. All specimens were kept in 10% neutral
formaldehyde solution.

Tissue specimens were prepared after rou-
tine procedures and then embedded in paraffin.
Sections (5 pm) were prepared from all specimens
and stained with immunohistochemistry. During
immunohistochemistry staining, ADRA 1A (Imge-
nex, IMG-71129), ADRA1B (Imgenex, IMG71127),
ADRA 1D (Imgenex, IMG71130) antibodies (in
1/100 dilution) were dripped to slides and a-1A,
a-1B, and a-1D receptor subtypes were demons-
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trated by this method. With this method, cytoplas-
mic staining shows receptor concentration.

Specimens included renal pelvis and
calyces. All specimens were evaluated by the same
radiologist (DY), under light microscope histopa-
thologically and photographs were taken (x40,
x100, x200) by a pathologist (MA) blinded to the
study groups. Slides were graded according to im-
mune reactivities (Grade 0: No staining, Grade 1:
positive staining less than 25%, Grade 2: positive
staining between 26-50%, Grade 3: staining more
than 50%) (12).

Statistical analysis

Statistical analyses were performed using
the Statistical Package for Social Sciences ver-
sion 20.0 for MAC (SPSS Inc, Chicago, Illinois,
USA). To test the analysis of data distribution,
Kolmogorov-Smirnov test, and to test for equality
of variances, Levene’s test for equality of varian-
ces were used. One-way ANOVA was used for in-
-group comparisons and Tukey’s test was used for
group comparison. A value of p<0.05 was consi-
dered statistically significant.

RESULTS

Twenty kidneys were harbored from twen-
ty human patients and fourteen kidneys were har-
vested from 7 rats.

For human subjects, a-1A and a-1D were
found to be expressed more in both pelvis and
calyces than a-1B (p<0.05). Subtype distribution
of a receptors in renal pelvis was a-1D (2.9)>a-1A
(2.65)>0-1B (1.35). In calyces, the distribution was
a-1D (2.75) >a-1A (2.4) >0-1B (1.5).

Alpha-receptors have been demonstrated
in rat renal pelvis and calyces. Even though all
receptors have been demonstrated in rat kidney,
subtypes differed. When stainings were analyzed,
a-1A and a-1D were found to be expressed more
in both pelvis and calyces than a-1B (p=0.027
and 0.013 for pelvis, and p=0.004 and 0.006 for
calyces, respectively). Subtype distribution of a
receptors in renal pelvis was o-1D (2.42)>a-1A
(2.35)>0-1B (1.71). In calyces, it was -1D (2.14)=a-
1A (2.14)>0-1B (1.35).
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a-1A and o-1D receptors in renal pelvis
and calyces were similar in both groups. There
was a weak staining for a-1B receptor subtypes.
For renal pelvis, a-1A staining was 2.35+0.49,
o-1B was 1.71+0.82 and o-1D was 2.42+0.51.
When staining of calyces was examined, a-1A
was 2.14+0.66, a-1B was 1.35+0.72 and o-1D was
2.14+0.36 for rat model (Figure-1).

The concentrations of the receptor densities
did not differ between the two groups (Figure-2).

DISCUSSION

The full understanding of the adrenergic
physiology of the urinary system is dependent on
precise knowledge of the localization of the o-1
ARs in tissue. Alpha-1 receptors are present in di-
fferent densities in different regions of the uroge-
nital system, and have significant functions. Iden-
tification of these receptors provided significant
contribution to the treatment of urinary tract di-
seases. Three subtypes of o receptors (a-1A, a-1B,
and a-1D) have been identified in the organs of
different mammals by pharmacokinetics techni-
ques (13). Rats were the most frequently used as
experimental animals.

The presence of a-1 receptors in the urina-
ry system, and their distribution and densities in

various organs were demonstrated through animal
experiments in 1970s and 1980s 49, The distri-
bution of the alpha receptors in human ureter di-
ffers according to the ureteral level. Keun Park et
al. reported that the expression of a-1D was sig-
nificantly higher than a-1A and a-1B in the mi-
ddle and upper ureter in humans whereas in distal
ureter o-1D expression was higher than a-1A and
a-1B but this difference was not significant statis-
tically (6). Itoh et al. found that the expression of
a-1D was greater in all regions of the ureter but it
was a-1D>0-1A>0-1B in the proximal and medial
ureter, similar to that of the total ureter. On the
other hand, in distal ureter, a-1D expression was
significantly higher than -1A expression 7. The
expression of a-1 receptor subtypes for renal pelvis
and calyces were a-1D>a-1A>a-1B in our human
group. Walden, in a study conducted with humans,
monkeys and rats in 1997, examined the o-1 re-
ceptor subtypes in different regions of the bladder,
and found that receptor subtype distribution was
different in different regions of the tissue (18). Our
study examined the expressions of alpha receptors
in renal pelvis and lower calyces, and found their
distribution as a-1D>a-1A>0-1B. No difference
was observed in the receptor expressions in the pel-
vis and calyces. This result differs from the receptor
distributions in the bladder and ureter.

Figure 1 - Pathologic images of rat and human pelvis and calyces. The brownish staining demonstrates alpha receptor stainings.
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Figure 2 - Receptor distribution of human renal pelvis and calyces. Upper chart indicates renal pelvis, and the chart below, calyces.
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Hampel et al compared mice with the spi-
nal cord and partial obstructive pattern and the
control group, and found the distribution of alpha
receptor subtypes as a-1A>0-1D>a-1B in the control
group whereas it was -1D> -1A> -1B in the group
with obstructive rat bladder (19). Similarly, Lee et al.
examined the bladder o receptor expression in rats
with spinal cord injury, and demonstrated the ex-
pression as a-1A>a-1D>a-1B in the control group,
and a-1D>0-1A>0-1B in rats with spinal cord injury
(20). In our study with rats, the expression of a re-
ceptor subtypes was o-1D>0-1A>0-1B in the renal
pelvis, as found in the control group rats in the stu-
dy by Lee et al. and Hampbell et al., and in lower
calyces it was a-1D (2.14)=0-1A (2.14)>a-1B (1.35).
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Studies conducted to examine the simila-
rities between different species by comparing hu-
man and animal tissues aimed to determine whe-
ther animals would be good models for humans.
Pig, monkey, hamster, rabbit, and mouse have
been used in alpha receptor studies. Especially in
the urinary bladder studies, human and rats are
different than the other species. Humans and rats
show similarities with the o receptor subtype ex-
pressions of a-1A>a-1D>a-1B, and thus rats have
been used more frequently in the studies aiming to
form a model (21-23).

Walden et al. demonstrated, in their study
where they examined the o-1A receptor expres-
sions in different regions of the monkey, rat and
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human urinary bladder and prostate tissues, the
similarity of the a-1A receptor expression in the
bladder dome smooth muscle, and prostate smoo-
th muscle (18). They found that the receptor ex-
pressions in the bladder dome and base, smooth
muscle, connective tissue and urethelium differed
in all three species. The same study failed to de-
monstrate the receptors in humans which were
found at high levels in rat and monkey bladder
dome urothelium. Moro et al., in the study where
the receptor functions were examined in the pig
urothelium/lamina propria with the consideration
that pigs would be a good model for humans, de-
monstrated the expressions of a-1A>a-1B>a-1D,
the levels of a-1A and a-1D being greater than
-1B, and that they had contractile capacity as in
the detrusor. As the authors report, a-1B receptors
are expressed mainly in cardiovascular system
and lungs. These receptors are the main reason
for side effects of these drugs such as hypotension
or ortopnea (24). The results of these two studies
prove that alpha AR expression may differ in di-
fferent tissues. In our study, a-1 AR distribution
was examined in rat and human renal pelvis and
calyces, and found that receptor expressions were
similar in both species. Thus, rats could be a sui-
table model for the receptor studies related to the
urinary system.

It is crucial in the targeting treatment to
have information about the receptor distributions
in order to optimize the effectivity by applying
the medication for the adequate receptor. Benign
prostate hyperplasia treatment with medications
targeting receptor blockage (25,26) made its way
in the clinical practice with the kidney expulsion
targeting treatments (12,27).

Silodosin, for example, had been used on
rats with the code KMD-3213 before it has been
used by humans (28). Also, there are newer publi-
cations using o receptor blockers using rat models.
Villa et al. investigated the effect of prazosin, ta-
msulosin and silodosin on rat and human ureters
and demonstrated that rats can be used as human
models (29). There are many studies about bladder
detrusor muscle and receptors. Yazaki et al. de-
monstrated the effect of receptors in improving
the storage dysfunction in a rat model with blad-
der outlet obstruction (25). Similar to that study,
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Gu et al. managed rats with urinary obstruction
with receptor blockers (26). With all these studies
present, we believe that by the demonstration of

receptor subtypes and distribution similarities of
rats and men, rats may be a good model for novel
treatments targeting receptors on human kidney.

Peristalsis begins with the contractions of
renal calyces and pelvis. This was clearly demons-
trated previously (2). Alpha receptors were found
to be mediating ureteral contractions in rat mo-
dels (3). As this was demonstrated in rat models,
human researchers used this as a model before hu-
man research. There are several a receptor treat-
ment studies concerning ureters, and even kidney
stones (4-6).

Until recently, there was no medical ther-
apy option for renal stones. A few studies have
been conducted to evaluate the use of a recep-
tor blockers after kidney stones were managed
by Extracorporeal Shock Wave Lithotripsy (SWL)
(5,11). These studies suggest the usage of o blocker
treatment following SWL of kidney stones, both
for improving the outcomes and relieving pain
(5,27). However, the use of these receptor block-
ers is not based on evidence. There is not a single
study comparing a receptors in humans and ani-
mal models.

Medical expulsative therapy (MET) is a
commonly used therapy for facilitation ureteral
stone passage. Alpha blocker agents are used, for
both pain relief and relaxing smooth muscles to
facilitate stone passage. This treatment also re-
lieves pain and discomfort caused by double j
catheters. Several publications have been publi-
shed on this matter (30,31). With the findings of
our study, investigators may focus on facilitating
the passage of renal calyx or pelvic stones.

The low number of human and rat speci-
mens and the nature of human kidney specimens
(harvested from cancerous tissues) are main limi-
tations of this study.

In our study, we demonstrated o receptors
in both human and rat renal pelvis and calyces
with similar concentrations. We revealed similar
o receptor concentrations in both human and rat
tissues and therefore rat models will be able to be
used for o receptor studies concerning renal pelvis
and calyces. With this fact in mind, human stud-
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ies concerning alpha-receptor blockage may take
place with evidence.

CONCLUSION

With the demonstration of the a receptors
in rat kidneys and calyces, many receptor-based
studies concerning both humans and rats can take
place. Novel medication targeting these subtypes
-in this matter a1A and a1D for renal pelvis and
calyces- may be helpful for expulsive therapy and/
or pain relief. With the demonstration of similar
receptor densities between human and rat tissues,
rat model may be useful for a-receptor trials for
renal pelvis and calyces. We believe that new stu-
dies on the alpha receptors in renal pelvis and
calyces would contribute to the field significantly.
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