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Abstract

Objective: To investigate the effect of tamsulosin on urinary calculi formation and renal function in rats.
Patients and methods: SD rats were randomly divided into three groups, including control, model group
established by Melamine (Mel) treatment, and tamsulosin group. The weight, 24 h urine volume, water
intake, Mel level, Scr, BUN, UAlb, ratio of kidney to weight, as well as calculus formation rate were
analysed. TNF-α and interleukin (IL)-1β levels were detected by real-time PCR and ELISA. Caspase-3
activity was measured by a commercial kit.
Results: Calculus formation rate reached 90% in model group. Body weight was reduced, while 24 h
urine volume, water intake, Mel level, Scr, BUN, UAlb, ratio of kidney to body weight, as well as
caspase-3 activity were increased in model group compared with those in control group. In addition,
TNF-α and IL-1β contents were significantly elevated in model group compared with those in control
group (P<0.05). The calculus formation rate was 40% in tamsulosin group, in which rats displayed
reduced 24 h urine volume and water intake, increased body weight, declined Mel, Scr, BUN, UAlb and
the ratio of kidney to weight, decreased TNFα and IL-1β levels, as well as reduced caspase-3 activity
compared with rats from model group (P<0.05).
Conclusions: Mel induces urinary calculus formation and enhances inflammatory factors secretion and
apoptosis, leading to renal injury. However, tamsulosin treatment suppresses Mel-induced urinary
calculus formation, inhibits inflammatory factors secretion, and restrains apoptosis to improve renal
function, suggesting tamsulosin might be used a potential therapeutic agent in the treatment of urinary
calculus.
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Introduction
Urinary calculus is a worldwide common disease that occurs at
each age stage, resulting in pain [1,2]. China is one of the three
high-prevalence areas of calculus. Urinary calculi patients are
ranked as the first populations who receive urinary surgery
with increasing trend [3,4]. Following the increased incidence
and recurrence rate, urinary calculus seriously threats to global
health and social economy [5]. Multiple factors affect urinary
calculi, such as environment, diet, lifestyle, genetic factors,
gender, and metabolic abnormalities [6,7].

Melamine (Mel) is a kind of triazine nitrogen heterocyclic
compound that can polymerize with other substances through
hydrogen bond under vacuum or solution [8]. Mel can be
discharged in urine directly without metabolism in the body
[9]. However, Mel can damage kidney and form urinary
calculus [10]. Urinary calculus is induced by complicated
pathogenic factors, while discovering the medications that can
influence urinary calculus formation is in favor of adjuvant
therapy [11,12]. Tamsulosin is the most commonly used α-
blocker for the medical treatment of ureteric stones because of

its excellent tolerability and its uroselectivity for α1a and α1d,
resulting in relaxation of the smooth muscles of the lower
ureter, facilitation of stone passage, and relieving of pain
[13,14]. Drug during episodes of ureteral colic, tamsulosin
treatment can increase the stone expulsion rate and reduce the
stone expulsion time, the need for hospitalization and
endoscopic procedures, suggesting tamsulosin might be used in
controlling colic pain [15].

Moreover, addition of tamsulosin to conventional treatment is
beneficial in terms of clearance of lower ureteral stones and
this effect was more evident for larger stones, especially when
combined with shock wave lithotripsy [16]. Furthermore,
tamsulosin alone as medical expulsive therapy for distal
ureteral calculi has been demonstrated to have excellent
expulsive effectiveness [17].

However, the impact of tamsulosin on urinary calculi
formation and renal function remains unclear. This study used
Mel to establish rat urinary calculus model to investigate the
impacts of tamsulosin on urinary calculus and renal function.
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Materials and Methods

Experimental animal
A total of 30 healthy SD rats aged 3 months old and weighted
250 ± 30 g were bought from experimental animal center in
Fujian Medical University and raised in SPF grade
experimental animal center with a temperature at 21 ± 1°C,
relative humidity at 50-70%, and 12 h day/night cycle.

Rats were used for all experiments and all procedures were
approved by the Animal Ethics Committee of 2nd Affiliated
Hospital, Fujian Medical University.

Main reagents and instruments
Mel (chemical purity ≥ 98%) was purchased from Fujian
chemical company. Serum creatine detection kit was bought
from Roche. Caspase-3 activity detection kit was obtained
from Pall Life Sciences. TNF-α and IL-1β ELISA kits were
derived from R&D (USA). Rat urine protein detection reagent
was purchased from Beijing Furui. RNA extraction kit and
reverse transcription kit were purchased from Axygen (USA).
Labsystem Version 1.3.1 microplate reader was provided by
Bio-rad (USA). Surgical instrument was bought from Suzhou
medical apparatus factory. Operation microscope was obtained
from Zhenjiang optical instruments company. AU8500
automatic biochemistry analyzer was derived from Beckmann
(Germany). ABI7900 HT Real-time PCR amplifier was
derived from ABI (USA). EASY-nLC™ 1200 system high
performance liquid chromatography was bought from Thermo
Fisher (USA). Other reagents were purchased from Sangon
(China).

Methods
Experimental animal grouping and urinary calculus
modelling: The rats were randomly and equally divided into
three groups with n=10 in each group. The rats in model group
were feed by fodder with 3% Mel and normal drinking for 8 w
[18]. The rats in tamsulosin group were treated with 0.1 mg/kg
tamsulosin [19] via gavage once a day during modeling [20].
The experiment was in accordance with animal ethics.

Sample collection: After treatment, the blood was extracted
from the aorta to the vaccum biochemistry tube using negative
pressure acquisition method. After 30 min, blood was
centrifuged at 3600 rpm at 4°C for 10 min. After that, the
supernatant was stored at -20°C. The left renal tissue was
obtained after sacrifice of the rats and stored at -80°C.

The urine was collected from the metabolism cage and stored
at -20°C.

Renal function detection: Urine pH, Scr, and BUN values
were tested by automatic biochemistry analyzer. UAlb was
determined by radioimmunoassay. Ratio of kidney to body
weight was calculated.

Urine Mel concentration detection: Urine Mel was tested by
high performance liquid chromatography. A total of 0.15 ml

sample was added to 5 ml trichloroacetic acid. Next, 5 ml
ddH2O was added into the sample followed by filtration for
detection. PhenomenexC8 was adopted. Heptane sulfonic acid
sodium citrate buffer+acetonitrile (v/v, 90:10) was selected as
mobile phase and the flow velocity was 112 ml/min. At last, a
total of 10 μl sample was tested at 240 nm.

ELISA: ELISA was used to test TNF-α and IL-1β contents in
the serum. A total of 50 μl diluted standard substance were
added into each well to establish a standard curve. Next, 50 μl
sample was added into the plate and washed for five times.
Then the plate was incubated with 50 μl conjugate reagent at
37°C for 30 min. After washed for five times, 50 μl color agent
A and B were added into the plate and incubated at 37°C for 30
min under dark. At last, 50 μl stop buffer was added to stop the
reaction and the OD value at 450 nm was measured. The OD
value of standard substance was used to prepare the linear
regression equation, which was adopted to calculate the
concentration of samples.

Real-time PCR: Total RNA was extracted from renal tissue by
Trizol and reversely transcripted into cDNA. The primers were
designed using Primer Premier 6.0 software and synthetized by
Invitrogen (Table 1). Real-time PCR was performed with
conditions as follows: 35 cycles of 92°C for 30 s, 58°C for 45
s, and 72°C for 35 s. GAPDH was selected as an internal
reference. The relative expression of mRNA was calculated by
2-∆Ct method.

Caspase 3 activity detection: Caspase 3 activity was tested
according to the manual instructions. The renal tissue was
digested by trypsin and centrifuged at 600 xg for 5 min at 4°C.
Next, 2 mM Ac-DEVD-pNA was added into the cells followed
by detection of the OD values at 405 nm to calculate caspase 3
activity.

Statistical analysis
All data analyses were processed by SPSS19.0 software. All
data were presented as mean ± Standard Deviation (SD) and
compared by t-test or one-way ANOVA. P<0.05 was depicted
as statistical significance.

Results

Rat survival and urinary calculus formation rate
Rat survival and urinary calculus formation rate were
observed. The rats in control group exhibited good mental
state, glossy hair, and normal eating, drinking, activity, and
urine output. Urinary calculus was formed in nine out of ten
rats after Mel induction. The rats in model group presented
significant spirit drooping, hair removal, water quantity
increase, urine output elevation, and weight loss compared
with control rats (P<0.05). However, tamsulosin treatment
obviously reduced calculus formation rate (40%), improved
general condition, increased weight, declined water
consumption and urine volume compared with un-treatment in
model group (P<0.05) (Table 2).
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Renal function analysis
Ratio of kidney to body weight, Scr, BUN, and UAlb levels
were markedly increased in rats from model group compared
with those in control rats (P<0.05). However, tamsulosin
significantly reduced Scr, BUN, and UAlb levels compared
with model group (P<0.05) (Table 3).

The impact of tamsulosin on urine Mel content
Mel content was obviously elevated in the urine of rats from
model group compared with that in control rats (P<0.05).
However, tamsulosin treatment markedly declined Mel level
compared with model group (P<0.05) (Figure 1).

Figure 1. The impact of tamsulosin on urine Mel content in the rat.
*P<0.05, compared with control; #P<0.05, compared with model
group.

The impact of tamsulosin on caspase-3 activity
Caspase-3 activity was significantly enhanced in the renal
tissue of rats from model group compared with that in control
rats (P<0.05). Tamsulosin treatment apparently suppressed
Caspase-3 activity compared with model group (P<0.05)
(Figure 2).

Figure 2. The impact of tamsulosin on caspase-3 activity. *P<0.05,
compared with control; #P<0.05, compared with model group.

The impact of tamsulosin on inflammatory cytokines
TNF-α and IL-1β expressions in renal tissue
Real-time PCR was adopted to test TNF-α and IL-1β mRNA
expressions in renal tissue. TNF-α and IL-1β mRNA
expressions were markedly upregulated in renal tissue from
model rats compared with those in control rats (P<0.05).
Tamsulosin treatment significantly inhibited TNF-α and IL-1β

mRNA expressions compared with model group (P<0.05)
(Figure 3).

Figure 3. The impact of tamsulosin on inflammatory cytokines TNF-α
and IL-1β expressions in renal tissue. *P<0.05, compared with
control; #P<0.05, compared with model group.

The impact of tamsulosin on inflammatory cytokines
TNF-α and IL-1β expressions in the serum
ELISA was used to detect TNF-α and IL-1β contents in the
serum. TNF-α and IL-1β contents were obviously enhanced in
the serum from model rats compared with those in control rats
(P<0.05). Tamsulosin treatment apparently restrained TNF-α
and IL-1β contents compared with model group (P<0.05)
(Figure 4).

Figure 4. The impact of tamsulosin on inflammatory cytokines TNF-α
and IL-1β expressions in the serum. *P<0.05, compared with control;
#P<0.05, compared with model group.

Table 1. Primer sequences.

Gene Forward 5’-3’ Reverse 5’-3’

GAPDH ACCAGGTATCTTGGTTG TAACCATGTCAGCGTGGT

TNF-α CAGCTCTACCGTAGTGGTCC TCACCATTTCACTCACAGAACC

IL-1β CAGGTACTACCGTATGG ATGTCTTTCACTCACA

Table 2. General index analysis.

Index Control Model group Treatment group

Weight (g) 491.4 ± 41.7 327.9 ± 32.1* 421.8 ± 41.5#

Urine volume (ml) 13.2 ± 4.7 25.6 ± 5.2* 16.1 ± 4.5#

Water consumption (ml) 24.3 ± 0.7 41.5 ± 1.2* 27.8 ± 0.6#
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*P<0.05, compared with control; #P<0.05, compared with model group.

Table 3. Renal function detection.

Index Control Model group Treatment group

Kidney/body weight (mg/g) 2.6 ± 0.6 5.2 ± 0.9* 3.7 ± 0.7*#

Scr (µmol/L) 89.2 ± 12.3 1461.6 ± 51.5* 891 ± 89.7*#

BUN (mmol/L) 7.0 ± 0.9 14.1 ± 1.2* 11.7 ± 1.3*#

UAlb (mg/24 h) 0.4 ± 0.2 1.6 ± 0.6* 0.7 ± 0.1*#

*P<0.05, compared with control; #P<0.05, compared with model group.

Discussion
As a common disease in urinary surgery, the incidence of
urinary calculus is gradually increased, while its specific
pathogenic factors and mechanism remains poorly understood.
Mel is easy to dissolve in acidic environment, whose solubility
is higher than that in neutral or alkaline solution. In addition, it
is slightly soluble in water [21]. Normal renal environment is
acidity, thus in favor of Mel dissolution and self-assembly. Mel
may form small molecular substance in the urine, especially
acidic substance that delays the urethra to form urinary
calculus [22]. On the other side, Mel can damage renal
function. This study adopted 3% Mel to feed SD rat and
obtained 90% urinary calculus formation rate. Moreover, Mel
obviously increased 24 h urine volume, water intake, Scr,
BUN, UAlb, and ratio of kidney to body weight, suggesting
that Mel is one of the reasons to cause urinary calculus
formation and renal damage.

Tamsulosin plays an important role in regulating ureter [23].
Tamsulosin can enlarge ureter lumen and inhibit basic
elasticity and peristaltic frequency by blocking adrenergic
receptor to facilitate calculus discharge [24,25]. However, the
role of tamsulosin on urinary calculus induced by Mel has not
been reported. This study found that tamsulosin treatment
significantly declined calculus formation rate, improved
general status, increased body weight, reduced 24 h urine
volume and water intake, increased pH value, declined Mel,
Scr, BUN, and UAlb, as well as declined ratio of kidney to
weight. Since the urinary tract is in inflammatory state during
calculus formation, it produces a large amount of inflammatory
cytokines and induces apoptosis, leading to acceleration of
calculus formation and renal injury [26,27]. This study
suggested that Mel upregulated TNF-α and IL-1β contents in
urinary calculus. It was showed that TNF-α and IL-1β are
critical inflammatory cytokines in mediating urinary tract and
renal vessel endothelium injury, enhancing caspase-3 activity,
and inducing renal tissue apoptosis [28]. This study presented
that tamsulosin suppressed caspase-3 activity, declined TNF-α
and IL-1β contents, and regulated inflammation and apoptosis.
However, the exact mechanism by how tamsulosin ameliorates
lithangiuria formation and improves renal function after Mel
treatment remains unclear and requires further studies.

Conclusion
Mel induces urinary calculus formation and enhances
inflammation and apoptosis, leading to renal injury.
Tamsulosin treatment suppresses urinary calculus formation
induced by Mel, inhibits inflammatory factors secretion, and
restrains apoptosis to improve renal function. This study
provides theoretical basis and clinical evidence for tamsulosin
application in the treatment of urinary calculus.
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