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Abstract: Background and Purpose: Central and peripheral 5-hydroxytryptamine (5-HT) receptors play a critical role
in regulation of micturition reflex. The aim of this study was to evaluate effect of a 5-HT, receptor agonist, LP-211
(N-(4-cyanophenylmethyl)-4-(2-diphenyl)-1-piperazinehexanamide) on micturition reflex in acute spinal cord-injured
(SCI) rats during infusion of vehicle into the bladder. Methods: SCI was induced by compressing T10 segment using
an aneurysm clip, extradurally in male rats. Following two weeks, LP-211 doses (0.003-0.3 mg/kg) were adminis-
tered cumulatively (intraperitoneally, i.p.) with 20 min interval. The 5-HT, antagonist, SB-269970 ((R)-3-[2-[2-(4-
Methylpiperidin-1-yl) ethyl] pyrrolidine-1-sulfonyl] phenol hydrochloride), was administered after achievement of LP-
211 dose-response. A cystometric study was performed 2 weeks after spinal crushing in all the animals. Cystometric
variables consisting of micturition volume (voided volume), residual volume (volume remaining in the bladder after
voiding), and bladder capacity (micturition volume plus residual volume). Voiding efficiency was calculated as the
percent of micturition volume to bladder capacity. Findings: Intact and sham-operated rats showed few significant
changes in micturition reflex. SCI rats responded to LP-211 (0.003-0.3, mg/kg, i.v.) with dose-dependent increases
in bladder capacity, and residual volume. In this treatment group, LP-211 induced significant dose-dependent in-
creases in micturition volume, resulting in significant increases in voiding efficiency (P<0.001) compared to intact
and sham-operated rats, SB-269970 (0.1 mg/kg, i.v.) completely reversed the LP-211-induced changes on micturi-
tion volume and voiding efficiency was decreased significantly. Conclusion: The 5-HT, receptors activation by LP-211
facilitated the micturition reflex. Furthermore, 5-HT, receptors do seem to play an important role in physiological
regulation of micturition, and as a result, may represent a new strategy to improve voiding efficiency after SCI in
patients in the future perspective.
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Introduction

Spinal cord injury (SCI) results in lower urinary
tract (LUT) dysfunction that contributes to pro-
foundly limit their quality of life. Also, it mark-
edly relates to patients’ morbidity and mortali-
ty. Currently, there are few options to treat LUT
dysfunctions [1-5]. Most patients are limited to
use of urinary drainage catheters transiently or
permanently. The altered voiding dynamics,
repeated use of catheters, and frequent expo-
sure to antibiotic agents predispose individuals
to recurrent episodes of urinary tract infection
often with resistant organisms [6-9].

The functions of LUT to store and periodically
release urine are dependent on a complex neu-
ral control system in the brain and the spinal
cord that utilizes multiple neurotransmitters to
regulate activity of three sets of peripheral
nerves: lumbosacral parasympathetic and sym-
pathetic nerves innervating the bladder and
urethral smooth muscle and pudendal nerves
innervating the striated muscle of the external
urethral sphincter [10-14]. Immunohistoche-
mical, anatomical and pharmacological experi-
ments have provided evidence that serotonin
(5-hydroxytryptamine, 5-HT) is involved in the
central neural pathways controlling the LUT [15-
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17]. Dahlstrom and Fuxe (1964, 1965) discov-
ered that sympathetic and parasympathetic
nuclei throughout the spinal cord exhibited a
dense collection of 5-HT containing nerve fibers
that originate in the raphe nuclei in the caudal
brain stem [18, 19].

Pharmacological and physiological studies in
animals have revealed that administration of
5-HT receptor agonists or antagonists modu-
lates reflex bladder and urethral sphincter
activity [16, 20-27]. These effects are mediat-
ed by activation of multiple 5-HT receptors,
which are distributed at various sites in the
central pathways controlling the lower urinary
tract [15, 27, 29-33].

There are few reports on role of 5-HT_ receptor
in control of micturition reflex in rats. For exam-
ple, there is a report on role of intravenous
5-HT, receptor agonist, LP44, or antagonist,
SB-269970, controlling micturition reflex in
chronic SCI in rats [34]. In the present study,
effects of different cumulative concentrations
of a 5-HT, receptor agonist, LP-211 on micturi-
tion reflex were examined in acute spinal cord-
injured male rats.

Materials and methods
Ethics and animals

All the experimental protocols were approved
by the local animal care committee in accor-
dance with Tehran University of Medical
Sciences guidelines for the care and use of
laboratory animals. 60 adult male Wistar albino
rats (Pasteur Institute, Tehran, Iran), weighing
300-350 g with 7-8 weeks old were utilized.
The animals were kept in individual propylene
cages under standard laboratory conditions.
Rats were maintained on a 12 h light/dark
cycle at 23 £ 2°C and 50 + 5% humidity. The
animals were kept in standard room conditions
and fed with standard rat diet and water ad
libitum.

Chemicals and treatment

LP-211 (N-(4-cyanophenylmethyl)-4-(2-diphen-
yl)-1-piperazinehexanamide) and SB-269970
((2R)-1-[(3-hydroxyphenyl) sulfonyl]-2-[2-(4-me-
thyl-1-piperidinyl) ethyl] pyrrolidine) (both from
(SERVA Chemical Co., New York)) were pur-
chased from SERVA Chemical Co.

2526

The drugs were dissolved in distilled water.
Successive doses were administered cumula-
tively in a total 100 min time-course at short
intervals (20 min maximum). The 5-HT, recep-
tor antagonist SB-269970 was administered
intraperitoneally (i.p.) (0.1 mg/kg) after a dose-
response study for the 5-HT, receptor agonist,
LP-211 (0.003-0.3 mg/kg, i.p.). The drugs
doses were in accordance with dosages deter-
mined in previous studies [27, 34, 35]. All the
drug solutions were administered in a volume
of 0.5 ml.

Laminectomy procedures

All the surgery was carried out in sterilized con-
dition. Animals were anesthetized by i.p. injec-
tion of ketamine hydrochloride (75 mg/kg) and
xylazine hydrochloride (5 mg/kg) mixture. Their
dorsal regions were shaved and cleaned with
povidone lodine 10%. Under sterile technique,
after a dorsomedial incision on skin, laminec-
tomy was performed between vertebral levels
TO-T11 to expose the underlying T10 spinal
cord, and the spinal cord was exposed micro-
surgically. After the incision of the dermal and
sub-dermal tissues at the midline, paraverte-
bral muscles were dissected bluntly exposing
the lamina bilaterally. Complete laminectomy
was performed, exposing the spinal cord at
TO-T11. Strict bleeding control was performed
using bone wax and bipolar coagulator. The
crushing or SCI was induced by compressing
T10 segment using an aneurysm clip, extradu-
rally (Yasargil FE 760) for 1 min with a closing
force of 180 g on the spinal cord at room tem-
perature in T10 level [34, 35]. After carefully
removing the aneurysm clip, the fascia and the
skin were sutured separately using silk stitch-
es. For the sham-operated-operation, only the
skin and muscles in the thoracic vertebral level
were removed and the dura was kept intact.
Following surgery and or/upon SCI, animals
received antibiotics enrofloxacin 2.5 % intra-
muscular in the dose of 2.5 ml/Kg for three
days. Until termination of the experiment the
welfare of the rats was routinely checked.

Experimental groups

The rats were randomly divided into six groups
of ten as follows:

Group 1: Intact (saline as vehicle): No SCI or
treatment was performed. Samples were
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Figure 1. Dose-response curves for effects of saline (mg/kg, i.p.) on blad-
der capacity in SCI, intact and sham rats. **P < 0.01 and ***P < 0.001
indicate a statistically significant difference comparing intact and SCI. ##P
< 0.01 and ###P < 0.001 indicate a statistically significant difference com-
paring sham and SCI.
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Figure 2. Effect of antagonist SB-269970 (0.1 mg/kg, i.p.) on dose-re-
sponse effects of LP-211 (mg/kg, i.p.) on bladder capacity in SCI, intact
and sham rats. ***P < 0.001 indicates a statistically significant difference
comparing intact and SCI. ###P < 0.001 indicates a statistically significant
difference comparing sham and SCI.

obtained to determine baseline
biochemical values.

Group 3: Sham-operated (lami-
nectomy + vehicle): rats under-
went only a simple laminecto-
my. No SCI or treatment was
performed.

Group 4: Sham-operated (la-
minectomy + LP-211 + SB269-
970): rats underwent a simple
laminectomy and treatment. No
SCI was performed.

Group 5: Treatment (laminecto-
my + spinal trauma + vehicle):
Laminectomy and trauma was
performed. Rats were received
vehicle immediately following
SCI.

Group 6: Treatment (laminecto-
my + spinal trauma + LP-211 +
SB269970): Laminectomy and
trauma was performed. Drugs
were diluted with sterile saline
and given i.p.

Cystometrograms (CMG) meth-
od and urodynamic recordings

All the rats underwent a com-
prehensive urodynamic evalua-
tion at 2 weeks postoperatively
as a terminal procedure. The
functional assessments of the
lower urinary tract included
CMG recordings. For this pur-
pose, 1 hr before start of the
surgical procedures, rats was
deeply anesthetized. General
cystometric methods were simi-
lar to those previously des-
cribed [23, 34, 35].

The wurinary bladder was ex-
posed via a midline abdominal
incision, a polyethylene cathe-
ter (PE-90) with a flared end
was inserted through the blad-

obtained to determine baseline biochemical
values.

Group 2: Intact (LP-211 + SB269970): No SCI
or treatment was performed. Samples were
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der dome, and a suture was tightened around
it. The other end of the bladder catheter was
connected to a syringe pump (model 975;
Harvard Apparatus, South Natick, MA) for con-
tinuous infusion of saline.
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Figure 3. Dose-response curves for effects of saline (mg/kg, i.p.) on mic-
turition volume in SCI, intact and sham rats. *P < 0.05 indicates a statisti-
cally significant difference comparing intact and SCI.
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Figure 4. Effect of antagonist SB-269970 (0.1 mg/kg, i.p.) on dose-re-
sponse effects of LP-211 (mg/kg, i.p.) on micturition volume in SCI, intact
and sham rats. *P < 0.05, **P < 0.01, **P < 0.01 and ***P < 0.001
indicate a statistically significant difference comparing intact and SCI. #P <
0.05 and ##P < 0.001 indicate a statistically significant difference compar-
ing sham and SCI.

essary in spinal cord-injured
rats with their enlarged blad-
ders to ensure the occurrence
of a voiding contraction within
10 min of drug administration.
The voided fluid was collected
in a syringe to determine the
micturition volume.

The analyzed cystometric vari-
ables consisting of micturition
volume (voided volume), residu-
al volume (volume remaining in
the bladder after voiding), and
bladder capacity (micturition
volume plus residual volume).
Voiding efficiency was calculat-
ed as the ratio of micturition
volume to bladder capacity and
expressed as a percent.

Statistical analysis

The analyses were performed
using SPSS (v. 18). The results
are given as means * SE. Di-
fferences between groups were
assessed using a one-way anal-
ysis of variance (ANOVA) and
followed by Tukey post-hoc test.
The values of P < 0.05, was
considered statistically signi-
ficant.

Results

After infusing of saline into the
bladder, urodynamic studies of
the bladder activity, including
bladder capacity, micturition
volume, and residual volume
were

Effects of intraperitoneal ad-
ministration of LP-211 in SCI (n
= 20) and intact rats (n=20) and
sham operated animals (n=20)
at 2 weeks post-operatively
were investigated. The urody-

Physiological saline was infused at room tem-
perature into the bladder to elicit repeated
voiding responses. The infusion rate was 0.11-
0.15 ml/min for spinally intact rats and 0.30-
1.10 ml/min for spinal cord-injured rats (similar
to Ref. [19]); the higher rate of infusion is nec-
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namic studies were performed after the ad-
ministration of increasing doses of LP-211 at
0.003, 0.01, 0.03, 0.1 and 0.3 mg/kg. Com-
prehensive sets of urodynamic recordings were
obtained within 20 minutes after each drug
administration.

Am J Transl Res 2016;8(6):2525-2533
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Figure 5. Dose-response curves for effects of saline (mg/kg, i.p.) on blad-
der capacity in SCI, intact and sham rats. **P < 0.01 and ***P < 0.001
indicate a statistically significant difference comparing intact and SCI. ##P
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sponse effects of LP-211 (mg/kg, i.p.) on micturition volume in SCI, intact
and sham rats. *P < 0.05, **P < 0.01, **P < 0.01 and ***P <0.001 in-
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ing sham and SCI.

The experimental protocol was modified so that
each dose of LP-211 was given immediately
before performing a single filling cystometro-
gram (CMG). Dose-response curves for cysto-
metric variables in SCI, intact and sham oper-
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ated rats (n =60) are shown in
Figures 1, 3 and 5.

Dose-response curves for CMG
variables in rats are shown in
Figure 2. With increasing LP-
211 doses, bladder capacity,
micturition volume, and residu-
al volume increased signifi-
cantly (P < 0.001, Figures 2, 4
and 6).

Micturition volume increased
from 0.03 + 0.03 ml (0.003
mg/kg) to 0.24 + 0.09 ml at
0.3 mg/kg. Furthermore, con-
sidering all 40 rats together,
the change from LP-21 infu-
sion of the bladder was associ-
ated with statistically signifi-
cant increases in bladder ca-
pacity from 3.96 + 0.51 ml to
4.82 + 0.84 ml at 0.3 mg/kg,
and residual volume from 2.39
+06mlito4.2+1.2mlat0.3

mg/Kkg.

The 5-HT_ antagonist SB-26-
997 was administered follow-
ing completion of the LP-211
dose-response study. Mictu-
rition volume was reversed by
treatment with the 5-HT. re-
ceptor antagonist SB-26997 at
0.1 mg/kg i.p. However, chang-
es in bladder capacity were not
significant in any rat with SB-
26997. In addition, we noticed
that with increasing LP-211
doses, reduction of the first
micturition in SCI, intact and
sham rats were seen (Figures
7 and 8).

Discussion

In recent years considerable
efforts have been focused
on development of selective
5-HT, receptor agonists and

antagonists [36, 37]. Recently, we showed that
acute additive LP-211 treatments in SCI group
led to hyponatremia, hyperkalemia and hyper-
magnesemia. We stated that LP-211 might be
a promising candidate for treating SCI compli-
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Figure 7. Dose-response curves for effects of saline (mg/kg, i.p.) on first
urine drop micturition in SCI, intact and sham rats. *P < 0.05 indicates a
statistically significant difference comparing intact and SCI.
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Figure 8. Dose-response curves for effects of LP-211 (mg/kg, i.p.) on first

urine drop micturition in SCI, intact and sham rats.

cations in some systems especially urinary
tract, nevertheless, further studies would be
needed to clarify its benefits or drawbacks [38].

The results of the present study indicated that
the 5-HT_ receptor agonist, LP-211, improves
the bladder capacity, residual volume, and pro-
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motes micturition reflex activi-
ty, thereby improving voiding
efficiency in SCI rats under
anesthetization. These effects
may be attributable to an ac-
tion on multiple physiological
mechanisms that involve en-
dogenously released of 5-HT.

In addition, this study adds to
the growing evidence, the
importance of the 5-HT_ in con-
trol of micturition reflex. Ne-
vertheless, it is concluded that
the selective 5-HT, receptor
antagonist, SB-269970 inhibit
the micturition reflex complete-
ly blocking central 5-HT, recep-
tors. In parallel, Gang W et al.,
reported that SB-269970 a
selective 5-HT, receptor antag-
onist (0.1 mg/kg, i.v.) partially
or completely reversed the
effects of LP-44 as 5-HT,
receptor agonist on micturition
in SCI rats [34]. Moreover, in
other study, Chen J et al., exam-
ined the effects of the 5-HT,, .
receptor agonist DOl on mictu-
rition in SCI rats, so that, this
effect was reversed by selec-
tive 5-HT2A/2C antagonist Keta-
nserin [35]. In addition, multi-
ple previous pharmacological
studies have demonstrated
that micturition effects of
8-OH-DPAT in the rat were
reversed by administration of
5-HT,, receptor antagonist,
WAY-100635 [20, 33, 39-41].

On the other hand, our study
demonstrates that LP-211 may
reverse impaired micturition
reflex function in SCI. Therefore,
increasing activation of 5-HT,
receptors may represent a

potentially useful therapeutic approach for
reversing LUT dysfunction after SCl in rat.

The present experiment improve and extend
previous studies which revealed that LP-44
enhances and SB-269970 suppresses long-
latency external urethral sphincter (EUS) reflex

Am J Transl Res 2016;8(6):2525-2533
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activity evoked by stimulation of afferent axons
in the pelvic nerve [34]. It was proposed that
this reflex is mediated by different central path-
ways and have different functions. The long-
latency reflex is dependent on supraspinal
mechanisms and related to bursting EUS elec-
tromyographic (EMG) activity occurring during
micturition. It is probable that a convergence of
5-HT and glutamatergic pathways is necessary
for the regulation of EUS activity.

Furthermore, bladder activity is regulated by
multiple excitatory central neurotransmitter
mechanisms (glutamatergic, noradrenergic,
dopaminergic, and serotonergic), as well as
GABAergic and glycinergic inhibitory mecha-
nisms [42, 43]. It has believed that glutamate is
the essential excitatory transmitter and that
other neurotransmitters such as 5-HT and nor-
epinephrine exert their effects by modulating
glutamatergic transmission [15, 42]. Taken
together, these results demonstrate that spinal
5-HT. receptors at the T10 level have an impor-
tant role in tonically modulating the efferent
limb of the micturition reflex in rat. Because
bladder activity during continuous CMG was
also stimulated by i.p. administration of LP-211
and abolished by SB-269970, spinal 5-HT,
receptors at the T9-T11 level are likely to be
involved in the control of EUS as well as bladder
function. The role of serotonin in modulating
the micturition reflex in the rat was described
by several authors. In conscious rats, at the
supraspinal level, 5-HT can enhance (via
5-HT,,, 5-HT, and 5-HT, receptors) the micturi-
tion reflex induced by filling [21]. In the anaes-
thetized female rat, it was recently shown, by
using selective 5-HT, receptor antagonists
administered intravenously, that supraspinal
5-HT. receptors are involved in control of the
micturition reflex [30]. However, 5-HT , and
5-HT, receptors have recently been suggested
to have an excitatory role in control of bladder
function [44].

In vivo rat bladder, the 5-HT, receptor antago-
nists can inhibit the 5-HT-induced increase of
intravesical pressure, while the 5-HT,, 5-HT,
receptor antagonist had no similar effect [45].
Recio confirmed that 5-HT can relax the pig uri-
nary bladder neck through activation of muscle
5-HT, receptors coupled to adenylyl cyclase
activation [46]. While it has been reported that
intravenous injection of SB-269970 had no
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effect on urodynamic parameters in anesthe-
tized female spinal intact rats, intracerebroven-
tricular injection (i.c.v.) of 5-HT, receptor antag-
onist SB-269970 could induce an increase in
bladder pressure threshold and capacity, a sig-
nificant decrease in distension-induced blad-
der contraction. Atthe higher doses, SB-269970
blocked the micturition reflex. It means that the
superspinal 5-HT, receptors are involved in the
regulation of urinary reflex, while peripheral
nervous systems such as the spinal cord of
5-HT. receptor are unable to control the mictu-
rition reflex [30].

Conclusions

In summary, the 5-HT, receptor agonist, LP-
211, improved voiding efficiency by different
functions of the bladder activity and also, this
research adds to the growing evidence of the
importance of the 5-HT_ in the control of mictu-
rition reflex in SCI rats, and so may represent a
new strategy to improve bladder voiding effi-
ciency after SCl in experimental studies. LP-211
activated 5-HT, receptor and facilitated the
micturition reflex, which showed some clinical
relevance regarding the voiding efficiency after
SCI. however, further studies are necessary to
clarify the role of the 5-HT, receptor agonist,
LP-211 on bladder activity.
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