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Abstract
Objective: Urine production is regulated throughout the night to ensure that it remains within functional bladder
capacity. Increasing bladder capacity may thus play an important role in urine production. We investigated arginine
vasopressin (AVP) secretion in female rats anesthetized with urethane in the daytime and nighttime under distended/
empty bladder conditions. Chronological serum AVP was measured by enzyme immunoassay in rats with distended
or empty bladders.
Results: The mean baseline AVP level was significantly higher in the nighttime than in the daytime (17.21 ± 5.29 vs
11.68 ± 3.16 pg/mL, p = 0.0019). However, serum AVP levels did not change with time in the daytime or nighttime,
regardless of an empty or distended bladder. We therefore concluded that AVP secretion was unaffected by bladder
filling.
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Introduction
Arginine vasopressin (AVP) is a neurohypophyseal hormone released primarily in response to increasing plasma
osmolarity in the absence of significant hypovolemia.
Intracorporeal fluid retention, urine production, and
urine osmolarity are regulated by circadian changes in
AVP secretion [1]. Various antidiuretic mechanisms,
including decreased renal blood flow associated with the
recumbent position and increased secretion of AVP, are
responsible for reducing urine production by the kidneys
during sleep. The urinary bladder generally expands with
continuing urine production during sleep, until the individual is awakened by the need to void when the bladder
becomes full. However, although the bladder stores urine
up to its functional capacity at night, it does not continue to expand during the day [2]. These results suggest
that urine production is regulated throughout the night
to ensure that it does not exceed the functional bladder capacity, and night-time urine production may thus
be regulated by increasing the bladder capacity, such as
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by bladder distension. A reduced bladder capacity and
the lack of a normal diurnal AVP rhythm, leading to
increased night-time AVP secretion, are important etiologies of nocturia [3–5]. These observations suggest that
a reduced bladder capacity and the secretion of AVP may
be closely related. We therefore investigated changes in
AVP secretion under different bladder conditions in rats.

Main text
Materials and methods
Animals

Female Sprague–Dawley rats weighing 300 g were
obtained from Oriental Bio Service (Kyoto, Japan) and
housed in groups of two per cage under a 12-h light/12-h
dark cycle (lights on automatically at 08:00) with access
to food and water ad libitum. Animal care was carried
out in compliance with the recommendations of The
Guide for Care and Use of Laboratory Animals (National
Research Council) and the study was approved by the
animal facility committee at Nara Medical University.
Arginine vasopressin measurements

Thirty-six rats were divided into six groups (n = 6 each)
according to experiment time and bladder condition:

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Morizawa et al. BMC Res Notes

(2019) 12:72

control daytime; control nighttime; empty bladder daytime; distended bladder daytime; empty bladder nighttime; and distended bladder nighttime. Experiments
in the daytime groups were performed between 09:00
and 11:00, and experiments in the nighttime groups
between 21:00 and 23:00. The rats were anesthetized
with urethane (1.0 g/kg body weight, intraperitoneal
injection) and ureters in rats the empty- and distendedbladder groups were ligated bilaterally at the level of
bifurcation of the abdominal aorta. A transurethral
bladder catheter (PE50) was inserted into the proximal
urethra, which was ligated to prevent leakage of intravesical fluid. The bladder was left empty in the emptybladder group and was filled with 1.0 mL of saline in the
distended-bladder group. No ureter ligation or transurethral catheterization was performed in the control
groups. AVP has a very short half-life of 16–24 min,
and blood samples were therefore collected from the
internal jugular vein at 0, 30, and 60 min after the procedure. Serum AVP was measured using a Vasopressin
Enzyme Immunoassay Kit (RayBiotech, GA, USA).
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Statistical analysis

Baseline AVP levels between the daytime and nighttime groups were compared with Mann–Whitney test.
Baseline serum AVP levels and chronological changes
in serum AVP were compared with Friedman test. Data
were analyzed and plotted using PRISM software version
7.04 (GraphPad Software, Inc., San Diego, CA, USA). All
the data were expressed as mean ± standard deviation. A
p-value < 0.05 was defined as statistically significant.
Results

The mean baseline AVP level was significantly higher
in the nighttime groups than in the daytime groups
(17.21 ± 5.29 vs 11.68 ± 3.16 pg/mL, p = 0.0019). AVP
levels remained unchanged up to 60 min in the control
groups (n = 6) without ureter ligation and transurethral
catheterization, indicating that AVP secretion was unaffected by surgical stress such as transurethral catheterization. AVP levels also remained unchanged up to 60 min
in the daytime (Fig. 1a) and nighttime groups, regardless
of an empty or distended bladder (Fig. 1b). AVP secretion
was therefore unaffected by bladder distension.

Fig. 1 Chronological serum AVP changes in control, empty bladder and distended bladder group rats. a Chronological changes in serum arginine
vasopressin (AVP) in the daytime groups. Rats were divided into three (n = 6 each): Control; empty bladder; and distended bladder. Experiments
were performed between 9:00 and 11:00. Serum AVP was measured at 0, 30, and 60 min after the transurethral catheterization or bladder distention.
The AVP levels did not change from baseline in each three groups. b Chronological changes in serum AVP in the nighttime groups. Rats were
divided into three groups (n = 6 each): control; empty bladder; and distended bladder. Experiments were performed between 21:00 and 23:00.
Serum AVP was measured at 0, 30, and 60 min after the transurethral catheterization or bladder distention. The AVP levels did not change from
baseline in each three groups
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Discussion

To the best of our knowledge, this is the first study
to report on the effects of a distended bladder condition on AVP secretion in rats. Kawauchi et al. reported
that patients who underwent total cystectomy and ileal
conduit lacked a circadian AVP rhythm [6], while Szollar et al. also reported the absence of a circadian AVP
rhythm in spinal cord injury patients with urinary catheterization for bladder management [7]. Clinical studies thus suggest that the lack of bladder distention may
induce the absence of a circadian AVP rhythm. The bladder may regulate AVP secretion and may indirectly affect
water metabolism, in addition to the kidney. However, in
contrast, the results of the present study in rats indicated
that AVP secretion was unaffected by bladder distension. In previous studies, the AVP concentration readily
increased in response to various conditions, such as manual contact and anesthesia [8, 9]. In the present study, the
AVP concentration was higher than in a previous study
involving a blood sampling technique for measurement
of AVP [10]. Surgical stress, urethral catheterization,
multiple blood samplings, and anesthesia might influence
the AVP concentration. Therefore, the change in the AVP
concentration in the distended bladder condition might
be undetectable.
Anticholinergic agents increase the bladder capacity
by acting on bladder C-fibers and thus decrease nocturnal urine volume in patients with nocturnal polyuria [11].
Another rat study reported that imidafenacin exerted
antidiuretic effects via the AVP signaling pathway [12].
Increasing bladder capacity by antidiuretic agents may
thus affect the AVP signaling pathway. Bladder capacity
in children has been shown to be > 30% larger than functional bladder capacity in the morning, immediately after
awakening [13]. Increasing bladder capacity at night may
regulate urine production via the AVP signaling pathway.
We hypothesized that increasing bladder capacity, such
as in the distended bladder in night, might regulate urine
production by enhancing the AVP signaling pathway.
However, AVP secretion in the current rat model was
unaffected by a change in bladder condition, suggesting
that bladder distension was not equivalent to increasing
bladder capacity. Further studies are needed to elucidate
the detailed mechanisms of urine production in relation
to AVP secretion and bladder capacity.

Limitations
The goal of this study was to estimate the elevation of
AVP due to bladder distention in rat study. However, we
did not measure the direct change of AVP in different
bladder condition. We hypothesize that urine production in night may be regulated by the change of bladder
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capacity. Probably increasing bladder capacity in night
may not regulate urine production by the AVP signaling
pathway but by another mechanism. We need to perform
further well-designed studies to confirm the association
urine production and bladder capacity.
Abbreviation
AVP: arginine vasopressin.
Authors’ contributions
YM, KT, DG and KF designed and prepared the study. YM, SH, YN, and MM
generated and analyzed the data. YM and KT wrote the manuscript and KF
reviewed the paper. All authors read and approved the final manuscript.
Acknowledgements
Dr. Akihide Hirayama (Kindai University Nara Hospital, Nara, Japan) and Dr.
Nobumichi Tanaka (Nara Medical University, Nara, Japan) provided support for
the research conception.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
All data generated or analysed during this study are included in this published
article.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Animal care was carried out in compliance with the recommendations of The
Guide for Care and Use of Laboratory Animals (National Research Council)
and the study was approved by the animal facility committee at Nara Medical
University.
Funding
We received no support from any other institute for this study.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.
Received: 31 August 2018 Accepted: 25 January 2019

References
1. Rittig S, Knudsen UB, Nørgaard JP, Pedersen EB, Djurhuus JC. Abnormal
diurnal rhythm of plasma vasopressin and urinary output in patients with
enuresis. Am J Physiol. 1989;256:664–71.
2. Watanabe H, Azuma Y. Periodical measurement of urine volume in the
bladder during sleep: temporary volume reduction suggestive of absorp‑
tion. Int J Urol. 2016;23:182–7.
3. Asplund R, Aberg HJ. Diurnal variation in the levels of antidiuretic hor‑
mone in the elderly. Intern Med. 1991;229:131–4.
4. Hirayama A, Fujimoto K, Akiyama T, Hirao Y. Decrease in nocturnal urinary
levels of arginine vasopressin in patients with nocturnal polyuria. Urology.
2006;68:19–23.
5. Van Kerrebroeck P, Andersson KE. Terminology, epidemiology, etiology,
and pathophysiology of nocturia. Neurourol Urodyn. 2014;33:S2–5.
6. Kawauchi A, Watanabe H, Kitamori T, Imada N, Ohne T. The possibility of
centripetal stimulation from the urinary bladder for vasopressin excre‑
tion. J Kyoto Pref Univ Med. 1993;102:747–52.

Morizawa et al. BMC Res Notes

7.

(2019) 12:72

Szollar SM, Dunn KL, Brandt S, Fincher J. Nocturnal polyuria and anti‑
diuretic hormone levels in spinal cord injury. Arch Phys Med Rehabil.
1997;78:455–8.
8. Husain MK, Manger WM, Rock TW, Weiss RJ, Frantz AG. Vasopressin
release due to manual restraint in the rat: role of body compression and
comparison with other stressful stimuli. Endocrinology. 1979;104:641–4.
9. Brown LM, Ginsbrg M. Effect of anaesthetics and haemorrhage on the
release of neurohypophysial antidiuretic hormone. Br J Pharmacol Chem‑
other. 1956;11:236–44.
10. Suzuki K, Koizumi N, Hirose H, Hokao R, Takemura N, et al. Blood
sampling technique for measurement of plasma arginine vasopressin

Page 4 of 4

concentration in conscious and unrestrained rats. Lab Anim Sci.
1997;47:190–3.
11. Yokoyama Osamu, Homma Yukio, Yamaguchi Osamu. Imidafenacin, an
antimuscarinic agent, improves nocturia and reduces nocturnal urine
volume. Urology. 2013;82:515–20.
12. Yamazaki T, Fukata A, Muraki Y. Imidafenacin exerts the antidiuretic effect
by enhancing vasopressin-related responses in orally water-loaded rats.
Eur J Pharmacol. 2016;791:72–7.
13. Watanabe H, Kawauchi A. Is small bladder capacity a cause of enuresis?
Scand J Urol Nephrol Suppl. 1995;29:37–41.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

