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Abstract Intravital fluorescence microscopy (IVM) is a
widely used method to study the microcirculation in
several organs. Our aim was to develop a standard rat
model to evaluate the microcirculatory characteristics of
the urinary bladder under physiological pressure condi-
tions using the most advanced fluorescence videomicro-
scopic techniques. Spraque-Dawley rats were used after
filling their bladders with a constant volume of saline
solution. The intravesical pressure was continuously
monitored. The bladder was positioned on a specially
designed stage and IVM measurements were made at the
beginning, the 90th, 120th and 180th min. Arteriolar and
venular diameters, functional capillary density, venular
red blood cell velocity, arteriolar and venular macromo-
lecular leakage and leukocyte-endothelial cell interactions
(observation of rolling and firmly adherent leukocytes)
were quantitatively assessed by a computer assisted
analysis system. Neither microcirculatory parameters nor
the intravesical pressure changed significantly during the
observation period of 180 min using constant filling vol-
ume. We successfully established a new, well functioning
and reproducible model to study the microcirculation of
the rat bladder using intravital fluorescent microscopy.
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Introduction

The microcirculation consists of blood vessels with an
outside diameter of less than 300 um, the blood and its
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components in these vessels, and the surrounding in-
terstitial tissue. The primary function of the microcir-
culation proper is the convective transport of substrates
to and metabolic products from the cells in a tissue. The
local adaptation of these transport conduits to the ever
changing metabolic and functional needs of the tissue is
thus a prerequisite for a physiologically relevant mi-
crocirculation.

Until recently, technical limitations made it difficult to
observe and measure microcirculatory variables such as
small blood vessel diameter, red blood cell velocity, mi-
crovascular permeability and the state of leukocyte ac-
tivation. Over the last decade, and in particular over the
last 5-7 years, considerable data have been accumulated
in this area, primarily from various fields of animal re-
search, using, for instance, fluorescence videomicroscopy
[11, 12]. The microcirculation of many organs has been
observed in vivo under physiological and pathophysio-
logical conditions [5, 6, 7, 8, 9, 10, 11, 12], new per-
spectives for tumor and tissue transplantation research
have been opened using fluorescence microscopy [12] and
microcirculatory observations of conscious animals has
become possible [3, 12]. Most of the characteristic details
of the microcirculatory response to various pathophysi-
ological stimuli of the urogenital tract, however, remain
to be elucidated. In particular, we aimed to develop a
reproducible model to study urinary bladder microcir-
culation, for which only very few microcirculatory data
are at present available. To study the microcirculatory
changes of different organs in vivo is a very important
and interesting field of experimental research on in-
flammatory reactions, and intravital videomicroscopy is
employed as the gold standard to monitor it.

Materials and methods
Animals
The experiments were performed after government approval under

the guidelines of the National Institutes of Health (NIH publica-
tion No. 86-23, revised 1984).



Eight male Spraque-Dawley rats from our laboratory (N=3§,
average weight 250 g.) were housed in an environmentally con-
trolled room with a 12-h light-dark cycle, with free access to water
and standard laboratory pellet food (18,000 IU/kg vitamin A,
1,280 IU/ vitamin D3, 120 mg/kg vitamin E; Ssniff Spezialdidten,
Soest, Germany).

Surgical procedure and experimental protocol

After sodium pentobarbital (Narcoren; Merial, Hallbergmoos,
Germany) anesthesia (45 mg/kg, intraperitoneally) and premedi-
cation with atropine sulfate (0.1 mg/kg, subcutaneously; Braun,
Melsungen, Germany) the animals were placed in a supine posi-
tion on a heating pad for maintenance of the normal body
temperature during the experiment [§]. All of the surgical proce-
dures were made under a surgical microscope (Leica M651;
Bensheim, Germany). Polyethylene catheters (ID 0.28 mm., OD
0.61 mm.; SIMS Portex, Hythe, UK) were inserted into the left
carotid artery and jugular vein to measure the mean arterial
pressure (MAP), heart rate (Plugsys; Hugo Sachs Elektronik,
March, Germany) and for the injection of fluorescence dyes for
intravital videomicroscopy (IVM). The animals were intubated
(Abbocath-T; 13G; ABBOTT, Sligo, Ireland) through a trache-
otomy.

After a midline laparotomy the bladder was exposed and the
median umbilical ligament was cut near the bladder. The urethra
was ligated with 4-0 Perma-Hand Silk (Johnson and Johnson,
Brussels, Belgium). The two ureters were cut in the middle to
prevent the bladder from overfilling during the experiment. A
polyethylene catheter (ID 0.28 mm, OD 0.61 mm; SIMS Portex)
was inserted into the bladder at the dome in order to fill the bladder
and to measure the intravesical pressure. The bladder was first
emptied and then was filled with 0.5 ml of bodywarm 0.9% NaCl
solution. The intravesical pressure was continuously measured with
a pressure monitor (Plugsys).

The bladder was exteriorized drawing gently by the stump of
the umbilical ligament and was placed onto a specially designed
stage for IVM (Fig. 1). After the IVM measurements, the bladder
was replaced into the abdomen and the abdominal wall was closed
by clamps until the next IVM measurement. IVM were made at
the beginning and the 90th, 120th and 180th min after the prep-
aration.

Afterwards the animals were killed with an overdose of sodium
pentobarbital.

Fig. 1. The urinary bladder on a special stage under the objective
of the fluorescence microscope

149
Intravital videomicroscopy

Contrast enhancement was achieved by intravenous injection of
fluorescein isothiocyanate (FITC)-labeled albumin (mol. wt.
70,000, 0.2 ml.; Sigma, St. Louis, Mo., USA) for the plasma and
rhodamine 6G (mol. wt. 479, 0.2%, 0.1 ml.; Sigma) for the leu-
kocyte labeling 10 min before the IVM evaluations. The micro-
circulatory network of the examined organ was visualized by
using a high-resolution, modified Zeiss-Orthoplan fluorescence
intravital microscope attached to a Ploemo-Pak illuminator with
an 12/3 blue [exitation filter (Ex): 495 nm, emission filter (Em):
515 nm] and N2 green (Ex: 525 nm, Em: 555 nm) filter block
(Leitz, Wetzlar, Germany). The microcirculation was analyzed
using an epi-illumination technique. With a 25x water immersion
objective (W 25%/0.6; Leitz) the magnification was 540x on the
video screen (Sony, Tokyo, Japan). The microscopic images were
recorded by a charge-coupled device video camera (FK 6990;
Pieper, Schwerte, Germany) attached to an S-VHS video recorder
(BR-S920E; JVC, Tokyo, Japan) for later off-line computer as-
sisted evaluation [2, 16].

Video analysis

The quantitative assessment of microcirculatory parameters was
performed off-line by analysis of the videotaped images using a
computer-assisted analysis system (CAMAS, Dr. H. Zeintl, Hei-
delberg, Germany) [2.]. Arteriolar and venular diameter (pum)
(Fig. 2), functional capillary density (FCD, length of erythrocyte
perfused nutritive capillaries per observation area of 1/cm)
(Fig. 3), venular red blood cell velocity (RBCV, mm/s) and
macromolecular leakage (ratio of extravascular fluorescence in-
tensity and intravascular fluorescence intensity) were determined
in five observation fields of the muscular layer [16]. Leukocyte-
endothelial cell interactions[1] were analyzed within five venules
(n=15) per animal with respect to rolling and adherent leukocytes
(Fig. 4). Rolling leukocytes were defined as cells moving signifi-
cantly more slowly than the red blood cells moving in the cen-
terline of the vessels and are given as the number of rolling
leukocytes per vessel diameter (mm) per second. Adherent leu-
kocytes (stickers) were identified in each vessel segment as cells
that did not detach from the endothelial lining within 30 s and are
given as number of cells per square millimeter of endothelial
surface, calculated from the diameter and length of the venule
segment, assuming cylindrical geometry [2, 17].

Fig. 2. An arteriole (arrow) and a venule of the muscular layer of
the bladder. FITC-albumin plasma labeling
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Fig. 3. The capillary network in the muscular layer of the bladder
wall. FITC-albumin plasma labeling
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Fig. 4. Venules of the muscular layer of the urinary bladder.
Rhodamine-6G labeled leukocytes (arrows) rolling on the wall of
the venule

Statistics

The data derived from parameters display a non-gaussian distri-
bution. The analysis was performed with a statistical software
package (SigmaStat 2.0 for Windows, Jandel Scientific, Germany).
Friedman repeated measures for analysis of variance was applied
for multiple comparisons between the different time points.
Means+ SD are given. P<0.05 was considered significant.

Results

After filling the bladder with 0.5 ml saline solution, the
intravesical pressure was 9+2 mmHg and did not
change significantly during the observation period. The
macrohemodynamic parameters were within physiolog-

ical limits during the experiments and did not change
significantly (data not shown).

There were no significant changes in any microcir-
culatory parameter during the whole 180 min period
compared to the control values (Table 1).

Discussion

In spite of the fact that the use of the intravital vide-
omicroscope has become increasingly popular for
studying organ microcirculation [3, 5, 6, 7, 8, 9, 10, 11,
12] very few reports in the literature deal with the in-
travital videomicroscopic evaluation of urinary bladder
microcirculation. Our aim was to develop a reproducible
rat model to precisely characterize the microvascular
perfusion parameters of the urinary bladder in a stan-
dardized basic state, using a high quality fluorescence
videomicroscope and the well established epi-illumina-
tion technique.

The rat is one of the most commonly used animals in
the field of the microcirculatory research. The urinary
bladder of the rat is very similar to that of humans, both
anatomically and functionally [4, 13]. The main
branches of the cystic arteries and large veins form an
adventitial-serosal plexus which supplies the capillary
network of the muscular layer and sends long perpen-
dicular vessels to the mucosal plexus. Apart from a few
vascular connections between these two plexus, the
submucosa is generally avascular. The muscular layer
contains tortuous arterial and venous branches mostly
derived from the adventitial-serosal plexus. In compar-
ison with the extreme density of the subepithelial capil-
lary network, the capillaries of the muscularis are poorly
developed [13]. The microcirculatory network of the rat
bladder can be visualized within the maximal depth of
300 um of the muscular layer with IVM and can be
distinguished from the vessels of other layers by their
specific architecture.

The urinary bladder of the rat was chosen for our
study because its thin tissue allows for high resolution
images and precise quantification of the microcircula-
tory parameters. To study the microcirculation of the
bladder with IVM in an animal smaller than the rat
would be disproportionately more difficult and the
scatter resulting from technical problems would require
the use of much larger experimental groups.

Reed et al. described some microcirculatory changes
of the urinary bladder after photodynamic therapy
using a fluorescence microscopic technique. The mi-
crocirculation was observed by transmitted light. In
their study the organ was placed into a plexiglass
tissue bath, fixed by a suture on the bladder surface.
The bladder was almost empty during the examination
and the intravesical pressure and volume were not
determined. Only the diameters of the red blood cell
column and the presence or absence of platelet
thrombi were observed as microcirculatory parameters
[14].



Table 1. Microcirculatory
characteristics of the urinary
bladder in rats. Data are shown
as means &= SD of eight animals
(N=8,n=5,m=5: N is the
number of animals, n the num-
ber of observed vessels per ani-
mal and m the number of fields
of interest per animal). There
was no statistically significant
difference between the mea-
surements using P=0.05 as the
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Base line 90 min 120 min 180 min
Rolling leukocytes/mm/s n=15 6.0+1.8 7.5+1.3 8.8+2.8 8.5+3.9
Adherent leukocytes/mm? n =35 12.7+17.3 20.0£9.5 28.8+17.8 26.1+13.8
Venular macromolecular 0.74+0.10 0.76 £0.12 0.78+0.11 0.79+0.10
leakage n=>5
Arteriolar macromolecular 0.77+£0.08 0.79 £0.08 0.81+0.08 0.80+0.06
leakage n=>5
RBCV n=35 (mm/s) 1.2+0.1 1.3+£0.1 1.2+0.1 1.1£0.1
FCD m=35 (/cm) 141.6+12.2 138.3+9.8 132.2+6.0 136.2+9.2
Venular diameter n=15 (pum) 41.2+£22.1 39.2+14.2 37.2+15.3 40.2+34
Arteriolar diameter n=35 (um) 40.7+11.1 37.7+8.8 44.5+18.2 39.5+11.0

level of significance

In an other study, Young et al. used an in vivo
preparation to evaluate the effects of histamine, nor-
epinephrine and prostaglandins on the arterioles and
venules of the rat urinary bladder. In their model the
bladder was illuminated by light transmitted along a
borosilicate glass without the use of fluorescein dye [15].
Consequently, data comprising all of the relevant mi-
crocirculatory parameters of the urinary bladder under
physiological conditions have not been available to date.

A large amount of data exists on the microcirculation
of other organs in various species [3, 5, 6, 7, 8, 9, 10, 11,
12]. Among these, the microcirculatory parameters of
the intestine and the mesentery are most suitable for a
comparison to our results.

Massberg et al. described the microcirculatory char-
acteristics of the small intestine in the mouse. In their
preparation, the FCD of the muscular layer was
226+21/cm under normal conditions. The leukocyte-
endothelial cell interaction was also analyzed. Under
physiological conditions only few white blood cells were
found rolling along or firmly adherent to the endothe-
lium (1+£0.2 cells/mm/s and 18+7 cells/mmz, respec-
tively) [9].

Boros et al. investigated the microcirculation of the
small intestine in rats. The RBCV was 0.88 £0.17 mm/s
and the FCD was 213 £25/cm, values similar to the re-
spective values in the mouse. In the longitudinal muscle
layer, the respective values were 164+ 15/cm (FCD) and
0.78+£0.09 mm/s (RBCV). The number of firmly ad-
herent leukocytes (cells/mm?) in the collecting venules
was 8—10 under normal conditions [2].

The microcirculation of the rat mesentery also was
studied by IVM. In contrast to the intestine, which is
very similar to the bladder, the microcirculatory
characteristic of the mesentery differs from the bladder
in several aspects. Under control conditions, Kurose
et al. found that the RBCV is 3.12+0.18 mm/s and
the leukocyte adherence is about 5+2 cells/100 um
vessel length. The higher flow can be explained by the
larger vessel diameters, however the values of leuko-
cyte adherence were similar to those found in the
bladder [7].

In our present study, we aimed to develop a stan-
dard rat model for further microcirculatory investiga-
tions and to describe the physiological characteristics
of the microcirculation of the urinary bladder. We
filled the urinary bladder with a constant volume of

saline and measured the intravesical pressure during
the whole 180 min examination period. The bladder
was placed — only for the time of the microscopic
observation — onto a specially designed stage for the
best visualization of the microcirculatory network and
between the measurements it was returned to its nat-
ural position. All relevant microcirculatory parameters
were determined and showed no significant changes
during the observation period. There is a slight ten-
dency for leukocyte-endothelial cell interaction and of
FCD to deviate from baseline values at the subsequent
measurements. The anesthetic regimen chosen for this
study could be one explanation. Atropine is widely
used in small animals for premedication. So far, there
are no controlled studies on the influence of this drug
on the microcirculation, but given that baseline mea-
surements were obtained about 1 h after atropine ad-
ministration and the half live of atropine is 3—4 h when
given i.m., the slight differences can not be explained
by the use of this drug. Likewise, the i.p. administra-
tion of pentobarbital can be assumed to effect the
macrocirculation. However, the macrohemodynamic
parameters remained unchanged throughout the ex-
periments.

In conclusion, we successfully established a novel,
reliable rat model to study the microcirculation of the
urinary bladder using a modern intravital fluorescence
videomicroscope and the epi-illumination fluorescence
technique, as a very sensitive and applicable method.

This newly developed, standardized microcirculatory
model can serve as the basis for further investigations
using the IVM for better understanding the basic path-
ophysiology of this organ at the microcirculatory level.
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