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Abstract 

Background. This study was undertaken to
test the hypothesis that diabetes and pregnan-
cy detrimentally affect the normal function of
urethral striated muscles in rats, providing a
model for additional studies related to urinary
incontinence. The aim of this study was to
evaluate morphological alterations in the ure-
thral striated muscles of diabetic pregnant
rats. 

Materials and Methods. Twenty female
Wistar rats were distributed into four experi-
mental groups of five rats as follows: virgin,
pregnant, diabetic virgin, and diabetic preg-
nant. Diabetes was induced using streptozo-
tocin administration (40 mg/kg i.v.). The rats
were lethally anesthetized, and the urethra
and vagina were extracted as a unit. Cryostat
sections (6 µm thick) were cut and stained
with hematoxylin-eosin, and immunohisto-
chemical procedures were performed and sub-
jected to morphological and semi quantitative
analysis. 

Results. The urethral striated muscle from
the diabetic pregnant rats presented with the
following variations: thinning and atrophy, dis-
organization and disruption associated with
the colocalization of fast and slow fibers and a
steady decrease in the proportion of fast vs
slow fibers. 

Conclusion. Diabetes and pregnancy impair
the urethral striated muscle and alter its fiber
type distribution.

Introduction

Recent studies have established that uri-
nary incontinence (UI) is more prevalent
among women with diabetes.1,2 In a previous
paper, we found a statistically significant asso-
ciation between diabetes mellitus (DM) dur-
ing pregnancy and UI and pelvic floor muscle
dysfunction two years after a Caesarean sec-
tion (CS). The overall prevalence of gestation-
al UI two years post partum was significantly
higher among women with previous GDM
(50.8% vs 44.4%, respectively) than among
normoglycemic pregnant women (31.6% vs
18.4%, respectively).1

The risk factors for pelvic floor muscle dys-
function among these women were related to a
high newborn weight and high maternal
weight gain during pregnancy because of ges-
tational diabetes mellitus (GDM). Further -
more, the risk factors for UI were indirectly
influenced by GDM and pelvic floor muscle dys-
function. This framework confirms an associa-
tion between GDM and subsequent pelvic floor
muscle dysfunction two years after a CS.1

The roles of pregnancy and childbirth in
determining UI are still controversial. Many
hypotheses have attempted to explain the ori-
gin of UI during pregnancy, its association
with vaginal delivery, and the protective effect
of a CS. The observed increase in the concen-
tration of collagen and the decrease in muscle
fibers in the urethras of female rats after vagi-
nal delivery may provide insight into the mech-
anisms involved in the development of UI in
women.2 However, Barbosa et al., showed that
an elective CS was insufficient for preventing
UI two years post partum.3

UI is a debilitating disorder caused by a mal-
functioning urethral sphincter.4,5 Stronger clin-
ical support for a causal relationship between
a decreased urethral sphincter thickness and
UI has been reported.6

Striated fibers are the dominant muscle
components of the mid-urethra7 and have been
classified into two major groups, type I (slow-
twitch) and type II (fast-twitch) fibers, based
on the presence of myosin heavy chain (MHC)
isoforms. Slow-twitch type-I muscle fibers are
rich in mitochondria, exhibit a high oxidative
capacity, and are resistant to fatigue.
Conversely, fast-twitch type II muscle fibers
have robust glycolytic metabolism and fatigue
easily.8 The roles of each fiber type in striated
sphincter contraction are controversial and
depend on the species studied and the method
used to determine the fast and slow fiber
types.9

Given the high prevalence of UI among
women with previous GDM and that striated
muscle is one of the two most important tissue
types affected by insulin resistance and type 2
diabetes, the purpose of this study was to eval-

uate the urethral striated muscle fiber compo-
sition of the urethras of diabetic pregnant rats
to understand the influences of diabetes and
pregnancy on urethral muscle fibers.
Alterations in the two basic types of urethral
striated fibers, type I (slow) and type II (fast)
fibers, were analyzed in the urethral muscles
of pregnant diabetic rats. We hypothesized that
diabetes and pregnancy would detrimentally
affect the normal function of urethral striated
muscle in rats, providing a model for addition-
al studies related to UI. 

Materials and Methods

This study was developed in the
Experimental Research Laboratory of the
Department of Gynecology and Obstetrics,
Botucatu Medical School, UNESP São Paulo,
Brazil. Prior to the study, ethical approval was
obtained from the Institutional Animal Care
and Use Committee on Animal Experimen -
tation at the Botucatu Medical School-UNESP
(process number 668).

Animals
Six-week-old female and nine-week-old

male Wistar rats, weighing approximately 180
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g and 220 g, respectively, were allowed to adapt
to the laboratory for seven days. The rats were
housed in collective cages under controlled
temperature (22±3ºC), light (12 h light/dark
cycles) and relative humidity (60±5%) condi-
tions. The animals were fed laboratory chow
(Purina®) and tap water ad libitum and cared
for in accordance to the principles in the Guide
for the Care and Use of Experimental Animals. 
The adult female rats were distributed

among four groups:
Control group 1: five virgin rats euthanized on
a similar period as pregnant group;
Control group 2: five pregnant rats that under-
went a CS at the term of pregnancy and were
immediately euthanized;
Control group 3: five diabetic virgin rats that
were euthanized on a similar period as the
pregnant group;
Study group 4: five diabetic pregnant rats that
underwent a CS at the term of pregnancy and
were immediately euthanized.

Induction of diabetes
Diabetes was induced using streptozotocin

(STZ; SIGMA Chemical Company, St. Louis,
MO, USA) seven days prior to mating. A dose of
40 mg/kg body weight was intravenously
administered to produce a permanent and
severe diabetic state. The rats' blood glucose
levels were measured at the beginning and end
of the experimental period using glucose oxi-
dase reagent strips (One-Touch Ultra Johnson
& Johnson, Milpitas, CA, USA). Only the rats
with glucose levels greater than 200 mg/dL
were assigned to the diabetic groups.10

The female rats (the pregnant and diabetic
pregnant groups) were mated overnight with
non-diabetic male rats. The morning when
sperm were found in the vaginal smear was
designated as gestational day 0.
On day 21 of pregnancy, the fed rats were

weighed to determine the maternal weight
gain (final weight - initial weight) and lethally
anesthetized with sodium thiopental (3%
Thiopentax). The urethra and vagina were
extracted as a unit to facilitate their handling.
Each unit was immediately placed in a position
suitable for transverse sectioning and frozen
with liquid nitrogen. The samples were stored
at -80°C until sectioning and staining. Cryostat
sections (6 µm thick) were cut and stained
with hematoxylin-eosin (H&E) to visualize the
nuclei, membranes, cytoplasm and connective
tissue. Immunohistochemical procedures were
performed on the 6-µm-thick serial cross-sec-
tions to visualize the fast and slow myosin
heavy chains. A myosin heavy chain (slow)
NCL-MHCs mouse monoclonal antibody
(Novocastra; 1:120 dilution) and a myosin
heavy chain (fast) NCL-MHCf mouse mono-
clonal antibody (Novocastra; 1:160 dilution)
were used.

Data analysis
The rat urethra was analyzed using morpho-

logical analysis, and a semiquantitative
method was used to analyze the immunohisto-
chemical staining of the fast and slow skeletal
muscle fibers.
For this analysis, the fast and slow type

fibers were considered separately. The
immunolocalization intensity was evaluated by
averaging the results from two blind and inde-
pendent readings. The urethral striated mus-
cle was analyzed based on the following param-
eters: the presence of each type of fiber
throughout the circumference of the layer
(++++ if the layer was complete throughout
the circumference to + if the layer was incom-

plete); the thickness of the muscle fiber layers
(++++ for a thickness of more than five layers
to + for a thickness of one muscle fiber layer);
the degree that the layers maintained a normal
anatomic localization (++++ for a normal
anatomic localization to + for a loss of normal
anatomic localization). 
The scores for the circumferential presence,

thickness, and anatomic localization (based on
the above criteria) were multiplied for each
fiber type. The obtained values of the fast
fibers were then divided by those of the slow
fibers to establish the fast/slow index.
Convenient transformations (Neperian log)

were performed to adjust the offspring weight,
maternal weight gain and glycemic data to a
symmetrical distribution with a homogeneous
variance. Analysis of variance (ANOVA) fol-
lowed by Tukey's multiple comparison test was
used. Statistical significance was considered
to be P<0.05. The data were expressed as
mean ± standard error of the mean (SEM).

Results

Urethral histology
The transverse sections of the center of the

urethra in the virgin group revealed the follow-
ing various layers from the lumen to the
periphery: a stratified squamous epithelium
(arrow), a lamina propria (), a spongy vas-
cular plexus (P), smooth muscle including
both longitudinal (1) and circular (2) fibers,
and striated muscle (3) (Figure 1).

Morphological and semi quantita-
tive analyses of the striated muscle
fiber composition of the rat urethra 

The virgin control group
The H&E-stained transverse cross-sections

Article

Table 1. Semi-quantitative analysis of slow and fast fibers according the presence of each
type of fiber throughout circumference of the layer; thickness of the muscle fiber layer;
the degree to which the layers maintained a normal anatomic localization; fast index;
slow index; and fast:slow index in each group.

Groups Virgin Pregnant Diabetic virgin Diabetic pregnant

Fast throughout ++++/++++/++++ ++++/++++/++ +++/++++/+ +++/+++/+
circumference/
thickness/
normal anatomic 
localization
Slow throughout ++++/+/++++ ++++/+/++ +++/+++/+ +++/++/+
circumference/
thickness/
normal anatomic
localization
Fast index 64 32 12 9
Slow index 16 8 9 6
Fast:Slow index 4:1 4:1 1.5:1 1.5:1

Figure 1. Microphotograph of transverse
section of the central part of the urethra in
a virgin female rat. Different layers are evi-
dent from the lumen to the periphery:
epithelium (arrow), lamina propria (),
spongy vascular plexus (P), smooth mus-
cle: longitudinal (1) and circular (2) ori-
ented fibers, and striated muscle (3). H&E
stained. Scale bar,  100 µm.
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of the striated muscle fiber revealed many lay-
ers and compact outer circular layers. The
fibers were long, with a similar thickness
throughout the circumference (Figure 2A).
Immunohistochemical staining revealed

that the striated myofibers predominantly
expressed the fast myosin heavy chain iso-
form. The layer containing the fast fibers was
thick, and the fibers were present throughout
the outer circular layer (++++) (Figure 2B).
The proportion of fast vs slow fibers was 4:1
(Table 1). A thin, inner circular layer of slow,
striated muscle fibers was observed (+) with
small and thin individual fibers (Figure 2C).
The image suggested different localization
patterns for each type of fiber, with fast fibers
occurring in the outermost layer and slow
fibers occurring in the innermost layer. 

The pregnant control group
The H&E-stained transverse cross-sections

revealed of the presence of a striated muscle
layer that was similar to that of the control
group. An increase in the amount of connec-
tive tissue separated the fibers from one
another. The most important findings in this
group were the large interstitial spaces found
between the fibers (Figure 3A).  Immunohisto -
chemical staining revealed that the distribu-
tion of fast vs slow fibers and the proportions
of each were similar to those of the virgin
group (4:1) (Figure 2 E,F) (Table 1).

The diabetic virgin control group
H&E-stained transverse cross-sections

revealed that the circular annulus was lost.
Additionally, there was fiber thinning and atro-
phy, and the striated muscle was disrupted.
Complete striated muscle layers were scarce
(Figure 3B).
Immunohistochemical staining revealed

that the specific localization of each type of
fiber was lost, with fast and slow fiber colocal-
ization and a decrease in the proportion of fast
vs slow fibers to 1.5:1 (Figure 2 H-I) (Table 1). 

The diabetic pregnant study group 
H&E-stained transverse cross-sections

revealed that the circular annulus was lost.
The fiber layers were thin, atrophic, and disor-
ganized, and the striated muscle was disrupt-
ed. The findings were similar to those of the
pregnant group with respect to the increase in
the amount of connective tissue separating the
fibers from one another and the large intersti-
tial spaces (Figure 3C).
Immunohistochemical staining revealed the

loss of the specific localization of each type of
fiber, with fast and slow fiber colocalization
and a decrease in the proportion of fast vs slow
fibers to 1.5:1 (Figure 4 B,C) (Table 1).

Maternal and perinatal results
The mean maternal weight gain and off-

spring weights in the pregnant group showed

no statistically significant differences com-
pared to the diabetic pregnant rats (Table 2).
The diabetic virgin and diabetic pregnant

groups presented increased glycemia during
pregnancy compared to the virgin and preg-
nant groups (P<0.05) (Table 2).

Article

Table 2. Maternal weight gain and offspring weight in pregnant and diabetic pregnant
groups. Maternal glycemia (mg/dL) from virgin, pregnant, diabetic virgin and diabetic
pregnant groups at beginning and end of the experimental period. 

Groups Virgin Pregnant Diabetic virgin Diabetic pregnant

Maternal weight gain (g) 115.4±16.3 72.2±21.5
Offspring weight (g) 82.6±10.6 67.2±14.3
Maternal glycemia (mg/dL), 81.0±4.4 112.8±4.0 568.4±38.0* 544.0±36.8*
beginning of experiment
Maternal glycemia (mg/dL), 81.6±5.0 82.6±7.7 584.8±33.9* 497.8±60.4*
end of experiment
Values are reported as mean ± SEM; *P<0.05, significant statistically difference compared to virgin and pregnant groups (Tukey’s Multiple
Comparison Test).

Figure 2. Microphotographs of transverse section of the urethra in virgin group (A, B,
C), pregnant group (D, E, F), diabetic virgin group (G, H, I). H&E stained (H&E);
immunohistochemical staining to visualize fast (FAST) and slow (SLOW) myosin heavy
chain (MHCf, MHCs) in the striated muscle fibers. Scale bar, 100 µm.
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Discussion

The goal of this study was to gain a more
comprehensive understanding of the striated
muscle fiber composition of the urethra of the
pregnant diabetic rat and the proportions of
the two basic types of urethral striated muscle
fibers (type I (slow-twitch) and type II (fast-
twitch) fibers). It is important to understand
the effects of DM and pregnancy on striated
muscle and develop new therapeutic strate-
gies. Human studies are often limited due to
ethical concerns, the challenges of obtaining
large tissue samples, and the use of strictly
managed control groups. To understand how
the various risk factors for UI affect the mor-
phological properties of striated muscle, ani-
mal models are useful because the experi-
ments are conducted under controlled condi-
tions.11

The striated muscle fiber composition of the
diabetic pregnant rat urethra is presented
along with the importance of considering the
experimental conditions and the inclusion of
three control groups (virgin, pregnant and dia-
betic virgin). With this methodology, it was
possible to separately analyze the influences of
diabetes vs pregnancy. Of particular note, we
found that, relative to these three groups, the
urethral striated muscles of the diabetic preg-
nant rats presented the following: thinning,
atrophy, disorganization, disruption in the cir-
cular annulus associated with the co-localiza-
tion of fast and slow fibers, and a steady
decrease in the proportion of fast vs slow fibers
(fast:slow, 1.5:1). The amount of connective
tissue separating the fibers from one another
(i.e., in the interstitial spaces between the
fibers) increased as an effect of pregnancy on
urethral muscles. Our results confirm that dia-
betes per se was implicated in the pathological
findings, and pregnancy was only related with
respect to the thickness of muscle fiber layer.
Thinning, atrophy, disorganization, and dis-

ruption in the circular annulus of striated
muscle were extensive damage caused by dia-
betes.12,13 DM is related to the accumulation of
reactive oxygen species, and tissue ischemia
can contribute to the myopathic causes of
skeletal muscle dysfunction dependently or
independently.14-16 Previously, the relationship
between oxidative stress and diabetes in preg-
nant rats was confirmed by our group in a
report by Damasceno et al.17 Increasingly,
reports have suggested a potential role for
inflammation in the pathogenesis of type 2
DM. This has been supported by the results of
both pre-clinical studies and new clinical trials
using anti-inflammatory approaches to treat
the disease.18

By analyzing this data, we were able to
explain that extensive damage to striated mus-
cle fibers characterized by reduced skeletal

Article

Figure 3. Microphotographs of transverse
section of the rat urethra: A - pregnant
group: increase in connective tissue sepa-
rated the fibers from one another (arrow).
B - diabetic virgin group: the striated mus-
cle showed thinning and atrophy (arrow),
and disruption (). C - diabetic pregnant
group: the striated muscle showed intersti-
cial spaces (1), thinning and atrophy (2),
disorganization (arrow), and disruption
(). H&E stained. Scale bar, 100 µm.

Figure 4. Microphotographs of transverse
section of the rat urethra in diabetic preg-
nant group. H&E stained (A), immunohis-
tochemical reaction for fast (B) and slow
(C) myosin heavy chain (MHCf, MHCs).
Scale bar, 100 µm.
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muscle mass and an altered myofiber composi-
tion links diabetes and pregnancy to UI in dia-
betic pregnant rats. This specific loss of skele-
tal muscle mass is called diabetic myopathy.19

This study confirms previous findings showing
that both diabetic myopathy and pregnancy are
involved in the pathogenesis of UI. 
Differences in the fiber type composition

were detected in the urethral striated muscles
of the diabetic pregnant rats compared to the
control groups. In the studied animals, the
expression profiles of the fast vs slow fibers
revealed two main differences. First, fast fibers
lost their predominance with respect to slow
fibers. Second, the fast fibers lost their typical
architecture, and the tissue was transformed
into a mixture of slow and fast fibers. To the
best of our knowledge, these findings are
described here for the first time and may be
labeled as a diabetic pregnant myopathy.
Studies in animal models have shown a strong
relationship between muscle fiber types and
the development of diabetes.20

Skeletal muscle is responsible for move-
ment and is the largest organ for glucose uti-
lization. Our finding of an increased number of
type I (slow-type) fibers could be related to the
abundant availability of lipids.21 Changes in a
muscle's fiber composition are often associat-
ed with glucose metabolism, diabetes and obe-
sity.22 Since muscle is an important site for
glucose uptake, reduced muscle mass and
changes in a muscle's fiber type composition
may directly impair acute glucose utilization.
Skeletal muscle can adapt to functional and
metabolic demands by remodeling (via fiber-
type switching) to maintain normal energy bal-
ance and nutrient utilization. 
Chen et al.8 confirmed a higher proportion

of type I fibers and the presence of fast-to-slow
fiber-type switching, which appears to be dis-
sociated from the expected change in oxidative
capacity. Our findings suggest that DM alters
the profile of fast vs slow fibers in the urethral
striated muscles of diabetic pregnant rats, and
eventual fiber-type switching could be present.
The nature of the mechanism underlying the
altered fiber types in our model requires fur-
ther investigation.
Because the primary function of the lower

urinary tract is the storage and expulsion of
urine at the appropriate times, changes in the
striated muscle composition may be related to
the loss of type-II fibers23 or the transformation
of most type II fibers into type I fibers.24 Given
the limitations of this study, its results could
represent muscle changes that depend on glu-
cose levels or provide early evidence for tissue
inflammation during the pathogenesis of
insulin resistance and type 2 DM.25

The damage revealed by the morphological
studies demonstrates the associated impacts
of diabetes and pregnancy on urethral striated
muscle fibers, as three of the factors related to

altered urethral striated muscle during dia-
betes and pregnancy (the maternal weight
gain, the weight of the offspring and any trau-
ma related to a vaginal delivery) were con-
trolled. However, the results of our study
should be interpreted with the awareness of
the following limitations: rats are quadrupeds;
they have tails with associated musculature;
their bladders are abdominal and not pelvic
organs.12

It is well established that the functional
capacity of a muscle is impaired when its
fibers are injured.26 As the function of a skele-
tal muscle is determined by its mass and fiber
composition,8 our results provide evidence
that, in a translational study, diabetes and
pregnancy injure striated muscles and alter
their fast and slow fiber compositions in rats.
These data suggest that diabetic pregnant rats
may present altered urethral striated muscle
contractility, supporting the high prevalence of
UI in women with previous GDM two years
after a CS.1

The importance of this study is the support
of the previous clinical hypothesis that dia-
betes and pregnancy detrimentally affect the
normal function of urethral striated muscles in
rats, which provides a model for additional
studies.

Conclusions

This study allowed us to describe the mor-
phological changes in muscle mass and the
fast vs slow fiber profiles of the urethral striat-
ed muscle fibers of diabetic pregnant rats. The
urethral striated muscles were found to be
thin, atrophic, disorganized, and disrupted.
They were associated with the loss of the nor-
mal anatomic localization of each fiber type
(i.e., the colocalization of fast and slow fibers
and the loss of the predominance of the
expression of the fast fibers with respect to the
slow fibers). The results of this translational
study suggest that UI may be attributed, in
part, to the changes in urethral striated mus-
cles of diabetic pregnant women.
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