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“Perder alguém querido,

Palavras ndo explicam a morte de alguém querido. Sabem disso o pai, a mae, os filhos, os
irmaos, o marido e a mulher, e os amigos de verdade.

Quando o outro morre, parte do mistério da vida vai com ele. A parte que fica torna-se mais
intrigante. Descobrimos a relagéo profunda entre a vida e a morte, quando alguém que era a
razao de nossa vida vai-se embora.

Para onde? Para quem? Esta me ouvindo? A gente vai se ver de novo? Como sera nosso
reencontro? Acabou-se para sempre, ou ela apenas foi antes? Por que agora? Por que
deste jeito? As perguntas insistem em aparecer e as respostas nao parecem claras. Déi, doi,
doi.

Um dia nos veremos de novo. Enquanto este dia ndo vem, quem eu amo e se foi. Para ela,
a vida tem agora, outra dimensao. Alcangou o infinito.

Por enquanto fica apenas o mistério. Alguém que ndo sabemos por que entrou tdo cheio em
nossas vidas, fechou os olhos e foi-se embora. Quem ama de verdade nao cré que se
acabou. A vida é uma s6. Comecga aqui no tempo e continua depois, na auséncia de tempo
e limite.

Alguém a quem amamos se tornou eterno. E essa pessoa ja sabe quem e como Deus é. E
também sabe o porqué de sua partida. Se ela esta no céu entdo alguém, além de Deus e de
Jesus, se importa comigo. Definitivamente, ndo estamos sozinhos por mais que doa a
soliddo de havé-lo perdido.

Mas é apenas por pouco tempo

Quem amou aqui, sem duvida, se reencontra no infinito.

Ninguém ama aquilo que ndo conhece
Mas ninguém esquece daquilo que ama.
Quando tudo falha é tempo de confiar!”

Padre Zezinho
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Abstract

Urinary incontinence (Ul) in women is defined as any involuntary urine loss. It is a
frequent condition of high economic cost to the government that also results in
women’s physical, psychological and social damage and impaired quality of life.
Various risk factors are involved in Ul development; however, association with
Diabetes mellitus (DM) is of great interest at present. DM affects multiple organ
systems, including the urinary system in approximately 52% of diabetic patients and
in those showing only hyperglycemia; however, the association between gestational
DM and Ul has not been fully explained. Health care professionals must be attentive
to this new parameter and attempt to analyze it in more detail so that prophylactic
and therapeutic measures can be established. It is necessary to delineate the
chronology of the relationship between gestational Diabetes mellitus and vesical
complications, the relationship between controlled diabetes and the incidence of
incontinence as well as effective treatment modalities for diabetic patients with

symptoms in the lower urinary tract.

Key words: diabetes, pregnancy, urinary incontinence
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Introduction

Urinary incontinence (Ul) in women is defined as any involuntary urine loss [1].
It is a frequent condition of high economic cost to the government that also results in
women’s physical, psychological and social damage and impaired quality of life [2, 3].

The world epidemic of obesity and type-2 diabetes has significant implication
in the occurrence of Ul in women [4]. However, the mechanisms by which diabetes
contributes to the Ul development and severity are not well defined.

Diabetes is related to muscular strength and physical function impairment, and
it may reflect the connection between the muscle’s metabolic and mechanic
functions. There is a temporal relation between Diabetes mellitus (DM) diagnosis and
the subsequent development of muscular weakness associated with complications
such as diabetic amyotrophy. Hyperglycemia may affect the contractile function and
strength generation in the muscle [5].

In 2006, the association of Gestational Diabetes mellitus (GDM) with Ul
increases and muscular dysfunction on the pelvic floor two years after gestation
became clear. Pregnant women with GDM showed 50.8% of Ul in pregnancy as
compared to 31.6% in non-diabetic individuals (p<0.05). The presence of GDM
increased not only IU occurrence two years after childbirth, but it was also associated
with Ul in pregnancy [6]. Such association is little acknowledged in the literature
because there are still other concerns to be solved regarding the diabetes-pregnancy

binomial.
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Historical development of GDM

The 20™ century witnessed the change in pregnant women’s follow-up. At the
beginning of that century diabetic women died; they later became infertile and rarely
had successful at-term pregnancies. The advent of insulin in 1922 abolished
maternal death and, over the past century, all efforts were made to improve perinatal
results.

The first concern was the moment of childbirth and, later, the perinatal
complications resulting from intrauterine hyperglycemia, such a fetal macrosomy [7].
White’s clinical classification [8] established a direct relation between the severity of
maternal clinical conditions and the moment of delivery, and it was fundamental in
reducing perinatal death. As a result, there was significant increase in cesarean
section rates in the population [9].

Despite all the present efforts, perinatal death rates, congenital malformation
cases excluded, is slightly higher than those found for the non-diabetic population
[10]. At the moment, the literature attempts to solve the problem of fetal
malformations and of the large obesity and diabetes epidemic around the world
which has resulted in the increase of pregnancies complicated by diabetes. It can be
imagined that, in this century, the concern regarding this binomial will be focused on
preventing the occurrence of fetal malformation, finding more refined and earlier
diagnostic methods as well as on furthering the knowledge on more subtle GDM
outcomes in the maternal organism.

Although diabetes is the most common medical complication in pregnancy, the
association between GDM and Ul is not reported in obstetric textbooks. The
recommended classification is based on the quality of maternal metabolic control and

emphasizes that the compromising of target organs, such as the kidneys, eyes and
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heart, has a significant effect on pregnancy outcomes. That classification does not
make any reference to the compromising of the lower urinary tract in diabetic
pregnant women or to whether this may be an aggravating factor in maternal and

perinatal prognosis.

Diabetes in pregnancy

DM is one of the most common endocrine disorders, and it affects
approximately 7% of the world population and 50% of diabetic individuals are not
aware of their diagnosis [11]. Diabetic pregnant women can be separated into two
large groups: those who already had the diabetes diagnosis prior to pregnancy
(clinical diabetic women) and those who are diagnosed during their pregnancies
(gestational diabetic women). It is estimated that 10% of them have clinical diabetes
and 90% gestational diabetes [7].

The total number of individuals with diabetes is expected to increase from 171
million in 2000 to 366 million in 2030. Its expansion follows population growth and
ageing, urbanization as well as obesity and sedentariness increase [12]. Such
population growth in the diabetic population worldwide will not only increase diabetes
occurrence in pregnancy, but it will also change the proportion of clinical and

gestational diabetic women.

Diabetes mellitus and urinary incontinence

DM affects multiple organ systems, including the urinary system in
approximately 52% of diabetic patients and in those showing only hyperglycemia.
Various epidemiological studies have observed increased risk (50 to 200% more

commonly) for Ul in women with type-2 as compared to those with normal glucose




Copetutic 20

levels [13]. The risk factors involved in Ul development are many; however, the
association with diabetes is of great interest at present.

Diabetes, waist circumference, parity and low social support are associated
with increased prevalence of stress urinary incontinence (SUI) whereas a high body
mass index and impaired health are associated with Ul incidence [14].

Ul is also common among women with DM 1, and risk factors including old
age, weight increase and previous urinary infection are important. Weight reduction
and infection treatment can prevent Ul or reduce its severity [15].

Ul prevalence in a group of 1,585 women older than 20 years was of 49.5%.
Ul was significantly associated with older age, poor education, recurrent urinary-tract
infection, Diabetes mellitus, history of nocturnal enuresis in childhood, diuretic
medication and BMI [3]. It was also characterized as more severe in women with DM
[16].

Urge Ul was more prevalent in non-diabetic women whereas mixed Ul and
SUl were more prevalent in diabetic women. Of the diabetic women, 41% reported
Ul, and DM was an independent determinant factor of Ul [17].

Ul was reported by 65% of the women with DM 1. Of these, 40% were very
annoyed by their incontinence, and 9% believed that it did not affect their daily
activities. The prevalence of weekly urge incontinence was twofold in women with
DM 1 as compared to that of women without diabetes. Additionally, Ul prevalence
was higher than that of neuropathy, retinopathy and nephropathy. These findings
point out the importance of tracking urinary incontinence among women with DM 1
[18].

Brown et al., [13] found high Ul incidence in women with DM 2 or with

hyperglycemia when compared to women with normal glucose levels.
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This literature review clearly shows that the association between diabetes and
Ul has been acknowledged. Nevertheless, the clinical meaning of Ul, its short- and
long-term outcomes and the need or not for treatment and prophylaxis has not been

established.

Diabetes in pregnancy and Ul

The association between GDM and increased Ul prevalence and muscular
dysfunction of the pelvic floor has been clearly shown by Barbosa,[6] who concluded
that the prevalence of gestational Ul two years after childbirth was significantly higher
in women with GDM than among normoglycemic pregnant women. Multivariate
analysis has shown GDM to be an independent risk factor for the occurrence of
gestational Ul.

Kim et al., [19] also observed that 49% of the women with GDM reported
frequent incontinence during pregnancy, and 28% reported that such Ul affected their
daily activities. They concluded that SUIl is common among women with GDM, and it
does not seem to be associated with physical activity levels or body mass index.

DM was also associated with vesical dysfunction, such as sensory
abnormalities that result in vesical sensitivity impairment, increased complacency and
increased residual volume; Ul and sexual dysfunction in women, such as inhibited
desire, pain during intercourse and inadequate lubrication [20].

These reports on the association of GDM with Ul are relatively recent in the
literature, little acknowledged and little valued by medical professionals. There are no
reports in the literature on the clinical maternal meaning of such Ul in pregnancy and
nor on the possible correlations between its occurrence and maternal and perinatal

outcomes.
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Experimental models

Experimental severe diabetes induction is well established, including in
pregnancy [21], and many studies have confirmed its effects on the lower urinary
tract of animal models.

Diabetic rats with higher glycemia than 300mg/dL (6-8 weeks) showed
significantly increased vesical capacity and increased intercontraction intervals,
extensive damage in the external urethral sphincter (EUE), atrophy in the urethral
vaginal septum and increased collagen deposition between the striated muscles. Ul
was more severe, and the recovery of the damages generated by vaginal distention
was delayed in the diabetic group. The authors suggest that diabete is related to the
accumulation of free radicals and ischemia, which can interact or be independent
factors to generate dysfunctions in the lower urinary tract [22].

Diabetes caused effects on the bladder and urethra of rats 06 weeks after
induction, such as decreased vesical sensitivity, increased vesical capacity,
increased residual volume and detrusor contractility impairment. After 20 weeks, an
atrophy was found in the EUE, which was related to the polyneuropathy found in DM
[23]. Significant decrease in the skeletal muscle mass of STZ-induced rats (example
of diabetic myopathy) was also observed in another study [24].

Diabetes is also associated with a reduction in the capillarization of the
skeletal muscle and a deregulation in the angiogenesis route in the quadriceps
muscle of rats with severe diabetes (3 to 5 weeks) [25].

However, in more recent studies, pregnancy and caesarean sections did not
induce alterations in the number of collagen, muscle, elastic and nerve fibers. But
vaginal birth and simulation of delivery trauma reduced muscle and nerve fibers and

increased collagen and elastic fibers [26].
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Studies on diabetic pregnant rats have not been found.

Conclusions

Despite the high Ul prevalence in diabetic pregnant and non-pregnant
women, many of them do not report their incontinence to clinicians, and those who
do are given the simplest explanation attributed to polyuria caused by DM itself. Such
knowledge has been recently developed in this century, and the association between
GDM and Ul and its relevance has not yet been established. Science and medicine
move as follows: firstly, a phenomenon is observed. Later, its actual importance is
analyzed and then the need for treatment and prophylaxis is evaluated. The
phenomenon is confirmed. Its importance must be studied in experimental models
and in clinical observations during pregnancy by evaluating its maternal and perinatal
outcomes. Health care professionals must be attentive to this new parameter and
seek to analyze it in more detail so that prophylactic and therapeutic measures can
be established.

It is necessary to delineate the chronology of the relationship between GDM
and vesical complications, the relationship between controlled diabetes and the
incidence of incontinence as well as effective treatment modalities for diabetic

patients with symptoms in the lower urinary tract.
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Abstract

The aim of this study was to evaluate the morphological alterations of the
urethral striated muscle and type | and |l muscle fibers in diabetic
pregnant rats that underwent cesarean section. Twenty female Wistar
rats were distributed in four experimental groups of five rats: virgin
(control), pregnant (control), diabetic virgin (control), and diabetic
pregnant. Diabetes was induced by streptozotocin administration. The
rats were lethally anesthetized and the urethra and vagina were
extracted as a unit. Cryostat sections of 6-um thickness were cut and
stained with hematoxilin-eosin and immunohistochemical procedures
were performed and subjected to morphological and semi-quantitative
analysis. In comparison with muscle from the three control groups,
urethral striated muscle from diabetic pregnant rats presents with the
following variations: thinning and atrophy, disorganization and disruption
associated with co-localization of fast and slow fibers and a steady
decrease in the proportion of fast to slow fibers. Our results indicate that
diabetes and pregnancy impair the urethral striated muscle and alter the

distribution of its fiber types.

Keywords: diabetes, pregnancy, striated muscle fiber, urethra
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Introduction

Diabetes mellitus (DM) during pregnancy was associated with high
levels of urinary incontinence (Ul) and pelvic floor muscle dysfunction
two years after cesarean section. The risk factors for pelvic floor muscle
dysfunction among these women were related to high newborn weight
and high maternal weight gain during pregnancy as a result of
Gestational Diabetes mellitus (GDM). Furthermore, the risk factors for Ul
were indirectly influenced by GDM and pelvic floor muscle dysfunction.
This framework confirms an association between GDM and subsequent
pelvic floor muscle dysfunction two years following cesarean section [1] .

Data from an epidemiological study in Norway showed that risk
factors related to DM did not explain the increased risk for Ul among
women with DM. This study revealed associations between DM
management and complications and Ul, but the biological and laboratory
parameters do not appear to explain the previously documented
association. However, associations were found between Ul and some
clinical correlates of DM [2].

DM has been established as an independent risk factor for Ul, the
involuntary leakage of urine [3]. DM causes debilitating and devastating
complications not only during pregnancy but also after delivery [4].

Outside pregnancy, an association has been found between DM type 1
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or 2 and a high prevalence of Ul (30-60%) [5]. The risk conferred by DM
appears to be in addition to other recognized risk factors for Ul [6].
Current theories on the pathophysiology of lower urinary tract
complications of DM include myopathic components of the pelvic floor [7,
8].

The role of pregnancy and childbirth in determining Ul is still
debatable. Many hypotheses attempt to explain the origin of Ul during
pregnancy, its association with vaginal delivery, and the protective role of
cesarean section. The increased concentration of collagen and decrease
in muscle fibers in the urethra of female rats after vaginal delivery may
be one of the mechanisms in the development of Ul in women [9].
However, Barbosa et al., [10] showed that elective cesarean section was
not sufficient to prevent Ul two years postpartum.

Ul is a debilitating disorder caused by malfunctioning of the urethral
sphincter. Anatomical and histological properties of the sphincter, its
innervations, and supporting structures are explained in relation to the
closing mechanism of the bladder outlet [11]. Stronger clinical support for
a causal relationship between decreased thickness of the urethral
sphincter and Ul has been provided [12].

Striated fibers are the dominating muscle component in the mid-
urethra [13] and have been classified into two major groups: type | (slow-

twitch) and type Il (fast-twitch) based on the presence of myosin heavy
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chain (MHC) isoforms. Slow-twitch type | muscle fibers are rich in
mitochondria, present high oxidative capacity, and are resistant to
fatigue. Conversely, fast-twitch type Il muscle fibers have high glycolytic
metabolism and fatigue easily [14]. The role of each fiber type in
contraction of the striated sphincter is controversial and likely depends
on the species studied and the method used for the determination of fast
and slow types [15].

Given the high prevalence of Ul among women with previous GDM,
and considering that striated muscle is one of the two most important
tissue types affected by insulin resistance and type 2 diabetes, the
purpose of the present study was to evaluate the urethral striated muscle
fiber composition in the urethra of the diabetic pregnant rat to better
understand the influences of diabetes and pregnancy on the urethral
muscle fibers. Alterations in the two basic types of urethral striated fibers:
type | (slow) and type Il (fast) in urethral muscle of pregnant diabetic rat
were analyzed. We hypothesized that diabetes and pregnancy would
detrimentally affect normal function of urethral striated muscle in rats,

providing a model for further studies related to UI.

Materials and Methods

This study was developed in the Experimental Research

Laboratory of the Department of Gynecology and Obstetrics, Botucatu
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Medical School, UNESP-Univ Estadual Paulista, Sdo Paulo, Brazil. Prior
to the study, ethical approval was obtained from the Institutional Animal
Care and Use Committee on Animal Experimentation of Botucatu
Medical School-UNESP (Process number 668).

Six-week-old female and nine-week-old male Wistar rats, weighing
approximately 180g and 220g, respectively, were allowed to adapt to the
laboratory for seven days. The rats were kept in collective cages under
controlled conditions of temperature (22 + 3° C), light (12 hour light/dark
cycles) and relative humidity (60 = 5%). The animals were fed with
laboratory chow (Purina®) and tap water ad libitum and cared for in
accordance with the principles of the Guide for Care and Use of
Experimental Animals.

The adult female rats were distributed among four groups:

Group 1: five virgin rats euthanized on the 28" day of the experiment;

Group 2: five pregnant rats that underwent cesarean section on day 21
of pregnancy and were euthanized immediately;

Group 3: five diabetic virgin rats euthanized on the 28" day of diabetes
induction;

Group 4. five diabetic pregnant rats that underwent cesarean section

on day 21 of pregnancy and were euthanized immediately.
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Induction of Diabetes

Diabetes was induced by streptozotocin (STZ - SIGMA Chemical
Company, St. Louis, MO, USA) seven days before mating. A dose of 40
mg/kg -body weight was administered by intravenous route to produce a
permanent severe diabetic state. Blood glucose levels were measured at
the beginning and end of the experimental period using glucose oxidase
reagents strips (One-Touch Ultra Johnson & Johnson®, Milpitas, CA,
USA). Only rats with glucose levels greater than 200 mg/dL were
assigned to the diabetic groups [16].

Female rats (pregnant and diabetic pregnant groups) were mated
overnight with non-diabetic male rats. The morning when sperm was
found in the vaginal smear was designated gestational day 0.

On day 21 of pregnancy, fed rats were weighed in order to
determine maternal weight gain (final weight - initial weight) and lethally
anesthetized with sodium thiopental (Thiopentax® 3%). Following
trichotomy of the abdominal region, the animal was placed in the dorsal
decubitus position, and its ribs were fixed to the surgery table.
Laparotomy was carried out by a midline incision beginning at the
xiphoid cartilage and ending at the pubis. The intestinal loops were
moved cranially for uterus exposure. Hysterectomy was carried out by

sectioning of the ligament, artery and ovarian vein and incision of the
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uterine body above the cervix. Incisions were then placed throughout the
entire extension of the uterine horns, on their free margin and in the most
avascular area. The fetus, amniotic sac and placenta were removed by
slight traction (Figure 1). Following birth, offspring were weighed,
anesthetized and euthanized.

The urethra and vagina were extracted as a unit to facilitate their
handling (Figure 2). Each unit was immediately placed in a position
suitable for transverse sectioning and was frozen with liquid nitrogen.
Samples were stored at -80°C until sectioning and staining. Cryostat
sections of 6-uym thickness were cut and stained with hematoxilin-eosin
(H&E) to visualize nuclei, membranes, cytoplasm and connective tissue.
Immunohistochemical procedures were performed on 6 um thick serial
cross-sections to visualize fast and slow myosin heavy chains (MHCfast
and MHCslow). Antibodies WB-MHCf Novocastra (1:120) and WB-MHCs

Novocastra (1:160) were used.

Data analysis

Study of the rat urethra was performed by morphological analysis,
and a semi-quantitative method was wused to analyze
immunohistochemical staining of fast and slow type skeletal muscle

fibers.
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For this analysis, fast and slow type fibers were considered
separately. The intensity of immunolocalization was evaluated by two
independent readers and averaged. Striated muscle of the urethra was
analyzed based on the following parameters: the presence of each type
of fiber throughout circumference of the layer (++++ if layer complete
throughout circumference and + if not complete ), the thickness of
muscle fiber layers (++++ for thickness of more than five layers and + for
thickness of one muscle fiber layer) and the degree to which the layers
maintained a normal anatomic localization (++++ normal anatomic
localization, ++ intermediate anatomic localization, + loss of normal
anatomic localization).

The scores for presence in circumference, thickness, and anatomic
localization, based on the above criteria, were multiplied for each fiber
type. The obtained values for fast fibers were then divided by those for
slow fibers to establish the fast/slow index.

Convenient transformations (Neperian log) were performed in order
to make offspring weight, maternal weight gain and glycemic data adjust
to a symmetrical distribution and homogeneous variance. Analysis of
Variance (ANOVA) was used followed by Tukey’s Multiple Comparison
Test. Statistical significance was considered as p<0.05. Data were

expressed as mean % standard error of mean (SEM).
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Results

Urethral histology

The transverse sections of the central part of the urethra in the
virgin group showed different layers from the lumen to the periphery:
stratified squamous epithelium (arrow), lamina propria (%) spongy
vascular plexus (P), smooth muscle: longitudinal (1) and circular (2)

fibers and striated muscle (3) (Figure 3).

Morphological and semi-quantitative analysis of striated muscle

fiber composition in the rat urethra

Virgin group

H&E-stained transverse cross-sections of the striated muscle fiber
revealed many layers and compact outer circular layers. The fibers were
long, with similar thickness throughout the circumference (Figure 4-A).

Immunohistochemical staining revealed that the striated myofibers
predominantly expressed the fast myosin heavy chain isoform. The layer
containing fast fibers was thick and the fibers were present throughout
the outer circular layer (++++) (Figure 4-B). The proportion of fast to slow
fibers was 4:1 (Table 1). A thin, inner circular layer of slow striated
muscle fibers was observed (+) with individual fibers being small and thin

(Figure 4-C). The image suggested different localization patterns for
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each type of fibers, with fast fibers being outermost and slow fibers

innermost.

Pregnant group

H&E-stained transverse cross-section revealed that the
appearance of the striated muscle layer was similar to that of the control
group. An increase in connective tissue separated the fibers from one
another. The most important finding in this group was the great interstitial
spaces found between fibers (Figure 5-A).

Immunohistochemical staining revealed that the distribution of fast
and slow fibers and the proportion between them were similar to those of

the virgin group (4:1) (Figure 4-E-F) (Table 1).

Diabetic virgin group

H&E-stained transverse cross-section showed that the circular
annulus was lost. There was obvious fiber thinning and atrophy, and the
striated muscle was disrupted. There were few complete layers of
striated muscle (Figure 5-B).

Immunohistochemical staining revealed that the specific
localization for each type of fiber was lost, with co-localization of fast and
slow fibers and a decrease in the proportion of fast to slow fibers for

1.5:1 (Figure H-1) (Table 1).
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Diabetic pregnant group

H&E-stained transverse cross-section showed that the circular
annulus was lost. The fiber layers were thin, atrophic, and disorganized,
and the striated muscle was disrupted. The findings were similar to those
of the pregnant group in relation to the increase in connective tissue
separating the fibers from one another and the great interstitial spaces
(Figure 5-C).

Immunohistochemical staining here also revealed a loss of specific
localization for each type of fiber, with co-localization of fast and slow
fibers and a decrease in the proportion of fast to slow fibers for 1.5:1

(Figure 6-B-C) (Table 1).

Maternal and perinatal results

Mean maternal weight gain and offspring weights from the
pregnant group showed no significant statistically differences as
compared to those from diabetic pregnant rats (Table 2).

The diabetic virgin and diabetic pregnant groups presented with
increased glycemia during pregnancy as compared to virgin and

pregnant groups (p<0.05) (Table 2).
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Discussion

The goal of the present study was to gain a more comprehensive
understanding of striated muscle fiber composition in the urethra of the
pregnant diabetic rat and the proportion between two basic types of
urethral striated muscle fibers: type | (slow-twitch) and type Il (fast-
twitch). It is of paramount importance not only to understand the effects
of DM and pregnancy on striated muscle but also to develop new
therapeutic strategies. Human studies are often limited due to ethical
concerns, to the challenges of obtaining large tissue samples, and to the
use of strictly-managed control groups. To better understand how
different risk factors for Ul affect the morphological properties of striated
muscle, animal models are useful as the experiments are conducted
under controlled conditions [17].

The striated muscle fiber composition of the urethra of the diabetic
pregnant rat is discussed along with the importance of considering
experimental conditions, and the possibility to include three control
groups: virgin, pregnant and diabetic virgin. With this methodology, it was
possible to separately analyze the influence of diabetes and pregnancy.
Of particular note, we found that, relative to these three groups, the
urethral striated muscles of diabetic pregnant rats present with the

following: thinning and atrophy, disorganization, disruption of the
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circular annulus associated with co-localization of fast and slow fibers,
and a steady decrease in the proportion of fast to slow fibers (fast:slow
1.5:1). An increase in connective tissue separating the fibers from one
another, as in the interstitial spaces between fibers, occurred as an effect
of pregnancy on urethral muscle.

Thinning and atrophy, disorganization, and disruption of the circular
annulus of striated muscle were extensive damages caused by diabetes
[18, 19]. DM was related to accumulation of reactive oxygen species
and tissue ischemia can interactively or independently contribute to the
myopathy causes of skeletal muscle dysfunctions [20-21]. In our
research laboratory, the relationship between oxidative stress and
diabetes in pregnant rats was confirmed by Damasceno et al., [22].

In analyzing this data, we were able to explain that extensive
damage to striated muscle fibers characterized by reduced skeletal
muscle mass and altered myofiber composition in diabetic pregnant rats
links diabetes and pregnancy to Ul. This specific loss of skeletal muscle
mass is referred to as diabetic myopathy [23]. The present study
confirms previous findings that diabetic myopathy and pregnancy are
involved in the pathogenesis of urinary incontinence.

Differences in fiber type composition were detected in urethral
striated muscle in diabetic pregnant rats in comparison to control groups.

In the studied animals, the expression profile of fast to slow fibers
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revealed two main differences. First, fast fibers lost their great
predominance in relation 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, the findings are here
described 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 type and the development of diabetes [24].

Skeletal muscle is recognized not only for being responsible for
movement but also for its function as the largest organ for glucose
utilization. Our finding of increased type | slow-type fibers could be
related to the abundant availability of lipids [25]. It is well established that
changes in muscle fiber composition are often associated with glucose
metabolism, diabetes and obesity [26]. Since muscle is a main site of
glucose uptake, reduced muscle mass and changes in fiber type
composition may directly impair acute glucose utilization. Skeletal muscle
can adapt to functional and metabolic demands by remodeling with fiber-
type switches to maintain a normal energy balance and utilization of
nutrients.

Chen et al., [14] confirmed a higher proportion of type | fibers and
the presence of fast-to-slow fiber-type switching, which appears to be
dissociated from the expected change in oxidative capacity. Our findings

suggest that DM alters the profile of fast-to-slow fibers in the urethral
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striated muscle of diabetic pregnant rats and that an eventual fiber-type
switching could be present. The nature of the mechanism related to this
altered fiber type in our model requires further investigation.

As 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 could be related to the loss of type Il fibers [27] or to the
transformation of most type Il fibers into type | fibers [28]. Given the
limitations of this study, its results could represent muscle changes
according to glucose levels.

The damages revealed by morphological studies demonstrate the
impact of the association between diabetes and pregnancy on urethral
striated muscle fibers, as three of the factors related to altered urethral
striated muscle in diabetes and pregnancy — maternal weight gain,
offspring weight and trauma related to vaginal delivery — were controlled.
However, the results of our study should be interpreted with awareness of
the following limitations: rats are quadrupeds; they have tails with
associated musculature; and their bladders are abdominal rather than
pelvic organs [18].

It is well-established that the functional capacity of a muscle is
impaired when its fibers are injured [29]. As the function of skeletal muscle
is determined by muscle mass and fiber composition [14], our exciting

results provide evidence that diabetes and pregnancy injure striated
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muscle and alter its fast and slow fiber composition. These data suggest
that diabetic pregnant rats may present altered contractility of urethral
striated muscle, supporting the high Ul prevalence in women with
previous GDM, two years after cesarean section [1].

The importance of this study is support of the previous hypothesis
that diabetes and pregnancy detrimentally affect the normal function of

urethral striated muscles in rats, providing a model for further studies.

Conclusion

This study allowed us to describe the morphological changes in
muscle mass and in the fast-to-slow fiber profile in urethral striated
muscle fibers of diabetic pregnant rats. The urethral striated muscles
were found to be thin and atrophic, disorganized, and disrupted. They
were associated with the loss of normal anatomic localization for each
fiber type with co-localization of fast and slow and with the loss of
predominance in the expression of fast fibers in relation to slow fibers.
This suggests that Ul in diabetic pregnant women may be attributed in

part to the changes in urethral striated muscles.




Copitne: 2 46

Acknowledgements

Financial support was provided by a fellowship from Fundacédo de
Amparo a Pesquisa do Estado de Sao Paulo (FAPESP), at Gabriela
Marini (Grant/Process Number 2008/00989-4). The authors thank

Research Center in Neurology (University of Sdo Paulo) by technical

assistance.

Competing interests

The authors declare that no competing interests exist.




?)r//)/?////r o 47

References

1. Barbosa AMP (2006) Prevaléncia e fator de risco para incontinéncia urinaria e
disfungao muscular do assoalho pélvico dois anos ap6s Diabete Melito gestacional.
Botucatu-SP: Faculdade de Medicina de Botucatu, Universidade Estadual Paulista
UNESP

2. Ebbesen MH, Hannestad YS, Midthjell K, Hunskaar S (2009) Diabetes related
risk factors did not explain the increased risk for urinary incontinence among women
with diabetes. The Norwegian HUNT/EPINCONT study. BMC Urology 9:11

3. Danforth KN, Townsend MK, Curhan GC, Resnick NM, Grodstein F (2009)
Type 2 Diabetes mellitus and risk of stress, urge and mixed urinary incontinence. J
Urol 181(1):193-7

4, Pimenta WP, Calderon IMP, Cruz NS, Santos ML, Aragon FF, Padovani CR
(2004) Subclinical anormalities o glucose metabolism in Brazilian women with a
history of gestational Diabetes mellitus. Acta Obstet Gynecol Scand 83:1152-8

5. Luber KM, Boero S, Choe JY (2001) The demographics of pelvic floor
disorders: current observations and future projctions. Am J Obstet Gynecol
184:1496-501

6. Bump RC, Norton PA (1998) Epidemiology and natural history of pelvic floor
dysfunction. Obstet Gynecol Clin North Am 25(4):723-46

7. Liu G, Daneshgari F (2005) Temporal diabetes-and diuresis-induced
remodeling of the urinary bladder in the rat Am J Physiol Regul Integr 291(3):R837-
43.

8. Daneshgari F, Moore C (2006) Diabetic uropathy. Semin Nephrol 26:182-5

9. Rocha MA, Sartori MG, De Jesus Simdes M, Herrmann V, Baracat EC, Girdo
MJBC, et al (2007) The impact of pregnancy and childbirth in the urethra of female
rats. Int Urogynecol J Pelvic Floor Dysfunct 18(6):645-51

10. Barbosa A, Rudge M, Rudge C, Assis L, Marini G, Modotte W, et al (2008)
Does the elective cesarean protect the woman from the occurrence of urinary
incontinence and from pelvic floor muscle dysfunction?. The FIEP Bulletin 78:202-4

11. Heesakkers JP, Gerretsen RR (2004) Urinary incontinence: sphincter
functioning from a urological perspective. Digestion 69(2):93-101

12. Morgan DM, Umek W, Guire K, Morgan HK, Garabrant A, DeLancey JOL
(2009) Urethral sphincter morphology and function with and without stress
incontinence. J Urol 182:203-9




(/\r//1/7////r 2 45

13.  Andersson PO, Malmgren A, Uvelius B (1990) Functional responses of
different muscle types of the female rat urethra in vitro. Acta Physiol Scand 140:365-
72

14. Chen M, Feng HZ, Gupta D, Kelleher J, Dickerson KE, Wang J, et al (2009)
G(s)alpha deficiency in skeletal muscle leads to reduced muscle mass, fiber-type
switching, and glucose intolerance without insulin resistance or deficiency. Am J
Physiol Cell Physiol 296(4):C930-40

15. Elbadawy A (1996) Functional anatomy of organs of micturition. Urol Clin
North Am 23:177-210

16.  Calderon IMP, Rudge MVC, Ramos MD, Peracoli JC (1999) Estudo
longitudinal, bioquimico e histoquimico de placentas de ratas diabéticas: relacéo
com a macrossomia e o retardo de crescimento intra-uterino. Rev Bras Ginecol
Obstet 21:91-8

17.  Abramowitch SD, Feola A, Jallah Z, Moalli PA (2009) Tissue mechanics,
animal models, and pelvic organ prolapse: a review. Eur J Obstet Gynecol Reprod
Biol 144 Suppl 1:5146-58

18. Kim JH, Huang X, Liu G, Moore C, Bena J, Damaser MS, et al (2007)
Diabetes slows the recovery from urinary incontinence due to simulated childbirth in
female rats. Am J Physiol Regul Integr Comp Physiol 293(2):R950-5

19.  Gasbarro G, Lin DL, Vurbic D, Quisno A, Kinley B, Daneshgari F, et al (2009)
Voiding function in obese and type 2 diabetic female rats. Am J Physiol Renal
Physiol 298(1):F72-7

20. Beshay E, Carrier S (2004) Oxidative stress plays a role in diabetes-induced
bladder dysfunction in a rat model. Urology 64(5):1062-7

21. De Angelis KL, Cestari IA, Barp J, Dall'Ago P, Fernandes TG, de Bittencourt
PI, et al (2000) Oxidative stress in the latissimus dorsi muscle of diabetic rats. Braz J
Med Biol Res 33(11):1363-8

22. Damasceno DC, Volpato GT, Calderon IMP, Rudge MVC (2002) Oxidative
stress and diabetes in pregnant rats. Animal Reprod Science 72(3-4):235-44

23. Krause MP, Riddell MC, Gordon CS, Imam SA, Cafarelli E, Hawke TJ (2009)
Diabetic myopathy differs between Ins2Akita+/- and streptozotocin-induced Type 1
diabetic models. J Appl Physiol 106(5):1650-9

24.  Schuler M, Ali F, Chambon C, Duteil D, Bornert JM, Tardivel A, et al (2006)
PGC1alpha expression is controlled in skeletal muscles by PPARbeta, whose
ablation results in fiber-type switching, obesity, and type 2 diabetes. Cell Metab
4(5):407-14




?)r//)/?////r 2 79

25. de Wilde J, Mohren R, van den Berg S, Boekschoten M, Dijk KW, de Groot P,
et al (2008) Short-term high fat-feeding results in morphological and metabolic

adaptations in the skeletal muscle of C57BL/6J mice. Physiol Genomics
19;32(3):360-9

26. Oberbach A, Bossenz Y, Lenmann S, Niebauer J, Adams V, Paschke R, et al
(2006) Altered fiber distribution and fiber-specific glycolytic and oxidative enzyme
activity in skeletal muscle of patients with type 2 diabetes. Diabetes Care 29(4):895-
900

27. Pandit M, Delancey JOL, Ashton-Miller, lyengar J, Blaivas M, Peruchini D
(2000) Quantification of intramuscular nerves within the female striated urogenital
sphincter muscle. Obstet Gynecol 95:797-800

28. Fujimoto S, Watanabe J, Ogawa R, Kanamura S (1994) Age related changes
in fiber number, fiber size, fiber type composition and adenosine triphosphatase
activity in rat soleus muscle. Ann Anat 176:429-35

29. Gregorevic P, Plant DR, Stupka N, Lynch GS (2004) Changes in contractile
activation characteristics of rat fast and slow skeletal muscle fibers during
regeneration. J Physiol 15;558(Pt 2):549-60




?)r//)/?////r 2 o0

X

Figure 1. Photograph of anesthetized female rat showing the uterine horns.
Arrow points the place where the horns were opened and the fetuses
withdraw.

Figure 2. Photograph of pelvic region in female rat. Vagina (1), pubic
symphysis(2), bladder (3), uterine horn (4), urethra ().
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Figure 3. Microphotograph of transverse section of the central part of the
urethra in a virgin female rat. Different layers are evident from the lumen to
the periphery: epithelium (arrow), lamina propria (%), spongy vascular
plexus (P), smooth muscle: longitudinal (1) and circular (2) oriented fibers,
and striated muscle (3). H&E stained. Scale bar = 100 pum.
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Figure 4. Microphotographs of transverse section of the urethra in
virgin group (A, B, C), pregnant group (D, E, F), diabetic virgin group (G,
H, 1). 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 um
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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.

o Diabetic  Diabetic
Groups Virgin Pregnant o
Virgin pregnant
Fast
. ThrothOljlt ++++/++++/++++ ++++/++++/++ +++/++++/+ +++/+++/+
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
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Table 2. Maternal weight gain (g) and offspring weight (g) 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.

Diabetic Diabetic

Groups Virgin Pregnant o
Virgin pregnant
Maternal weight
. 115.4£16.3 722+215
gain (g)
Offspring weight
pring Weis 82.6 + 10.6 67.2+14.3

(9)

Maternal glycemia
(mg/dL) beginning 81.0+x4.4 112.8+4.0 568.4 + 38.0* 544.0 + 36.8*

of experiment

Maternal glycemia
(mg/dL) end of 81.6+5.0 82677 584.8 + 33.9* 497.8 + 60.4*

experiment

Values are reported as mean + SEM.
*p<0.05 - significant statistically difference compared to virgin and pregnant groups (Tukey’s Multiple
Comparison Test).




Vi, entdo, um novo céu e uma nova terra! “Eis aqui o tabernaculo de Deus com os homens. Habitara

com eles e serdo seu povo, e Deus mesmo estara com eles. Enxugara toda lagrima de seus olhos e ja

nao haverd morte, nem luto, nem grito, nem dor, porque passou a primeira condi¢do”. “Eis que fago
nova todas as coisas.”

Apocalipse 21:1

Cupinle 3
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RESUMO

Objetivos: avaliar as alteracbes morfolégicas das fibras musculares
estriadas tipos | e Il da uretra de ratas prenhes diabéticas submetidas a
cesarea. Métodos: Foram avaliadas 20 ratas Wistar distribuidas em
quatro grupos: virgem, prenhe, diabético virgem e prenhe diabético. Os
trés primeiros grupos foram estudados para servir como controle do
grupo principal, o prenhe diabético. O diabete foi induzido com
streptozotocin na dose de 40mg/kg de peso corpéreo. O critério de
inclusdo foi uma glicemia acima de 200mg/dL. No final do experimento,
as ratas foram anestesiadas e eutanasiadas para realizacdo da
laparotomia exploratéria. A vagina e a uretra foram retiradas em
monobloco, congeladas em nitrogénio liquido e mantidas a -80°C. O
bloco foi submetido a cortes em criostato (6 um de espessura). As
laminas foram coradas por H&E e utilizados anticorpos anti-miosina
lenta e rapida para tipagem das fibras. Foi realizada analise morfologica
e semi-quantitativa dos quatro grupos. Resultados: O musculo estriado
uretral do grupo prenhe diabético apresentou: adelgacamento, atrofia,
desorganizacdo e rompimento associado a perda de localizagéo
anatébmica normal das fibras rapidas e lentas e diminui¢do na proporgao
de fibras rapidas. Conclusdes: Este estudo sugere que o bindmio
diabete e prenhez danificou o musculo estriado uretral e alterou a

composigao e a distribuicdo das fibras tipole Il .

Palavras-chave: diabete, fibra muscular estriada, prenhez, uretra
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