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ABSTRACT

PURPOSE: To evaluate in a long term the morphometric and ultrastructural changes in seminiferous tubules (ST) of normal and
diabetic rats, and to correlate any changes with animal age and diabetes duration.

METHODS: Sixty male Wistar rats, three months-old, were randomly divided into two groups: 30 non-diabetic controls (N) and
30 alloxan untreated diabetic (D). After one, six and 12 months of follow-up or diabetes induction rats were sacrificed and the testes
examined. Morphometric measures of the ST were performed by digital imaging analysis. ST ultrastructure was analyzed by transmission
electron microscopy.

RESULTS: Sustained hyperglycemic state was observed in all diabetic rats throughout the study. Serum testosterone was also
significantly decreased in these animals. The diameter, total area, epithelium area and epithelium thickness of ST were lower and tubular
density was higher in diabetic animals. Diabetic rats also showed ultrastructural changes compromising the whole testis including
germ-, Sertoli-, and Leydig cells, and also the mithocondria and cellular nuclei. Most frequent of these consisted of vacuolization and/
or accumulation of lipid droplets and electron dense dark material in cell cytoplasm and/or in membranes, cellular degeneration, and
apoptosis. Non-diabetic control rats also showed testicular lesions that resemble to the diabetic lesions, although much less severe and
with later onset in life of these animals.

CONCLUSION: Histopathological changes observed in testes of normal and diabetic rats are closely related to the animal age and/
or duration of the hyperglycemic state, being progressively more severe in animals sacrificed belatedly. These changes may play an

important role in male infertility observed in diabetic subjects.
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Introduction

Diabetes Mellitus (DM) is a chronic disease that affects
millions of people worldwide and is associated with high morbidity
and mortality'=.

Abnormal sexual function in diabetic subjects suggests
that the male gonads, like the kidneys, vessels, eyes, and nerves
may also be affected by DM. This has been corroborated by studies
demonstrating implications of diabetes on the endocrine control of
spermatogenesis, spermatogenesis itself or on the penile erection
and ejaculation®”.

Alloxan or streptozotocin-induced diabetic rat have also
shown morphological testicular lesions that affect practically all
structures of the seminiferous tubules (ST), including Sertoli cells,
spermatogonia, spermatocytes, spermatids, and spermatozoa®S.
Deleterious effects of DM have also noted in the Leydig cells,
sexual behavior, sperm quantity and quality, and in neuroendocrine-
male reproductive tract axis™.

However, with few exceptions the results of the
most studies concerning the morphological and ultraestrutural
changes in testes of diabetic animals are of short-term, being the
course of the diabetic lesions accompanied during a period after
diabetes onset of only weeks or months. Besides that the reported
abnormalities are conflicting because studies have not always
used rat samples matched for age and duration of exposure to the
hyperglycemic state considered important factors to determine
the severity of testicular lesions. So, the aim of this study was to
assess the histopathological abnormalities of ST, and to correlate
any changes with animal age and diabetes duration over a long
period of follow-up up to 12 months of diabetes and 15 months-

old. We hope this knowledge can fill the gaps of the literature.

Methods

Sixty adult male Wistar rats, with approximately three
months old, obtained from the Central Animal Laboratory,
Faculty of Medicine — UNESP, Botucatu-SP, Brazil were used in
this experiment. Use of laboratory animals followed the ethical
code for animal experimentation of the Council for International
Organization of Medical Sciences (CIOMS), and was approved by
the Animal Experimentation Ethics Committee of our institution.

Animals were divided into two groups: Normal (N)
consisting of 30 healthy animals, non-diabetic controls; and
Diabetic (D) consisting of 30 alloxan-induced diabetic animals
without any treatment of the disease. Each group was further

divided into three subgroups of ten animals and clinical and
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laboratory studies were performed at one, six and 12 months.
Morphometric analysis of the testes was performed with one and
six months, and ultrastructural studies at one, six and 12 months
of normal follow-up or diabetes induction. At the time of sacrifice
the animals of both groups were four, nine and 15 months-old,
respectively.

Diabetes was induced by administration of an aqueous
solution of alloxan at 2% (5.6 dioxyuracil monohydrate - Sigma
Co, USA) injected intravenously as a single dose of 42mg/kg body
weight. We only used animals with clinical signs of severe diabetes,
fasting glucose >250 mg/dl and urinary glucose > 3000mg/dl in
two successive determinations (seven and 14 days after diabetes
induction). Rats with mild diabetes or those who died throughout
the experiment were replaced to avoid compromising the initial
size of the sample.

Animals were sacrificed under general anesthesia using
ketamine cloridrate at a dose of 100 mg/kg body weight, associated
with xylazine at a dose of 25 mg/kg body weight, administered
intramuscularly (Rhobifarma Ind. Farmacéutica, Hortolandia-SP).
The blood collection at sacrifice was made by cardiac puncture,
with the chest open. Euthanasia was by exsanguination volume,
followed by the section of the vena cava infradiaphragmatic

The clinical parameters evaluated included: body
weight (g), water intake (ml/24h), food intake (g/12h) and urine
volume (ml/24h). Laboratory included: blood and urinary glucose,
glycosylated hemoglobin, plasma insulin and serum testosterone.
Blood and urinary glucose were determined by standard enzymatic
method (Johnson & Johnson’s — USA), glycosilated hemoglobin
by agarose gel electrophoresis (Sebia, France), insulin by
radioimmunoassay (Diagnostic Products Corporation, USA), and
testosterone by electrochemiluminescence immunoassay (Roche
Diagnostics, Germany). For the morphometric study of the
seminiferous tubules (ST) the following variables were evaluated:
tubular diameter (um), total tubular area (um?), epithelium
germinal area (um?), lumen area (um?), epithelium germinal
thickness (um), percentage of tubular lumen (%) or proportion
of lumen area in relation to the total area, percentage of tubular
epithelium (%) or area of the epithelium in relation to the total
area and density of ST/mm?. For the ultrastructure of the ST it was
emphasizing the aspects of spermatogonia, spermatids, Sertoli
and Leydig cells and mitochondria, in relation to the presence or
absence of: vacuolization, accumulation of waste materials and
anomalous corpuscles in the cytoplasm and/or membranes cells,

alterations in nuclear chromatin, cell degeneration and cell death.
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Morphometric study

The right testis of five normal non-diabetic rats and
five untreated diabetic rats from each subgroup of animals,
sacrificed at one and six months of follow-up or diabetes duration,
was random collected and kept immersed in Bouin solution for
48 hours. After this period, fragments representing the whole
gonad were sectioned, embedded in paraffin and processed
and stained with hematoxylin-eosin for optical microscopy
analysis.

The tissue was examined under an optical microscope
connected to a computerized digital image system and data
were analyzed using the software Qwin Lite 2.5 — LEICA, being
selected the ST with well-defined and complete structures. For
morphometric evaluations each structure was manually traced
around it, outside of ST, and separately the tubule lumen using
the computer mouse at magnification at 400x. For validation of
the method all ST measures were performed by the two different
investigators who were unaware of the experimental group to
which the testes belonged. Images were captured from six to 15
sections per slide; and were randomly taken in the total testicle
extension contained four to 25 tubules per section. From the total
area of tubules and of the lumen, 101-195 ST were measured
from each animal. The epithelium area obtained was given by the
difference between those measurements.

The thickness of the seminiferous epithelium was
measured from its base to its free surface on 68-135 tubules per
animal. The tubular density was obtained by the numerical count
of well-defined ST in the 10 first sections per animal previously
filled in the computer, by counting 60 to 130 tubules per rat.

The percentage of lumen or proportion of the lumen area
over total area was calculated by multiplying the lumen area by
100 and dividing the result by the sum of the lumen area and the
germinal epithelium area. The calculations were made in 101 to
195 ST per animal. The percentage or proportion of epithelium of
the germinal epithelium in relation to the total area was calculated

using the same criteria to obtain the percentage of the lumen.

Ultrastructural analysis

The left testis of four normal non-diabetic rats and four
untreated diabetic rats from each subgroup of animals, sacrificed
at one, six and 12 months of follow-up or diabetes duration, was
random cut into cylindrical pieces of Imm thick, fixed in 2.5%
glutaraldehyde in phosphate buffer, pH 7.4 for two hours (0°C),
post-fixed in 1% osmium tetroxide, washed in distilled water,
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incubated on uracyl acetate, dehydrated in acetone solutions and
embedded in resin. Semithin cuts (1um) were performed and
ultrathin sections (75nm) were stained with uranyl acetate and lead
citrate and examined under a transmission electron microscope.
Micrographs of 2-3 tubules were obtained from each subgroup of
animals, and several regions from each tubule were examined.

At 5 — 7,000x magnification, five to ten electron
micrographs were obtained from each tubule, identifying the
Sertoli and Leydig cells, spermatogonia, spermatocytes, and
spermatids, which were comparatively examined for the presence/
absence of vacuolization, electrondense material into mitochondria
as well as the nuclei aspects of chromatin in regard of density and
uniformity. At 10 — 20.000x magnification, the same structures
were reviewed, and ten to 20 micrographs from each tubule were
obtained for analysis and comparison. Mature spermatids were
photographed at 20 - 40,000x magnification.

In all micrographs obtained from tubules for each
subgroup of animals an initial descriptive study was performed.
Posteriorly, comparative descriptions were performed between
normal and diabetic rats in the three follow-up periods (one, six
and 12 months). All tests were performed by the same investigator
who was unaware of the experimental group to which the material
belonged.

Statistical analysis

The laboratory parameters of normal and diabetic groups
were analyzed by nonparametric, ANOVA test, followed by the
Dunn test of multiple comparisons; parametric variables were
analyzed by Tukey test for multiple comparisons. The level of
significance was 5% or p<0.05. The morphometric parameters
were analyzed by one way ANOVA, complemented by the Tukey
test, adopting the standard 5% of significance or p<0.05.

Results

Clinical and laboratory findings

Non-diabetic control rats (N) had clinical and laboratory
parameters compatible with those observed in animals of same
strain and age at one, six and 12 months of follow-up. In contrast,
untreated diabetic rats (D) had body weight gain lower than N
animals, and significant increase of water and food intake and
urine output (p<0.01). Blood and urinary glucose, and glycosylated
hemoglobin were also significantly elevated in these rats in all

periods. In contrast, untreated diabetic rats had insulin and serum
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testosterone levels significantly lower than N rats in all periods of follow-up (p<0.001). Results are showed in Tables 1 and 2.

TABLE 1 - Medians, maximun and minimun values of water intake (ml), and diuresis (ml) and means and standard deviations
of the values of body weight (g) and food intake (g) of non-diabetic control (N) and untreated diabetic (D) rats sacrificed at one, six and
12 months of follow-up or diabetes.

Parameters
water intake diuresis body weight food intake
Follow-up Groups (ml) (ml) (g (g
40.0 22.5
+
N (100 : 50.0) (5.0 : 30.0) 382.50 +35.84 24.50 +4.97
! month 250.0 125.0
; ) + +
D (125.0 : 250.0) (75.0 : 145.0) 178.11 £28.32 44.44 +£ 6.35
p value <0.01 <0.01 <0.01 <0.01
30.0 22.00
N 517.27 £41.25 18.64 + 6.36
6 months (10.1()9%56()0.0) (10.605;0307.0)
; ’ + +
D (105.0 : 230.0) (60.0 : 140.0) 294.50 + 64.14 45.50 £ 6.85
p value <0.01 <0.01 <0.01 <0.01
25.0 8.00
N 410.40 +101.31 20.30 +£5.58
(15.0; 35.0) (1.0 ; 18.0)
12 months 75,00
D 112.5 ' 232.00 + 58.40 25.80+6.91
(53.05.165.0) (42.0.;111.0)
p value <0.01 <0.01 <0.01 >0.05

TABLE 2 — Means and standard deviations of the values of insulin (uIU/ml), and glycosylated hemoglobin (%) and medians,
maximum and minimum values of blood glucose (ml/dL), and testosterone (ng/dl) of non-diabetic control (N) and untreated diabetic
(D) rats sacrificed at one, six and 12 months of follow-up or diabetes.

Parameters
Insulin glycosylated blood glucose testosterone
Follow-up Groups (uIU/ml) hemoglobin (%) (ml/dL) (ng/dl)
N 40.78+2.02 3.24+0.97 122.5 192.4
1 month (80.0; 130,0) (34.51; 269.0)
D 20.7242.25 9.54+1.33 640,0 28.52
(564.0 ; 795.0) (2.79 ; 86.1)
p value <0.01 <0.01 <0.01 <0.01
N 42.4942.64 3.63+0.66 108.0 65.53
6 months (80.0; 125.0) (37.48 ; 404.5)
D 18.56+6.75 8.53+3.21 601.0 23.20
(498.0 ; 963.0) (8.62;36.1)
p value <0.01 <0.01 <0.01 <0.01
+ +
N 40.5+2.8 4.0+0.8 136.5 (100.0:168.0) 99.6
12 months (42.4;193.4)
D 21.5£1.9 10.4+1.8 379.5 224
(254.0; 616.0) (12.8; 47.5)
p value <0.01 <0.01 <0.01 <0.01
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Morphometric analysis

The morphometric assessment showed that, compared
with non-diabetic control rats (N) (Figure 1A, C), all five testes
analyzed of untreated diabetic animals (D) sacrificed at one and six
months after diabetes onset presented a significant reduction of the
germinal epithelium thickness (Figure 1B, D), which sometimes
was completely atrophic (Figure 1F). In these animals, we observed
vacuolization of the epithelium in many areas (Figure 1B, E). The
diameter, total area, epithelium area and epithelium thickness of
the ST were lower than those observed in N rats (p<0.01). Tubular
density and percentage of lumen was significantly higher in the D
group with one and six months of follow-up (p<0.05). In contrast,
the percentage of epithelium was lower (p<0.01) (Table 3). We
also observed that morphological abnormalities found in D rats
sacrificed at six months were more severe than those observed in
rats sacrificed with one month of diabetes duration.

FIGURE 1 — Testes from the non-diabetic control (N) and untreated
diabetic (D) rats (H&E) showing seminiferous tubules (ST) of animals
sacrificed with one and six months of follow-up or diabetes: A — ST of rat
from the N Group with one month of follow-up without morphological
changes; B — ST of rat from the D Group with one month of diabetes
showing tubular diameter lower than that observed in N group rat plus
vacuolization of the seminiferous epithelium (arrows) and epithelium
atrophy (asterisk); C — Normal histology of ST in six months N group
rat; D — Partial (double asterisks), complete atrophy (one asterisk), and
vacuolization (arrows) of ST in six months D group rat; E - Intense
atrophy of seminiferous epithelium in six months D group rat (asterisks);
and F - Almost complete loss of the germinal epithelium (F) in six months
D group rat. Bar = 100um.
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TABLE 3 - Means and standard deviations of the total
area (um?), lumen area, area of epithelium (um?), thickness of the
epithelium (mm), tubular number density (#/mm?), percentage (%)
or proportion of lumen in relation to the total area, percentage (%)
of the epithelium or proportion of the epithelium in relation to the
total area of seminiferous tubules of non-diabetic control (N) and
untreated diabetic (D) rats sacrificed at one and six months of

follow-up or diabetes.

Follow-up
Parameters Groups
1 month  Pvalue 6 month P value
N 84871.88 86710.98
Total Area +5391.19 +5373.73
s <0.05 <0.05
() b 69435.17 71978.56
+7127.26 +2347.39
N 23390.07 27431.65
Lémen Arca +2203.83 +3645.59
" <0.05 <0.01
() b 19906.65 20085.41
+2911.20 +2189.34
N 61481.81 59279.32
Epithelium Area +3836.68 +2750.84
" <0.05 <0.05
() o 49528.08 51893.17
+1825.81 +1667.79
77.75 74.82
N +2.85 +3.91
Epithelium : :
Thick (um) <0.01 <0.01
tekness (um b 60.44 56.47
+9.75 +5.75
6.67 6.16
N +0.6 +0.59
Tubular number ’ ’
density (#/mm? <0.05 <0.05
ensity (#/mm?) 5 347 356
+2.39 +3.18
31.13
N 26.75+7.85
+7.62
% lumen <0.01 <0.05
28.12 30.35
D
+7.75 +9.98
N 73.23 68.86
+7.87 +7.82
% epithelium <0.01 <0.05
71.87 69.62
D
+7.75 +9.86




Electron microscopy analysis

All four testicles analyzed of the N group sacrificed at 1
month of follow-up showed Leydig cells of normal appearance and
Sertoli cells with the characteristic nuclei and prominent nucleoli
edentate; a large number of normal appearance spermatozoa
were also found in the ST of these animals. In contrast, vacuoles
were already detected in cytoplasm of the Sertoli cells and of
spermatogonia of D rats sacrificed at 1 month of diabetes duration.
In one animal of this subgroup, abnormality in the mitochondrial
sheath was also found in all examined electronmicrographs.

At six months rats from the N group showed a large
number of normal spermatozoa, with few ofthem showing defective
mitochondria sheath, and some deposits of intracytoplasmic dark
substance in cells that could be lipofuscin were found. However,
in untreated diabetic rats from this subgroup a higher number of
mitochondria were degenerative with fewer crests and electron
dense accumulation in the membranes. In these animals there was
vacuolization in cytoplasm of spermatogonia and in Sertoli cells.
Spermatids had abnormal shape with less dense chromatin. Dense
bodies with dark substance were found in greater quantities than
in rats from the N group.

After 12 months, all sections examined in testes of N
rats showed greater amount of dark substance deposits in the cell
cytoplasm of spermatogonia, which was more dense and coarse
than that observed with six month of follow-up. Similarly, most
of the observed spermatozoa were normal, but, defects in dense
fibers and in mitochondria sheath were more evident in the N
group at 12 months than in six months. However, no apoptotic
nuclei were observed in N rats in both periods. Ultrastructural
changes of the testes, however, were more severe in D rats than
those observed in N rats at 12 months of follow-up. Testicular
lesions were also more severe in D rats sacrificed at 12 months
than those observed in rats sacrificed at one and six months. At 12
months of diabetes, apoptotic nuclei characterized by dense nuclear
chromatin were detected in spermatogonia and spermatocytes.
Vacuolization in Sertoli cells cytoplasm was more severe. Leydig
cells showed only slight accumulation of lipid droplets into the
cytoplasm. Spermatozoa with defects in the dense fiber complex
or in mitochondria or axoneme were more frequent. Accumulation
of dark material, probably lipofuscin, forming dense deposits,
accompanied by presence of intense cytoplasmatic vacuolization
were also more abundant and severe on 12" month of diabetes.
Ultrastructural findings of non-diabetic and untreated diabetic rats

are illustrated in Figures 2 and 3.
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FIGURE 2 — Electromicrographs from the testes of non-diabetic control
(N) and untreated diabetic (D) rats sacrificed with one and six months of
follow-up or diabetes showing: A — Normal spermatidis in stage I (ESP)
and islands of spermatozoa (arrows) in rat from the N group with 1 month
of follow-up (3.250x); B — Spermatidis in rat from the D group with 1
month of diabetes with few sperm (arrows) (2.450x); C — Sertoli cell (S)
with vacuoles (v) in the cytoplasm in 1 month D group rat (9.750x); D —
Residual body (RB) in mitochondria with dark deposits, and flagellum
(fl) in one month D group rat (42.000x); E — Mitochondria with irregular
membrane (arrows) in six months D group rat (57.500x); F — Defective
in dense fiber layer and absence of mitochondria sheath (arrow) of a
spermatozoa in six months D group rat (23.000x); G — Altered shape and
decreased number of crestis of mitochondria (asterisks) and accumulation
of electron dense material in membranes (black bodies) in six months D
group rat (42.000x); H — Round spermatids in transformation (asterisks)
with modification of the acrosome plus residual body (RB) containing
dense material and cellular debris in six months D group rat (4.350x).
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FIGURE 3 - Electromicrographs from the testes of untreated diabetic
(D) rats sacrificed with 12 months of diabetes showing: A — Spermatocyte
with vacuoles (v) in the nucleus with less dense chromatin (3.250x);
B — Spermatid with acrosome (ESP) plus few spermatozoa (SZ) in the
lumen (4.350x); C — Residual bodies (RB) with circular vacuoles (v) and
dark substance (arrow) in the lumen plus spermatocyte with not evident
acrosome and less dense chromatin (ESP) (5.750x); D — Two germ
cells with masses of chromatin (asterisk) and deposits of dark granular
substance (arrows) (5.750x); E — Spermatogonia degenerated (double
arrows) with dark deposits and duplication and thickening of the basement
membrane (one arrow) (5.750x); F — Two degenerated spermatocytes with
very dense chromatin miode cells (m) and thickened basement membrane
(bm). It is also observed the cell nuclei (asterisks) with intense alteration
of chromatin which means nuclear degeneration (7.750x).

Discussion

Male sexual dysfunction has been described in subjects
with diabetes mellitus (DM) as a consequence of its effects on
the endocrine control of spermatogenesis, spermatogenesis itself
or by impairing penile erection and ejaculation®*. There are also
a number of experimental reports in the literature examining the
effects of diabetes on sexual behavior, sperm quantify and quality,
and morphological testicular lesions™. However, with notable
exceptions'®" the results of those studies have been of short-term,
being the course of the diabetic lesions accompanied during a
period after diabetes onset of only weeks or months. Besides that
the reported abnormalities are conflicting because studies have

not considered the animal age and duration of exposure to the
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hyperglycemic state

In this study with long-term follow-up rats with 15
months of age and 12 months of diabetes showed morphological
and ultrastructural lesions in the testes at various periods of
sacrifice whose severity was directly related to the duration of
diabetic state. It was also observed that age played an important
role in the onset and progression of degenerative lesions of the
testes since non-diabetic control rats also showed testicular lesions
that resemble to the diabetic lesions, although much less severe
and with later onset in life of these animals.

Wright et al.'® investigating the incidence of testicular
lesions in spontaneously diabetic BB Wistar rats, non-diabetic
siblings BB Wistar rats, and Wistar rats observed that testicular
atrophy was the predominant finding in all three groups of rats
after 254 days of follow-up. However, like us they also observed
that atrophy occurred at a much younger age in the diabetic rats,
and that there was a strong relationship between the duration of
diabetes and the presence of atrophy, which was stronger than the
relationship between age and atrophy. Testicular atrophy observed
in the diabetic rats was also morphologically similar to the senile
testicular atrophy in the non-diabetic rats.

Calvo et al." studying the reproductive ability in non-
diabetic hamsters at various stages of life also concluded that
the aging causes morphological alterations in the epididymis
with significant consequences on the sperm quality. Wing and
Christensen'® also observed that the morphometric measurements
of the seminiferous tubules (ST) of non-diabetic Sprague-Dawley
rats suffer variations related to the various stages of the cycle of
spermiogenesis.

In our study we observed that the diameter, total area,
epithelium area, and epithelium thickness of seminiferous tubules
(ST) of untreated diabetic animals were significantly lower
than that observed in non-diabetic control rats. As consequence
ST density was increased in each testis analyzed. The germinal
epithelium thickness of ST was also significantly reduced, and
sometimes it was completely atrophic and vacuolized mainly in
rats sacrificed after 6 months of diabetes onset. Guneli ef al.'®
studying the effect of melatonin on testicular damage in male
rats with streptozotocin-induced diabetes observed reduction in
ST diameter, increased thickening of the basement membrane in
ST and degenerated germ cells after fourteen weeks and 6 days
of diabetes onset. Ricci et al.® while studying the morphological
and functional alterations in the testes of rats injected with
streptozotocin (STZ) at prepuperal and adult age also observed
frequent abnormal histology, and altered seminiferous epithelium

cytoarchitecture after 50 days after diabetes induction. The authors



also concluded that altered spermatogenesis was more severe in
diabetic rats at prepuperal age than adult age, although similar
diminution in plasma testosterone levels was observed in both
ages. This finding explains the great variation of results reported
in literature involving the morphometric measurements of the
testicular structure when animal age during diabetes induction is
not observed.

In our study testosterone levels also remained diminished
in diabetic rats from the first month of diabetes although the
structure of Leydig cells appeared slightly altered in these animals
only in rats sacrificed after 12 months of diabetes where only
accumulation of intracytoplasmic lipid droplets were observed.
This finding contrasts with that obtained by Orth et al.'7 that
reported a number of morphological changes in the Leydig cells
from the testes of untreated streptozotocin-induced diabetic rats
at two, three and four weeks after diabetes onset that included
accumulation of lipid droplets, diminishing of smooth endoplasmic
reticulum, and presence of several types of intracellular bodies.
Among them, many resembled secondary lysossomes or dense
bodies, while others appeared to be autophagic vacuoles. Myelin-
like structures were also commonly observed within the cytoplasm
of'the Leydig cells or within mitochondria. The extracellular spaces
surrounding Leydig cells also contained large accumulation of
myelin-like material. In turn, Cameron et al."> studying BBWOR
rats with long-term hyperglycemia for a period greater than six
months reported that despite significant reduction of total trunk
testosterone the number of Leydig cells per testis was not different
from similarly aged normoglycemic rats. Other hand, Murray
et al.! observed that the aging also plays an important role on
the function of Leydig cells of spontaneously diabetic BB rats,
since low levels of testosterone were observed either in diabetics
or normal control rats from the six months up to 16 months of
follow-up. This finding was not observed in normal control rats of
our study once the serum testosterone remained into normal levels
all over the course of experiment.

We also observed that the ultrastructural changes of
the testes were more severe in diabetic rats sacrificed after 12
months of diabetes than in those sacrificed after one and six
months after disease onset. Most frequent of these consisted
for intense vacuolization of the cytoplasm of Sertoli cells and
sperrmatogonia, apoptotic nuclei with dense nuclear chromatin in
spermatogonia and spermatocytes, higher number of degenerative
mitochondria with fewer crests and electron dense accumulation
in the membranes, and deposits of intracytoplasmic dark
substance in cells that could be lipofuscin. Diabetic animals at 12

months of follow-up also showed greater amount of spermatidis
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and spermatozoa with defects in the dense fiber complex or in
mithocondrial sheat or axoneme, which may reflect dysfunction of
spermatogenesis caused by diabetes. These ultrastructural changes
were also observed in analysis performed in testes of non-diabetic
control rats, being more evident in older animals. This finding was
not found by Syntin and Robaire' in normal rats with 22 months
old and by Calvo et al.'* in hamsters with 24 months.

According to Wei and Kao" spermatids with defective
mitochondria not only produce ATP less efficiently but also
generate higher oxidative stress and decline of fertility. It is
considered that the mitochondria are the main source of oxygen
free radicals in cells and their dysfunction is closely related to
changes caused by diabetes®.

Mitochondria comprise on average 15-22% of the total
cell volume and produce 90% of the energy that is generated by
oxidative phosphorylation resulting in the formation of ATP?'. It
has been found lower ATP production in the testes of rats after three
months of diabetes accompanied for increased lipide peroxidation
and reduction of glutathione peroxidase activity®.

Although mitochondrial function has been considered
crucial for germ cells during the course of spermatogenesis?!,
with exception of a decrease in calcium load, several aspects
of mithocondrial function evaluated in testes of untreated
streptozotocin-induced diabetic rats, including respiratory and
electric potential function, failed to reveal severe testicular
mithocondrial dysfunction®. In our opinion, however, the short
follow-up time of the diabetic rats in this study may explain why
disorders were not detected in mitochondrial function.
that

spermatogenesis resulting in abnormal spermatids observed in

Therefore, we believe severe disruption of
our diabetic rats after six and 12 months of diabetes are probably
due to progressive mitochondrial dysfunction caused by diabetes.
This impression is corroborated by others* that consider that the
onset and severity of diabetes is directly or indirectly influenced
by mitochondrial deficiencies or dysfunction.

Degeneration and cell death in spermatogonia and
spermatocytes seen in our diabetic rats at 12 months after induction
of diabetes, with appearance of late apoptosis were similar to those
found in mice, nonobese diabetic, four to five months in phase of
insulate”. By using a test that involves deoxinucleotidiltransferase
(tunel assay), apoptosis can be detected in 3 - 6 months after
diabetes induction'*'¢.

The conditions for cell death by apoptosis in rat testis
are low levels of testosterone, radiation and toxic substances®.
Apoptosis was probably triggered by the association of testosterone

deprivation with oxidative stress for long periods in germ cells.
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The oxidative stress is determined by hyperglycemia which
causes a reduction of endogenous antioxidants and an increasing
of superoxide, hydroxyl, and peroxyl production with injury of the
cellular DNA and proteins?’.

Sertoli cells showed vacuolization from 1 month after
diabetes induction. These cells are necessary for spermatogenesis
for producing substances to the germ cells survival and produce an
essential environment for adequate spermatogenesis®. One may
speculate that the vacuolization of these cells disturbed its role in
providing nutrients and regulatory factors to germ cells with the
consequence of altered spermatogenesis with a larger number of
spermatozoa with defects and lower spermatozoa number.

The dark substance accumulation in the cytoplasm and
residual bodies may be lipofuscin, an insoluble pigment composed
of lipids polymers, phospholipids complexes with metals and
protein resulting from lipid peroxidation, which increases with
age in cells®. Similar lipofuscin accumulation was described by
Calvo et al." in the epididymis of normal hamsters with 24 months
of age.

The autophagy of mitochondria appears to be the main
factor for the formation of lipofuscin, and oxidative stress has
obvious effects on lipofuscinogenesis. Cell injury by accumulation
of lipofuscin arises due to the large amount of iron, which facilitates
the generation of oxygen free radicals causing lysosome damage
and destabilization of the cell by releasing free radicals or enzymes
hidrolases®. It was suggested that this accumulation reduces the
cellular protein turnover and the half-life of mitochondria causing
degeneration and cell death™®.

Conclusions

Diabetes causes directly or indirectly progressive
impairment on Sertoli cells and germ cells, a decrease of
testosterone levels and altered spermatogenesis, evidenced by
spermatozoa defective. These changes increase with the length
of the diabetic state, and with the animal aging, and they end up
with coarse deposits of lipofuscin in cells, which accelerate cell
degeneration culminating in cell death. These changes may play

an important role in male infertility observed in diabetic subjects.
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