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Can vitamins C and E restore the androgen level
and hypersensitivity of the vas deferens in
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Abstract:

Diabetic neuropathy can affect the male reproductive system. The aim of this study was therefore to evaluate whether antioxidant
(vitamins C and/or E) treatment could attenuate reproductive dysfunctions in hyperglycemic adult male rats. The animals were ran-
domly assigned to one of four experimental groups: hyperglycemic control (Hy), hyperglycemic + 150 mg/day vitamin C (HyC), hy-
perglycemic + 100 mg/day vitamin E (HyE) or hyperglycemic + vitamins C and E (HyCE). The normoglycemic group (n = 10)
received only the vehicles. The testosterone level and noradrenergic response of the vas deferens were analyzed. Both vitamins sig-
nificantly decreased the TBARS (thiobarbituric acid reactive species) level in the hyperglycemic groups. There was a significant re-
duction in the testosterone level in the Hy and HyE groups when compared to the normoglycemic group. However, the testosterone
levels were partially recovered in the HyC and HyCE groups. In addition, an increased sensitivity of the a-1 adrenoceptor in the vas
deferens of the hyperglycemic control group was observed. Treatment with vitamins partially restored (vitamin E or in combination
with vitamin C) or totally (vitamin C alone) this dysfunction. Moreover, the maximum response values to norepinephrine were simi-
lar among all groups. Thus, we concluded that vitamin C is more efficient than vitamin E in attenuating the effects of hyperglycemia
on the male reproductive system of adult rats.
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Introduction state. The effects of hyperglycemia may occur
through different mechanisms and impact many
bodily functions, including reproduction. Sexual dys-

Diabetes, obesity, genetic predisposition and aging functions, such as decreases in fertility, testosterone

are some factors that may lead to a hyperglycemic levels and sperm count, have been extensively de-
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scribed in hyperglycemic males [3, 36, 40, 46]. Auto-
nomic nervous system neuropathy, also known as dia-
betic neuropathy, has also been described [22, 29, 30,
41, 45] and can damage the ejaculatory process [16,
33, 36, 39]. These neuropathies affect 50-60% of dia-
betic patients, making them the most common com-
plication in diabetes [9, 19].

Ejaculation is a complex process stimulated by
a series of biochemical events and depends on sero-
tonin, dopamine, oxytocin, GABA, adrenaline, acetyl-
choline [12], testosterone, neuropeptide Y, vasoactive
intestinal peptide and nitric oxide, and it is controlled
by the sympathetic autonomic nervous system [13,
35]. The central ejaculatory neural circuit comprises
the spinal cord and cerebral areas, which form
a highly interconnected network. The sympathetic and
parasympathetic systems, as well as the somatic spi-
nal centers, under the influence of sensory genital and
cerebral stimuli integrated and processed at the spinal
cord level, act in synergy to control physiological
events occurring during ejaculation [13]. The efferent
reflex of the nervous system, responsible for the emis-
sion phase of ejaculation, consists of sympathetic ef-
ferent fibers of the hypogastric nerve that primarily
release noradrenaline, causing propulsive contractions
of the epididymis, vas deferens, prostate and seminal
vesicle and thus expelling sperm to the prostatic ure-
thra [35]. Many animal studies on the function, bio-
chemistry and sensitivity of o receptors to adrenergic
agonists of the vas deferens have shown that the organ
machinery is impaired in the hyperglycemic model [22,
28, 29], which can be correlated with ejaculatory dys-
function. Such changes may be related to decreases in
testosterone and/or insulin levels [22-24, 28].

Another common consequence of the hyperglyce-
mic state is increased oxidative stress [5, 6, 18, 26,
27], which is extremely toxic to cells and exerts its
devastating effects directly, by damaging cellular pro-
teins, lipids, and DNA, or indirectly, by affecting nor-
mal cellular signaling and gene regulation [34, 44].
This oxidative stress has a positive relationship with
functional, structural and biochemical abnormalities
in the autonomic nervous system [9, 15, 19, 34]. To
investigate this aspect of hyperglycemia, different
types of antioxidants have been utilized to reduce
nerve function deficit in experimental conditions and
at least partially diminish the complications caused by
this disease [34, 44].

Vitamin E (a-tocopherol), a lipid-soluble vitamin,
is present in biological membranes and is one of the
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major biological antioxidants [42]. Vitamin C (ascor-
bic acid) is a water-soluble vitamin required for multi-
ple biological functions in humans and animals, such
as the biosynthesis of collagen, conversion of dopa-
mine to norepinephrine, recycling of a-tocopherol,
antioxidant potential [21] and low levels of vitamin C
occur in several pathologies [20]. In addition, vita-
mins C and E have a potential therapeutic role in
chronic disease treatment.

In spite of the information above, almost nothing is
known about the possible protective effect of vitamins
C and E on the isometric contractions of the vas
deferens in streptozotocin- induced hyperglycemic
rats. This effect may be related to male reproductive
system dysfunctions that alter ejaculation and sperm
transit through the epididymis. Giines et al. [15] have
shown that the use of antioxidants (stobadine and vi-
tamin E) in hyperglycemic rats might be an effective
therapy for restoring sympathetic neurotransmission
in the vas deferens.

Based on these facts and on the clinical relevance
of this subject, as well as on the lack of information in
the scientific literature, this study aimed to verify
whether treatment with vitamin C and E (alone or in
combination) was able to attenuate or eliminate the
effects of hyperglycemia on the male reproductive
system of adult rats.

Materials and Methods

Animals

Adult male Wistar rats (90 days old; 350410 g) were
supplied by the Multidisciplinary Center for Bio-
logical Investigation, State University of Campinas
(CEMIB — UNICAMP) and were housed in polypro-
pylene cages with laboratory-grade pine shavings as
bedding. Rats were maintained under controlled tem-
perature (23 + 1°C) and lighting conditions (12 h light/
dark photoperiod, lights switched off at 7:00 a.m.). Rat
chow and filtered tap water were provided ad libitum.
The experimental protocol followed the Ethical Prin-
ciples in Animal Research of the Brazilian College of
Animal Experimentation and was approved by the
Biosciences Institute Ethics Committee for Animal
Experimentation (022/06-CEEA) — UNESP Botucatu.
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Hyperglycemic model and experimental protocol

Severe diabetes in rats, which reproduces uncon-
trolled type 1 diabetes in humans, was chemically in-
duced using a single dose of 40 mg/kg b.w. streptozo-
tocin (Sigma-Aldrich, St. Louis, MO, USA) injected
into the tail vein of adult male rats (n = 40). Strepto-
zotocin was diluted in citrate buffer (0.01 M, pH 4.6).
Five days after induction, glucose levels of all ani-
mals were assessed using glucose test strips and
a monitoring system (One Touch Ultra, Johnson &
Johnson®). Rats with glucose blood levels higher
than 300 mg/dl were considered to be hyperglycemic,
as previously described by Guneli et al. [14] These
animals were then randomly assigned to one of four
experimental groups of 10 animals each: hyperglyce-
mic control (Hy), hyperglycemic + 150 mg/day of vi-
tamin C (HyC), hyperglycemic + 100 mg/day of vita-
min E (HyE) or hyperglycemic + 150 mg/day of vita-
mins C + 100 mg/day of E (HyCE). These doses were
adapted from Naziroglu [26]. Another animal group
(n = 10) received no streptozotocin (normoglycemic
group, N group) and presented glycemic levels lower
than 100 mg/dl. Hyperglycemic animals received the
vitamins by gavage (oral route) over 30 consecutive
days. Normoglycemic and hyperglycemic groups re-
ceived only the vehicles (corn oil and water) during
the same period.

Preparation of vitamins

Vitamin C (Sigma-Aldrich, St. Louis, MO, USA) was
prepared daily by diluting the required quantity in the
corresponding volume of warm water. Vitamin E
(Sigma-Aldrich, St. Louis, MO, USA) was diluted in
corn oil before the experimental period and was used
throughout the experiment. The oil and vitamin E
were heated to 54°C and combined into a homogene-
ous mixture. This mixture was stored at 20°C, and its
stability was verified by HPLC once a week at the
Center for Metabolism in Exercise and Nutrition (Ce-
MENutri) of the Botucatu School of Medicine —
UNESP. Both vitamins were stored in dark containers
for protection against light.

Body and some reproductive organs weights

At the end of the treatment, 9 or 10 rats from each ex-
perimental group were weighed, slightly anesthetized
with 3% sodium pentobarbital (Hyptonol® — 0.1 ml/kg

b.w.) and sacrificed by decapitation. Both the left vas
deferens and seminal vesicle (without the coagulating
gland) were removed and freed of secretion. Their
relative weights were determined on an analytical bal-
ance. The right vas deferens was immediately used
for pharmacological analysis.

Plasma testosterone level

After decapitation, blood was collected (between 9:00
and 11:30 a.m.) from the ruptured cervical vessels in
a heparinized tube (Liquemine, Hoffmann-La Roche,
Switzerland) for the determination of plasma testos-
terone levels. The plasma was obtained after centrifu-
gation (2,400 rpm, 20 min, 3.5°C) in a refrigerated de-
vice and was frozen at —20°C until measurement.
Plasma testosterone levels were ascertained by dou-
ble-antibody radioimmunoassay using a Testosterone
Maia® kit (Biochem Immuno Systems, Allentown,
PA, USA) at the Neuroendocrinology Laboratory,
Dental School of Ribeirdo Preto, University of Séo
Paulo — USP. All of the samples were dosed in the
same assay to avoid inter-assay errors. The lowest de-
tection limit for testosterone was 0.064 ng/ml, with
a 4% intra-assay error.

Thiobarbituric acid reactive species (TBARS)
analysis

The remainder of the heparinized blood (3 ml) was
properly prepared and stored at —80°C to measure the
concentration of TBARS, which indicates the level of
lipid peroxidation by oxidative stress. Lipid peroxides
were estimated in washed erythrocytes using thiobar-
bituric acid (TBA). One milliliter of washed erythro-
cytes was added to a test tube containing 1.0 ml of
3.0% sulfosalicylic acid and was then shaken for 10 s,
centrifuged at 15,557 x g for 3 min and kept at rest for
15 min. The sample was then diluted to 500 pl with
0.67% TBA solution. The mixture was heated to 80°C
for 30 min, and absorbance was measured at 535 nm.
Results were expressed as nM of TBARS per gram of
hemoglobin (nM/g Hb), indirectly representing a lipid
peroxidation index according to Ferreira et al. [8].

Pharmacological analysis of the isolated vas
deferens

The right vas deferens isolated from 5 or 6 rats of
each experimental group was individually set in 10 ml
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organ baths containing a continuous nutritive solu-
tion, aerated with a mixture of 95% O, and 5% CO,
and kept at 30°C according to the methods previously
described by Pereira [31]. The composition of the nu-
tritive solution was (in mM): 136.0 NaCl, 5.7 KClI,
1.8 CaCl,, 0.36 NaH,P0,.H,0, 15.0 NaHCOs3, and 5.5
dextrose. This solution was prepared in glass-distilled
water [32]. A resting tension of 1.0 g was applied to
the tissue, with changes in isometric tension measured
via force-displacement transducers. After an initial
resting period of 45 min, complete concentration-
response curves for norepinephrine (NE) (arterenol bi-

Results

Five days after the streptozotocin injection, animals
began to show characteristic signs of hyperglycemia,
such as polyphagia, polydipsia and polyuria, which
persisted throughout the experimental period. In addi-
tion, these animals also exhibited glucose levels
above 300 mg/dl, characteristic of a hyperglycemic
state (Tab. 1). The normoglycemic group showed nor-
mal glucose levels below 100 mg/dl (Tab. 1).

Tab. 1. Body weight, wet vas deferens, empty seminal vesicle and vesicle secretion weights and glycemia levels

Normoglycemic ~ Hyperglycemic Hyperglycemic Hyperglycemic Hyperglycemic
(n=10) (n=10) +vitamin C +vitamin E +vitamins C and E
(n=09) (n=10) (n=10)

Body weight (g) 417.40+9.022  303.40 + 9.80° 303.44 £ 7.27° 298.40+10.06"  309.30+ 9.00°
Vas deferens (mg) 102.48+4.038  93.43+4.7080 80.39+3.11P 82.71+3.19° 83.44 + 4.50°
Empty seminal vesicle (g) 0.57 +0.05 0.26+0.020 0.30 +0.03° 0.27 +0.020 0.30+0.03°
Seminal vesicle secretion (g) 0.81+0.062 0.28+0.11 0.30+0.11P 0.14 +0.04b 0.18+0.040
Glycemia 5 days after induction (mg/dl) 94.00 + 3.332 40160+20.03>  386.00+1830° 378.70+2166° 365.3+10.35
Final glycemia (mg/dl) 93.00 +2.122 55540 £11.200 5431117560  562.40+15.00°  573.60 +10.25P

Values expressed as the means + SEM. & © Indicate statistically different results (p < 0.05); ANOVA with the Tukey post-hoc test

tartrate, Sigma) and tyramine (Ty) (Sigma, USA) were
obtained by the cumulative addition of molar concen-
trations of the agonists that were geometrically in-
creased [43]. The pD, values, expressed as the negative
of the logarithm for the agonist concentration that pro-
duced 50% (EDsp) of its maximum effect [25], were as-
certained. In addition, the maximal contractile response
(g of wet tissue) to NE was determined.

Statistical analysis

To compare the results among the five experimental
groups, statistical tests for analysis of variance were util-
ized — ANOVA, with the post-hoc Tukey test or the non-
parametric Kruskal-Wallis test with the Dunn post-hoc
test — according to the characteristics of each variable.
Differences were considered significant when p < 0.05.
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Fig. 1. Blood oxidative stress level. Values expressed as median,
quartiles, minimum and maximum values (vertical bars). ®® ¢ 9 Indi-
cate statistically different results (p < 0.05); Kruskal-Wallis test with
the Dunn post-hoc test. N = normoglycemic group; Hy = hyperglyce-
mic group; HyC = hyperglycemic + vitamin C; HyE = hyperglycemic
+ vitamin E; HyCE = hyperglycemic + vitamin C + vitamin E
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Tab. 2. Responses to norepinephrine (NE) and tyramine (Ty) (pD,), and maximal response to norepinephrine (E,

deferens

max 10 NE) of isolated vas

Groups pDy! Fmax to NE (n = 06)
NE (n = 06) Ty (n =05)
Normoglycemic 5.31 +0.052 410+0.122 1.52 +0.05
Hyperglycemic 5.63 +0.040 4.49+0.040 154011
Hyperglycemic + Vitamin C 5.35+0.082 4.43 +0.058D 1.44+019
Hyperglycemic + Vitamin E 5.40 + 0.072b 450+0.08 150+0.18
Hyperglycemic + Vitamins C and E 5.46 + 0.0820 4.45+0.08P 167+0.25

"pDy= —log[EDsg). Emax = maximal contractile response (g/100 g of tissue). Values expressed as the mean = SEM. ® P Indicate statistically dif-

ferent results (p < 0.05); ANOVA with the Tukey post-hoc test
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Fig. 2. Plasma testosterone level. Values expressed as the means
and SEM. (vertical bars). ® P Indicate statistically different results
(p < 0.05); Kruskal-Wallis test with the Dunn post-hoc test. N = nor-
moglycemic group; Hy = hyperglycemic group; HyC = hyperglyce-
mic + vitamin C; HyE = hyperglycemic + vitamin E; HyCE = hypergly-
cemic + vitamin C + vitamin E

The lipid peroxidation level (TBARS) (Fig. 1) was
significantly increased in the hyperglycemic control
group relative to the other groups. The treatments
with vitamin C and E (isolated or in combination)
were able to significantly reduce this parameter in re-
lation to the hyperglycemic group. However, TBARS
levels in the normoglycemic group were similar only
in the vitamin C-treated group.

Body and reproductive organ weights are shown in
Table 1. There was a significant reduction in body
weight, empty seminal vesicle weight, and seminal
vesicle secretion weights in the hyperglycemic groups
compared to the normoglycemic group. Vitamin C

treatment was able to partially recover the empty
seminal vesicle weight. However, the vas deferens
relative weight increased significantly in the hyper-
glycemic control group relative to the normoglycemic
group. This alteration was completely reverted by
treatment with vitamin C alone or in combination
with vitamin E. This reversion was partial with vita-
min E alone. Plasma testosterone levels (Fig. 2) were
reduced in all hyperglycemic groups compared to the
normoglycemic group and partially recovered by
treatment with vitamin C, alone or in combination
with vitamin E.

Although the maximum response values to NE
were statistically similar among all groups (Tab. 2),
the in vitro isometric contractions of the vas deferens
revealed a significant increase in the pD, value of NE
in the hyperglycemic control group compared to the
normoglycemic group. This result revealed the hyper-
sensitivity of the post-junction o-1 adrenoceptor.
However, vitamin C alone completely recovered this
hypersensitivity because the pD, value of NE was
similar to the normoglycemic group (Tab. 2 and Fig.
3A). This parameter was only partially recovered in
the hyperglycemic groups treated with vitamin E
(alone or in combination) (Tab. 2 and Fig. 3A). The
Ty curve dislocation to the left (Fig. 3B) and the in-
crease of the pD, value (Tab. 2) in the hyperglycemic
control and hyperglycemic plus vitamin E (alone or in
combination with vitamin C) groups (Tab. 2 and Fig.
3B) confirmed this hypersensitivity. This sensitivity
was partially recovered in the vitamin C treated group
because Ty pD, values in this group were similar to
all other groups (Tab. 2 and Fig. 3B).
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Fig. 3. Cumulative concentration response for norepinephrine (A)
and tyramine (B) in vas deferens isolated from rats of different experi-
mental groups. Abscissas show the molar concentration of the drugs
on alogarithmic scale. Ordinates show effects produced by the drug,
expressed as grams per 100 mg tissue. Vertical bars indicate SEM.
N = normoglycemic group; Hy = hyperglycemic group; HyC = hyper-
glycemic + vitamin C; HyE = hyperglycemic + vitamin E; HyCE = hy-
perglycemic + vitamin C + vitamin E

Discussion

In this study, the antioxidant potential of vitamin C
and E in hyperglycemic animals was demonstrated, as
lipid peroxidation in erythrocytes was significantly
reduced in the vitamin-treated hyperglycemic groups.
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These results corroborated previous studies that
showed both vitamin C [5] and E [11] expressed anti-
oxidant potential by reducing the oxidative stress
level in erythrocytes of streptozotocin-induced hyper-
glycemic rats. Our results clearly demonstrated that
vitamin C and E supplementation eliminated lipid
peroxidation in hyperglycemia and provided evidence
that vitamins C and E may have a therapeutic role in
diseases that are mediated by reactive oxygen species.
Furthermore, the reduction of lipid peroxidation in
erythrocytes may have occurred in the organs of the
male reproductive system and in the nervous system
because previous studies reported that vitamins C and
E concomitantly attenuated lipid peroxidation in dif-
ferent tissues of hyperglycemic rats [5, 10].

The decreased body weight in hyperglycemic ani-
mals could be attributed to metabolic changes that
arise from the absence or decrease of insulin in the
blood [37, 39], which is characteristic of a hypergly-
cemic condition. In addition, the hypersensitivity of
the post-junction a-1 adrenoceptor to NE in the hy-
perglycemic control group shown in this study was
corroborated by previous studies [30, 41]. Our results
suggest that a hyperglycemic organism is trying to
compensate for the damage caused by the illness by
preserving the contractile capacity of the vas deferens
in order to facilitate sperm release. Therefore, this o-1
adrenoceptor hypersensitivity to exogenous NE in the
hyperglycemic control group might have been due to
diminished release of endogenous NE in the nerve
endings of these animals, as evidenced by the Ty data.
Oztiirk et al. [29] also showed that intrinsic activities
for both NE- and Ty-induced contractions of the vas
deferens in rats were increased in short-term alloxan
diabetes (72 h) and decreased in long-term alloxan
diabetes (8 weeks). These authors also reported that
o-adrenergic responsiveness in diabetic rat vas
deferens depended on the time elapsed. Moreover,
Giines et al. [15] demonstrated an increased o-adrene-
rgic responsiveness of diabetic vas deferens to exoge-
nous NE. This response might be attributable to new
receptor synthesis or activation of post-receptor
events due to diabetes-induced neuropathy rather than
an enhancement in a-adrenoceptor affinity. In con-
trast, Kamata and Kirisawa [17] showed that the
dose-response curve for the contractile response of
the vas deferens to NE was significantly shifted to the
right and that the apparent affinity (pD, values) was
significantly decreased in streptozotocin-induced hy-
perglycemic rats.
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In the present study, vitamins C and E were ob-
served to partially (vitamin E alone or in combination)
or totally (vitamin C) recover a-1 adrenoceptor hyper-
sensitivity to NE in hyperglycemic rats. In a similar
way, Giines et al. [15] demonstrated that antioxidant
treatment (stobadine and vitamin E) significantly de-
creased hemoglobin glycosylation and that stobadine
completely returned NE-induced contractions to basal
levels, whereas vitamin E alone had no effect.

We suggest that vitamin C and E supplementation
may have an important therapeutic role in diabetic
neuropathies, especially those related to the male re-
productive system. Several animal studies have dem-
onstrated that antioxidants can prevent or reverse
nerve dysfunctions induced by hyperglycemia. Addi-
tionally, several antioxidants (e.g., vitamin C, vitamin
E, resveratrol, a-lipolic acid, taurine) have demon-
strated amelioration of the nerve function in experi-
mental diabetes [19, 34, 44].

In relation to Ty response, vitamin C alone was
more efficient in inducing NE release in hyperglyce-
mic animals. The NE stock in the sympathetic nerve
endings was likely partially increased, resulting in
a greater release of NE by Ty. This effect was not evi-
dent in the vitamin E-treated hyperglycemic groups
despite the decreased a-adrenoceptor hypersensitivity
to NE in both groups. However, despite the change in
the sensitivity of the organ to NE, the hyperglycemic
rats did not show any damage in maximal contractile
capacity induced by NE. Previous studies using strep-
tozotocin-induced hyperglycemia showed that at least
some of the rats could ejaculate during sexual behav-
ior tests [33, 36, 39]. Further studies using the same
experimental design of our study could be conducted
testing the sexual behavior of the hyperglycemic rats
and compare the in vivo results with those in vitro.

The significant reduction of plasma testosterone in
the hyperglycemic group was corroborated by previ-
ous studies [4, 16, 36]. These studies reported that tes-
tosterone diminished with insulin shortage. Neverthe-
less, the HyC and HyCE groups presented here par-
tially increased plasma testosterone levels. This was
consistent with the previous finding that vitamin C [2,
38] and vitamin E [7] played key roles in the steroido-
genic process that stimulates testosterone synthesis.
However, in the vitamin E-treated hyperglycemic
group, neither this stimulation nor testosterone release
occurred. The dose of vitamin E used in this group
was therefore likely inadequate to stimulate these pro-
cesses. Nevertheless, this decrease in plasma testos-

terone (total or partial) observed in hyperglycemic
groups probably caused reduction in the empty semi-
nal vesicle and vesicle secretion weights. This change
could indicate hyperglycemia-induced function im-
pairment of these androgen-dependent organs [1, 36].
In our study, vitamin C attenuated the seminal vesicle
relative weight loss compared to other hyperglycemic
groups, probably due to body weight reduction.

The observed decrease in plasma testosterone may
cause hypersensitivity of the post-junction a-1 adre-
noceptor of the vas deferens because contractile re-
sponses of androgen-sensitive smooth muscles are
highly dependent upon the endocrine status of the ani-
mal. The decreased testosterone levels were at least
partially responsible for the changes in the weight and
contractility of the vas deferens of streptozotocin-
hyperglycemic [22] and castrated [24] rats. In addi-
tion, the impairment of the vas deferens contractile re-
sponse in hyperglycemic animals could be only par-
tially reverted by insulin supplementation [28].

In this experimental protocol, vitamins C and E
partially to fully ameliorated the negative effects of
hyperglycemia on vas deferens sympathetic neuro-
transmission and plasma testosterone levels in rats. In
addition, vitamin C was more efficient than vitamin E
in attenuating the effects of hyperglycemia on the
male reproductive system of adult rats.

Acknowledgments:

We are grateful to Dr. Gustavo Tadeu Volpato of the Laboratory of
Experimental Research of Gynecology and Obstetrics, Department
of Gynecology and Obstetrics, Botucatu Medical School, Sdo Paulo
State University — UNESP, for the diabetes induction procedures
and to Janete Aparecida Alselmo Franci and Dr. Ruither de Oliveira
Gomes Carolino of the Department of Morphology, Stomatology
and Physiology, Dental School of Ribeirdo Preto, University of Sao
Paulo — USP, for collaboration with the hormonal assays. We are
also grateful to CAPES — PROEX (Coordinating Body for the
Improvement of Postgraduate Studies in Higher Education), CNPq
(National Council for Scientific and Technological Development)
and FAPESP (The State of Sao Paulo Research Foundation) for
financial support. This paper represents part of the Ph.D. thesis
presented by G.S.A. Fernandes to the State University of Campinas
— UNICAMP, Brazil.

References:

1. Balasubramanian K, Sivashanmugam P, Thameemdheen
S, Govindarajulu P: Effect of diabetes mellitus on epidi-
dymal enzymes of adult rats. Indian J Exp Biol, 1991,
29, 907-909.

Pharmacological Reports, 2011, 63, 983-991 989



11.

12.

13.

15.

16.

17.

990

. Biswas NM, Chaudhuri A, Sarkar M, Biswas R: Effect

of ascorbic acid on in vitro synthesis of testosterone in
rat testis. Indian J Exp Biol, 1996, 34, 612—613.

. Calvo JC, Baranao JL, Tesone M, Charreau EH:

Hypothalamic-hypophyseal-gonadal axis in the
streptozotocin-induced diabetic male rat. J Steroid Bio-
chem, 1984, 20, 769-772.

. Cameron DF, Rountree J, Schultz RE, Repetta D, Murray

FT: Sustained hyperglycemia results in testicular dys-
function and reduced fertility potential in BBWOR dia-
betic rats. Am J Physiol 1990, 259, E881-889.

. Cay M, Naziroglu M, Simsek H, Aydilek N, Aksakal M,

Demirci M: Effects of intraperitoneally administered vi-
tamin C on antioxidative defense mechanism in rats with
diabetes induced by streptozotocin. Res Exp Med (Berl),
2001, 200, 205-213.

. Ceriello A, Bortolotti N, Falleti E, Taboga C, Tonutti L,

Crescentini A, Motz E et al.: Total radical-trapping anti-
oxidant parameter in NIDDM patients. Diabetes Care,
1997, 20, 194-197.

. Chen H, Liu J, Luo L, Baig MU, Kim J-M, Zirkin BR:

Vitamin E, aging and Leydig cell steroidogenesis. Exp
Gerontol, 2005, 40, 728-736.

. Ferreira ALA, Machado PEA, Matsubara LS: Lipid per-

oxidation, antioxidant enzymes and glutathione levels in
human erythrocytes exposed to colloidal iron hydroxide
in vitro. Braz J Med Biol Res, 1999, 32, 689-694.

. Figueroa-Romero C, Sadidi M, Feldman EL: Mechanisms

of disease: the oxidative stress theory of diabetic neuropa-
thy. Rev Endocr Metab Disord, 2008, 9, 301-314.

. Garg MC, Bansal DD: Protective antioxidant effect of

vitamins C and E in streptozotocin induced diabetic rats.
Indian J Exp Biol, 2000, 38, 101-104.

Garg MC, Chaudhary DP, Bansal DD: Effect of vitamin
E supplementation on diabetes induced oxidative stress
in experimental diabetes in rats. Indian J Exp Biol, 2005,
43, 177-180.

Giuliano F, Clément P: Physiology of ejaculation: empha-
sis on serotonergic control. Eur Urol 2005, 48, 408—417.
Giuliano F, Clément P: Serotonin and premature ejacula-
tion: from physiology to patient management. Eur Urol,
2006, 50, 454-466.

. Guneli E, Tugyan K, Ozturk H, Gumustekin M, Cilaker

S, Uysal N. Effect of melatonin on testicular damage in
streptozotocin-induced diabetes rats. Eur Surg Res, 2008,
40, 354-360.

Giines A, Ceylan A, Sarioglu Y, Stefek M, Bauer V,
Karasu C: The Antioxidants in Diabetes-Induced Com-
plications (AIDC) Study Group. Reactive oxygen species
mediate abnormal contractile response to sympathetic
nerve stimulation and noradrenaline in the vas deferens
of chronically diabetic rats: effects of in vivo treatment
with antioxidants. Fundam Clin Pharmacol, 2005, 19,
73-79.

Hassan AA, Hassouna MM, Taketo T, Gagnon C, Elhi-
lali MM: The effect of diabetes on sexual behavior and
reproductive tract function in male rats. J Urol, 1993,
149, 148-154.

Kamata K, Kirisawa H: Changes in electrophysiological
properties and noradrenaline response in vas deferens of
diabetic rats. Eur J Pharmacol, 1998, 350, 237-241.

Pharmacological Reports, 2011, 63, 983-991

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kochar NI, Umathe SN: Beneficial effects of L-arginine
against diabetes-induced oxidative stress in gastrointesti-
nal tissues in rats. Pharmacol Rep, 2009, 61, 665-672.
Kumar A, Kaundal RK, Iyer S, Sharma SS: Effects of
resveratrol on nerve functions, oxidative stress and DNA
fragmentation in experimental diabetic neuropathy. Life
Sci, 2007, 80, 1236—1244.

Lagowska-Lenard M, Stelmasiak Z, Bartosik-Psujek

H: Influence of vitamin C on markers of oxidative stress
in the earliest period of ischemic stroke. Pharmacol Rep,
2010, 62, 751-756.

Li Y, Schellhorn HE: New developmental and novel
therapeutic perspective for vitamin C. J Nutr, 2007, 137,
2171-2184.

Longhurst PA: The effects of testosterone or insulin
treatment on contractile responses of the rat vas deferens
following castration or streptozotocin-induced diabetes
mellitus. Gen Pharmacol, 1990, 21, 427-434.

Longhurst PA, Brotcke TP: Effects of castration and dia-
betes mellitus on cholinergic responsiveness and muscar-
inic receptors in the rat vas deferens. J Urol, 1989, 141,
1225-1229.

Longhurst PA, Brotcke TP, Burrell CL, Belis JA: Com-
parison of the effects of castration and streptozotocin-
induced diabetes mellitus on contractile responses of the
rat vas deferens. Pharmacology, 1989, 38, 253-262.
Miller LC, Becker TJ, Tainter ML: Quantitative evalua-
tion of spasmolytic drugs “in vitro”. J Pharmacol Exp
Ther, 1948, 92, 260-268.

Naziroglu M: Enhanced testicular antioxidant capacity in
streptozotocin-induced diabetic rats: protective role of
vitamins C and E and selenium. Biol Trace Elem Res,
2003, 94, 61-72.

Ozkan Y, Yilmaz O, Ozturk Al, Ersan Y: Effects of triple
antioxidant combination (vitamin E, vitamin C and a-li-
poic acid) with insulin on lipid and cholesterol levels and
fatty acid composition of brain tissue in experimental
diabetic and non-diabetic rats. Cell Biol Int, 2005, 29,
754-760.

Oztiirk Y, Aydin S: Effects of streptozotocin-induced dia-
betes and insulin on calcium responsiveness of the rat
vas deferens. Life Sci, 2006, 78, 1084—1090.

Oztiirk Y, Yildizoglu-Ari N, Altan VM: Altered alpha-
adrenergic responses of vas deferens to noradrenaline
and tyramine from rats with short- and long-term alloxan
diabetes. Gen Pharmacol, 1994, 25, 1519-1524.

Peredo H, Agostini MD, Gimeno MF, Borda ES: Hyper-
sensitivity to norepinephrine in vasa deferentia from dia-
betic rats. Possible participation of metabolic products of
arachidonic acid. Prostaglandins Leukot Med, 1984, 15,
229-239.

Pereira OC: Some effects of cimetidine on the reproduc-
tive organs of rats. Gen Pharmacol, 1987, 18, 197-199.
Picarelli ZP, Hyppolito N, Valle JR: Synergistic effect of
5-hydroxytryptamine on the response of rats’ seminal
vesicles to adrenaline and noradrenaline. Arch Int Phar-
macodyn Ther, 1962, 138, 354-363.

Pontes DA, Fernandes GS, Piffer RC, Gerardin DC,
Pereira OC, Kempinas WG: Ejaculatory dysfunction in
streptozotocin-induced diabetic rats: role of testosterone.
Pharmacol Rep, 2011, 63, 130-138.



Hyperglycemia and reproductive dysfunctions
Glaura S. A. Fernandes et al.

34.

35.

36.

37.

38.

39.

40.

Pop-Busui R, Sima A, Stevens M: Diabetic neuropathy
and oxidative stress. Diabetes Metab Res Rev, 2006, 22,
257-273.

Ralph DJ, Wylie KR: Ejaculatory disorders and sexual
function. BJU Int, 2005, 95, 1181-1186.

Scarano WR, Messias AG, Oliva SU, Klinefelter GR,
Kempinas WG: Sexual behaviour, sperm quantity and
quality after short-term streptozotocin-induced hypergly-
caemia in rats. Int J Androl, 2006, 29, 482-428.
Seethalakshmi L, Menon M, Diamond D: The effect of
streptozotocin-induced diabetes on the neuroendocrine-
male reproductive tract axis of the adult rat. J Urol, 1987,
138, 190-194.

Sonmez M, Tiirk G, Yiice A: The effects of ascorbic acid
supplementation on sperm quality, lipid proxidation and
testosterone levels of male Wistar rats. Theriogenology,
2005, 63, 2063-2072.

Steger RW, Amador A, Lam E, Rathert J, Weis J, Smith
MS: Streptozotocin-induced deficits in sex behavior and
neuroendocrine function in male rats. Endocrinology,
1989, 124, 1737-1743.

Suthagar E, Soudamani S, Yuvaraj S, Ismail Khan A,
Aruldhas MM, Balasubramanian K: Effects of streptozo-
tocin (STZ)-induced diabetes and insulin replacement on
rat ventral prostate. Biomed Pharmacother, 2009, 63, 43—50.

41.

42.

43.

44,

45.

46.

Tomlinson DR, Gillon KR, Smith MG: Axonal transport
of noradrenaline and noradrenergic transmission in rats
with streptozotocin-induced diabetes. Diabetologia,
1982, 22, 199-204.

Traber MG, Atkinson J: Vitamin E, antioxidant and noth-
ing more. Free Radic Biol Med, 2007, 43, 4-15.

van Rossum J, van den Brink F: Cumulative dose-
response curves. L. Introduction to the technique. Arch
Int Pharmacodyn Ther, 1963, 143, 240-246.

Vincent AM, Russell JW, Low P, Feldman EL: Oxidative
stress in the pathogenesis of diabetic neuropathy. Endocr
Rev, 2004, 25, 612-628.

Vinik Al, Maser RE, Mitchell BD, Freeman R: Diabetic
autonomic neuropathy. Diabetes Care, 2003, 26, 1553-1579.
Zhang XH, Filippi S, Morelli A, Vignozzi L, Luconi M,
Donati S, Forti G, Maggi M: Testosterone restores
diabetes-induced erectile dysfunction and sildenafil re-
sponsiveness in two distinct animal models of chemical
diabetes. J Sex Med, 2006, 3, 253-264.

Received: October 15, 2010; in the revised form: February 9,
2011; accepted: February 16, 2011.

Pharmacological Reports, 2011, 63, 983-991 991



	849	Review Œ Lipoic acid Œ biological activity and therapeutic potential.
	Anna Gor¹ca, Halina Huk-Kolega, Aleksandra Piechota, Paulina Kleniewska, El¿bieta Ciejka, Beata Skibska

	859	Review Œ Statin-induced myopathies.
	Micha³ Tomaszewski, Karolina M. Stêpieñ, Joanna Tomaszewska, Stanis³aw J. Czuczwar

	867	Review Œ Novel mechanistic and clinical implications concerning the safety of statin discontinuation.
	Magdalena Jasiñska-Stroschein, Jacek Owczarek, Irena Wejman, Daria Orszulak-Michalak

	880	Anxiolytic-like activity of MGS0039, a selective group II mGlu receptor antagonist, is serotonin- and GABA-dependent.
	Katarzyna Stachowicz, Joanna Wieroñska, Helena Domin, Shigeyuki Chaki, Andrzej Pilc

	888	Behavioral deficits and exaggerated feedback control over raphe-hippocampal serotonin neurotransmission in restrained rats.
	Darakhshan J. Haleem

	898	Influence of aripiprazole on the antidepressant, anxiolytic and cognitive functions of rats.
	Kinga Burda, Anna Czubak, Krzysztof Kus, El¿bieta Nowakowska, Piotr Ratajczak, Jennifer Zin

	908	Buspirone improves the anti-cataleptic effect of levodopa in 6-hydroxydopamine-lesioned rats.
	Javad Mahmoudi, Alireza Mohajjel Nayebi, Morteza Samini, Siamak Reyhani-Rad, Vahab Babapour

	915	Neuroprotective effect of carvedilol against aluminium induced toxicity: possible behavioral and biochemical alterations in rats.
	Anil Kumar, Atish Prakash, Samrita Dogra

	924	Non-neutral nonsynonymous single nucleotide polymorphisms in human ABC transporters: the first comparison of six prediction methods.
	Da Cheng Hao, Yao Feng, Rongrong Xiao, Pei Gen Xiao

	935	Transdermal buprenorphine in the treatment of cancer and non-cancer pain Œ the results of multicenter studies in Poland.
	Anna Przeklasa-Muszyñska, Jan Dobrogowski

	949	Involvement of kainate receptors in the analgesic but not hypnotic effects induced by inhalation anesthetics.
	Li-Hua Hang, Dong-Hua Shao, Yue-Ping Gu, Ti-Jun Dai

	956	Beneficial role of telmisartan on cardiovascular complications associated with STZ-induced type 2 diabetes in rats.
	Bhoomika R. Goyal, Kaushal Parmar, Ramesh K. Goyal, Anita A. Mehta

	967	Protective effect of novel pyridoindole derivatives on ischemia/reperfusion injury of the isolated rat heart.
	Zuzana Broskova, Vladimir Knezl

	975	Long-term use of low-dose spironolactone in spontaneously hypertensive rats: Effects on left ventricular hypertrophy and stiffness.
	Marcelo P. Baldo, Ludimila Forechi, Elis A.S. Morra, Divanei Zaniqueli, Rebeca C. Machado, Wellington Lunz, Sérgio L. Rodrigues, José Geraldo Mill

	983	Can vitamins C and E restore the androgen level and hypersensitivity of the vas deferens in hyperglycemic rats?
	Glaura S.A. Fernandes, Daniela C.C. Gerardin, Thaiane A. Assumpção, Kleber E. Campos, Débora C. Damasceno, Oduvaldo C.M. Pereira, Wilma D.G. Kempinas

	992	C3435T polymorphism of the ABCB1 gene: impact on genetic susceptibility to peptic ulcers.
	Aleksandra Sa³agacka, Malwina Bartczak, Marta ¯ebrowska, Marcin Ja¿d¿yk, Mariusz Balcerczak, Robert Janiuk, Marek Mirowski, Ewa Balcerczak

	999	Association between remote organ injury and tissue polyamine homeostasis in acute experimental pancreatitis Œ treatment with a polyamine analogue bismethylspermine.
	Hai-Tao Jin, Teemu Lämsä, Panu H. Nordback, Mervi T. Hyvönen, Nikolay Grigorenko, Alex R. Khomutov, Isto Nordback, Sari Räty, Ilkka Pörsti, Leena Alhonen, Juhani Sand

	1009	Antiatherogenic effect of quercetin is mediated 
by proteasome inhibition in the aorta and circulating leukocytes.
	Denis A. Pashevin, Lesya V. Tumanovska, Victor E. Dosenko, Vasyl S. Nagibin, Veronika L. Gurianova, Alexey A. Moibenko

	1019	Effect of indometacin pretreatment on protamine sulfate-mediated relaxation of the isolated rat uterus: the role of the antioxidative defense system.
	Jelena Kordiæ-Bojinoviæ, Zorana Oreıèanin-Duıiæ, Marija Slaviæ, Ratko Radojièiæ, Mihajlo Spasiæ, Slobodan R. Milovanoviæ, Duıko Blagojeviæ

	1029	Anti-inflammatory effects of LASSBio-998, a new drug candidate designed to be a p38 MAPK inhibitor, in an experimental model of acute lung inflammation.
	Aline C. Brando Lima, Alexandre L. Machado, Patrícia Simon, Moisés M. Cavalcante, Daniele C. Rezende, Gilberto M. Sperandio da Silva, Paulo Gustavo B. D. Nascimento, Luis E. M. Quintas, Fernando Q. Cunha, Eliezer J. Barreiro, Lídia M. Lima, Vera L.G. Koatz

	1040	Effects of propranolol on the development of glucocorticoid-induced osteoporosis in male rats.
	Joanna Folwarczna, Maria Pytlik, Leszek „liwiñski, Urszula Cegie³a, Barbara Nowiñska, Monika Rajda

	SHORT COMMUNICATIONS
	1050	Anxiolytic-like activity of zinc in rodent tests.
	Anna Partyka, Magdalena Jastrzêbska-Wiêsek, Bernadeta Szewczyk, Katarzyna Stachowicz, Anna S³awiñska, Ewa Poleszak, Urszula Doboszewska, Andrzej Pilc, Gabriel Nowak


	1056	Dopaminergic drug-induced modulation of the expression of the dopamine transporter in peripheral blood lymphocytes in Parkinson™s disease.
	Alessandra Fanciulli, Roberta Misasi, Dario Campanelli, Francesca R. Buttarelli, Francesco E. Pontieri

	1061	Neuropeptide FF receptor modulates potassium currents in a dorsal root ganglion cell line.
	Catherine Mollereau, Michel Roumy, Jean-Marie Zajac

	1066	Effects of the antioxidant baicalein on the pharmacokinetics of nimodipine in rats: a possible role of P-glycoprotein and CYP3A4 inhibition by baicalein.
	Young-Ah Cho, Jun-Shik Choi, Jin-Pil Burm
	1074	Note to Contributors





	content
	cont
	contents_3'2005
	contents

