Vg

ELSEVIER

Available online at www.sciencedirect.com

Pharmacology, Biochemistry and Behavior 81 (2005) 758 — 763

PHARMACOLOGY
BIOCHEMISTRY

SCIENCE CbDIHEcT“
AND

BEHAVIOR

www.elsevier.com/locate/pharmbiochembeh

Effects of paradoxical sleep deprivation and cocaine on
genital reflexes in hyperlipidic-fed rats

Monica L. Andersen **, Vania D’Almeida *°, Paulo J.F. Martins 2,
Hanna K.M. Antunes *°, Sergio Tufik *

“Department of Psychobiology-Universidade Federal de Sdo Paulo, Escola Paulista de Medicina (UNIFESP/EPM), R. Napoledo de Barros,
925, Vila Clementino 04024-002, Sdo Paulo, SP, Brazil
®Pediatrics-Universidade Federal de Sdo Paulo, Escola Paulista de Medicina (UNIFESP/EPM), R. Napoledo de Barros, 925, V. Clementino 04024-002,
Sdo Paulo, SP, Brazil
°CEPE- Universidade Federal de Sdo Paulo, Escola Paulista de Medicina (UNIFESP/EPM), R. Napoledo de Barros, 925, V. Clementino 04024-002,
Sdo Paulo, SP, Brazil

Received 19 January 2005; received in revised form 16 April 2005; accepted 31 May 2005
Available online 11 July 2005

Abstract

The present study was designed to investigate the effects of a hyperlipidic diet (HD) on penile erection (PE) and ejaculation (EJ) induced
by cocaine in paradoxical sleep deprived (PSD) rats. Secondly, we aimed to verify the influence of HD cafeteria diet on steroid hormone
levels. Twenty-one day-old male Wistar rats were randomly assigned into two groups: rats fed with commercial chow diet and rats fed with a
palatable HD containing chow mixed with peanuts, milk chocolate and sweet cookies in the proportion of 3:2:2:1. After nine weeks of
treatment, the animals were submitted to PSD or maintained as home cage control group for 96 h and challenged with cocaine (7 mg/kg, ip).
Results showed that the HD led to a reduction in the frequency of erection in the PSD+cocaine group when compared to the PSD +cocaine
fed with standard diet. Regardless of the diet, testosterone concentrations were significantly lower and progesterone was higher in the PSD
rats than in the respective home-cage control rats. Although there were no hormonal alterations, the findings showed that a long-term HD

might modify the stimulating effects of cocaine in potentiating genital reflexes in PSD rats.

© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Obesity has become ubiquitous in the past two decades
and has become epidemic in several countries. In the years
1999 and 2000, it was estimated that 31% of the adult
American population 20 years of age and over was obese
(body mass index-BMI of 30 and over).

Eating habits have increasingly drawn the attention of
investigations since these have changed dramatically in the
last decades in view of the alterations in people’s life styles,
who have had less time to eat adequate and balanced meals
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resorting instead to fast foods, normally containing an
unnecessary high fat content and calories. Moreover, these
foods are highly palatable that stimulate their intake
aggravating the situation even further, especially in children
and adolescents who may acquire poor eating habits that are
kept throughout their entire lives leading them to obesity
(Damaso et al., 2003).

Feeding rats a cafeteria diet (Scalfani and Springer, 1976;
Mandenoff et al., 1982) has been used extensively as an
experimental model to study obesity and energy balance
expenditure (Coatmellec-Taglioni et al., 2000). In this
protocol, a choice of several energy dense human foods is
offered to the animals to induce voluntary hyperphagia,
which can thus result in increases in body weight and
adiposity (Scalfani and Springer, 1976) but occasionally this
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consequence is controversial (Hill et al., 1983). Several
hormonal alterations may occur in response to the ingestion
of high lipidic diets.

Since erections are dependent on testicular androgen,
and testosterone exerts motivational effects necessary for
the display of male sexual behavior (Roselli and Chambers,
1999), we have been investigating the effects of paradoxical
sleep deprivation (PSD) that affects several behavioral
responses (Frussa-Filho et al., 2004; Silva et al., 2004a,b,c;
Andersen et al., 2005), including sexual behavior (Andersen
et al., 2003, 2004a) in combination with cocaine, a drug of
abuse that increases sexual drive and pleasure (Buffum et
al., 1988). Indeed, PSD modified the effects of steroid
hormones on the sexual behavior of rats (Velazquez-
Moctezuma et al., 1989) and also led to reduced testoster-
one concentrations and increased progesterone in male rats
(Andersen et al., 2003, 2004a, 2005) besides having
induced marked cocaine-enhanced genital reflexes in male
PSD rats. Sleep deprivation is a major social concern with
important implications in health and performance and leads
to several behavioral changes in humans and animals. Much
literature documents the negative effects of sleep depriva-
tion on a wide range of psychomotor and cognitive
performance, mood variables, and brain alterations. How-
ever, as described in our experiments, PSD showed a
facilitatory effect on the occurrence of genital reflexes in
male rats, in addition to the well-documented anti-depres-
sant effects.

Considering that dopaminergic mechanisms are involved
with feeding behavior (Rothwell et al., 1982), and
dopamine exerts great influence in male sexual behavior
(Hull et al., 1999), we proposed to verify if altered food
consumption induced by a highly palatable diet could
modify genital responses of rats after being sleep deprived
and challenged with cocaine. Secondly, we aimed to
investigate if sex hormones over behavior could be
involved in these reflexes. Thus, the objective was firstly
to investigate whether PSD and cocaine administration
would also induce spontaneous genital events in male rats
after long term HD, focusing on penile erection (PE) and
ejaculation (EJ). Secondly, to verify the influence of HD on
steroid hormones.

2. Methods
2.1. Animals

Eighty Wistar male rats from our breeding facilities
were used in this experiment. The vivarium was main-
tained on a 12 h light—dark photoperiod (lights on 0700—
1900 h) at an ambient temperature of 23 °C. All
procedures used in the present study complied with the
guidelines established by the Ethical and Practical Princi-
ples of the Use of Laboratory Animals (Andersen et al.,
2004b).

2.2. Hyperlipidic diet (HD)

At 21 days after weaning, the rats were randomly
distributed into two groups. The first group (n=40), on a
normal diet, received standard chow (17.03 kJ/g). The
second group, HD-fed group (n=40), was given a palatable
hyperlipidic diet that consisted of powdered commercial
standard chow mixed with sweet cookies, peanuts and milk
chocolate that were made into pellets. The approximate
composition of the HD was 20% protein, 20% fat and 48%
carbohydrate. The caloric densities were 21.40 kJ/g (35% of
calories as fat) and, according to Estadella et al. (2004), this
diet induces an excessive accumulation of body fat. Pilot
studies demonstrated that 210 g of food daily allowed the
three animals per cage to have chow ad libitum, so this was
the amount both groups were fed. Animals were fed for 9
weeks before being studied. The animals were weighed
three times per week during the nine-week treatment yet
statistical differences were not observed between the
groups. Still, a significant accumulation of adipose tissue,
mainly in the abdominal region and peritoneal cavity was
observed.

2.3. Paradoxical sleep deprivation (PSD)

Naive rats were submitted to the PSD procedure, which
involved placing ten rats on 14 narrow circular platforms
placed inside a tiled tank (123 x 44 x 44 cm) filled with
water to within 1 cm of their upper surface. At the onset of
each paradoxical sleep (PS) episode, the animal experi-
ences a loss of muscle tone and falls into the water, thus
being awakened. The cage control group was maintained in
the same room as the experimental rats for the duration of
the study. Previous work from this laboratory has
demonstrated that the rats are deprived of all phases of
sleep on the first day, followed by a more selective and
complete loss of PS on subsequent days. Therefore, our
aim in choosing this technique was to evaluate genital
reflexes that would reflect a predominant suppression of PS
over four days. Throughout the study, the experimental
room was maintained under controlled temperature (23+1
°C) and a light—dark cycle (lights on at 0700 h and off at
1900 h). Food and water were provided ad libitum by
placing chow pellets and water bottles on a grid located
over the tank. The water in the tank was changed daily
throughout the PSD period.

2.4. Experiment 1: genital reflexes evaluation challenged
with cocaine

Behavioral observations were carried out at 0900 h in
a temperature-controlled room, where the animals were
monitored by trained observers unaware of which group
the rats belonged to (PSD or home-cage or diet).
Observations of genital reflexes were made immediately
after the cocaine injection, which was applied immedi-
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ately upon removing each rat from the deprivation tank or
control home-cage. Forty rats were tested for spontaneous
genital reflexes after receiving an acute i.p. injection of
cocaine (7 mg/kg, Sigma Chemical Co., USA) freshly
dissolved in saline solution. The number of spontaneous
PE and EJ was assessed for 60 min. A PE was counted
only when the rat displayed and bent down to lick its
penis in full erection and EJ was scored by the number of
ejaculatory plugs. The following parameters of genital
reflexes were recorded: 1) the number of PE and EJ
displayed during the test; 2) latency to the first PE and
EJ.

2.5. Experiment 2: collection of blood samples and hormone
analysis

Naive PSD or home-cage animals (without injection)
were sacrificed individually by decapitation with a mini-
mum of disturbance in an adjacent room. Blood samples
were immediately collected and stored individually. For
testosterone and progesterone analysis, blood was collected
in glass tubes and centrifuged at 3500 rpm for 10 min at
room temperature, then frozen at —20 °C until assayed.
Intra-assay coefficient variations are given in parentheses.
Testosterone concentration (7.7%) and progesterone (9.8%)
were measured by chemiluminescent enzyme immmuno-
assay (Advia Centaur, Bayer Corporation, Tarrytown, NY,
USA). Duplicate serum aliquots were used. These assays
were performed with automated procedures routinely
performed in our clinical laboratory.

2.5.1. Statistical analysis

Statistical evaluation of the frequency of genital reflexes
and hormone assay results were performed by analysis of
variance (ANOVA), followed by Duncan’s test for the
comparison between the groups. The level of significance
was set at p<0.05.

3. Results
3.1. Experiment 1: Genital reflexes evaluation

In experiment 1 (Fig. 1), two-way ANOVA for penile
erections revealed a significant group (CTRL or PSD) and
diet (normal or HD) effect [ F'(; 36)=31.45, p<0.0001] and
[Fa36=4.15, p<0.04]. Although analysis of variance did
not reveal significant interaction between these factors, the
two-way ANOVA showed a tendency (p<0.08) and
suggests that the association of the stimulating effect of
PSD and HD induced alterations in frequency of genital
reflexes in cocaine challenged rats.

Post-hoc Duncan analysis demonstrated that PSD poten-
tiated cocaine-induced genital reflexes in both normal diet
(ND) and HD rats in relation to respective home cage control
groups (p<0.0001 and p <0.01, respectively). Moreover, the
PE frequencies displayed by the HD-fed PSD group were
significantly lower than in the standard diet group (p <0.01),
with the frequency of events falling from 3.0+0.5 to 1.5+0.6.

ANOVA followed by Duncan test for ejaculatory
behavior [ F( 36=17.72; p<0.0001] revealed that the EJ
frequencies observed in the PSD group, independently of
the diet, were significantly higher than in home-cage rats
(ps<0.01). The EJ frequencies observed in the PSD groups
were 0.9+0.3 (ND) and 0.6+£0.2 (HD). No statistical
differences were seen among the PSD groups. Neither of
the two home-cage groups displayed EJs during the 60-min
observation period.

No significant alterations were seen in the latency of PE
or EJ reflexes (time elapsed between the injection to the first
erection/EJ) in the four groups evaluated.

3.2. Experiment 2: hormone levels

Since a high fat diet resulted in an increased mean
concentration of serum testosterone in rats (Clinton et al.,
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Fig. 1. Effect of i.p. cocaine (7 mg/kg) on penile erection (PE) and ejaculation (EJ) in home-cage control (CTRL) and paradoxical sleep deprived (PSD) rats.
Frequency of PE events expressed as mean+SEM of 10 rats per group. *Different from respective normal diet (ND) control rats; **Different from respective
hyperlipidic diet (HD) control rats; #Different from normal diet (ND) PSD rats; (two-way ANOVA followed by Duncan’s test). See text for p values.
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Fig. 2. Serum testosterone (ng/dL) and progesterone (ng/mL) in control,
and paradoxically sleep deprived (PSD) rats (without injection). Values are
expressed in mean+SEM for 10 rats. *Different from respective control rats
(two-way ANOVA followed by Duncan’s test).

1997), we elected to evaluate this hormone in our study.
PSD resulted in a significant decrease in testosterone mean
levels as depicted in Fig. 2A. ANOVA revealed a
significant group effect [ F(4 36,=13.82; p<0.001] although
no other significant effects were detected. The Duncan test
showed that regardless of the diet, testosterone concen-
trations were significantly lower in the PSD rats than in the
control rats (p<0.01). Mean (£SEM) levels for the ND
groups were: control, 452.1+126.8 ng/dl and PSD,
99.3+£28.7 ng/dl; and for HD, control, 446.0+137.3 ng/ml
and PSD, 93.8+13.9 mg/dl.

We added progesterone analysis to the present study in
view of our previous data that demonstrated a relevant role
of this hormone in genital reflexes. Analysis of progesterone
serum concentrations revealed significant differences
between the groups [ F(1 34=12.92, p<0.001]. No statistical
differences were seen for diet or interaction effects. Sleep
deprived rats submitted to ND or HD showed higher
progesterone concentrations than the respective home-cage
control rats (p<0.02 and p <0.01, respectively) as shown in
Fig. 2B.

4. Discussion

High caloric and palatable foods (ad libitum) were
offered to the animals in an attempt to induce voluntary

hyperphagia (Scalfani and Springer, 1976; Estadella et al.,
2003, 2004). Indeed, such diet after weaning led to
increased adiposity and lipid content (Estadella et al.,
2004) as well as biochemical alterations related to the
cardiovascular system (D’Almeida et al., submitted for
publication). After nine weeks on HD, the rats were
submitted to sleep deprivation and challenged with cocaine
to evaluate the frequency of genital reflexes. Corroborating
our previous studies (Andersen and Tufik, 2002; Andersen
et al., 2003) a single cocaine injection did not produce a
marked increase in the frequency of genital events in control
rats, and the present study complements the data in that
regardless of the diet genital reflexes did not occur in home-
cage rats. Moreover, when exposed to PSD, HD-fed rats
showed a significant reduction in the frequency of erections
when compared to sleep-deprived rats that were fed a
standard diet during the same period.

This finding corroborates the existence of a relationship
between alterations in feeding behavior and sexual dys-
function. It also validates the cafeteria/hyperlipidic diet
model for studies of adiposity associated to increased food
intake in rats (Estadella et al., 2004). Of note, 98% of
obesity cases are caused by excessive ingestion of calories
associated to a sedentary lifestyle (Sande and Mahan, 1991).

The search for the consequences of dietary habits has
involved the study of various animal models. Cafeteria-diet
data are commonly used in many laboratories because of the
similarities of human obesity in developed countries (Llado
et al., 1997). However, little behavioral work has been done
with dietary factors related to sexual behavior. Although in
humans obesity is characterized by a variety of severe co-
morbidities and it imposes a tremendous burden to the health
care system of western societies, sexual dysfunction as a
consequence of obesity is less recognized (Trischitta, 2003).

A model for genetic obesity can be found in the Zucker
rat. This strain presented reduced reproductive capacity
(Piser et al., 1981). One contributing factor to this infertility
lies in the reduced sexual behavior of the male, described in
young as well as in old obese rats (Edmonds and With-
yachumnarnkul, 1980). In view of the markedly reduced
sexual activity verified in this strain along with the difficulty
of keeping them on narrow platforms (6,5 cm in diameter),
we elected to investigate the interaction of HD-diet
associated to sleep deprivation on genital reflexes in rats
which were exclusively fed a HD that simulates the
worrisome condition of a high caloric intake. Since it is
known that a positive energetic imbalance has an extreme
influence in the etiology of exogenous obesity, food in
excess becomes a highly relevant factor.

Male obese rats are infertile in spite of normal sperm
motility and testicular anatomy (Piser et al., 1981).
Decreased sexual behavior is not a consequence of obesity
itself, since it persists in obese animals given a restricted diet
(Edmonds and Withyachumnarnkul, 1980). Moreover, the
data show that sperm from obese males is normal in fertilizing
capability leading to inadequate sexual behavior as the
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primary factor that limits their reproductive potential. These
findings suggest that reproductive dysfunction of obese
males is behavioral rather than functional (Edmonds et al.,
1982).

The current study demonstrates that animals submitted
to HD and later exposed to PSD and to a single cocaine
injection displayed a significant lower frequency of
erection compared to PSD+cocaine rats fed with standard
diet. The method of PSD associated to cocaine seems to
exert a favorable effect over male sexual reflexes as in
agreement with our previous data (Andersen and Tufik,
2002; Andersen et al., 2003, 2004a). Although this
facilitatory effect was observed in HD fed PSD rats in
relation to their respective non sleep-deprived groups, the
incidence of the occurrence of the erectile events was
lower, falling from 3.0+£0.5 (ND) to 1.5+0.6 (HD, Fig. 1)
observed in PSD rats. Thus, it seems that the stimulating
action of cocaine in potentiating the sexual effects in PSD
rats does not override the inhibitory effects of high fat diet
on sexual behavior.

For a long time dopamine has been documented to play a
central role in male sexual motivation and behavior (Melis
and Argiolas, 1995) and further, supersensitivity of dop-
aminergic receptors, with consequent behavioral changes in
response to dopaminergic drugs following PSD have been
reported (Tufik et al., 1978). In regards to our model, we do
not exclude the possibility that other neurotransmitters may
play an important role in modulating this behavior since
cholinergic, GABAergic, noradrenergic and opioid systems
and dopaminergic as well have also been involved with
genital reflexes.

Although testosterone male sexual motivational effects
have been proposed (Roselli and Chambers, 1999), the
cause and effect relationship between this hormone and
sexual responses in males cannot be established from the
our findings since sleep-deprived rats showed significantly
lower testosterone levels besides a high frequency of
erections (Andersen et al., 2003, 2004a). Furthermore,
testosterone and progesterone were not modified by HD.
Thus, it could be speculated that further mechanisms may be
involved in such complex behavior. Of note, the current
finding indicates that although HD reduces genital reflexes
they are still present reflecting the reliability of the model
proposed by Andersen and coworkers.

Recently much attention has been focused on the
interactions between diet and sex hormones. Nutrition and
diet have the potential to effect sex hormone production and
metabolism in men (Hamalainen et al., 1984). Obesity is
associated with low plasma testosterone (Glass et al., 1977;
Kley et al., 1980). In contrast, intentional weight loss in a
program including very-low-energy-diet increases testoster-
one but it does not affect the scores of a questionnaire
measuring sexual function (Kaukua et al., 2003).

In rats, the diminished male sexual behavior was reported
in both young obese rats, which have normal levels of
circulating testosterone, and in older rats that show a

moderate decline in testosterone (Edmonds et al., 1982).
According to these authors, the reduced plasma testosterone
concentrations cannot account for the reproductive inad-
equacy of obese male rats since sexual behavior was
inadequate and natural insemination rate was reduced
despite normal testosterone levels.

The increase of fat in one’s diet may induce alterations in
the concentrations of testosterone in rats as well as in
humans (Hamalainen et al., 1984; Clinton et al., 1997, and
references therein). It seems unlikely that the frequency of
genital reflexes is driven by a variation in circulating
testosterone concentrations. In fact, sleep-deprived young
(Andersen et al., 2003), adult (Andersen et al., 2004a) and
aged rats (Andersen et al., 2004c) showed significantly
lower testosterone concentrations at the time-points ana-
lyzed, indicating that testosterone per se could not be
accounted for as the main factor governing genital behaviors
observed in the PSD groups. Although testosterone male
sexual motivational effects have been proposed (Roselli and
Chambers, 1999) the cause and effect relationship between
this hormone and sexual responses in males cannot be
determined by analysing present data.

In accordance with our previous data, high progeste-
rone levels were found in sleep-deprived groups regardless
of the diet treatment. The present data extend the
information that progesterone concentrations were signifi-
cantly higher not only in PSD given a ND but also in the
PSD group fed with HD in comparison with the respective
home-cage group.

The physiological role of progesterone in male sexual
behavior is still not completely understood. Data from our
lab indicate that progesterone treatment facilitates PE in
PSD castrated rats (Andersen et al., 2004d) and furthermore,
a single injection of mifepristone, an antiprogestin before
cocaine administration significantly reduced the frequency
of PSD rats displaying PE compared to control rats
(Andersen and Tufik, 2005). In light of this evidence, we
may speculate that progesterone might influence the
modulation of male genital reflexes displayed by sleep-
deprived rats; nevertheless, such a complex phenomenon as
sexual behavior should not be attributed to one single factor.

Our data, as a whole, suggest that PSD and cocaine
stimulates genital reflexes in HD-fed rats, however, not at
the same magnitude seen in standard diet fed rats,
suggesting that a high fat diet may influence sexual behavior
in a negative way. Further research conducted in animal
models can provide evidence and may prove helpful in the
understanding of the stimulatory role sleep deprivation and
hormones have on events related to sexual behavior.

Acknowledgements
The authors gratefully acknowledge the invaluable

assistance of Alice Lima, Waldemarks Leite, Tomé Pimen-
tel, Marilde Costa, Graga de Paula, Nadia Cheik, Ana



M.L. Andersen et al. / Pharmacology, Biochemistry and Behavior 81 (2005) 758—763 763

Damaso and Adriana Faria. This work was supported by
grants from Associa¢do Fundo de Incentivo a Psicofarma-
cologia (AFIP) and FAPESP (#01/04329-0 to M.L.A. and
CEPID #98/14303-3 to S.T.).

References

Andersen ML, Tufik S. Distinct effects of paradoxical sleep deprivation and
cocaine administration on sexual behavior in male rats. Addict Biol
2002;7:251-3.

Andersen ML, Tufik S. Effects of progesterone blockade over cocaine-
induced genital reflexes of paradoxical sleep deprived male rats.
Hormones Behavior 2005;47:477—-84.

Andersen ML, Bignotto M, Tufik S. Influence of paradoxical sleep
deprivation and cocaine on development of spontaneous penile reflexes
in rats of different ages. Brain Res 2003;968:130-8.

Andersen ML, Papale LA, Tufik S. Diurnal variation in the genital reflexes
and hormonal levels induced by paradoxical sleep deprivation and
cocaine in male rats. Brain Res Bull 2004a;64:215-20.

Andersen ML, D’Almeida V, Ko GM, Kawakami R, Martins PJF,
Magalhaes LE, et al. Experimental Procedure. In: Universidade Federal
de Sao Paulo-Department of Psicobiologia, editor. Ethical and practical
principles of the use of laboratory animals. Sao Paulo, Brazil:
Universidade Federal de Sdo Paulo; 2004b. p. 45—69.

Andersen ML, Bignotto M, Papale LA, Tufik S. Age-related effects on
genital reflexes induced by paradoxical sleep deprivation and cocaine in
rats. Exp Gerontol 2004¢;39:233-7.

Andersen ML, Bignotto M, Tufik S. Hormone treatment facilitates penile
erection in castrated rats after sleep deprivation and cocaine. J
Neuroendocrinol 2004d;16:154-9.

Andersen ML, Perry JC, Tufik S. Acute cocaine effects in paradoxical sleep
deprived male rats. Prog Neuro-Psychopharmacol Biol Psychiatry 2005;
29:245-51.

Buffum J, Moser C, Smith D. Street drugs and sexual functions. In: Sitsen
JMA, Money J, Musaph H, editors. Handbook of sexology. The
Pharmacology and Endocrinology of Sexual Function, vol. VL
Amsterdam: Elsevier; 1988. p. 462—77.

Clinton SK, Mulloy AL, Li SP, Mangian HJ, Visek WJ. Dietary and protein
intake differ in modulation of prostate tumor growth, prolactin secretion
and metabolism, and prostate gland prolactin binding capacity in rats. J
Nutr 1997;127:225-37.

Coatmellec-Taglioni G, Dausse J-P, Ribi¢re C, Giudicelli Y. Hypertension
in cafeteria-fed rats: alterations in renal a2-adrenoceptor subtypes. Am J
Hypertens 2000;13:529—34.

D’Almeida V, Andersen ML, Martins ML, Souza FG, Tufik S.
Hyperhomocysteinemia-induced by hiperlipidic diet, submitted for
publication.

Déamaso A, Guerra RLF, Botero JP, Prado WL. Etiology of obesity. In:
Damaso A, editor. Exercise and energetic metabolism. Sdo Paulo: Medsi;
2003. p. 305-19.

Edmonds ES, Withyachumnarnkul B. Sexual behavior of the obese male
Zucker rat. Physiol Behav 1980;24:1139—41.

Edmonds ES, Dallie SK, Withyachumnarnkul B. Reproductive system of
the obese male Zucker rat Reproductive capacity, artificial insemination
and plasma testosterone levels. Biol Reprod 1982;27:891-7.

Estadella D, Habitante CA, Oyama LM, Nascimento CMPO. Physical
exercises and cafeteria diet (a palatable and hyperlypidic diet). In:
Damaso A, editor. Exercicio e metabolismo energético. Sao Paulo:
Medsi; 2003. p. 305—19.

Estadella D, Oyama LM, Damaso AR, Ribeiro EB, Nascimento CMPO.
Effect of palatable hyperlipidic diet on lipid metabolism of sedentary
and exercised rats. Nutrition 2004;20:218-24.

Fussa-Filho R, Gongalves MTM, Andersen ML, Aratijo NP, Chinen CC,
Tufik S. Paradoxical sleep deprivation potentiates amphetamine-
induced behavioral sensitization by increasing its conditioned compo-
nent. Brain Res 2004;1003:188—-93.

Glass AR, Swerdolf RS, Bray GA, Dahms WT, Atkinson RL. Low serum
testosterone and sex hormone binding globulin in massively obese men.
J Clin Endocrinol Metab 1977;45:1211-9.

Hamalainen E, Adlercreutz H, Puska P, Pietinen P. Diet and serum sex
hormones in healthy men. J Steroid Biochem 1984;20:459—64.

Hill JO, Fried SK, DiGirolamo M. Effects of a high-fat diet on energy
intake and expenditure in rats. Life Sci 1983;33:141-9.

Hull EM, Lorain DS, Du J, Matuszewich L, Lumley LA, Putman SK, et al.
Hormone-neurotransmitter interactions in the control of sexual beha-
vior. Behav Brain Res 1999;105:105-16.

Kaukua J, Pekkarinen T, Sane T, Mustajoki P. Sex hormones and sexual
function in obese men losing weight. Obes Res 2003;11:689—94.

Kley HK, Edelman P, Kruskemper HL. Relationship of plasma sex
hormones to different parameters of obesity in male subjects. Metabo-
lism 1980;29:1041-5.

Llado I, Pons A, Palou A. Fatty acid composition of brown adipose tissue in
dietary obese rats. Biochem Mol Biol Int 1997;43:1129-36.

Mandenoff A, Lenoir T, Apfelbaum M. Tardy occurrence of adipocyte
hyperplasia in cafeteria-fed rat. Am J Physiol 1982;242:R349-51.

Melis MR, Argiolas A. Dopamine and sexual behavior. Neurosci Biobehav
Rev 1995;19:19-38.

Piser JA, Edmonds ES, Hoftiezer V. Sperm motility and histomorphometry
of the testis of the genetically obese Zucker rat. J Androl 1981;2:200—4.

Roselli CE, Chambers K. Sex differences in male-typical copulatory
behaviors in response to androgen and estrogen treatment in rats.
Reprod Neuroendocrinol 1999;69:290—8.

Rothwell NJ, Stock MJ, Wyllie MG. Dopaminergic mechanisms in diet-
induced thermogenesis and brown adipose tissue metabolism. Eur J
Pharmacol 1982;77:45-8.

Sande KJ, Mahan K. Desequilibrio do peso corporeo: cuidado nutricional
no controle do peso. In: Krause MV, Mahan LK, editors. Alimentos,
nutrigio e dietoterapia, 7 ed. Sdo Paulo: Roca; 1991. p. 981-2.

Scalfani A, Springer D. Dietary obesity in adult rats: similarities to
hypothalamic and human obesity syndrome. Physiol Behav 1976;17:
461-71.

Silva RH, Abilio VC, Takatsu AL, Kameda SR, Grassl C, Chehin AB, et al.
Role of hippocampal oxidative stress in memory deficits induced by
sleep deprivation in mice. Neuropharmacology 2004a;46:895—903.

Silva RH, Chelin AB, Kameda SR, Takatsu-Coleman AL, Abilio VC, Tufik
S, et al. Effects of pre- or post-training paradoxical sleep deprivation on
two animal models of learning and memory in mice. Neurobiol Learn
Mem 2004b;82:90-8.

Silva RH, Kameda SR, Carvalho RC, Takatsu-Coleman AL, Nigaki ST,
Abilio VC, et al. Anxiogenic effect of sleep deprivation in the elevated
plus-maze test in mice. Psychopharmacol 2004c¢;176:115-22.

Trischitta V. Relationship between obesity-related metabolic abnormalities
and sexual function. J Endocrinol Invest 2003;26(suppl 3):62—4.

Tufik S, Lindsey CJ, Carlini EA. Does REM sleep deprivation induce a
supersensitivity of dopaminergic receptors in the rat brain? Pharmaco-
logy 1978;6:95—108.

Velazquez-Moctezuma J, Monroy E, Cruz ML. Facilitation of the effect of
testosterone on male sexual behavior in rats deprived of REM sleep.
Behav Neural Biol 1989;51:46—53.



	Effects of paradoxical sleep deprivation and cocaine on genital reflexes in hyperlipidic-fed rats
	Introduction
	Methods
	Animals
	Hyperlipidic diet (HD)
	Paradoxical sleep deprivation (PSD)
	Experiment 1: genital reflexes evaluation challenged with cocaine
	Experiment 2: collection of blood samples and hormone analysis
	Statistical analysis


	Results
	Experiment 1: Genital reflexes evaluation
	Experiment 2: hormone levels

	Discussion
	Acknowledgements
	References


