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Neonatal Administration of Fluoxetine Decreased Final Sertoli
Cell Number in Wistar Rats
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SUMMARY: The aim of the present study was to test the hypothesis that the application of fluoxetine – a highly selective
serotonin reuptake inhibitor (SSRI) – in rats during the suckling period induces changes in testicular development. Groups of newborn
male rats were randomly assigned with different doses of fluoxetine 24 hours after birth. Each litter stayed with its respective mother
during 21 days. Body weight (BW) was measured daily from the 1st -21st day to calculate daily doses of fluoxetine. 5 mg (T1), 10 mg (T2)
20 mg (T3) or deionized water, were injected intraperitoneally. On the 21st day, animals were heparinized, anesthetized and blood was
collected by cardiac puncture to determine by radioimmunoassay the follicle stimulating hormone (FSH) levels. Testis were removed,
weighed, and processed for morphometric analysis. Fluoxetine groups presented decreased body and testicular weight when compared
with the control group on the 21st day. Our findings show that the manipulation of the serotoninergic system with fluoxetine during the
critical period of testicular development alters the Sertoli cell population and all testicular parameters related to this cell.
KEY WORDS: Fluoxetine; Testis development; Sertoli cells; Wistar rats.

INTRODUCTION

There is a current interest about the repercussions of
precocious use of selective serotonin reuptake inhibitors
(SSRIs), such as fluoxetine, for the development of various
organs and to induce increased serotoninergic activity in the
brain (Baumann, 1996; Toornvliet et al., 1996). Experimental evidence indicates that serotonin (5-HT) can influence
embryogenesis and growth presumably by acting as a
developmental signal or as a neurotrophic factor as well (Liu
& Lauder, 1992; Palén et al., 1979; Whitaker-Azmitia, 1991;
Yan et al.,1997; Deiró et al., 2004).
Some studies confirmed that the neonatal use of
SSRIs reduce the weight gain during the nursing period in

rats followed by a decrease in their depressive-like behavior
in the adult life (Deiró et al.; Mendes da Silva et al., 2002).
In early-life knockout rodents the blockade of the 5-HT
transporter alters emotional behavior in adult mice (Ansorge
et al., 2004; Holden, 2004).
Serotonin selective uptake inhibitors are highly lipidsoluble compounds and cross the placenta as well as are
excreted to breast milk; however, in humans the relative
concentration to a suckling infant for fluoxetine is higher
than others SSRIs (Ohman et al., 1999; Spigset et al., 1997).
Pharmacological evidence demonstrated also that the
elevation of the cerebral levels of 5-HT affects the secretion
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of FSH and luteinizing hormone (LH), for inhibiting the
liberation of gonadotrophins releasing factor (GnRH) in the
hypothalamus, with subsequent effects on the process of
spermatogenesis and steroidogenesis in adult rats (Das et
al., 1982, 1985; Naumenko & Shishkina, 1978; Urry &
Dougherty, 1975). In newborn rats, adequate levels of FSH
are crucial for the growth of Sertoli cell population, which
is directly related to testicular size and sperm production
(França et al., 2000). Serotonin is present in the testis and
accessories glands, besides many organic tissues. In these
glands, monoaminoxidase, the enzyme that metabolizes 5HT, is also detected (Aguilar et al., 1995; Campos et al.,
1990; Ellis et al., 1972; Tinajero et al., 1993; Sanders-Bush
& Mayer, 2001; Verbeuren, 1989). In rats, the testicular 5HT can originate from the nerve endings in the capsule, the
mast cells and the Leydig cells (Campos et al.; Kops et al.,
1990; Tinajero et al.). In hamsters, the periods of sexual
development and the transition between testicular regression
and recrudescence are related to changes in the 5-HT levels
in the mast cells and Leydig cells (Frungieri et al., 1999). In
the testis, the 5-HT can reduce the steroidogenesis and the
spermatogenesis by decreasing the intratesticular flow due
to arterial constriction or inhibiting fundamental enzymes
of the steroidogenesis (Kalla, 1979; Das et al., 1982, 1985,
1986; Hedger et al., 1995). This suggests that this
neurotransmitter can act as an important local modulator on
the steroidogenesis and spermatogenesis.
In spite of vast knowledge about the action of the
biogenic amines in the control of the reproductive functions,
at present, there is no information on the pharmacological
manipulation of the serotoninergic system, during the critical
period of the testicular development in newborns rats (Das
et al., 1982, 1985; Balon, 1995; Hedger et al., 1995; Labbate
et al., 1998; Vega Matuszcyk et al., 1998; Waldinger &
Olivier, 1998; Cantor et al., 1999). Therefore, the objective
of the present study is to investigate the testicular
development of newborn rats after treatment with fluoxetine,
a highly selective serotonin reuptake inhibitor.

MATERIAL AND METHOD

This project was submitted to the Animal Ethics
Committee of the Federal Rural University of Pernambuco.
Animals, pharmacological manipulations and experimental
design.
Newborn Wistar rats (Rattus norvegicus, var. albinus)
were randomly chosen to compose the following groups:
the control group (6 rats); the T1 group, treated with 5 mg/
Kg of fluoxetine chloride (6 rats); the T2 group treated with
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10 mg/Kg of fluoxetine chloride (6 rats); and the T3 group,
treated with 20 mg/Kg of fluoxetine chloride (6 rats). The
animals in the experimental groups stayed with their mothers
in individual cages, for 21 days, in a 12-h light-dark cycle,
with controlled humidity and temperature.
The treated groups were given daily intraperitoneal
injections of fluoxetine chloride according to body weight
as described elsewhere (Gandarias et al., 1999; Nowakowska
et al., 1997; Vega Matuszcyk et al.; Frank et al., 2000).
During the same period of time, the control group was given
sterilized deionized water, used as the diluent of fluoxetine
chloride solution. The treatment began on day one of life
and continued through day 21.
Data Collection and Samples. The animals were weighted
daily during the 21 days of the experiment, to record the
growth curve of body weight and to calculate the dosage of
fluoxetine chloride. At the end of the experiment, the rats
were heparinized (125UI/100g) and anesthetized with a
solution of 2% sodium thiopental (0,25ml/100g), by
intraperitoneal injection. After deep sedation, samples of
blood were collected by cardiac puncture, the serum removed and stored at -20ºC. The testis were removed, weighed,
cut into tissue fragments 2mm thick and preserved in 2.5%
glutaraldehyde, in a 0.01M pH 7.4 sodium phosphate buffer, for two hours, at 5° C.
The fragments were routinely processed for
embedding in glicol metacrilato. Fragments with a thickness
of 4 µm were routinely stained with toluidine blue for
histological analysis.
Testis Morphometry. The volume density of the components
of the parenchyma was estimated at 8820 points per animal,
using a micrometric reticule square with 441 point (Olympus)
coupled to an ocular with 10X magnification and a objective
with 40X magnification (400X final magnification). The
counts were performed using a BX51 Olympus optical
microscope. The volume of each testicular component,
expressed in mL, was estimated based on knowledge of the
percent of volume occupied by each of these components
and by the net weight of the testis, which was obtained by
subtracting the tunica albugínea weight; and since the
testicular density is known to be approximately 1.0, the
weight of the testis was considered to be equal to its volume
(França & Cardoso, 1998; França & Russel, 1998). The average diameter of 30 cross sections of round sex cord/
seminiferous tubule per animal, was obtained utilizing a linear reticule micrometer (U-OCMSQ10/10, Olympus)
coupled to an ocular with 10X magnification and a objective
with 10X magnification (100X final magnification). In the
same cross sections used to measure the tubular diameter,

SILVA, J. V. A.; LINS, A. M. J. A. A.; AMORIM, J. A. A.; PINTO, C. F.; DEIRÓ, T. B. J.; OLIVEIRA, J. R. M.; PEIXOTO, C. A. & MANHÃES-DE-CASTRO, R. Neonatal administration of
fluoxetine decreased final sertoli cell number in Wistar rats. Int. J. Morphol., 26(1):51-62, 2008.

the height of the seminiferous epithelium was taken from
the membrane base to the tubular lumen. The height of the
epithelium in each tubule represents the average of the
diametrically opposite measurements. The counts were
performed using a BX51 Olympus optical microscope using
a digital hemocytometric cell counter (Leucotron T-P).
The total length of seminiferous tubules (LST) per
testis, expressed in meters, was estimated based on the
tubules seminiferous volume (TSV) in the testis and the average area of tubules obtained from each animal, according
to the following formula: LST=TSV/πR2 (Attal & Courot,
1963; Dorst e Sajonski, 1974).
Cell counting. The estimate of the different types of cells
that compose the epithelial seminiferous tubule, was made
by counting the nuclei of the germ cells and the nuclei of the
Sertoli cells. A minimum of 10 cross sections of sex cords/
seminiferous tubules were measured in each sample. The
following types of nuclei were found: spermatogonia A,
spermatogonia B, spermatocytes I and Sertoli cells. To
measure nuclear diameter average of Sertoli and
spermatogonia A cells the following formula was applied:

FSH plasma levels. The FSH plasma levels were obtained
by means of radioimmunoassays (RIAs) in the solid phase,
using commercial kits provided by Diagnostic Systems
Laboratories (Webster, Texas, USA). After determining the
standard curve of the control group, an aliquot of 100 µL of
blood serum was placed in each duplicate test tube and solution
to which 100mL anti-FSH (I-125) reagent was added.
This mixture was agitated for 2 seconds and
incubated at 37ºC, for 60 minutes. After this step, the tubes
were decanted. Radioactivity was measured by a gamma
counter attached to a computer, and the final calculation
was expressed in mIU/mL of plasma for FSH. The standard curve was established with doses of FSH varying from
0.0 to 450 mIU/mL.
Statistical analysis. The biometric, histometric and hormonal data were expressed as mean ± standard deviation.
These results were submitted to variance analysis
(ANOVA), and the Tukey test was performed between
groups. The significance level adopted in the statistical tests
was P<0.05.

RESULTS

Medium diameter = length diameter + width diameter
2

The counts obtained were corrected according to the
nuclear diameter (ND) and the thickness of the histological
fragments following the formula:
Corrected number = counting X width section/width section + √ (ND/2)2 - (ND/4)2

(Abercrombie, 1946; Amann & Almquist, 1962).

The number of germ cells and Sertoli cells was
obtained from the corrected number of these cells per cross
section of the sex cord/seminiferous tubules and the total of
sex cord/ seminiferous tubules per testis (Hochereu De Reviers
& Lincoln, 1978), according to the following formula:
Number of Sertoli or germ cells per testis = Seminiferous
tubules total length (mm) X corrected number of Sertoli cell
per cross section/section width (µm).

Morphometric date. At the end of the experiment, the
animals treated with different doses of fluoxetine chloride
showed a reduction in body and testis weight in comparison
with the control group (Table I). However, the
gonadosomatic index, which characterizes the percent of
body mass located in the testis, did not show any differences
among the treated groups (Table I). According to the
development curve recorded during the 21 day-period after
birth, the animals in the treated groups showed a reduction
of body weight during the period of treatment compared to
the animals in the control group (Fig. 1).
Table II shows volume data of testis (net weight),
seminiferous tubule, seminiferous epithelium, lumen, tunica
propria, lymphatic space, Leydig cell and blood vessels of
the experimental and control groups.

Table I. Biometric parameters of the Wistar rat control group and groups treated with different doses of fluoxetine from birth
to the 21st day post-natal. Values are the mean ± SEM; six animals per group. Different letters above the bars denote a
statistically significant difference between groups (P<0.05)

Parameters
Body weight (g)
Testicular weight (g)
Gonadosomatic index
(%)

Control
(n=6)
53.5 ± 4.37a
0.140 ± 0.01a
0.26 ± 0.03

Experimental groups
T1 (5mg/kg)
T2 (10mg/kg)
(n=6)
(n=6)
43.9 ± 6.05b
39.8 ± 3.56b
0.100 ± 0.01b
0.101 ± 0.01b
0.23 ± 0.03

0.27 ± 0.05

T3 (20mg/kg)
(n=6)
40.2 ± 4.64b
0.094 ± 0.01b
0.23 ± 0.02
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Fig. 1. Body weight from the 1st to 21st day of life of suckling rats in the control group and groups
treated with and groups treated with 5 mg/Kg (T1), 10 mg/Kg (T2) and 20 mg/Kg (T3) of
fluoxetine recorded on the 21st day post-natal of fluoxetine during the experimental period.

Biometric parameters of the testis such as net weight
of the testis, volume of the sex cords/seminiferous tubule,
seminiferous epithelium and total length of seminiferous
tubules showed a reduction in the groups treated with
fluoxetine compared to the control group animals.
Conversely, the lumen of seminiferous tubule volume was
reduced only in the group treated with the highest dose of
fluoxetine chloride. The volume of the testicular
parenchyma allocated in tunica propria was lower in rats

treated with 5 and 10 mg/Kg of fluoxetine, but this reduction
in volume was not significant among those treated with the
highest dose of antidepressant. The total volume of Leydig
cells showed no significant differences between the experimental and control groups. However, between animals
treated with the greatest dosages (10 and 20mg/Kg) there
is a difference significant in the Leydig cell volume. The
other volume parameters analyzed showed similarities
among the groups.

Table II. Volume of testis components (mL) of the Wistar rat control group and groups treated with different doses of fluoxetine from
birth to the 21st day post-natal. Values are the mean ± SEM; six animals per group. Different letters above the bars denote a statistically
significant difference between groups (P<0.05) ).1Exclude 9.2% of testis capsule.
Experimental groups
Parameters
Testis volume1
Seminiferous tubule volume
Seminiferous epithelium
Lumen

Control
(n=6)
126.7 ± 10.0a

T1 (5mg/kg)
(n=6)
90.7 ± 9.3b

T2 (10mg/kg)
(n=6)
91.8 ± 13.5b

T3 (20mg/kg)
(n=6)
85.0 ± 9.5b

109.5 ± 3.8a

72.5 ± 2.7b

74.8 ± 2.0b

69.6 ± 10.3b

95.4 ± 5.3a

64.9 ± 2.8b

66.9 ± 0.7b

58.5 ± 17.9b

9.2 ± 5.9a

4.6 ± 2.2ab

4.3 ± 2.0ab

7.0 ± 7.0b

Tunica propria

4.9 ± 1.0a

3.0 ± 0.5b

3.6 ± 1.0bc

4.4 ± 0.8ac

Leydig cell

3.0 ± 0.8ab

2.4 ± 0.5ac

2.1 ± 0.3a

3.4 ± 1.3bc

Connective cells

1.2 ± 0.4a

0.8 ± 0.2a

0.7 ± 0.4a

1.1 ± 0.5a

Blood vessel
Lymphatic space
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2.3 ± 1.3a

2.3 ± 0.9a

1.2 ± 0.4a

2.6 ± 3.6a

14.0 ± 3.0a

12.0 ± 3.0a

11.2 ± 1.8a

11.5 ± 2.3a
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In regard to the cell population of sex cord/
seminiferous tubule per cross sections, there was a decrease
in the number of Sertoli cells, only among animals treated
with 10mg/Kg of fluoxetine, compared to those treated with
5mg/Kg. A reduction of 24%, 40%, and 44% in the number
of spermatogonia A was observed in cross sections of the
sex cords/seminiferous tubules in animals treated with 5,

10, and 20mg/Kg of fluoxetine, respectively (Table III). The
number of spermatogonia B cells showed no differences
between the experimental and control groups. However, there
was a gradual reduction (6-12%) in the number of these cells
observed in cross sections of groups treated with 10 and
20mg/Kg of fluoxetine, when compared to group that
received 5mg/Kg of fluoxetine (Table III).

Table III. Cell populations per cross section of the sex cords/seminiferous tubule of the Wistar rats in the control group and groups treated
with different doses of fluoxetine on the 21st day post-natal. Values are the mean ± SEM; six animals per group. Different letters above the
bars denote a statistically significant difference between groups (P<0.05).

Parameters

Control (n=6)
1.77 ± 0.67a
31.77 ± 2.83ab
20.58 ± 1.16abc
9.73 ± 2.62

Spermatogonia A
Spermatogonia B
Sertoli cell
Spermatocytes I

Experimental groups
T1 (5mg/kg) (n=6)
T2 (10mg/kg) (n=6)
1.35 ± 0.20ab
1.07 ± 0.15b
34.81 ± 3.81a
29.72 ± 2.85b
21.46 ± 2.33b
18.20 ± 1.64c
14.86 ± 8.59
11.15 ± 2.41

The structure of testis parenchyma in experimental
and control groups are shown at the Fig. 2. The control group
present a more defined tubular lumen of seminiferous tubules
after 21 days, when compared to the treated group,
confirming the results of lumen volume (µL) obtained. The
diameters of the sex cords/seminiferous tubules were not
affected by manipulation of the neonate’s serotoninergic
system using fluoxetine (Table IV). In regard to biometric
parameters, there was a significant reduction in the total
length of the seminiferous tubule among the animals treated
with varying doses of fluoxetine (Table IV). The treated
groups presented an impressive decrease in total number of
Sertoli cells per testis (Table IV). In addition, the population
of spermatogonia A per testis was reduced significantly

T3 (20mg/kg) (n=6)
1.0 ± 0.2b
27.72 ± 2.0b
20.52 ± 2.0abc
14.42 ± 5.2

directly proportional to the dose given (Table IV). Similarly,
the numbers of spermatogonia B among treated animals
showed the same tendency previously described for the
spermatogonia A population, showing a more drastic
reduction (40%) in animals treated with 20mg/Kg, whereas
groups treated with 5 and 10 mg/Kg showed reductions of
only 21 and 27%, respectively (Table IV). On the other hand,
no alterations were observed in the spermatocytes I of the
experimental groups when compared to the control ones.
FSH plasma levels. The serum levels of FSH were lower
in animals treated with fluoxetine, though only groups treated
with 5 and 10mg/Kg of fluoxetine showed significant
reduction compared to the control group (Fig. 3).

Table IV. Biometric parameters and cell population of testis of the Wistar rats in the control group and groups treated with different doses
of fluoxetine recorded on the 21st day post-natal. Values are the mean ± SEM; six animals per group. Different letters above the bars
denote a statistically significant difference between groups (P<0.05).
Experimental groups
Control (n=6)

Parameters
µm)
Seminiferous tubule diameter (µ
µm)
Epithelium height (µ
Sertoli cells/cr oss section of seminiferous tubule

T1 (5mg/kg) (n=6)

T2 (10mg/kg) (n=6)

T3 (20mg/kg) (n=6)

149.2 ± 8.0

145.8 ± 3.0

143.5 ± 11.4

141.3 ± 7.1

54.1 ± 6.6

50.3 ± 6.3

46.0 ± 6.4

51.3 ± 7.3

20.58 ± 1.16ac

21.47 ± 2.33ab

18.20 ± 1.64c

20.50 ± 2.00ac

Sertoli cells /testicle (x10 )

3.13 ± 0.21a

2.32 ± 0.13b

2.13 ± 0.27b

2.12 ± 0.19b

Spermatogonia A / testicle (x106)

2.78 ± 1.20a

1.52 ± 0.32b

1.27 ± 0.14b

1.0 ± 0.12b

7

Spermatogonia B / testicle (x10 )

48.67 ± 6.25a

38.33 ± 7.10b

35.10 ± 5.25bc

28.83 ± 3.13c

Spermatocytes I / testicle (x106 )

15.06 ± 5.10

15.83 ± 9.0

13.00 ± 2.53

14.83 ± 5.15

6

Total l ength of seminiferous tubule (m)

6.12 ± 0.50a

4.37 ± 0.39b

4.74 ± 0.65b

4.20 ± 0.52b
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Fig. 2. Testis parenchyma of control Wistar rats and groups treated with various doses of fluoxetine during the 20th first post natal days.
Fig. 2a. Control group. Seminiferous tubules on a transversal slice (TS) presenting define lumen, lymphatic space (LS) and Leydig cells
clusters (arrow) closer to seminiferous tubules.
Fig. 2b. Fluoxetine 5mg/Kg – Seminiferous tubules (ST) showing reduced lumen. Note B spermatogonia (arrow), closer to tunica propria,
and spermatocytes I limited by lumen (arrow). Lymphatic space (LS); Leydig cells (LC).
Fig. 2c. Fluoxetine 10mg/Kg – A reduction of the luminal space of seminiferous tubules (ST) is evident. Observe B spermatogonia
(arrowheads), and Sertoli cells (arrows) limited by B spermatogonia and spermatocytes I (cito I).
Fig. 2d. Fluoxetine 20mg/Kg – Seminiferous tubules (ST) with a striking lumen reduction. Observe several Sertoli cells (arrow) lined at
the base of the germinative epithelium. Spermatocytes I at the lumen of Seminiferous tubules (cito I). Note seminiferous tubules at the
inferior corner of the figure with similar cell arraysat presented at figure C. Spermatogonia B (arrowheads); Sertoli cells (S); Spermatocyte
I (arrow); Lymphatic space (LS); Leydig cells (LC).
Fig. 2e. Control group – Detail of the seminiferous epithelium. Spermatogonia A (arrows); Spermatogonia B (arrowheads); Sertoli cell
(S); Lymphatic space (LS); Leydig cells (LC).
Fig. 2f. Fluoxetine 5mg/Kg – Spermatogonias B at the basal compartment of germinative epithelium (arrowheads). Sertoli cells (S);
Spermatocytes I (arrow). Intertubule with blood vessels (BV), Leydig cells (LC). Mioid cells (CM).
Fig. 2g. Fluoxetine 10mg/Kg – Detail of the seminiferous tubules (ST) and intertubular space. Sertoli cells (S); spermatogonia B
(arrowheads); blood vessels (BV); Leydig cells; Lymphatic space (LS).
Fig. 2h. Fluoxetine 20mg/Kg – Observe the presence of Sertoli cells at the germinative epithelium (S), spermatogonia A (arrow) and B
(arrowheads). Note tubular lumen closer to primary spermatocytes (cito I).

Fig. 3. FSH levels (mIU/mL) of
rats in the control group and groups
treated with 5 mg/Kg (T1), 10 mg/
Kg (T2) and 20 mg/Kg (T3) of
fluoxetine recorded on the 21st day
post-natal. Values are the mean ±
SEM; six animals per group.
Different letters above the bars denote a statistically significant
difference between the groups
(P<0.05).

DISCUSSION

The present study demonstrated that chronic
administration of fluoxetine reduces the body weight and
presents harmful effects to the testicular development.
Previous studies showed that the use of citalopram
and fluoxetine, administered subcutaneously during the first
21 postnatal days induced reduction of weight gain curve in
rats (Deiró et al.; Mendes da Silva et al.). This effect can be
attributed to the inhibitory action of the serotonin on the

alimentary ingestion (Simansky, 1996). These SSRIs seem
to increase availability of the serotonin in the synaptic cleft
in level of SNC, which would explain the reducer effect of
hunger and alimentary ingestion in humans and the
hypophagia in rats (Macguirk & Siloverstone, 1990;
Nowakowska et al.; Wong et al., 1988). Furthermore, there
is also reduction in the height of the intestinal villosity caused
by the neonatal administration of SSRI. (Morrison et al.,
2005). Thus, the reduction weight gain curve can also be
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related to decrease of intestinal absorption, provoking a
reduction of essential nutrients.
On the other hand, according to Morrison et al., the
prenatal use of fluoxetine in sheep causes acute increase of
plasmatic 5-HT levels, reducing uterine blood flow and then
decreasing the availability of oxygen and nutrients, inducing
growth reduction and/or premature delivery. However, is
important to highlight that our study used fluoxetine
administration during the post-natal period in rats, which
development of the CNS, autonomous system as well as the
testis development is more evident during the suckling
period.
In human fluoxetine and its active metabolite,
norfluoxetine, show long elimination half-lives (1-3 days
and 7-15 days, respectively), suggesting risks for
accumulation into breast milk affecting especially infants.
Studies of pharmacokinetics of fluoxetine and norfluoxetine
in pregnancy and lactation demonstrated high concentrations
of these substances during the early postnatal period, which
decline gradually during the first 2 months of life (Heikkinen
et al., 2003). On the other hand, in rats the oral administration
of 5-20 mg/Kg of fluoxetine and norfluoxetine presented a
mean elimination of half-lives of 5 and 15 hours, respectively
(Caccia et al., 1990). Although the clearance of these
compounds is higher in rodents than humans, in the present
study we utilized the same dose of fluoxetine as described
elsewhere (Nowakowska et al.; Matuszcyk et al.; Gandarias
et al.; Frank et al.).
The testicular weight of the treated animals had an
average reduction of 32.5% when compared to the control
group; however, the most pronounced effect (36%) was
observed in the group treated with 20mg/Kg. In this
experiment, a reduction between 30 and 32% in the number
of Sertoli cells per testis was observed in the animals treated
with SSRI; which justifies the reduction of the testicular
weight in the same magnitude. Biometric parameters, such
as volume of the testis, volume of sex cords/seminiferous
tubule, seminiferous epithelium and total length of
seminiferous tubules that possess a direct correlation with
the number of Sertoli cells (França & Russel) had an average reduction of 30% in the animals treated with fluoxetine
during the critical period of the testicular development.
The testis presents fast growth during the fetal and
neonatal period; however each cellular population expands
in different phases influenced by different intra and extra
testicular factors. In rats, these periods are of great importance
for the establishment of the final size of the testis and of the
spermatic production in adult animals (Orth, 1993). The fetal period between the 18 th and 21th day of gestation
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corresponds to the period of larger expansion of the
population of Sertoli cells. This expansion gradually
decreases during the postnatal period until it ceases
completely between the 10 th and the 16 th day when a
population of 30.0 ± 2.5 million Sertoli cells per testis has
been established (Orth, 1982; Zhengwei et al., 1990). In this
phase of the testicular development, the Sertoli cells influence
the weight of the testis directly; therefore, any hormonal
imbalance or pharmacological interference can modify the
spermatogenic activity in the adult (Hess et al., 1993; ; Van
Haaster et al., 1993; Cooke, 1995; França, 1995). The
neonatal manipulation of the serotoninergic system, by
fluoxetine, caused retardation in testicular development that
can be characterized by the reduction of the populations of
Sertoli cells, spermatogonias A and B, as well as other
biometric parameters already mentioned previously. These
effects can be due to the elevation of the serotonin levels in
consequence of the selective inhibition of its reuptake
(Bansal-Rajbanshi & Mathur, 1985). Local application of
serotonin (5-HT) or fluoxetine in the nuclei accumbens and
arcuato promotes local liberation of b-endorphin,
demonstrating that the mechanism of action of SSRI and
tricyclic antidepressants involves the serotoninergic
modulation of the system of endogenous opioids (Zagen et
al., 2002). It is probable that the elevation of the serotonin
levels in the neonates might have altered the levels of opioid
peptides, mainly the one of b-endorphin in the hypothalamus
(Gilmore, 1995).
The FSH levels had an average reduction of 15% in
the groups T1 and T2 when compared to the control group
(Fig. 2). In the group T3, larger reduction of these serum
levels was expected, however only a slight reduction was
verified (8%). FSH is considered the principal mitogenic
factor responsible for the proliferation of the Sertoli cells;
however, other factors can modulate the proliferation of these
cells (França et al.). This modulation can be made by the
serotonin produced by the Leydig cells (autocrine action),
and/or other sources, including interstitial mast cells,
systemic sources, or nervous fibers in physiologic and
pathological states (Dufau et al., 1993). In this study, it likely
that the increase of the serotonin levels provoked by the
treatment with SSRI inhibited the proliferation of the Sertoli
cells. The activation of 5HT2 receptors in the Leydig cells
by serotonin provokes a cascade of autocrine events that
promote the intratesticular increase of corticotrophin
releasing hormone (CRH) and b-endorphin (Dufau et al.).
The latter, act as paracrine modulator of the proliferative
response of the Sertoli cells to FSH through the inhibition
of the connection of the FSH receptor with the adenylate
cyclase (Morris et al., 1987; Orth, 1986; Orth & Boehm,
1990). In addition, it is probable that serotonin acts directly
in the modulation of the proliferation of the Sertoli cells,

SILVA, J. V. A.; LINS, A. M. J. A. A.; AMORIM, J. A. A.; PINTO, C. F.; DEIRÓ, T. B. J.; OLIVEIRA, J. R. M.; PEIXOTO, C. A. & MANHÃES-DE-CASTRO, R. Neonatal administration of
fluoxetine decreased final sertoli cell number in Wistar rats. Int. J. Morphol., 26(1):51-62, 2008.

due to the fact that receptors were detected in these cells and
an increase in the mRNA expression was observed for these
receptors, in presence of this biogenic amine or agonists of
these serotoninergic receptors (Syed et al., 1999; Syed &
Hecht, 2001). On the other hand, the reduction of the
population of Sertoli cells, spermatogonias A and B, could
be a consequence of malnutrition caused by factors already
mentioned during the suckling period. In this condition,
depression occurs in the synthesis of the DNA of
spermatogonia and Sertoli cells (Bansal-Rajbanshi &

Mathur). In this experiment, the treatment with fluoxetine, a
drug commonly used in antidepressant therapies, interfered
in testicular maturation. The main consequence of the use of
antidepressant therapies during the critical period of testicular
development is that, due to the reduction of the population
of Sertoli cells, reduction of the spermatic production in adult
individuals becomes probable because the number of Sertoli
cells established during the prepubertal period determines
the final testis size and the number of sperm produced in the
sexually mature animal (Frank et al.).
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Int. J. Morphol., 26(1):51-62, 2008.
RESUMEN: La propósito del presente estudio fue probar la hipótesis que el uso de fluoxetina - un inhibidor altamente selectivo
de la serotonina (SSRI) - induce cambios en el desarrollo testicular de ratas durante el período de amamantamiento. Los grupos de ratas
macho recién nacidas fueron asignados aleatoriamente con diversas dosis del fluoxetina, 24 horas después del nacimiento. Cada cría
permanecía con su madre respectiva durante 21 días. El peso corporal (BW) fue medido diariamente desde el 21día 1 al 21, para calcular
la dosis diarias del fluoxetina. 5 mg (T1), 10 mg (T2) y 20 (T3) o agua desionizada fueron inyectados intraperitonealmente. En el día 21,
los animales fueron tratados con heparina, anestesiados y la sangre fue recogida por punción cardiaca para determinar por
radioinmunoanálisis los niveles de la hormona folículo-estimulante (FSH). Los testículos fueron retirados, pesados y procesados para el
análisis morfométrico. Los grupos trtados con fluoxetina presentaron disminución del tamaño y peso testiculares, en comparación con el
grupo control día 21. Los resultados demuestran que la manipulación del sistema serotoninérgico con fluoxetina durante el período crítico
del desarrollo testicular, altera la población de células de Sertoli y todos los parámetros testiculares relacionados con este tipo celular.
PALABRAS CLAVE: Fluoxetina; Desarrollo testicular; Células de Sertoli; Ratas Wistar.
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