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                                      Long-term Eff ects of Perinatal Androgenization 
on Reproductive Parameters of Male Rat Off spring 
Androgenization and Male Rat Reproduction

  Structural and/or functional reproductive defi -
ciencies subsequent to male neonatal androgen 
administration have been reported previously 
  [ 10 ]  . These detrimental eff ects include not only 
reduced testicular, prostate and seminal gland 
weights but also impairment of sexual activity. 
Although some studies demonstrated that andro-
genized male rats presented alterations in hor-
mone levels   [ 11 ]  , others showed no variations in 
this parameter   [ 12 ]  .
  Based on the previous evidences that early excess 
exposure to androgen may cause alterations in 
the sexual development of male rats, the present 
study aimed to evaluate the exposure of preg-
nant and lactating female rats to a low dose of 
testosterone propionate (TP) and assesses the 
possible long-term eff ects on sexual parameters 
of the androgenized male off spring.
  Besides sex organ weights, fertility and sexual 
behavior, commonly evaluated on previous stud-
ies, our experiment includes a more complete 
assessment of male reproductive function by 
measuring sperm quality, testicular and epididy-
mal histology and hormone assays, and a diff er-
ent window of exposure. The exposure period 
coincides with the critical window of reproduc-
tive system development, which continues after 

        Introduction
 ▼
   It is known that the presence of androgens dur-
ing sex diff erentiation is critical for the determi-
nation of the male phenotype   [ 1 ]  . In males, 
testosterone secreted by fetal and neonatal testis 
  [ 2 ]   reaches 2 important peaks: fi rst between ges-
tational day (GD) 18–19   [ 3 ]   and again during the 
fi rst hours after birth   [ 4 ]  . These surges have been 
shown to be important for sexual diff erentiation, 
resulting in male-typical sexual behavior in 
adulthood, establishment of gonadotropin secre-
tion patterns, and also for various morphological 
indices   [ 5 ]  .
  Several researchers reported that although testo-
sterone is necessary for normal development of 
male sexual behavior, perinatal androgen treat-
ment of an intact male results in disruption of nor-
mal male sexual reproduction   [ 6   ,  7 ]  . In humans and 
rodents, exposure to hormonally active chemicals 
during sex diff erentiation can produce a wide range 
of abnormal sexual phenotypes   [ 8 ]  . Among con-
taminant substances, preliminary studies have 
focused only on environmental estrogens, but there 
is a growing awareness that androgenic chemicals 
are widespread in the environment   [ 9 ]  .
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                                      Abstract
 ▼
   It is known that during sex diff erentiation, fetal 
androgens are critical determinants of the male 
phenotype. Although testosterone is necessary 
for normal development of male sexual behav-
ior, perinatal androgen treatment can result in 
disruption of normal male sexual reproduction. 
Pregnant Wistar rats were administered either 
corn oil (vehicle) or testosterone propionate at 
0.2 mg/kg from gestational day 12 until the end 
of lactation and the reproductive function of 
male off spring was evaluated at 90 (adulthood) 

and 270 (middle age) days of age. Perinatal 
androgenization in the rat provoked a reduction 
in sperm production and reserves in adulthood 
that did not aff ect fertility and did not persist at 
more advanced ages, as shown by the results at 
post-natal day 270. If perinatal androgenization 
promotes similar eff ects in humans of repro-
ductive age, the results of the present work 
can impact male reproduction health, given the 
less effi  cient spermatogenesis and lower sperm 
reserves in the human epididymis, compared to 
rodents.
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birth   [ 13 ]  . During the developmental period, fetuses presented 
an incomplete machinery of DNA repair, lack of detoxifi cation 
enzymes, primitive hepatic metabolism and high sensitivity to 
epigenetic alterations   [ 14 ]  . These facts generate in the fetuses a 
higher susceptibility to the action of environmental chemicals 
  [ 15 ]  .

    Materials and Methods
 ▼
    Animals and androgen exposure
  Adult female (60 days of age) and male (90 days of age) Wistar 
rats were supplied by the Central Biotherium of the State Uni-
versity of São Paulo (UNESP). Two nongravid female rats were 
mated with one male and the day of sperm detection in the vag-
inal smear was considered gestational day – GD 0. The experi-
mental protocol followed the Ethical Principles in Animal 
Research of the Brazil College of Animal Experimentation and 
was approved by the Institute of Biosciences/UNESP Ethics Com-
mittee for Animal Experimentation (Protocol no. 104/2009-
CEEA).
  Pregnant rats (n = 16) were randomly allocated into 2 experi-
mental groups: exposed group (TP-exposed, n = 8) that received 
testosterone propionate (TP- DEG Ltd., CAS 57-85-2, 97 % of 
purity) at the dose of 0.2 mg/kg, subcutaneously (s.c.), from GD 
12 until post-natal day (PND) 21, and control group (n = 8) that 
received corn oil (vehicle), following the same experimental 
protocol. Based on this experimental design, male pups were 
exposed to TP via placenta (during intrauterine period) and 
through milk (after birth). The period of the treatment coincided 
with the critical period of reproductive system development, 
which continues after birth   [ 13 ]  . TP was already used previously 
as an androgenic disruptor   [ 6   ,  16      – 18 ]   and it provides a model of 
base testing studies for environmental androgens   [ 17 ]  .
  At PND 1 litters were weighed and reduced to 8   [ 19 ]   and after the 
last day of maternal TP exposure, male pups were weaned and 
maintained until adulthood to perform the assessment of repro-
ductive endpoints, described below. All the procedures were per-
formed at 90 (adulthood) and 270 (middle age) days of age.

    Organ collection
  Male rats (n = 8, one per litter) were weighed, euthanized by CO 2  
inhalation followed by decapitation, between 8:00 and 10:00 
AM. The right testis and epididymis, left vas deferens, ventral 
prostate, seminal gland (without the coagulating gland and full 
of secretion), and pituitary were collected, trimmed free of fat 
and weighed on a precision balance. Liver and kidneys – detoxi-
fying organs – were also weighed.

    Histological evaluation and sertoli cell numbers
  The left testis and epididymis were fi xed in Alfac solution (85 % 
of which was composed of 80 % alcohol, 10 % of formaldehyde, 
and 5 % of glacial acetic acid) and processed for histological anal-
ysis. Organs were examined by light microscopy following spe-
cifi c guidelines for toxicological studies   [ 20 ]  . The numbers of 
Sertoli cell nuclei were counted in 20 cross-sections of seminif-
erous tubules per rat (  [ 19 ]  ; with modifi cations).

    Hormonal analysis
  After decapitation, trunk blood was collected and allowed to clot 
(4 °C). Serum was collected after centrifugation (4 °C, 20 min at 
2 400 rpm) and stored at  − 20 °C until analysis. Serum follicle-

stimulating hormone (FSH), luteinizing hormone (LH), estrogen, 
progesterone, and testosterone concentrations were measured 
using a double-antibody radioimmunoassay (RIA) kit (National 
Institute of Arthritis, Diabetes and Kidney Diseases NIADDK, 
USA). All the samples were analyzed in the same assay to avoid 
inter-assay variability.

    Sperm motility and morphology
  Sperm motility was analyzed as described by Perobelli et al.   [ 21 ]   
on spermatozoa collected from the right vas deferens. With the 
aid of a syringe and needle, sperm were recovered from the left 
vas deferens by fl ushing with 1.0 ml of saline formol. To morpho-
logical analysis, 200 spermatozoa per animal were analyzed in a 
phase-contrast microscope   [ 22 ]  . Morphological abnormalities 
were classifi ed into head and tail morphology   [ 23 ]  . Sperm were 
also classifi ed as to the presence or absence of the cytoplasmic 
droplet.

    Daily sperm production per testis, sperm number, and 
transit time in the epididymis
  Homogenization-resistant testicular spermatids (stage 19 of 
spermiogenesis) in the testis and spermatozoa in the caput/cor-
pus and cauda epididymis were counted as described previously 
  [ 24 ]  . To calculate the daily sperm production (DSP), the number 
of spermatids at stage 19 was divided by 6.1 days, which is the 
duration of the seminiferous cycle when these spermatids are 
present in the seminiferous epithelium. The sperm transit time 
through the epididymis was determined by dividing the number 
of sperm in each portion by the DSP.

    Sexual behavior and natural mating
  Male rats (1 or 2 per litter) were placed individually with one 
sexually receptive adult female rat and the following parameters 
were observed for 40 min: latency to the fi rst mount, intromis-
sion, and ejaculation; number of intromissions until the fi rst 
ejaculation; latency of the fi rst post-ejaculatory intromission; 
number of post-ejaculatory intromissions; and total number of 
ejaculations   [ 25   ,  26 ]  . Males that did not mount in the initial 
10 min were considered sexually inactive   [ 27 ]  . After completing 
the sexual behavior evaluation, paired animals were kept 
together for an additional 4 h. After this period, males and 
females were separated and vaginal smears collected to confi rm 
that mating had occurred and to determine the GD 0.

    Fertility test
  Twenty days after mating (GD 20), naturally inseminated females 
were killed by CO 2  inhalation followed by decapitation. After 
collection of the uterus and ovaries, the numbers of corpora 
lutea, implants, reabsorptions, and live and dead fetuses were 
determined. From these results the following parameters were 
calculated: fertility potential (effi  ciency of implantation): 
implantation sites/corpora lutea × 100; rate of pre-implantation 
loss: [number of corpora lutea – number of implantations/
number of corpora lutea] × 100; and rate of post-implantation 
loss: (number of implantations – number of live fetuses)/number 
of implantations × 100   [ 28 ]  .

    Statistical analysis
  According to the characteristics of each variable, parametric Stu-
dent’s  t -test (mean ± S.E.M.) or nonparametric Mann-Whitney 
test [median (Q 1 –Q 3 )] was used. Diff erences were considered 
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signifi cant when p < 0.05. The statistical analyses were per-
formed by GraphPad InStat (version 3.02).

     Results
 ▼
   At PND 90, the exposure to TP provoked a diminution of body 
weight that was refl ected in low weights of the testis, ventral 
prostate, pituitary and kidneys. In relation to the epididymis and 
liver, the male off spring from the TP-exposed group showed a 
signifi cant decrease in absolute and relative weights. On the 
other hand, at PND 270, all the alterations found previously were 
no longer detectable (     ●  ▶     Table 1  ).
     Histopathology revealed that qualitative analysis of the epidi-
dymis and qualitative/quantitative evaluation of the testis were 
similar between experimental groups (data not shown). Fur-
thermore, the numbers of Sertoli cell nuclei, at both tested ages, 
did not diff er between experimental groups (     ●  ▶     Fig. 1  ). However, 
epithelial vacuoles were found in the cauda epididymis of older 
animals (PND 270) from both experimental groups (69 % of con-
trol group and 62 % of TP-exposed group), but not in 90-day-old 
animals (     ●  ▶     Fig. 2  ).
    Analysis of hormonal status from male off spring at PND 90 
revealed alterations in the serum levels of FSH and progesterone, 
which were found to be elevated and diminished, respectively. 
Again, these changes were not detected in the 270-day-old ani-

mals (     ●  ▶     Fig. 3  ). At 90 and 270 days of age, the levels of estrogen, 
LH, and testosterone were similar between experimental groups.
   TP exposure caused a signifi cant decrease in type C sperm at 
PND 270, but this alteration was not accompanied by any distur-
bance in other categories in the sperm motility evaluation. 
Sperm morphology analysis revealed similar percentages of nor-
mal and abnormal sperm between experimental groups whereas 
the cytoplasmic droplet was present in the majority of sperma-
tozoa in both the control and TP-exposed groups (     ●  ▶     Table 2  ).
     The evaluation of sperm counts in the testis demonstrated that 
the number of mature testicular spermatids and DSP were 
diminished at PND 90. The sperm number in the cauda 
epididymis/g from TP-exposed group at PND 90 was signifi -
cantly reduced when compared to controls. However, the sperm 
counts in the testis and epididymis at PND 270 were similar 
between experimental groups (     ●  ▶     Table 2  ).
  TP exposure was not able to impair the evaluated parameters in 
the sexual behavior test at either tested ages (     ●  ▶     Table 3  ). Follow-
ing the sexual performance assessment, the fertility test was 
performed in order to analyze the ability of androgenized male 
off spring to produce decedents, an endpoint also unaltered by 
perinatal androgenization (     ●  ▶     Table 3  ).

       Discussion
 ▼
   In rodents, the critical period of sexual diff erentiation begins in 
the last gestational phase and continues until the fi rst week of 
post-natal life   [ 29 ]   and this event is determined by circulating 
levels of androgens during this specifi c period   [ 30 ]  . Androgen is 
aromatized in the brain into estradiol and is responsible for 
causing signifi cant sexual dimorphism, which determines endo-
crine patterns and male behavior   [ 31 ]  .
  Typically, chemicals that adversely aff ect human sex diff erentia-
tion also produce predictable alterations of this process in 
rodents   [ 32 ]  . Some compounds, known as endocrine disruptors, 
when administered to pregnant females and/or neonates may 
interfere with hypothalamic sexual diff erentiation of off spring 
  [ 33 ]  .
  There is a lack of agreement in the literature regarding the eff ect 
of androgenization on the reproductive function of male rats. 
Some researchers have reported reduced sexual behavior and 

 

  Parameters    PND 90 (n = 8 animals/group)    PND 270 (n = 8 animals/group)  

    Control    TP-treated    Control    TP-Treated  

  Body weight (g)    386.38 ± 13.72    286.63 ± 11.85*    503.97 ± 22.98    452.19 ± 23.21  
  Testis (g)    1.56 ± 0.03    1.23 ± 0.05*    1.67 ± 0.04    1.53 ± 0.06  
  Testis (g)/100 g    0.41 ± 0.01    0.43 ± 0.01    0.34 ± 0.02    0.34 ± 0.01  
  Epididymis (mg)    518.18 ± 11.64    423.00 ± 12.78*    672.27 ± 14.04    639.37 ± 27.63  
  Epididymis (mg)/100 g    135.17 ± 4.52    148.34 ± 3.73*    135.70 ± 5.74    142.53 ± 4.98  
  Ventral prostate (mg)    386.40 ± 13.68    291.25 ± 23.24*    501.68 ± 37.57    514.70 ± 58.51  
  Ventral prostate (mg)/100 g    101.58 ± 6.34    102.15 ± 7.65    99.99 ± 6.91    116.78 ± 14.79  
  Full seminal gland (g)    1.18 ± 0.05    1.06 ± 0.07    1.54 ± 0.09    1.60 ± 0.12  
  Vas deferens (mg)    81.06 ± 4.23    70.79 ± 4.09    111.67 ± 3.50    99.62 ± 4.25  
  Vas deferens (mg)/100 g    21.03 ± 0.95    24.88 ± 1.46    22.69 ± 1.38    22.52 ± 1.75*  
  Pituitary (mg)    9.76 ± 0.49    7.89 ± 0.35*    9.29 ± 0.91    15.16 ± 4.54  
  Pituitary (mg)/100 g    2.53 ± 0.10    2.76 ± 0.11    1.83 ± 0.13    3.30 ± 0.92  
  Kidneys (g)    2.63 ± 0.10    1.95 ± 0.08*    3.25 ± 0.14    2.74 ± 0.15  
  Kidneys (g)/100 g    0.68 ± 0.02    0.68 ± 0.01    0.65 ± 0.02    0.60 ± 0.01  
  Liver (g)    11.90 ± 0.41    10.11 ± 0.38*    14.44 ± 0.59    12.56 ± 0.78  
  Liver (g)/100 g    3.09 ± 0.05    3.54 ± 0.07*    2.88 ± 0.08    2.77 ± 0.07  
 Values are expressed as mean ± S.E.M. Student’s  t -test. *p < 0.05 

 Table 1    Body and organ 
weights of male off spring (PND 
90 and 270) from control and 
TP-exposed groups.

    Fig. 1    Number of Sertoli cell nuclei of male off spring from control 
and TP-exposed groups (n = 8 animals/group). Values are expressed as 
mean ± S.E.M. Student’s  t -test. 
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fertility   [ 7   ,  18 ]  , whereas others found an absence of such altera-
tions   [ 17   ,  34 ]  . The results presented in this experiment revealed 
impairment refl ected in diminished weights of body and sex 
organs, hormone levels and sperm reserve at PND 90. These 
alterations, however, were not suffi  cient to alter the sexual 
behavior pattern or the capacity to produce decedents by natu-
ral mating.
  Signifi cant changes in absolute or relative male reproductive 
organ weights may constitute an adverse reproductive eff ect 
  [ 26 ]  . Wolf et al.   [ 17 ]   demonstrated that male body and repro-
ductive organ weights were not aff ected by  in utero  TP adminis-
tration. Contrary to these results, earlier experiments revealed 
that androgenized male rats presented smaller testes and sex 
accessory glands   [ 7   ,  35 ]  . In our experiment, the alteration in 
body weight at PND 90 may explain the low testicular, ventral 
prostate, kidney, and pituitary weights, but this fact was not 

responsible for the smaller epididymis and liver, since these 
organs were signifi cantly decreased even when relative weights 
were compared to the control group. By PND 270 these param-
eters had all recovered.
  Previous studies showed that such gonadotropic hormones as 
FSH, LH, prolactin, and androgens were not altered by neonatal 
testosterone exposure   [ 7 ]  , but on the other hand, Rajfer and Cof-
fey   [ 35 ]  , Henley et al.   [ 18 ]   and, most recently, Cruz et al.   [ 36 ]   
demonstrated lower levels of circulating androgens as a result of 
neonatal androgenization. In the present work, maternal TP 
administration did not alter testosterone levels, but provoked a 
reduction in progesterone levels and increase in FSH levels in the 
male off spring at 90 days, but not at 270.
  FSH infl uences Sertoli secretion of inhibin, the major factor 
responsible for negative feedback of FSH release   [ 37 ]  . The sig-
nifi cant increase in this hormone in 90-days-old TP-treated rats 
may suggest a dysfunction in these cells, despite normal testicu-
lar histology and Sertoli cell nuclei counts. Besides normal pitui-
tary weight between experimental groups, we cannot also rule 
out the possibility of hypothalamus or pituitary dysfunction. 
More studies should be performed to characterize which cell 
type function is compromised by early androgenization.
  Progesterone, which is secreted mainly by the adrenals in males, 
may play an important role in the normal expression of andro-
gen-dependent sexual behavior in male mammals   [ 38 ]  . Thus, 
the decrease in progesterone levels in the current study may be 
due to a late functional alteration in the adrenal gland after early 
androgenization   [ 39 ]  . Androgen receptors have been character-
ized in the rat adrenal gland   [ 40 ]   and previous studies reported 
that neonatal sex hormones are responsible for organizational 
eff ects on the hypothalamic-pituitary-adrenal axis of male rats 
  [ 41 ]  . A more specifi c and profound evaluation should be per-
formed in order to elucidate adrenal injury after perinatal TP 
exposure.
  In aging experiments, Serre and Robaire   [ 42 ]   demonstrated the 
emergence of a localized region of the epididymal epithelium 
with large clear vacuoles in Brown Norway rats at 18 months of 
age, pointing to a signal of aging specifi c to the epididymis. In 
the present work, the vacuoles found in the cauda epididymis of 
the Wistar rats, at PND 270, in both experimental groups may 
refl ect a degree of aging that accounts for our decision to charac-
terize them as middle-aged. However, this alteration did not 
impair sperm function.
  During most of their reproductive period, normal individuals 
present a uniform effi  ciency of sperm production. This effi  ciency 
is highly correlated with testicular weight and is infl uenced by 
age, environmental factors, hormonal status, and drugs   [ 43 ]  . 
Although our results showed, at PND 90, diminutions in testis 
weight, daily sperm production and in sperm reserves in the 
cauda epididymidis, the sperm production effi  ciency (number 
of sperm produced per day per gram of testicular parenchyma) 
was not altered by maternal TP treatment. These alterations did 
not persist on PND 270.
  There is a heightened public awareness regarding the possibility 
that semen quality might be declining in the human population 
due to environmental factors   [ 44 ]  . Perturbation of the testicular 
and epididymal biochemical environments may occur after 
chemical exposure, altering sperm properties   [ 26 ]  . In the present 
study, androgenized male rats showed no alterations in sperm 
morphology or motility, suggesting that in utero and lactational 
TP exposure did not aff ect spermatogenesis or the post-testicu-

    Fig. 2    Longitudinal sections of the epididymis from male rats from 
control and TP-exposed groups.  a – d  at PND 90 ( a  caput and  c  cauda of 
control group;  b  caput and  d  cauda of TP-exposed group);  e – h  at PND 270 
( e  caput and  g  cauda of control group;  f  caput and  h  cauda of TP-exposed 
group). Arrows: epithelial vacuoles; magnifi cation: 200 × ; staining:  h  &  e . 
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lar maturation process, a fi nding supported by the normal sperm 
transit time through the epididymis.
  In our present experiment, we observed an increased sperm 
transit time in the cauda epididymis at PND 270 when compared 
to 90 days-old animals; but despite this result, all experimental 
groups were able to fertilize female rats and generate decedents. 
Although previous research suggested that the delay in sperm 
transit through the cauda of epididymis diminishes their fertil-
ity potential   [ 45 ]  , others showed that the spermatozoa that 
underwent a delay in passage through the epididymis and were 
therefore stored for a longer period, had a normal fertility poten-
tial   [ 46 ]  .
  Previous work have shown that supra-physiological levels of tes-
tosterone would pose a great disadvantage to male rats for suc-
cessful mating   [ 7   ,  18 ]  . In the current experiment, maternal TP 
treatment did not impair sexual behavior of the male off spring. 
Moreover, the fertility test showed that early TP exposure did 
not aff ect the ability to produce off spring. Corroborating our 

results, Lumia et al.   [ 16 ]   and Cruz et al.   [ 36 ]   demonstrated that 
androgenized male off spring presented normal fertility and sex-
ual behavior.
  According to Zadina et al.   [ 6 ]  , reproductive impairment caused 
by TP administration is due to estradiol, as a result of testoster-
one conversion. However, Frick et al.   [ 47 ]   demonstrated that 
estradiol benzoate, when administered neonatally to male rats 
provoked diff erent results compared to TP exposure. Besides, 
Slob et al.   [ 48 ]   demonstrated that TP given to rat dam is metabo-
lized by the dam and placenta into other androgens, of which 
androsterone (that cannot be converted in estrogens) is the most 
abundant in the fetus, followed by 3α-androstanediol and epian-
drosterone. Based on this theory, we can assume that the repro-
ductive eff ects followed by TP exposure are caused by androgenic 
activity rather than estradiol conversion.
  We can conclude based on the present results, that although 
perinatal androgenization in the rat provokes a reduction in 
sperm production and reserves in adulthood, with no eff ects on 

  Table 2    Sperm counts, motility, and morphology of male off spring (PND 90 and 270) from control and TP-exposed groups. 

  Parameters    PND 90 (n = 8 animals/group)    PND 270 (n = 8 animals/group)  

    Control    TP-treated    Control    TP-treated  

   Sperm counts           
  Mature spermatid number ( × 10 6 /testis)    186.05 ± 4.93    147.25 ± 10.63*    185.74 ± 4.50    174.70 ± 11.46  
  Mature spermatid number ( × 10 6 /g testis)    153.40 ± 9.30    143.33 ± 7.40    134.72 ± 4.17    138.90 ± 9.48  
  Daily sperm production ( × 10 6 /testis/day)    30.50 ± 0.81    24.14 ± 1.74*    30.45 ± 0.73    28.64 ± 1.88  
  Relative daily sperm production ( × 10 6 /g testis/day)    25.15 ± 1.52    23.50 ± 1.21    22.09 ± 0.68    22.77 ± 1.55  
  Caput/corpus epididymis sperm number ( × 10 6 /organ)    105.82 ± 7.53    84.10 ± 11.08    124.16 ± 10.71    114.15 ± 13.24  
  Caput/corpus epididymis sperm number ( × 10 6 /g organ)    601.09 ± 47.84    586.09 ± 31.30    488.75 ± 19.44    481.41 ± 30.67  
  Sperm transit time in the caput/corpus epididymis (days)    3.51 ± 0.31    3.45 ± 0.31    4.08 ± 0.34    4.05 ± 0.46  
  Cauda epididymis sperm number ( × 10 6 /organ)    209.46 ± 13.95    176.84 ± 13.43    290.31 ± 16.93    238.96 ± 24.43  
  Cauda epididymis sperm number ( × 10 6 /g organ)    1776.90 ± 57.55    1 520.60 ± 81.94*    1 420.20 ± 75.38    1 425.60 ± 42.38  
  Sperm transit time in the cauda epididymis (days)    6.91 ± 0.51    7.41 ± 0.54    9.48 ± 0.38    8.48 ± 0.86  
   Sperm motility ( %)   a            
  Type A (motile, progressive)    83.00 (65.00–88.00)    77.00 (76.75–81.50)    86.00 (79.25–88.75)    83.00 (73.00–83.50)  
  Type B (motile, nonprogressive)    17.00 (12.00–25.00)    16.00 (12.00–19.25)    12.50 (8.50–18.25)    16.00 (15.00–20.00)  
  Type C (immotile)    3.00 (1.00–9.00)    5.00 (2.75–7.50)    3.50 (2.25–5.75)    2.00 (1.00–2.00)*  
   Sperm morphology ( %)   a            
  Normal shaped sperm    75.00 (70.00–76.00)    69.25 (65.00–72.75)    66.50 (64.50–68.25)    64.00 (62.00–66.00)  
  Sperm with cytoplasmic droplet    65.00 (63.50–66.00)    64.00 (60.25–66.12)    67.77 (66.75–74.00)    68.00 (66.75–69.50)  
 Values are expressed as mean ± S.E.M. Student’s  t -test. *p < 0.05 
  a  Values are expressed as median (Q 1 –Q 3 ). Mann-Whitney test. *p < 0.05 

    Fig. 3    Serum hormone levels of male rats from 
control and TP-exposed groups (n = 8 animals/
group) at both studied ages. Values are expressed 
as mean ± S.E.M. Student’s  t -test. *p < 0.05. 
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fertility, these eff ects do not persist at more advanced ages, as 
shown by the results at PND 270. Moreover, it is interesting to 
emphasize that although these animals present aging signs, 
their sperm and fertility parameters are comparable to those of 
PND 90 rats. If perinatal androgenization promotes similar 
eff ects in humans of reproductive age, the results of the present 
work can have an impact on male reproduction health, given the 
less effi  cient spermatogenesis and lower sperm reserves in the 
human epididymis, compared to rodents   [ 49 ]  .
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