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Summary 
 

 Effect of propylthiouracil (PTU)-induced hypothyroidism during the prepubertal period, at a dose of one 
g per kg of the diet, on serum testosterone level and seminal characteristics of Fars indigenous chickens was 
studied. PTU was fed between 7th to 13th weeks of age and semen was collected at weekly intervals, starting 
at 21st week of age and continued for seven weeks. The effect of PTU treatment on serum testosterone level 
and body weight was significant (P<0.05). The effect of age on all parameters, including body weight, semen 
volume, sperm motility, percentage of live sperm, sperm concentration, total number of live sperm, and 
serum testosterone and thyroxine (T4) levels was also significant (P<0.01). The interaction effect of PTU 
treatment and age on semen volume, sperm motility, and percentage of live sperm was not significant 
(P>0.05); but it was significant for body weight, sperm concentration, total number of live sperm, and serum 
testosterone and T4 levels (P<0.01). At weeks 11 and 13 of age, serum T4 concentration in PTU birds was 
significantly lower but serum testosterone level was higher than in the control group. Sperm concentration in 
PTU birds was generally higher than in the control group, although the differences between the two groups 
were significant at weeks 20, 23 and 24. The total number of live sperm produced by PTU birds at week 21 
of age was about 60% of the control group (P<0.01). A positive correlation (P<0.01) was found between 
testosterone level and body weight (r = 0.54 and 0.36 for the control and PTU groups, respectively). A small 
but significant positive correlation was found between T4 levels and body weight in the PTU group (r = 0.23; 
P<0.01), but not in the control group (P>0.05). The correlation between testosterone and T4 levels was not 
significant. Transient prepubertal PTU-induced hypothyroidism resulted in an increase in sperm 
concentration and production at certain stages after treatment, but the effect did not seem to last for a long 
period. The potential for increased efficiency associated with raising smaller birds which pass a neonatal 
hypothyroidism and eat less feed and produce normal semen, may be economical. 
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Introduction 
 

 Reproduction is under the influence of 
many factors one of them is optimal thyroid 
hormone level. Thyroid hormone seems to 
play an important role in testicular 
development in rats (Cooke, 1991) and 
studies have been done to investigate the 
relationship between gonads and thyroid in 
this species. Thyroidectomy brought about a 
decrease in testicular development, 
spermatogenic disorders, and sometimes 
reduced the libido in males (Jacquet et al., 
1993; Dickson, 1996). Thyroid hormone is 
said to be critical in triggering the onset of 

mesenchymal precursor cell differentiation 
into Leydig progenitor cells, and to regulate 
the duration of Sertoli cell proliferation, 
affecting adult Sertoli cell number and hence 
the capacity of the testis to produce sperm in 
rats (Mendis-Handagama and Ariyaratne, 
2001). Neonatal hypothyroidism in rats led 
to a prolongation of the period of Sertoli cell 
proliferation, giving rise to an increase in the 
number of Sertoli and germ cells, and 
concomitant increase in testis size, but 
opposite results were observed in 
hyperthyroidism (Buzzard et al., 2000). 
Fallah-Rad et al. (2001) reported that 
transient neonatal hypothyroidism, 
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decreased serum FSH concentrations 
temporarily, increased testosterone pulses 
and sperm production, and advanced puberty 
in Suffolk ram lambs. In poultry, 
thyroidectomy resulted in gonadal aplasia 
and considerable diminution in egg 
production in hens and testicular atrophy in 
cocks (Falconer, 1971). Siopes (1997) 
showed that PTU-induced hypothyroidism 
terminated the photorefractoriness and 
reinitiated lay in turkey breeder hens. 
Jacquet et al. (1993) reported an inhibitory 
effect of large doses of thyroxine (T4) (5 
mg/kg diet) on reproductive function in 
broiler cockerels (Gallus domesticus) aged 
96 weeks. 

 The study of Kirby et al. (1996) in 
broiler breeder male chicks seems to be the 
only report of the effect of transient 
prepubertal hypothyroidism on testis 
development and function. They ad-
ministered propylthiouracil (PTU) between 
6 and 12 weeks of age and measured the 
blood testosterone level, testis weight at 
slaughter, testis histology, and daily sperm 
production based on measurements made on 
the testes which had been removed at 
slaughter. No information is available on the 
effect of transient prepubertal 
hypothyroidism on the characteristics of the 
semen after puberty in cockerels. More 
studies are needed before a firm conclusion 
can be made with regard to the effect of 
thyroid gland on puberty in male poultry and 
on the seminal quality after puberty. 
Therefore, the present study was carried out 
to investigate the effect of transient 
prepubertal PTU treatment on serum 
testosterone level and seminal characteristics 
of Fars indigenous chickens. These are small 
birds which have not been genetically 
selected for any production traits. 
 
Materials and Methods 
 

 Forty 6-week-old indigenous male 
chicks in Fars province, Iran were randomly 
assigned to two pens of 20 birds and covered 
with the litter materials. The lighting 
schedule was 14 hr-light:10 hr-darkness, and 
the house temperature was about 22°C 
during the experiment. One group received 
PTU and the other one served as the control. 

 PTU (Darou Pakhsh, Tehran) was 
administered at a dose of 1g per kg of the 
diet (as fed) for a 6-week period between 
weeks 7 and 13 of age. From 13th to 26th 
weeks of age, both groups were fed with the 
same diet without PTU. All birds received 
feed and water ad libitum throughout the 
experiment. Diets were formulated 
according to NRC (1994), using the UFFDA 
program for personal computers. Blood 
samples (1 ml) were drawn from the wing 
vein by using a 2.5 ml syringe, on seven 
occasions, starting at week 7 (before feeding 
PTU diet), and repeated once every two 
weeks until week 19. 

 Blood samples were centrifuged and the 
serum was separated and stored at -20°C 
until assayed for testosterone (T) and T4 by 
ELISA (Sauer et al., 1982). The intra- and 
inter-assay coefficients of variation (CV) 
were 5.32 and 5.1% for T4 (n = 80), and 8.7 
and 8.5% for testosterone (n = 10), 
respectively. Body weights were also 
measured before each blood sampling. 
Chicks were trained for semen collection for 
two weeks (weeks 19 to 20), by the massage 
method. Semen samples were collected from 
week 21 and repeated once a week for 7 
weeks, and semen volume, sperm motility (0 
to 5), sperm concentration and the 
percentage of live sperm (eosin-nigrosin 
staining) were determined (Donoghue and 
Wishart, 2000). 
 
Statistical analysis 

 Statistical analysis was performed by 
using the Proc Mixed of SAS (1996) for 
repeated measure data. The effects of 
treatment, age and treat by age interaction 
were included in a model in which a 
covariance structure known as 
autoregressive-1 (AR-1) was fitted. Body 
weight was included in the model as a 
covariate for analysis of variance, and the 
mean separation was done by Student-
Newman-Keuls (SNK) test (P<0.05). 
Pearson’s correlation coefficients were also 
calculated for some of the measurements. 
 
Results 
 
Body weight 

 Body  weight  was  significantly affected  
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Table 1: Effect of propylthiouracil (PTU) treatment and age on body weight, testosterone and 
thyroxine levels, and seminal characteristics of Fars indigenous chickens (mean±SE) 

 Group 
 

 
 P 

Control PTU  Treatment Age Interaction 
Body weight (g) 1343.0±41.9 1161.3±36.5  0.035 0.0001 0.001 
Thyroxine (nmol/L) 62.8±1.9 52.5±1.5  0.003 0.006 0.0008 
Testosterone (nmol/L) 0.51±0.04 0.67±0.04  NS 0.0001 0.0001 
Semen volume (ml) 0.56±0.03 0.51±0.02  NS 0.0004 NS 
Sperm concentration (×109/ml) 1.35±0.04 1.48±0.03  NS 0.0001 0.0004 
Percentage of live sperm 86.45±1.73 84.02±1.87  NS 0.0002 NS 
Sperm motility 4.10±0.10 4.21±0.08  NS 0.005 NS 
Total live sperm (×109) 0.68±0.04 0.63±0.04  NS 0.0007 0.007 

NS: Not significant (P>0.05); P: probability of significance of treatment effect 
 
by PTU treatment (P = 0.035) and age (P = 
0.0001). There was also a significant 
interaction (P = 0.001) between PTU and 
age (Table 1). The overall mean of body 
weight in PTU-treated birds was 1161 vs 
1343 g for the control group. There was a 
gradual increase in body weight of both 
groups from 7 to 19 weeks of age. From 
weeks 11 to 19, body weights of PTU birds 
were significantly lower than the control 
group; but body weights at weeks 7 and 9 
were not significantly different between the 
two groups. 
 
Serum thyroxine (T4) and testosterone 
(T) 

 There was a significant effect of PTU (P 
= 0.003), age (P = 0.006) and PTU × age 
interaction (P = 0.0008) on serum T4 
concentration (Table 1; Fig. 1). The overall 
mean of serum T4 concentration in PTU 
group was significantly lower (52.5 nmol/L) 
than the control (62.8 nmol/L) group. In the 
control birds, the highest T4 concentration 
was found at week 13 of age. Serum T4 
concentration in the PTU group was low at 
weeks 11 and 13 but increased gradually to 
values similar to those found at subsequent 
weeks. Serum T4 concentration of the PTU 
group was significantly lower at weeks 11 
(35.0 vs 59.5 nmol/L) and 13 (46.1 vs 74.5 
nmol/L) as compared with the control group. 
PTU treatment did not significantly affect 
serum T concentration, but there was a 
significant effect of age (P = 0.0001) and 
PTU × age interaction (P = 0.0001) on T 
level (Table 1; Fig. 2). Serum T 
concentrations were 0.51 and 0.67 nmol/L in 
the control and PTU groups, respectively. 

Serum T levels in the control group 
increased   gradually   from   week   7   (0.11  
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Fig. 1: Mean (±SE) serum thyroxine 
concentration (nmol/L) of the control and 
propylthiouracil (PTU)-treated male chicks. a, 
b: Within each curve, means with similar 
superscript(s) are not statistically different at 
p<0.05 (SNK test) and *: Significant difference 
(P<0.05) between the control and PTU-treated 
chicks for each week (t-test) 
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Fig. 2: Mean (±SE) serum testosterone 
concentration (nmol/L) of the control and 
propylthiouracil (PTU)-treated male chicks. a, 
b: Within each curve, means with similar 
superscript(s) are not statistically different at 
P<0.05 (SNK test) and *: Significant difference 
(P<0.05) between the control and PTU-treated 
chicks for each week (t-test) 
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nmol/L) to week 19 (1.33 nmol/L). In PTU 
birds, T levels increased from week 7 (0.20 
nmol/L) to week 13 (1.19 nmol/L), 
decreased significantly at week 15 (0.34 
nmol/L) and then increased to values (1.26 
nmol/L) observed at week 19. Serum T 
concentrations were significantly higher in 
the PTU group at weeks 11 (0.79 vs 0.33 
nmol/L) and 13 (1.19 vs 0.43 nmol/L) as 
compared with the control birds. 

 The correlation coefficients of 
testosterone concentration with body weight 
were 0.54 and 0.36 for the control and PTU 
groups, respectively (P<0.01). In the PTU 
group a significant and positive correlation 
was found between T4 levels and body 
weight (r = 0.23; P<0.01), while there was 
no significant correlation between these 
measurements in the control group. 
Furthermore, there was no significant 
correlation between testosterone and T4 
levels. 
 
Seminal characteristics 

 Semen volume was significantly 
affected (P = 0.0004) by age. The overall 
mean of semen volume in PTU birds was 
0.51 vs 0.56 ml in the control group 
(P>0.05). There was no interaction of age 
and PTU on semen volume (Table 1). 
Except for a small and significant decrease 
in semen volume at week 21, semen volume 
was between 0.5 and 0.6 ml at the other 
weeks of age. 

 There was no significant effect of PTU 
on sperm concentration, but the effects of 
age (P = 0.0001) and PTU × age interaction 
(P = 0.0004) were significant. The overall 
mean of sperm concentration in the PTU 
group was 1.48 vs 1.35 × 109 /ml for the 
control group. In the control birds, the 
highest sperm concentration was observed at 
weeks 21 and 22 of age, but in PTU birds it 
was found at week 20. At weeks 20, 23 and 
24, sperm concentrations of PTU birds were 
significantly greater than the control group 
(P<0.05). 

 Percentage of live sperm was not 
significantly affected by PTU treatment and 
PTU × age interaction, but varied 
significantly (P = 0.0002) according to the 
age. Similar trend was noted for sperm 
motility scores. The overall mean of 
percentage of live sperm in PTU birds was 

84.02 vs 86.45 in the control group. The 
average motility scores were 4.2 and 4.1 for 
PTU and control birds, respectively. The 
mean percentage of live sperm at weeks 20 
and 21 of age was about 80% as compared 
with 86 to 89% at weeks 22 to 26. Similar 
trend was observed for motility scores. 

 Total number of live sperm in the 
ejaculate was not significantly affected by 
PTU but there was a significant effect of age 
(P = 0.0007) and PTU × age interaction (P = 
0.007) for this measurement. The overall 
mean of total live sperm in the PTU group 
was 0.63 vs 0.68 × 109 in the control birds. 
There was a significant decrease in the 
number of live sperm at week 25 in the 
control group and at week 21 in the PTU 
group. At week 21, the number of live sperm 
was significantly lower in PTU (0.38 ×109) 
as compared with the control (0.67 × 109) 
birds. 
 
Discussion 
 

 There was a significant decrease in body 
weight of the PTU group compared to the 
control birds. Either thyroidectomy or 
goitrogen feeding at the age of 9 weeks in 
growing chicks resulted in a very low 
growth rate in both sexes (Pandey and Bajaj, 
1974). Weight loss due to PTU treatment 
was also reported in cockerels (Kumaran 
and Turner, 1949; Jacquet et al., 1993), and 
rats (Mendis-Handagama and Ariyaratne, 
2001). Jiang et al. (2000) reported that T4 
treatment of adult male hypothyroid rdw rats 
resulted in increased body weight. Thyroid 
hormones stimulate GH secretion in birds, 
reptiles, rats, and human (Roussean et al., 
2002), and are required for normal body 
growth. Tsukada et al. (1996) reported that 
PTU treatment in chicken significantly 
reduced the mRNA expression of GH 
receptor and insulin-like growth factor (IGF-
I) in the liver, so any deficiency in thyroid 
hormone can result in stunted growth. 

 As expected, treatment by PTU resulted 
in a sharp decrease in serum T4 level 
between week 11 to 15 of age. PTU 
interferes with thyroid hormone biosynthesis 
by inhibiting thyroid peroxidase; PTU also 
inhibits 5-َdeiodinase in peripheral tissues 
and prevents conversion of T4 to T3 
(Ganong, 1993; Taurog, 1996). 
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 Two weeks after PTU withdrawal, 
serum T4 level was restored to levels similar 
to those of the control group. Similar 
findings were reported by Knowlton et al. 
(1999). de Costa et al. (2001) reported a 
negative correlation between age and serum 
T4 levels in rat which is not in agreement 
with present study. This difference may be a 
result of different pattern of serum T4 
alterations during aging between rodents and 
chickens (Kirby et al., 1996). 

 PTU feeding treatment between 7 to 13 
weeks of age resulted in higher testosterone 
levels between 11 and 13 weeks of age 
along with a decline in T4 concentration. 
Kirby et al. (1996) reported that prepubertal 
hypothyroidism induced by PTU treatment 
between 6 and 12, 8 and 14, or 10 and 16 
weeks of age, resulted in an elevation in 
serum testosterone level in commercial 
broiler breeder male chicks. Similar results 
in male breeder turkeys were reported by 
Knowlton et al. (1999) who showed that 
PTU treatment between 8 to 16 weeks of age 
and at a level of 0.1% increased serum 
testosterone level. An inverse relationship 
between gonadal and thyroid hormones was 
found in layer pullets (Sechman et al., 2000) 
and cockerels (Kirby et al., 1996) during 
sexual maturation. Choudhury and 
Chaturvedi (1995) proposed that thyroid 
hormones may be a substitute for gonadal 
steroids for inducing feedback initiation of 
LH activity in castrated subtropical finch. 
Decreased levels of testosterone after T3 
treatment in rats, was shown by Teerds et al. 
(1998). Jacquet et al. (1993) indicated that 
T4 treatment in cockerels caused a decline in 
LH and testosterone level. This decrease in 
serum LH levels occurred 3 weeks after the 
beginning of treatment; although treatment 
by T4 could not exert any effect on pituitary 
sensitivity to LHRH. Chiasson et al. (1979) 
found that feeding rapeseed meal with 
goitrogenic properties and the goitrogen 
methimazole in growing broiler cockerels, 
caused higher level of LH in serum. They 
postulated that induced hypothyroidism may 
be a reason for this elevation in LH level. 
LH stimulates Leydig cells to produce 
testosterone (Hafez et al., 2000). Although 
we did not measure LH concentration, it can 
be concluded that higher LH level during the 
period of PTU treatment may be a reason for 

higher testosterone level in PTU birds. 
 Any alteration in Leydig cell numbers, 

can affect testosterone level. Transient 
neonatal thyroid hormone deficiency in rats 
resulted in an increase in the number of 
Leydig cells in testes at adulthood (Mendis-
Handagama and Sharma, 1994; Hardy et al., 
1996). Indeed, transient neonatal 
hypothyroidism increased the number of 
mesenchymal cells which are precursors of 
Leydig cells (Mendis-Handagama et al., 
1998). To be effective, PTU treatment in 
rodents (Cooke et al., 1992; Joyce et al., 
1993; Kirby et al., 1995) and domestic fowls 
(Kirby et al., 1996) must occur during a 
narrow and species-specific window of 
opportunity corresponding to the period of 
Sertoli cell proliferation (Hess et al., 1993; 
Meisami et al., 1994; Kirby et al., 1995). 
The effective treatment window in domestic 
fowls appears to be between 6 and 12 weeks 
of age (Kirby et al., 1996). In our study PTU 
was administered between 7 and 13 weeks 
of age, so it can be suggested that PTU 
treatment during this period, could increase 
Sertoli cell proliferation, although no 
histological study of testis was performed in 
the present investigation. Conversely, it is 
indicated that T3 inhibits immature rat 
Sertoli cell proliferation (Pezzi et al., 2001). 
PTU treatment in rat resulted in a delay in 
Sertoli cell differentiation and a 
prolongation of Sertoli cell proliferation led 
to an approximately 80% increase in Sertoli 
cell and germ cell number (Teerds et al., 
1998). PTU treatment at a time other than 
period of Sertoli cell proliferation, 
adversely, resulted in lower testosterone 
level in rats possibly by preventing mRNA 
expression of two important enzymes 
required for cholesterol conversion to 
testosterone in Leydig cells, namely, P450scc 
and steroidogenic acute regulatory protein 
(Chiao et al., 2002). It has been suggested 
that PTU may act through different 
mechanisms in rodents and domestic fowls 
(Kirby et al., 1996), explaining different 
responses to PTU between these species. 

 Since androgen production in male birds 
is simultaneous to onset of spermatogenesis 
and testis maturation (Etches, 1996), sharp 
increases in testosterone level in both groups 
after the week 15, observed in the present 
study, correspond to the onset of puberty. 
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 Methimazole- or PTU-induced hypo-
thyroidism has been reported to result in 
precocious puberty in fowls when 
administered from hatch to 16 weeks of age 
(Kumaran and Turner, 1949; Maqsood, 
1952). In this respect, there are some 
contradictory reports for rodents. Early 
hypothyroidism in rats inhibited testicular 
development during the treatment period 
(Palmero et al., 1990; Francavilla et al., 
1991) and stimulatory effects of transient 
hypothyroidism on gonadal function were 
not apparent until adulthood (Cooke and 
Meisami, 1991; Cooke et al., 1991). 
Transient neonatal hypothyroidism supp-
ressed the pubertal increases in serum FSH 
and LH level and delayed the pubertal rise in 
serum testosterone level by 10-20 days in 
rats (Kirby et al., 1992). 
  The results of this study showed that 
PTU treatment had no effect on semen 
characteristics; however, PTU × age 
interaction was significant for sperm 
concentration and total live sperm per 
ejaculate. Sperm concentration at weeks 20, 
23 and 24 was higher in the PTU group. 
Similar effects on sperm concentration due 
to PTU treatment were reported by Kirby et 
al. (1996). Knowlton et al. (1999) observed 
no differences in sperm concentration in the 
PTU and control groups of breeder turkeys 
and suggested that it might have been due to 
suboptimal dose (0.1%) of PTU blended 
with the diet. 

 Appropriate treatment with PTU and the 
resultant hypothyroidism resulted in 
dramatic and permanent hypertrophy (80%) 
of testis and increased sperm output (140%) 
in rats (Cooke, 1991; Cooke and Meisami, 
1991) and mice (Joyce et al., 1993). In 
chicks, 0.1% dietary PTU treatment from 10 
to 16 weeks of age resulted in a substantial 
increase in adult testis size (96%) and sperm 
production (115%) (Kirby et al., 1996). 
Increased testicular size at puberty in rats 
was shown to be a result of hypertrophy and 
hyperplasia of Sertoli and Leydig cells 
(Cooke et al., 1992). Van Haaster et al. 
(1992), Hess et al. (1993) and Meisami et al. 
(1994) reported a 1.57 fold increase in 
Sertoli cell numbers as a result of PTU 
treatment in rats. Increase in the number of 
Sertoli cells, and the positive correlation 
between the number of Sertoli cells and 

sperm production rate (Berndston and 
Thompson, 1990; Hess et al., 1993; Meisami 
et al., 1994), could be a reason for higher 
sperm concentration in PTU birds. 

 As testosterone is required to maintain 
spermatogenesis (Sharpe, 1994; Kirby et al., 
1996), elevated serum testosterone level in 
the PTU group may lead to accelerated 
seminiferous tubule maturation and a 
concomitant increase in the rate of survival 
of germ cells that have entered meiosis 
(Kirby et al., 1996). It can be concluded that 
both higher testosterone level and increased 
number of Sertoli cells are involved in 
higher sperm concentration in the PTU 
group. 

 PTU treatment had no effect on sperm 
motility, percentage of live sperm, and total 
number of live sperm. No significant 
differences were found in sperm motility 
and percentage of live sperm. Lien and 
Siopes (1991) also did not observe any 
differences between thyroidectomized and 
the control group in terms of percentage of 
live sperm in male domestic turkeys; but this 
was observed only before photostimulation. 
In fact, after initiation of photostimulation, 
larger value for percentage of live sperm 
was noted in thyroidectomized group (Lien 
and Siopes, 1991). The lighting condition in 
the present study was constant (14 hr-light: 
10 hr-darkness) throughout the experiment; 
therefore, no photostimulation existed to 
affect the percentage of live sperm. Since 
the total number of live sperm was 
calculated by multiplying three parameters 
including the percentage of live sperm, 
semen volume, and sperm concentration, it 
is clear that any alteration in each of these 
parameters can affect the total number of 
sperm. Higher, although not significant 
values noted for these parameters at week 21 
in the control group, can be an explanation 
for significantly higher value in total number 
of sperm in this group compared to the PTU-
treated chicks. 

 It can be concluded that transient 
prepubertal PTU treatment could result in an 
increase in the adult testis size and sperm 
production provided that the effective 
treatment window of time has been 
considered (Kirby et al., 1996). Transient 
prepubertal PTU-induced hypothyroidism 
resulted in an increase in the sperm 
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concentration and production at certain 
stages after treatment, but the effect did not 
seem to last for a long period. The potential 
for increased efficiency associated with 
raising smaller birds which pass a neonatal 
hypothyroidism and eat less feed and 
produce normal semen, may be economical. 
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