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ABSTRACT: Infertility is associated with oxidative stress, normally
counterbalanced by different antioxidant systems. In order to explore
the hormonal control of seminal plasma total antioxidant capacity
(TAC) we evaluated TAC and hormone patterns in a group of
unselected infertile patients and control subjects. One hundred and
ten infertile patients (divided into 3 groups: inflammation, varico-
cele, and other etiologies) and 31 fertile men were examined,
evaluating blood serum gonadotropins, testosterone, estradiol, free
tri-iodothyronine, free tetraiodothyronine (FT4), thyrotropin, prolac-
tin (PRL), seminal parameters, and TAC. TAC was measured using
the H>O,-metmyoglobin system, which generates the spectroscop-
ically detectable radical cation of the chromogenous compound
2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonate). The “lag time” of
its appearance is proportional to the antioxidant activity. Lag phase

was significantly higher in varicocele vs controls, whereas it was
lower in patients with inflammation vs varicocele or other kinds of
infertility. The correlation analysis between hormones and seminal
parameters showed an inverse correlation between PRL and sperm
motility, and a direct correlation of TAC with PRL and FT4, but not
with gonadotropins or gonadal steroids. Our data suggest that
systemic hormones may play a role in regulating seminal
antioxidant capacity. This is interesting also because some
hormones, such as thyroid and pituitary hormones, are not usually
tested in the first-level evaluation of male patients with fertility
problems.
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O xidative stress has been associated with male
infertility, though low levels of reactive oxygen
species (ROS) are involved in physiological processes,
such as capacitation and acrosomal reaction (Aitken
and Krausz, 2001; Mancini et al, 2006). Seminal plasma
is well endowed with an antioxidant buffer capacity,
thanks to which it protects spermatozoa against ROS-
induced damage implicated in sperm dysfunction. This
protective system includes chain-breaking antioxidants,
molecules that neutralize the oxidant radicals and stop
the propagation of free-radical chain reactions.

Some studies have shown that infertile men have an
impaired seminal plasma nonenzymatic antioxidant
capacity (also called total antioxidant capacity [TAC]),
suggesting that a decreased TAC may play a pathoge-
netic role in male infertility (Lewis et al, 1995). Different
urogenital diseases and damage factors, such as
varicocele, inflammation, and smoking, are well known
to influence the balance between radical production and
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antioxidant defense (Hendin et al, 1999; Pasqualotto et
al, 2000; Saleh et al, 2002b).

However, it is not fully understood whether TAC is
also under a systemic control, in particular by the
endocrine system. We previously demonstrated that
TAC is negatively correlated with follicle-stimulating
hormone (FSH) levels in patients with varicocele,
suggesting a role of systemic hormones in the regulation
of seminal antioxidants (Meucci et al, 2003). Preliminary
data also indicate a possible influence on these
antioxidants by thyroid hormones (Mancini et al, 2005).

In order to verify whether a systemic endocrine
control is superimposed over the local regulation of
the seminal antioxidant defense system, TAC and its
association with seminal parameters and serum hor-
mone levels were evaluated in a group of infertile male
patients and fertile normal subjects.

Materials and Methods

Experimental Subjects

From our male infertility clinic, 110 patients, aged 26-41 years,
affected with primary infertility (defined as the inability to
conceive after 2 years of exposure to the risk of pregnancy),
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and 31 fertile control subjects, aged 21-43 years, were enrolled.
Thirty-four patients were affected with prostatovesiculitis
(inflammation), 30 with varicocele, 46 with other etiologies
(29 with idiopathic oligozoospermia, 5 with past cryptorchi-
dism, and 12 with secondary hypogonadism caused by
transsphenoidal operation or empty sella).

The research was approved by our Institutional Board and
all subjects participated in this study after giving informed
consent according to the guidelines of the Declaration of Helsinki.

None of the patients’ partners had any diagnosed anatomic
or physiological alterations causing infertility.

Diagnosis of varicocele was confirmed by the Doppler
technique (Hirsh et al, 1980) and varicoceles were graded
according to the Dubin and Amelar (1970) classification: grade
0 (n = 3), subclinical varicocele; grade 1 (n = 14), a distinct
dilatation of the internal spermatic veins palpable during a
Valsalva maneuver when upright; grade 2 (n = 11), a palpable
vein when upright with no Valsalva maneuver; grade 3 (n = 2),
a vein both palpable and visible through the scrotal skin when
upright, with no Valsalva maneuver. All varicocele patients
were affected by an isolated left form.

Patients with postoperative hypopituitarism were studied at
least 1 month after hormone replacement therapy restored the
physiological hormone levels.

Semen Analysis

In all patients a standard semen analysis was performed,
assessing the ejaculate volume and pH, sperm count, and
percentages of sperm motility and morphology, according to
World Health Organization (1999) classification. Each semen
specimen was analyzed at 1 hour from collection.

Liquefied semen samples were centrifuged at 700 x g for
10 minutes in order to obtain the seminal plasma. Seminal
plasma was divided in 0.5-mL aliquots, which were immedi-
ately frozen at —80°C until TAC was assayed within 5 months.
Repeated assays on a reference seminal plasma showed that
sample storage under these conditions did not significantly
influence the evaluated parameter.

TAC was measured using the H,O,-metmyoglobin system as
source of radicals. They interact with the chromogenous
compound 2,2"-azinobis (3-ethylbenzothiazoline-6-sulfonate)
(ABTS) generating its radical cationic form (ABTS™), which
can be spectroscopically and kinetically detected. This colori-
metric assay was compared with the enhanced chemilumines-
cence one, which is the most commonly used method for
measuring TAC in seminal plasma (Said et al, 2003). The
colorimetric assay was found to be a reliable and accurate method,
simpler and cheaper than the chemiluminescence one. Antioxi-
dants induce a “lag time” in accumulation and appearance of
ABTS™ that is proportional to the antioxidant concentration
itself, so that TAC can be expressed as lag phase. The possible
release of intracellular antioxidants from broken cells was
preliminarily excluded by measuring the enzyme lactate dehydro-
genase in seminal plasma specimens (Mancini et al, 1994).

Hormone Assays

Free tri-iodothyronine (FT3), free tetraiodothyronine (FT4),
thyrotropin (TSH), FSH, luteinizing hormone (LH), prolactin
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(PRL), testosterone (T), and estradiol (E,) concentrations were
determined at 8:00 am in fasting basal blood serum samples. All
hormones were measured by a radioimmunoassay, except LH
and FSH, which were determined by an immunoradiometric
assay (Radim, Pomezia, Italy). Intra-assay and interassay
coefficients of variation were, respectively, 3.8% and 3.9% for
FT3,4.1% and 4.9% for FT4, 4.5% and 3.4% for TSH, 6.9% and
8.4% for FSH, 5.6% and 9.1% for LH, 2.1% and 3.1% for PRL,
6.1% and 9.3% for T, and 2.3% and 3.5% for E,.

Normal values of the studied hormones were 2.3-4.2 pg/mL
for FT3,9.5-15.5 pg/mL for FT4, 0.35-2.80 pUI/mL for TSH,
2.5-11 mUI/mL for FSH, 2.5-10 mUI/mL for LH, 3.5-
15.5 ng/mL for PRL, 3.5-10 ng/mL for T, and 10-35 pg/mL
for E,.

Statistical Analysis

Distribution of the data was evaluated by the Kolmogorov-
Smirnov test. Because data were not normally distributed, a
Mann-Whitney test for comparison among groups, a median
test, and an analysis of Spearman rank correlation coefficient
were also carried out.

A logistic regression was also performed testing hormone
concentrations, lag time, and sperm density, motility, and
morphology. The dependent variable was a dichotomous one
(to be infertile or not, the latter as reference group). A stepwise
approach (backward elimination) was applied. The goodness of
fit of the model was assessed by the Hosmer and Lemeshow test.

We fixed the statistical significance level at P = .05. Analysis
was performed using SPSS 12.0 software for Windows.

Results

Seminal parameters of patients and controls are
reported in Table 1. Patients were divided into 3
nosological groups: 1) inflammation, 2) varicocele, and
3) other kinds of infertility. All patient groups presented
sperm density and percentages of forward progressive
motility and normal morphology cells significantly
lower than controls. As expected, lag phase was
significantly lower in the inflammation group vs the
other 2 groups, but not vs controls. However, it was
significantly higher in varicocele vs controls. No
difference was found among the different stages of
varicocele in any parameters.

Hormone values in our patients and controls are
reported in Table 2. No differences were discovered
among groups, except for TSH, which, however, was
always within the normal range.

The correlation analysis between hormones and
seminal parameters showed an inverse correlation of
PRL with both sperm density and motility, and of both
LH and FSH with sperm density. E, and sperm motility
showed a nearly significant inverse correlation. The
correlation analysis between lag and hormones showed a
direct correlation with PRL and FT4, but not with
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Table 3. Spearman correlation coefficients®

Cell Forward Normal Lag

Density  Progressive Motility ~ Forms Phase

T Is 0.07 0.04 0.09 —0.04
P .556 .706 457 757

Es Is 0.68 —0.23 0.00 —0.01
P .565 .054 .970 .936

FSH rs —0.31 0.02 —0.11 0.06
P .007 .895 .337 .604

LH Is —0.31 —0.03 -0.12 0.12
P .007 791 292 .301

PRL 1 -0.27 —0.28 -0.19 0.39
P .018 .017 101 .001

FT3 1 —0.08 —0.04 —-0.15 0.12
P .396 .708 118 219

FT4 1 —0.08 0.04 -0.12 0.28
P 422 714 214 .004

TSH 1 -0.11 0.00 —0.08 0.12
P 278 .999 433 .200

Abbreviations: E,, estradiol; FSH, follicle-stimulating hormone; FT3,
free tri-iodothyronine; FT4, free tetraiodothyronine; LH, luteinizing
hormone; PRL, prolactin; T, testosterone; TSH, thyrotropin.

2 Significant P values in bold.

gonadotropins or gonadal steroids (Table 3). A graph-
ical representation of the significant correlations is
presented in the Figure.

The multivariate regression model (logistic regression)
found the following variables significantly associated
with infertility: forward progressive motility (odds ratio
[OR] 0.91; 95% confidence interval [CI], 0.88-0.95; P <
.001) and lag phase (OR 1.02; IC 95%: 1.00-1.03; P =
.041). The results of univariate and multivariate analysis
are shown in Table 4.

Discussion

The role of antioxidants as protective for sperm survival
and function is well known. Nevertheless, there is no
definite knowledge on the role of systemic hormones in
the regulation of seminal antioxidants. We had previously
shown a significant inverse correlation between FSH and
TAC in varicocele patients (Meucci et al, 2003). In this
paper we focused our attention on various hormones,
besides gonadotropins, in an unselected population of
infertile male patients with physiological hormone levels.
We did not study parameters such as nuclear DNA
damage and polymorphism of the mitochondrial DNA
polymerase gamma gene (POLG), recently associated
with unexplained infertility (Saleh et al, 2002a; Jensen et
al, 2004), because our main objective was just to study
biochemical alterations linked to endocrine control.

We did not find correlations between lag phase and
gonadotropins or sexual hormones, even if some corre-
lations were discovered between these hormones and
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seminal parameters, probably because of a direct effect
not mediated by the antioxidant systems. The inverse
correlation between gonadotropins and sperm density in
a physiological hormone range might express a compen-
satory feedback mechanism. As far as T was concerned,
we recently showed that male hypogonadism is accom-
panied by low TAC levels in blood serum, which are
corrected by T administration (Mancini et al, 2008).
However, this study concerned blood, not seminal fluid,
and pathological hormone values. At a physiological
level, no correlation with the seminal plasma TAC was
detectable in this study, possibly suggesting that a
threshold effect could be present. On the contrary, a
significant correlation was found between PRL and FT4
on the one hand and lag on the other.

The physiological role of PRL in male fertility is not
yet well known, whereas a detrimental effect of
hyperprolactinemia is clear (Luciano 1999; Aleem et
al, 2005). Hyperprolactinemia affects seminal fluid
through different mechanisms, causing spermiogenic
arrest and impairing sperm motility, with cytological
findings of sperm cells similar to those of prepubertal
testis (Segal et al, 1979). But contrasting results concern
the effects of pharmacological treatment of hyperpro-
lactinemia. The lack of significant changes in seminal
fluid parameters during bromocriptine therapy was
reported (Thorner et al, 1974). Another study found a
significant increase in the number, total and rapid-
progressive motility, and normal morphology of sper-
matozoa after 6 months of treatment with both
cabergoline and bromocriptine (De Rosa et al, 1998).
PRL receptors are present in all stages of the cycle of the
seminiferous epithelium, Leydig cells, and Sertoli cells in
male rats (Hondo et al, 1995). PRL acts synergistically
with LH and T and regulates the conversion of T
precursors (Bartke, 1971; Hafiez et al, 1972). A more
relevant datum for our study is the positive effect of
PRL on the epididymis, which in turn plays a role in the
defense against oxidative stress (Robaire and Hermo,
1998). The epididymis is the place of synthesis of
carnitine, the positive effects of which have been also
shown in pharmacological studies (Lenzi et al, 2004).
Nonetheless, a prolonged time spent in this conduct has
been related to infertility (Johnson and Varver, 1988).
Specific PRL-binding proteins (receptors) have been
found in homogenized epididymides of rats (Aragona
and Friesen, 1973) and rabbits (Orgebin-Crist and
Djiane, 1979). In this site PRL receptors had a concentra-
tion higher than in any other tissue of the male
reproductive tract in rabbits, but among the lowest in
rats. The possible coregulation of the release of gonado-
tropins and PRL, the presence of the above mentioned
receptors, and the proposed role of PRL in ion transport
(Shiu and Friesen, 1980) seem to suggest a major role of
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Figure. Graphical representation (scattered plot) of linear regression analysis between free tetraiodothyronine (FT4) or prolactin (PRL) and

forward progressive motility or lag phase.

the hormone in the control of some epididymal physio-
logical functions (Robaire and Hermo, 1998).

An interesting new finding of the present paper is the
inverse correlation between PRL and sperm motility,

Table 4. Results of univariate and multivariate analysis®

OR Crude
(95% ClI)

OR Adjusted
(95% CI)°

Cell density

0.98 (0.97-0.99)

Forward progressive

motility 0.93 (0.90-0.95) 0.91 (0.88-0.95)
Normal forms 0.94 (0.91-0.97)
Lag phase 1.01 (1.00-1.02) 1.02 (1.00-1.03)
T 0.91 (0.78-1.05)
E, 0.97 (0.95-1.00)
FSH 1.14 (0.95-1.36)
LH 1.11 (0.89-1.39)
PRL 0.95 (0.85-1.06)
FT3 2.76 (1.24-6.15)
FT4 1.01 (0.92-1.10)
TSH 0.97 (0.75-1.26)

Abbreviations: Cl, confidence interval; E,, estradiol; FSH, follicle-
stimulating hormone; FT3, free tri-iodothyronine; FT4, free tetra-
iodothyronine; LH, luteinizing hormone; OR, odds ratio; PRL,
prolactin; T, testosterone; TSH, thyrotropin.

2 Significant results in bold.

b Adjusted according to multivariable model.

which might seem contradictory, because PRL corre-
lates positively with lag phase. We can hypothesize that
an increase in antioxidant systems is compensatory to
the increase in oxidative stress, in accordance with the
idea formulated in other conditions (Elsayed, 2001;
Combhair and Erzurum, 2002). Another hypothesis, not
excluding the former, is that augmented lag can express
a reduced utilization of the antioxidants, as better
discussed below. In fact, this datum is also consistent
with the finding of high lag values in patients with
varicocele or other kinds of infertility.

Regarding thyroid hormones, previous studies have
shown that both hyperthyroidism and hypothyroidism
are associated with enhanced oxidative stress involving
enzymatic and nonenzymatic antioxidants (Resch et al,
2002). Besides, some complications of hyperthyroidism
are caused just by the oxidative stress in target tissues
(Asayama and Kato, 1990). Thyroid hormones per se
can act as oxidants and produce DNA damage
(contrasted by catalase), probably through the phenolic
group, similar to that of steroidal estrogens (Dobr-
zynska et al, 2004). Many other mechanisms, reviewed
by Venditti and Di Meo (2006), can be involved:
enhanced nitric oxide synthase gene expression with
nitric oxide overproduction; activation of hepatic
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nuclear factor kappa B and following increase of
cytokines stimulating ROS generation; uncoupling
mechanisms involving uncoupling protein (UCP)-2 and
UCP-3, regulated by thyroid hormones; increased
turnover of mitochondrial proteins; mitoptosis, regulat-
ed by peroxisome proliferator—-activated receptor gam-
ma coactivator-1, which is up-regulated by T3 admin-
istration. Thyroid hormones influence lipid composition
of rat tissues (Hoch, 1988) and therefore the suscepti-
bility to oxidative stress. At a systemic level, also in
humans, hyperthyroidism has been associated with
reduced circulating levels of alpha-tocopherol (Ademo-
glu et al, 1998; Bianchi et al, 1990) and coenzyme Qi
(Bianchi et al, 1990; Mancini et al, 1991).

However, there is a specificity in tissue response, and
discrepant effects of T3 and T4 are possible. In rat liver,
T3-induced hyperthyroidism was found to be associated
with altered lipid-peroxidation indices, including elevat-
ed levels of thiobarbituric acid reactive substances
(TBARS) and hydroperoxides (Fernandez et al, 1985;
Venditti et al, 1997, 1999; Huh et al, 1998). On the
contrary, no change in TBARS was found in homog-
enized livers from rats made hyperthyroid by adminis-
tration of T4 over a 4-week period (Asayama et al,
1987). As regards testis, no significant change (TBARS
or hydroperoxides) was observed in lipid peroxidation
of hyperthyroid adult rats, but hyperthyroidism pro-
moted protein oxidation rate as indicated by an
enhanced content of protein-bound carbonyls (Choudh-
ury et al, 2003). In conclusion, we should emphasize the
fact of a tissue-linked variability in the effects of
hyperthyroidism on the activity of antioxidant enzymes
(Mn-superoxide dismutase [SOD] or Cu,Zn-SOD, cat-
alase, glutathione-peroxidase) with differential effects of
the 2 thyroid hormones (Venditti and Di Meo, 2006).

All the referred studies did not explore physiological
hormone levels, but pharmacological manipulations of
the thyroid status. Therefore, our results become even
more meaningful by showing a correlation between FT4
and lag in this context.

Varicocele represents a different particular model
when considering TAC modulation. In previous studies
we showed a significant inverse correlation between
FSH levels and seminal plasma TAC in varicocele
patients (Meucci et al, 2003; Mancini et al, 2007).
Furthermore, varicocele exhibited higher lag values,
although it is well known to be a condition of increased
oxidative stress. This feature was confirmed in the present
study and accounted for the weak but significant OR
between lag phase and infertility. A possible reason is an
ineffective utilization of the antioxidant systems, though a
compensatory increase in their level, in varicocele.

In conclusion, even if our results are based on
statistical inferences, systemic hormones seem to pro-
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duce a modulatory effect on the local regulation of the
balance between oxidant species and antioxidant sys-
tems, which is obviously affected by urogenital diseases.
In fact, our data indicate that systemic hormones can
have a complex integrated action in regulating seminal
antioxidant capacity, including hormones, such as
thyroid and pituitary hormones, which are not usually
tested in the first-level evaluation of an infertile male
patient.

Acknowledgment
A kind thanks to Mrs Monica Glebocki for language editing.

References

Ademoglu E, Gokkusu C, Yarman S, Azizlerli H. The effect of
methimazole on oxidants and antioxidants system in patients with
hyperthyroidism. Pharmacol Res. 1998;3:93-96.

Aitken RJ, Krausz C. Oxidative stress, DNA damage and the Y
chromosome. Reproduction. 2001;122:497-506.

Aleem M, Choudari J, Padwal V, Balasinor N, Parte P, Gill-Sharma
MK. Hyperprolactinemia affects spermiogenesis in adult male rats.
J Endocrinol Invest. 2005;29(1):39-48.

Aragona C, Friesen HG. Specific prolactin binding sites in the prostate
and testis of rats. Endocrinology. 1973;97:677-684.

Asayama K, Dobashi K, Hayashibe H, Megata Y, Kato K. Lipid
peroxidation and free radical scavengers in thyroid dysfunction in
the rat: a possible mechanism of injury to heart and skeletal muscle
in hypothyroidism. Endocrinology. 1987;121:2112-2118.

Asayama K, Kato K. Oxidative muscular injury and its relevance to
hyperthyroidism. Free Radic Biol Med. 1990;8:293-303.

Bartke A. Effects of prolactin and luteinizing hormone on the
cholesterol stores in the mouse testis. J Endocrinol. 1971;49(2):
317-324.

Bianchi G, Solaroli E, Zaccheroni V, Grossi G, Bargossi AM,
Melchionda N. Oxidative stress and anti-oxidant metabolites in
patients with hyperthyroidism: effect of treatment. Horm Metab
Res. 1990;31:620-624.

Choudhury S, Chainy GBN, Mishro MM. Experimentally induced
hypo- and hyper-thyroidism influence on the antioxidant defense
system in adult rat testis. Andrologia. 2003;35:131-140.

Comhair SAA, Erzurum SC. Antioxidant responses to oxidant-
mediated lung diseases. Am J Physiol Lung Cell Mol Physiol.
2002;283:1L.246-1.255.

De Rosa M, Colao A, Di Sarno A, Ferone D, Landi ML, Zarrilli S,
Paesano L, Merola B, Lombardi G. Cabergoline treatment rapidly
improves gonadal function in hyperprolactinemic males: a compar-
ison with bromocriptine. Eur J Endocrinol. 1998;138(3):286-293.

Dobrzynska MM, Baumgartner A, Anderson D. Antioxidants
modulate thyroid hormone- and noradrenaline-induced DNA
damage in human sperm. Mutagenesis. 2004;19(49):325-330.

Dubin L, Amelar R. Varicocele size and results of varicocelectomy
in selected subfertile men with varicocele. Fertil Steril. 1970;21:
606-609.

Elsayed NM. Antioxidant mobilization in response to oxidative stress:
a dynamic environmental-nutritional interaction. Nutrition. 2001;
17:828-834.

Fernandez V, Barrientos X, Kipreos K, Valanzuela A, Videla LA.
Superoxide radical generation, NADPH oxidase activity and



540

cytochrome P-450 content of rat liver microsomal fractions in a
experimental hyperthyroid state: relation to lipid peroxidation.
Endocrinology. 1985;117:496-501.

Hafiez AA, Bartke A, Lloyd CW. The role of prolactin in the
regulation of testis function: the synergistic effects of prolactin and
luteinizing hormone on the incorporation of (1-14 C)acetate into
testosterone and cholesterol by testes from hypophysectomized rats
in vitro. J Endocrinol. 1972;53(2):223-230.

Hendin BN, Kolettis PN, Sharma RK, Thomas AJ Jr, Agarwal A.
Varicocele is associated with elevated spermatozoal reactive oxygen
species production and diminished seminal plasma antioxidant
capacity. J Urol. 1999;161(6):1831-1834.

Hirsh AV, Cameron KM, Tyler JP, Simpson J, Pryor JP. The Doppler
assessment of varicoceles and internal spermatic vein reflux in
infertile men. Br J Urol. 1980;52:50-56.

Hoch FL. Lipids and thyroid hormones. Prog Lipid Res. 1988;27:
199-270.

Hondo E, Kurohmaru M, Sakai S, Ogawa K, Hayashi Y. Prolactin
receptor expression in rat spermatogenic cells. Biol Reprod.
1995;52(6):1284-1290.

Huh K, Kwon TH, Kim JS, Park JM. Role of the hepatic xanthine
oxidase in thyroid dysfunction: effect of thyroid hormones in
oxidative stress in rat liver. Arch Pharmacol Res. 1998;21:236-249.

Jensen M, Leffers H, Petersen JH, Andersen AN, Jorgensen N,
Carlsen E, Jensen TK, Skakkaback NE, Rajpert-DecMeyts E.
Frequent polymorphism of the mitochondrial DNA polymerase
gamma gene (POLG) in patients with normal spermiograms and
unexplained infertility. Hum Reprod. 2004;19:65-70.

Johnson L, Varver DD. Effect of daily sperm production but not age
on transit time of spermatozoa through the human epididymis. Bio/
Reprod. 1988;39:812-817.

Lenzi A, Sgro P, Salacone P, Paoli P, Gilio D, Lombardo F. A
placebo-controlled double-blind randomized trial of the use of
combined L-carnitine and L-acetyl-carnitine treatment in men with
asthenozoospermia. Fertil Steril. 2004;81(6):1578-1584.

Lewis SE, Boyle PM, McKinney KA, Young IS, Thompson W. Total
antioxidant capacity of seminal plasma is different in fertile and
infertile men. Fertil Steril. 1995;64:868-870.

Luciano AA. Clinical presentation of hyperprolactinemia. J Reprod
Med. 1999;44(12 suppl):1085-1090.

Mancini A, De Marinis L, Calabro F, Fiumara C, Goglia A, Littarru
GP. Physiopathological relevance of coenzyme Q10 in thyroid
disorders: CoQ10 concentrations in normal and diseased human
thyroid tissue. In: Folkers K, Littarru GP, Yamagami T, eds.
Biomedical and Clinical Aspects of Coenzyme Q. Amsterdam, The
Netherlands: Elsevier; 1991:441-448.

Mancini A, De Marinis L, Oradei A, Hallgass ME, Conte G, Littarru
GP. Coenzyme Q10 concentrations in normal and pathological
human seminal fluid. J Androl. 1994;15:591-594.

Mancini A, Leone E, Festa R, Grande G, Silvestrini A, De Marinis L,
Pontecorvi A, Maira G, Littarru GP, Meucci E. Effects of
testosterone on antioxidant systems in male secondary hypogo-
nadism. J Androl. 2008;29(6):622-629.

Mancini A, Meucci E, Bianchi A, Milardi D, De Marinis L, Littarru
GP. Antioxidant systems in human seminal plasma: physiopath-
ological meaning and new perspectives. In: Panglossi HV, ed.

Journal of Andrology - September/October 2009

Antioxidants: New Research. New York, NY: Nova Science Pub;
2006:131-146.

Mancini A, Milardi D, Bianchi A, Festa R, Silvestrini A, De Marinis
L, Pontecorvi A, Meucci E. Increased total antioxidant capacity in
seminal plasma of varicocele patients: a multivariate analysis. Arch
Androl. 2007;53(1):37-42.

Mancini A, Milardi D, Bianchi A, Meucci E, Pontecorvi A, De
Marinis L. Hormonal regulation of total antioxidant capacity in
seminal plasma. In: Kim S-C, Grootegoed JA, Chmese HE, eds. 8t/
International Congress of Andrology. Free papers. Bologna, Italy:
Medimond; 2005:59-62.

Meucci E, Milardi D, Mordente A, Martorana GE, Giacchi E,
Mancini A. Total antioxidant capacity in patients with varicoceles.
Fertil Steril. 2003;79:1577-1583.

Orgebin-Crist M-C, Djiane J. Properties of a prolactin receptor from
the rabbit epididymis. Bio/ Reprod. 1979;21:135-139.

Pasqualotto FF, Sharma RK, Potts JM, Nelson DR, Thomas AJ,
Agarwal A. Seminal oxidative stress in patients with chronic
prostatitis. Urology. 2000;55(6):881-885.

Resch U, Helsel G, Tatzber F, Sinzinger H. Antioxidant status in
thyroid dysfunction. Clin Chem Lab Med. 2002;40:1132-1134.
Robaire B, Hermo L. Efferent ducts, epididymis, and vas deferens:
structure, functions, and their regulation. In: Knobil E, Neill J, eds.
The Physiology of Reproduction. New York, NY: Raven Press;

1998:999-1080.

Said TM, Kattal N, Sharma RK, Sikka SC, Thomas AJ, Mascha E.
Enhanced chemiluminescence assay vs colorimetric assay for
measurement of the total antioxidant capacity of human seminal
plasma. J Androl. 2003;24:676-680.

Saleh RA, Agarwal A, Nelson DR, Nada EA, El-Tonsy MH, Alvarez
JG, Thomas AJ Jr, Sharma RK. Increased sperm nuclear DNA
damage in normozoospermic infertile men: a prospective study.
Fertil Steril. 2002a;78:313-318.

Saleh RA, Agarwal A, Sharma RK, Nelson DR, Thomas AJ Jr. Effect
of cigarette smoking on levels of seminal oxidative stress in infertile
men: a prospective study. Fertil Steril. 2002b;78(3):491-499.

Segal S, Yaffe H, Laufer N, Ben-David M. Male hyperprolactine-
mia:effects on fertility. Fertil Steril. 1979;32(5):556-561.

Shiu RPC, Friesen HG. Mechanism of action of prolactin in the
control of mammary gland function. Annu Rev Physiol. 1980;42:
83-96.

Thorner MO, McNeilly AS, Hagan C, Besser GM. Long-term
treatment of galactorrhoea and hypogonadism with bromocriptine.
Br Med J. 1974;2(5916):419-422.

Venditti P, Balestrieri M, Di Meo S, De Leo T. Effect of thyroid state
on lipid peroxidation, antioxidant defenses and susceptibility to
oxidative stress in rat tissues. J Endocrinol. 1997;155:151-157.

Venditti P, Daniele MC, Masullo P, Di Meo S. Antioxidant-sensitive
triiodothyronine effects on characteristics of rat liver mitochondrial
population. Cell Physiol Biochem. 1999;9:38-52.

Venditti P, Di Meo S. Thyroid hormone-induced oxidative stress. Cel/
Mol Life Sci. 2006;63(4):414-434.

World Health Organization. Laboratory Manual for the Examination
of Human Semen and Semen-Cervical Mucus Interaction. 4th ed.
Cambridge, United Kingdom: Cambridge University Press;
1999.



