
INTRODUCTION

Reactive oxygen species (ROS) play a functional role
as second messengers in many cell types. When they
are produced at a very low concentration, they trigger
cell signaling events and regulate physiological func-
tion (1). Mammalian spermatozoa usually produce
ROS, which support some main sperm functions such
as capacitation, acrosome reaction, zona pellucida
binding, and oocyte fusion (2). Nevertheless, uncon-
trolled ROS production can also play an important role
in causing sperm aberration, leading to infertility.
What is usually called “oxidative stress” appears to be
the resultant of defects in the balance between the con-
centration of ROS and antioxidant scavenging system.
Spermatozoa membranes are rich in polyunsaturated
fatty acid and this makes them very susceptible to oxy-
gen-induced damage, mediated by lipid peroxidation
(LPO) (3). Oxidative stress has been suggested to be
an important factor in the etiology of poor sperm func-
tion through peroxidative damage to the cell mem-
brane, to DNA inducing single- and double-strand
DNA breaks and to proteins (4-6). Spermatozoa and
seminal plasma contain enzymes such as the glu-
tathione peroxidase/reductase system, superoxide dis-
mutase, catalase and low–molecular weight
antioxidants, vitamin E, vitamin C, urate, albumin, that
scavenge ROS in order to prevent possible cellular

damage (7). One of the rational strategies to counteract
the oxidative stress is to increase the scavenging capac-
ity of seminal plasma. However, the use of antioxidant
supplementation to reverse the effect of ROS is still de-
bated (8,9). In previous studies, the resveratrol (3,5,4′-
trihydroxystilbene, RES), a natural phytoalexin, has
exhibited a wide range of biological activities such as
antiinflammatory, antioxidant, antiviral and antitu-
moral properties (10). Some recent in vivo studies in
animal models demonstrated that RES play a positive
effect even on male reproductive function (11-13). This
study was designed to evaluate, in vitro, the protective
effect of RES in ejaculated human spermatozoa and in
rat germinal cells treated with tert-Butylhydroperox-
ide, an inductor of LPO. The oxidative damage in sam-
ples incubated with and without RES has been
evaluated using the probe C11-BODIPY581/591 and
transmission electron microscopy (TEM).

MATERIAL AND METHODS

Semen analysis and LPO induction and evaluation
Ten semen samples from men of proven fertility were
collected by masturbation after 3–5 days of sexual ab-
stinence and examined after liquefaction for 30 min at
37°C. Volume, pH, concentration and motility were
evaluated according to World Health Organization
guidelines (14). Motile sperm fraction was recovered
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by swim up technique as reported by Piomboni et al.
(15) and then was incubated with 5 μM of a fluorescent
fatty acid probe, 4,4-difluoro-5-(4-phenyl-1,3-butadi-
enyl)-4-bora-3a,4adiaza-s-indacene-3-undecanoic acid
(C11-BODIPY581/591, Molecular Probes, Eugene, USA)
at 37°C for 30 min. Excess probe was removed by
washing the cells twice with Biggers, Whitten, Whit-
tingham medium for 10 min, three times. At this point
the sperm sample was divided in two aliquots, which
were treated with tert-Butylhydroperoxide (45µM) and
RES (15µM) or tert-Butylhydroperoxide without RES
for 1 hour at 37°C. C11-BODIPY581/591 is able to inter-
calate in the phospholipids bilayer. LPO was localized
observing the changes in C11-BODIPY581/591 fluores-
cence. The intact probe fluoresces red when it is inter-
calated into the membrane (λ excitation = 590 and λ
emission = 635 nm), and it shifts to green (λ excitation
= 485 and λ emission = 535 nm) after oxidative radicals
attack. The staining was examined by Leitz Aristoplan
Microscope fluorescence (Leica, Wetzlar, Germany).
The images were taken using Leica Q Fluoro Standard,
Leica Chantal software. For each sperm sample, 200
cells were examined and the frequency of green cells
was calculated. The examiner scored cells showing ev-
ident green stain.

Transmission electron microscopy (TEM)
Sperm morphology was evaluated by TEM. Samples
were treated as reported by Baccetti et al. (16); TEM
data were collected and mathematically elaborated
(16,17). This method is able to furnish the percentages
of three main phenotypic sperm pathologies: immatu-
rity, necrosis and apoptosis.

Rat germ cells isolation
Pachytene spermatocytes and round spermatids were
obtained by three 35-day old Wistar rats (100 gr of
body weight) (Charles River, Calco, Italy). Rats were

sacrificed by cervical dislocation and testes were col-
lected and placed in Minimum Essential Medium sup-
plemented with pyruvate (1mM) and lactate. After
removal of the tunica albuginea, the testes were placed
in culture medium containing collagenase (activity
0.450 unity/ml) and incubate for 10 min to remove in-
terstitium that was discarded. A second incubation in
a shaking water bath at 32°C for 45 min with the same
enzymes and 0.1% Bovine Serum Albumin and DNAse
was performed to partially digest the basal lamina of
the tubules. The cell suspension obtained after enzy-
matic digestion was centrifuged and fractionated by ve-
locity sedimentation at unit gravity on 0.5-3% albumin
gradient (STAPUT method) (18). The collected purified
cellular fractions are made up by pachytene spermato-
cytes and spermatids; these fractions were identified
on the basis of their morphological features by light
microscopy and TEM. Cellular fractions were
processed as described for human sperm.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS v.13.0
Software (SPSS Inc., Chicago, IL). The Kolmogorov-
Smirnov test was used to verify a normal or non-nor-
mal distribution of values. Because non-normal
distribution of the values, the Mann Whitney test was
used to compare the analysed variables. P<0.05 was
considered to be significant.

RESULTS

After treatment by tert-Butylhydroperoxide, the local-
ization of LPO, detected by the C11-BODIPY581/591

probe, was not equally distributed over the sperm
membrane but occurs mainly in the midpiece region of
human spermatozoa (Fig. 1 B). The percentage of LPO
(Table 1) is significantly lower (P<0.01) in sperm sam-
ples treated with RES (Fig. 1D) compared to that ob-
served in samples without RES (Fig 1B). TEM analysis
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mathematically elaborated showed that the levels of
necrosis were significantly higher (P <0.01) in sperm
samples treated with tert-Butylhydroperoxide without
RES than those incubated with RES (Table 1). The typ-
ical ultrastructural features of sperm necrosis are: bro-
ken plasma membrane, reacted or absent acrosome,
misshaped nuclei with disrupted chromatin, poor ax-
onemal and periaxonemal cytoskeletal structures. Iso-
lated pachytene spermatocytes and round spermatids
were treated with the same procedures used for sperm.
In both cellular fractions we observed that the LPO lo-
calization was extended to the whole plasma mem-
brane. In absence of RES, the damage induced by
oxidative stress, as demonstrated by C11-BODIPY581/591

and TEM, was more evident in spermatocytes (Figs 1F,
2A) than spermatids (Figs 1L, 2C). The presence of
RES attenuates the induction of LPO mainly in the
meiotic fraction (Figs. 1H, 2B). The spermatids ap-
peared to be more resistant to ROS attack: the damages
induced by LPO are more evident by TEM (Figs 2C, D)
than by fluorescence (Figs 1L, N).

DISCUSSION

A variety of foods and beverages of vegetable origin
contains several non-flavonoid classes of phenolic com-
pounds synthesized by plants in response to injury or
fungal attack. Among them, resveratrol has been iden-

tified as the major active compound of stilbene phy-
toalexins and it is presumed to be beneficial for human
health (10), mainly for its scavenger abilities against
ROS. Trans-Resveratrol, the most common isomer, ex-
hibits a protective effect against lipid peroxidation in
cell membranes and DNA damage caused by ROS (11).
In this study we demonstrated the protective effect of
RES against LPO induced by 45µM tert-Butylhy-
droperoxide by means of C11-BODIPY581/591 probe,
able to localize LPO, and TEM, a powerful tool for in-
dividuation of ultrastructural damages. For this pur-
pose we used two cellular models: human
spermatozoa, highly differentiated cells and immature
germ cells from rat testis, separated in two fractions:
meiotic fraction (pachytene spermatocytes) and post-
meiotic fraction (spermatids). Our data showed that
spermatid fraction is more resistant to LPO respect to
pachytene spermatocyte. Mature spermatozoa, as pre-
viously showed (19), appeared to be subject to LPO
only in the mitochondrial region, responsible of oxida-
tive metabolism: the cytochromes in the respiratory
chain, located in the inner mitochondrial membranes,
contain iron that can accelerate sperm LPO. The head
plasma membrane remained unperoxidized; the pres-
ence of a potent antioxidant system in the head of the
sperm cell would appear to be an obvious explanation
of this observation. In this respect, it is important to re-
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Fig.1: 
Ultraviolet micrographs
of human sperm and rat
germinal cells treated
with tert-Butylhy-
droperoxide to induce
LPO. The samples were
incubated with and
whitout RES and C11-
BODIPY581/591 probe was
used to highlight LPO.
For each sample two mi-
crographs were ac-
quired: the red one
showing the intercalated
probe in the membrane,
the green one showing
the intensity of peroxi-
dation.
(A, B) Spermatozoa
without RES.
(C, D) Spermatozoa
with RES.
(E, F) Pachytene sper-
matocytes without RES.
(G, H) Pachytene sper-
matocytes with RES.
(I, L) Spermatids with-
out RES. (M, N) Sper-
matids with RES.
Bar: 2µm.



alize that the protection of the content of the sperm
head, the paternal DNA, is of eminent importance,
while the sperm mitochondria and tail will be elimi-
nated once fertilization has occurred and may, there-
fore, be less protected against damage (20). 
In conclusion, our results, although preliminary, are
giving support to the evidence of antioxidant proper-
ties of RES against induced sperm LPO. Nevertheless,
these studies cannot be extrapolated to the in vivo out-
come, because the effect of RES supplementation on
male infertility has not been yet explored.
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Fig.2: 
TEM micrographs of cross

sections of germinal cells
treated with tert-Butylhy-

droperoxide with and with-
out RES.

(A) Pachytene spermato-
cytes without RES showing

nuclei (N) with disrupted
chromatin; the plasma

membranes are broken (ar-
rows) and the cytoplasms

are vacuolated.
(B) Pachytene spermatocyte

treated with RES presents
normal ultrastructure.

(C) Spermatids without
RES: the left cells show nor-
mal ultrastructural charac-

teristics, whereas the right
cell appears necrotic with

broken plasma membrane.
(D) Spermatid with RES;

the cell is normal, the acro-
some (A) is evident.

Bar=1µm


