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ULTRASTRUCTURAL ALTERATIONS IN SPERM HEADS UNDER
INFLUENCE OF SEVERAL IMPLEMENTORS TO RAM SEMEN
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ABSTRACT

In our study we tested effects of chosen implementors on the acrosomal status of ram sperm heads on the basis of ultrastructure of
sperm membranes and acrosome. Fresh sperm, diluted in a commercial diluent — Biladyl, was divided into five groups according
to individual implementor: IGF-1, EGF, glutathione, caffeine and control (no additions). Individual sperm heads were classified as
belonging to one of four categories according to the state of sperm membranes and acrosome: grade I — sperm with intact plasma
membrane of the head and intact acrosome; grade II — sperm with waved or cracked plasma membrane; grade III — sperm with
swollen or damaged acrosome; grade IV — sperm with pseudoacrosomal reaction formed by exocytotic vesicles and accompanied
with a loss of acrosomal content. Our results show that the occurrence of sperm classified to the grade I was mostly increased when
IGF-I or EGF were added to sperm samples. Oppositely, caffeine did not affect frequency of the grade I sperm, but increased the oc-
currence of grade Il and IV sperm, i.e. induced pseudoacrosomal reaction. Glutathione did not influence the frequency of the grade
I and II sperm but decreased the grade III sperm occurrence. In conclusion, IGF-I, EGF and glutathione were able to maintain the
sperm membrane stability, which is important in increasing sperm fertilizing potential. Caffeine, although increased sperm motility,
but caused damages in sperm head membranes and induced pseudoacrosomal reaction. Our results suggest that the categorization
of sperm head into four morphological grades may serve to the evaluation of the membrane status of ram sperm.
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INTRODUCTION

Membranes of ram sperm are rich for non-
saturated fat acids and are sensitive to oxygen-induced
damages caused by lipid peroxidation. Antioxidants
of seminal plasma, which protect the sperm against
oxidative damages induced by reactive oxygen species,
are attenuated by dilution of the semen during preparation
of insemination doses. Injuries of acrosomal membranes,
like vesicle formation or alteration of permeability, can
cause release and leakage of acrosomal enzymes and,
as a consequence, decline fertilizing capacity of sperm.
It was confirmed that the addition of glutathione, as an
antioxidant, decreases blastocyst yield when added to

sperm dose for fertilization (Earl etal., 1997). Lately it was
documented that IGF-I (Vickers et al., 1999; Champion et
al., 2002) and caffeine (Tatham et al., 2003) elevate sperm
motility, which is resulted in higher fertilization rate of
oocytes. A protein complex containing IGF-I purified
from rabbit seminal plasma was used to investigate its
effect on the capacitation and acrosome reaction of rabbit
spermatozoa (Minelli et al., 2001). Recently it was
reported, that several semen characteristics, including
sperm concentration and motility, are influenced by
plasma testosterone level (Kishk, 2008).

Using electron microscopy evaluation of the
membrane and acrosomal integrity the sperm of different
species was divided into several groups, from three to
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eight, according to the extent of morphological changes
in the sperm head, membranes and the acrosome
(Mahadevan and Trounson, 1984; Heath et al., 1985;
Zibrin et al., 1987; Bwanga et al., 1991; Krogenaes et al.,
1994; Lopez et al., 1999; Okada et al., 2001; Nishizono
et al., 2004; Sa-Ardrit et al., 2006). Above mentioned
authors classified morphology of sperm basing on the
changes in the membrane and acrosome of the apical part
ofthe sperm head. In particular, Mahadevan and Trounson
(1984) used 8 grades to classify morphological changes:
(1) plasma membrane and acrosome are intact; (2)
plasma membrane is swollen or damaged; (3) acrosome
is swollen; (4) outer acrosomal membrane is damaged;
(5) inner acrosomal membrane is damaged; (6) acrosome
is lost; (7) acrosome and plasma membrane detached
from the sperm head; and (8) acrosome-reacted sperm.
In our opinion, for the evaluation of the status of plasma
membrane, outer and inner acrosomal membrane as well
as acrosome, a classification system involving 4 grades
of morphology is sufficient. In our study we verified this
grading system for the sperm head evaluation.

Electron microscopic study of the ultrastructure
of frozen-thawed human spermatozoa was supported
by clinical tests (Heath et al., 1985) and correlation was
observed between the degree of damage, the changes
in the ultrastructure and the fertilizing ability of the
spermatozoa (Mahadevan and Trounson, 1984; Heath et
al., 1985).

Our goal was to examine the effect of chosen
implementors to ram semen (growth factors IGF-I and
EGF, as well as caffeine and glutathione) on ultrastructural
configuration of membranes and acrosomes of ram sperm
heads.

MATERIAL AND METHODS

Sperm incubation in presence of implementors

Fresh ram semen (Lacaune breed) diluted in
Biladyl diluent (Minitiib, Celadice, Slovakia) was
divided into 5 groups, and different implementors (all
from Sigma-Aldrich, Germany) were added to sperm
samples as follows: (1) IGF-I (10 ng/ml); (2) EGF
(100 ng/ml); (3) caffeine (1 mg/ml); (4) glutathione (1
mg/ml); (5) control (no addition). Then sperm samples
were incubated in a fridge at 4 °C for 5 days. At day 1
and day 5, the samples were picked up and placed into a
thermostat at 39 °C for 40 min. Following the incubation
sperm cells were washed in 0.15 M cacodylate buffer
(pH 7.1-7.3) and embedded into agar to form pellets for
electron microscopy (EM).

Preparation of sperm for EM analysis

Agar pellets of ram semen were fixed in 2.5%

glutaraldehyde and 2% paraformaldehyde in 0.15 M
cacodylate buffer (pH 7.1-7.3) for 1 h and then washed
in cacodylate buffer. Afterwards samples were post-fixed
in 1% osmium tetroxide in cacodylate buffer, washed
in distilled water, dehydrated in acetone and embedded
into Durcupan ACM (Fluka, Switzerland). The blocks of
semen were cut into semithin sections (1-2 um) using UC
6 Leica ultramicrotome (Leica Microsystems, MIKRO
spol. s.r.0., Bratislava, Slovakia) and subsequently stained
with toluidine blue. Thin sections (silver) were contrasted
using uranyl acetate and lead citrate and viewed under a
JEM 100 CXII electron microscope (Jeol, Japan) at 80
kV accelerating voltage.

Evaluation of sperm heads

Sperm heads were classified into 4 grades
according to the membrane status (Fig. 1.): grade I
— sperm with intact plasma membrane of the head
and intact acrosome; grade II — sperm with waved or
cracked plasma membrane; grade III — sperm with
swollen or damaged acrosome; grade IV — sperm with
pseudoacrosomal reaction formed by vesicles and with
loss of acrosomal content.

Statistical analysis

At least 300 sperm heads per each group were
analyzed. The frequency of each grade in all tested
groups was statistically evaluated using Chi-square and
Schefte’ test.

RESULTS

More than 70% of sperm cells on day 1 of the
testing were distributed into the grade IT (51%) and grade
1(20.7%), whereas grades I1I and IV were represented by
28.4% of sperm cells (table 1.). At the end of the testing
(day 5) most of sperm cells was distributed to the grade II
(41.6%) and grade III (33.2%) of acrosomal morphology,
whilst grades I and IV were represented by a lesser
proportion of spermatozoa (table 1.)

From all implementors tested, a higher influence
on the maintenance of intact sperm head plasma
membrane and intact acrosome (grade I) on the day 1
was observed following addition of growth factors IGF-I
and EGF (P< 0.001; table 1). Generally, IGF-I, EGF and
glutathione caused higher distribution of sperm cells to
first two categories - I and IT (84%, 79% and 80% resp.)
whereas lower distribution to last categories - III and IV
(16, 21 and 20% resp.). Oppositely, caffeine caused lesser
distribution of spermatozoa to grades I and II (41%),
whilst a majority of sperm in the caffeine group (59%)
was distributed to grades III and IV.
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Table 1: Ultrastructural categorization of ram sperm heads after treatment with implementors

Distribution to the grades of morphology, n/ (%)

Implementor Day | 1 i v
Control 1 43/ (14) 177/ (59) 63/ (21) 17/ (6)
IGF-1 1. 94/ (31)*** 158/ (53) 38/(13) 10/ (3)
EGF 1. 85/ (28)*** 153/(51) 51/(17) 11/ (4)
Caffeine 1 33/(11) 90/ (30)*** 97/ (32)** 80/ (27)***
Glutathione 1. 55/ (18) 186/ (62) 48/ (16) 11/ (4)
Totally day 1, n (%) 310/ (20.7) 764/ (50.9) 297/ (19.8) 129/ (8.6)
Control 5. 24/ (8) 141/ (47) 120/ (40) 15/ (5)
IGF-I 5. 33/(11) 122/ (41) 102/ (34) 43/ (14)
EGF 5. 38/ (13) 135/ (45) 90/ (30) 37/ (12)
Caffeine 5. 33/ (11) 76/ (25)* 101/ (34) 90/ (30)***
Glutathione 5. 43/ (14.3)* 150/ (50) 85/(28.33)* 22/(7.33)
Totally day 5, n(%) 171/ (11.4) 624/ (41.6) 498/ (33.2) 207/ (13.8)

* Rk HEkk_ difference is significant compared to control at p<0.05, 0.01 and 0.001, resp. (Chi-square test)

Fig. 1: Ram sperm heads classified to 4 grades according to state of membranes and acrosome:

I —gradel - sperm with intact plasma membrane of the head and intact acrosome;

II — grade II — sperm with waved and cracked plasma membrane;

III — grade 111 — sperm with swollen or damaged acrosome;

IV — grade IV — sperm with pseudo-acrosomal reaction formed by vesicles and accompanied with loss
of the acrosomal content (I - x 38 000; II - and III - x 28 000; IV - x 20 000)

No differences between implementers were found  the grade IV sperm compared to other groups. Generally,
on day 5 among all groups except glutathione for grades  caffeine caused higher frequency of sperm belonging
I'and IIT (P<0.05 compared to control) and caffeine for  to grades Il and IV, whilst grade I and II sperm was
grades II (P<0.05) and IV (P<0.001). Caffeine provided  represented by a minimal occurrence (Table 1).
lower rate of the grade II but caused a higher frequency of
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DISCUSSION

Undamaged cell membranes are necessary for
the sperm viability. Membrane destabilization leads to
functional capacitation, what enables sperm to fertilize
the egg. However, when the sperm is deposited in female
reproductive tract distanced from fertilization site,
or maintained in vitro at standard temperatures, their
longevity is shortened, what is resulted in the pre-matured
sperm death (Mortimer and Maxwell, 2004). In the bull,
boar and ram it was found that damage to the acrosome
is the major cause of reduced fertility. The characteristic
feature that distinguishes the high fertility from the low
fertility groups is that fertile spermatozoa have intact
acrosome and the low fertility spermatozoa have either
damaged acrosomes or none at all. This confirms the
notion that acrosome plays an important role in sperm
survival and fertility.

We determined ultrastructural changes on the
plasma membrane, acrosomal membrane and acrosome
of ram sperm. We observed that the addition of several
implementors caused membrane damages and release of
acrosomal matter in different ways. Main consequence
of these changes was a preterm release of acrosomal
enzymes, what resulted in a decline of acrosomal matter
density.

We characterized sperm fertilizing capacity using
utrastructural characterization on the basis of four grades
of acrosomal status. Sperm classified into first two grades
are expected to have a higher fertilizing capacity compared
to the sperm of grade I1I and IV, where damages of plasma
and acrosomal membranes have already occurred.

Most studies indicate the efficiency of
supplementation with various additives in order to
preserve and increase cell membrane stability and
sperm viability (Graham and Hammerstedt, 1992; Parks
and Graham, 1992). Reactive oxygen species, such as
H,0O, and other free radicals, have been known to cause
decreased sperm capacitation and motility (Alvarez and
Storey, 1989; Aitken et al., 1998). A more recent study by
Lopes et al. (1998) suggested that oxidative stress causes
DNA fragmentation in human spermatozoa. Moreover,
when the function of sperm glutathione S-transferase
was blocked, sperm motility, acrosome reaction and the
ability to fertilize oocytes in vitro decreased, or were
lost due to the membrane damage (Gopalakrishnan
and Shaha, 1998). These facts suggest that the use of
glutathione (GSH) during sperm preparation could be
beneficial for membrane stabilization of sperm, and thus,
helps in subsequent fertilization and development. GSH
is a natural antioxidant present in both gametes but its
level varies and plays an important role in protecting the
all from oxidative damage (DeMatos and Furnus, 2000).
An earlier study indicated that GSH has a protective

effect against membrane damage in human sperm (Lenzi
etal., 1994).

Our results showed that implementors IGF-
I and EGF added to ram sperm, mostly elevated the
occurrence of the grade Isperm and maintained the
sperm membrane undamaged, what may result in higher
fertilizing capacity, as was found by Vickers et al. (1999)
and Champion et al. (2002). Under influence of these
growth factors a proportion of the grade III and IV
sperm was significantly decreased. The grade II sperm
occurrence was lowered by both growth factors on the
day 5 of the testing. Glutathione showed only moderate
effect on sperm capacitation, as it did not influence the
occurrence of grade I and II sperm, however lowered a
percentage of the grade III sperm. Oppositely, caffeine
did not influence a frequency of the grade I sperm,
but decreased occurrence of the grade II sperm and
elevated sperm occurrence in grades III and 1V, i.e. led
to acrosomal reaction. Park et al. (1989) tested effect of
caffeine on the bull sperm in IVF and found that caffeine
inhibits phosphodiesterase activity, what is resulted in
rise of cAMP content and increase of sperm motility.
Concerning caffeine, there are controversial data about its
effects. Caffeine, although stimulates sperm motility and
activity, but in our study, it impaired membrane integrity,
induced vesicle formation and caused pseudoacrosomal
reaction. Also, Mao et al. (2005) reported that caffeine
may have caused hyper-motility of spermatozoa and
resulted in polyspermy. A high incidence of polyspermic
penetration in caffeine-containing IVF medium has been
reported (Mao et al., 2005). Moreover, Tatham et al.
(2003) suggested that caffeine can increase capacitation
and fertilization, but at high concentrations in [VF medium
is detrimental to embryonic development. Kihlman and
Andersson (1987) reported that high concentration of
caffeine causes DNA damage by inhibition of repair of
chromosomal aberrations.

An efficiency of the addition of antioxidants -
glutathione, alpha-tocopherol, acetate and aromex into
ram semen was demonstrated by Sarlos et al. (2002).
Authors have found that following addition of these
substances the sperm motility was significantly increased
and frequency of sperm abnormalities was decreased. The
release of acrosomal enzymes may occur after addition of
caffeine and also glutathione. Ram spermatozoa can have
spontaneous acrosome reaction when incubated ina TRIS-
buffered medium in vitro, but at low levels (Thompson
and Cummins, 1985). Leakage of the acrosomal matter or
acrosomal enzymes may occur between formed vesicles
and also across seemingly undamaged membranes due to
the change in their permeability. As known, ram sperm
membranes are rich on unsaturated fat acids and are very
sensitive to damages induced by lipid peroxidation. In
this context it is possible that our tested implementors are
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able to preserve sperm membranes against injuries.

In conclusion, growth factors (IGF-I, EGF) and
glutathione, as implementors added to insemination
doses, are able to improve sperm membrane stability and
maintain their functional state and fertilizing ability. A
categorization of sperm heads into four grades according
to morphological status of membranes and acrosomes,
using electron microscopy, may provide a basis for the
evaluation of ram sperm viability.
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