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ABSTRACT

The present work was designed to study the ultrastructure of buffalo bull spermatozoa and
to recognize the possible defects that may be occurred following the cryopreservation process.
Fresh semen samples were collected from three buffalo-bulls from Mahallet Musa buffalo research
station in Kafr El-shiekh Government for production of buffalo-bull sires. Straws of cryopreserved
semen were obtained from Kafr El-Shiekh Center for frozen buffalo-bull semen. All these samples
were prepared for examination by transmission electron microscope. The results reveal that the
freshly collected spermatozoa from apparently healthy buffalo bull consist of: head and tail. The
tail attached to the head axially and consists of neck, middle piece, principle piece and end piece.
The head consists of the acrosome and the nucleus surrounded by the plasma membrane. The neck
located between the head and middle piece and has fossa in which the centriole is located. The
middle piece is characterized by the mitochondrial sheath that surrounds the flagellar core in 9+2
axonemic arrangement and the nine outer dense fibers (ODF). The principle piece is the longest
portion of the spermatozoon. It has flagellar core, dense fibers and fibrous sheath. The fibrous
sheaths are made of two longitudinal columns, a dorsal and a ventral one, and connecting ribs. The
end piece contains only the axial filament complex. The results revealed the effect of
cryopreservation on ultrastructure of buffalo bull spermatozoa; disruption, undulation and damage
of plasma membrane, detached and disintegration of acrosome, decondensation of chromatin of the
nucleus, bent and swelling middle piece, breakage of the plasma membrane of middle piece and
loss of some of the mitochondria, irregular shaped mitochondria, irregular arrangement and shape
of dense fibers and distorded axonemes.

INTRODUCTION animal medicine, and human assisted

There are 170 million buffaloes in the
world, 97% in Asia, 2% in Africa mainly in
Egypt, and 0.2% in Europe mainly in Italy (1).
Artificial insemination has many advantages
such as controlling of the genital disease among
females, avoiding bull exhaustion and
improving the genetic quality of the herd (2).
Species differences in female tract anatomy,
differences in sperm transport mechanisms,
ability to time inseminations and deliver
spermatozoa  effectively are  powerful
determinants of fertility with cryopreserved
spermatozoa (3). The successful
cryopreservation of spermatozoa can be found
in many fields, including agriculture, laboratory

reproduction, providing a cost-effective and
efficient method to preserve genetic material
for decades (4).

Artificial insemination using
cryopreserved semen is common management
tool of live stock producer; however,
cryopreservation is detrimental to sperm
fertility, killing about 50% of spermatozoa
during the cryopreservation process and causes
damage to other sperm cells (5).

The percentage of live spermatozoa
determines the quality of the ejaculate. Semen
with more than 30% initial dead spermatozoa
may not be suitable for storage and freezing.
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Differential staining techniques have been used
for determination of live and dead spermatozoa
(6). Two techniques can be used for assessment
of sperm viability: the optical eosin-nigrosin
assay and the fluorescence live-dead assay (7).

Sperm abnormalities have traditionally
been classified by location of the defect (head,
mid piece, tail), or its site of origin: primary
(testis), secondary (epididymis) and tertiary
(accessory glands/post-gjaculation),(8).

The aim of the present work was to
study the ultrastructure of the fresh buffalo bull
spermatozoa as well as some of the sperm
alterations during freezing processes which
may interfere with fertility in buffalo.

MATERIALS AND METHODS

Source of the semen sample
Fresh semen sample

The fresh semen samples were obtained
from three Buffalo-Bulls that were kept in
Mabhallt Musa buffalo research station related to
animal research institute, agricultural research
center. The selected Buffalo-Bulls were
subjected to clinical examination and proved to
be in good general condition, free from any
general and genital diseases. Moreover, they
were characterized by acceptable libido and
good semen quality and quantity. Their ages
were ranged around four years. They had an
average body weight of 400-450 kg. They were
housed in an open yard where 50% of the yard
area was sheltered and the animals have free
access of water.,

Semen Collection

Semen samples were collected using the
artificial vagina (AV). The semen collected
with good hyagine conditions and immediately
transferred to the laboratory.
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General evaluation of the semen samples

Each ejaculate was subjected to
macroscopic evaluation and divided into two
parts; the first was used to conduct microscopic
evaluation (9) while the second part was
preserved in glutaraldehyde solution till the
time of preparation for examination by electron
microscope (10). .

Macroscopic evaluation of the semen samples

The ejaculate volume was directly
measured in the graduated tube. Physical
characters of the ejaculate (the color, density,
presence or absence of any admixtures as well
as gross motility) were determined directly after
collection.

Microscopic evaluation of the semen samples
Sperm Motility

The freshly collected semen samples
were evaluated for both mass and individual
motility (9) (tables 2&3).

Mass Motility

Evaluation of mass motility reflects
combined effect of concentration as well as the
viability of sperm cells. It is determined by
observing a thick drop of fresh semen under
low power using an objective X10 and reduced

light.
Individual Motility

The percentage of the progressive
forward motility is only calculated. Circling,
reverse, as well as stationary motility were
ignored. The initial estimation of the percentage
of progressively motile sperms was done in
order to estimate the total progressively motile
sperms per ejaculate. Individual motility was
assessed using one drop of semen on a
previously warmed slide diluted to a ratio of 1:3
with 2.9 % Sodium citrate. The diluted semen is
covered with a cover slip to provide a uniform
film, restrict movement of the floating sperm
cells and delay drying of the examined smear.
The prepared slide was examined at high power
using an objective 40X,
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Sperm Cell Concentration

Sperm cell concentration of each
ejaculate was determined using
Neubauerhemocytometer in manner similar to
that used in making a red blood cell count (71).
The diluents used is saline to which 0.01 %
mercuric chloride, 2% sodium hydroxide or few
drops of formalin are added to suppress the
motility of the sperm when examining fresh
samples, otherwise saline alone will be
sufficient. One drop of saturated watery
solution of eosin or methylene blue was found
to be useful for staining the sperm and making
them more distinct and to be easily seen in the
chamber. Semen was diluted by an extension
rate of 1: 200. The killed sperms in 5
secondary (large) squares were counted in a
diagonal direction. The number of the counted
sperms was multiplied by 10,000 (12).

Frozen Semen Sample

Straws of frozen semen were obtained
from international center for training on the
animal welfare and embryo transfer in Sakha.
Six mini straws were used for making three
resin blocks .
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Freezing was performed at -90 to -
100°C for 12 minute. Total time of cooling was
5 hours. The first hour for gradual cooling,
while the last 4 hours for equilibration. The
straws were thawed and preserved in
glutaraldehyde solution.

For electron microscopy

Samples were centrifuged at 3500 rpm
for 10 minutes and immediately fixed in 2%
glutaraldehyde solution in 0.1 M sodium
phosphate buffer pH 7.4 at 4°C for 3 hours and
post fixed in 1% osmic acid. After dehydration
in ethanol series, all specimens were embedded
in Epon-Araldite. The selected blocks were
sectioned using diamond knives into ultra-thin
sections that were mounted on naked copper
grids and stained with uranyl acetate and lead
citrate. The sections were examined and
photographed with TEM operating at 80 kv
(10).

The obtained specimens, blocks and
sections of both fresh and frozen Buffalo-Bull
semen samples, as well as the total number of
fields captured, in addition to the different
magnification power were represented in table
1.

Table 1. Series of steps performed for preparing the final sections examined by TEM for
fresh and frozen Buffalo-Bull semen specimens

Criteria Fresh semen Frozen semen
Initial  Repitition Total Initial  Repitition Total
Number of samples collected 3 3
Number of ejected samples 1 1
Number of samples those 2 2
exactly examined
Number of blocks made from B 4
each sample
Number of rejected blocks 2 2
Number of blocks those exactly 2 2
sectioned .
Number of thin sections made 3 3X2 6 3 3X2 6
from each block
Number of fields captured from 8 8X6 48 8 8X6 48

each section
Magnification power used

X1000, X4000, X6000, X8000, X10000, X15000, X20000, X30000 and

X40000.
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RESULTS

Microscopic evaluation of the semen samples
Sperm Motility
Mass Motility

The mass motility was scored from 0 to 4 according to the intensity of moving whirls

(table, 2). Ejaculates less than 3 were rejected.

Table 2. Descriptive and numerical scales for evaluation of the microscopic wave patterns of

bull semen
Descriptive Numerical Scale A
ppearance
Scale
Very poor 0 Waves not present, sperms immotile
Poor 1 Waves not present, sperm cells motile
Fair 2 Barely distinguishable waves
Good 3 Waves apparent, moderate motion
Very good 4 Dark, distinct waves in rapid motion.
Individual Motility

The results were recorded according to the descriptive and numerical values presented in
table 3. At least 80 % of motile cells should exhibit the progressive type of motility.

Table 3. Descriptive and numerical scales for evaluation of the microscopic individual

motility of sperm cells

% of Motile Cells

Descriptive value

Numerical value

80 —-100 % Very good 5
60 —80 % Good -
40 - 60 % Fair 3
20-40% Poor 2
0-20% Very Poor 1

Ultrastructures of Spermatozoa of freshly
collected semen of buffalo bull:

The examination of prepared semen
samples under TEM revealed that, mature
spermatozoa are enclosed inside plasmalemma
and consist of: head and tail. The tail is the
longest part of the sperm. The tail attached to
the head axially and consists of neck, middle
piece, principle piece and end piece (fig, 1).

Head

The sperm head consists of the
acrosome (head cap) and the nucleus
surrounded by the plasma membrane (figs. 2
and 3).

The acrosome

The acrosome forms a cap-like structure
covering the first two thirds of the sperm head.
It consists of an inner and an outer acrosomal
membrane(fig. 2). It is cut into three different
segments: (a) the anterior margin that is the
apical segment (showing acrosomal ridge;there
was small enlargement toward ventral surface
so it take the shape of tongue like protrusion),
(b) the segment back over the anterior half that
is called main segment and (c) the caudal
portion of the cap that is the equatorial segment

(fig. 4).
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The nucleus

The nucleus contains the condensed
chromatin. The shape of the nucleus is species-
specific and usually flattened dorsoventrally.
There is a small area of uncondensed chromatin
(fig.4) where transcription, translation and
protein-biosynthesis are still possible.

The implantation groove

Groove is present at the caudal end of
nucleus, it is species specific and it is limited by
nuclear envelope. (fig. 4)

Neck

It is short and narrow structure between
the head and middle piece so it called
(connecting piece). It has fossa in which the
centriole is located (the proximal centriole
whereas the distal centriole is absent in mature
spermatozoa) and nine peripheral,
longitudinally oriented dense fibers continuous
with the outer dense fibers of the middle piece
(fig. 1).

Middle piece

The middle piece is characterized by the
mitochondrial sheath (figs. 2,5,6) that surrounds
the axonemal complex and the nine ODF. The
axonemal complex consists of a central pair of
two single microtubules (figs.5,6) that is
surrounded by a cylindrical bundle of uniformly
arranged nine double microtubules. They are
surrounded by longitudinally oriented, tapered
outer fibers that are connected to the fibers of
the connecting piece called (ODF). The nine
ODF (figs. 5,6) are peripherally arranged
around the axoneme in the proximal part of the
flagellum. They have a dense, inhomogeneous
structure and a rounded outline that tapers to
the narrower edge and is directed to the
doublets of the axoneme.

The ODF differ among them in shape in
cross sectional area (fig.6). All of the ODF are
thickest in the proximal part of the middle piece
and progressively diminish in diameter from
base to tip of tail.

The mitochondria are arranged end to end in

helices around the contractile elements in
longitudinal section (fig. 2), while it wraps
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laterally around the outer dense fiber in cross
section (figs. 5, 6).

At the caudal end of the mitochondrial
sheath is the annulus or Jensen’s ring
respectively ring centriole that marks the barrier .
between mid piece and principle piece(fig. 2).
Principle piece

The principle piece is the longest portion of
the spermatozoon. The axial filament complex
has a structure identical to that of middle piece
and is surrounded by the outer fibers of the
middle piece. It is enclosed by fibrous sheaths
that are made of two longitudinal columns, a
dorsal and a ventral one, and circumferentially
oriented connecting ribs. One raw of radial
spokes radiate inward toward the central pair of
microtubules (fig. 7).

The thickness of the principle piece
decreases toward the end piece so we find in
this study principle piece with different
diameter in cross section so we divide the
principle piece into two level (a) level 1 at the
upper third of principle piece and (b) level 2 at
the lower third of principle piece.

End piece

The termination of the fibrous sheath
marks the beginning of the end piece, which
contains only the axial filament complex.

There are primary abnormalities as
short head (Fig.8) and double tail (fig.7) beside
the defects due to freezing.

Freezing induced defects in

ultrastructure of buffalo bull spermatozoa as
being detected by TEM:

Plasma membrane
Disruption and undulation of plasma
membrane (fig. 9) ,absence of plasma

membrane (figs. 8,10) and Destruction of
plasma membrane (figs. 11,12).

Head
Acrosome

Ruptured plasma membrane and the
outer acrosomal membrane, disintegration of
acrosome and remnants of its content adhering
to the nucleus (fig. 10) and detached acrosome

(fig. 11),
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Nucleus
Decondensation of chromatin of the
nucleus (figs.8,9,10,13).

Tail

The present study showing bent middle
piece (figs. 8,14 ) in addition to swelling of
middle piece (figs.10,15), breakage of the
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plasma membrane of middle piece and loss of
some of the mitochondria, irregular shaped
mitochondria, disordered mitochondria

(figs.9,10), irregular arrangement and shape of
dense fiber (fig. 12) and distorded axonemes
(figs.8,9,11,13).

Fig. 1. Electron micrograph of normal semen of adult buffalo bull showing longitudinal section of

spermatozoon, head (H)

middle piece (MP): X8000

Fig. 2. Electron micrograph of normal semen of adult buffalo bull showing longitudinal section of
sperm tail formed from middle piece (Mp) consists of mitochondria (m), axial filament
(black arrow), the beginning of the principle picce (Pp) and the (annulus) and also
showing longitudinal section of sperm head consists of nucleus (n), plasma membrane
(emptyarrow) and the acrosome (A), the acrosome consists of inner and outer acrosomal

membrane (AM):X 15000
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Fig. 3. Electron micrograph of normal semen of adult buffalo bull showing longitudinal sections of
many sperm heads (H) formed from nucleus (n), acrosome (A) and plasma membrane
(arrows) and C.S of principle pieces (Pp) :X10000

Fig. 4. Electron micrograph of normal semen of adult buffalo bull showing L.S of sperm consists
of head (H) formed from nucleus (n), acrosome (A) divided into apical segment (AS) or
acrosomal ridge, main segment (MS) and equatorial segment (ES) and plasma membrane
(‘black arrow), the nucleus (n) ended with implantation groove (Ig) and contain area of
uncondensed chromatin (AUC) , C.S in middle piece (Mp) and C.S of principle pieces
(empty arrows) consists of: 1(cell membrane), 2( longitudinal column), 3(rib of fibrous
sheath) and 4( axial filament): X8000
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Fig. 5. Electron micrograph of normal semen of adult buffalo bull showing longitudinal section of
sperm head (arrow), cross section of middle piece (MP) formed from axoneme{ two
central microtubules (cm) and nine peripheral microtubules (pm) and nine dense fibers
(df) surrounded by mitochondria (M) } and cross section of principle piece (Pp) of sperm
tail formed from axoneme (Ax), nine dense fibers (df) and fibrous sheath (fs): X 40000

Fig. 6. Electron micrograph of normal semen of adult buffalo bull showing C.S of middle piece
(Mp) consists of plasma membrane (black arrow), mitochondria (M), dense fibers (df)
and axonem (Ax) and principle pieces (Pp) consists of: plasma membrane (black arrow),
longitudinal column (arrow head), rib of fibrous sheath (white arrow) and axoneme (Ax):

X40000
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Fig. 7. Electron micrograph of normal semen of adult buffalo bull showing C.S in principle pieces
at different levels consists of : 1( cell membrane), fs (fibrous sheath), 2 (longitudinal
column), 3 ( rib of fibrous sheath), 4 (dense fibrils) , Ax (axial filament) and also
showing double tail (empty arrow): X40000

Fig. 8. Electron micrograph of post-thawing semen of adult buffalo bull showing longitudinal
section of spermatozoon consists of head (H), middle piece (Mp), this image show short
head , absence of plasma membrane, decondensation of chromatin of the nucleus (n),
bent constricted middle piece and longitudinal sections of distorded axonemes as a
defect of freezing process: X6000
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Fig. 9. Electron micrograph of post-thawing semen of adult buffalo bull showing longitudinal
section of spermatozoon consist of head (H) , middle piece (Mp) and longitudinal
section of sperm heads (H). This image shows disrupted plasma membrane(Pm),
decondensation of chromatin of the nucleus (n), longitudinal sections of distorded
axonemes and disordering of the mitochondria of middle piece as a defect of freezing
process: X6000

Fig. 10. Electron micrograph of post-thawing semen of adult buffalo bull showing longitudinal
section of spermatozoon consists of head (H), middle piece (Mp). This image shows
absence of plasma membrane, disintegration of acrosome (Ac) and remnants of its
content adhering to the nucleus, decondensation of chromatin of the nucleus (n) and also
shows swelling of middle piece and irregular shaped disordered mitochondria (m) as a
defect of freezing process: X10000
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Fig. 11. Electron micrograph of post-thawing semen of adult buffalo bull showing longitudinal
section of sperm head (with detached acrosome and destructed plasmalemma as a defect
of freezing process) and longitudinal sections of distorded axonemes: X1000

Fig. 12. Electron micrograph of post-thawing semen of adult buffalo bull showing cross section of
middle piece (Mp) and principle piece (Pp). This image also shows destructed plasma

membrane (Pm) and irregular arrangement and shape of dense fibers (Df) as a defect of
freezing process: X30000
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Fig. 13. Electron micrograph of post-thawing semen of adult buffalo bull showing longitudinal
section of spermatozoon consists of head (H), middle piece (Mp). This image shows
absence of plasma membrane, decondensation of chromatin of the nucleus (n) and
longitudinal section of distorded axonemes as a defect of freezing process: X 6000

Fig. 14. Electron micrograph of post-thawing semen of adult buffalo bull showing cross section of
two middle piece (Mp), the mitochondria of middle piece (arrows) and longitudinal
section of middle piece, axoneme (ax), mitochondria (m). This middle piece subjected to
benting as a defect of freezing process: X10000
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Fig. 15. Electron micrograph of post-thawing semen of adult buffalo bull showing longitudinal
section of sperm consists of head (H), swelled middle piece (Mp) and principle piece

(Pp).: X4000

DISCUSSION

The present study showed that, the
buffalo bull spermatozoa of freshly collected
semen consist of: head and tail (the tail consists
of neck, middle piece, principle piece and end
piece). These results proved by some authors
(13-15). The tail attachment to the head is axial
in position. This result was confirmed by other
author (16).

Abnormal spermatozoa are detected by
staining methods and are usually classified as
head, middle-piece and tail abnormalities (7).

The plasma membrane surrounds the
spermatozoon in total and is characterized by a
regional specific glycoprotein and lipid
constitution. These so-called surface domains
are important for the function of the membrane
areas (18). For example, the part of the
membrane at the equatorial segment is
responsible for the contact to the oocyte
membrane in fertilization (19). Frozen
spermatozoa were characterized by disruption
and undulation of plasma membrane. These
results were parallel to the previous findings of
many investigators who observed absence,

destruction or damage of the plasma membrane
(20,21).

The present study showed that the head
consists of acrosome and the nucleus being
surrounded by the plasma membrane. The
acrosome forms a cap-like structure covering
the first two thirds of the sperm head. It consists
of the inner and outer acrosomal membranes
and it is cut into three different segments; (a)
the anterior margin (b) the main segmentand (c)
the equatorial segment. These results proved by
some authors (14).The equatorial segment is
responsible for the contact to the oocyte
membrane in fertilization (19).

The effect of cryopreservation on
acrosome of frozen spermatozoa represented in
detached acrosome. This was in agreement with
many authors (21). Rupture of both the outer
acrosomal membrane as well as the plasma
membrane covering the acrosome may occur.
This was similar to the observations of some
authors (20,22). The disintegration of acrosome
and remnants of its content adhering to the
nucleus was also described by other author
(22).
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The nucleus contains the condensed
chromatin. In buffalo, the shape of the nucleus
is species-specific and usually flattened
dorsoventrally; the outline tends to be oval.
This finding was similar to the statement of
some authors (I4). In transmission electron
microscopy, it appears to be very dense because
the chromatin is highly condensed and it is
arranged lamella-like due to exchange of
histones to protamines (19,23). Only in the
neck region, there is a small area of
uncondensed chromatin where transcription,
translation and protein-biosynthesis are still
possible (24, 25).

The nuclear membrane and the inner
acrosomal membrane form the nuclear
envelope (14). On the other hand, this study
showed that the frozen buffalo bull
spermatozoa characterized by decondensation
of chromatin of the nucleus because of
denaturation of deoxyribonucleic acid (DNA)
due to freezing process and this affects on
fertilization process. These results were
obtained by many authors (21). There is now a
substantial body of evidence to support the
conclusion that the integrity of sperm chromatin
is important not only for fertilization but also
normal embryonic development (26,27).

The present work showed that the neck
is a relatively short and narrow strucrure
between the head and middle piece (connecting
piece) (13). In this study, the midpiece is
characterized by the mitochondrial sheath that
surrounds the axonemal complex and the nine
ODF. The ODF and fibrous sheaths are two
unique cytoskeletal elements along the central
axoneme which distinguish the tail from simple
flagella or cilia (28- 30).

The present work revealed that the
mitochondria are arranged end to end in helices
around the contractile elements for high
flexibility as reported by some authors (14). It
wraps laterally around the outer dense fiber in
cross section (16). The mitochondria might be
to provide adenosine triphosphate (ATP) for
sperm movement through  oxidative
phosphorylation so; defects of mitochondria
hinder the metabolic activity and consequently
movement of sperm (7).
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Frozen buffalo bull spermatozoa
characterized by bent middle piece. These
results were confirmed by many authors (21,
31) who cited that swelling of middle piece due
to change in osmotic pressure. Breakage of the
plasma membrane of middle piece and loss of
some of the mitochondria (20), irregular shaped
mitochondria (32) and disordered mitochondria
(mitochondria is out of its normal position)
(33). All these changes may be resulted as
sequelae of freezing process.

In this study, the results showed that the
principle piece is the longest portion of the
spermatozoon. The axial filament complex has
a structure identical to that of middle piece and
is surrounded by the continuing outer fibers of
the middle piece. These results proved by some
authors (13). One row of radial spokes radiate
inward toward the central pair of microtubules.
Similar results were obtained by many authors
(14).

The principle piece is enclosed by fibrous
sheaths that are made of two longitudinal
columns, a dorsal and a ventral one, and
circumferentially oriented connecting ribs (34,
35). The fibrous sheaths work as a scaffold for
proteins in signalling pathways, so it might be
involved in regulation of sperm maturation,
motility, capacitation and hyper activation (35).

In this study principle piece was found
with different sizes in cross section so we
divide the principle piece into two level (a)
level 1 at the upper third of principle piece and
(b) level 2 at the lower third of principle piece
because the thickness of the principle piece
decreases toward the end piece, While frozen
buffalo bull spermatozoa characterized by
irregular arrangement and shape of dense fiber.
This was also reported by some authors (32)and
distorded axonemes as effect of freezing and
this affected movement of spermatozoa (36).
This result was not similar to other studied (37).
The dense fibers facilitate sperm movement
which required for the penetration of oocyte
and serve as protector against damage during
sperm  transition  through the female
reproductive tract so defects of these fibers may
affect the fertilization process (38).
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The damage to sperm through freezing
processes  and after thawing have been
attributed to several factors including cold
shock, freezing injury, oxidative stress,
alterations  in  membrane  compositions,
chemical toxicity of cryoprotective agents
(CPA), and  osmotic  stress (39).
Cryopreservation induces many changes in
sperm cells, including membrane disorders and
cell death. The apoptosis, a form of
programmed cell death, can contribute to the
fatal effect of cryopreservation on sperm cells
(40).

Finally, the problem about semen
cryopreservation is that arrest in the metabolic
processes within the spermatozoa is required.
So, the cells need to be held in a state of
“suspended animation’® until required for
fertilization. Series of osmotic, chemical and
mechanical ~ stress  are  induced by
cryopreservation so; freezing-protocols should
be well puzzled out to minimize these stresses.
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