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Summary. The present article reviews the called the zona pellucida. The spermatozoon must
go through this layer before fusing with the oocytemethods for detection and the clinical significance

of the acrosome reaction. The best method for the plasma membrane. This process requires the acro-
some reaction which is regulated by a number ofdetection of the acrosome reaction is electron

microscopy, but it is expensive and labour- ions (Fraser, 1998) and results in the exocytosis of
digestive enzymes that will allow the spermatozoonintensive and therefore cannot be used routinely.

The most widely used methods utilize optical to break through the zona pellucida. Fusion then
occurs between the sperm plasma membrane andmicroscopy where spermatozoa are stained for the

visualization of their acrosomal status. Different the oolemma. As a result, the spermatozoon is
drawn into the oocyte thus forming the embryodyes are used for this purpose as well as lectins

and antibodies labelled with fluorescence. The (Kupker et al., 1998).
In the past few years, new methods for evaluat-acrosome reaction following ionophore challenge

(ARIC) can separate spermatozoa that undergo ing the capacity of spermatozoa to carry out the
acrosome reaction have been developed (Cross &spontaneous acrosome reaction from those that

are induced, making the result of the inducible Meizel, 1989). These methods are currently used
to determine the fertilizing capability of a givenacrosome reaction more meaningful. Many differ-

ent stimuli have been used for the induction of sample. This review summarizes the information
available on the methods for the detection of thethe acrosome reaction with different results. The

ARIC test can provide information on the fertili- acrosome reaction, the clinical significance of
the result and the implication it will have onzing capability of a sample. The ARIC test was

also used to evaluate patients undergoing in vitro therapeutic decisions.
fertilization since a low percentage of induced
acrosome reaction was found to be associated with
lower rates of fertilization. The cut-off value that
could be used to identify infertile patients is under Biology of the acrosome reaction
debate. Therapeutic decisions can also be made
on the basis of the value of the ARIC test. After ejaculation the spermatozoon can not ferti-

lize the oocyte immediately. A lag phase, during
which capacitation takes place, is necessary in

Introduction order for insemination to occur (Yanagimachi,
1994). It is generally believed that the stage of

Fertilization in mammals requires the entry of the capacitation prepares the spermatozoon for the
spermatozoon into the oocyte. The oocyte is sur- rest of its journey to the oocyte interior. The
rounded by a biochemically complex structure spermatozoon is deposited into the lower region

of the female reproductive tract and must move a
distance to the site of fertilization. It has beenCorrespondence: T. Zeginiadou, 86 Mitropoleos str.,

Thessaloniki, 54622, Greece. suggested that capacitation may actually prevent
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the spermatozoon from becoming fertile too reaction is involved in changes that make this
phenomenon possible (Yanagimachi, 1994). Thequickly (Caswell & Hutchison, 1971).

The process of capacitation is poorly understood equatorial segment becomes more fusogenic, poss-
ibly due to the release of acrosin (Dravland &and many biochemical phenomena seem to take

place. Some of the events that have been identified Meizel, 1982; Takano et al., 1993). After the two
membranes fuse, the genetic material of the sper-include: (i) the reorganization of membrane sur-

face antigens that increase the fluidity of the matozoon is found in the oocyte, and the male
pronucleus forms.membrane (Koehler & Gaddum-Rose, 1975); (ii)

a change in the ratio of cholesterol/phospholipids
due to the loss of cholesterol to an extracellular
ligant such as albumin (Davis, 1981; Benoff et al., Methods for the detection of the

acrosome reaction1993); (iii) protein phosphorylation as an import-
ant feature of both capacitation and the acrosome
reaction (Naz et al., 1991; Luconi et al., 1995; Visualization of spermatozoa that have undergone

the acrosome reaction and separation from thoseVisconti et al., 1995). The time necessary for
capacitation to be completed varies among differ- that have not can be achieved nowadays using

many methods. The result of such testing couldent species. In humans the time needed for sperm
capacitation is not known for the in vivo situation provide information on the fertilizing potential of

a given sample. The most commonly used methodsand it varies widely in vitro.
When capacitation is completed the spermato- are described below.

zoon is ready for the acrosome reaction and the
following steps occur:

1 Electron microscopyStep 1: the spermatozoon must bind to the zona
pellucida. The zona pellucida protein 3 (ZP3) was The best method for detecting acrosome-reacted

spermatozoa is electron microscopy, which canidentified as the ligant where the sperm binds, and
this observation was made using mouse gametes accurately identify the acrosomal status of the

sample. The methods that are commonly used are(Wassarman, 1994).
Step 2: the spermatozoon penetrates the zona compared with it for evaluation (Mack et al., 1990;

DasGupta et al., 1993). Electron microscopypellucida due to the acrosome reaction, which, as
mentioned, liberates hydrolytic enzymes due to requires expensive equipment and trained person-

nel; in other words, it cannot be used routinely,exocytosis. The acrosome reaction is probably
stimulated by the binding of the sperm head to and it is a valuable tool only for research purposes.
ZP3 and the plasma membrane around the head
and the outer acrosomal membrane fuse, leaving

2 Bright-field light microscopythe equatorial segment intact. A number of separ-
ate steps can be identified on the spermatozoon, The first method for assessing acrosomal status

using light microscopy was developed by Talbotwhich were described by the terms ‘poised’, ‘punc-
tuate’ and ‘fenestrate’ (Storey, 1991). Among the and Chacon (Talbot & Chacon, 1980; 1981). This

method stains the acrosomal contents and theenzymes that are liberated are acrosin and hyalu-
ronidase. These enzymes might exhibit trypsin differential staining allows the separation between

reacted and non-reacted spermatozoa. It is a triple-action since treating the sperm with soybean tryp-
sin inhibitor blocked zona–sperm penetration. (Liu stain procedure that uses trypan blue to stain dead

spermatozoa and Bismarck brown Y with Rose& Baker, 1993; Llanos et al., 1993). It has been
suggested, however, that the enzyme acrosin can Bengal stain the post-acrosomal segment in viable

spermatozoa. Other bright-field microscopy assaysmediate the interaction of the spermatozoon and
the zona pellucida (Tesarik et al., 1988). It was also were also developed, including the method that

uses Coomassie blue (Aarons et al., 1993) and thefound that a large number of spermatozoa bound
to the surface of the zona pellucida have already method based on the use of silver staining

(Gosalvez et al., 1986). In the above-mentionedundergone the acrosome reaction (Aitken, 1990).
The combination of these two findings possibly assays the sperm head membrane should become

permeable to the probe that will detect the acro-suggests another mechanism with which the first
step is the acrosome reaction and the second step somal material. This is achieved due to the harsh

conditions of the fixing and staining process, whichis the interaction between the spermatozoon and
the zona pellucida (Aitken, 1990). disrupt the sperm membrane.

Bright-field microscopic assays correlate wellStep 3: the spermatozoon fuses with the oolema.
The equatorial segment of the spermatozoon with electron microscopy (Mack et al., 1990;

Aarons et al., 1993), and they are in use becauseseems responsible for this fusion, and the acrosome
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of their simplicity and relatively low cost. However, body to determine the acrosomal status and its
use in clinical practice is being evaluated (Hershlagthe accurate identification of acrosome-reacted

spermatozoa is sometimes difficult. et al., 1997; Sharma et al., 1997).

5 Chlortetracycline fluorescence
3 Fluorescence microscopy using lectins

This assay works on the principle that the com-Fluorescent assays also use the light microscope pound chlortetracycline (CTC) and calcium ionsfor the separation of spermatozoa that have com- bind to membranes and show highly enhancedpleted the acrosome reaction from those that have fluorescence with the following four different pat-not. A wide variety of lectins that are labelled with terns (Lee et al., 1987; DasGupta et al., 1993; Fraserfluorescence are used extensively since they give
et al., 1996; Fraser, 1998).better differentiation between acrosome-reacted Pattern 1: This pattern is characterized by a brightand acrosome-unreacted sperm heads. The use of band of fluorescence in the post-acrosomal regiondifferent lectins can even separate the onset stage and bright fluorescence on the midpiece. This isof the acrosome reaction from the latter stages designated pattern EF (early fresh sperm) and iswhere the acrosomal cup is lost (Amin et al., 1996). observed in human spermatozoa that were left toThe most commonly used lectins are Pisum capacitate for 1 h after ejaculation.

sativum agglutinin (Cross et al., 1986) which binds Pattern 2: This pattern is characterized by brightto acrosomal contents and peanut agglutinin fluorescence in the anterior portion of the head(Mortimer et al., 1987) which binds to the outer and the dark band in the post-acrosomal regionacrosomal membrane. These probes detect the and bright fluorescence on the midpiece. This isacrosomal contents when the spermatozoon has designated pattern DP (dark posterior head) andnot yet undergone the acrosome reaction. Other is observed in human spermatozoa that were leftmethods were developed that detect the inner to capacitate for 3 h after ejaculation.acrosomal membrane or exocytosed acrosomal Pattern 3: This pattern is characterized by fluores-contents; in other words, these methods stain cence over the entire head with bright perimeterspermatozoa that have completed the acrosome and fluorescence on the midpiece. This is desig-reaction. These methods use probes that are vis- nated pattern CP (clear perimeter) and is observedualized again with fluorescence microscopy. The in human spermatozoa that were left to capacitateprobes used include Concanavalin-A (Con-A) and for 10 h after ejaculation.soybean trypsin inhibitor (Holden et al., 1990; Arts Pattern 4: This pattern is characterized by the
et al., 1994). The use of different probes can poss- lack of fluorescence on the head and fluorescenceibly detect different stages of the acrosome reaction on the midpiece. This is designated pattern AR(Köhn et al., 1997). (acrosome-reacted) and is observed in human sper-

matozoa that were treated with ionophore A23187
(Lee et al., 1987).

4 Fluorescence microscopy using antibodies In conclusion, it can be noted that the CTC
assay is easy to perform but the mechanisms byAntibodies have also been developed for the assess-

ment of the acrosomal status such as antisperm which it works are still unknown.
antibody, antiacrosin antiserum, anti-outer acro-
somal membrane antiserum as well as the mono-

6 Flow cytometryclonal antibody HS21 (Wolf et al., 1985; Sanchez
et al., 1991), which detect sperm cells that are Sperm heads that are labelled with fluorescent

probes can also be studied with the use of flowintact. However, labelling with antibodies is more
labour-intensive than labelling with lectins since cytometry. This technique can measure the fluo-

rescence of large numbers of cells in a sample inexposure to a second fluoresceinated antibody
is needed. a very short time. The probes that are developed

so far for this purpose include monoclonal anti-Another category of methods uses monoclonal
antibodies GB24 and MH61 (Fénichel et al., 1989). bodies (Fénichel et al., 1989; Okabe et al., 1990;

Tao et al., 1993), peanut agglutinin (Purvis et al.,In this category the probes detect only reacted
sperm heads that have exposed their inner acro- 1990; Engh et al., 1991) and Pisum sativum aggluti-

nin (Henley et al., 1994). A commonly used anti-somal membrane or have exocytosed their acro-
somal components, so there is no need for the body is the antibody CD 46, which binds to the

inner acrosomal membrane (D’Cruz & Haas,sperm-head membrane to become permeable to
the probe. The acrobead test uses polyacrylamide 1992; Carver-Ward et al., 1994). In a recent study,

CD 46 was used in conjunction with Pisum sativumbeads coated with anti-CD 46 monoclonal anti-

ANDROLOGIA 32, 335–343 (2000)



338 T. Zeginiadou et al.

agglutinin for the distinction between acrosome logical way that is needed to trigger the acrosome
reaction and acrosomal loss (Kawamoto et al., reaction in human spermatozoa. Calcium iono-
1999). Flow cytometry is very accurate and very phore suffers the disadvantage of by-passing part
sensitive, is not as labour-intensive as cell counting of the transductive mechanisms that are needed
at the microscope and is less time consuming, but for the calcium influx (Zaneveld et al., 1993). Many
the cost of the flow cytometer is very high. As a other stimuli have been proposed as being respon-
result, the visual method will remain a useful and sible for the induction of the acrosome reaction in
practical procedure for routine andrology (Uhler the fertilizing sperm. For example, progesterone
et al., 1993). was used for the induction of the acrosome reac-

tion (Oehninger et al., 1994) with only a slight
decrease in the viability and motility of spermato-7 Acrosome reaction following ionophore challenge
zoa (Parinaud et al., 1992). Although progesterone(ARIC)
does increase intracellular calcium concentration

All of the above-mentioned assays can separate (Emiliozzi et al., 1996) contradictory results on its
between spermatozoa that have completed their use as an acrosome reaction inducer also exist
acrosome reaction from those that have not, in (Uhler et al., 1992; Tomiyama et al., 1995; Carver-
other words can only identify spontaneously Ward et al., 1996). Other stimuli that have been
reacted spermatozoa. Only acrosome intact sper- suggested include the cumulus oophorus (Tesarik,
matozoa will penetrate the cumulus oophorus and 1985; Stock et al., 1989), although this was not
therefore the result of these assays will have little confirmed by others (Hoshi et al., 1993), the cervi-
or no relationship to the fertilizing potential of a cal mucus (Perry et al., 1996) and low temperature
semen sample. Premature spontaneous acrosome induction (Henkel et al., 1993). Follicular fluid
reaction will prevent the binding of sperm to the (Mortimer & Camenzind, 1989; Tarlatzis et al.,
zona pellucida. Tesarik (1989) emphasized the 1993; Liu & Baker, 1994; Zhu et al., 1994) is widely
appropriate timing and conditions of the acrosome used as an inducer of the acrosome reaction and
reaction and concluded that for an acrosome reac- produces results that correlate with those obtained
tion test to be meaningful under specific circum- with ionophore A23187 (Avrech et al., 1997). These
stances it ‘should therefore be designed to stimuli when used in the laboratory investigation
distinguish between spontaneous and induced of the acrosome reaction would produce a result
acrosome reactions’. closer to the naturally occurring reaction.This condition is met by the ARIC test As the acrosome reaction occurs on the zona(Cummins et al., 1991). For this test, spermatozoa pellucida after binding of the sperm receptor withare prepared under capacitating conditions and

the protein ZP3, the use of zonae pellucida orare then treated with calcium ionophore A23187
their soluble products would have physiologicalto induce a calcium influx. Thereafter, spermato-
significance if used as stimuli for the acrosomezoa are washed, spread on glass slides, permeabil-
reaction. The zona pellucida was also found toized with ethanol and labelled with the fluorescent
induce the acrosome reaction (Liu & Baker, 1996a)lectin Pisum sativum, which binds to the acrosomal
and it was shown that the presence of antispermmatrix. The pattern of the fluorescence labelling
antibodies can interfere with the acrosomeis different between reacted and non-reacted
induction (Francavilla et al., 1997). The three-sperm and this difference is used for the separation
dimensional structure of the zona is very import-of spermatozoa.
ant. The acrosome reaction is greater when theThe ionophore used in the ARIC test increases
whole zona pellucida is used rather than solubil-the concentration of calcium in the spermatozoon
ized zonae (Liu & Baker, 1996a). It should also bewhich responds to that change by carrying out the
noted that zona pellucida induction does notacrosome reaction. Spermatozoa are also left to
correlate with ionophore A23187 induction (Liucapacitate before the ionophore challenge. Recent
& Baker, 1996b). The contact of spermatozoa withdata suggest that none of the above-mentioned
the cervical mucus can also affect the acrosomeconditions are an absolute necessity since the
reaction. When spermatozoa have passed throughacrosome reaction can occur without capacitation
the cervical mucus, the zona-induced acrosomeand the use of ionophore, although to a lesser
reaction is increased (Hoshi et al., 1993). As spareextent (Bielfeld et al., 1994).
zonae are hard to find and therefore difficult toThe ARIC test presents a very useful tool in
use routinely, researchers have been workingdetermining the inducibility of the acrosome reac-
towards the synthesis of recombinant ZP3, whichtion, after an appropriate stimulus is given to
would be more useful as a stimulus for the diagnos-spermatozoa. A point of concern is the use of

ionophore A23187, which differs from the physio- tic acrosome reaction test (Van Duin et al., 1994).
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Clinical significance of the acrosome along with sperm function testing (Francavilla
et al., 1995).reaction

Many researchers have used the inducible acro-
some reaction as a diagnostic test and correlatedThe presence of the acrosome and its ability to
the result with the IVF outcome or the fertilizingfunction properly is essential for the fertilizing
ability of the semen sample. The cut-off value ofpotential of the spermatozoon, and this was illus-
the induction differs between studies, and whichtrated a number of years ago by the fact that
value will prove to have the greatest biologicalspermatozoa without acrosomes are unable to
significance remains to be seen. Calvo et al. (1989)penetrate the egg vestments (Schill, 1974). Lack of
found that it was reduced in cases of unexplainedfertilization was also exhibited by spermatozoa
infertility although the activity of acrosin may alsothat have a large percentage of round head forms
be reduced (Koukoulis et al., 1989). Fénichel et al.( Jeyendran et al., 1976). Furthermore it was shown
(1991) found a low response to calcium ionophorethat the fertilizing potential of a sample can be
in cases of repetitive unexplained in vitro fertili-impaired due to defects of the structure or function
zation failure, when they used the discriminantof the acrosome (Schill, 1991).
threshold of 20% for induction of the acrosomeThe inducibility of the acrosome reaction can
reaction. Parinaud et al. (1995) predicted up tocorrelate with sperm penetration of the zona pel-
83% of IVF results by combining parameters oflucida (Liu & Baker, 1996b). Based on the above,
motility and morphology with spontaneous acro-it can be concluded that the inducibility of the
some reaction and the acrosome reaction inacrosome reaction can provide useful information
response to phorbol 12-myristate 13-acetate 4-o-for the management of infertility. For example, it
methyl ether (TPA). However, there was no addedcan predict the fertilizing potential of a sperm
predictive value with the use of calcium ionophoresample (Tasdemir et al., 1993). The contents of the
A23187.acrosome can also be used to monitor the damage

Pampiglione et al. (1993) separated fertile fromafter freezing–thawing of a sample, since freezing
infertile men and found fertilization failure ofof a sample can affect the incidence of intact
100% when the cut-off value for reacted spermato-acrosomes (Cross & Hanks, 1991). The inducibility
zoa was 31%. On the other hand, Cummins et al.of the acrosome reaction was even reduced in the
(1991) used 5% reacted spermatozoa as the cut-sperm samples from smokers (El Mulla et al., 1995).
off limit (fertilization was poor under this limit)Only acrosome-reacted spermatozoa were selected
and so the predictive value of the test was 90%.with the use of antibody-labelled beads by Henkel et al. (1993) suggested the value of 7.5%Moutaffian & Parinaud (1995) and then used for for induced reacted spermatozoa being indicativeevaluation of the acrosomal function (Sharma of subfertility.

et al., 1997). Looking at the data, it becomes evident that
Spermatozoa undergo spontaneous acrosome consensus has not yet been reached and there are

reaction during incubation in any medium, but many reasons for this discrepancy in the literature.
the rate is very low (Fénichel et al., 1991; Tarlatzis As already mentioned, the cut-off limit for sperma-
et al., 1993). The physiological significance of the tozoa that are induced to carry out the acrosome
spontaneous acrosome reaction is not understood, reaction differs widely between studies. In many
but it seems that it represents an unwanted feature. cases the results cannot be compared since differ-
In fact spontaneous premature acrosome reaction ent methodologies are used either for the induction
seems to be a deleterious feature (Takahashi et al., of the acrosome reaction or for the visualization
1992). Premature loss of the acrosome, which of the result. The way patients are separated into
occurs after spontaneous acrosome reaction, poss- fertile or infertile also varies widely and when
ibly prevents the spermatozoon from binding to fertilization rates are used the percentage of
the zona pellucida. oocytes fertilized change.

On the contrary the inducible acrosome reac- The acrosomal status may also be related to
tion, which is calculated by subtracting the total abnormalities of sperm parameters. For example,
percentage of reacted spermatozoa from those that in asthenozoospermia the rate of induced acro-
have spontaneously reacted, is a better approach some reaction is reduced (Pilikian et al., 1992).
to acrosome function (Cummins et al., 1991; In severe teratozoospermia the calcium influx,
Fénichel et al., 1991; Henkel et al., 1993). Many the spontaneous and the induced acrosome
attempts have been made to correlate the result reactions are defective (Oehninger et al., 1994). In
of the inducible acrosome reaction with the out- teratozoospermic patients the ionophore-induced
come of in vitro fertilization and so add this test to acrosome reaction is significantly related to

fertilization rates (Liu & Baker, 1998). In cases ofthe routine testing of the andrology laboratory
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teratozoospermia the induced acrosome reaction some reaction can assist in the identification of
cases where assisted fertilization must be preferred.correlated with sperm morphology when the

stimulus was solubilized zonae and not calcium
ionophore (Franken et al., 1997).

ConclusionsThe acrosomal status can also help in thera-
peutic decisions. In cases of unexplained failure of

It becomes apparent by looking at the literaturein vitro fertilization, a defective acrosome reaction
that the acrosome reaction and in particular thecan suggest the mechanism and lead to the correct
evaluation of the spontaneous acrosome reactionchoice of treatment. The problems that are due
in relation to the induced can provide valuableto a defective acrosome reaction can be separated
information in the study of the infertile man. Ininto two types:
an attempt to separate fertile from infertile men

(i) Acrosome reaction insufficiency. In this case using the ARIC test, the difficulty lies in the
spermatozoa do not acrosome react after incu- appropriate selection of the stimulus as well as the
bation with an appropriate stimulus and the cut-off value for the induced acrosome reacted
use of pentoxifylline (PF) is beneficial. It is spermatozoa and it is clear that the setting and
known that the use of PF can increase the general acceptance of such a limit is difficult to
motility of spermatozoa (Dimitriadou et al., achieve. Although more work is needed before all
1995), increase the outcome of intrauterine questions can be answered the acrosome reaction
insemination in selected cases (Matson et al., can be of value in: (a) predicting the fertilizing
1995; Negri et al., 1996) and minimize the ability of a sample, particularly when the induced
damage caused to sperm by freezing and acrosome reaction is calculated; (b) explaining the
thawing (Esteves et al., 1998). In cases of severe failure of fertilization in IVF cycles and improving
male infertility incubation of the sperm sample the outcome with pharmacological agents; (c) de-
with PF can also increase the IVF outcome ciding on cases where ICSI should be performed;
(Yovich et al., 1988; Tesarik et al., 1992; and (d) assessing the possible damages after freez-
Tasdemir et al., 1993; Tesarik & Mendoza, ing–thawing of semen.
1993; Tournaye et al., 1994; Brandelli et al.,
1995). PF was reported to increase the inter-
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