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Use of the acrosome reaction to ionophore challenge test in 
managing patients in an assisted reproduction program: a 
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Objective: To assess the utility of the acrosome reaction (AR) to ionophore challenge test in 
determining the sperm treatment protocols for patients undergoing assisted reproduction. 

Design, Setting, Patients: One hundred twenty-one couples undergoing an IVF-ET or GIFT 
procedure from January to July 1992 were included in this prospective study. All cases had a 
preliminary semen analysis within the previous 3 months and an AR to ionophore challenge test 
was carried out unless an acceptable fertilization rate occurred on previous IVF. For those patients 
whose AR to ionophore challenge score was below the accepted fertile range of ~10%, a second AR 
to ionophore challenge test was performed after exposure of sperm to the stimulant pentoxifylline. 
Couples then were managed by assisted reproduction with randomized allocation of oocytes for 
fertilization with a standard sperm preparation or with added sperm stimulants, either 3.6 mM 
pentoxifylline alone or combined with 3.0 mM 2-deoxyadenosine. The study was double-blind with 
neither the patients nor the embryologist knowing the AR to ionophore challenge result at the time 
of the IVF procedure. 

Main Outcome Measures: Data from the preliminary semen analyses and AR to ionophore 
challenge scores were correlated with the fertilization rates achieved using control and treated 
sperm preparations. The rates of total fertilization failure and the numbers of clinical pregnancies 
occurring in each subgroup were also recorded. 

Results: All AR to ionophore challenge groups showed normal sperm counts except the groups 
with poor AR to ionophore challenge, which demonstrated reduced sperm counts. The group with 
normal AR to ionophore challenge scores or previous normal fertilization showed satisfactory fertil
ization rates with either control or treated sperm, although some individual cases showed reduced 
fertilization with treated sperm. The fertilization rate for the group with low AR to ionophore 
challenge scores improved significantly with pentoxifylline, and the benefit was greatest when this 
had been predicted from the AR to ionophore challenge studies. Cases with persisting poor AR to 
ionophore challenge despite pentoxifylline showed no significant improvement in fertilization rates 
with sperm exposed to either sperm stimulant regimens. Poor AR to ionophore challenge scores 
were also predictive of total fertilization failure, but this problem was reduced by sperm stimula
tion. The AR to ionophore challenge score at 10% cutoff level showed optimal levels of sensitivity 
(82.1 %), highest negative predictive value (82.1 %), and lowest false negative rate (17.9%). 

Conclusions: The AR to ionophore challenge test is useful in the assessment and management 
of the male factor in assisted reproduction. It can be used to identify the majority of cases who will 
benefit from the use of sperm stimulants. Fertil Steril 1994;61:902-10 
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Over recent years major emphasis has been fo
cused on the male factor in the management of in
fertility, and it has become increasingly clear that 
the standard semen analysis has limited predictive 
value for fertilization. Spermatozoal motility has 

* Reprint requests: John L. Y ovich, M.D., PIVET Medical 
Centre, 166-168 Cambridge Street, Leederville, Perth, 6007, 
Western Australia, Australia (FAX: 61-9-382-4576). 

902 Y ovich et al. AR to ionophore challenge test in assisted reproduction Fertility and Sterility 



lay 1994 

U. S. A. 

,n fo
of in
. that 
ictive 
'I has 

terility 

been considered as the single most important factor 
determining fertilization in assisted reproduction, 
although more recently, strict criteria morphology 
has also been shown to be relevant (1). With the 
recent advent of computer-automated semen analy
sis, good correlations have been made between the 
fertilization rate and certain motility parameters 
such as curvilinear velocity and lateral head dis
placement (2). However, the definitive test system 
for sperm is IVF of human oocytes, which is prop
erly governed by ethical constraints and cannot be 
used for a purely diagnostic purpose. The zona-free 
hamster oocyte penetration assay that is often used 
for assessing the fertilization potential of sperma
tozoa has certain limitations (3,4). Furthermore, it 
is time-consuming and expensive to run especially 
in Australia where live hamsters are not allowed, so 
hamster oocytes imported from overseas are the 
only possible supply. Alternatively, the acrosome 
reaction (AR) to ionophore challenge test that stud
ies the acrosomal status of spermatozoa in vitro has 
been shown to correlate well with fertilization (5). 
In this test, the difference between the spontaneous 
reaction rate in a control subpopulation and that 
seen in a sample stimulated with the ionophore 
A23187 is estimated. Using an AR to ionophore 
challenge cutoff at 10%, the sensitivity ofthe test in 
predicting subfertility is 54 % with a positive pre
dictive value of 64% and specificity of 85%. It was 
shown that of 53 fertile men studied, none had AR 
to ionophore challenge values < 5%, a level that 
provides a 90% positive predictive value in assess
ing subfertility. However, the higher value (~10%) 
was chosen for its better sensitivity. 

The AR is a prerequisite for fertilization and has 
been studied extensively by many researchers using 
different techniques such as the triple stain (6), 
various lectins with affinities to different compo
nents of the acrosome (6-8), and monoclonal anti
bodies (9). The technique used for assessing the 
acrosomal status of sperm in the AR to ionophore 
challenge test is a modification of that described by 
Cross et al (7). In this technique, the acrosome is 
visualized using fluorescein-conjugated pisum sati
vum lectin, which binds to the acrosomal matrix 
once the plasma and outer acrosomal membranes 
are permeabilized with ethanol. The aim of this 
study was to assess the utility of the AR to iono
phore challenge test in determining the appropriate 
treatment protocols for sperm preparation when 
managing patients in an assisted reproductive 
program. 

MATERIALS AND METHODS 

Preliminary Investigation of the Infertile Couple 

After the research studies demonstrating the AR 
to ionophore challenge test to be predictive of the 
fertilizing potential of a semen sample (5), the test 
was introduced for the routine assessment of sperm 
quality at PIVET Medical Centre. However, where 
satisfactory fertilization rates had already been 
demonstrated at previous IVF treatment cycles 
(i.e., ~50% fertilization rate where more than 4 00-

cytes were recovered), AR to ionophore challenge 
tests were considered unnecessary and not per
formed. During the work-up for infertility treat
ment, all couples completed a standardized investi
gatory profile (10). For the female, an assessment 
cycle evaluation was carried out in which follicular 
development and ovulation were assessed by hor
monal and ultrasound (US) parameters. In addi
tion, the female genital tract was evaluated by com
bined hysteroscopic and laparoscopic procedures. 
For the male, a semen analysis and an AR to iono
phore challenge test were performed except where 
considered unnecessary from previous IVF experi
ence. Semen analysis was carried out according to 
the World Health Organization (WHO) guidelines 
(11), and a sample was considered to have normal 
counts if it contained 20 X 106 or more total sperm 
per milliliter with a 50% motility. 

Historically, PIVET has been reporting on treat
ments for severe male factor infertility over 10 
years and, particularly with the introduction of 
pentoxifylline and micromanipulation, the clinic 
has attracted a large proportion of male factor pa
tients. It is our experience that approximately 40% 
of patients have poor fertilization unless sperm 
stimulants or micromanipulation procedures are 
used. Therefore, the prevalence of poor fertilization 
obtained in the statistical analysis reflects the true 
prevalence of this problem among the patients in 
the clinic's IVF program. 

Acrosome Reaction Test 

In this study, the AR to ionophore challenge test 
was carried out as previously reported (5). In brief, 
a motile sperm fraction was prepared from semen 
samples by subjecting them to either overlay or sedi
mentation techniques (12). The motile sperm prepa
ration was then divided into two aliquots; one was 
taken as the control and the other was exposed to 
10 mmol/L calcium ionophore A23187 (Sigma 
Chemical Company, St Louis, MO) for 1 hour at 
37°C. After exposure to calcium ionophore, the 

Vol. 61, No.5, May 1994 y ovich et aI. AR to ionophore challenge test in assisted reproduction 903 



Figure 1 Spontaneous and ionophore-induced ~Rs in an 
FITC-conjugated PSA lectin-stained sperm preparatiOn. 

incubated sample (control + ionophore challenged) 
was centrifuged through a 60% Percoll density gra
dient medium (Pharmacia LKB Biotechnology AB, 
Uppsala, Sweden), and the sperm pellets resus
pended in 95% ethanol. Ethanol-fixed sperm were 
transferred onto clean glass slides and stained 
with fluorescein isothiocyanate (FITC)-conjugated 
Pisum sativum lectin (PSA: catalog number L 0770, 
Sigma Chemical Company). The smear was then 
mounted under phosphate-buffered glycerol (1:9; 
pH 7.4) and examined under epifluorescence mi
croscopy using the oil immersion objective (Fig. 1). 
When the AR to ionophore challenge reading was 
<10%, a second AR to ionophore challenge test was 
performed in which the motile sperm fraction was 
exposed to 1.0 mg/mL (3.6 mM) pentoxifylline for 
30 minutes at 37°C (12) before ionophore chal
lenge. If both results were reduced, a further test 
was performed with pentoxifylline combined with 
0.87 mg/mL (3.0 mM) 2-deoxyadenosine. 

Five main staining patterns were identified (Fig. 
2): [I] complete staining of the acrosome, indicating 
acrosome intact sperm; [II] partial or patchy stain
ing of the apical segment of the acrosome, indicat
ing partially reacted sperm; [III] staining of the 
equatorial segment only, indicating completely 
reacted sperm; [IV] faint or ghost staining of the 
entire sperm head, indicating no acrosomal matrix; 
and [V] other irregular pattern or abnormally 
formed acrosome, indicating morphologically ab
normal sperm. The proportion of sperm demon
strating a complete AR was expressed as the num
her of sperm counted of pattern III expressed as a 
percentage of I + II + III and calculated for both 
control and ionophore challenged suspensions. The 
difference between the two (ionophore less sponta-

neous) was considered to be the percentage of 
sperm in the population capable of responding to 
ionophore and referred to as the AR to ionophore 
challenge score. Patterns IV and V were excluded 
from the scoring and are thought to comprise most 
of the morphologically abnormal and dead sperm. 

The AR to ionophore challenge results were 
maintained in the laboratory files during the 6-
month study period and were not made available to 
either the patient or the embryologist before the 
IVF attempt. The results were subsequently made 
available at case review in planning future treat
ment cycles outside the study. 

Assisted Reproduction Cycle 

After the preliminary investigations of the cou
ple, the mode of treatment for infertility was 
planned depending on the underlying factors re
vealed. It ranged from specific surgical procedures 
and noninvasive treatments to assisted reproduc
tive techniques including lUI as well as procedures 
entailing oocyte recovery. For this study only, those 
patients were included who were on assisted repro
ductive treatment procedures involving IVF of all 
oocytes, that is, IVF-ET, tubal embryo stage 
transfer (TET), and pronuclear stage transfer 
(PROST); or supernumerary oocytes after GIFT. 
The study analyzed all cases (n = 121) treated on 
the first occasion between January and July 1992, 
that is, each couple is treated once only within the 
study. Donor sperm and micromanipulation tech
niques were used for patients who showed repeat 
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Figure 2 Schematic description of staini?-~ patterns o~ the 
sperm head with FITC-PSA. I, Complete st.ammg. II, Partial or 
patchy staining. III, Staining ofthe equatonal segment only. I':, 
Faint or ghost staining of the entire sperm head. V, Morphologi
cally abnormal and other patterns. The AR to ionophore ~chal
lenge score is calculated as the ratio of pattern III over the total 
numbers in patterns I + II + III. It defines those sperm that 
have undergone a complete AR after ionophore challenge, that 
is, spontaneous reactions are deducted from the total reacted 
sperms. 
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fertilization failure in previous IVF attempts, and 
these cases were excluded from the study. Repeat 
treatments were undertaken on some couples dur
ing the study period but were excluded as the pre
vious experience invariably influenced their man
agement. Also, cases were excluded from the study 
if fewer than four preovulatory oocytes of good 
grading were retrieved. 

Follicular development was achieved by GnRH 
analogue (Lucrin, Leuprorelin acetate; Abbott Aus
tralasia Pty. Ltd., Kurnell, New South Wales, Aus
tralia) used on a pituitary down regulation or 
"flare" regimen in combination with hMG (Per
gonal; Serono, Aubonne, Switzerland) and FSH 
(Metrodin, Serono). Ovulation was induced with 
10,000 IU hCG (Pregnyl; Organon Australia Pty. 
Ltd., Lane Cove, New South Wales, Australia), and 
the oocytes were collected 36 hours after hCG trig
ger. A transvaginal US-directed approach was used 
exclusively for the retrieval of oocytes. The oocytes 
were then graded before allocation (10), and special 
consideration was given to their nuclear maturity 
(13). To facilitate accurate grading, the egg mass 
was aspirated into a pipette and placed on a tilted 
Petri dish. This allowed the egg mass to spread so 
that oocyte details could be clearly identified. 00-
cytes with one polar body were considered meta
phase II, no polar body as metaphase I, and nonvisi
ble oocytes because of dense cumulus corona cells 
as immature or germinal vesicle. The oocytes were 
then randomly placed into culture tubes by an inde
pendent embryologist who was unaware of the pa
tients' AR to ionophore challenge status. 

A second embryologist prepared the semen sam
ples using either the overlay or sedimentation tech
niques, and some motile fractions were treated with 
3.6 mM pentoxifylline or pentoxifylline plus 3.0 
mM 2-deoxyadenosine. The decision to use 2-deoxy
adenosine was based primarily on the patients' re
quests, which were dependent on their past failed 
fertilization with pentoxifylline-treated sperm. 
Four to 6 hours after oocyte recovery, oocytes were 
inseminated randomly (using 50,000 to 100,000 
sperm) with either control sperm or sperm treated 
with the stimulants. Oocytes were randomly se
lected for control or treated sperm insemination 
and mostly apportioned as ~ to ~. However, depend
ing on semen characteristics, previous experience, 
and patient wishes, the proportion allocated to 
treated sperm ranged from i to i, with pentoxifyl
line-treated sperm being favored for the poorer sam
ples. Medicult IVF Medium (Medicult, Hvidovre, 
A/S, Denmark) was used for IVF, embryo culture, 

and sperm preparation. Fertilization was confirmed 
18 to 20 hours after insemination, and a maximum 
of three pronuclear stage oocytes were transferred 
into the fallopian tube (PROST) or cleaving em
bryos (2- to 4-cell stage) were transferred either 
into the fallopian tube (TET) or uterine cavity 
(IVF -ET). For GIFT transfers, a maximum of three 
oocytes were transferred (best grades selected) to
gether with 100,000 sperm prepared before the pro
cedure. The remaining oocytes were then insemi
nated, fertilization confirmed, and cryopreserved if 
requested by the infertile couple. The patients were 
placed on luteal support therapy consisting of P 25 
mg or 50 mg 1M for 16 days from the day of oocyte 
recovery with 1,000 IU hCG on days 4, 7, and 10 
unless the peak E2 was greater than 12,000 pmol/L. 
In the latter group, no hCG was administered. 
Pregnancy was diagnosed by a serum ~-hCG level of 
>25 IU/L on day 16 after ET and confirmed by 
transvaginal US 3 weeks later (week 7). 

Ethics 

PIVET Medical Centre has national accredita
tion by the Reproductive Technology Accreditation 
Committee and State Licencing under the Human 
Reproductive Technology Act, 1991 (Western Aus
tralia). PIVET's Institutional Ethics Committee is 
structured according to National Health and Medi
cal Research Council guidelines that embrace the 
principles of the Helsinki Declaration of 1975, as 
revised in 1983. The protocols for sperm stimula
tion with pentoxifylline and 2-deoxyadenosine, 
along with patient information sheets and consent 
forms, are approved by the Ethics Committee. 

Statistical Analysis 

The semen analyses between different AR to ion
ophore challenge groups were compared using 
treatment factor one-way analysis of variance. The 
x2 statistic was applied for other comparisons in
volving fertilization rate, pregnancy rate, and inci
dence of failed fertilization among different AR to 
ionophore challenge groups. 

RESULTS 

Median oocyte recovery was 12 oocytes per col
lection, and a total of 1,418 oocytes were available 
for the study. The data obtained for IVF and preg
nancy outcomes were correlated with the prelimi
nary semen analysis and AR to ionophore challenge 
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scores (Table 1). The majority of semen samples in 
all categories of patients grouped according to the 
AR to ionophore challenge scores had normosper
mic counts. However, the mean counts were lower 
when the AR to ionophore challenge was reduced 
(P < 0.05) and lowest in the group in which the AR 
to ionophore challenge failed to normalize with 
pentoxifylline (P < 0.01) when compared with "AR 
to ionophore challenge not done" and "AR to iono
phore challenge ~ 10%" groups (Table 1). It is of 
interest that AR to ionophore challenge scores that 
remained low after pentoxifylline also failed to nor
malize with 2-deoxyadenosine, although occasional 
improvements were noted. 

The IVF data for the respective AR to ionophore 
challenge groups are presented graphically for clar
ity (Fig. 3). The two groups with no AR to iono
phore challenge done and an AR to ionophore chal
lenge score of ~10% gave equally satisfactory 
fertilization rates with control as well as sperm 
treated with sperm stimulants. Although the 
groups showed no overall differences, individual 
cases sometimes showed a marked reduction in fer
tilization «50% oocytes) using pentoxifylline. 

The fertilization rate for samples with poor AR 

to ionophore challenge tests «10%) improved sig
nificantly with pentoxifylline treatment (147/261, 
56.3 %) when compared with control sperm (54/134, 
40.3%; P < 0.02). Furthermore, a highly significant 
increase in fertilization rate was observed for sam
ples where an improvement in the AR to ionophore 
challenge result with pentoxifylline was shown in 
the preliminary investigations (30/77, 39% com
pared to 68/120, 56.7%; P < 0.005). Samples that 
showed a poor AR to ionophore challenge despite 
the pentoxifylline treatment sometimes showed im
provement in fertilization rates with pentoxifylline 
or pentoxifylline combined with 2-deoxyadenosine 
in comparison with the control sperm in the as
sisted reproduction attempt. This difference did 
not attain a statistically significant level. However, 
if the comparative ratio in terms of oocyte numbers 
persists, a significant level might be attained. 

The predictive value of the AR to ionophore 
challenge test in a clinical setting for diagnosing 
patients with poor fertilization «40% taken as 
poor fertilization) was assessed using various AR to 
ionophore challenge cutoffs, that is, 5%, 7.5%, and 
10%. We selected 10% as the AR to ionophore chal
lenge cutoff because of the higher sensitivity asso-

Table 1 Relationship of Preliminary Semen Analyses and AR to Ionophore Challenge Results to Fertilization Rate and Pregnancy 
Outcome 

Preliminary assessment 

Semen analysis IVF rate 

AR to ionophore No. of Motile Progressive Activity Pentoxifylline + No. of 
challenge test patients count count +to+++ Control Pentoxifylline 2-deoxyadenosine pregnancies 

xICl'mL 

AR to ionophore challenge 
not done 16 62.2 ± 9.7' 45.1 ± 8.4 

AR to ionophore challenge 
« 10% 30 61.1 ± 8.0 43.1 ± 5.9 

AR to ionophore challenge 
<10% 41 39.2 ± 4.9t 29.8 ± 4.5 

Pentoxifylline-AR to 
ionophore challenge 
« 10% (control = 4.4% 
after pentoxifylline 
= 19.0%) 19 42.2 ± 8.0 33.5 ± 7.1 

Pentoxifylline-AR to 
ionophore challenge 
<10% (control = 3.1% 
after pentoxifylline 
= 4.1%) 15 26.2 ± 5.511 17.8 ± 4.3tll 

• Values are means ± SE. 
t p < 0.05; motile count of AR to ionophore challenge <10% versus AR 

to ionophore challenge «10%; motile count of AR to ionophore challenge 
<10% versus AR to ionophore challenge not done; progressive count of 
pentoxifylline-AR to ionophore challenge <10% versus AR to ionophore 
challenge not done. * P < 0.02, Fertilization rate of Pentoxifylline versus Control. 

++ 

++ 

++ 

++ 

++ 

% 

66.1 (121/183) 60.9 (14/23) 4 

67.6 (140/270) 70.5 (67/95) 66.7 (4/6) 6 

40.3 (54/134) 56.3 (147/261)* 46.3 (37/80) 7 

39.0 (30/77) 56.7 (68/120)§ 40.0 (6/15) 3 

34.5 (10/29) 51.5 (51/99) 53.8 (14/26) 2 

§ P < 0.005, Fertilization rate of Pentoxifylline versus Control. 
II P < 0.01; motile count of pentoxifylline-AR to ionophore challenge 

<10% versus AR to ionophore challenge not done; motile count of pen
toxifylline-AR to ionophore challenge <10% versus AR to ionophore 
challenge «10%; progressive count of pentoxifylline-AR to ionophore 
challenge <10% versus AR to ionophore challenge «10%. 
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Figure 3 Fertilization rates with untreated sperm (_) and pentoxifylline-treated sperm (0) for patients with 
different AR to ionophore challenge scores. 

ciated with highest negative predictive value and 
lowest false-negative rates at this level. The predic
tive values calculated in this study for the AR to 
ionophore challenge cutoff of 10% showed a sensi
tivity of 82.1% (23/28) with specificity of 56.1 % 
(23/41). The positive predictive value of the test 
was 56.1% (23/41) and the negative predictive 
value 82.1% (23/28). The false-positive and false
negative rates were 43.9% (18/41) and 17.9% (5/ 
28), respectively. The prevalence of poor fertiliza
tion in the patient population was 40.6% (28/69). 

The rate offailed fertilization for each AR to ion
ophore challenge group was calculated using the cy
cles in which oocytes were randomly allocated for 
control and pentoxifylline-treated groups. For ex
ample, in the AR to ionophore challenge not done 
group, all 16 patients had oocytes inseminated with 
control sperm and only 5 patients had oocytes in
seminated with pentoxifylline-treated sperm. None 
of the patients in this group had total fertilization 
failure. The data for the incidence offailed fertiliza
tion for all five AR to ionophore challenge groups 
are presented in Figure 4. The risk of failed fertiliza
tion was significantly reduced overall when pentox
ifylline was used (Fig. 4). This was particularly 
noted in those cases in whom the AR to ionophore 
challenge score was <10% (P < 0.01) and appeared 
most marked when the AR to ionophore challenge 

score improved with pentoxifylline (pentoxifylline
AR to ionophore challenge). 

DISCUSSION 

This prospective, double-blind, and randomized 
controlled study shows that the AR to ionophore 
challenge test is valuable for predicting the poten
tial capacity of a particular sperm sample to fertil
ize oocytes. Furthermore, the use of pentoxifylline 
in association with the AR to ionophore challenge 
test in the preliminary investigations identified 
more precisely those sperm samples that would 
benefit from the addition of sperm stimulants in 
the IVF attempt. 

Other tests such as zona-free hamster assay (3), 
sperm-zona pellucida binding tests (14), hemizona 
assay (15), creatine kinase (16), andspermmorphol
ogy assessment using strict criteria (1) seem to pre
dict the fertilization outcome in human IVF. How
ever, the AR to ionophore challenge test described 
in this paper is a simple, inexpensive laboratory 
test that can be performed in any andrology labora
tory with no restrictions associated with the avail
ability of expertise or the testing material such as 
hamsters or human zonae. In the present study, the 
AR to ionophore challenge test with a 10% cutoff 
for delineating the sub fertile or poor fertilization 
group gave a high sensitivity with a 44% false-posi-
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Figure 4 Couples with failed fertilization in the five patient groups categorized according to the AR to 
ionophore challenge scores after the use of untreated sperm (_), compared with pentoxifylline-treated sperm 
(0). No bar outline indicates no failed fertilization (0%). 

tive rate. The high sensitivity of the test observed is 
different from our previous publication (54.1 %) 
probably because of the different patient groups in
volved. It is likely that some patients have their 
oocytes inseminated with sperm treated with pen
toxifylline even though the fertilization with 
control sperm is satisfactory. The high-negative 
predictive value with a corresponding low false-neg
ative rate indicates that an AR to ionophore chal
lenge score of ~10% is highly predictive of good 
fertilization and that these patients can be treated 
safely without pentoxifylline in the sperm prepara
tion. The patient group involved in this study was 
an unselected group in whom 40% would have had 
poor fertilization ifpentoxifylline or micromanipu
lation procedures were not used. The 40.6% preva
lence of failed or poor fertilization observed reflects 
the large number of male factor patients treated in 
this clinic. 

Others have studied the AR with fluorescent 
staining employing different lectin binding sites 
and have suggested that precision may be improved 
by definitively excluding dead sperm, that is, by the 
hyperosmolar swelling test or vital staining. Mor
timer et al. (17) have employed the Hoechst 33258 
stain in combination with a fluorescent peanut ag
glutinin lectin that binds to the inner acrosomal 
membrane. The AR to ionophore challenge test 
stains the acrosomal matrix and scores the morpho
logically normal sperm within the highly motile 
fraction obtained from the sperm preparation. We 

have prepared a further study to determine if the 
additional cost and effort will improve the precision 
of the AR to ionophore challenge test but are more 
interested at this stage in encouraging the develop
ment of an automated reading system because the 
main limitation of the test relates to technician dis
comfort. The test is inexpensive but involves read
ing the stained slides within a dark room using epi
fluorescence microscopy. Some technicians may 
experience a nausea sensation akin to motion sick
ness, and the hardiest will score up to a maximum 
of 12 cases (reading up to 96 slides) over a period of 
4 to 5 hours. Most require relief after 5 or 6 cases. 

There appear to be several actions of pen toxify l
line on human sperm, possibly acting through a 
common pathway resulting from the inhibition of 
phosphodiesterase and the resulting accumulation 
of cyclic adenosine monophosphate (cAMP) (18). 
There is an effect on several sperm motility parame
ters (19, 20), an enhancement of the AR in subfer
tile men (5, 21), andprotectioILOfthe sperm plasma 
membrane through an antioxidant action (22, 23). 
This latter mechanism may be the most important 
because the majority of oligospermic samples that 
fail to fertilize oocytes exhibit elevated levels of 
reactive oxygen species (24). The excessive levels of 
reactive oxygen species may cause peroxidation of 
unsaturated fatty acids in the sperm plasma mem
brane. The damaged plasma membrane then loses 
its responsiveness to the calcium influx signal that 
triggers the AR. Pentoxifylline acts as an antioxi-
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dant by removing peroxides formed from free radi
cals (superoxide anion and hydroxyl radical) possi
bly through an indirect manner. The high levels of 
cAMP probably reduce endoperoxide formation by 
inhibition of cyclo-oxygenase within the arachi
donic acid pathway. 2-Deoxyadenosine also has an 
effect of increasing cAMP levels by an enhance
ment action on adenylate cyclase. However, no sig
nificant clinical benefit was noted by combining 2-
deoxyadenosine with pentoxifylline in this study, 
although individual cases sometimes showed a ben
efit over pentoxifylline alone. 

In vitro fertilization-embryo transfer was intro
duced as a potential treatment mode to overcome 
insoluble female factor infertility. However, it has 
long been considered that the methods could also be 
used for male factor infertility. The early ap
proaches in this respect have relied on a trial-and
see approach with often unsatisfactory clinical out
comes when the result is total fertilization failure. 
In the present study, even though the average mo
tile sperm counts for poor AR to ionophore chal
lenge groups (AR to ionophore challenge < 10% 
and pentoxifylline-AR to ionophore challenge 
< 10%) were low compared with other groups (AR 
to ionophore challenge not done and AR to iono
phore challenge ~ 10%), the majority of patients 
showed normal counts according to WHO criteria 
(11). With the guidance of the AR to ionophore 
challenge test, it is now possible to identify defec
tive sperm samples even among those that are nor
mospermic on semen analysis. The AR to iono
phore challenge ± pentoxifylline laboratory test 
will delineate the majority of those cases that will 
benefit from sperm stimulation and minimize the 
risk of failed fertilization. In the "pentoxifylline
AR to ionophore challenge ~ 10%" group, the em
ployment of the AR to ionophore challenge test 
showed a high correlation between the improve
ment of AR to ionophore challenge scores and the 
improvement in fertilization rate for pentoxifyl
line-treated sperm. When there was no improve
ment in AR to ionophore challenge scores (pentoxi
fylline-AR to ionophore challenge::;; 10% group), 
only some improvement in fertilization rate was 
observed. This was probably due to comparatively 
low numbers of oocytes used. The apparent im
provement in fertilization rate seen in this group 
may be due to other beneficial effects of pen toxify l
line as described above. However, according to the 
data presented in this study, only the pentoxifyl
line-AR to ionophore challenge ~ 10% group 
showed a definite improvement in fertilization rate 

with pentoxifylline. Poor prognosis cases then will 
need to consider alternative options such as donor 
sperm treatments or micromanipulation to en
hance fertilization. However, it is unknown ifthose 
cases not able to achieve fertilization with sperm 
stimulants will do so by a microinsemination 
method. From the available meager data, the tech
nique of intracytoplasmic sperm injection appears 
the most relevant to explore because fertilization 
may be independent of the conventional AR (25). 

In summary, the AR to ionophore challenge test 
is a reliable and inexpensive laboratory test that 
provides a useful guide in identifying the possible 
male factor patients in assisted reproduction. Fur
thermore, this test can be used as a tool in deter
mining the majority of the samples that will benefit 
from pentoxifylline enhancement in the sperm 
preparation. 
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