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Summary.- OBJECTIVE: The aim of the present study 
was to evaluate in 111 ejaculates from fertile men mem-
brane integrity of spermatozoa before selection and 
sperm motility, and sperm concentration and chromatin 
integrity before and after selection of motile spermato-
zoa. 

METHODS: We evaluated the membrane integrity 
(using hypoosmotic swelling test and Eosin-Y) before se-
paration and chromatin integrity (using acridine orange), 
concentration and motility before and after separation 
by migration sedimentation technique. All individuals 
had pregnant wives or had procreated a baby during 
the last year.

Resumen.- OBJETIVO: El fin del presente estudio fue 
evaluar en 111 eyaculados de individuos fértiles la in-
tegridad de la membrana de los espermatozoides antes 
de la selección, y  la movilidad, la concentración, la 
integridad de la cromatina antes y después de la selec-
ción espermática.

MÉTODOS: Evaluamos la integridad de la membrana 
(usando la prueba de hinchazón hipoosmotica y eosina 
Y) antes de la selección, y la integridad de la cromatina 
(usando naranja de acridina) concentración y movilidad 
antes y después de la separación mediante la técnica 
de migración sedimentación.

RESULTADOS: Los datos de la integridad de la membra-
na espermática mediante la prueba de hinchazón hipo-
osmótica y eosina Y no mostraron diferencias estadísti-
camente significativas y la correlación entre estas fue 
baja. El porcentaje de espermatozoides móviles (grado 
a + b) se incrementó de 57% a 87% (p < 0.001), la 

Keywords:  Spermatozoa. Chromatin. Eosin Y. 
Fertilization. Fertile men.

RESULTS: The data of sperm membrane integrity by the 
eosin-Y and hypoosmotic swelling tests did not show sig-
nificant statistical differences and the correlation between 
them was low. The percentage of motile sperm (grades 
a + b) increased from 57% to 87% (p < 0.001), the 
concentration decreased from 89 to 31 x 106 sperm/
mL (p < 0.001) and chromatin integrity increased signi-
ficantly (p < 0.0001) after separation of semen. 

CONCLUSIONS: The great variation in the values ob-
tained in the functional test in fertile males requires a 
re-evaluation of the use of these tests in clinical practice 
of infertility.
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MATERIALS AND METHODS

Population
 Ejaculates from fertile men from the Fertility 
Clinic, Medellín, Colombia were analyzed (n= 111). 
All these individuals had pregnant wives or had pro-
created a baby during the last year; the time to preg-
nancy in all cases was less than one year and infor-
med consent was obtained from all study subjects.

Sample evaluation
 Each individual donated a sample taken by 
masturbation after two to five days of sexual absti-
nence. After liquefaction the motility was determined 
using direct observation of an aliquot (10 µl, covered 
22 x 22 mm) of the sample at 400 x, and graded as 
follows: a = fast progressive; b = slow progressive; c 
= no progression and d = immobile. The concentra-
tion was determined using a Makler chamber (Sefi-
Medical Instruments, Haifa, Israel). All the tests were 
performed by the same trained observer (1, 14). 

Evaluation of sperm membrane integrity
a) Hypoosmotic Swelling Test (HOS): 100 µl of semen 
was mixed with 1 ml of hypoosmotic solution (0.735 
g hydrated sodium citrate and 1.351 g fructose in 
100 ml water; 150 mOsm/L), incubated for one hour 
at 37º C in 5% CO2 and the number of swollen tails 
was recorded (14, 15).

b) Eosin-Y: Semen viability was evaluated by mixing 
a sample of semen with 20 µl of 0.5% eosin-Y (Sigma 
Chemical Co, USA). Live sperms were those that did 
not take up the dye (14, 16).

Separation of motile sperm through the migration-se-
dimentation (M/S) method 
 A Jondet tube was used to isolate motile 
sperm (10) The motile fraction was recovered from 
the inner part of the tube, Figure 1. Sperm motility 
and concentration, and chromatin integrity were re-
corded before and after separation. The system was 
filled with Ham’s F12 medium (Sigma Chemical Com-
pany, St Louis, MO, USA.) (a), and one ml of semen 
sample was placed in the outer tube (b), the tube was 
incubated during 90 minutes at 37° C in 5% CO2 
before recovering the motile fraction (c), Figure 1.

Assay of sperm chromatin integrity
 A smear of semen was stained with a 1% 
acridine orange solution (Sigma Chemical Co. USA) 
in Sorensen phosphate for five minutes and the sper-
matozoa were observed under a fluorescent micros-
cope (λ = 490 nm). The number of normal sperm 
with double stranded DNA (green fluorescence) or 
abnormal sperm with single stranded DNA (red fluo-
rescence), was recorded (17).

Palabras clave: Espermatozoides. Cromatina. 
Eosina Y. Fecundación. Hombres fértiles.

INTRODUCTION

 It is universally accepted that semen analysis 
is the test giving reliable information about the po-
tential fertility of a man; it provides both quantitative 
and qualitative information (motility, concentration, 
volume, morphology, viability, pH and viscosity) but 
provides no information on the functional characteris-
tics of spermatozoa. Functional tests were first used 
in 1992 (1) and include acrosomal reaction analy-
sis, sperm penetration assay, the hemizonal assay, 
the hypoosmotic swelling test and chromatin structu-
re evaluation. It has been reported that alterations in 
chromatin condensation (2, 3), in acrosomal reaction 
(4, 5) and sperm-egg interaction (4) may be associa-
ted with infertility; consequently, the use of functional 
tests during the evaluation of male function could be 
helpful in the evaluation of infertile couples.

 One important step in assisted reproduction 
is the processing of semen specimens to optimize the 
recovery of progressively motile sperm by removing 
seminal plasma and cell detritus, allowing enrichment 
of motile sperm in the semen samples (6). Centrifuga-
tion is sometimes used for the separation process but 
there is no general consensus on the advantage of 
adopting this procedure especially due to the poten-
tial damage to the sperm membrane (7). Alternative 
techniques to centrifugation have been described: 
swim-up (8), swim-down (9), migration sedimentation 
(10), glass-wool (11), and density gradients using po-
lymers such as ficoll (12) or percoll (13). 

 The aim of the present study was to evalua-
te in human sperm from samples provided by men 
with proven fertility, the membrane integrity before 
selection and sperm motility, and the concentration 
and chromatin integrity, before and after selection of 
motile spermatozoa.

concentración disminuyó de 89 a 31 x 106 espermato-
zoides/mL (p < 0.001) y la integridad de la cromatina 
se incrementó significativamente (p < 0.0001) antes y 
después de la separación.

CONLCUSIONES: la gran variación en los valores ob-
tenidos en las pruebas funcionales en hombres fértiles 
requiere una re-evaluación del uso de estas pruebas en 
la práctica clínica de infertilidad.
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Statistical analysis
 Depending on the groups compared, the Wil-
coxon or Mann-Whitney tests were used. The results 
are expressed as the median (range); to establish co-
rrelations, the Spearman method was applied. Addi-
tionally, the efficiency of recovery was calculated 
using the formula: (% initial motility x initial concen-
tration)/(% recovered motility x recovered concentra-
tion). The data were analyzed using the Prism 4.0® 
Software.

RESULTS

Sperm membrane integrity
 The median value for membrane integrity 
was 79% (22-93%) using HOS and a 78% (21-94%) 

using eosin-Y, p > 0.05. The Spearman analysis 
showed a statistically significant correlation between 
the two methods compared, r = 0.56, p < 0.001.

Separation of sperm using the M/S technique
 An increase in the percentage of motile 
sperm cells was observed after separation with a mo-
tility (grades a + b) of 57% (4-84%) before, and 87% 
(35-97%) after separation, p < 0.001. Sperm concen-
tration decreased from 89 to 31 x 106 sperm/mL, p < 
0.001 (Table I).

 Seven out of the eight samples whose con-
centration was ≤ 20 x 106 sperm/mL displayed motili-
ty (grades a + b) ≤ 50%; in contrast, only 1 out of the 
72 samples with normal motility displayed a lower 
concentration. The samples were grouped according 
the World Health Organization (WHO) reference va-
lues for concentration and motility (14), the efficiency 
of recovery was 21.0% (3.8-59.6) in seven samples 
with values of concentration and motility below WHO 
parameters and 55.6% (8.3-116) in 71 samples with 
values above WHO parameters (p < 0.0001).

Integrity of sperm chromatin after M/S separation
 The median of sperm with normal chromatin 
integrity in the original sample was 92% (39-92%) 
and it increased to 100% (53-100%) after separa-
tion, p < 0.0001 (Table I).

DISCUSSION

 In this study no statistical differences were 
found between the results obtained by HOS or eosin-
Y; both techniques showed a small but significant co-
rrelation (r =  0.56, p < 0.001) which agrees with 
the results of Lin et al., (18) (r = 0.3413, p < 0.015), 
Bahamondes et al., (19) (r = 0.435, p < 0.001) and 
Munuce et al., (20) (r = 0.47, p < 0.05). In spite of 
the fact that the two techniques evaluate sperm mem-
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FIGURE 1. Scheme of a Jondet tube used to obtain the 
motile sperm fraction.

Median

Range

p Value

Before

89

7-375

After

31

0.5-141

Before

57

4-84

After

87

35-97

Before

92

39-100

After

100

53-100

Concentration
(106 sperm/mL)

Motility (grades a + b)            
%

Integrity of sperm chromatin 
(% normal)

< 0.0001 < 0.0001 < 0.0001

TABLE I. COMPARISON OF THE SEMINAL PARAMETERS EVALUATED BEFORE AND AFTER M/S SEPARATION 
METHOD.
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brane status, the low correlation could be explained 
by the fact that each technique evaluates different 
aspects: eosin-Y examines membrane integrity, da-
maged sperm the stain to enter the cell, while HOS 
evaluates functional integrity of the sperm cell mem-
brane, tail swelling indicating normal functioning of 
the membrane. The results allow us to propose that 
these tests are complementary for the evaluation of 
sperm membrane of the patient, because the integrity 
and the functional activity are important for the phy-
siological change that occurs at the sperm surface 
during the journey of the sperm to the fertilization site 
(21-23).

 This work confirms the results of others (24, 
25) showing that the use of the M/S technique to 
increase the concentration of motile spermatozoa 
(grades a + b) of a semen sample to be used in assis-
ted reproduction is better when the concentration and 
motility of the initial sample are normal. This indicates 
the need for careful evaluation of the different para-
meters of the semen such as concentration and moti-
lity prior to choosing the isolation method to obtain 
the best efficiency. We calculated sperm recovery effi-
ciency with motility and concentration, while Sanz & 
Olivares (26) also included morphology to determine 
this efficiency which probably optimizes the accuracy 
of the calculation.

 Regarding the chromatin integrity test we 
found a significant increase (p < 0.0001) in the num-
ber of sperm with normal chromatin after separation 
of semen by the M/S method. These results agree 
with those of others using several separation methods 
such as glass-wool, swim-up and density gradients 
(27-29). It has been proposed that packing of sperm 
DNA is a means of protecting sperm DNA from oxy-
gen reactive species (30, 31). An association has 
been observed between infertility and DNA damage 
(2, 3). and between embryo development and chro-
matin abnormality in in vitro fertilization programs 
(32). Other reports have shown a strong correlation 
between normal morphology and normal chromatin 
packing (2, 3, 33, 34), while yet other studies have 
reported abnormal packing (35, 36), increase in 
DNA breaks and susceptibility to denaturation in men 
with fertility problems (37).

CONCLUSION

 In general, our results showed great varia-
bility in the values of the functional tests in samples 
from fertile men, although all did not have normal 
parameters according to the WHO (38). Functionally, 
the sperm must be “normal” to fertilize the oocyte and 
to form the embryo, but this functional normality is a 

complex phenomenon that emerges from the interplay 
between different characteristics of the spermatozoa 
such as motility, morphology, DNA integrity and 
plasma membrane integrity (20, 23, 39, 41) among 
others.
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