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No difference in high-magnification morphology and
hyaluronic acid binding in the selection of euploid
spermatozoa with intact DNA

Suchada Mongkolchaipak1 and Teraporn Vutyavanich2

In this study, we compared conventional sperm selection with high-magnification morphology based on the motile sperm organellar

morphology examination (MSOME) criteria, and hyaluronic acid (HA) binding for sperm chromosome aneuploidy and DNA

fragmentation rates. Semen from 50 severe male factor cases was processed through density gradient centrifugation, and subjected to

sperm selection by using the conventional method (control), high magnification at 36650 or HA binding. Aneuploidy was detected by

fluorescence in situ hybridization with probes for chromosomes 13, 18, 21, X and Y, and DNA fragmentation by the terminal

deoxynucleotidyl transferase dUTP nick end labelling (TUNEL) method. Spermatozoa selected under high-magnification had a lower

DNA fragmentation rate (2.6% vs. 1.7%; P50.032), with no significant difference in aneuploidy rate (0.8% vs 0.7%; P50.583), than

those selected by the HA binding method. Spermatozoa selected by both methods had much lower aneuploidy and DNA fragmentation

rate than the controls (7% aneuploidy and 26.8% DNA fragmentation rates, respectively). In the high-magnification group, the

aneuploidy rate was lower when the best spermatozoa were selected than when only the second-best spermatozoa were available for

selection, but the DNA fragmentation rate was not different. In conclusion, sperm selection under high magnification was more

effective than under HA binding in selecting spermatozoa with low DNA fragmentation rate, but the small difference (0.9%) might not

be clinically meaningful. Both methods were better than the conventional method of sperm selection.
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INTRODUCTION

Intracytoplasmic sperm injection (ICSI) is a very effective method for

the treatment of severe male factor infertility. It allows the use of a

single motile spermatozoon to fertilise an oocyte.1 The technique is so

effective that fertilization of an oocyte can be achieved even with the

use of a spermatozoon with severe DNA fragmentation.2

Men with severe male factor infertility are known to have a higher

frequency of sperm aneuploidies and DNA fragmentation than fertile

men.3–8 Although the consequences of inseminating oocytes with

abnormal spermatozoa are not known for certain, there is increasing

evidence that such circumstances may cause poor fertilization, defec-

tive pre-implantation embryonic development, and high rates of mis-

carriage and morbidity in the offspring, including childhood cancer.8

One major challenge ICSI facing is, therefore, the selection of the best

spermatozoon for micro-insemination.

Many studies have shown that intracytoplasmic morphologically-

selected sperm injection (IMSI) can significantly increase the fertiliza-

tion and pregnancy rate of ICSI, while decreasing its abortion rate.9–11

The disadvantage of IMSI is that it requires expensive equipment, as

well as expertise and time, to select the spermatozoa under high-power

magnification. A much less expensive and less labour-intensive

alternative to select the best spermatozoa for ICSI is hyaluronic acid

(HA) binding.12–15 One such commercial product includes a Petri

dish coated with HA, called the ‘‘Petridish ICSI’’ to perform the phy-

siologic intracytoplasmic sperm injection (PICSI).15 Parmegiani

et al.15 showed that nuclear normality, according to the motile sperm

organellar morphology examination (MSOME) criteria, was signifi-

cantly higher in HA-bound than in unbound spermatozoa.

The primary objective of this study was to compare the effectiveness

of both methods in selecting spermatozoa with lower aneuploidy and

DNA fragmentation rates. Obviously, if both methods give compar-

able results, HA binding will be the method of choice as it is easier, less

time-consuming and less expensive.

MATERIALS AND METHODS

Collection and preparation of semen samples

The Ethics Committee of Phyathai Sriracha Hospital approved this

study. Semen samples were provided by male partners of couples, who
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gave written informed consent for the use of their spermatozoa for

research. These couples presented themselves for ICSI treatment

because of severe male factor infertility (sperm concentration ,5

million ml21 on at least two occasions, 4 weeks or more apart).

Patients were excluded if they had abnormal karyotype or had a pre-

vious history of treatment with cytotoxic drugs or radiotherapy to the

genital area, or were currently using antioxidants or hormone therapy

in 3 months before the study.

The samples were collected by masturbation after 48- to 72-h abstin-

ence. After liquefaction, standard semen analysis was performed within

1-h collection, according to the guideline described by the World

Health Organization.16 Semen samples were layered on top of 90%/

40% Sil-select (FertiPro, Beernem, Belgium) gradients, and centrifuged

at 375g for 20 min at 25 uC. The sperm pellet was then washed twice in

sperm washing medium, supplemented with 0.5% (w/v) human serum

albumin (HSA), at 300 g for 5 min. The final pellet was suspended in

0.2 ml sperm washing medium, supplemented with 0.5% HSA. The

remaining washed spermatozoa after ICSI were used in the study.

Method of sperm selection

In the control group, a drop of sperm suspension was added to a drop of

8% (w/v) polyvinylpyrrolidone solution under sterile paraffin oil in an

ICSI dish. An embryologist selected spermatozoa with normal appear-

ance in the conventional way with an inverted microscope, equipped

with Hoffman modulation contrast and a heated stage, at a magnifica-

tion of 3400. An ICSI pipette was used to transfer the selected spermato-

zoa and pool them in a small drop of fertilization medium under oil.

In the high-magnification group, the sperm suspension was trans-

ferred to a PVP drop on a sterile glass dish (Fluorodish, World

Precision Instrument, Sarasota, FL, USA), covered with paraffin oil.

The spermatozoa were assessed at room temperature, based on

MSOME criteria, using an inverted microscope (Leica DMI6000B,

Wetzlar, Germany) equipped with high power differential interference

contrast optics to achieve a final electronic magnification of 36650, as

described by Peer et al.17 At least 20 spermatozoa, classified as normal

according to MSOME criteria (smooth, symmetric and oval confi-

guration of the sperm head with an average length of 4.7560.28 mm

and average width of 3.2860.20 mm, normal acrosome and postacro-

somal lamina with normal neck and tail, and no extrusion or inva-

gination of the nuclear chromatin mass), with small nuclear vacuoles

occupying less than 4% of the nuclear area,9,18 were collected in a small

drop of fertilization medium. In the cases where the best spermatozoa

could not be found, the second-best spermatozoa (those with a single

specific nuclear malformation and without a large nuclear vacuole)

were chosen as described by Berkovitz et al.19

In the PICSI group, a Petri dish coated with HA (Biocoat, Fort

Washington, PA, USA) was used for sperm selection, as described

by Huszar et al.12 In brief, a drop of sperm suspension was placed

close to the edge of the HA spot, and the spermatozoa were allowed

to migrate to the drop of HA. After 15 min incubation, only the

spermatozoa that were bound to the HA spot and exhibited vigorous

tail beating were selected. At least 100 bound spermatozoa were

removed one-by-one using an ICSI pipette, and transferred into a

small drop of fertilization medium.

Detection of sperm DNA fragmentation

DNA fragmentation was analysed by the terminal deoxyribonucleotidyl

transferase-mediated dUTP nick end labelling (TUNEL) assay, by using an

in situ cell-death detection kit (Roche Diagnostic, Mannheim, Germany).

The method was carried out according to the manufacturer’s instructions.

Selected spermatozoa were transferred into small drops of phos-

phate-buffered saline (PBS) on pre-cleaned colour-frost plus micro-

scopic slides. The slides were air-dried at room temperature for at

least 5 h and fixed in cold (4 uC) Carnoy’s solution (methanol:

glacial acetic acid, 3 : 1) for 15 min. The slides were then permea-

bilized with 0.1% (v/v) Triton X-100 in 0.1% (w/v) sodium citrate

at 4 uC for 2 min. After being washed with PBS, the slides were

incubated with TUNEL reaction mixture containing 0.5 IU ml21

terminal deoxynucleotidyl transferase and fluorescein-dUTP for

1 h in a humid chamber at 37 uC. After the enzyme reaction was

stopped, the slides were washed with PBS, air-dried, and then

counterstained with Vectashield Mounting medium (Vector

Laboratories, Burlingame, CA, USA), containing 1.5 mg ml21 4,6

diamidino-2-phenylindole (DAPI).

The final evaluation was performed with a fluorescence microscope

(Zeiss AxioImager Z1, Carl Zeiss, Berlin, Germany), equipped with an

automated cell counter system (Metasystem, Altlussheim, Germany).

The positive control utilized fixed sperm slides from a male with

normal sperm count, previously incubated with DNase I (1 U ml21)

(New England Biolabs Inc., Ipswich, MA, USA) for 15 min at 37 uC.

They exhibited an 89%–98% rate of DNA fragmentation. Sperma-

tozoa with DNA fragmentation (positive cells) exhibited green fluo-

rescence while TUNEL-negative cells showed blue fluorescence of 4,6

diamidino-2-phenylindole in the background. Negative control slides

were those from which the enzyme terminal transferase had been

omitted, and showed no green fluorescence.

Detection of sperm chromosome aneuploidy, by the five-colour

fluorescence in situ hybridization technique

After completion of the TUNEL assay, the coverslips were gently

removed. The slides were washed with PBS at 37 uC, air dried, and

dehydrated in 70%, 90% and 100% ethanol for 5 min each. They were

then air-dried for 20 min at room temperature, and stored at 220 uC
until analysis.

Sperm nuclear decondensation was performed according to the

method described by Vidal et al.20 In brief, the slides were exposed

to 5 mmol l21 dithiothreitol plus 0.1 mol l21 Tris/1% (v/v) Triton-X

for at least 12 min at 37 uC, and then immediately transferred to

23strength saline-sodium citrate buffer for 3 min at room tempera-

ture, and dehydrated in an ethanol series of 70%, 90% and 100% for

2 min each. The slides were then air-dried at room temperature.

After nuclear decondensation, the slides were hybridized with

MultiVysion pre-implantation genetic probes (Vysis, Downers

Grove, IL, USA), according to the manufacturer’s instructions. The

kit consisted of five-colour probes for chromosomes 13, 18, 21, X and

Y. The probe cocktail (3 ml) was added to the target area on each slide

and covered with a 12-mm circular glass coverslip. The coverslip was

covered with Parafilm to prevent humidity loss. Slides were heated to

73 uC for 5 min and then incubated at 37 uC for 4 h in a Hybrite

incubation chamber. Hybridized slides were washed in 0.43strength

saline-sodium citrate buffer /0.3% NP-40 at 73 uC for 2 min and then

in 23strength saline-sodium citrate buffer /0.1% NP-40 at room tem-

perature for 1 min. Slides were air-dried in the dark, and then

mounted along with Antifade II solution (Vysis). The coverslips were

sealed with clear nail polish for semipermanent mounting.

Lymphocytes from a male with normal karyotype were used as con-

trols and showed .98% hybridization frequency.

Slides were examined with a Zeiss fluorescence microscope

(Axioimager Z1) equipped with automatic cell counter and appropri-

ate filter sets. Fluorescence in situ hybridization analysis was automated
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by the standard Metafer system and the Metacyte imaging software

(Metasystem, Altlussheim, Germany). Manual analysis of the fluo-

rescence signals was performed at 3100 under oil to decrease the false

positive and negative rates Spermatozoa were scored according to

previously-described criteria.21 A disomic spermatozoon displayed

two clear fluorescence signals for the same chromosome, which were

similar in size and intensity, and were more than one domain (signal

diameter) apart. Diploid spermatozoon showed two fluorescence

signals for both autosomes and sex chromosomes. The absence of

the fluorescence signal for any chromosome implied nullisomy for

that chromosome.

Data collection and statistical analysis

The STATA program version 8.2 (College Station, TX, USA) was used

to perform all statistical analyses. The total aneuploidy rate was

expressed as the sum of disomic and nullisomic spermatozoa for any

autosomes (chromosomes 13, 18 and 21) and sex chromosomes (X and

Y chromosomes) divided by the total number of spermatozoa analysed.

The DNA fragmentation rate was calculated as the number of sper-

matozoa with fragmented DNA divided by the total number of sper-

matozoa analysed. Total aneuploidy and DNA fragmentation rates

among the three groups were compared by 332 chi-squared tests. A

comparison was considered to be statistically significant if P,0.05. If

there was a significant difference, partition of the chi-squared was per-

formed to check which pair contributed significantly to the difference.

RESULTS

The age (mean6s.d.) of the 50 males in this study was 39.1610.3 years.

Semen parameters (mean6s.d.) were: volume, 2.360.9 ml; concen-

tration, 3.061.6 million ml21; motility, 32.6%66.5%; and normal

morphology, 8.0%63.3%. The mean total motile sperm concentra-

tion (6s.d.) after preparation was 2.261.1 million ml21, with a nor-

mal morphology (mean6s.d.) of 9.4%64.7%.

The total number of spermatozoa analysed and the number of those

with fragmentation and aneuploidy (sum of disomic and nullisomic

spermatozoa for both autosomes and sex chromosomes) are shown in

Table 1. In the control group, the aneuploidy rates for chromosomes

13, 18, 21 and sex chromosomes were 1.50%, 1.55%, 1.54% and

2.28%, respectively, and the diploidy rate was 0.14%.

When only the second-best spermatozoa were available for selection

under high magnification and MSOME criteria, the sperm aneuploidy

rate was significantly higher than that in the subgroup in which the

best spermatozoa were selected. However, there was no significant

difference in the DNA fragmentation rate between the two subgroups

(Table 2).

DISCUSSION

Given a disomic frequency per chromosome of approximately 0.1%

in normal spermatozoa, it has been estimated that at least 10 000

spermatozoa must be scored to allow the detection of a doubling in

the frequency of disomy, with a type I error of 0.05 and a power of

80%.21 However, this was not possible in the sperm group selected

on high-magnification morphology, as the process was time- and

labour-intensive. To overcome this problem, we recruited only

males with severe oligozoospermia, as their spermatozoa are known

to harbour a higher incidence of aneuploidy than those of the

general population.22–24 Consequently, the prevalence of aneu-

ploidy in the selected spermatozoa in our control group was as

high as 7%.

Previous publications25,26 have shown that density gradient centrifu-

gation increases the isolation of spermatozoa with normal morphology

and DNA integrity. However, our study demonstrated that the inci-

dence of sperm aneuploidy and DNA fragmentation was still high in

males with a sperm concentration of ,53106 million ml21 after the

process of density gradient preparation. This suggested that a strategy

for sperm selection, such as HA binding or high-magnification

morphology, should be employed in this population to select compe-

tent spermatozoa before ICSI.

It is still unclear if HA binding selects spermatozoa with normal

morphology. In a study involving normozoospermic semen sam-

ples,27 the authors demonstrated that HA binding had limited efficacy

in selecting motile spermatozoa with normal morphology at high

magnification, while another study in oligozoospermic samples found

a much higher percentage of nuclear normality in HA-bound than

HA-unbound spermatozoa.15 The discrepancy in the two studies

Table 1 Summary of analysis and the number of spermatozoa with aneuploidy and DNA fragmentation

Control HA-binding 366501MSOME P

Total spermatozoa analysed 10 067 9825 1745 —

Spermatozoa with DNA fragmentation 2706 260a 31a ,0.001

DNA fragmentation rate (%) 26.8 2.6 1.7 —

Spermatozoa with aneuploidy 706 80b 12b —

Aneuploidy rate (%) 7 0.8 0.7 ,0.001

Abbreviation: HA, hyaluronic acid; MSOME, motile sperm organellar morphology examination.
a P50.032, b P50.583, compared with high magnification366501MSOME criteria (chi-squared).

Table 2 Aneuploidy and DNA fragmentation rates in those who had the best or second-best spermatozoa for selection under high

magnification1MSOME criteria

Best spermatozoa available The second-best spermatozoa available P*

Total number of spermatozoa analysed 1217 528 —

Spermatozoa with DNA fragmentation 20 11 0.408

DNA fragmentation rate (%) 1.6 2.0 —

Spermatozoa with aneuploidy 2 10 ,0.001

Sperm aneuploidy rate (%) 0.2 1.8 —

Abbreviation: MSOME, motile sperm organellar morphology examination.

*Chi-squared test with Yates’ correction.
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could be due to many factors. One possibility is that most unbound

spermatozoa in normal samples have normal morphology and they are

still in the process of binding, but yet to be bound. Moreover, some

morphologically abnormal spermatozoa could contain normal DNA

and vice versa.24 Therefore, in this study we focused only on HA-

bound spermatozoa, and employed DNA fragmentation and chro-

mosome aneuploidy as the final outcomes.

We confirmed previous studies that both HA binding and

high-magnification morphology were very effective in selecting

spermatozoa with lower DNA fragmentation and aneuploidy

rate.12,15,22–24 We also provided a head-to-head comparison

between the two methods of sperm selection, and showed that

selection under high-magnification was better than HA-binding

for low sperm DNA fragmentation. Despite the statistical diffe-

rence, we are doubtful whether the DNA fragmentation rate of

2.6% vs 1.7% is clinically meaningful Moreover, there was no

difference in the aneuploidy rates in the selected spermatozoa

obtained from the two methods (0.8% vs 0.7%; P50.583).

The limitation of this study was that fewer than 2000 spermatozoa

were observed in the MSOME group, and the number of spermatozoa

evaluated per individual was not uniform, depending on the availabi-

lity of normal spermatozoa (at least 20 spermatozoa per sample). Thus

the results might not accurately reflect the group as a whole, and could

be influenced by the characteristics of those individuals in whom the

higher number of spermatozoa were analysed. Moreover, no oocytes

could be inseminated with the selected spermatozoa. Hence, there were

no data on the fertilization, clinical pregnancy and miscarriage rates of

embryos that originated from the selected spermatozoa in either group.

When only the second-best spermatozoa were available for selection

under high-magnification, they showed no difference in the DNA

fragmentation but a 10-fold difference in the incidence of sperm aneu-

ploidy from the cases where the best spermatozoa were available.

Although the number of analysed spermatozoa was small (1745),

the data supported the results of a clinical study by Berkovitz et al.19

that the use of the best spermatozoa gave a fourfold increase in

implantation rate and a threefold increase in clinical pregnancy rate

over the use of the second-best spermatozoa.

In conclusion, both high-magnification morphology and HA bind-

ing served as excellent tools in the selection of spermatozoa with a

.90% reduction in DNA fragmentation and a .88% reduction in

aneuploidy rates; better than those from conventional selection by an

embryologist. Some have even advocated the use of HA in combina-

tion with high-magnification morphology to increase the efficiency of

sperm selection but our data did not support this.15 When time and

cost are considered, we believe there is currently not enough evidence

to indicate an advantage of high-magnification sperm selection or the

combination of this method with HA-binding over that of HA-bind-

ing alone. More research on the cost-effectiveness of these two meth-

ods of sperm selection is urgently needed.
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