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Abstract 

Magnetic-activated cell sorting (MACS) is an advanced sperm selection technique developed for patients with IVF failure 

related to sperm quality. For this reason, this study was conducted to show the efficiency, and selective power, of MACS associated 

with the double density gradient centrifugation technique (DGC) on sperm quality and embryological outcomes for 12 couples with 

unexplained IVF-ICSI failure. The group with DGC and MACS sperm treatment was considered the test group compared with the 

previous cycle of each DGC couple. The latter constitutes the control group. Spermogram-spermocytogram, embryological 

outcomes were evaluated for each group. Results showed that the MACS treatment significantly improved sperm morphology (2% 

vs. 5%) and the D3 and D5 embryo quality (52% and 25% vs. 47% and 6%) between the test group and the control group, 

respectively. With such selective power of MACS for couples with repeated IVF-ICSI failure doubling the embryo quality until the 

blastocyst stage, it is accurate to suggest that MACS could avoid micro-injecting spermatozoa with high DNA fragmentation or 

other masked abnormalities into the oocyte. 
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1. Introduction 

Infertility is the incapacity to conceive after one year 

of regular, unprotected intercourse without contraception, 

according to the World Health Organization [1]. Infertility 

affects more than 80 million couples who are childbearing 

age at a rate of 15% globally. In Morocco, infertility affects 

11% of couples according to the investigation of the 

Moroccan society of medicine and reproduction [2], 20-35% 

of infertility is due to woman etiology, 20-30% due to man 

etiology, 25-40% due to both etiologies and 10% idiopathic 

etiology [3]. Therefore, many couples struggling with 

infertility are turning to assisted reproductive technologies as 

their therapy of choice. However, the success of assisted 

reproductive techniques (ART) is mostly dependent on sperm 

treatment in the laboratory [4]. Intracytoplasmic sperm 

injection (ICSI) is a procedure that consists of introducing a 

single sperm into an oocyte. Now, this technique is the in 

vitro fertilization (IVF) of choice, and this procedure 

regularly excludes traditional IVF, even in cases where there 

is no indication of ICSI and/or no male factor involved in the 

diagnosis [5]. However, particular sperm criteria, such as 

motility and morphology, do not reliably select the highest 

quality sperm. Moreover, sperm selection strategies evaluate 

sperm function and fertilization potential in order to 

maximize sperm quality and enhance ART results [4]. 

Nevertheless, the selection of sperm preparation and selection 

procedures should be appropriate for the couples’ diagnosis 

and the sperm sample’s quality. In order to maximize sperm 
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quality and enhance ART outcomes, sperm selection 

strategies increasingly depend on the evaluation of sperm 

function and sperm fertilization potential [4]. Our study aims 

to demonstrate the effectiveness of the MACS technique 

combined with the DGC, and its selective power on 

embryological outcomes for couples with repeated IVF-ICSI 

failures. 

 

2. Materials and methods 

2.1. Ethical Standards 

The study was approved by the ethics committee of 

Faculty of Medecine and Pharmacy, University Hassan II, 

Casablanca, Morocco and patients provided written informed 

consent after being presented with the terms and issues of the 

study. The authors assert that all procedures contributing to 

this work comply with the ethical standards of the relevant 

national and institutional committees on human 

experimentation and with the Helsinki Declaration of 1975, 

as revised in 2008. 

 

2.2. Study design 

The present study conducted over two years, was 

carried out at the Ghandi Fertility Center, Casablanca, 

Morocco. It included 68 couples who met the following 

inclusion criteria: at least one failed IVF attempt, unexplained 

male infertility, and the woman's age must not exceed 42 

years. Moreover, the exclusion criteria adopted eliminated 

women with polycystic ovary syndrome (PCOS), 

endometriosis, and those with low ovarian reserve, which 

limited the number to 12 couple, the patients did not undergo 

any specific treatment. After being informed of the study's 

terms and issues, all 12 participants signed an informed 

consent. Indeed, this study is focused on embryological 

outcomes after two different systems of sperm selection: 

DGC alone as control for the first attempt with IVF failure 

then adding to DGC the MACS technic for the second attempt 

of the same couple to avoid the impact of bias. Subsequently, 

the oocytes of the first attempt patients were injected with 

spermatozoa treated with DGC alone (control group), and in 

the second attempt, after fertilization failure or having poor 

quality embryos in the first, the oocytes of the patients were 

injected with spermatozoa treated with DGC-MACS (test 

group). Then, the day 3 (D3) and day 5 (D5) embryos of each 

group were evaluated according to the Gardner classification 

[9] (Figure 1). 

 

2.2.1. Sperm preparation with DGC and/or MACS 

The sperm sample was obtained by masturbation 

after 3-5 days of sexual abstinence into sterile, non-toxic 

plastic vials, which were incubated for 30 minutes to facilitate 

liquefaction. In the control group, the sperm was treated by 

double density gradient centrifugation (DGC) (PureSperm: 

Nidacon, International AB, Gothenburg, Sweden). All 

samples were loaded onto a 40% and 80% discontinuous 

gradient and centrifuged at 1600 rpm for 20 min. The 

resulting pellets were washed with 2 ml of HTF, Irvine 

Scientific, Santa Ana, CA, USA, and centrifuged at 1200 rpm 

for 10 min. For the test group, sperm were treated with DGC 

and then with MACS® ART Annexin V System (Miltenyi 

Biotec), following the manufacturer’s instructions. The 

resulting DGC pellet was incubated with 100 μl of MACS 

ART Annexin V reagent and 400 μl of MACS ART Binding 

Buffer for 15 min at room temperature. After rinsing the 

column with 1000 μl of MACS ART binding buffer, the 

sperm suspension was added to the column with 500 μl of 

MACS ART binding buffer, and thus the annexin fraction 

was obtained. 

 

2.2.2. IVF-ICSI program 

All included patients underwent the same antagonist 

protocol using r-FSH (Cetrotide 0.25 and Gonal-F) adjusted 

according to the usual parameters of follicle growth evaluated 

by serum estradiol levels and ultrasound monitoring. After 

reaching follicles ≥17 mm, human chorionic gonadotrophin 

(HCG, Ovitrelle) at 10000 IU (IM) and at 35-36h post-trigger, 

the oocytes were pick-up. Then, they are denuded by 

hyaluronidase (Cumulase), and their maturation is evaluated 

before ICSI. Under microscope ICSI, the spermatozoa after 

treatment (DGC or DGC and MACS) were injected by pipette 

into the mature oocyte, then incubated in microdroplets of 

50µl Medium culture (Sage) of each box at 37°C, 5% CO2 

and 5% O2. Thereafter, fertilization was confirmed by 

observing the second polar body expelled and two pronuclei 

(2PN) in the oocyte cytoplasm. Embryos are kept in culture 

until the D3, and their quality is evaluated, then kept in 

culture until D5 to evaluate the blastulation rate and its 

quality. Indeed, the classification of different obtained 

blastocysts at day 5 were evaluated morphologically 

according to Gardner Score (Gardner et al., 2016) [6]. The 

different resulting embryos were cryopreserved for the next 

cycle for embryo transfer. 

 

2.3. Statistical analysis 

The mean, standard deviation (SD), or percentage of 

the total are used to present data. Statistical Package, version 

6.0 (Statistica), was used for data analysis. The Student’s t-

test was used to compare mean values, and the chi-squared 

test was used to compare percentages. 

 

3. Results 

The study involved 12 couples whose oocyte factor 

was insignificant, excluding the female impact on the results. 

Table 1 shows that men’s and women’s age, AMH, and sperm 

parameters (concentration, mobility) were compared in the 

control group (DGC only) and the test group (MACS-DGC), 

which does not detect any significant differences, whereas a 

significant difference was observed in sperm morphology 

(0.02 ± 0.01 against 0.05 ± 0.01; p-value 0.002), between 

DGC alone and DGC-MACS respectively. In addition, the 

number of oocytes retrieved (9.33 ± 2.72 versus 8.17 ± 2.03; 

p 0.36) and injected (6.92 ± 3.06 versus 6.25 ± 1.50; p 0.61) 

was not significant between the control group and the MACS 

- DGC group, respectively (p> 0.05). ICSI results such as 

fertilization, cleavage, embryo quality, and implantation rate 

were compared between the control and the test groups. As 

shown in Figure 2, the fertilization rates in the test, and the 

control groups, were not significantly different (0.67 ± 0.24 

vs. 0.67 ± 0.22; p 0.59), respectively. In contrast, the 

embryonic quality D3 and D5 was significantly higher in the 

test group (0.53 ± 0.25 / 0.48 ± 0.27) compared to the control 

group (0.25 ± 0.27 / 0.06 ± 0.10), with p-value (0.04 / 0.01) 

respectively. 
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Table 1. Results of sperm parameters in Control group compared to Test group using DGC with MACS.  

 

 

Results are presented as the mean n or the percentage (n%) ±  standard deviation (SD). When p 0.05, a P-value is significant 

(s). The control group is including patients with DGC as sperm treatment while the Test group is representing DGC with MACS. 

 

 

 
Figure 1: Study design 

 

IVF failure: fertilization failure, poor embryo quality, prolonged culture failure (no blastocyst), or even more, no 

pregnancy 

 

Parameters Test group Control group p-value 

Sperm concentration 

(M/ml) 

50.15±50.83 31.18±27.54 0.43 (ns) 

Sperm motility (%) 52%±0.26 55%±0.23 0.83 (ns) 

Sperm morphology (%) 5%±0.01 2%±0.01 0.002 (s) 



International Journal of Chemical and Biochemical Sciences (IJCBS), 25(17) (2024): 223-228 

 

Kawtar et al., 2024     226 
 

 

 

Table 2: Comparison of different patient characteristics between test and control groups 

 

Results are presented as the mean n or the percentage (n%) ±  standard deviation (SD). When p 0.05, a P-value is significant 

(s). The control group is including patients with DGC as sperm treatment while the Test group is representing DGC with MACS 

 

 

 

 

 

 

 

 

 
 

Figure 2: Comparison of embryological outcomes between of test and control groups, fertilizaton rate, cleavage rate, good quality 

of embryos Day 3 rate, blastulation rate, intermediate blastocyst (IBL) rate, non-top quality of blastocyst (NBL) rate, early 

blastulation (EBL) rate and delayed blastulation (DBL) rate. 

 

Results are expressed as percentage (n %). P-value is significant when p<0.05 (s) and not significant (ns) when p≥0.05 

 

 

 

 

Parameters Test group Control group P-value 

Female age (years) (n) 34.42 ±3,25 34.42 ±3,25 1.00 (ns) 

Male age (years) (n) 44.42±6.99 44.42±6.99 1.00 (ns) 

AMH (ng/ml) (n) 3.94±1.58 3.94±1.58 1.00 (ns) 

Oocytes number per patient (n) 8.17±2.03 9.33±2.72 +0.40 (ns) 

MII per patient (n) 6.25±1.50 6.92±3.06 0.61 (ns) 

Maturation rate (n %) 78%±0.14 72%±0.14 0.43 (ns) 
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4. Discussion 

In this research, we studied the cleavage rate, 

blastulation, and embryo quality associated with two sperm 

preparation methods, density gradient centrifugation (DGC) 

alone and density gradient centrifugation associated with the 

magnetically activated cell sorting technique (DGC-MACS). 

Sperm can have fragmented DNA, as well as impaired 

integrity of their membranes, despite normal appearance and 

motility. Using these sperm in assisted reproduction can 

adversely affect the results [5]. Successful fertilization 

requires, among other things, a sperm plasma membrane with 

normal integrity and function [7-10]. Density gradient 

centrifugation selects sperm cells based on their motility. 

However, apoptotic sperm cannot be removed by this 

technique, unlike magnetic cell sorting (MACS) with annexin 

V-conjugated microbeads [11]. Phospholipid-binding protein 

Annexin V has a high affinity for phosphatidylserine (PS) and 

is Ca2+-dependent. In fact, MACS conjugated with annexin 

V, focuses on spermatozoa with damaged membranes due to 

PS externalization to the outer membrane leaflet [12]. In other 

words, MACS works at the molecular level of the sperm [10]. 

By deducing from these data, different studies have proposed 

to combine the MACS technique with the DGC technique to 

prepare human spermatozoa for assisted reproduction 

techniques [13]. An earlier study Lukaszuk et al. 2015, 

demonstrated that the selection of viable spermatozoa with 

high motility and lower expression of apoptotic markers leads 

to better results when DGC and MACS techniques are 

combined [14]. This combination is better than other 

approaches for decreasing the proportion of apoptotic sperm 

following sperm preparation [10]. Our results showed (Table 

2) that the morphology of the spermatozoa is improved after 

selection by the two combined techniques DGC-MACS. The 

subpopulations of non-apoptotic spermatozoa selected by the 

MACS annexin V technique have a significantly higher 

proportion of spermatozoa with normal morphology and SDI 

scores and significantly lower percentages of spermatozoa 

with acrosomal defects, in agreement with Aziz et al. (2007) 

study [15]. The results in figures 2 showed that the DGC-

MACS combination enabled the selection of good quality D3 

embryos. Indeed, paternal DNA abnormalities impact the 

quality of the embryo [16, 17]. The increase in sperm DNA 

damage is associated with a considerable decrease in the 

percentage of good quality embryos and an increase in the 

percentage of low-quality embryos on day 3 up to the 

blastocyst [18, 19, 20]. DNA fragmentation may activate 

dedicated additional DNA repairs and embryo development 

could be delayed, resulting in poor embryo quality [21, 22]. 

It should be noted that the particularity of our study is based 

on the comparison of the results of the same couple on two 

different cycles. It is true that the diagnosis of male infertility 

is based on the detection of sperm abnormalities. However, 

cases of normal sperm can occur [23]. 15% of men with 

infertility problems were classified with normozoospermia 

[24]. The MACS technique can circumvent unexpected 

fertilization failure and poor embryo quality with 

normozoospermia. In addition, the success of the fertility 

process and the development of the embryo depend in part on 

the integrity of the DNA of the sperm and good practice [25]. 

The control group provided D3 embryos and blastocysts of 

poor quality compared to the test group. This is probably due 

to the selection of non-apoptotic sperm using the MACS 

Annexin V technique (Figure 2). Indeed, it is reported that 

oocytes can repair damaged sperm DNA up to a threshold 

beyond which damaged sperm DNA seems irreparable and 

could negatively impact embryos [23].  

 

5. Conclusions 

The selection of human sperm by the DGC-MACS 

technique improve sperm morphology and the quality of day 

3 embryos and blastocysts can be an interesting alternative to 

address unexplained infertility problems. This improvement 

observed could be linked to better elimination of apoptotic 

spermatozoa by the DGC-MACS technique. However, 

further studies on sperm are needed, including chromatin 

decondensation and DNA fragmentation, knowing that 

exposure to PS could be due to reasons other than apoptosis. 

This study deserves to be deepened with a larger cohort and 

more relevant evaluation criteria to improve and promote its 

success rates. 
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