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Abstract 

Conventional and novel spermatozoa separation techniques have their own strength and weaknesses. Both are 
widely used in assisted reproductive technologies (ARTs). In this study, combinations of two separation methods 
against single separation methods were evaluated. Freshly ejaculated semen was collected and divided into five 
groups; control, density gradient centrifugation (DGC), magnetic activated cell sorting (MACS), DGC-MACS 
and MACS-DGC; based on the sequence of separation. Evaluation of spermatozoa kinematics, viability and 
acrosome status for each group were done by computer assisted semen analysis (CASA), hypo-osmotic swelling 
test (HOST) and chlorotetracycline (CTC) staining respectively. Results show that DGC yield the fastest 
spermatozoa velocity and highest percentage of viable spermatozoa fraction compared to other groups. However, 
they also produced a high percentage of acrosome-reacted spermatozoa. Spermatozoa isolated through 
DGC-MACS shows the highest percentage of non-capacitated spermatozoa. However, spermatozoa isolated 
through DGC-MACS yields slower spermatozoa velocity population and lower percentage of viable sperm 
compared to spermatozoa isolated through DGC. Isolation of spermatozoa through MACS-DGC yields slower 
population of spermatozoa velocity with a lower percentage of non-capacitated spermatozoa compared to 
spermatozoa isolated through DGC-MACS. DGC separation and its combination with MACS had yield different 
spermatozoa quality. This distinct characteristic is likely suitable for in vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI) procedure respectively.  

Keywords: magnetic-activated cell sorting, density gradient centrifugation, spermatozoa viability, kinematics, 
acrosome 

1. Introduction 

Successful ART requires viable and good quality of spermatozoa (Ibrahim et al., 2008). Numerous techniques 
have been developed to isolate good quality spermatozoa. The evolution began from simple washing to 
complicated and sophisticated technique. Most of the conventional techniques produce excessive amounts of 
reactive oxygen species (ROS) (Ghaleno et al., 2014). ROS affects spermatozoa plasma membrane, spermatozoa 
motility, DNA integrity and initiate apoptosis unintentionally (Agarwal, Saleh, & Bedaiwy, 2003).  

For most infertility cases, swim up method or density gradient centrifugation (DGC) seemed to be the best 
conventional techniques. These techniques are able to isolate motile and morphologically normal spermatozoa 
efficiently (Xue et al., 2014). However, it is based on sedimentation and migration. This would limit isolation of 
apoptotic spermatozoa (Dirican et al., 2008). Magnetic activated cell sorting (MACS) is able to isolate 
non-apoptotic cells from the semen based on the expression of phosphotidylserine (PS) on the spermatozoa’s cell 
surface (Nadalini, Tarozzi, Di Santo, & Borini, 2014). ROS production is negligible because no mechanical force 
is involved (Faezah et al., 2014).  
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This study compares the effect of DGC, MACS and the combination towards sperm separation. We hypothesized 
that combination of both techniques will produce better quality spermatozoa.  

2. Material and Methods 

2.1 Semen Collection 

Semen collection was done at National Veterinary Biodiversity Institute. The ECP 15 bull (Charolaise and 
Kedah-Kelantan crossbreed) semen was freshly collected by using artificial vagina. The concentration of fresh 
semen was immediately determined by using SpermacueTM and evaluation of spermatozoa kinematics was 
observed by using computer assisted semen analysis (CASA). The semen was then divided into three groups of 
equal volumes. The three groups were then classified as control, DGC and MACS group. Later the spermatozoa 
isolated through DGC had undergone second separation through MACS. Meanwhile, the spermatozoa isolated 
trough MACS will undergo second separation trough DGC. The groups were designated as DGC-MACS group 
and MACS-DGC group based on the sequence of separation as experimental groups for combined separation 
method.  

2.2 Spermatozoa Separation 

2.2.1 Density Gradient Centrifugation Separation (Isolate® Kit) 

Isolate® Kit (Irvine Scientific, USA) was used for DGC. It consisted of two media which are the lower and 
upper layers. Both media were pipetted into an eppendorf tube according to the order of the layer before 250 µL 
of fresh semen was transferred onto the media. The semen and media were then centrifuged at 300 g for 20 
minutes. The concentration of the remaining pellet was determined through the use of Spermacue™. Later, the 
pellet was diluted in Bio-excell extender to a final concentration of 25 × 106 sperm/ml before the quality of the 
sample was evaluated.  

2.2.2 Magnetic-Activated Cell Sorting (MACS)  

Fresh semen was diluted to a final concentration of 106 to 107 cells. For a single separation, 250 µl of diluted 
semen was used. The procedure was carried out according to manufacturer’s instruction provided in the kit 
(Miltenyi Biotech, Germany). Briefly, 250 µl of semen was centrifuged for 10 minutes at 300 g. The pellet was 
resuspended with 80 µl of 1× buffer and 20 µl annexin V microbeads. The mixture was incubated at 6 oC to 12 
oC for 15 minutes in the dark. After incubation, the sample was washed and resuspended with 500 µl of 1× 
binding buffer (MiniMacs kit, Miltenyi Biotec, GmbH, Germany). Before the sample was placed into the MACS 
column, the separation column was placed on a magnet stand and flushed with 500 µl of 1× binding buffer 
(MiniMacs kit, Miltenyi Biotec, GmbH, Germany). Such that, the annexin V microbead labelled spermatozoa 
were retained in the separation column. The annexin V microbead negative fraction represent the fraction with 
intact membranes which could passed through the column and were collected. The concentration of 
ANMB-negative sample was determined and the quality of the sample evaluated prior to subsequent analysis.  

2.3 Determination of Spermatozoa Viability through Modified Hypo-Osmotic Swelling Test (HOST) 

HOST was carried out according to the modified method by Osman et al. (2012). HOST solution (190 mOsm/L) 
was prepared by dissolving 0.735 g trisodium citrate dihydrate and 1.351 g D(-)Fructose in 100 ml dH2O. This 
solution was then added to the semen sample with a ratio of 10:1. The mixture was incubated for 45 minutes at 
37 oC. Approximately 10 µl of mixture was smeared on to a clean glass slide. The smear was air dried. Staining 
procedure was carried out according to the method of Lee et al. (2009) by using Diff-Quik® stain (IVD 
Company, Switzerland). The stained slides were observed under a light microscope under 100× magnification. 
Hundred cells were counted for each slide and each sample was duplicated.  

2.4 Determination of Spermatozoa Acrosome Reaction by Using Cholorotetracylcine (CTC) Staining  

The fresh or processed semen sample was centrifuged at 300×g for 5 minutes at 4 oC. Supernatant was removed 
and 150 µl of pellet was transferred into a tube. The pellet was incubated at 37 oC with 3 µl of propidium iodide 
(PI) (0.5 µg/ml) and 3 µl of 40 µg/ml Hoechst 342. After 15 minutes of incubation at 37 oC, CTC solution was 
added to a drop of sample on the slide at a ratio of 1:1. A drop of 12.5M paraformaldehyde and a drop of 0.22M 
DABCO was added to the sample droplet on the slide. Slide was then immediately observed using a fluorescent 
microscope with excitation was set at 365 nm and 435 nm for emission. Hundred cells were counted for each 
slide.  

2.5 Statistical Analysis 

One-way analysis of variance (One Way ANOVA) was used to determine the effect of multiple separation 
methods on spermatozoa velocity and progression. Kruskal-Wallis test were done for viability and acrosome 
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status of spermatozoa. Results were reported as mean ± SEM. Differences were considered significant when p < 
0.05.  

3. Results 

Kinematics of spermatozoa was reported as velocity and progression. Result had indicated that there were 
significant differences between groups for velocity (Table 1). MACS, DGC-MACS and MACS-DGC showed a 
significant difference with control group and DGC group for velocity average path (VAP). However, there was 
no significant difference between control and DGC group for VAP. The different of velocity straight line (VSL) 
value for DGC, MACS, DGC-MACS and MACS-DGC are significant with control group. There are significant 
differences for VSL value between MACS, DGC-MACS and MACS-DGC in comparison with and DGC. The 
velocity curvilinear (VCL) value decreased significantly between control group and MACS, DGC-MACS and 
MACS-DGC. There was a slightly increase of VCL value for DGC compared to control group but the 
differences were not significant. There are significant differences between in VCL value between MACS, 
DGC-MACS and MACS-DGC in comparison with DGC. However, for progression of spermatozoa, there were 
no significant different between all group (Table 2).  

 

Table 1. The effect of single spermatozoa separation procedures and combined spermatozoa separation 
procedures on the sperm velocity 

Separation method 

 

Velocity (µm/sec) 

Control DGC MACS DGC-MACS MACS-DGC 

VAP 97.825±3.373 115.933±1.867 53.625±3.123a,b 70.425±6.34a,b 55.775±3.560a,b 

VSL 76.925±2.640 96.467±2.202a 42.250±3.890d,b 55.300±5.738a,b 46.375±2.453a,b 

VCL 151.400±7.023 179.767±6.492 81.575±7.838a,b 101.150±12.148a,b 79.825±3.8824a,b

Note. Data are expressed as mean ± SEM. (a) indicate significant difference compared to control. (b) indicate 
significant difference with DGC. (d) indicate significant difference compared to DGC-MACS. The differences 
were considered significant when p < 0.05. 

 

Table 2. The effect of single spermatozoa separation procedures and combined spermatozoa separation 
procedures on the sperm progression 

Separation method 

 

Progression (%) 

Control DGC MACS DGC-MACS MACS-DGC 

WOB 64.742±1.164 64.624±2.093 66.457±2.651 70.625±3.790 69.725±1.381 

LIN 51.750±1.315 54.667±2.603 53.00±2.651 54.500±2.102 59.750±2.057 

STR 77.000±0.408 83.333±1.202 77.250±4.289 79.250±0.629 83.500±2.784 

Note. Data are expressed as mean ± SEM. 

 

The percentage of viable sperm for each group is shown in Table 3. There was a significant difference between 
DGC-MACS group and DGC group.  

 

Table 3. The effect of combined spermatozoa separation on percentage of viable spermatozoa 

Separation method Spermatozoa Viability (%) 

Control 60.25±5.618 

DGC 67±5.845 

MACS 32±5.845 

DGC-MACS 25.75±5.721a 

MACS-DGC 51.25±14.868 

Note. Data are expressed as mean ± SEM. (a) indicates significant difference compared to control group where p > 
0.05. Hundred cells counted and each sample was duplicated.  
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Table 4 shows the acrosome status for each group. Non-capacitated spermatozoa showed significant differences 
between control, MACS, DGC-MACS and MACS-DGC with DGC group. The difference of non-capacitated 
spermatozoa was also significant between DGC-MACS group and MACS-DGC. Capacitated spermatozoa 
showed no significant difference for any group. However, acrosome reacted spermatozoa are significantly higher 
in DGC group compared to other groups.  

 

Table 4. The effect of combined sperm separation procedures on the status of spermatozoa acrosome 

Separation method

 

Acrosome Status 

Control DGC MACS DGC-MACS MACS-DGC 

Non-capacitated 82.75±4.516 37.00±7.382 a 79.25±2.750 b 91.75±2.689b 69.25±2.287b 

Capacitated 8.50±3.428 8.00±2.677 8.00±3.189 1.25±0.629 7.50±2.754 

Acrosome Reacted 8.50±2.398 55.00±9.958a 12.75±0.629d 7.00±2.517d 23.25±2.363d 

Note. Data are expressed as mean ± SEM. (a) indicates significant difference with control group. (b) indicates 
significant difference with DGC group. (d) indicates significant difference with DGC-MACS.  

 

4. Discussion 

This study has found out that DGC isolated spermatozoa has the highest value of VAP, VSL and VCL. It also 
increased the velocity of fresh spermatozoa. Whereby combination methods gave no significant difference for 
velocity. This suggested that velocity is not affected by the combination of either method.  

Fresh ejaculated semen contains small population of hyperactive spermatozoa prior to isolation (Mircu et al., 
2008). Hyperactivation occurs in the presence of calcium ions or elevated ROS. Our data show that separation 
methods used did not produce hyperactivated sperm because VCL and average values of the ratio VSL/VCL 
(LIN) values were not decreased. This finding suggested that ROS level is not elevated and no additional 
calcium ion were added in any of the separation procedures listed above. Previous study stated fertilizing 
capacity of spermatozoa depends on its hyperactivity and ability to swim faster and straighter. This is indicated 
by higher values of VSL and LIN (Rodríguez-Miranda et al., 2008). DGC produces higher VSL, thus it might 
increase the capability to fertilize during ARTs. Our study also confirmed that the selection method has minimal 
effect on hyperactivity of fresh isolated sperm.  

According to Said et al. (2008) combination of DGC followed by MACS yields a clean sperm population 
characterized by higher motility, viability and morphology. However, our research shows that combination of 
DGC followed by MACS significantly reduced the sperm viability. The discrepancy might be due to sample used 
in this study, bull semen compared to human in previous study which is supported by da Silva, Pinto, Young and 
Cole (2010). They suggested that not all species are suitable for MACS separation method. In our knowledge, 
most of the research for MACS separation or the combination of DGC and MACS used human samples (de 
Vantéry Arrighi, Lucas, Chardonnens, & De Agostini, 2009; Gil, Shalom, Sivira, Carreras, & Checa, 2013; 
Martin et al., 2017; Romany et al., 2017).  

DGC has been proven to effectively remove nonviable spermatozoa. Indirectly, it increases viable spermatozoa 
after MACS separation. This is supported by Ollero et al. (2001) which suggested that DGC can separate mature 
viable spermatozoa from seminal plasma and other extraneous constituents of the seminal fluid. The presence of 
reacted acrosome could be due to the inability of DGC to full scrub the oocyte media from ROS and thus still 
creating reactive acrosome spermatozoa (Bormann, Alagretti, Motta, Serafini, & Smith, 2010). ROS is proven to 
cause spermatozoa capacitation, hyperactivation, acrosome reaction, and oocyte fusion (de Lamirande & Cagnon, 
1993). DGC has also been known to be unable to eliminate spermatozoa with reacted acrosomes. This might also 
explain why the velocity of the isolated spermatozoa is increased compared to other groups (Franken, Bastiaan, 
& Oehninger, 2000). On the other hand, MACS seemed to produce spermatozoa with the lowest quantity of 
acrosome reacted spermatozoa. This is not surprising as MACS separation is based on the principle of separating 
apoptotic and non-apoptotic spermatozoa based on the externalisation of phosphatidilserine (PS) on the outer 
leaflet of spermatozoa (Said, Mahfouz, Kuznyetsova, & Del Valle, 2015).  

As a conclusion, DGC single separation and the combination of DGC and MACS isolated good quality 
spermatozoa. In theory, the isolated sperm population is suitable to fertilize the oocyte as the acrosome of the 
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resulting population has been reacted. On the other hand, combination of DGC and MACS produce 
non-capacitated spermatozoa which in theory is suitable for ICSI.  
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