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Introduction
The goal of all sperm preparation techniques is 

to improve sperm quality in ART.  The ejaculated 
spermatozoa have to be separated quickly and efficiently 
from the seminal plasma so that they can be functional 
[1].  The two routinely used preparation techniques are 
swim-up and discontinuous density gradient techniques.  
Since men with abnormal semen parameters do not yield 
adequate motile sperm, it needs to be processed prior to its 
use in ART [2].  Spermatozoa are sensitive to temperature 
changes, dilution and centrifugation as it may adversely 
affect sperm quality, especially in infertile patients, by 
generating harmful reactive oxygen species (ROS) [2-4]. 

Sperm centrifugation is an essential prerequisite for 
men with severe oligozoospermia and it is commonly 
used for ART.  Semen samples that appear azoospermic 
upon initial wet mount microscopy should be 
centrifuged at a minimum of 1,000 X g for 15 minutes 
in order to identify presence of sperm [5].  Studies have 
shown harmful effects of centrifugation on human 
sperm at speeds greater than 500g and for longer 
than 5-7 minutes continuously [6].  The process of 
centrifugation leads to the generation of reactive oxygen 
species [7].  Free oxygen radicals such as super oxide 
radical (O2

-), hydrogen peroxide (H2O2), and hydroxyl 
radical (OH) cause damage to the spermatozoa.  
Both time and speed of centrifugation affect sperm 
quality  [3].  The changes in the temperature during 
centrifugation generate ROS from the spermatozoa 
compromising the quality and quantity of normal 
healthy spermatozoa [8].  The objective of our study 
was to examine the affect of centrifugation with a 
temperature regulated centrifuge (Spermfuge) at 
34oC on sperm quality as compared to a standard 
non-temperature regulated centrifuge. 

Materials and Methods 
The study was approved by the Institutional Review 

Board of the Cleveland Clinic.  Semen samples were 
collected from 12 healthy men with unknown fertility.  
Semen samples were obtained by masturbation 
after at least 48 hours of abstinence.  Samples were 
collected into sterile containers.  Semen analysis was 
performed according to WHO (4th ed.) guidelines 
[9] and included manual and computer assisted 
sperm analysis (CASA).  Sperm viability and seminal 
levels of reactive oxygen species were assessed after 
centrifugation. 

Motility characteristics assessed by CASA
Manual and computer assisted semen analysis 

(CASA) (IVOS 10.7s; Hamilton Thorne Research, 
Beverly, MA) were performed.  For each measurement, 
a 5μL sample was loaded on a MicroCell slide 
(Conception Technologies, San Diego, CA).  Four to 
eight representative fields containing 200 or more 
spermatozoa were examined.  Samples were analyzed 
for concentration, percent motility, and complex motion 
characteristics.  Sperm motion kinetics measured by 
CASA included the following: sperm concentration 
(X106/mL), percentage motility, curvilinear velocity 
(VCL, µm/sec), straight-line velocity (VSL, µm/sec), 
average path velocity (VAP, µm/sec), linearity (%), and 
amplitude of lateral head displacement (ALH, µm).  In 
addition to the computerized results, manual results 
were calculated for sperm concentration and motility.  
CASA results were used when the difference between 
the manual and CASA values was less than 20%.  In 
cases where the difference was greater than 20%, the 
manual results were reported. 
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Temperature controlled versus regular centrifuge
A temperature regulated bench top centrifuge 

maintained at 34oC was used (Spermfuge, Fornax, 
Shivani Scientific Industries Pvt. Ltd, Mumbai, India) 
and compared with a non- temperature regulated bench 
top centrifuge (IEC Centra GP8, Thermo Scientific).  
The Spermfuge temperature can be set between room 
temperature (21o C) up to 42oC.  The temperature 
chosen for Spermfuge was 34o C based on the fact that 
intrascrotal temperature is maintained around 32o 

C to 34o C.  This temperature is lower than the core 
body temperature and is considered to be normal for 
functionally normal sperm.  An increase in intrascrotal 
temperature of >34.1o C is associated with poor 
spermatogenesis and epididymal maturation [10].  Each 
specimen was divided into 2 aliquots and processed by 
temperature regulated-Spermfuge (34oC) centrifugation 
(group 1) and non-temperature regulated (group 2).  We 
used centrifugation speed of 500 g and time of 30 min 
identical to actual sperm preparation protocol using 
density gradient separation (DGS) used in most ART 
labs. The standard DGS protocol uses centrifugation 
at speeds producing <500g for 20 minutes followed 
by another shorter centrifugation step that includes 
removal of the seminal plasma, debris and the gradient 
interphases. The sperm pellet is then resuspended in 
sperm wash media and centrifuged at the same speed 
for 7-10 min.

  
Measurement of reactive oxygen species (ROS)
Seminal ejaculates that had not undergone any 

additional processing (neat samples) were used for ROS 
measurement by chemiluminescence assay.  Luminol 
(5-amino-2, 3-dihydro-1, 4-phthalazinedione; Sigma 
Chemical Co., St Louis, MO) was used as a probe.  A 
100 mmoL/ L stock solution of luminol was prepared 
in dimethyl sulfoxide.  For the analysis, 10 µL of the 
working solution (5 mM) was added to 400 mL of a neat 
sperm sample.  Chemiluminescence was measured for 
15 min using a Berthold luminometer (Autolumat LB 
953; Berthold Technologies, LLC, Oak Ridge, TN).  
Results were expressed as X10

 6
counted photons per 

minute (cpm)/ 20 X 10
6
 sperm [11, 12]. 

Sperm Viability and longevity measurement
Sperm viability was tested by Eosin-Nigrosin staining.  

A 10 mL aliquot of well mixed semen sample was 
mixed with 20 mL of Eosin stain and 20 mL of Nigrosin 

stain.  Smears were made and allowed to air dry.  Intact 
spermatozoa are impermeable to the Eosin dye and 
therefore do not stain and appear white, whereas 
spermatozoa with damaged membrane allow the entry 
of the stain and therefore appear pink.  Sperm viability 
was examined under X100 objective and percentage of 
viable sperm was recorded. At least 200 sperms were 
counted. An aliquot from each specimen was also tested 
to determine the affect of centrifugation on sperm 
longevity after 4 hours incubation at 37oC. 

Statistical analysis 
All parameters were examined for the mean, standard 

deviation, and median.  Student’s t-test was used for 
comparison between the two groups.  A P value < 0.05 
was considered significant. 

Results
Figures 1 – 3 demonstrate sperm quality results 

following centrifugation of semen samples in group 1 
compared to group 2.

 
Percent Motility
Spermfuge centrifuged samples in group 1 showed 

significant increase in percent motility (66.4 ± 
17.02) compared to group 2 (60.56 ± 16.59; p = 0.01) 
illustrated in Figure 1.  Group 1 specimens showed 
lower amplitude of lateral head displacement (ALH) 
obtained by CASA (5.98 ± 1.01) compared to samples 
in group 2 (6.56 ± 1.03; p = 0.034) (Figure 2). This 
increase in sperm motility (59.69 ± 18.9) in Group 1 was 
maintained even after 4 hours of incubation (56.03 ± 
15.5 (p = 0.016). 

Figure 1
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Figure 2

Reactive oxygen species
ROS values log (ROS + 1) were lower in Group 

1 (3.03 ± 1.86) compared to group 2 (3.15 ± 1.39) 
However, these results were not significantly different. 

Viability  
No significant difference (p= 0.08) was found in 

sperm viability between group 1 (Spermfuge) and group 
2 (non-temperature regulated) (p= 0.48).  

Longevity
Improvement in sperm motility was seen after 

4 hours incubation at 37oC (longevity study) in the 
Spermfuge group as compared to group 2. This is 
illustrated in figure 3.  

Figure 3

Discussion
The aim of this study was to compare a temperature 

regulated centrifuge to a traditional non-temperature 
regulated centrifuge.  Sperm motility is an important 
parameter in predicting ART outcomes [13, 14].  The 
most predictive parameter for estimating natural fertility 
in both subfertile and fertile couples is the concentration 
of progressively motile sperm [15, 16].  Reports show 
that a significant positive correlation exists between 
percent progressive motility, velocity, and morphology 
parameters on both fertilization during IVF and 
pregnancy rates [14].  Sperm motion variables, such 
as motility, linearity, curvilinear velocity, and average 
path velocity have been shown as reliable prognostic 
indicators for fertilization potential of sperm [17].  

Earlier studies have shown that the changes in 
temperature affect the motility of the sperm [18-20].  
Sperm motion characteristics such as motility and 
velocity are found to be higher in sperm incubated at 37o 

C as compared to 20o C [21].  The changes in temperature 
also affect the generation of ROS in the semen samples. 
Agarwal et al. have also concluded that the levels of 
ROS are significantly lower in samples incubated at 37o 

C as compared to 25o C and 4o C [11].  We chose the 
temperature controlled centrifugation at 34o C based 
on the fact that intrascrotal temperature is maintained 
around 32o C to 34o C.  It is also seen that the increase in 
intrascrotal temperature of > 34.1o C  is seen in sub fertile 
men [10].  Our results show improved sperm motility 
in a temperature regulated centrifugation maintained 
at 34o C as compared to non- temperature regulated 
centrifugation. This may be beneficial in maintaining 
sperm motility and sperm function for preparation of 
semen specimen for ART purposes. Sperm motility 
parameters such as ALH have been correlated with 
fertilization rates [14, 22]. We also demonstrated a 
significant correlation between temperature regulated 
centrifugation and ALH levels in our study.  Franken et al. 
have demonstrated similar differences in sperm motion 
characteristics by the use of Spermfuge as compared to 
non-temperature regulated centrifugation [23]. Their 
study did not compare sperm motility after incubation 
of 4hours (longevity study) and the production of ROS 
in semen samples. In our study we have compared 
the production of ROS by using spermfuge and 
non-temperature regulated centrifugation.                 
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Higher sperm motility and lower ROS production is 
reported at 37oC as compared with 4oC and 25oC [19].  
The optimal temperature at which semen samples should 
be collected, transported and processed has been shown 
to be 37oC as this prevents the deleterious effects of ROS 
[19].  Sperm preparation techniques involving repeated 
washing, centrifugation times and subsequent total ‘g’ 
force have also been associated with increased ROS 
production. An increase in intrascrotal temperature 
has likewise been associated with an increase in ROS 
and poor semen quality as the result of conditions such 
as varicocele [24]. The regulation of a set temperature 
(34oC) during processing and centrifugation may thus 
prevent production of ROS by maintaining an even 
physiological temperature. Reactive oxygen species are 
known to cause DNA damage which may then adversely 
affect in vitro embryo development [25].  Exogenous 
ROS is mostly produced by spermatozoa that are used 
to inseminate oocytes during IVF [26]. We used the 
temperature regulated centrifuge so as to maintain an 
optimal processing temperature and thereby reduce 
the production of ROS. Even though we did not find a 
significant decrease in seminal ROS production when 
using the temperature regulated Spermfuge (group 1) 
compared to a non- temperature related centrifuge 
(group 2) in this study, further investigations using 
specimens from subfertile or infertile male patients may 
demonstrate the benefits of performing sperm workup 
using strict temperature control.

In conclusion, an efficient sperm preparation 
method is one that preserves sperm motility, viability 
and fertilization capacity during assisted reproduction 
procedures.  Temperature regulated centrifugation 
(Spermfuge) improves sperm motility and longevity 
when compared to a non-temperature regulated 
centrifuge.  Since our sample size was small, our results 
need to be validated using a larger sample size.  n 
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