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Abstract 
This study was designed to compare the results of sperm parameters for 

asthenozoospermic patients pre- and post-activation in vitro using a new simple medium 
and direct swim-up technique. 

Fifty asthenozoospermic patients were involved in the present study with age 
within range 22-41 years and duration of infertility 2-10 years. From each patient, 
semen sample was taken and seminal fluid analysis (SFA) was done. A new simple 
medium was prepared based on Ringer solution supplemented with additives sodium 
pyruvate and human serum albumin (5% or 10%) which referred as SMART medium 
(Simple Medium for Assisted Reproductive Techniques; SMART). SMART and Earl's 
media were used for in vitro sperm activation by direct swim-up technique. Sperm 
concentration, sperm motility (%), sperm grade activity (%), normal sperm morphology 
(%) and sperm agglutination (%) were assessed. Crude data were statistically analyzed. 

From the results of present study, it was appeared that most sperm parameters were 
significantly (P<0.05) enhanced post-activation in vitro as compared to pre-activation 
using SMART medium by direct swim-up technique. After in vitro sperm activation, 
the percentages of progressive sperm activity with grade A, total progressive sperm 
motility (grades A and B) and normal sperm morphology were significantly increased 
(P<0.05) in both treated groups as compared to control groups. However, highly 
significant (P<0.01) and positive correlations for sperm concentration and normal sperm 
morphology (%) were observed among groups of pre- and post-activation. 

It was concluded that the SMART medium was suitable for enhancement of sperm 
parameters of asthenozoospermic patients using direct swim-up technique. Further 
studies are needed to evaluate effects of SMART medium on successful rate of 
intrauterine insemination. 
Keywords: Asthenozoospermia, sperm, activation, SMART medium.  
 
Introduction:  

The treatment of infertile couples has made substantial progress over the last two 
decades. The rapid increase of assisted reproductive techniques (ART) as treatment 
modalities for infertility during the last two decades has led to the development of a 
wide range of different sperm preparation methods (1,2). With the advancement in the 
techniques of ART in humans, the need to improve sperm processing and provision of 
actively motile spermatozoa has increased tremendously (3). 

Several available sperm separation methods are applied with or without 
centrifugation (4,5). All of these techniques are capable of effectively separating sperm 
from the seminal plasma, but to varying degree. Recovery rates, motility, morphology 
and degree of DNA damage vary greatly between procedures (6). However, three 
alternative methods for washing spermatozoa without centrifugation have been 
reviewed by Mortimer (7). The first involves direct migration of the sperm cells from 
the seminal plasma into suspending medium. The second depends on the observation 
that intact motile spermatozoa differ in density from other cells and from damaged 
spermatozoa. The third utilizes columns of beads or glass wool, to which the unwanted 
cells and plasma components adhere. 

While washing of human sperm cells by centrifugation and resuspension is a 
procedure in widespread use, there have been indications that this procedure per se may 
be harmful to the sperm cells (8). For the isolation of functionally normal spermatozoa, 
direct swim-up or sperm migration technique remains the most popular method, which 
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separates the sample into motile and non-motile fractions (2). In addition, an ideal 
sperm preparation method should be cost-effective and allow for processing of a large 
volume of the ejaculate, which in turn maximizes the number of spermatozoa available 
(4). 

Culture media (CM) provide the spermatozoa with needs that maintain optimal 
function of spermatozoa to give excellent results during preparation.  

Culture media are isotonic with semen to prevent any osmotic shock to 
spermatozoa and developing embryos during in vitro manipulation steps. It provides 
optimal buffering capacity, and maintains the pH within physiological levels to ensure 
sperm survival (9). Therefore, in the present study, we compared the efficacy of a new 
simple culture medium based on Ringer solution enriched with human serum albumin 
(referred as SMART medium) and Earl’s medium using direct swim-up technique. 
 
Materials and Methods: 
1- Infertile males: 

This study was conducted in the Institute of Embryo Research and Infertility 
Treatment, Al-Nahrain University from January to March - 2009, and fifty 
asthenozoospermic patients were included. The range of ages was between 22-41 years 
and duration of infertility 2-10 years. 

2- Seminal fluid analysis (SFA): 
Most of seminal fluid samples were collected, after 3-5 days of sexual abstinence, 

directly into clean dry and sterile dish by masturbation in especially room near the 
laboratory of semen examination. The normal semen specimen was liquefied within 60 
minutes at 37 ºC. Macroscopic parameters of seminal fluid were evaluated (10). Then, 
sperm parameters were assessed microscopically (11). 

3- Preparation of culture media and in vitro sperm activation technique: 
In present study, two types of culture media were used involving SMART and 

Earl’s media. Ringer solution (Pharmaceutical solution industry, Jeddah, KSA; 
chemical composition per liter is bicarbonate 29 mmol/ l, sodium lactate3.2 g, sodium 
chloride 6.0g, potassium chloride 0.4 g and calcium chloride 0.27g) was taken within 
special non toxic bottle and specific additives were added including 0.5 g phenol red 
(Panreac Quimica SA, Spain) and sodium pyruvate (0.01g; Prolabo, France). Human 
serum albumin bottle (HSA, 20%; Biotest company) contains 100 mL solution (each 
mL contains 0.2g serum protein) ready to use. Just before in vitro sperm activation 
process, either 5% or 10% was added for treated 1 or treated 2 groups; respectively. 

Powder of Earl’s balanced salts (8.7g/L; Sigma Chemical Company, USA) 
dissolved in one litter of Milli-Q distilled water and special additives were involving 
sodium pyruvate 0.01g, sodium bicarbonate 0.21g and ampicillin 0.08g. The pH of 
prepared Earl’s medium was adjusted between 7.2-7.4. Then, prepared Earl’s medium 
was sterilized using Millipore filter (0.22 µ;Ministar, Sartorius AG, Goettingen, 
Germany) and divided into equal parts (10 mL) placed in a graduated conical falcon 
tubes. one mL of the prepared culture medium alone was added to the test tube,and then 
1 mL of the liquefied semen was layered beneath a culture medium .After incubation for 
30 minute at 5% CO2 and 37Cº ,one drop (10µL) of the mixture was aspirated by 
pasture pipette from upper layer which separate semen than culture media .Then 
,examined under light microscope at (400X) magnification (12). 
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Each semen sample was divided into 4 equal parts and 1 mL of 4 types of prepared 
culture media was added according to four groups including 2 control groups and 2 
treated groups. 

4- Experimental design: 
In this study, fifty asthenozoospermic patients were shared in the present study, and 

one semen sample was taken from patient. Each semen sample was divided into 4 
aliquots placed in a graduated conical glass tube. One mL of each 4 types of prepared 
media added according to 4 groups as: 

Group 1: control 1; prepared Earl’s medium. 
Group 2: control 2; prepared Ringer solution without HSA (SMART medium). 
Group 3: treated 1; prepared SMART medium enriched with 5% HSA.  
Group 4: treated 2; prepared SMART medium enriched with 10% HSA. 
5- Statistical analysis: 
Perform with SPSS (Statistical package for social sciences) versions 12. The 

analysis done using paired t-test to compare pre-and post activation values of the study 
in which the data expressed as mean ±SEM. MANOVA was applied to compare among 
different groups of both in vitro sperm activation techniques. Also, correlation and 
regression test was used (13). Differences between values of means were considered 
statistically significant at (P<0.05). 
 
Results: 

Results of the present study appeared that the most sperm parameters were 
significantly (P<0.05) enhanced post-activation in vitro as compared to pre-activation 
using direct swim-up technique (Table 1). Results of in vitro sperm activation observed 
that percentages of progressive sperm activity with grade A, total progressive sperm 
motility (grades A and B) and normal sperm morphology were significantly increased 
(P<0.05) in both treated groups as compared to control groups. Also, sperm 
concentration and percentage of sperm motility for treated-2 group were improved 
significantly (P<0.05) as compared to both control groups (Table 1). From same table, 
percentage of sperm immotility for treated-2 group was decreased significantly (P<0.05) 
as compared to both control groups. 

Table (2) shows the correlations for sperm parameters among different groups of 
pre- and post-activation using direct swim-up technique. Highly significant (P<0.01) 
and positive correlations for sperm concentration and normal sperm morphology (%) 
were assessed among groups of pre- and post-activation, between both control groups (r 
= 0.934; P<0.001), between treated-1 group and both control groups (r = 0.919; P<0.001 
and r = 0.885; P<0.001; respectively), between treated-2 group and between both 
control groups (r = 0.931; P<0.001 and r = 0.896; P<0.001; respectively). However, 
percentages of sperm motility, sperm grade activity with grades A, C and D have highly 
significant (P<0.01) and positive correlations between both control groups, between 
treated-1 group and both control groups, between treated-2 group and between both 
control groups (Table 2). From same table, percentages of grade B sperm activity and 
total progressive sperm motility have positive and highly significant (P<0.01) 
correlations were evaluated for control-2 group and pre-activation group (r = 0.858; 
P<0.01 and r = 0.928; P<0.001; respectively), between both control groups (r = 0.913; 
P<0.001 and r = 0.925; P<0.001; respectively), between treated-1 group and both 
control groups, between treated-2 group and between both control groups. 
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Table 1: Sperm parameters for infertile patients complaining from asthenozoospermia pre- and 

post-activation in vitro by direct swim-up technique using Earl’s and SMART media and different 
additives 

 

Sperm 
parameters 

Pre – 
activation 

Post-activation 

Control – 
1; Earl’s 
medium 

Control – 
2; 

SMART 
medium 

Treated - 1; 
SMART 

medium + 5% 
HSA  

Treated - 2; 
SMART medium 

+ 10% HSA  

Sperm 
concentration 
(million/mL) 

46.30 
+ 2.26 

29.90    * 
+ 1.69 

29.74    * 
+ 1.64 

31.02    * 
+ 1.70 

31.14    * $ 
+ 1.68 

Sperm 
Motility (%) 

41.65 
+ 1.86 

81.30    * 
+ 1.19 

80.94    * 
+ 1.29 

82.80    * 
+ 1.50 

89.48    * $ 
+ 1.13 

Sperm 

grade 

activity 

(%) 

A 
5.18 
+ 1.53 

16.18    * 
+ 1.15 

17.02    * 
+ 0.97 

18.72    * # 
+ 0.97 

19.46    * $ 
+ 0.91 

B 
24.44 
+ 1.73 

48.32    * 
+ 1.35 

47.04    * 
+ 1.59 

48.70    * 
+ 1.52 

49.03    * 
+ 1.37 

C 
12.14 
+ 1.22 

17.42    * 
+ 1.22 

17.06    * 
+ 1.25 

15.74    * 
+ 1.02 

15.48    * 
+ 1.06 

D 
58.34 
+ 1.76 

18.56    * 
+ 1.16 

19.08    * 
+ 1.30 

17.92    * 
+ 1.56 

15.86    * $ 
+ 1.80 

Total 
progressive 
sperm motility 
(%) 

37.64 
+ 2.01 

64.12    * 
+ 1.66 

64.40    * 
+ 1.67 

67.84    * # 
+ 1.66 

68.36    * $ 
+ 1.36 

Normal sperm 
morphology 
(%) 

38.68 
+1.76 

42.76    * 
+ 1.19 

44.38    * 
+ 1.36 

46.20    * # 
+ 1.63 

47.64    * $ 
+ 1.55 

 
* : Significant difference (P<0.05) between pre- and post-activation. 
# : Significant difference (P<0.05) between treated – 1 and control groups. 
$ :  Significant difference (P<0.05) between treated – 2 and control groups. 
a : Significant difference (P<0.05) between control – 1 and control – 2 groups. 
b : Significant difference (P<0.05) between treated – 1 and treated – 2 groups. 
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Table 2: Correlations among sperm parameters for infertile patients complaining from 
oligoasthenozoospermia pre- and post-activation in vitro by direct swim-up technique using Earl’s 

and SMART media and different additives 
 

Sperm 
parameters 

Pre – 
activation 

Post-activation 

Control – 
1; Earl’s 
medium 

Control – 
2; 

SMART 
medium 

Treated - 1; 
SMART 

medium + 5% 
HSA  

Treated - 2; 
SMART medium 

+ 10% HSA  

Sperm 
concentration 
(million/mL) 

46.30 
+ 2.26 

a  a ; b a ; c  a ; d ; e 

Sperm 
motility (%) 

41.65 
+ 1.86 

 b c d ; e 

Sperm 

grade 

activity 

(%) 

A 
5.18 
+ 1.53 

 b c d ; e 

B 
24.44 
+ 1.73 

 a ; b c d ; e 

C 
12.14 
+ 1.22 

 b c d ; e 

D 
58.34 
+ 1.76 

 b c d ; e 

Total 
progressive 
sperm motility 
(%) 

37.64 
+ 2.01 

 a ; b a ; c d ; e 

Normal sperm 
morphology 
(%) 

38.68 
+1.76 

a  a ; b a ; c  a ; d ; e 

 
a : Highly significant (P<0.01) positive correlation between pre- and post-activation. 
b : Highly significant (P<0.01) positive correlation between control groups. 
c : Highly significant (P<0.01) positive correlation between treated – 1 and control groups. 
d : Highly significant (P<0.01) positive correlation between treated – 2 and control groups. 
e : Highly significant (P<0.01) positive correlation between treated groups. 
 
Discussion: 

Assisted reproductive techniques (ART) have become the treatment of choice in 
many cases of male and female infertility. The quality of semen samples is one of the 
factors determining successful assisted reproduction. A variety of sperm preparation 
techniques are available to select motile spermatozoa (14).  

It is noticed that the use of in vitro culture media increases sperm motility. The 
reason is that the seminal fluid with high viscosity obstructs sperm progressive motility 
so that the uses of in vitro media with aqueous nature lead to decrease the viscosity of 
the seminal fluid and as a result sperms move more freely. This is why sperm motility 
increases with the use of in vitro media (15). In addition to the high viscosity, the 
seminal fluid contains substituents which obstruct sperm forward progressive motility, 
as antisperm antibodies, bacteria, leukocytes, and damaging secretion from the seminal 
vesicles, thus the use of there in vitro media decrease the damage occurring by these 
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substituents (16). Also, when spermatozoa are free of seminal plasma within culture 
medium have capacity to achieve capacitation as a results of removal of both 
decapacitation factor and acrostatin “acrosin inhibitor” which prevents oocytes 
fertilization (17). 

In the present study, we applied direct sperm technique for sperm preparation from 
asthenozoospermic patients. In an attempt to prevent damage by centrifugation and 
generation of reactive oxygen species (ROS), the method of sperm preparation has been 
developed using direct swim-up from original sperm sample (18). The letter method has 
recently been recommended for sperm preparation (19). There was no significant 
difference between DNA fragmentation in the original sample and spermatozoa 
prepared by the direct swim–up method. Although the DNA fragmentation in the 
spermatozoa processed by the direct method was lower than that in the original semen, 
it was higher than that seen in the centrifugation swim-up procedure (20). 

  There is significant (P<0.05) increase in the sperm concentration, percentages of 
sperm motility, progressive sperm activity (grades A and B) was observed after 
activation. This was an expected result when using the activation media containing 
pyruvate (21). This study cleared that the use of modified Earl’s medium in activation 
sperm quality in vitro fertilization. Similar results were reported using same medium. 
Modified Earl’s medium contains what sperm need to stay alive and what in vitro 
activation process require because it contains inorganic ions and pyruvate as energy 
source (22). 

Capacitation is an essential process that a spermatozoon must undergo in the 
female reproductive tract to become able to fertilize an egg. As a consequence of 
capacitation sperm become responsive to stimuli that induce the acrosome reaction and 
develop a particular pattern of motility known as hyperactivation (23). Capacitation can 
be achieved in vitro by incubation sperm in defined media. Two essential components 
of these media are serum albumin and bicarbonate is believe to facilitated the efflux of 
cholesterol from the sperm plasma membrane by acting as an acceptor for the lipid (24). 
Whereas entry of the bicarbonate ion into spermatozoa has been shown to be involve an 
increase in intracellular pH during capacitation (25). 

Human serum albumin used in culture media acts as a powerful antioxidant that 
prevents oxidative stress-induced damage (26). That means the antioxidant effect of 
albumin play an important role in preserving sperms damage and makes its motility 
more easily. Furthermore, albumin is considered as nutrition media for sperms that 
supplied them, those proteins in form of albumin which is found in high concentration 
in seminal plasma that makes up about one third of the protein content of semen. Sperm 
motility appeared to be more negatively influenced when the medium lacked protein 
(27). 

  From the results of the present study, it was concluded that the SMART medium 
was suitable for enhancement of sperm parameters of asthenozoospermic patients using 
direct swim-up technique. Further studies are needed to evaluate effects of SMART 
medium on successful rate of intrauterine insemination. 
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