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Abstract 
Background: The lipids of the spermatozoa membrane are important for the fluidity 
and flexibility of spermatozoa. However, spermatozoa’s lipids are the main substrates 
for peroxidation, which may provoke severe functional disorder of sperm.  
Objective: The aim of this study was to investigate the fatty acids composition of 
spermatozoa in men with asthenozoospermia, asthenoteratozoospermia and 
oligoasthenoteratozoospermia compared with normozoospermic males.  
Materials and Methods: A cross-sectional study was designed. The patients were 51 
men with seminal parameters abnormalities undergoing infertility screening. The 
patients were grouped into asthenozoospermic (n=15), asthenoteratozoospermic (n=21) 
and oligoasthenoteratozoospermic (n=15). The patients were compared with 21 males 
with normozoospermia. Sperm fatty acid analysis was performed using capillary gas 
chromatography.  
Results: Levels of stearic acid and oleic acid were significantly higher in 
oligoasthenoteratozoospermic subjects compared with these levels in normozoospermic 
males. Levels of arachidonic acid and DHA were significantly lower in the sperms of 
oligoasthenoteratozoospermic males than normozoospermic men. Sperm motility and 
morphology were correlated positively with levels of arachidonic acid and DHA while a 
negative correlation was observed with levels of stearic acid and oleic acid. 
Conclusion: In conclusion, impaired sperm function can originate from the disorder of 
sperm lipid metabolism. Low levels of DHA and arachidonic acid in spermatozoa of 
oligoasthenoteratozoospermic subjects may be the result of breakdown of them. 
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Introduction 

 
     The membrane structure of spermatozoa plays a 
pivotal role for successful fertilization, since both 
the acrosome reaction and sperm-oocyte fusion are  
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membrane-associated events (1-3). The lipids of 
the spermatozoa membrane are important for the 
fluidity and flexibility of spermatozoa. 
     However, spermatozoa’s lipids are the main 
substrates for peroxidation, which may provoke 
severe functional disorder of sperm (3-7). 
     The findings on the sperm fatty acid 
composition are controversial and the pathological 
groups that were studied are limited. Zalata et al 
(1) observed that sperm fatty acid composition of 
asthenozoospermic and oligozoospermic samples 
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differ from that of normozoospermic individuals. 
Their study showed that levels of stearic acid are 
higher in both case groups. On the other hand, 
levels of docosahexaenoic acid (DHA) are lower in 
both asthenozoospermic and oligozoospermic 
samples than in normozoospermic males. Zalata et 
al study also showed that DHA levels correlate 
positively with sperm motility and morphology. 
While Conquer et al (8) study showed that levels 
of oleic acid are significantly higher in the sperm 
of asthenozoospermic samples compared with 
normozoospermic men. On the other hand, levels 
of DHA are significantly lower in the sperm of 
asthenozoospermic individuals. Conquer et al also 
obseved that DHA levels of spermatozoa is 
correlated positively with sperm motility and 
concentration. In addition Gulaya et al (9) study 
showed that fatty acid composition of total sperm 
of infertile men is altered compared with fertile 
males. They observed that in infertile males the 
levels of DHA are dramatically lowered. Gulaya et 
al study also showed that there is a significant 
positive correlation between DHA levels and 
sperm motility. Calamera et al (10), observed that 
sperm from normozoospermic individuals have 
lower unsaturated fatty acid content than those 
from asthenozoospermic individuals. In another 
study Aksoy et al (11) showed that polyunsaturated 
fatty acids (PUFA) are lower in spermatozoa from 
asthenozoospermic, oligo-asthenozoospermic and 
oligozoospermic men than those from 
normozoospermic males. Similarly Tavilani et al 
(12) observed that spermatozoa from 
asthenozoospermic samples have higher levels of 
saturated fatty acids and lower levels of PUFA 
compared with normozoospermic men.  
The aim of this study was to investigate the fatty 
acid composition of spermatozoa in men with 
asthenozoospermia, asthenoteratozoospermia and 
oligoasthenoteratozoospermia compared to 
normozoospermic males.  
 

Materials and methods 
 

Sampling 
     A cross-sectional study with a simple random 
sampling was designed. Following Institutional 
Review board approval the semen samples were 
collected from subjects. The semen samples were 
collected from males undergoing infertility 
screening from September 2005 to April 2006. All 
specimens were collected into sterile plastic 
containers by masturbation after an abstinence 
period of 3-5 days, at the clinical andrology 

laboratory at IVF Center of Tabriz University of 
Medical Sciences and were analyzed within 1h of 
collection.  All specimens were allowed at least 30 
min for liquefaction to occur, semen analysis was 
performed to measure sperm concentration, normal 
sperm morphology and percentage of sperm 
motility using Sperm Quality Analyzer IIC (SQA 
IIC, United Medical Systems Inc, Santa Ana, CA, 
USA) (13, 14). Samples with a leukocyte 
concentration >106/ml of ejaculate were excluded 
from this study. The differentiation of leukocytes 
and spermatogonic cells was performed by the 
myeloperoxidase staining (LeucoScreen; FertiPro) 
(1). The criteria for sperm normality were as 
follows: sperm concentration ≥20×106/ml of 
ejaculate, progressively motile sperms ≥50% and 
normal sperm morphology ≥30% (13, 14). The 
patients consisted of 51 men with seminal 
parameters abnormalities. The patients were 
grouped into asthenozoospermic (n=15), 
asthenoteratozoospermic (n=21) and oligoastheno-
teratozoospermic (n=15). The patients were 
compared with 21 males with normozoospermia. 
Samples with sperm concentration ≥20×106/ml of 
ejaculate, motility <50% and morphology ≥30% 
were considered asthenozoospermic. Samples with 
sperm concentration ≥20×106/ml of ejaculate, 
motility <50%, and morphology <30% were 
considered asthenoteratozoospermic. Samples with 
sperm concentration <20×106/ml of ejaculate, 
motility <50% and morphology <30% were 
considered oligoasthenoteratozoospermic. 
Liquefied semen samples were centrifuged at 
15000 g for 10 minutes (8). The pellet sperms were 
then frozen at -80ºC until further analysis. 
 
Sperm fatty acid analysis 
     Sperm fatty acid analysis was performed using 
capillary gas chromatography (10). Sperms were 
diluted with one volume of Dulbecco’s phosphate 
buffered saline (PBS) and centrifuged at 800 g for 
8 min. This centrifugation step was repeated, and 
the pellet resuspended in 500 μl of PBS. Lipids 
were extracted by liquid-liquid extraction with six 
volumes of chloroform: methanol (2:1, v/v), 
centrifuged at 800g for 3 min, and the resulting 
lower phase was aspirated. An aliquot of 30 μl of a 
0.25 mg/ml solution of heptadecanoic acid (17:0) 
in chloroform: methanol (2:1, v/v) was added as an 
internal standard to this solution and then dried. 
Fatty acids from extracts were transmethylated by 
boron trifluoride-methanol (15%) reagent (Merck, 
Darmstadt, Germany). Dry extracts were 
resuspended in 500 μl of boron trifluoride-
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methanol reagent, vortexed and incubated at 60ºC 
for 30 min. The 500 μl of water and 1 ml of hexane 
were added to this solution, vortexed and the 
hexane upper phase was transferred to a new glass 
tube and dried. The residue was redissolved in 100 
μl hexane, of which 1 μl was injected in a GC-
2010 Gas Chromatograph (Shimadzu, Japan). An 
OMEGAWAX 250 capillary column (Supelco, 
USA) of 30-m length and 0.25-mm internal 
diameter was used. Initial temperature was 170ºC 
and final temperature 275ºC at 7ºC/min. Flame 
ionization detector (FID) temperature was 300ºC. 
Fatty acid methyl ester peaks were identified by 
comparison of retention times of standards and 
quantified in comparison with the internal standard 
detector response. Fatty acids concentration was 
expressed as n-mole percent.  
 
Statistical analysis 
     Based on a pilot study, using an α value of 0.05 
and a β value of 0.2 (80% power), the minimum 
sample size required was 15 samples per group. 
Differences between groups were assessed using 
Mann-Whitney U test and Kruskal-Wallis test. 
Coefficients of correlation were calculated using 
Spearman’s correlation analysis. All hypothesis 
tests were two-tailed with statistical significance 
assessed at the p-value<0.05 level with 95% 
confidence intervals. The data were expressed as 
the mean ± SEM.  
 

Results  
 

     Seminal parameters of the subjects are reported 
in Table I.  Sperm fatty acid profile (palmitic acid, 
stearic acid, oleic acid, linoleic acid, arachidonic 
acid, and DHA) of patients and normozoospermic 
subjects was shown in Table II. The most abundant 
saturated fatty acids and PUFAs in the 
normozoospermic, asthenozoospermic, astheno-
teratozoospermic, and oligoasthenoterato-
zoospermic subjects were palmitic acid and DHA, 
respectively. Levels of DHA were slightly 
decreased in asthenozoospermic and asthenoterato-
zoospermic samples compared with normo-
zoospermic individuals. In asthenoteratozoo-
spermic group oleic acid showed a significant 
increase compared with normozoospermic samples 
(p=0.007). Levels of stearic acid and oleic acid 
were significantly higher in oligoasthenoterato-
zoospermic subjects than those from 
normozoospermic males (p=0.009, p=0.04, 
respectively). On the other hand, levels of DHA 
and arachidonic acid were significantly lower in 

the sperms of oligoasthenoteratozoospermic males 
(p=0.03). Linolenic acid was not detected in any 
samples. 
     The correlation between sperm fatty acid levels 
and sperm motility and morphology was assessed 
in total samples (n=72). Sperm motility showed an 
inverse correlation with levels of stearic acid (r=-
0.38, p=0.001) and oleic acid (r=-0.33, p=0.001). 
On the other hand, sperm motility showed a 
positive correlation with arachidonic acid (r=0.25, 
p=0.04) and DHA (r=0.29, p=0.01) levels. Sperm 
morphology showed a significant negative 
correlation with levels of stearic acid (r =-0.39, 
p=0.001) and oleic acid (r=-0.34, p=0.004) while a 
positive correlation was observed with levels of 
arachidonic acid (r=0.25, p=0.04) and DHA 
(r=0.31, p=0.009). 
 
 
Table I. Seminal parameters in normozoospermic (N), 
asthenozoospermic (A), asthenoteratozoospermic (AT) 
and oligoasthenoteratozoospermic (OAT) males. 
 

Variables N 
(n=21) 

A  
(n=15) 

AT 
(n=21) 

OAT 
(n=15) 

Concentration 
(106/ml) 

96.14 
±4.53 

62.40  
± 1.90 

40.00 
 ± 2.27 

13.73 
 ± 1.19 

Motility (%) 57.67  
± 1.24 

46.07 
 ± 0.30 

37.29 
 ± 1.13 

18.53  
± 1.28 

Morphology (%) 39.43 
 ± 0.92 

31.07  
± 0.25 

23.90  
± 0.75 

16.80 
 ± 0.33 

Data are expressed as mean ± SEM 
 

Discussion 
 

     The most relevant findings of this study were 
(I) a significant increase in levels of stearic acid 
and oleic acid and decrease in levels of DHA in 
sperms of patients compared to normozoospermic 
males and (II) a significant positive correlation 
between sperm motility and normal morphology 
and levels of sperm total DHA. 
     The high levels of palmitic acid and stearic acid 
as saturated fatty acid, oleic acid as 
monounsaturated fatty acid, and DHA as PUFA in 
spermatozoa, as suggested in the literature (1, 15-
19), are supported by our results. In contrary to the 
literature (1, 8-12), linolenic acid was not detected 
in our study. Various factors such as the methods 
of sperm preparation and fatty acid analysis may 
contribute to this difference. 
     Zalata et al (1) observed that sperm fatty acid 
composition of asthenozoospermic and 
oligozoospermic individuals differ from 
normozoospermic individuals. In their study, 
sperm were separated on a Percoll gradient (in 
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order to separate the most active sperm from the 
least active sperm in a given individual) and 
recovered from the 90% Percoll and 47% Percoll 
fractions.  Zalata et al study showed that levels of 

DHA are decreased in both asthenozoospermic and 
oligozoospermic samples compared to 
normozoospermic males. Our results were nearly 
similar to Zalata et al finding (Table II).

 
 
Table II. Fatty acid profile in human spermatozoa from normozoospermic (N), asthenozoospermic (A), 
asthenoteratozoospermic (AT) and oligoasthenoteratozoospermic (OAT) males. 
 

Fatty acid N (n=21) A (n=15) AT (n=21) OAT (n=15) 
Palmitic acid 31.08 ± 0.96 31.31 ±1.50 31.21 ± 0.96 32.97 ± 1.25 
Stearic acid 16.98 ± 0.95 16.56 ± 0.43 17.92 ± 0.69 20.88 ± 1.54b 
Oleic acid 9.20 ± 0.70 11.75 ± 1.35 11.61 ± 0.55a 12.20 ± 1.19c 
Linoleic acid 6.78 ± 0.45 6.55 ± 0.53 7.56 ± 0.86 5.94 ± 0.33 
Arachidonic acid 6.46 ± 0.44 7.89 ± 1.47 6.44 ± 0.55 4.85 ± 0.46d 
Docosahexaenoic acid 29.01 ± 1.17 25.93 ± 2.08 25.22 ± 1.54 23.16 ± 2.06d 

Data are expressed as nmole percent of each individual fatty acid (mean ± SEM). 
Fatty acid analysis was performed by capillary gas chromatography. 
ap=0.007, bp=0.009, cp=0.04, dp=0.03 
 
     Conquer et al (8) study showed that levels of 
oleic acid are significantly higher in the sperm of 
asthenozoospermic vs. normozoospermic men 
while levels of DHA are significantly lower. In our 
study levels of oleic acid were slightly increased 
and levels of DHA were slightly decreased (Table 
II). Similar to Conquer et al Study, in our study 
levels of palmitic acid, stearic acid, linoleic acid, 
and arachidonic acid did not alter statistically 
significant in asthenozoospermic specimens 
compared with normozoospermic men (Table II). 
     Gulaya et al (9) observed that in infertile males 
the levels of DHA are significantly lowered. Our 
result was similar to Gulaya et al study. Aksoy et 
al (11) showed that sperm fatty acid composition 
of asthenozoospermic, oligoasthenozoospermic 
and oligozoospermic men differ from that of 
normozoospermic males. Their study showed that 
DHA is significantly lower in asthenozoospermic, 
oligoasthenozoospermic and oligozoospermic 
samples compared to normozoospermic males. Our 
results about DHA were nearly similar to Aksoy et 
al finding (Table II). Tavilani et al (12) observed 
that spermatozoa from asthenozoospermic samples 
have higher levels of saturated fatty acid and lower 
levels of PUFAs compared to normozoospermic 
men. They found that levels of palmitic acid and 
stearic acid are significantly increased while 
linoleic acid and DHA are dramatically increased. 
In contrary to Tavilani et al study, in our study 
levels of palmitic acid, stearic acid and linoleic 
acid in asthenozoospermic samples did not show 
any significant difference from normozoospermic 
men and levels of DHA were slightly decreased.  
     In contrary to our results and the literature (1, 8, 
9, 11, 12), Calamera et al (10) found that that 
sperm  from   normozoospermic   individuals  have  
 

 
lower  unsaturated  fatty  acid  content  than  sperm 
from   asthenozoospermic   individuals . They  also 
assessed superoxide dismutase (SOD) content of 
spermatozoa which is increased in 
normozoospermic individuals.  Therefore, 
Calamera et al concluded that spermatozoa from 
normozoospermic samples are less susceptible to 
Reactive oxygen species (ROS) -induced 
peroxidative damage.  
     Defective sperm function is the most common 
cause of infertility. Oxidative stress has long been 
believed to influence male reproductive function 
and the main targets for ROS and DNA and 
membrane lipids. Immature spermatozoa with 
abnormal morphology and cytoplasmic retention 
are the major source of ROS production in semen 
as has been reported by Gil-Guzman et al study 
(3). They showed that there is a direct and 
significant correlation between the average ROS 
levels and the rate of abnormal forms in semen. 
Mammalian spermatozoa membranes are rich in 
PUFA. It has been shown that the oxidation 
potential of PUFA is several times greater than that 
of monounsaturated fatty acids (11, 12). Therefore, 
lower content of PUFAs in spermatozoa of 
oligoasthenoteratozoospermic subjects may be 
result of breakdown of them due to high levels of 
ROS in these samples (12).  
      We found significant correlation between 
sperm DHA concentrations and sperm motility and 
normal morphology. Our correlation results are in 
agreement with results of Zalata et al (1), Conquer 
et al (8), Gulaya et al (9), Aksoy et al (11) and 
Tavilani et al (12). These findings may indicate 
that PUFAs are related to normal sperm structure, 
production and function (11).  
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     In a conclusion, impaired sperm function can 
originate from the disorder of sperm lipid 
metabolism. Low levels of PUFAs in spermatozoa 
of oligoasthenoteratozoospermic subjects may be 
result of breakdown of them. Further studies with 
higher sample size are required to prove this 
conclusion.  
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