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Variation of cholesterol, phospholipid and triacylglycerol content
in subsets of human spermatozoa isolated by density gradient
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Objectives: Lipid components of spermatozoa have an important role in its functional
activity. In this study the concentration of cholesterol, phospholipid, triacylglycerol and
total lipid in different subsets of human spermatozoa, isolated as three fractions by a
discontinuous PureSperm gradient, was determined.

Fax: +98 8118380313
E-mail: tavilani@gmail.com
ARTICLE HISTORY
Received: 04 July 2013
Revised: 10 September 2013
Accepted: 20 September 2013
Available online: 28 September 2013
Citation:
Setarehbadi R, Atabakhash M, Fattahi
A, Mohagheghi A, Vaisi-Raygani A,
Mahjub H, Tavilani H. Variation of
cholesterol, phospholipid and triacylglycerol content in subsets of human
spermatozoa isolated by density gradient. Avi J Med Biochem. 2013; 1(1):
41-45.

Methods: Aliquots of the liquefied semen samples (n=107) were layered on top of
the upper layer of 40 and 80% PureSperm gradient. The resulting interfaces 40 and
80% (fraction 1), 80% and pellet (fraction 2), and pellet (fraction 3) aspirated and
transferred into separate tubes. Lipids were extracted with 6 volumes of chloroformmethanol (2/1, V/V) and the concentration of cholesterol, phospholipid, triacylglycerol
were determined by colorimetric method.
Results: Percent of sperm with normal morphology was significantly higher in sperm
fraction 3 compared to fraction 2 and 1, while percent of sperm with midpiece and tail
defect was significantly higher in fraction 1 compared to fractions 2 and 3 (P<0.01).
The amount of cholesterol, phospholipid and total lipid of sperm fractions 2 and 3
were about 1.5-fold higher than that of found in sperm from fraction 1 (P<0.05).
Conclusion: This result suggests that the total lipid contents of sperms increase with
increasing normal morphology from fraction 1 to 3.
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Introduction

L

ipid components of spermatozoa have an
important role in its functional activity [1,
2]. Lipid plays an active role in sperm capacitation and fertilization. Davis has shown that
content of cholesterol and phospholipid of spermatozoa has an essential role in capacitation process [3]. Tavilani et al. reported alteration in
sperm phospholipid and fatty acid composition of
asthenozoospermic males compared to normozoospermic individuals [4, 5]. In addition, lipid
plays a central role in sperm maturation and
change of spermatozoa lipid component is one of

the important biochemical events which occur
during this process. It has been suggested that
lipids are essential for the viability and function
of spermatozoa [6, 7].
Semen sample contains variable proportions
of mature and immature spermatozoa and some
individual spermatozoa may contain severaltimes higher or lower concentration of lipids
compared to the others. Some studies reported
the lipid content of spermatozoa which isolated
by Percoll, whereas there is little information
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about of the lipid concentration of spermatozoa
which isolated by PureSperm gradient [2, 8].
Percoll [(polyvinylpyrrolidone (PVP)-coated silica] is toxic and is replaced by PureSperm [9].
Currently, PureSperm gradient is used for isolation of sperm cells in most infertility centers.
Separation of sperm with the use of PureSperm
gradient is a standard technique for isolation and
preparation of sperm for use in assisted reproductive techniques [2, 9-11]. Since lipid composition
of sperm has significant effect on viability, maturity and function of this cell [2], thus, it is essential to investigate the lipid content in different
subsets of spermatozoa isolated by discontinuous
PureSperm gradient.
In this study, the concentration of cholesterol,
phospholipid, triacylglycerol and total lipid (sum
of cholesterol, phospholipid, and triacylglycerol)
was determined in subsets of human spermatozoa, isolated as three fractions by a discontinuous
PureSperm gradient.

Materials and Methods
Semen specimens were obtained from 107
males attending the Fatemieh Fertility Clinic for
infertility evaluation. Subjects had no diabetes or
thyroid disease, and had no history of using lipidlowering drugs. Written informed consent was
obtained from all participants, according to the
criteria of the Ethical Committee of Hamadan
University of Medical Sciences (Hamadan, Iran).
Semen samples were collected by masturbation
following 3 days of abstinence. After liquefaction, semen volume, sperm concentration (haemocytometer), total sperm count, morphology
(Papanicolaou staining method) and motility
grades (a: rapid progressive; b: slow progressive;
c: non-progressive; d: immotile) were determined
according to the World Health Organization
standard procedures [12].
PureSperm Fractionation
Aliquots of 1 ml of the liquefied semen were
layered on top of the upper layer of 40 and 80%
PureSperm gradients and centrifuged at 400×g
for 20 min. The resulting interfaces 40 and 80%
(fraction 1), 80% and pellet (fraction 2) and pellet (fraction 3) aspirated and transferred into separate tubes [13]. An aliquot of each fraction was
used to evaluate sperm motility, morphology and
concentration. Suspensions of sperm from different PureSperm fractions were diluted in 2 ml
phosphate buffer saline (PBS) and centrifuged at
Avi J Med Biochem 2013; 1(1): 41-45.

800×g for 8 min. After repeating washing process, pellet was resuspended in 1 ml PBS and
stored at –80ºC [14].
Extraction and analysis of sperm lipids
Lipids were extracted by adding of 6 volumes
of chloroform-methanol (2/1, V/V) to the samples and centrifugation at 800×g for 3 min. The
resulting lower phase was then aspirated and
dried under a stream of nitrogen [14].
Phospholipid content of sperms was assayed
using spectrophotometric method of Bartlett [15],
whereas the cholesterol level of sperms was determined using Liberman-Buchard reagent [16].
To
determine
triacylglycerol,
GottfriedRosenberg method was carried out [17]. The results of phospholipid, cholesterol and triacylglycerol concentration were extrapolated to 106 spermatozoa.
Statistical Analysis
Results are expressed as mean ± SD. To assess
the normality of the evaluated variables, Kolmogorov Smirnov test was performed. For comparing the means in different fractions ANOVA test
was used. Also, Tukey's Post Hoc was used to
compare pairwise groups. Statistical significance
was assumed at the P<0.05 level.

Results
The semen profiles of subjects are given in
Table 1 and sperm parameters of different fractions obtained by PureSperm fractionation are
shown in Table 2 and 3. Percent of motility grade
a, b, c were significantly higher in sperm of fraction 3 compared to sperm from fraction 2 and 1
(P<0.01). In contrast, percent of motility grade d
was significantly higher in sperm fraction 1 compared to sperm from fractions 2 and 3 (P<0.01).
Table 1. Basic parameters of semen sample from studied
subjects (n=107)
Semen parameters
Volume (ml)
Sperm concentration (106/ml)
Sperm normal morphology (%)
Sperm motility grade a1 (%)
Sperm motility grade b1 (%)
Sperm motility grade c1 (%)
Sperm motility grade d 1 (%)
1

mean ± SD
3.5 ± 1.16
108.5 ± 49
16.3 ± 7.2
3.5 ± 3
17.9 ± 9.6
21.2 ± 11.8
57.2 ± 18.4

Grade of sperm movement according to WHO criteria. a,
rapid progressive; b, slow progressive; c, non progressive;
d, immotile.
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In addition, sperm concentration of sperm
fraction 1 was significantly higher than from
sperm fractions 2 and 3 (P<0.05). Percent of
sperm with normal morphology was significantly
higher in sperm fraction 3 compared to fraction 2
and 1 (P<0.01). Percent of sperm with midpiece
and tail defect were significantly higher in fraction 1 compared to fractions 2 and 3 (P<0.01),
although, a same percent of sperms with head
defect was observed in all fractions.

43

fractions are illustrated in Table 4. There were
significant difference between levels of cholesterol, phospholipid and triacylglycerol in fractions 1, 2 and 3 (P<0.05). The amounts of cholesterol, phospholipid and total lipid of sperm
fractions 2 and 3 were about 1.5-fold higher than
that of found in sperm from fraction 1 (P<0.05).
However, content of triacylglycerol from sperm
fraction 2 was significantly higher compared to
sperm fraction 1 and 3 (P<0.05).

The content of cholesterol, phospholipid, triacylglycerol and total lipid of different PureSperm
Table 2. Sperm motility grades and concentration from sperm fractions 1, 2 and 3 obtained by puresperm fractionation
(n=107)
Motility grade Motility grade b1 Motility grade c1 Motility grade d 1 Sperm concentration
a1 (%)
(%)
(%)
(%)
(106/ml)
Fraction1
1.9 ± 3.2
8.6 ± 7.5
14.8 ± 11.7
74.6 ± 16.2*
27.4 ± 16.8*
Fraction2
5.1 ± 6.5
18.4 ± 10.5
21.1 ± 13.7
55 ± 17.7
22.8 ± 14.7
Fraction3
7.7 ± 6.8*
28 ± 11.8*
24.5 ± 13.7*
39.6 ± 13.6
22.8 ± 20
1

Grade of sperm movement according to WHO criteria. a, rapid progressive; b, slow progressive; c, nonprogressive; d, immotile.
*P<0.05 fraction 1 vs fraction 2 and 3.
Table 3. Sperm morphology from sperm fractions 1, 2 and 3 obtained by puresperm fractionations (n=107)
Normal morphology
Head defect
Midpiece defect
Tail defect
(%)
(%)
(%)
(%)
Fraction1
11.1 ± 6.1
63.1 ± 11.5
13.3 ± 7**
12.3 ± 8.2**
Fraction2
19.2 ± 9.1
65.1 ± 10.5
9.3 ± 4.9
6.2 ± 5.9
Fraction3
25.6 ± 10.7*
64.2 ± 11.7
6.7 ± 4.9
3.4 ± 4
*P<0.01 fraction 3 vs faction 2 and 1
**P<0.01 fraction 1 vs fraction 2 and 3
Table 4. The content of cholesterol, phospholipid, triacylglycerol and total lipid (sum of cholesterol, phospholipid, triacylglycerol) of puresperm fraction 1, 2 and 3 (n=107)
Cholesterol
Phospholipid
Triacylglycerol
Total lipid
(nmol /106 sperms)
(nmol /106 sperms)
(nmol /106 sperms)
(nmol /106 sperms)
Fraction1

0.47 ±0.36

0.84 ±0.54

0.21 ±0.15

1.5 ±0.15

Fraction2

0.63 ±0.53

1.29 ±0.76

0.27 ±0.24**

2.18±1.35

Fraction3

0.63 ±0.65*

1.36 ±0.95*

0.19±0.19

2.16 ±1.6*

*P<0.05 fraction3 and 2 vs fraction1
**P<0.05 fraction 2 vs fraction 1 and 3

Discussion
In the present study, the concentration of cholesterol, phospholipid, triacylglycerol and total
lipid in subsets of human spermatozoa, isolated
as three fractions by a discontinuous PureSperm
gradient, was determined. Our results showed
sperm parameters including motility grade a, b
and normal morphology were significantly higher
in sperm of fraction 3 compared with fraction 2
and 1. Furthermore, percent of sperm with midpiece defect was significantly higher in fraction 1
compared with fractions 2 and 3. In the other

words, from fraction 1 to fraction 3 degree of
sperm maturation increased which is in agreement with the results of other studies [10, 18- 20]
Our research showed that fraction 2 and 3 had
the same phospholipid, cholesterol, and total lipid
contents as nmol/106 sperm, while fraction 3 had
slightly lower triacylglycerol content. Present
study also showed that total lipid content as well
as phospholipid and cholesterol was lower in
fraction 1 compared with fraction 2 and 3. Lower total lipid content of sperm from fraction1,
which result in lower density of sperm, can be
partly responsible for isolation of sperm cells in
Avi J Med Biochem 2013; 1(1): 41-45.
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fraction 1. Indeed, fraction 1 has the lowest density compared to fraction 2 and 3 and it is reasonable that sperms with lower density are collected
in this fraction. However we did not exclude the
role of other components of sperm in determination of density in these cells. Our results suggested that the phospholipid and cholesterol content
of fraction 2 and 3 are those for the membrane
composition of mature sperm that have undergone shedding of the residual body in an optimal
manner. Since sperm with residual body are categorized in the midpiece defect, this opinion is
reinforced by our finding which showed percent
of sperm with midpiece defect was higher in fraction 1 than fraction 2 and 3. Other studies showed
that PureSperm gradients significantly improved
the percentage of mature sperm and decreased
percentage of sperm with midpiece and residual
bodies defect when compared with those of the
original semen samples [18]. This result suggested that total lipid contents of sperms increase
with increasing normal morphology from fraction
1 to 3.
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In this study, we found that sperm fractions 2
and 3 had equal content of cholesterol and phospholipid, but the content of triacylglycerol in these two fractions was different. In the other words,
it is possible that isolation of sperm cells in the
fraction 2 and 3 may result from difference in
triacylglycerol content of these cells. The exact
role of triacylglycerol in sperm cells has not been
elucidated well, whereas the roles of phospholipid and cholesterol have been discussed in details.
The role of spermatozoa membrane lipids, such
as cholesterol and phospholipids have been the
focus of investigation in most studies [2, 21].
One reason for paying no attention to triacylglycerol of sperm, may be because of the fact that
triacylglycerol is not in a membrane compartment.
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Conclusion
Our findings showed that there are variability
in content of cholesterol, phospholipid and triacylglycerol in sperm cells fractionated by discontinuous PureSperm gradient.
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