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Abstract
Calcium (Ca2þ) and reactive oxygen species (ROS) constitute the most influential intracellular signaling molecules participating in
the regulation of different sperm functions. Elevating intracellular Ca2þ and ROS in physiologic range regulate capacitation,
motility, acrosome reaction, and sperm-oocyte fusion; whereas cytosolic Ca2þ overload and ROS overproduction have patho-
logic effects. Our aim of this study was determination of antioxidant effects of a-tocopherol on sperm motility, viability, and DNA
integrity in a condition where cytosolic calcium overload was induced by A23187 (a calcium ionophore). Our results indicated
that, a-tocopherol has ability to prevent sperm mortality and save sperm rapid motility after 1 hour incubation. At the same time,
A23187 reduced significantly percentage of rapid sperm motility and increased sperm mortality and DNA damage. Results of
sperms incubation in the medium contain a combination of A23187 and a-tocopherol showed that a-tocopherol can reduce many
of the deleterious effects of A23187. In conclusion, it seems that the harmful effects of A23187 are due to excessive ROS
production, and a-tocopherol neutralizes these effects.
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Introduction

Calcium (Ca2þ) is an important intracellular messenger, which

can transfer information by variation in its intracellular

concentration.1,2 Maintaining intracellular Ca2þ homeostasis

is essential for the survival of cells, and Ca2þ buffering system

disorders contribute in several human diseases.3,4 Several

mechanisms have been proposed for the disturbances generated

by Ca2þ, such as mitochondrial dysfunction5 and oxidative

stress (OS)6,7 (an imbalance between the formation of ROS

and antioxidant capacity of cells). Sperm has a number of

functions, such as motility,8 acrosome reaction, and capaci-

tation, that are regulated by intracellular Ca2þ concentra-

tion.9 Increasing intracellular Ca2þ in physiologic range

concentration not only induces acrosome reaction but also

increases ROS production at the same time, which, in turn,

enhances sperm functions.10,11 Reactive oxygen species,

when generated at low and controlled levels, act as second

messengers. It regulates sperm capacitation, acrosome reac-

tion, and fertilize the oocyte10,11; whereas, ROS overpro-

duction has deleterious effects on sperm.12 To control the

level of ROS and to protect cells under OS conditions,

mammalian cells contain several antioxidant agents such

as a-tocopherol, ascorbic acid, catalase, superoxide dismu-

tase, and glutathione peroxidase. a-tocopherol, a major

lipid-soluble antioxidant belonging to tocopherols, is the

most important chain-breaking antioxidant within cell mem-

brane. This would scavenge the ROS and terminate the

chain propagation during lipid peroxidation. In cell mem-

branes, oxidized a-tocopheroxyl radicals generated in this

process may be recycled to the active-reduced form on

reduction by cytosolic reductants, such as ascorbate.13,14

A number of studies have shown that a-tocopherol treatment

significantly protects sperm against OS.15-18 The human

sperm is highly vulnerable to OS-induced damage because

its plasma membranes contain large quantities of polyunsa-

turated fatty acids (PUFA) and low concentration of antiox-

idants within the cytoplasm.19 There are increasing

evidences that OS significantly impairs sperm function and

plays a major role in the etiology of male infertility. It may

lead to disturb sperm functions depending on the integrity of

the plasma membrane (eg, motility, acrosome reaction,
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sperm-oocyte fusion) and DNA (eg, fertilization, develop-

ment of embryo, implantation, and maintenance of preg-

nancy).12,19-21 Although OS has a major role in male

infertility, pathological conditions which induce OS are not

known very well. One of them may be inducing ROS pro-

duction by disruption of normal calcium homeostasis that

is implicated in the development of cell injury.4,5 It is gen-

erally accepted that administration of calcium ionophore

A23187 leads in overloading the cytosolic Ca2þ by influx

from extracellular milieu and efflux from intracellular

stores.22,23 The use of a calcium ionophore allows the study

of cytosolic Ca2þ overload toxicity in a setting independent

of whether the elevation of Ca2þ is primary or secondary to

a pathological insult. Therefore, this study was designed to

evaluate the adverse effects of cytosolic Ca2þ overload on

human sperm, and to find whether these effects are caused

by OS or whether a-tocopherol can reverse them.

Materials and Methods

The study received the approval of the Shiraz University of

Medical Sciences. All chemicals were obtained from Sigma-

Aldrich (USA), unless otherwise stated.

Study Population and Semen Collection

Normozoospermic semen samples were obtained from 15

male volunteers between 20 and 30 years undergoing rou-

tine semen analysis for couple infertility, which referred

to Shiraz fertility and infertility centre and analyzed accord-

ing to World Health Organization (WHO) guidelines. The

volunteers did not have any disease and were not using any

drugs, vitamins, alcohol, or tobacco. The sperm samples

were collected after 3 to 5 days of sexual abstinence. Semen

standard analysis was done on all of the samples and

selected samples were completely normal without any

defects according to the WHO criteria.24

Semen Preparation and Treatment

Semen samples were washed with Hams F-10 medium and

centrifuged at 500 g for 10 minutes, and then seminal plasma

removed. Motile sperm fractions were retrieved from the

samples using swim-up technique in Hams F-10 medium

containing 5% human serum albumin and incubated at 37�C
under 5% CO2. After 1 hour of incubation, the supernatant

containing motile sperm was collected. Sperm motility and

viability were evaluated before incubation. Supernatant was

divided into 4 groups; each group concentration was adjusted

to 2 � 106 sperm/mL. After that, groups 1 to 4 were incubated

for 1 hour in 37�C and 5% CO2 with Hams F-10 solution as

control group, 10 mmol/L A23187, 40 mmol/L a-tocopherol,

10 mmol/L A23187 þ 40 mmol/L a-tocopherol, respectively.

Motility, viability, and DNA fragmentation were assessed

subsequently.

Assessment of Sperm Motility

In all samples, a standard sperm motility analysis was

performed according to WHO guidelines. Immediately after

incubation, 10 mL of each group was placed on a microscope

slide and covered with a 22 � 22 mm coverslip. Then slide

preparation was assessed under�400 magnification using light

microscope. At least 200 sperms were examined in each eva-

luation. Based on WHO categories, motility of each

sperm was graded in 4 clusters: (a) rapid progressive motility,

(b) slow or sluggish progressive motility, (c) nonprogressive

motility, or (d) immotile, also ‘‘a þ b þ c’’ were considered

as total motility.24

Evaluation of Sperm Viability

According to WHO method, sperm viability was evaluated by

Eosin Y staining.

After incubation, 20 mL of each group mixed with 20 mL of

Eosin Y solution on a glass microscope slide and monitored

using light microscopy at a magnification of �400 to evaluate

the percentage of viable sperm. Viable sperm remained colour-

less, while dead sperm stained red. At least 200 sperms were

examined in each evaluation.24

Assessment of DNA Fragmentation

Sperm DNA integrity was evaluated by terminal deoxynu-

cleotidyl transferase-mediated dUTP nick endlabeling

(TUNEL) assay. TUNEL assay is a common method for

detecting DNA fragmentation. The TUNEL assay was done

according to the manufacturer’s guidelines (In-Situ Cell

Death Detection Kit: Fluorescein; Roche Diagnostics

GmbH, Mannheim, Germany). Briefly, a droplet of the

sperm suspension of each group was spread out over slides,

thereafter air-dried smeared slides were fixed in 4% parafor-

maldehyde at room temperature and rinsed in phosphate

buffer (PBS), pH 7.4, and then permeabilized with 2% Tri-

ton X-100. Terminal deoxytransferase (TdT)-labeled nucleo-

tide mixture was added to each slide and incubated in a

humidified chamber in the dark under 37�C for 60 minutes.

Later, slides were rinsed twice in PBS. Negative controls

without TdT enzyme were operating in each duplicate. At

least 200 sperms per slide were assessed using fluorescence

microscopy at 1000 magnifications by the same examiner.

The percentage of cells with green fluorescence (TUNEL

positive) was determined.

Statistical Analysis

SPSS 11.5 software (SPSS, Chicago, Illinois) was used for

the statistical calculations. All data are expressed as mean

+ SD. The significance of the difference between the treat-

ments was assessed using nonparametric Mann-Whitney Test.

Differences were considered to be statistically significant

when P < .05.
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Results

Sperm Motility

The values for rapid progressive motility and total motility of

sperm are shown in Figure 1A and B, respectively. After 1

hour of incubation, all groups showed a significant reduction

(P < .05) in the percentage of rapid progressive motility com-

pared to that before incubation, except the a-tocopherol

group. The rapid progressive motility in the a-tocopherol

group was significantly higher (P < .05) and in the A23187

group was significantly lower (P < .05) than that of the con-

trol group. Coadministration of a-tocopherol with A23187

showed that a-tocopherol has a potency to reverse the

adverse effects of A23187 on rapid progressive motility and

hold it at control levels. Figure 1B shows a significant decre-

ment (P < .05) in the percentage of total motility in sperm

incubation with ionophore A23187 for 1 hour compared with

all other groups. On the other hand, a-tocopherol in A23187

þ a-tocopherol group prevents the harmful effects of A23187

on total motility.

Sperm Viability

The viability data are presented in Figure 2. At ‘‘before incuba-

tion’’ group, sperm viability was 93.2 + 3.4 and no significant

variation was observed after 1 hour of incubation in control and

a-tocopherol groups. In A23187 group, viability was significantly

diminished than all other groups. After 1 hour of incubation, a

significant decrease (P < .05) in viability was observed in the

a-tocopherolþA23187 group, but it was comparable to control

group.

DNA Integrity

In order to evaluate whether the cytosolic Ca2þ overload could

also induce DNA damage in human sperm, cells were assessed

by TUNEL assay to determine their DNA integrity.

The outcomes of this examination are displayed in Figure 3.

a-tocopherol did not induce any changes in DNA integrity;

whereas A23187 induced a significant increase (P < .05) in

DNA damage when compared with the three other groups.

On the other hand, comparison of a-tocopherol þ A23187

group with control group showed that a-tocopherol has an

ability to attenuate the adverse effects of A23187 on DNA

integrity, while DNA damage in this group was significantly

higher (P < .05) than that in a-tocopherol group.

Discussion

In this study, we investigated the effect of calcium ionophore

A23187 on human sperm. Thereby it is suitable to concentrate

on mechanisms downstream of an increased level of intracellu-

lar Ca2þ. Our results indicated that, a-tocopherol has ability to

save rapid progressive motility after 1 hour incubation. A23187

induces a decrease in rapid progressive motility, total motility,

and viability with simultaneous increase in DNA damage.

On the other hand, incubation of sperm in a medium contains

A23187 plus a-tocopherol showed that a-tocopherol has a

potency to reverse the adverse effects of A23187. In this article,

Figure 1. Changes in (A) rapid progressive motility (grade ‘‘a’’ ) and
(B) total motility (grade ‘‘a þ b þ c’’) of human sperm at 1 hour of
incubation with A23187, a-tocopherol and A23187 in combination
with a-tocopherol (mean + SD).*Significant difference (P < .05)
with before incubation.ySignificant difference (P < .05) with control.
j significantly greater (P < .05) than A23187 alone.

Figure 2. Changes in viability of human sperm at 1 hour of incubation
with A23187, a-tocopherol and A23187 in combination
with a-tocopherol (mean + SD).*Significant difference (P < .05) with
before incubation. j Significantly greater (P < .05) than A23187 alone.
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for the first time it was indicated that calcium ionophore

A23187 can induce DNA damage in human sperm. It has been

shown that when intracellular calcium is elevated in cells

treated with A23187, ROS production will be enhanced due

to 2 processes: one of them is the activation of NADPH oxidase

5 (NOX5) enzyme in plasma membrane and other is the induc-

tion of a phenomenon in the mitochondrial membrane that is

called mitochondrial permeability transition (MPT).7,25-27

NOX5 implicated in the regulation a range of physiological

functions in sperm from capacitation to sperm-oocyte fusion.

NOX5 is directly stimulated by increment of the cytosolic Ca2þ

concentration and subsequently leads in production of large

amounts of ROS in response.28-31 MPT is an inner membrane

permeabilization, typically induced by the accumulation of

excessive quantities of Ca2þ in the mitochondrial matrix. MPT

results are organelle swelling, depletion ATP synthesis,

disruption of the outer membrane, and release of different

apoptogenic factors (eg, pro-caspases, cytochrome c, and apop-

tosis inducing factor) from mitochondria into the cytosole.7,32

Eventually, apoptogenic factors and ROS, which have been

produced by the intracellular Ca2þ overload, induce damage

to different parts of cell (eg, membranes, cytoskeleton, and

DNA) and consequently cause a fall in intracellular ATP levels,

increased membrane permeability, enzyme dysfunction,

inactivation of some biochemical pathways, and generation

of spermicidal products, which have adversely affected the

sperm function.7,19,21,33-35 In this study, higher harmful effects

were recorded in sperm group treated with A23187. Regarding

the oxidative damage induce by cytosolic Ca2þ overload in

cell, a-tocopherol was selected to evaluate their protective

roles as antioxidant. Following the A23187 þ a-tocopherol

group, a-tocopherol attenuates the harmful effects of A23187

on sperm. These findings were supported by other studies who

have reported that treatment with a-tocopherol improved

cardiac myocytes and nerve cells quality against MPT and

oxidative damage induced by cytosolic Ca2þ overload.36-38

It is known that a-tocopherol is an important lipophilic

chain-breaking antioxidant which protects cell PUFA against

OS. In addition, a-tocopherol not only scavenges oxygen

radicals within the membrane but also intercepts lipid peroxyl

radicals, which appears to be important in the propagation of

the chain reaction of lipid peroxidation. These properties per

se could be useful in sperm OS conditions because the mem-

branes of sperm are very vulnerable to OS because of their high

content of PUFA.13,14 Therefore, a-tocopherol can thereby pre-

vent this damaging process which could spread through the

cell. In conclusion, our data support the role of intracellular

Ca2þ overload in ROS-mediated sperm damage and suggest

that a-tocopherol alleviate these harmful effects.
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