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Abstract : Release of copper and its effect on functional integrity of
human sperms in vitro were assessed following co-incubation of semen
with CuT 380A. After 30 min of incubation with semen, release of copper
ions from CuT 380A was found to be 9.2 to 40 times higher compared to
control incubations with PBS. Sperm function tests, when simultaneously
performed following loss of motility in sperms (>95%) after 120 min of
copper exposure, depicted a significant (P<0.001) reduction in sperm viability
and hypo-osmotic swelling (HOS) response. However, the affected sperm
populations revealed no significant alterations in other functional tests like
acrosomal status or nuclear chromatin decondensation. It is therefore
concluded that the high release of copper from CuT 380A drastically lowers
sperm motility. viability and HOS response but only marginally affects the

acrosome status or nuclear chromatin condensation in short term
incubations.
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INTRODUCTION
Worldwide, an estimated 128 million
women use intra uterine devices (1UDSs).
Copper containing I1UDs (CuTs) are
considered as one of the most effective
reversible methods of birth control in
females. The contraceptive efficacy is
believed to be basically due to release of
copper ions which enhance the inflammatory
response that are not conducive to male or
female gametes and also to the embryo (1).
In addition, there are also direct harmful

nuclear chromatin decondensation

effects of copper on gamete survival (2).
CuTs are reported to increase the copper
content of the mucus (3). Migration through
cervical mucus is the first obligatory step
for the fertilizing sperm and its success is
entirely dependant on sperm motility. Sperm
motility is routinely examined in human
semen as it forms one of the main functional
evaluations of sperms in vitro. However,
there are other sperm function parameters

such as plasma membrane integrity,
acrosome status and nuclear chromatin
condensation which were never analysed
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before with respect to copper exposure in
vitro (4).

Though toxic effect of copper on motility
is more or less established, it is not clear

at this stage whether or not this leads
to impairment of all other functional
characteristics of sperms in short-term

incubations. The present study was therefore
initiated first, to assess the quantum of
release of copper ions in semen co-incubated
with CuT 380A and second, to find out the
parallel effect on other sperm function
parameters when motility is affected due to
copper exposure in vitro. It is hard to
simulate the in vivo uterine environment
with IUD in situ and study the effect of
copper on sperms. Therefore, co-incubation
of semen with total copper from IUD 380A
was tried in vitro. Copper release was
assayed utilizing an atomic absorption
spectrophotometer (AAS) which was more
sensitive than the colorimetric assay
reported earlier (2).

MATERIAL AND METHODS

Semen samples, obtained by masturbation
after 3-4 d of sexual abstinence, were
collected from twenty-five proven fertile
healthy volunteers. Samples were collected
in sterile plastic containers and allowed to
liquefy at 37°C for 30 min. The CuT 380A is
a flexible polyethylene T-shaped body with a
copper collar of approximately 67 mg (33 mm?
solid copper sleeves) of copper on each of its
transverse arms and 176 mg (314 mm?2 copper
wire) of copper wire coiled around its vertical
shaft. The whole copper (two solid sleeves
and one wire) was separated from each CuT
and incubated separately with 2 ml of
liquefied semen in a standard microfuge tube.
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Proper care was taken to ensure that the
whole copper lies submerged in the semen
during the entire incubation period.
Estimation of copper ions

Five semen samples were utilized for the
purpose with PBS serving as control. Semen
or PBS with or without CuT 380A was
incubated for 30, 60, 90 and 120 mins at
37°C. Three aliquots of each incubation were
diluted, filtered and estimated for copper
release using an Atomic Absorption
Spectrophotometer (AAS), AA6800 (Shimadzu,
Japan). Standard solutions of copper was
prepared as described in AAS (1983) manual

(5).

Semen preparation

Routine semen analysis was carried out
as per World Health Organization (1999)
criteria (6) in rest of the 20 samples. Sperm
motility was assessed in every 30 min for
180 min at 37°C. Following 120 min of co-
incubation with copper, when sperm motility
was severely declined, tests for other sperm

function parameters like viability, hypo-
osmotic swelling, acrosomal status and
nuclear chromatin decondensation were

simultaneously carried out. In each case, an
aliquot of semen sample without CuT was
also maintained as control.
Sperm  motility

One drop of liquefied semen was taken
on a glass slide (warm at 37°C), covered with
a glass coverslip and observed under
microscope at 40x objective as per WHO

criteria (6). Motility was monitored in every
30 min for 180 min.
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Sperm viability

Viability was assessed as per WHO
criteria (6). In brief, 50 pl of semen was
mixed with 100 pl of 1% Eosin Y for 30
seconds. Then 150 ul of 10% Nigrosin
solution was added and mixed well. A drop
of the semen-Eosin-Nigrosin mixture was
placed on a clean glass slide, smeared, air-
dried and examined under microscope for live
(unstained) or dead (stained) sperms.

Hypo-osmotic swelling test

A modified hypo-osmotic swelling (HOS)
test protocol was adopted as developed in
our laboratory and described (7). In brief,
50 ul of semen was incubated in 500 pl of
colored hypo-osmotic swelling solution for 5
min at room temperature. One drop of the
incubation mixture was taken on a clean
glass slide and examined under a microscope.
Percentages of spermatozoa with tail coiling
were recorded.

Nuclear chromatin decondensation test

Nuclear chromatin decondensation (NCD)
test was performed as described earlier (8).
In brief, liquefied semen sample was
centrifuged and sperm pellet was washed in
0.05 M borate buffer. One volume of sample
was incubated with nine volumes of EDTA
(6 mM) and SDS (1%) mixture at 37°C for 60
min. The reaction was stopped by addition
of an equal volume of 2.5% glutaraldehyde
in borate buffer. One drop of the mixture
was then taken on a clean glass slide, and

examined under a microscope. Percentage
of sperms with swollen chromatin was
recorded.
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Acrosomal status test

Acrosomal status (AS) test was carried
out as described (4). In brief, Semen was
diluted in PBS:D-Glucose (1:20) and
equilibrated at 37°C for 30 min. A smear of
the diluted mixture was gently made on a
gelatin coated glass slide and excess water
was evaporated. The slides were incubated
at 37°C for 120 min in a humid chamber,
air-dried and examined under the

microscope. Percentage of spermatozoa with

halos surrounding the sperm head was
recorded.
Statistical analysis

Multiple two-tailed t-test was utilized to
find out whether the differences of mean
value of parameters between groups are
significant using statistical program SPSS.
Differences were considered significant when
P<0.05.

RESULTS

The routine semen analysis data from
the 25 volunteers were shown in Table I.
The first five samples were used for the
study and estimation of copper release into
the semen. The release of copper ions from
CuT 380A was 9.2 to 40 times higher when
incubated in semen than in PBS. The rate
of release of copper from CuT was not
uniform and varied with individual semen
samples (Fig. 1). Sperms co-incubated with
copper showed gradual decline in motility
which was significant (P<0.001) by 60 min of
exposure. More than 95% of sperms were
found immotile after 120 min of incubation.
The quality of motility in the remaining
sperms was very poor and limited to only a
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TABLE |: Semen characteristics of proven fertile
volunteers.
Sperm characteristics
Subjects  Volume Concen- % Total % Normal
(ml) tration motility morphology
(x108/ml)
1 3.2 60 70 40
2 3.5 80 60 45
3 3.0 80 70 50
4 3.5 70 60 44
5 3.0 60 50 40
6 3.5 65 60 47
7 3.7 80 70 50
8 4.0 55 50 44
9 3.0 70 60 40
10 2.5 70 60 48
11 3.5 80 50 40
12 4.1 100 60 45
13 4.2 80 50 40
14 4.0 90 70 50
15 3.5 70 70 53
16 4.5 60 50 42
17 5.0 80 70 50
18 3.5 60 55 40
19 4.0 85 70 40
20 3.1 95 60 40
21 2.5 90 70 43
22 3.4 70 65 47
23 3.5 80 70 45
24 4.0 90 60 45
25 3.7 85 75 40
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Fig. 1: Release of copper (ppm) using Atomic
absorption spectrophotometer in the five
semen incubations (Series 2-6) compared

with PBS (Series 1).
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vibrating type. Forward progressive motility
in all the sperms was completely inhibited.
By 150 min, all the sperms were immotile
(Fig. 2). The effect on motility was found
irreversible following either withdrawal of
the copper from semen or re-suspension of
the treated sperms in freshly prepared
medium, Ham’s F-10 or normal untreated
seminal plasma till 180 min. With significant
reduction in motility (>95%) after 120 min,
sperm viability (I 66%) and hypo-osmotic
swelling response (I 59%) were also found
significantly (P<0.001) declined (Fig. 3a).
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Fig. 2: Effect of copper on human sperm motility
in vitro. Sperm motility was drastically
lowered after 120 min of co-incubation with
CuT 380A. ***P<(0.001.
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Fig. 3a: Sperm function test of motility and viability

after 120 min of incubation of semen with
CuT 380A. ***P<(0.001.
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However, in the same lot of sperms, the
decline in the acrosomal status and nuclear
chromatin decondensation was 16% and 11%
respectively which was not statistically
significant compared to controls (Fig. 3b).
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Sperm  function test of hypoosmotic
swelling (HOS), Acrosome status (AS) and
Nuclear chromatin decondensation (NCD)
after 120 min of incubation of semen with
CuT 380A. Insert at the top of each section
of the bar shows the type of sperm
response (HOS-Tail coiling, AS-Halos
surrounding the head and NCD-Chrornatin
swelling) after the test. ***P<0.001.

DISCUSSION

The above data have demonstrated that
the release of copper ions from CuT 380A
was much higher in semen incubations than
in plain PBS. A differential decline in the
effect of different sperm functional
parameters following exposure to copper was
observed. Sperm motility, viability and HOS
response are found to be more sensitive and
found to be affected in greater percentage of
sperms than AS and NCD following 120 min
of co-incubation with copper.
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The release of copper ions in sperm
incubations were reported earlier (2). The
concentration of copper ion is directly
dependent on the type of medium used for
such incubations. In the present study,
semen compared to PBS demonstrated 9.2
to 40 times higher release of copper ions
(Fig. 1). The reason for this significantly
higher release of copper ion is probably due
to the higher protein content of the semen
sample which increases the rate of
dissolution of copper . Such high release of
copper 43 pg per 100 mg of copper has been
reported with respect to co-incubations of
Cu-1UD for 5 h in cervical mucus (9). The
wide variations in the rate of release of
copper ions in the five semen samples in
the present study may be due to individual
variations of protein and sperm count in
these samples (Fig. 1).

It has been shown that conventional
semen analysis is unable to detect the
functional deficiencies responsible for lack
of fertility (10). Appropriate methods are
reported in the literature to test for these
deficiencies in vitro (4, 7). In the present
study we utilized all these methods
simultaneously to identify the most sensitive
sperm function affected as a result of copper
exposure (CuT 380A) with semen that induces
significantly higher dissolution of copper ions
into the medium.

It is reported that copper is toxic to
sperms. Copper has substantial spermicidal
properties, which can be enhanced by
removing the seminal plasma (11). At the
concentration of 100 pg/ml of copper in the
BWW culture medium, sperm motility,
viability and acrosome reaction and hamster
oocyte penetration scores were significantly
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affected after 5 h of incubation (12). The
mean percentage of penetrated oocytes
declined significantly with increasing
concentrations of copper in the medium more
with the preincubated sperms than with
preincubated oocytes. When both gametes
are exposed no penetration of oocytes
occurred at all even with lowest concentration
(10 ng) of copper exposure (12).

Inhibition of sperm motility in vitro by
copper wire was also reported earlier (13).
But, this is the first time that total copper
from the CuT 380A was used to study not
only sperm motility but also other functional
parameters of sperms simultaneously.
Roblero et al. (1996) reported a decline in
the progressive sperm motility by 50% of the
controls following 100 pg of copper exposure
to sperms for 5 h. In our studies, inhibition
of motility in more than 95 % of the sperms
was seen only after 120 min of co-incubation
with copper. Such a fast decline in motility
may be attributed to the higher copper
content of the CuT 380A and its release into
semen, the effect of which on sperm function
was never reported before.

A number of investigators have attempted
to recover sperms from fallopian tubes in
IUD wusers and non wusers in a bid to
understand the mechanism of action of 1UDs
and its association with the process of sperm
inactivation and subsequent migration
through cervical mucus and endometrium
(14, 15). Compared to subjects fitted with
inert IUDs, no sperm were found near the
site of fertilization in women fitted with
Multiload-250 (16, 17). In some of the Cu-T
users head -tail detachment was also
observed in a large proportion of the sperms
recovered. It was thus confirmed that there
is a tendency for more definite impairment

Indian J Physiol Pharmacol 2008; 52(3)

of sperm migration with Cu-T IUDs than with
inert IUDs. As sperms in semen loose
complete motility following 2 h exposure to
CuT (Fig. 2), sperm migration is likely to be
affected whether it is in vitro or in vivo.

The present data also proved the point
that sperms those are non-motile may not
be necessarily non-viable. A non-viable sperm
is non-motile but not vice versa. A fairly
good population of sperms (22%) from the
motility affected pool continued to be viable
by dye exclusion test and still a higher
percentage (27%) depicted normal plasma
membrane integrity following the HOS
test. But the decline in the values for
acrosome status and the nuclear chromatin
decondensation test was marginal and not
statistically significant (Fig. 3b). This drives
home the point that acrosomal contents and
the nuclear chromatin were only marginally
affected by copper ions after a short-term
exposure of 120 min. It is however, not clear
at this stage, whether or not intra-cytoplasmic
sperm injection of these sperms into oocytes
will ensure normal fertilization leading to
further embryonic growth and development.
It was earlier reported that 100 pg Cu®/ml
significantly increased the acrosome reaction
in the sperms exposed to copper for 5 h (12).
In the present work, the acrosome status
(AS) or intactness of acrosome but not the
acrosome reaction that was examined and
the marginal effect of copper on AS, as
obtained in the present study, cannot thus
be considered as a deviation (12). Moreover,
the duration of copper exposure in the
present study was limited to only 2 h.

The copper induced immobilization of
sperms is completely irreversible. In our
case the suspension medium was seminal
plasma. But, following immobilization and
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replacing the seminal plasma with either
medium Ham F-10 (pH 7.2) or fresh
untreated seminal plasma did not help in
reversing the effect. The effect on motility
was reported to be much harsh if the sperms
are suspended in any artificial medium (13).
The anti-oxidative properties of seminal
plasma usually provide added protection to
sperms but probably to a certain extent only
(18). Beyond that, the sperms are vulnerable
first loosing the motility and probably with
rest of the functions subsequently.
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In conclusion, the present study proves
that with the availability of very high
concentrations of copper ions in the semen,
sperms in vitro exhibit differential sensitivity
in functional parameters. Sperm motility is
the most sensitive functional parameter first
to be affected followed by viability and
plasma membrane integrity (HOS) following
120 min of copper exposure at 37°C. The
other sperm function parameters marginally
altered are acrosomal status and nuclear

chromatin condensation.
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