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ABSTRACT

Iron (Fe) is an essential element but on the other hand it could induce changes in
reproductive system. The general objective of this in vitro study was at first to examine dose-
and time-dependent effects of iron (ferrous sulphate heptahydrate - FeSO4.7H,0) on the
spermatozoa motility parameters, secondly expand the knowledge concerning direct action of
this metal on the fertilization potential of the spermatozoa. The motility analysis was
determined after exposure to concentrations of 3.9; 7.8; 15.6; 31.2; 62.5; 125; 250; 500; 1000
pumol.dm™ of FeSO4.7H,0 using the Sperm Vision'™ CASA (Computer Assisted Semen
Analyzer) system during different time periods (Time O h, 2 h and 24 h). The highest
percentage of motile spermatozoa was detected in the control group (95.41+1.32%) (Time 0
h). After 2 h of cultivation with ferrous sulphate heptahydrate the motility spermatozoa
significantly (P<0.001) increased at the concentrations < 125 pmol.dm™. The experimental
administration at the doses > 125 umol.dm™ FeSO,.7H,0 inhibited the overall percentage of
spermatozoa motility during Time 24 h. The identical spermatozoa motility was detected also
for the percentage of progressive motile spermatozoa during all time periods. Detailed
evaluation of spermatozoa distance average (DAP) and velocity average (VAP) path as well

as amplitude of lateral head displacement (ALH) revealed decrease in groups with
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concentrations > 125 pmol.dm™ FeSO4.7H,0 in comparison with the control group during the
long-term cultivation. Based on these results, we can conclude that the iron at the low
concentrations maintains the spermatozoa motility parameters. This essential element has
probably direct action on the fertilization potential of the spermatozoa, what could be used in

assisted reproductive technologies.
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INTRODUCTION

Natural environmental factors and differentiated anthropogenic pollutants, as well as
many other sources strongly influence the reproductive material located in the semen, both in
animals and humans. Chemical elements constitute an important group of ecophysiological
influence among these sources (Fergusson, 1990).

Iron (Fe) is an important for the organism, because it plays an active part in
oxidative/reduction reactions and electron transport associated with cellular respiration. This
essential element has crucial role in human body as part of metalo-proteins like haemoglobin
or myoglobin, enzymes, neurotransmitters, they are also involved in energetic reactions
(Dorea, 2000).

Iron and iron compounds are not essentially toxic for animals and human organisms
(Marzec-Wroblewska et al., 2012). Nevertheless, disturbances in the regulative absorption
mechanism can appear due to pathological conditions or prolonged intake of high Fe doses. In
these cases Fe is bound in the form of ferric phosphate (haemosiderin) or into proteins, and is
distributed in the liver (Semczuk and Kurpisz, 2006; Kabata-Pendias and Mukherjee,
2007). Its toxicity may be connected with catalysing many deleterious reactions in cells and
tissues (Reilly, 2004). High doses of Fe could affect a wide range of mechanisms (Defrere e?
al., 2008), tissue damage (Reilly, 2004) or lesion proliferation (Defrere et al., 2008). On the
other hand, Fe deficiency reduces the activity of iron-containing and iron-dependent enzymes
(Mudron et al., 1996).

This element plays also a vital role also in fertility and is essential for normal growth
and development of the foetus (Dorea, 2000). However, at high doses has a harmful
consequence on the reproductive system, which can be strongly reflected in the final stage of

spermatogenesis associated with pathological disorders (Carriquiriborde et al, 2004;
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Defrere et al., 2008). High doses of Fe can lead to increased sperm DNA damage (Perera et
al., 2002).

Currently, there is little information available on impacts of iron on the fertilization
potential of the spermatozoa; therefore this study was performed to gain more information in
this field. Specifically, we evaluated the dose-dependent effects of this essential metal on the

spermatozoa motility parameters during different time periods.

MATERIAL AND METHODS

Semen samples and in vitro culture

Bull semen samples were obtained from adult breeding bulls (n=4) (Slovak Biological
Services, Nitra, Slovak Republic). The samples had to accomplish the basic criteria given for
the corresponding breed. After collecting the samples, they were stored in the laboratory at
room temperature (22-25 °C). Each sample was diluted in physiological saline solution (PS)
(sodium chloride 0.9% w/v; Bieffe Medital, Grosotto, Italia; pH - 5.5; osmolarily - 301
mOsmol.kg™), using a dilution ratio of 1:40, depending on the original spermatozoa
concentration. We used physiological saline solution as culture medium where various
concentrations of iron (group [ - 3.9; H—-7.8; G- 15.6; F —31.2; E - 62.5; D - 125; C - 250;
B - 500; A - 1000 pmol.dm™) were added, in the form of ferrous sulphate heptahydrate
(FeS04.7H,0; Sigma-Aldrich, St. Louis, USA). The spermatozoa with iron were cultivated in
the laboratory at room temperature (22-25 °C). We compared the control group (Ctrl)
(medium without FeSO4.7H,0) with the experimental groups (exposed to different
concentrations of FeSO4.7H,0).

Spermatozoa motility

The motility analysis was carried out using a CASA (Computer Assisted Semen
Analyzer) system — SpermVision'™” program (MiniTib, Tiefenbach, Germany) with the
Olympus BX 51 microscope (Olympus, Tokyo, Japan) at cultivation Times O h, 2 h and 24 h.
Each sample was placed into the Makler Counting Chamber (deph 10 pm, Sefi-Medical
Instruments, Haifa, Israel) and the following parameters were evaluated: percentage of motile
spermatozoa (MOT - %; motility > 5 um.s™); percentage of progressive motile spermatozoa

(PROG - %; motility > 20 um.s™); distance average path (DAP; um); velocity average path
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(VAP; um.s™) and amplitude of lateral head displacement (ALH; pum). Results of analysis

were collected of four repeated experiments at each concentration (n = 32).

Statistical analysis

Obtained data were statistically analyzed with the help of PC program GraphPad
Prism 3.02 (GraphPad Software Incorporated, San Diego, California, USA). Descriptive
statistical characteristics (mean, minimum, maximum, standard deviation and coefficient of
variation) were evaluated. One-way analysis of variance (ANOVA) and the Dunnett’s
multiple comparison test were used for statistical evaluations. The level of significance was

set at * (P<0.001); ® (P<0.01); © (P<0.05).

RESULTS AND DISCUSSION

The effects of different metals depend on the chemical form, length of exposure, dose,
duration, route of administration and animal species (Mathur et al., 2010; KinazZicka et al.,
2012). Our experiment shows dose- and time-dependent effects of iron (in the form

FeSO,4.7H,0) on the spermatozoa motility parameters (Table 1-5).
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Table 1 Spermatozoa motility (MOT; %) exposed to iron (FeSO4.7H,0) during different time

periods
Groups Control 1000 500 250 125 6250 3120 1560 7.80  3.90
Ctrl A B C D E F G H I
FeSO,.7H,0 (umol.dm™)
0Oh
X 95.41 9425 9423 94.01° 94.98° 93.61% 93.26% 94.09° 94.54% 9438"
minimum 93.14 90.29 90.12 9024 91.01 87.77 88.80 8831 87.38  90.35
maximum 97.53 97.26 98.01 99.03 96.55 9842 98.07 97.84 9851  97.80
S.D. 1.32 1.68 226 232 130 245 272 230 237 223
CV (%) 1.39 179 240 247 136 262 292 244 251 236
2h
X 83.56 75.76  83.35 83.87 87.98" 88.02% 93.97* 90.15% 90.34* 91.96"
minimum 75.75 7218 7142 7076 78.12 79.56  89.01 82.40 88.09  89.04
maximum 93.33 8222 9425 9454 9750 9523 97.08 97.75 93.50  94.36
S.D. 6.83 355 779 845 383 548 263 439 193 192
CV (%) 8.17 468 934 1008 436 623 280 487 213 208
24h
X 35.45 0.00 134 3268 3298 48.03" 61.65% 70.23% 7294 76.82"
minimum 20.00 0.00 0.51 2682 28.00 3647 4186 48.07 57.14 68.00
maximum 48.57 0.00 222 3793 4489 61.70 7674 7750 90.19  83.33
S.D. 5.44 0.00 0.60 451 517 840 1200 7,52 1193 4.04
CV (%) 15.36 0.00 4457 13.80 1569 17.50 19.47 1070 1636 5.25

Legend: x — mean, S.D. — standard deviation, CV (%) — coefficient of variation

AP<0.001; BP<0.01;“P<0.05

Initially (Time 0 h), similar values of percentage of motile spermatozoa were detected
in all groups (Table 1). After 2 h of cultivation we proved that the average motility values
significantly (P<0.001) increased at the concentrations < 125 pmol.dm™ of FeSO4.7H,0 in
comparison with the control group. Other data were not significant in comparison with the
control group. The experimental administration at the doses > 125 pmol.dm™ of FeSO,.7H,0
inhibited the overall percentage of spermatozoa motility during the long-term cultivation
(Time 24 h). However, a significant (P<0.001) increase of spermatozoa motility at the

concentrations < 62.50 pmol.dm”

of FeSO4.7H,0 was recorded. Identical spermatozoa
motility was detected also for the percentage of progressive motile spermatozoa (> 20 pm.s™)

during all time periods (Table 2).
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Table 2 Progressive spermatozoa motility (PROG; %) exposed to iron (FeSO4.7H,0) during

different time periods

Groups Control 1000 500 250 125 62.50 3120 1560 7.80  3.90
Ctrl A B C D E F G H I
FeSO,.7H,0 (umol.dm™)

Oh
X 92.91 91.90 92.13 91.76 92.80 91.80 91.10 9241 92.84 92381
minimum 89.44 88.34 8720 87.61 90.69 86.66 86.31 8831 89.51  87.50
maximum 96.27 96.26  97.02 96.73 9534 96.00 96.70 97.84 95.55  96.70
S.D. 1.54 195 236 268 1.53 261 328 244 171 233
CV (%) 1.66 213 256 292 1.65 284 360 264 184 251
2h

X 80.83 67.96" 80.14 81.57 85.18 8545 89.41° 87.79° 88.08° 89.97°
minimum 74.35 6491 6290 66.15 76.56 75.00 86.81 78.70 83.15 87.50
maximum 89.65 75.55 9425 9272 90.90 93.65 91.66 96.62 92.15 91.95
S.D. 5.94 380 981 9.66 343 568 155 489 252 1.73
CV (%) 7.35 559 1224 1185 402 665 173 557 286 193
24h

X 27.53 0.00*  1.42% 25.04 2533 39.11% 59.27% 61.65% 61.97" 67.85"
minimum 21.42 0.00 020 19.17 21.73 28.00 4047 5526 42.85 49.23
maximum 35.18 0.00 212 2941 2956 53.70 75.12 6829 83.01 72.54
S.D. 4.42 000 0.69 344 261 694 13.68 459 1473 7.26
CV (%) 16.04 0.00 5533 13.73 1032 17.76 23.08 7.45 2377 10.70

Legend: x —mean, S.D. — standard deviation, CV (%) — coefficient of variation

AP<0.001; BP<0.01;“P<0.05

The distance average path (DAP) analysis revealed no significant differences (£>0.05)
among experimental groups and the control group at Time O h (Table 3). Concentration 500
umol.dm® of FeSO4.7H,0O in short-term periods of cultivation act stimulating on the
spermatozoa motility, but later (Time 24 h) significantly (P<0.001) inhibiting of selected
parameter. Evaluation of velocity average path (VAP) showed increase in all FeSO4.7H,0
addition groups (P<0.001) in comparison with the control group in the Time 0 h. Parameter
of VAP detected that spermatozoa exposed to low iron concentrations (< 31.20 pmol.dm™)
after 24 h of cultivation (P<0.001) are more active as those in control group, but in relation to
higher iron concentrations (> 250 pmol.dm™ of FeSO4.7H,0) significant (P<0.05) decrease
was observed (Table 4). Measurement of the amplitude of lateral displacement (ALH) at Time

2 h was lower in the experimental groups A, B (> 500 pmol.dm™ of FeSO4.7H,0) compared
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to the control group, but the differences were not significant (P>0.05). The experimental
administration at the doses < 62.5 pmol.dm™ of FeSO,.7H,O significantly (P<0.001)
stimulated ALH during Time 24 h (Table 5).

Table 3 Distance average path (DAP; um) exposed to iron (FeSO4.7H,0) during different

time periods

Groups Control 1000 500 250 125 62.50 31.20 15.60 7.80  3.90
Ctrl A B C D E F G H I
FeSO,.7H,0 (umol.dm™)

Oh

X 35.57 36.95 36.78 36.46 3696 3537 3529 3631 36.69 36.49
minimum 35.01 30.04 33.46 32.03 3328 3249 30.04 3325 3342 30.59
maximum 36.86 42.88 41770 4339 41.14 3950 3855 3840 4127 38.59
S.D. 0.63 380 218 412 250 239 316 152 1,75  2.03
CV (%) 1.76 1026 592 1129 676 675 894 418 477  5.56
2h

X 23.82 19.49¢ 24.02 24.81 27.05 27.43 29.73% 29.30" 29.39% 29.54*
minimum 19.47 1527 19.03 1680 25.65 19.68 2473 20.11 2401 2295
maximum 31.88 2277 3036 3274 2925 3268 3469 3634 3588 37.83
S.D. 5.47 213 400 687 116 460 324 423 443 465
CV (%) 22.95 1094 16.65 27.68 428 1677 1089 1441 1508 15.72
24h

X 17.36 0.00*  0.32% 1291 14.92 2036 24.18" 26.63* 26.68" 27.13"
minimum 14.41 000 0.14 865 1217 13.84 1592 1652 19.55 21.07
maximum 22.59 0.00 054 1552 1925 3597 3096 3491 3470 37.49
S.D. 1.84 000 017 1.83 221 778 598 626 674  4.89
CV (%) 10.60 0.00 5376 14.15 14.81 3820 2474 2349 2525 18.02

Legend: x — mean, S.D. — standard deviation, CV (%) — coefficient of variation

AP<0.001; P<0.01;“P<0.05

Results of this study extended our previous observation on the motility, as well as on
viability spermatozoa after metal additions. Previous study showed that the highest iron dose
(200 pmol.dm™) decreased the percentage of spermatozoa motility and progressively
decreased progressive of motile spermatozoa in relation to time. However, we found that iron
in all tested doses (1 - 200 pmol.dm™) has not cytotoxic effect on mitochondrial complex, but

its potential toxicity could be reflected in the others pathways of cells (KinaZicka et al., 2011).
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In this present study we found that the progressive motility, path distance and velocity as well

as amplitude are mostly affected in groups with the highest iron concentrations.

Table 4 Velocity average path (VAP; um.s™) exposed to iron (FeSO4.7H,0) during different

time periods.

Groups Control 1000 500 250 125 6250 3120 1560 7.80  3.90
Ctrl A B C D E F G H I
FeSO,.7H,0 (umol.dm™)

0h
X 81.89 90.49% 91.53% 9238 91.54% 93.98* 99.30% 93.22% 90.56" 91.27"
minimum 78.34 81.39 80.57 80.16 86.51 80.62 8932 8528 88.06 83.55
maximum 87.37 102.70 10930 101.60 97.43 10230 110.90 105.60 94.65 98.12

S.D. 2.62 7.06 956 850 341 569 549 532 219 443
CV (%) 3.20 7.81 1045 920 373 606 553 571 241 4386
2h

X 74.68 44.87%  67.18% 74.24" 76.45% 76.06" 78.06" 85.87% 88.64% 90.12"

minimum 67.15 4033  51.65 65.15 60.25 66.13 5592 70.21 80.82 8242
maximum 85.09 5090 77.65 81.02 86.48 91.22 9631 99.19 101.10 95.54

S.D. 431 353 651 429 905 980 1345 946  6.66  3.81
CV (%) 5.78 787  9.69 578  11.84 12.88 1723 11.02 752 423
24h

X 36.93 0.00° 0.00° 27.27° 30.93 3441 49.35% 65.67% 70.75% 75.76"

minimum 30.73 0.00 0.00 18.54 2552 2977 3295 62.00 67.34 70.11
maximum 48.54 0.00 0.00 32.11  37.75 40.62 6646 69.63 74.85 81.66
S.D. 3.76 0.00 0.00 3.86 3.49 2.20 13.64 2.63 2.72 4.29
CV (%) 10.18 0.00 0.00 14.17 11.28  6.40 27.65  4.00 3.85 5.67

Legend: x — mean, S.D. — standard deviation, CV (%) — coefficient of variation

AP<0.001; BP<0.01;“P<0.05

Excessive doses Fe cause destructive effect on the testicular function and
spermatogenesis (Merker et al., 1996), but its physiological level is required for normal
spermatozoa production. In general, the semen contains a certain amount of Fe. According to
Gam¢ik et al. (1992), bull spermatozoa have approximately 1.26 pmol.dm™ of Fe. Eghbali et
al. (2010) recorded, that the total Fe content of the buffalo seminal plasma was 40.68+0.75
mg.L". They came to conclusion, that the Fe content of seminal plasma is important for the
preservation of sperm motility and viability after ejaculation, and its presence in the seminal

plasma will help spermatozoa to maintain their functions.
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Table 5 Amplitude of lateral head displacement (ALH; um.s™) exposed to iron (FeSO4.7H,0)

during different time periods.

Groups Control 1000 500 250 125 62.50 31.20 15.60 7.80  3.90
Ctrl A B C D E F G H I
FeSO,.7H,0 (umol.dm™)

Oh
X 4.46 438 378" 3.62% 4.04% 444 448 454 468 465
minimum 4.13 385 3.4 333 360 398 391 398 394 444
maximum 4.87 513 425 419 435 481 511 511 537 508
S.D. 0.19 040 036 021 021 028 034 039 036 020
CV (%) 4.34 9.07 944 580 527 625 766 852 7.62 420
2h

X 431 382 416 438 440 470  5.00° 503 5.11% 503"
minimum 3.47 335 338 392 363 334 415 393 458 3.80
maximum 5.47 448 532 468 481 657 58 627 603 572
S.D. 0.78 038 071 021 039 124 061 057 036 0.7
CV (%) 18.12 10.07 1699 485 898 2644 1226 1132 694 11.40
24 h

X 3.19 0.00 1.47 281 286 3.52% 416" 4.14% 426" 441°
minimum 2.64 000 124 204 224 282 361 360 332 3.5
maximum 3.66 000 1.85 334 321 433 494 482 538 514
S.D. 0.27 000 033 041 026 044 045 043 060 046
CV (%) 8.48 0.00 2255 1446 896 1243 1077 1026 14.12 10.35

Legend: x —mean, S.D. — standard deviation, CV (%) — coefficient of variation

AP<0.001; BP<0.01;“P<0.05

Disproportionate levels of divalent ferrous iron (Fe*") reduce size of testes (Lucesoli
et al., 1999). Smaller testes and reduced sperm production may be related to the elevated Fe**
concentrations (Merker et al., 1996). Iron overload increases oxidative stress in testes and
epididymal sperm causing infertility (Huang et al., 2001).

The administration of Fe to rats results in testicular atrophy, morphological changes in
the testes, impaired spermatogenesis, epididymal lesions and impaired reproductive
performance (Crawford, 1995; Whittaker et al,, 1997). The mechanism(s) involved in the
production of these testicular changes by Fe is not fully understood. Iron accumulation is
associated with either acute or chronic Fe overload led to a subtle Fe increase in the testes that
was associated with oxidative damage to lipids, proteins and DNA (Lucesoli and Fraga,

1995; 1999).
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CONCLUSION

The obtained data from this in vitro study proved that iron (< 250 pmol.dm”
FeS0O,4.7H,0) sustains of spermatozoa motility and thus of the energy metabolism, which is a
key factor supporting spermatozoa function. Additionally, we found that iron at low
concentrations (< 62.50 pmol.dm™) increase the overall of motile spermatozoa, but at high
doses acts as a toxic element during the long-term cultivation. Our results point out that iron
in acceptable doses has probably direct action on the fertilization potential of the

spermatozoa, what could be used in assisted reproductive technologies (IVF, ICSI).
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