
Introduction

Melatonin, a pineal hormone, regulates the dynamic
physiological adaptations that occur in seasonally
breeding mammals in response to changes in day length
(1). However, the exact sites of melatonin action in the
reproductive system are not clear (2). It has been
reported that sites of melatonin action on the
reproductive system can be hypothalamus, pituitary,
gonads, reproductive tract and male-accessory genital
organs. Since melatonin is a lipid soluble molecule, it has
no barrier and reaches every part of the body (3).

Additionally, melatonin regulates the pulsatile secretion of
gonadotropin-releasing hormone (GnRH) from the
hypothalamus (4). 

Hyaluronic acid is a component of the cumulus
oophorus matrix that holds the follicular cells together
and is degraded by sperm hyaluronidase located on the
surface of the sperm membrane and on the inner
acrosomal membrane (5,6). This enzyme has an
important role in the passage of spermatozoa through
the zona pellicuda (7). Luboshitzky et al. (8) suggested
that the melatonin level of seminal plasma in humans was
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Abstract: The effects of melatonin on hyaluronidase activity of semen and spermatozoa motility of Holstein bulls were investigation
in vitro. Semen samples were divided into 5 equal parts and incubated (v/v) with melatonin at the doses of 0.5, 1, 2 and 4 mM for
60 min. Percentages of spermatozoa motility, morphological abnormality and hyaluronidase activity of semen were determined at
5, 10, 15, 20, 30 and 60 min during incubation. Results show that melatonin caused a significant (P < 0.001) decrease in the
spermatozoa motility, while causing a significant increase in the hyaluronidase activities of the semen. However, there was no
significant difference in the percentages of abnormal spermatozoa when compared with control samples. Doses of 0.5, 1, 2 and 4
mM of melatonin in bull semen decreased the percentage of spermatozoa motility in a time- and dose-dependent manner. The mean
percentages of abnormal spermatozoa were not affected by melatonin treatment. However, it caused an increased hyaluronidase
activity of bull semen. In conclusion, the existence of melatonin in bull semen has a significant effect on fertilization ability by
affecting spermatozoa motility and hyaluronidase activity.
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Melatoninin Bo¤a Semeninde Sperm Motilitesi ve Hiyaluronidaz Aktivitesi Üzerine
In Vitro Etkileri

Özet: Bu çal›flmada, melatoninin Holfltayn bo¤alara ait semen hyaluronidaz aktivitesi ve sperm motilitesi üzerine olan in vitro etkileri
araflt›r›ld›. Semen numuneleri 0,5, 1, 2 ve 4 mM düzeylerindeki melatoninle 60 dk. boyunca inkube edildi ve 5, 10, 15, 20, 30 ile
60. dakikalardaki sperm motilitesi, morfolojik anormallik ve semen hyaluronidaz aktiviteleri belirlendi. Elde edilen sonuçlar;
melatoninin semen hyaluronidaz aktivitesinde önemli (P < 0,001) bir art›fla sebep olurken sperm motilitesinde ise önemli (P < 0,001)
bir azalmaya neden oldu¤unu göstermektedir. Bununla birlikte anormal sperm yüzdelerinde kontrol gruplar›na göre önemli bir
de¤iflikli¤in olmad›¤› belirlendi. Yap›lan bu çal›flmada bo¤a semeninde bulunan 0,5, 1, 2 ve 4 mM dozlar›ndaki melatoninin varl›¤›n›n
hyaluronidaz aktivitesini artt›r›rken sperm motilitelerinde ise zamana ve doza ba¤l› olarak azalmalara sebep oldu¤unu
göstermektedir. Sonuç olarak; bo¤a semeninde bulunan melatonin, sperm motilitesi ve hyaluronidaz aktivitesi düzeylerini
etkiledi¤inden fertilize yetene¤i üzerine önemli bir etkiye sahiptir.

Anahtar Sözcükler: Bo¤a spermatozoas›, semen, melatonin, hyaluronidaz

Research Article



between 0.1 and 0.9 ng/ml. It was reported that semen
hyaluronidase activity is an index of fertilizing ability and
its deficiency causes a decrease in fertilizing ability of
sperm in in vitro fertilization (9). It was reported that
melatonin had negative effects on sperm forward
progression and the quality of sperm motility in rats (10).
However, there are no published data about the effects of
melatonin on hyaluronidase activity. The effects of in
vitro melatonin on hyaluronidase activity of semen, sperm
motility and morphological abnormality in bull sperm
were investigated in this study. 

Materials and Methods

Chemicals

Hyaluronic acid was purchased from Merck Co.
Melatonin (M-5250, mol. wt. 232.3) and the other
chemicals were purchased from Sigma Co. (St. Louis, MO,
USA).

Animals and Semen Collection

Semen was obtained from 6 fertile Holstein bulls in
August, aged between 2 and 3 years, housed at the
Research Barn of Veterinary Medicine at the University of
Fırat, Elazı¤. The bulls were maintained on a diet of
mixed grass and alfalfa hay, with fresh water ad libitum.
Semen was collected using an artificial vagina. All samples
were divided into 5 equal parts and 1 of them was used
as a control sample. Semen samples were obtained from
all bulls prior to initiation of treatment and hyaluronidase
activity and sperm characteristics were determined.

Melatonin incubations

Melatonin was dissolved in a small volume (0.04 ml)
of absolute ethanol and diluted with isotonic sodium
citrate solution (3% in distilled water) up to
concentrations of 0.5, 1, 2 and 4 mM. Control sperm
contained only diluted solution of ethanol. Both control
and melatonin solutions were mixed with bull sperm at
the rate of 1:1 and incubated at 37 ºC in an incubator and
then spermatozoa motilities at 5, 10, 15, 20, 30 and 60
min. Hyaluronidase activities of semen were determined
at 30 min.

Sperm Motility Assay

Sperm samples were diluted with isotonic sodium
citrate solution (3%, dissolved in distilled water) at the
rate of 1 to 10. A slide was placed on the phase contrast

microscope stage and allowed to warm to 37 ºC and then
a small droplet of diluted semen was placed on the slide
and percent motility was evaluated visually at a
magnification of x400 (11). Motility estimations were
performed from 5 different fields in each sample. The
mean value averaged from 5 successive estimations was
used as the final motility score. The percentage of
morphologically abnormal sperm was determined from
slides prepared with Indian ink. A total of 300 sperm cells
were counted on each slide under a phase-contrast
microscope at x400 magnification (11).

Hyaluronidase Assay

Hyaluronidase activity of semen samples was
measured using the methods described by Tanyıldızı and
Bozkurt (5) and Joyce et al. (12). The semen samples of
the control and test groups were diluted 1 in 5 with 0.15
mol/l sodium chloride before assay. One milliliter of
diluted samples were added to 0.1 ml of acetate buffer
(0.3 mol/l, containing 0.45 mol/l sodium chloride) and
0.1 ml of hyaluronic acid substrate (4 mg hyaluronic acid
was dissolved in 1 l of water) was added to this mixtures
and then incubated for 24 h at 37 °C in a thermostatically
controlled room. After the reaction mixtures were taken,
60 µl of potassium tetraborate (0.8 mol/l in water, pH
10) was added and the reaction was terminated by
heating block for 5 min. Then the mixtures were cooled
in an ice-water bath before adding 2 ml of p-
dimethylaminobenzaldhyde (Stock DMAB reagent-10%
w/v in 12.5% v/v concentrated hydrochloric acid in glacial
acetic acid: Stock reagent diluted 1 in 10 with glacial
acetic acid before use) and then incubated for 20 min at
37 °C in a water bath. The reaction mixtures were
centrifuged immediately at 1500 x g for 10 min and the
absorbance of the supernatant read at 582 nm using a
spectrophotometer within 30 min. N-acetylglucosamine
was used as a standard and was reacted with p-
dimethylaminobenzaldehyde as describe above.
Hyaluronidase activity was expressed as mean µmol
NAG/min/l. 

Statistical Analyses

Results are expressed as mean ± SEM. Chi-square
analysis was used to determine differences in the sperm
motilities and morphological abnormality between the
control and treatment groups. The non-parametric Mann-
Whitney U-test was applied to determine statistically
significant differences between the control and treatment
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groups. Spearman rank correlation test was used to
establish the relationship between the hyaluronidase
activity of semen and sperm motility. All analyses were
carried out using SPSS 6.0. 

Results

Sperm characteristics were determined prior to the
initiation of treatment. The bull ejaculates had an average
(mean ± SEM) sperm concentration of 1.5 ± 0.1 x 109

spermatozoa/ml; the percentage of abnormal
spermatozoa 5.82 ± 0.15%, volume of 6.7 ± 0.3 ml, and
the percentage of spermatozoa motility 75 ± 1.84% (n =
6). The mean (± SEM) values of sperm pH is 6.8 ± 0.3.

The treatment of semen samples with melatonin at all
doses caused a significant (P < 0.001) increase in the
hyaluronidase activity of the whole semen compared to
control samples in a dose-dependent manner (Figure 1).
After the treatment of semen samples with melatonin at
the concentrations of 0.5, 1, 2 and 4 mM, the
spermatozoa motilities were decreased significantly (P <
0.001) in comparison with the control samples at all time
intervals except the 5 min and then all spermatozoa to be
immobile 60, 30, 20 and 15 min respectively (Figure 2).
No significant correlation was found between

hyaluronidase activity and sperm motility. The mean (±
SEM) percentages of abnormal spermatozoa were not
affected by melatonin treatment. These values were
between 5.65% and 6.03%. 

Discussion

Melatonin has negative effects on the mammalian
reproduction physiology. It was reported that the
anterior pituitary of neonatal rats has a high
concentration of melatonin receptors (13). Melatonin
receptors affect via these receptors to reduce
gonadotropin releasing hormone (GnRH)-induced release
of luteinizing hormone (LH) (14). Melatonin treatment
induced regression of the prostate and atrophy of
secretory cell organelles in the accessory sex organs (15).
The inhibitory effect of melatonin on the prostate may be
mediated through other endocrine system. Melatonin
alters morphology, steriodogenesis or cyclicGMP
production of testicular tissues and leydig cells (16).
Although the inhibitory effects of melatonin on
reproductive physiology are known, its role on sperm
functions is unknown. Melatonin may affect every
subcellular compartment in every cell since it is both
lipophilic and hydrophilic. In this study, the decrease in
sperm motility caused by melatonin may be explained by
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Figure 1. Hyaluronidase activity (Mean ± SEM) of semen samples,
after incubation of melatonin. Significant (P < 0.001)
increases were observed in the hyaluronidase activities when
compared with the control group (n = 6).
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Figure 2. Percentages (Mean ± SEM) of motile spermatozoa of bulls
incubated with melatonin. There were significant (P <
0.001) decreases between the control and treatment
samples (n = 6).



the existence of melatonin receptors on spermatozoa.
However, further studies are required to clarify the
binding sites of melatonin on sperm cells.

Cyclic AMP (cAMP) has been proposed as the
intracellular messenger in mammalian sperm motility
(17). It was reported that melatonin inhibits cAMP
accumulation in the rat epididymal cells (18) and pituitary
cells (19). Additionally, Slanar et al. (20) suggested that
melatonin inhibits the Ca+2 influx by decreasing cAMP
concentration. The results of this study indicate that the
incubation of melatonin reduced sperm motility
significantly (P < 0.001). The inhibition of spermatozoa
motility by melatonin may be explained by the prevention
of Ca+2 influx depending on the inhibition of cAMP in
sperm cells. This conclusion was supported by Bains et al.
(21), who suggested that the elevation of intracellular
Ca+2 concentration causes an increase in sperm motility.
Furthermore, Bornman et al. (22) reported that
melatonin has similar effects as colchicine on
microtubules. Colchicine may affect in vitro sperm
motility, probably by its direct effect on the microtubules
rather than by causing spermatozoal death (23). In this
study, the decrease in sperm motility by melatonin may
be also explained by the impairment of microtubules by
melatonin. Further studies are required to elaborate the
mode of action for the effects of melatonin on
microtubules. 

Hyaluronidase activity, sperm motility and
morphology are important indicators of sperm quality
and these parameters may provide useful information in
the determination of the fertilization potential of animals
(5). It is well known that hyaluronidase enzyme is one of
the acrosomal enzymes and plays an important role in
gamete interaction and fertility in mammals (24).
However, there are no data about the effect of melatonin
on hyaluronidase activity. The findings of this study show
that in vitro melatonin causes significant (P < 0.001)
increases in the semen hyaluronidase activity of bulls in a
dose-dependent manner. The elevation in semen
hyaluronidase activity may indicate that melatonin causes
subtle sperm damage resulting in enzyme leakage,
without causing gross abnormalities. 

In conclusion, the present study indicated that
although in vitro melatonin causes an increase in the
hyaluronidase activity of semen, it decreases spermatozoa
motility in bull semen. The increase in hyaluronidase
activity was independent of the decrease in spermatozoa
motility due to the absence of a relationship between
these parameters. This conclusion was supported by
Tanyıldızı and Bozkurt (5), who suggested that there was
no relationship between hyaluronidase activity and sperm
motility. These results revealed that the presence of
melatonin in bull semen may play an important role in
fertility by affecting spermatozoa motility and
hyaluronidase activity.
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