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PAPER

Effects of the antioxidant crocin on frozen-thawed buffalo (Bubalus
bubalis) sperm

Valentina Longobardia� , Giovanni della Vallea�, Francesco Iannacconeb , Alfonso Calabriaa, Gabriele
Di Vuoloa#, Sara Damianoa, Roberto Ciarciaa and Bianca Gasparrinia

aDipartimento di Medicina Veterinaria e Produzioni Animali, Federico II University, Napoli, Italy; bDipartimento di Scienze Agro
Ambientali e Territoriali, University of Bari Aldo Moro, Bari, Italy

ABSTRACT
This work aimed to evaluate the effect of crocin on frozen-thawed sperm quality in buffalo.
Spermatozoa were incubated in Tyrode’s Albumin Lactate Pyruvate medium supplemented with
0, 0.5, 1, and 2mM crocin for 2 h. Sperm motility was evaluated by phase-contrast microscopy,
viability and acrosome integrity by Trypan blue Giemsa staining, and membrane functional
integrity by the hypoosmotic swelling test. The DNA fragmentation was evaluated by Tunel and
ROS levels by spectrofluorometric analysis. The treatment with 2mM of crocin increased
(P< .05) sperm membrane functional integrity compared to the control group (59.1 ±1.6 vs
53.3 ±1.5) and reduced sperm DNA fragmentation, compared to the other groups (11.3±1.1,
13.3 ± 1.2, 13.6 ± 1.2 and 6.0 ± 0.7, respectively in 0, 0.5, 1 and 2mM crocin; P< .01). Finally, a
dose-dependent decrease (P< .01) in superoxide anion production in the presence of crocin
was observed, as indicated by Dihydroethidium values (922.6±13.0, 596.8 ±7.4, 498.9 ± 5.3 and
421.4 ±5.0 a.u., respectively in 0, 0.5, 1 and 2mM crocin; P< .01). The results of this study dem-
onstrated a positive effect of 2mM crocin on frozen-thawed buffalo sperm, as indicated by the
improvement of sperm membrane integrity and the reduction of DNA fragmentation and
ROS levels.

HIGHLIGHTS

� Crocin improves buffalo sperm quality.
� Crocin improves sperm membrane integrity and reduces DNA fragmentation.
� Crocin decreases oxidative stress in buffalo sperm.
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Introduction

Presently, the livestock productivity of buffalo deeply
relies on genetic improvement carried out through
the use of advanced reproductive biotechnologies.
The accessibility of genetic material from bulls of high
merit is critical to enhancing breeding selection.
Semen cryopreservation allows the long-term storage
and transport of germplasm and is critical for the dif-
fusion of artificial insemination (AI) and in vitro
embryo production (IVEP). However, the cryopreserva-
tion process impairs sperm cell function, potentially
leading to a reduction in fertility (Bailey et al. 2000).
Sperm sensitivity to cooling is largely attributed to the
lipid composition of the sperm plasma membrane

(Bailey et al. 2000). Differences in fatty acid compos-
ition and sterol levels of the cell membrane have been
associated with the tolerance of sperm cells to cold
shock and cryopreservation (Waterhouse et al. 2006).
The lower cholesterol: phospholipids ratio (Rajoriya
et al. 2014) and the high proportion of polyunsatur-
ated fatty acids in the sperm membrane make buffalo
spermatozoa largely sensitive to oxidative stress dur-
ing the freezing-thawing process (Andrabi 2009). It is
known that the manipulation of sperm cells can result
in excessive production of reactive oxygen species
(ROS), exposing the gametes to significant oxidative
damages (Agarwal and Majzoub 2017). Oxidative stress
promotes toxic lipid peroxides production generally
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associated with decreased sperm cells functions
related to the integrity of plasma membrane, sperm-
oocyte fusion, and DNA integrity (Agarwal and
Majzoub 2017).

Antioxidants have long been utilised in the man-
agement of male subfertility as they can counterbal-
ance the elevated levels of ROS inducing a high state
of oxidative stress. More specifically, natural antioxi-
dants have been included in the semen extender to
effectively prevent cryopreservation-induced oxidative
stress in several species, including buffalo (Longobardi
et al. 2017a, 2017b; Del Prete et al. 2019). However,
thawing and washing of cryopreserved sperm during
in vitro fertilisation (IVF) results in the removal of sem-
inal antioxidants (Agarwal et al. 2006) and increased
ROS production, influencing sperm DNA fragmentation
and fertilising ability (Sim~oes et al. 2013). Therefore,
antioxidants can be used to protect frozen-thawed
sperm from thawing-induced oxidative stress, to
improve in vitro fertilising ability (Chi et al. 2008;
Gualtieri et al. 2014; Sapanidou et al. 2015).

Saffron (Crocus sativus L.) and its active constituents
have a wide range of activities including antioxidant,
anti-cancer, anticonvulsant, anti-inflammatory, and
anti-atherosclerotic properties (Nam et al. 2010).
Crocin, a water-soluble carotenoid pigment of saffron,
can scavenge free radicals and protect membranes
from oxidative stress (Singla and Giliyaru 2011). In the
ram, crocin addition to the semen extender, prior
cryopreservation decreased sperm DNA fragmentation,
without improving other fertility parameters (Mata-
Campuzano et al. 2015). Moreover, treating frozen-
thawed sperm with crocin enhanced sperm quality
parameters by preventing oxidative stress and DNA
fragmentation in deer and cattle (Dom�ınguez-
Rebolledo et al. 2010; Sapanidou et al. 2015). It was
also demonstrated that supplementation of the
in vitro fertilisation medium by crocin significantly
increased the blastocysts yields (Sapanidou et al.
2015). A thorough search of the relevant literature
yielded no related article on the impact of crocin on
cryopreserved buffalo sperm. Therefore, this work
aimed to evaluate whether incubation of frozen-
thawed sperm with crocin would improve the post-
thaw sperm quality in buffalo, by preventing the
uncontrolled overproduction of ROS related to thaw-
ing and centrifugation procedures. In particular, sperm
motility, viability, acrosome and membrane integrity,
as well as DNA fragmentation and intracellular ROS
levels were evaluated.

Materials and methods

Unless otherwise stated, reagents were purchased
from Sigma-Aldrich-Merck (Milano, Italy). The RNA-free
DNase and RNAse A were obtained from Roche
Diagnostics Corporation (Indianapolis, IN, USA). The
experiments were performed on frozen-thawed sperm
routinely produced in the Semen Collection Centre
and did not require the approval of the eth-
ics committee.

Experimental design

Four healthy Italian Mediterranean Buffalo (Bubalus
bubalis) bulls (4–6 years) maintained at an authorised
National Semen Collection Centre (Centro Tori
Chiacchierini, Civitella D’Arna, Italy; authorisation num-
bers: PG0001C for Italy and IT014 for Europe) under
uniform management conditions, routinely used for
semen collection twice per week, were selected for
the trial. Ejaculates (eight/bull; n¼ 32) were collected
using an artificial vagina pre-warmed to 42 �C and
only the ejaculates with �70% motility were utilised.
The collection and freezing of semen were performed
under commercial conditions as previously described
(Longobardi et al. 2017a). Frozen-thawed buffalo
sperm were selected by BoviPure gradients (according
to the manufacturer’s instructions, Nidacon, Sweden)
and incubated in a Tyrode’s albumin lactate pyruvate
(TALP) medium supplemented with 0.1mM hypotaur-
ine, 0.2mM penicillamine, and 0.01mM heparin (IVF
medium) for 2 h at 38.7 �C with 0 (control, without cro-
cin), 0.5, 1 and 2mM of crocin in a controlled gas
atmosphere of 5.5% CO2 in humidified air.
Immediately after thawing and after 2 h incubation
sperm motility, viability, acrosome and membrane
integrity, as well as DNA fragmentation were eval-
uated. Finally, ROS levels were estimated in all groups
after 2 h incubation.

Assessment of sperm motility

Total sperm motility was assessed by an experienced
laboratory technician under positive phase-contrast
microscopy (magnification: X 40; Nikon E200) on a
clean and dry glass slide overlaid with a coverslip and
maintained on a thermo-regulated stage at 37 �C.
Based on the mass activity, semen motility was eval-
uated as previously described by Vale (1997) in buf-
falo, with slight modifications, i.e. graded into scores
from 1 to 10 (Longobardi, 2015).
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Assessment of sperm viability and acrosome
integrity by Trypan Blue/Giemsa technique

Sperm viability and acrosome integrity were assessed
by Trypan Blue/Giemsa technique as reported by
Boccia et al. (2007) with slight modifications. Briefly,
on a clean slide, 5 lL of semen and 5 lL 0.27% Trypan
blue were spread, fixed in paraformaldehyde solution
2% in PBS for 2min and stained with 7.5% Giemsa
overnight. Sperm cells were microscopically evaluated
(magnification: X 40; Nikon E200) and differentiated as
acrosome intact live (AIL), acrosome intact dead (AID),
acrosome-lost live (ALL), and acrosome-lost dead
(ALD). Only spermatozoa displaying both head and tail
viable (pink colored) were recorded as live, while
those with either the head or the tail unviable (black-
dark violet-colored) were recorded as dead. A total of
200 spermatozoa were analysed per slide (2
slides/sample).

Assessment of sperm membrane
functional integrity

Sperm membrane functional integrity was assessed by
the hypoosmotic swelling (HOS) test, as previously
described (Correa and Zavos 1994). Fifty lL of semen
were mixed with 500 lL of a hypo-osmotic solution
(0.73 g sodium citrate and 1.35 g fructose in 100mL of
distilled water, 150 mOsm) and incubated at 37 �C for
45min. A drop of diluted semen was placed on a
clean slide and covered with a coverslip. A total of
200 spermatozoa per slide (2 slides/sample). Were
counted in different fields (magnification: X 100) under
phase-contrast microscope (Nikon E200) and the per-
centage of spermatozoa positive to HOS test (having
coiled tails), i.e. those with intact membrane,
was determined.

Evaluation of DNA fragmentation by Tunel assay

The sperm DNA fragmentation was determined by
Tunel assay using a commercially available kit (In Situ
Cell Death Detection Kit, fluorescein, Roche,
Indianapolis, IN, USA) as previously described
(Longobardi et al. 2020). A total of 200 spermatozoa
per slide (2 slides/sample) were analysed in each sam-
ple by using a fluorescent microscope (Eclipse E-600;
Nikon, Japan).

Evaluation of intracellular ROS levels

ROS levels were determined by spectrofluorometric
analysis evaluating Dihydroethidium (DHE) fluores-
cence spectra post-incubation, as previously described
(Longobardi et al. 2017b). Cell permeant reagent DHE
is a fluorogenic dye that exhibits blue-fluorescence in
the cytosol until oxidised, where it intercalates within
the cell’s DNA, staining its nucleus a bright fluorescent
red. After 2 h incubation, the absorbance of 0 (control),
0.5, 1, and 2mM crocin samples was monitored at
570 nm, using a plate reader (GloMaxVR -Multi Detection
System-Promega, Milano). ROS levels were evaluated
as arbitrary units of fluorescent signals. The fluores-
cence spectra were recorded in triplicate for
five replicates.

Statistical analysis

Differences in sperm motility, viability, acrosome and
membrane integrity, DNA fragmentation, and ROS pro-
duction among groups were analysed by ANOVA, with
the Tukey test used for post-hoc comparisons. Based
on the skewness and kurtosis statistics, the variables
were judged to be normally distributed (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp). A value of
P< .05 was considered statistically significant.

Results

The analysis of sperm quality parameters at thawing
was carried out to assess the quality of semen at the
beginning of the trial. The parameters recorded for
sperm motility, AIL, ALL, membrane integrity, as well
as the DNA fragmentation, showed a good semen
quality (on average 70± 0.2; 89.2 ± 1.0; 2.13 ± 1.0,
60.6 ± 1.8; 14.8 ± 1.7, respectively).

Concerning post-incubation groups, sperm motility,
viability, acrosome, and functional membrane integrity
are shown in Table 1. In particular, sperm motility
increased (P< .01) with 1mM crocin compared to the

Table 1. Percentages of sperm motility, acrosome intact live
(AIL), acrosome-lost live (ALL), and functional membrane
integrity (HOSþ) of buffalo frozen-thawed sperm after 2 h
incubation with different crocin concentrations.
Crocin Motility AIL ALL HOSþ
0mM 63.1 ± 0.2A 78.4 ± 1.8 16.6 ± 1.7 53.3 ± 1.5a

0.5mM 68.1 ± 0.2AB 78.2 ± 1.9 17.3 ± 1.8 52.9 ± 2.3a

1mM 71.3 ± 0.5B 79.2 ± 2.1 17.4 ± 1.7 56.3 ± 2.1ab

2mM 57.5 ± 0.3A 79.8 ± 2.0 16.3 ± 1.7 59.1 ± 1.6b

Data are expressed as mean values ± SEM.
A,B,CValues within columns with different superscripts indicate statistical
differences; P< .01
a,bValues within columns with different superscripts indicate statistical dif-
ferences; P< .05
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control group. However, no differences were found
among groups in sperm viability and acrosome integ-
rity, which remained very high after 2 h of incubation
in all groups (Table 1). Interestingly, the treatment of
semen with the highest concentration (2mM) of crocin
increased (P< .05) the percentage of spermatozoa
with intact membrane compared to the control group,
while intermediate values were observed with 0.5 and
1mM crocin (Table 1).

In addition, the incubation of semen with 2mM
crocin resulted in a reduction (P< .01) of the percent-
age of spermatozoa with DNA fragmentation, com-
pared to the control and the other groups (Figure 1).
Finally, a dose-dependent decrease (P< .01) in super-
oxide anion production in the presence of crocin was
observed, as indicated by DHE values (Figure 2).

Discussion

This work hypothesized that incubation of frozen-
thawed buffalo sperm with the antioxidant crocin
would improve sperm quality parameters by protect-
ing sperm cells from thawing-induced oxidative dam-
ages. The rational was based on the high sensitivity of
buffalo sperm to oxidative damages during freezing-
thawing, due to the high concentration of long-chain
polyunsaturated fatty acids in the sperm membrane
(Rajoriya et al. 2014; Longobardi et al. 2017a). Recent
findings have shown that crocin, under in vitro condi-
tions, improved sperm quality parameters by prevent-
ing DNA fragmentation in bovine and deer sperm
(Dom�ınguez-Rebolledo et al. 2010; Sapanidou et al.
2015). To the best of our knowledge, this is the first
report that investigated the effect of crocin on buffalo
frozen-thawed sperm. The results of this study demon-
strated that the exposure of frozen-thawed buffalo
sperm to 2mM crocin improves sperm quality, as

indicated by increased membrane integrity, reduced
DNA fragmentation and intracellular ROS levels, con-
firming the hypothesis.

To evaluate the effects of crocin on sperm quality a
dose-response trial was carried out, showing that the
most effective concentration was the higher tested
(2mM). However, an improvement of post-thawing
sperm motility was recorded with 1mM concentration,
in agreement with a previous study in cattle
(Sapanidou et al. 2015). Similarly, in other studies, the
positive effect of carotenoids on sperm quality param-
eters, such as motility and viability, has been reported
in humans, mice, and rabbits (Abdullaev Jafarova et al.
2002; Tsantarliotou et al. 2013; Mardani et al. 2014). In
our study, however, no change in viability was
observed under the different experimental conditions;
this parameter remained particularly high after the
incubation time, indicating the good quality of the
starting semen material.

The most interesting results of this study concern
sperm membrane integrity and DNA fragmentation
rate. The assessment of structural and functional integ-
rity of plasma membrane is useful for predicting
sperm fertilising ability (Brito et al. 2003), as the sperm
plasma membrane is the primary site of injury in cryo-
preserved spermatozoa (Hammerstedt et al. 1990). In
the present study, sperm membrane integrity signifi-
cantly improved compared to the control when sperm
were incubated with 2mM crocin. This result is in
agreement with a recent study, in which crocin was
effective to protect the integrity of the bovine sperm
membrane, although at a lower concentration
(Sapanidou et al. 2015). The differences in dose-
response between the two studies are probably due
to species-specific features.

In our work crocin, at the highest concentration
tested, also significantly reduced DNA fragmentation
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compared to the control and the other groups. Similar
results have been reported in the previously men-
tioned study on bovine spermatozoa, in which DNA
fragmentation was reduced after 2 h incubation with 1
and 2mM crocin (Sapanidou et al. 2015). A reduction
in the DNA fragmentation index was also observed in
goat and ram frozen-thawed sperm (Mata-Campuzano
et al. 2015; Longobardi et al. 2020). These results are
relevant because of the adverse effect of sperm DNA
damage on the outcomes of in vitro fertilisation
(Sim~oes et al. 2013). Oxidative stress is the major
cause of DNA fragmentation in spermatozoa (Twigg
et al. 1998), as confirmed by the positive correlation
existing between ROS production and DNA fragmenta-
tion (Sim~oes et al. 2013). Furthermore, it is known that
freezing and thawing procedures result in excessive
ROS production, a major factor impairing sperm func-
tion (Senger 1980; Rastegarnia et al. 2013).
Accordingly, in addition to increased membrane integ-
rity and reduced DNA fragmentation, treatment of fro-
zen-thawed buffalo sperm with 2mM crocin was
effective at counteracting the thawing-induced oxida-
tive stress, as shown by decreased levels of superoxide
anion. Likewise, a drop in ROS levels were also
detected in bovine and goat sperm treated with cro-
cin (Sapanidou et al. 2015; Longobardi et al. 2020). In
contrast, in the red deer crocin failed to decrease ROS
production in sperm, while it was effective on sperm
cells exposed to exogenous oxidative stress
(Dom�ınguez-Rebolledo et al. 2010). It is worth pointing
out that in the present study crocin decreased ROS
production in a dose-dependent manner, while the
effect on DNA fragmentation, as well as on membrane
integrity, was only recorded at the highest concentra-
tion. This may suggest that a reduction of superoxide
anion levels under a certain threshold is necessary to
observe beneficial effects on chromatin and mem-
brane integrity, the main targets of ROS attack
(Agarwal et al. 2006; Sim~oes et al. 2013).

It is known that antioxidants can be used to coun-
teract the adverse impact of high ROS concentrations
to improve semen parameters. In previous studies, it
was demonstrated that the addition of natural antioxi-
dants to the extender prior to freezing improved buf-
falo sperm quality (Longobardi et al. 2017a, 2017b).
However, to enhance in vitro fertilising capacity of
buffalo frozen sperm for Assisted Reproductive
Technologies, a more valid strategy is to use antioxi-
dants after thawing, to prevent excessive ROS produc-
tion due to this procedure, as washing results in the
removal of additives, including antioxidants, from the
extender (Tsantarliotou and Sapanidou 2018). Crocin, a

carotenoid constituent of saffron, is a forceful scaven-
ger of free radicals, especially superoxide anions, and
induces glutathione synthesis, protecting the cell from
oxidative damages (Mokhber Maleki et al. 2016).
Therefore, the beneficial effects of crocin on buffalo
thawed sperm quality parameters, such as membrane
integrity and DNA fragmentation, may be related to
its ability to modulate the redox balance and counter-
act the overproduction of intracellular ROS.

Conclusions

In conclusion, the results of this study demonstrated a
positive effect of crocin on frozen-thawed buffalo
sperm. The dose-response trial showed that the opti-
mal concentration of crocin is the highest tested, i.e.
2mM, as indicated by the improvement of sperm
membrane integrity and the reduction of DNA frag-
mentation rate. In addition, treatment with crocin
resulted in a dose-dependent decrease of superoxide
anion production. However, an increase in motility
was recorded after incubating spermatozoa with 1mM
of crocin. These preliminary data suggest deepening
the molecular mechanism of action of crocin and its
potential dose-dependent effect on the procedure of
in vitro fertilisation and subsequent embryonic
development.
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