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Does resveratrol preserve the integrity of the sperm membrane in
goats after thawing?
O resveratrol preserva a integridade da membrana espermática de
caprinos após descongelamento?
Lindomar Sousa Brito1*; Larissa Pires Barbosa2; Alexandre Moraes Pinheiro2; Max
Vitória Resende3; Nariane Gavazza de Lima Costa4; William Morais Machado4;
Ronival Dias Lima de Jesus4; Márcio de Oliveira Ribeiro4; Caline Santana da
França4; Reuber de Carvalho Cardoso1
Highlights:
The resveratrol was effective in maintaining sperm viability up to 0.039 mg mL-1.
The resveratrol in extender could not preserve progressive sperm motility and vigor.
No significant differences were observed between treatments for acrosomal integrity.

Abstract
This study aimed to determine the effects of resveratrol in the trisaminomethane (TRIS)-egg yolk
extender and its optimal inclusion level for goat semen cryopreservation. Five ejaculates of three Anglo
Nubian goats were used, each divided into four 200 µL aliquots for use in four treatments: 0.00 (control),
0.04, 0.08 and 0.12 mg mL-1 resveratrol in the TRIS-egg yolk extender. We evaluated progressive sperm
motility and sperm vigor post-dilution, post-cooling, and post thawing; membrane integrity (HOST);
and acrosomal integrity and performed a slow thermoresistance test (STT). The data were submitted to
a regression analysis at a 5% probability. There was no difference in progressive motility or sperm vigor
in the post-dilution (89.5, 89.0, 88.7 and 88.3, and 4.9, 5.0, 4.9, and 4.9) or post-cooling (81.0, 82.0,
83.0, and 78.3; and 4.3, 4.3, 4.2, and 4.2) experiments (P > 0.05), or in the complementary acrosomal
integrity test (42.0, 47.4, 42.2 and 38.2) (P > 0.05). However, the motility and vigor parameters decreased
linearly in the post-thaw phase, as well as during the 2 hours of incubation on STT (P < 0.05). These
factors increased quadratically when resveratrol was added to HOST, to an optimal level of 0.039 mg
mL-1 resveratrol for a plasma membrane integrity of 52.55% (P < 0.05). The inclusion of resveratrol
was effective in maintaining sperm viability; in particular, it was effective in maintaining plasmatic
membrane integrity during the cryopreservation process up to 0.039 mg mL-1, meaning that it could be
an alternative to conventionally used seminal extenders in goats.
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Resumo
O objetivo deste estudo foi determinar os efeitos e o melhor nível de inclusão de resveratrol em meio
diluidor TRIS gema de ovo para criopreservação de sêmen caprino. Foram utilizados cinco ejaculados
de três bodes da raça Anglo Nubiana. Cada ejaculado foi dividido em quatro alíquotas de 200 µL,
compondo quatro tratamentos: 0,00 (controle); 0,04; 0,08 e 0,12mg mL-1 de resveratrol no diluidor
TRIS gema de ovo. Foram avaliadas a motilidade espermática progressiva e o vigor espermático pósdiluição, pós-resfriamento e pós-descongelamento; integridade de membrana (HOST); integridade
acrossomal e teste de termorresistência lento (TTR). Os dados foram submetidos à análise de regressão
a 5% de probabilidade. Não houve diferença para a motilidade progressiva e o vigor espermático,
respectivamente, na pós-diluição (89,5; 89,0; 88,7 e 88,3) e (4,9; 5,0; 4,9 e 4,9) e pós-resfriamento
(81,0; 82,0; 83,0 e 78,3) e (4,3; 4,3; 4,2 e 4,2) (P < 0,05), assim como para o teste complementar
integridade acrossomal (42,0; 47,4; 42,2 e 38,2) (P > 0,05). No entanto, os parâmetros motilidade e
vigor reduziram linearmente no pós-descongelamento, assim como durante as 2 horas de incubação no
TTR (P < 0,05). Houve efeito quadrático com a inclusão de resveratrol para HOST, apresentando um
nível ótimo de 0,039mg mL-1 de resveratrol para integridade de membrana plasmática de 52,55% (P <
0,05). A inclusão de resveratrol foi eficiente na manutenção da viabilidade espermática; em especial, foi
eficiente na manutenção da integridade da membrana plasmática durante o processo de criopreservação
até o nível de 0,039mg mL-1, podendo ser uma alternativa na composição dos diluidores seminais de
caprinos.
Palavras-chave: Antioxidantes. Espermatozoide. Estresse oxidativo. TRIS gema de ovo.

Introduction
As well as playing a key role in limiting
the spread of sexually transmitted diseases,
cryopreserved semen has become fundamental
to artificial insemination and genetic material
dissemination. However, thermic shock, i.e., the
thawing process, is known to cause damage to sperm
(Bucak et al., 2009). High levels of reactive oxygen
species (ROS), such as hydrogen peroxide (H2O2)
and superoxide radical anion (O2●-), are produced
during the cryopreservation process (Sicherle,
Maia, Bicudo, Rodello, & Gallego, 2011).
Despite the benefits of ROS production in
triggering the biochemical events of capacitation
and acrosome reactions (Peris, Bilodeau, Dufour,
& Bailey, 2007), an imbalance between reactive
species and antioxidant defenses in the cells leads
to oxidative stress, which may be responsible for
the sperm motility reduction, lipid peroxidation
(LPO), and DNA fragmentation observed after
semen thaws (Brito et al., 2017; Santiani et al.,
2014). Although spermatozoa with compromised

DNA integrity are capable of fertilizing oocytes,
the embryos produced could have abnormal growth
(Agarwal & Allamaneni, 2004).
For this reason, researchers have been testing
multiple antioxidant substances such as resveratrol
(3, 5, 4’-trihydroxystilbene), a non-flavonoid
polyphenolic compound mainly found in grapes and
vines, in diluted environments. Some studies have
shown that resveratrol preserves the membrane and
DNA of sperm in some mammals, such as humans
(Garcez, Branco, Lara, Pasqualotto, & Salvador,
2010), goats (Stojanović, Sprinz, & Brede, 2001),
sheep (Sarlós, Molnár, Kókai, Gábor, & Rátky, 2002;
Silva, Cajueiro, Silva, Soares, & Guerra, 2012), and
buffalo (Longobardi et al., 2017). However, Silva et
al. (2012) did not observe significant improvements
in sperm parameters post-thawing in ovine semen
samples treated with resveratrol.
We hypothesized that adding resveratrol to
the seminal extender before cryopreservation
would improve caprine sperm quality through its
antioxidant action. Therefore, our objective was to
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evaluate and compare in vitro the optimal resveratrol
inclusion levels on the extender environment to
preserve the physical and morphological features of
goat semen during cryopreservation.

Material and Methods
Ethics statement
This study was approved by the ethics committee
of the Federal University of Bahia Reconcavo (CEUA
- UFRB) (process number 23007.005461/2014-18).
Animals and study location
The experiment was performed in the city of Cruz
das Almas-BA, located at 12°39’54” S, 39°04’44”
W, and an altitude of 220 m. The region has an
average annual rainfall of 1,224.00 mm and a warm,
humid tropical climate; the average temperature and
relative humidity are 24.5ºC and 80%, respectively,
(classification Köppen). Three Anglo Nubian
breeders were used, between two and three years
old, with an average body condition equal to 3±0.3
(1 to 5 scale), according to the methodology of Cézar
and Sousa (2006). The animals were considered
clinically healthy and reproductively able according
to the andrological examination standards of the
Brazilian Council of Animal Reproduction (Henry,
Neves, & Jobim, 2013). The animals were kept under
a semi-intensive production regimen, with access to
a pasture of Brachiaria decumbens, and their diet
was supplemented with a protein concentrate of 800
g animal-1 (NutrividasTM) daily, mineral salt, and ad
libitum water.

and morphological examination for volume, color,
odor, aspect, mass motility, progressive motility,
vigor, and concentration, according to Henry et al.
(2013) guidelines. Only the samples that met the
minimum recommended standards (sperm motility
≥ 70%, mass motility ≥ 4, vigor ≥ 3, normal sperm
≥ 80%, and major defects ≤ 10%) were referred to
the cryopreservation process (Henry et al., 2013).
After evaluation, each ejaculate was divided into
four 200 µL aliquots and diluted using the TRISegg yolk extender (Resende & Weitze, 1987) for
use in four treatments: 0.00 (control), 0.04, 0.08,
and 0.12 mg mL-1 of resveratrol, respectively,
determined according to the methodology proposed
by Silva et al. (2012). The semen was diluted using
the method of Brito et al. (2017) to show 100-120
million spermatozoa per dose.
Cryopreservation and sperm analysis

Semen collection and processing

The cryopreservation process comprised two
steps. In the first step, referring to the positive
curve, the tubes with liquid semen were put
in aluminum mugs (140 mm high x 60 mm in
diameter), containing 300 mL of water at 32 °C.
The aluminum mugs were placed in a refrigeration
system comprising a thermic box with a capacity
of 11 L (360 mm x 265 mm x 240 mm in length,
width, and height, respectively) filled with 4.5x10-3
m3 of water in ice cube form. This system created a
cooling curve of -0.2 °C min-1, achieving a balance
of 5 °C at 3 hours. The second step referred to the
negative curve. The semen was packaged in straw
(0.25 mL), sealed with non-toxic modeling mass
and subjected to nitrogen vapor during 15 minutes,
followed by immersion in liquid nitrogen and
cryogenic cylinder storage.

Semen collection was performed twice each week
using the artificial vagina method in the presence of a
goat in estrus as a mannequin; five viable ejaculates
were collected for each animal. After collection,
the ejaculates were brought to the lab, packed in
a water bath at 32 °C and submitted to physical

The progressive sperm motility and sperm vigor
of each treatment were analyzed post-dilution, postcooling, and post-thawing under phase-contrast
microscopy (NikonTM E200; obj. 20 and 40x).
The evaluations of plasmatic membrane integrity
(HOST) were performed according to Bittencourt et
3191
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al. (2005). The evaluations of acrosomal integrity
were performed according to Pope, Zhang and
Dresser (1991). A slow thermoresistance test
(STT) was performed according to Henry et al.
(2013). Only the samples that presented progressive
motility greater than or equal to 30% and a sperm
vigor greater than or equal to two post-thawing
were considered for this study.
Statistical analysis
The experimental design used was completely
randomized, with four treatments and fifteen
repetitions. Statistical analysis was performed
using the command PROC GLM in the statistical
program (Statistical Analysis System Institute [SAS
Institute], 2003), and the data were submitted for
regression analysis, adopting the significance level
of 5%. Polynomial contrasts were used to determine
the linear and quadratic effects of the treatments.

Results and Discussion
Including resveratrol in the extender environment
did not affect progressive sperm motility or the
sperm vigor of the post-diluted and post-cooling
semen (P > 0.05) (Table 1). However, there was a
decreasing linear behavior post-thawing (P < 0.05).
(Table 1 and Figures 1a and 1b). The addition of
different concentrations resveratrol to the TRIS-egg
yolk extender failed to protect the progressive sperm
motility and the sperm vigor for all levels tested,
with negative effects quality of goat spermatozoa
post-thawing. These results are consistent with a
previous study that observe significant reduced in
sperm parameters post-thawing in ovine semen
samples treated with different concentrations of
resveratrol (5, 10, 15 e 20 μg mL-1) (Silva et al.,
2012).

Table 1
Sperm progressive motility and vigor at post-dilution, post-cooling and post-thawing semen in extender
supplemented with resveratrol
Item
Motility (%)
Post-dilution
Post-cooling
Post-thawing
Vigor
Post-dilution
Post-cooling
Post-thawing

0

Level of inclusion (mg mL-1)
0.04
0.08

88.3 ± 3.1
78.3 ± 5.2
62.3 ± 9.4

SEMa

Significance
Linb
Quadc

89.5 ± 3.1
81.0 ± 5.7
69.0 ± 6.6

89.0 ± 2.8
82.0 ± 5.6
70.7 ± 7.0

0.77
0.05
1.33

0.260
0.112
0.017

0.898
0.268
0.176

4.9 ± 0.2
4.3 ± 0.5
4.0 ± 0.4

5.0 ± 0.1
4.9 ± 0.2
4.9 ± 0.2
0.13
4.3 ± 0.4
4.2 ± 0.5
4.2 ± 0.5
2.15
4.0 ± 0.3
3.8 ± 0.2
3.7 ± 0.3
0.08
Regression equation
*Ŷ = -60x + 70.767 (R2 = 0.734)
*Ŷ = -1.9744x + 3.983 (R2 = 0.973)

0.433
0.382
0.022

0.725
0.695
0.529

Motility at post-thawing
Vigor at post-thawing

88.7 ± 3.3
80.3 ± 4.0
66.7 ± 10.3

0.12

Average ± Standard Deviation; aStandard error of mean (%); bsignificance for linear effect; csignificance for quadratic effect.
*The data were analyzed by regression at 5% probability.

3192
Semina: Ciências Agrárias, Londrina, v. 41, n. 6, suplemento 2, p. 3189-3198, 2020

Does resveratrol preserve the integrity of the sperm membrane in goats after thawing?

100
90
80
70
60
50
40
30
20
10
0

Sperm vigor (0-5)

Sperm motility (%)

These results corroborate those presented these species was 11.412 mg mL-1. However, a study
by Collodel et al. (2011), who investigated the by Aitken et al. (2016), showed that polyphenols in
resveratrol
human spermatozoa
and miceexcept
germ cells.
They concluded
that progressive
cytotoxicity ofcytotoxicity
resveratrolof in
human inspermatozoa
particular,
resveratrol,
genistein,
and THP
-1
and mice germ
at cleaning
doses below
of resveratrol, which acted as an ROS
agent, 100
but
sperm cells.
motility They
increasedconcluded
with up to 3.0that
mg mL(2,2′,4,4′-tetrahydroxydiphenyl)
-1
progressive sperm
motility
increased
with
up
to
μM,
may
work
as
pro-oxidants
or
alkylating
agents
after 22.824 mg mL , it was totally lethal to sperm cells, so that the DL 50 of these species was 11.412 mg
-1
3.0 mg mL-1 of mL
resveratrol,
as anetROS
in showed
spermatozoa,
therebyindecreasing
their resveratrol,
biological
. However,which
a studyacted
by Aitken
al. (2016),
that polyphenols
particular, except
-1
cleaning agent,genistein,
but after
mg mL , it was competence.
and22.824
THP (2,2′,4,4′-tetrahydroxydiphenyl)
at doses below 100 μM, may work as pro-oxidants or
totally lethal toalkylating
sperm cells,
sospermatozoa,
that the DL
50 of
agents in
thereby
decreasing their biological competence.
Motility at post-thawing

(a)

*Ŷ = - 60x + 70,767
R2 = 0,734
SEM = 1,33
0

5
4,5
4
3,5
3
2,5
2
1,5
1
0,5
0

0,04
0,08
0,12
Levels of inclusion of resveratrol (mg mL-1)
Vigor at post-thawing
(b)

Ŷ = - 1,9744x + 3,9826
R2 = 0,973
SEM = 0,08

0

0,04
0,08
0,12
Levels of inclusion of resveratrol (mg mL-1)

Figure 1.equation
Regression
of semen
in extender
Figure 1. Regression
valuesequation
of semen values
in extender
supplemented
with resveratrol post-thaw: (Figure
supplemented
with1b) sperm
resveratrol
1a) progressive
motility. (Figure
vigor. post-thaw: (Figure 1a)
progressive motility. (Figure 1b) sperm vigor.

Although further studies are necessary, it can be inferred that the concentrations of resveratrol used
in to the TRIS-egg yolk extender this study are still high for the Anglo Nubian goats. However, the values of

Although further
are necessary,
can be
the minimum
limits recommended
Henry
al.
all the studies
characteristics
studied wereitabove
the minimum
limits recommended
by Henry et al.by
(2013)
for et
postinferred that thethawing
concentrations
of
resveratrol
used
(2013)
for
post-thawing
semen,
even
in
the
presence
semen, even in the presence of undesirable resveratrol levels.
in to the TRIS-egg yolkThere
extender
thisdifference
study are
resveratrol
levels.
was no
(P still
> 0.05)ofinundesirable
acrosomal integrity
between
resveratrol treatments of
high for the Anglo Nubian goats. However, the
There was no difference (P > 0.05) in
values of all the characteristics studied were above
acrosomal integrity between resveratrol treatments
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of cryopreserved semen. However, plasmatic antioxidant agents to control superoxide and nitrite
membrane integrity did exhibit a quadratic behavior anions, binding to a peroxide radical and/or OH●- by
cryopreserved
semen. level
However,
plasmatic membrane
did exhibit
a quadratic
behavior
(HOST) that
(HOST) that presented
an optimum
of 0.039
donating integrity
the hydrogen
electron
from
its hydroxyl
cryopreserved semen. However, plasmatic membrane
integrity did exhibit a quadratic behavior (HOST) that
-1
of resveratrol
to a HOST of et
52.55%
(P < 0.05)
(Table 2 and
presented
level52.55%
of 0.039 (P
mg mL
mg mL-1 of resveratrol
to ana optimum
HOST of
groups
(Kasdallah-Grissa
al., 2007).
Resveratrol
presented an optimum level of 0.039 mg mL-1 of resveratrol to a HOST of 52.55% (P < 0.05) (Table 2 and
Figure
2) due 2)
to antioxidant
inclusion. Therefore,
extenders
supplemented
could (LPO)
reduce the
< 0.05) (Table 2 and
Figure
due to antioxidant
presence
can also
reduce with
lipidresveratrol
peroxidation
Figure 2) due to antioxidant inclusion. Therefore, extenders supplemented with resveratrol could reduce the
post-thaw
spermatozoa
damage induced
oxidative
stress, as
the plasmatic
integrityofofROS,
the goat
inclusion. Therefore,
extenders
supplemented
with by since,
besides
acting
directlymembrane
on the control
post-thaw spermatozoa damage induced by oxidative stress, as the plasmatic membrane integrity of the goat
spermatozoa
post-thawing.
Furthermore, theit ROS
mechanismsantioxidant
are related todefense,
the capacity
resveratrol could reduce
the post-thaw
spermatozoa
also detoxification
modulates enzymatic
for of
spermatozoa post-thawing. Furthermore, the ROS detoxification mechanisms are related to the capacity
●- of
by
superoxide and
nitrite anions,
binding
a peroxide of
radical
and/or
damage induced byantioxidant
oxidativeagents
stress,toascontrol
the plasmatic
instance,
to prevent
theto reduction
SOD,
CATOH
and
●antioxidant agents to control superoxide and nitrite anions, binding to a peroxide radical and/or OH by
membrane integrity
of thethe
goat
spermatozoa
activities
et al., 2013;
et
donating
hydrogen
electron postfrom its GPx
hydroxyl
groups (Ourique
(Kasdallah-Grissa
et al., Longobardi
2007). Resveratrol
donating the hydrogen electron from its hydroxyl groups (Kasdallah-Grissa et al., 2007). Resveratrol
thawing. Furthermore,
ROS
detoxification
2017).
presence the
can also
reduce
lipid peroxidational.,
(LPO)
since, besides acting directly on the control of ROS, it
presence
can
also
reduce
lipid
peroxidation
(LPO)
since,
besides acting directly on the control of ROS, it
mechanisms are also
related
to enzymatic
the capacity
modulates
antioxidantof
defense, for instance, to prevent the reduction of SOD, CAT and GPx
also modulates enzymatic antioxidant defense, for instance, to prevent the reduction of SOD, CAT and GPx
activities (Ourique et al., 2013; Longobardi et al., 2017).
activities (Ourique et al., 2013; Longobardi et al., 2017).

Table 2
Table 2
Acrosomal integrity
and2HOST
of goat semen cryopreserved in extender supplemented with resveratrol
Table
Acrosomal
integrity and HOST of goat semen cryopreserved in extender supplemented with

Acrosomal
resveratrol integrity and HOST of goat semen cryopreserved in extender supplemented with
-1
resveratrol
Level
of mL
inclusion
(mg mL-1)
Significance
Level of inclusion
(mg
)
Significance
Item
SEMa SEMa b
Item
Level of inclusion (mg mL-1)
Significance
c
c
a
0.04
0.08
0.12
0
0.040
0.08
0.12
Lin Linbb QuadQuad
Item
SEM
0
0.04
0.08
0.12
Lin
Quadc
Acrosomal
42.0
± 12.3 42.2
47.4±± 14.1
11.7 42.2
± 13.5 3.41
Int. Acrosomal (%)Int. 42.0
± 12.3(%) 47.4
± 11.7
38.2± ±14.1
13.5 38.23.41
0.271 0.271 0.1650.165
Int.
Acrosomal
(%)
42.0
±
12.3
47.4
±
11.7
42.2
±
14.1
38.2
±
13.5
3.41
0.271
0.165
HOST
47.9
± 12.2 45.5
55.9±± 16.1
12.5 45.5
± 12.0 3.33
HOST (%)
47.9(%)
± 12.2 55.9
± 12.5
39.1± ±16.1
12.0 39.13.33
0.020 0.020 0.0410.041
HOST (%)
47.9 ± 12.2 55.9 ± 12.5
45.5
±
16.1
39.1
±
12.0
3.33
0.020
0.041
Regression equation
Regression equation
2
2
Regression
equation
HOST
*Ŷ = -2250x + 177.67x
+ 49.04 (R = 0.831)
2
2
HOST
*Ŷ = -2250x2 + *Ŷ
177.67x
+ 49.04
(R
=+0.831)
b
HOST
= -2250x
177.67x
49.04 for
(R2linear
= 0.831)
Average ± Standard Deviation; aStandard
error
of mean+(%);
significance
effect; csignificance for quadratic
a
b
c
a Standard Deviation; Standard berror of mean (%); significancec for linear effect; significance for quadratic
effect.
Average
±
Average ± Standard Deviation; Standard error of mean (%); significance for linear effect; significance for quadratic effect.
*The
data
were
analyzed
by
regression
at
5%
probability.
effect.
*The data were analyzed by regression at 5% probability.

Plasma
membrane
integrity
(%)
Plasma
membrane
integrity
(%)

*The data were analyzed by regression at 5% probability.

70
70
60
60
50
50
40
40
30
30
20
20
10
10
0
0 0
0

HOST (%)
HOST (%)
Xv (Maximum): 0,039
Xv
0,039
Yv:(Maximum):
52,55
Yv: 52,55

*Ŷ = - 2250x2 + 177,67x + 49,04
*Ŷ = - 2250x2
177,67x + 49,04
R2=+0,8305
2= 0,8305
R
SEM
= 3,33
SEM = 3,33

0,04
0,08
0,04
0,08
Levels of inclusion of resveratrol (mg mL-1)
Levels of inclusion of resveratrol (mg mL-1)

0,12
0,12

FigureFigure
2. Percentage
of spermatozoa
with intact
plasma
in TRIS-egg yolk extender with different
2. Percentage
of spermatozoa
with
intactmembrane
plasma membrane
Figure
2. resveratrol
Percentagepost-thawing.
of
spermatozoa
plasmalevels
membrane
in TRIS-egg yolk extender with different
levels in
of
TRIS-egg
yolk
extender with
withintact
different
of resveratrol
levels of resveratrol post-thawing.

post-thawing.
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It is noteworthy that resveratrol is described as
a potent oxidant that stops ROS formation through
two routes: enzymatic systems and non-enzymatic
systems. Furthermore, (nicotinamide adenine
dinucleotide) NADPH oxidase is especially good at
stopping ROS formation, depending on the NADH
oxidoreductase (Delmas, Jannin, & Latruffe, 2005),
found on the spermatozoa’s plasmatic membrane
and mitochondria (Guerra, Evans, & Maxwell, 2004;
Nickel, Kohlhaas, & Maack, 2014). Additionally,
the polyphenols, being amphipathic molecules, can
be easily incorporated into the lipid bilayer of the
sperm membrane. Consequently, the polyphenols
prevent lipid radicals from forming and maintain
membrane integrity, as well as the ionic balance of
the cells (Garcez et al., 2010; Sarlós et al., 2002), and
this confirms that those antioxidants are efficient at
containing oxidative damage caused by goat semen
cryopreservation.
Moreover, the antioxidant action of resveratrol
appeared to reduce enzyme activities that had a
role in ROS production or increased activity of the
enzyme that metabolizes ROS, such as superoxide
dismutase (SOD) (Carrizzo et al., 2013; Longobardi
et al., 2017). However, resveratrol may behave as
either an antioxidant or a pro-oxidant, since SOD is
responsible for O2●- conversion to H2O2. Therefore,
it is assumed that the latter is directly related to
cytotoxicity through resveratrol accumulation in the
mitochondria (Sassi et al., 2014). This assumption
is based on the fact that CAT and GPx saturation
may lead to excessive H2O2 availability, which, in
turn, generates OH●-, resulting in LPO initiation and
propagation (Schmatz et al., 2012).
Considering the context, it is worth highlighting
the importance of evaluating sperm membrane
integrity, since the injuries to the spermatozoa,
especially thermal shock by oxygen contact during
semen manipulation, osmotic stress, cryoprotectant
toxicity, and the formation and dissolution of crystals
in the extracellular environment damage spermatozoa
irreversibly (Watson, 2000). According to Kao et al.
(2008), one of the most important consequences of

defective spermatozoa is oxidative stress, because
they are ROS-productive cells and can induce LPO
as well as DNA fragmentation of viable cells, which
can contribute to sperm kinetic reduction (Ourique et
al., 2013). In addition, cryopreservation can induce
axonemal and mitochondrial damage, resulting in
a decrease in sperm motility, since the axoneme
present in the middle part of the spermatozoa is
surrounded by dense outer fibers that are covered by
energy precursor organelles responsible for sperm
movement (Memon et al., 2012). Thus, the more
cells without mitochondrial activity, the less ATP is
produced, meaning less energy for sperm motility,
which is one of the main factors contributing to male
fertility (Shamsi et al., 2008). Although resveratrol
was shown to be capable of preserving plasmatic
membrane integrity, possibly by preventing lipid
oxidative damage, it was not effective in preventing
loss of motility and sperm vigor post-thawing. This
behavior may be connected to antioxidant action
by the resveratrol, which is a COX-1 specific
inhibitor, i.e., an enzyme involved in the synthesis
of E-2 series prostaglandins, which are positively
correlated to sperm motility (Kennedy, Korn, &
Thurston, 2003).
After two hours of incubation, viable progressive
sperm motility and sperm vigor showed negative
linear behavior during STT (P < 0.05) (Table 3).
According to Purdy (2006), semen cryopreservation
promotes motility reduction and lethal damage to
spermatozoa. Thus, sperm resistance is reduced,
and, when submitted to STT stress, cellular
behavior is much more evident. Additionally, dead
spermatozoon percentage grows as energy reserves
are depleted so that there is higher ROS production
and, therefore, more peroxidative damage and lower
sperm viability. However, a recent study reported
that this test has no correlation with bovine sperm
fertility (Talini et al., 2019).
In prior study, Xiang et al. (2014) verified
biological activity observed in red wine and
resveratrol in isolation and concluded that
polyphenol groups gave both substances antioxidant
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potential. Moreover, prior work has shown that
the spermatozoa can be protected during freezing
by the resveratrol, because it prevents damage
to the plasma membrane and DNA induced by
spermatozoa cryopreservation in some animals:
goats (Stojanović et al., 2001), sheep (Silva et
al., 2012), and buffalo (Longobardi et al., 2017).

However, it is important to stress that more studies
are required to establish ideal concentrations and
effectively determine the antioxidant potential of
resveratrol since, in this study, it was observed that
this substance yields multiple results, with lower
doses improving cellular survival, and higher doses
spermatozoon death.

Table 3
Sperm progressive motility (%) and vigor of goat semen thawed in extender supplemented with resveratrol and
subjected to the slow thermoresistance test (STT)
Item
Motility (%)
0 min
5 min
30 min
60 min
120 min
Vigor
0 min
5 min
30 min
60 min
120 min

0

Inclusion levels (mg mL-1)
0.04
0.08

69.0 ± 6.6
66.3 ± 7.4
62.0 ± 7.3
59.7 ± 8.5
45.0 ± 13.9

71.7 ± 5.6
69.7 ± 5.8
65.3 ± 4.4
61.7 ± 6.5
50.3 ± 19.2

4.0 ± 0.3
3.8 ± 0.2
3.7 ± 0.4
3.6 ± 0.4
3.1 ± 0.4

4.1 ± 0.3
3.9 ± 0.2
3.8 ± 0.2
3.6 ± 0.4
3.3 ± 0.3

Motility at post-thawing
Vigor at post-thawing

68.0 ± 8.8
65.7 ± 8.8
60.0 ± 7.1
56.0 ± 8.9
40.7 ± 18.5

0.12
64.7 ± 9.2
63.0 ± 10.0
58.0 ± 9.0
51.7 ± 11.0
39.3 ± 17.6

SEMa

Significance
Linb
Quadc

1.95
2.07
1.79
2.25
4.47

0.043

3.9 ± 0.3
3.8 ± 0.4
0.08
3.7 ± 0.2
3.7 ± 0.4
0.07
3.6 ± 0.3
3.5 ± 0.4
0.08
0.005
3.4 ± 0.3
3.2 ± 0.4
0.10
2.8 ± 0.5
2.9 ± 0.7
0.12
Regression equation
*Ŷ = - 52.167x + 62.513 (R2 = 0.570)
*Ŷ = - 2.383x + 3.721 (R2 = 0.730)

0.183

0.441

Average ± Standard Deviation; aStandard error of mean (%); bsignificance for linear effect; csignificance for quadratic effect.
*The data were analyzed by regression at 5% probability.

Conclusion
The resveratrol did not prevent the progressive
losses in sperm motility or sperm vigor postthawing; however, it was efficient in maintaining
the plasma membrane integrity of goat spermatozoa
up to 0.04 mg mL-1, presenting an optimum level
of 0.039 mg mL-1 of resveratrol in the TRIS-egg
yolk extender. Therefore, the results of this study
indicated that the ideal concentration of resveratrol,

to be used in the TRIS-egg yolk diluent for freezing
goat semen, is 0.039 mg mL-1, with no detrimental
effects on post-thaw plasma membrane integrity.
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