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Abstract
The aim of this study was to evaluate the effect of green tea extract (GTE) on the spermatic parameters of
Wistar rats, submitted or not to testicular heat shock (HS). For this, 48 animals were treated according to
the experimental groups (G1: not exposed to HS and untreated; G2: exposed to HS and untreated; G3: not
exposed to HS and treated with GTE; G4: exposed to HS and treated with GTE). Subgroups of rats were
euthanized on days 15, 30, and 60 to recover the spermatozoa. The total motility (TM), vigor, spermatic
morphology and concentration, mitochondrial membrane potential, plasma membrane integrity, and
acrosome integrity (ACi) were analyzed. The TM was higher in G1 and G3 than in G2 and G4 on day 30,
and higher in G4 on day 60. The overall means of TM and vigor were higher in G1 and G3 than in
G2 and G4, as well as TM on day 60. For the morphology, G2 and G4 were lower than G1 and G3 on day
15, and G4 was lower than G1 and G3 on day 30. Moreover, in G1 and G3 morphology was higher on days
15 and 30, and in G4 it was lower on day 30, with the overall means being higher in G1 and G3 than in
G2 and G4, as well as on days 15 and 60 compared to day 30. The overall mean of ACi, on day 30, was
lower than on days 15 and 60 for all the groups. Therefore, HS is shown to be widely deleterious to the
gametes, and the daily administration of 100 mg/kg green tea extract does not improve the spermatic
parameters of Wistar rats, submitted or not to testicular HS, although it leads to better recovery of
spermatic motility and morphology at 60 days.
Keywords: catechins, heat, spermatozoa.

Introduction
Thermal stress affects humans and all other animal species (Nóbrega et al., 2011;
Santos et al., 2015), since it can generate alterations in physiological and behavioral
parameters, including the reproductive potential of males (Gabaldi and Wolf, 2002; Cruz et al.,
2011). Testicular temperatures below or above the appropriate temperature are harmful to
gonadal functions, meaning thermoregulation mechanisms are crucial to avoid these
situations (Durairajanayagam et al., 2015).
Exposure of the testicles to heat may trigger significant alterations in semen quality
(Abshenas et al., 2011; Hamilton et al., 2016) and a reduction in gonadal weight and volume.
Recovery is dependent on the specific conditions to which the animal was subjected (Setchell,
1998). This is because germ cells, present in male gonads, are sensitive to thermal variations
and may even deteriorate when exposed to body temperature (Absalan et al., 2008).
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Similarly, Sertoli cells suffer from the action of heat and, because of their responsibility for
nourishing and developing germ cells, seminal quality and sperm viability are further impaired
by the increase in temperature (Garcia, 2006), culminating in spermatogenesis impairment
(Moreira et al., 2001). The epididymis is also a target of the deleterious effects of heat shock
(Moreira et al., 2001), evidenced by sperm damage (Banks et al., 2005; Hamilton et al., 2016).
Some important causes of testicular hyperthermia are varicoceles, cryptorchidism, body
posture or position, clothing, obesity, lifestyle, occupation, fever episodes, and ambient
seasonal temperature changes (Durairajanayagam et al., 2015). During thermal stress, even for
a short time, reactive oxygen species (ROS) are produced in greater quantity, resulting in
oxidative damage to germ cells (Ishii et al., 2005). To control excessive ROS production and
restore the state of balance, a powerful antioxidant system is required (Vasconcelos et al.,
2007). In this context, natural antioxidants have been highlighted for maintaining the integrity
of the sperm and fertility (Zanchi et al., 2015).
Phenolic compounds stand out for their high antioxidant power, which is due to their
chemical structure, rich in hydroxyls and aromatic rings (Cerqueira et al., 2007). Among these
compounds, flavonoids are antioxidants from natural sources found in leaves, fruits, and seeds
(Angelo and Jorge, 2007), with high potential to sequester free radicals, chelate metals, and
inhibit lipoperoxidation (Schmitz et al., 2005; Barreiros et al., 2006).
The Camellia sinensis plant, from which green tea is produced, is rich in flavonoid
polyphenols and catechins (Schmitz et al., 2005). Epigallocatechin gallate (EGCG) is the main
polyphenol in green tea (Tachibana et al., 2004), demonstrating rapid absorption and
distribution throughout the body, as well as a long half-life, which is reduced when the
substance is isolated (Schmitz et al., 2005).
Based on the above, the current study aimed to evaluate the effects of green tea extract on
the spermatic parameters of Wistar rats submitted or not to testicular heat shock.

Material and methods
The study was carried out in the Physiology, Pathology, and Andrology laboratories of the
Federal Rural University of Pernambuco (UFRPE - Brazil). The experimental protocol was
approved by the Ethics Committee for Animal Experimentation of UFRPE, under process
number CEUA/UFRPE 059/2015.
A total of 48 adult Wistar rats (Rattus norvegicus, var. Albinus), from the bioterium of the
Department of Animal Morphology and Physiology (DMFA/UFRPE), were kept in an
environment with a temperature of 23±1 °C, 50% humidity, and light-dark cycle of 12 h. Water
and rodent feed were offered ad libitum during the experimental period. At 120 days of age,
the animals were divided by random probabilistic sampling into four experimental groups,
each with 12 subjects (G1: not exposed to heat shock and untreated; G2: exposed to heat shock
and untreated; G3: not exposed to heat shock and treated with 100 mg/kg of green tea extract;
G4: exposed to heat shock and treated with 100 mg/kg of green tea extract).
The green tea extract (China-Hong Kong/Pharma Nostra® São Paulo, Brazil) was weighed
and diluted in distilled water (200 mg/mL), so that each animal in the G3 and G4 groups
received 100 mg/kg of the aqueous solution daily, based on 50 mg/kg of epigallocatechin
gallate present in the extract used (Ding et al., 2015). On day 0, the animals of the G2 and G4
groups were anesthetized intraperitoneally with 80 mg/kg of 10% Ketamine Hydrochloride
(Syntec/São Paulo, Brazil) and 6mg/kg of 2% Xylazine hydrochloride (Syntec/São Paulo, Brazil),
and placed in a support for immersion of their testicles in water at 43 °C for 15 min
(Queiroz et al., 2013). On the same day, after recovery from anesthesia, the administration of
aqueous solution of green tea extract or distilled water was initiated, according to the
experimental group, once a day, by oral gavage.
The treatment continued for 60 days, during which the animals were weighed daily on a
digital scale (Tomato®/China) for correction of the administered dose of the extract.
Subgroups of animals (n=04 per group) were euthanized, according to Queiroz et al. (2013),
with intraperitoneal administration of an overdose of the anesthetic Thiopental
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Sodium 0.5 g, 50 mg/kg (Tiopentax® Cristália/São Paulo, Brazil), 15, 30, and 60 days after the
beginning of the experiment. All the right epididymides were removed and rigorously washed
in Tris buffer solution [3.605 g Tris Hydroxyamyl aminomethane (Invitrogen), 2.024 g citric acid
(Sigma Aldrich®), 1.488 g fructose (Sigma Aldrich®), and distilled water to 100 mL solution;
pH 6.8]. In the same solution (1 mL), spermatozoa were recovered by the flotation technique
(Lima, 2013), with the aid of tweezers and a scalpel.
The recovered gametes were evaluated for total motility (TM) and vigor, morphology and
concentration, mitochondrial membrane potential (MMP), plasma membrane integrity (PMi),
and acrosome integrity (ACi). The TM and sperm vigor were determined through subjective
evaluation under an optical microscope (Leica DM500; 100X), depositing an aliquot (10 μL) of
the recovered sperm sample on a previously heated slide under a coverslip (37 °C). Sperm
motility was rated from 0 to 100% and vigor from 0 to 5 (CBRA, 2013).
The evaluation of spermatic morphology was performed using the moist chamber
technique (CBRA, 2013). For this purpose, aliquots of semen were diluted in saline formalin
solution at a ratio of 1:100 and 200 cells analyzed under a phase contrast microscope
(Olympus), with an increase of 1000X. The same semen samples diluted in formalin were used
to determine the sperm concentration by the Neubauer chamber method, under a phase
contrast microscope (Olympus), with an increase of 400X (CBRA, 2013).
For analysis of plasma membrane integrity (PMi), dual-staining was used with
carboxyfluorescein diacetate (CFD, Sigma Aldrich® ) and propidium iodide (PI;Sigma
Aldrich® ), according to Silva et al. (2012). On a slide covered with a coverslip, a total of
200 cells were analyzed under an epifluorescence microscope (Carl Zeiss, Germany, 400X),
using a DBP 580-630 nm emission filter and DBP 485/20 nm excitation filter. The gametes
were classified as presenting an intact plasma membrane, when stained in green, or
injured, when stained in red.
The mitochondrial membrane potential (MMP) was determined using the fluorochrome JC-1
(Molecular probes by Life Technologies), according to Silva et al. (2012). Under a slide and cover
slip, 200 spermatozoa were analyzed in an epifluorescence microscope (Carl Zeiss, Germany,
400X), using a BP 450-490 nm excitation filter and LP 515 nm emission filter. The cells were
classified as presenting high or low MMP when the intermediate piece fluoresced in orange or
green, respectively.
Acrosome integrity (ACi) was assessed using the fluorescein isothiocyanate probe
conjugated with peanut agglutinin (FITC-PNA; Sigma Aldrich®) (Silva et al., 2012). From each
slide, 200 spermatozoa were analyzed, with a 515-nm LP emission filter and 450-490-nm BP
excitation filter, under an epifluorescence microscope (Carl Zeiss; Germany, 1000X). These
were classified as presenting intact acrosome when the acrosomal region fluoresced in green,
and reacted acrosome when it did not fluoresce.
The data were analyzed according to ProcMixed for mixed models (SAS, 1999), with collection
days as repeated measurements over time (15, 30, and 60 days). First, the data were analyzed in
relation to the presence of normality of the residues (Shapiro-Wilk). Logarithmic or square root
transformations (x+1) were necessary when the normality premise was not met. All variables with
percentage responses were submitted to transformation by arcosene of X (%). The statistical
model includes fixed treatment effect (T), days (D), and interactions (TxD). The comparison of
means was performed by the Student-Newman-Keuls test at the 5% probability level.

Results
It was observed that the percentage of mobile spermatozoa (Table 1) was higher (P<0.05)
in the G1 and G3 groups than in the G2 and G4, at 30 days. In addition, on day 60, the G4
presented superior motility (P<0.05) compared to days 15 and 30. Similarly, the general means
were higher (P<0.05) in the G1 and G3 groups than in the G2 and G4, as well as being higher
on day 60 (P<0.05) compared to 15 and 30 days.
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Table 1. Mean and standard deviations of spermatic motility (%) of Wistar rats submitted or not to
testicular heat shock and treated or not with 100 mg/kg of green tea extract at different times.
Days
GROUP

D15

D30

D60

Overall mean

G1

63.75±17.02aA

86.25±4.79aA

80.00±20.41aA

76.67A

G2
G3
G4
Overall mean

50.00±40.93aA
61.25±20.16aA
20.00±13.54bA
45.69b

28.33±18.93aB
82.50±8.66aA
8.67±7.09bB
49.13b

67.50±20.21aA
60.00±7.07aA
67.50±18.48aA
68.75a

42.17B
67.92A
31.33B

Different lowercase letters on the lines and different capital letters in the columns show significant differences (P<0.05)
between the times and groups, respectively. G1: not stressed and untreated; G2: stressed and untreated; G3: not
stressed and treated; G4: stressed and treated.

The spermatic vigor (Table 2) demonstrated higher overall means (P<0.05) in the G1 and G3
groups compared to the G2 and G4. The percentage of morphologically normal cells (Table 3)
was higher (P<0.05) in the G1 and G3 groups than in the G2 and G4 on day 15, whereas on
day 30, the percentage was lower in the G4 (P<0.05) than in the G1 and G3. In addition, this
parameter was higher (P<0.05) in the G1 and G3 on days 15 and 30 than on day 60, and in G4
it was lower (P<0.05) on day 30 than on days 15 and 60. In the same way, the G1 and G3 groups
presented higher overall means (P<0.05) than the G2 and G4, with the latter being lower
(P<0.05) than the G2. Moreover, at 30 days the overall mean was lower (P<0.05) than at 15 and
60 days.
Table 2. Mean and standard deviations of the spermatic vigor (0-5) of Wistar rats submitted or not to
testicular heat shock and treated or not with 100 mg/kg of green tea extract at different times.
GROUP
G1
G2
G3
G4
Overall mean

D15
3.00±0.00Aa
2.13±1.44Aa
3.00±0.82Aa
2.50±0.58Aa
2.66a

Days
D30
3.00±0.91Aa
1.50±1.00Aa
3.13±0.48Aa
1.25±0.96Aa
2.22a

D60
2.75±0.50Aa
2.75±0.50Aa
3.00±0.82Aa
2.63±0.48Aa
2.78a

Overall mean
2.92A
2.13B
3.04A
2.13B

Different capital letters in the columns show significant differences (P<0.05) between the groups. G1: not stressed and
untreated; G2: stressed and untreated; G3: not stressed and treated; G4: stressed and treated.

Table 3. Mean and standard deviations of morphologically normal spermatozoids (%) of Wistar rats
submitted or not to testicular heat shock and treated or not with 100 mg/kg of green tea extract at
different times.
GROUP
G1
G2
G3
G4
Overall mean

D15
91.50±4.88aA
52.53±26.67aB
88.88±3.86aA
51.88±13.55aB
71.19a

Days
D30
85.99±8.05aA
35.42±27.70aAB
88.88±5.94aA
8.22±7.09bB
54.63b

D60
67.78±3.54bA
67.29±2.68aA
72.95±8.18bA
55.91±16.88aA
65.98a

Overall mean
81.76A
51.75B
83.57A
38.67C

Different lowercase letters on the lines and different capital letters in the columns show significant differences (P<0.05)
between the times and groups, respectively. G1: not stressed and untreated; G2: stressed and untreated; G3: not
stressed and treated; G4: stressed and treated.

For the spermatic concentration (Table 4), it was found that the overall means were higher
(P<0.05) in the G1 and G3 groups than in the G2 and G4, and that on day 15 the number of cells
was higher than on days 30 and 60, independent of the experimental group. Regarding the
acrosome integrity (Table 5), the overall mean on day 30 was lower (P<0.05) than on
days 15 and 60. No statistical differences (P>0.05) were observed for plasma membrane
integrity (Table 6) or mitochondrial membrane potential (Table 7).

Anim Reprod. 2020;17(2):e20190049

4/10

Effect of green tea on spermatic parameters

Table 4. Mean and standard deviations of the spermatic concentration (106 spz/mL) of Wistar rats
submitted or not to testicular heat shock and treated or not with 100 mg/kg of green tea extract at
different times.
GROUP
G1
G2
G3
G4
Overall mean

D15
26.31±1.91Aa
13.88±5.78Aa
17.31±7.26Aa
13.75±5.42Aa
17.81a

Days
D30
11.19±7.14Aa
1.58±0.29Aa
15.13±10.22Aa
2.94±2.41Aa
8.28b

D60
6.81±3.70Aa
2.88±0.66Aa
4.88±3.23Aa
3.19±1.81Aa
4.44b

Overall mean
14.77A
6.88B
12.44A
6.63B

Different lowercase letters on the lines and different capital letters in the columns show significant differences (P<0.05)
between the times and groups, respectively. G1: not stressed and untreated; G2: stressed and untreated; G3: not
stressed and treated; G4: stressed and treated.

Table 5. Mean and standard deviation of spermatozoid acrosome integrity (%) of Wistar rats submitted
or not to testicular heat shock and treated or not with 100 mg/kg of green tea extract at different times.
GROUP
G1
G2
G3
G4
Overall mean

D15
21.25±6.69Aa
12.88±5.06Aa
12.88±5.57Aa
21.00±18.40Aa
17.00a

Days
D30
10.25±4.84Aa
12.38±4.59Aa
16.38±10.43Aa
5.13±4.33Aa
11.03b

D60
37.00±19.27Aa
18.25±7.50Aa
37.50±23.16Aa
14.63±10.49Aa
26.84a

Overall mean
22.83A
14.50A
22.25A
13.58A

Different lowercase letters on the lines show significant differences (P<0.05) between the times. G1: not stressed and
untreated; G2: stressed and untreated; G3: not stressed and treated; G4: stressed and treated.

Table 6. Mean and standard deviations of plasma membrane integrity of spermatozoids (%) of Wistar rats
submitted or not to testicular heat shock and treated or not with 100 mg/kg of green tea extract at
different times.
GROUP
G1
G2
G3
G4
Overall mean

D15
3.67±2.75Aa
4.00±3.50Aa
15.45±14.35Aa
5.00±4.95Aa
6.55a

Days
D30
4.83±2.36Aa
5.83±6.66Aa
4.88±2.81Aa
2.25±0.87Aa
3.84a

D60
8.49±4.38Aa
6.12±1.25Aa
4.75±2.18Aa
8.63±6.09Aa
7.00a

Overall mean
5.04A
4.50A
8.36A
5.29A

G1: not stressed and untreated; G2: stressed and untreated; G3: not stressed and treated; G4: stressed and treated.

Table 7. Mean and standard deviations of high mitochondrial spermatozoid membrane potential (%) of
Wistar rats submitted or not to testicular heat shock and treated or not with 100 mg/kg of green tea extract
at different times.
GROUP
G1
G2
G3
G4
Overall mean

D15
37.67±34.24Aa
32.00±26.00Aa
44.83±38.89Aa
38.63±26.26Aa
31.13a

Days
D30
53.38±20.17Aa
22.50±9.73Aa
57.63±22.17Aa
28.50±24.44Aa
37.31a

D60
29.31±27.56Aa
18.83±18.41Aa
34.74±25.45Aa
29.00±26.92Aa
22.98a

Overall mean
34.54A
18.38A
39.31A
29.67A

G1: not stressed and untreated; G2: stressed and untreated; G3: not stressed and treated; G4: stressed and treated.

Discussion
The current study evaluated the effects of green tea extract on the spermatic parameters
of Wistar rats, submitted or not to testicular heat shock, at three different times
(15, 30, and 60 days). Significant decreases were found in motility, vigor, morphology, and
sperm concentration in semen samples recovered from epididymis of the animals exposed to
testicular thermal stress, particularly marked after 30 days, independent of the treatment.
The acrosome integrity overall mean on day 30 was smaller than at the other times. However,
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the use of green tea extract possibly led to better recovery of the spermatic parameters from
60 days after the heat shock.
According to the descriptions above, testicular heat shock was detrimental to the
maintenance of gamete quality, regardless of administration of green tea extract, which is rich
in antioxidants (Schmitz et al., 2005), with day 30 representing the moment of maximum
impairment. The deleterious action of the high temperature on seminal parameters has been
described in previous studies, and evidenced by a reduction in the volume, concentration,
morphology, motility, vigor, and plasma membrane integrity of semen samples (Coelho et al.,
2006; Ghasemi et al., 2009; Abshenas et al., 2011; Ding et al., 2015). This is a consequence of
the sensitivity of testicular germ cells to thermal variations (Absalan et al., 2008). However,
adequate maintenance of these parameters is imperative for fertility (Severo, 2009;
Arruda et al., 2015).
It is worth noting that the decrease in sperm parameters is correlated not only with thermal
modifications, but also with many other stress factors, as well as the consequently higher
serum glucocorticoids levels (Kumar et al., 2019; Rizk et al., 2020). Activation of the
hypothalamic-pituitary-adrenal axis by stress determines, directly or indirectly, disturbances in
the hypothalamic-pituitary-testicular axis, with a reduction in testosterone levels, commitment
of spermatogenesis, and sperm quality (Kumar et al., 2019). It was evidenced that chronic
exposure of Wistar rats to predator-induced psychosocial stress caused a significant reduction
in total sperm count, and motile and progressive sperm, which was more noticeable after
52 days (Uwejigho et al., 2019). Thus, the animal manipulation during the investigation, may
have contributed to reducing sperm parameters for all the groups, over the time.
The spermatogenic cycle of Wistar rat is around 46 (Almeida et al., 2000) to 52 days
(Lucinda et al., 2010). This fact indicates that the 30th day after testicular heat shock, especially
in the G4, was the critical moment for some spermatic parameters, since the gametes were
obtained from injured gonads and epididymis, without time to recover their potential.
In contrast, at 60 days a new spermatogenic cycle had finished, justifying the improvement in
seminal quality from this time.
Consolidating the previous idea, Babaei et al. (2007) found a decline in spermatogenesis up
to day 30 after testicular heat shock (43 °C/15min) in mice, through histopathological analysis.
Similarly, Abshenas et al. (2011) described that partial recovery of Wistar rat sperm parameters
after testicular heating (42 °C/20 min), did not occur before 42 days except in those treated
with 500 or 750 mg/kg of green tea extract. These animals presented reestablished sperm
motility and concentration in a short time; improvements that were also observed in the rats
treated and not exposed to thermal stress.
The pronounced recovery of spermatic motility and morphology, presented at 60 days in
the stressed and supplemented group (G4), although slow, could be attributed to the high
amount of catechins present in the green tea extract, which are effective in preventing lipid
peroxidation (Zanchi et al., 2015). However, the beneficial effect of oral or intraperitoneal
doses of green tea extract on spermatic physiology and fertility is dose-dependent
(Chandra et al., 2011). Thus, this compound can act as a protective testicular factor at moderate
concentrations (Abshenas et al., 2011), or as a castrative agent at high concentrations (Das and
Karmakar, 2015).
The intraperitoneal administration of 50 mg/kg EGCG improves rat testicular function after
ionizing radiation (Ding et al., 2015), as well as 100 mg/kg green tea extract after exposure to
lead acetate (Miraj et al., 2015). Nevertheless, as previously reported, for testicular heat shock
the beneficial effect of green tea was obtained with higher concentrations (500 and 750 mg/kg),
resulting in improvement in seminal parameters in rodents (Abshenas et al., 2011). Based on
this information and on the poor results obtained with the use of the extract, it is possible that
the concentration of 100 mg/kg was insufficient to protect the testicular and epididymis
functions against thermal stress.
Despite the absence of prominent positive results in the groups treated with green tea
extract, compared with untreated groups, the antioxidant activity of EGCG, the main catechin
of green tea, has already been validated as, in addition to sequestering ROS, it prevents
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damage to biomolecules such as lipids and proteins (Yang et al., 2009; Mereles and Hunstein,
2011). Therefore, the effects of green tea extract may be relevant to spermatozoa which have
membranes rich in polyunsaturated fatty acids, making them more susceptible to lipid
peroxidation in the presence of elevated ROS levels (Alvarez et al., 1987), whose production is
intensified by testicular heat stress (Ikeda et al., 1999).
It is worth noting that EGCG is the most abundant and potent catechin of green tea, and
that its half-life is greater when in association with the other constituents of this tea
(Schmitz et al., 2005). Moreover, the cost of green tea extract is much lower than that of
isolated EGCG (Senger et al., 2010). Thus, the promising role and economic feasibility of green
tea extract administration are noticeable in the maintenance or recovery of male fertility. This
is beginning to be demonstrated in testicular tissue stressed by heat, especially because of the
protective effect against oxidative damage (Awoniyi et al., 2011).
Based on the information above, studies should be carried out to identify the ideal
concentrations of green tea extract to be used for each specie and situation. This could help to
resolve the pathogenic effects of testicular oxidative stress induced by heat injuries, irradiation,
ischemia, and inflammation, among others (Abshenas et al., 2011; Al-Maghrebi et al., 2012;
Ding et al., 2015).

Conclusion
Heat stress is shown to be widely deleterious to the gametes, and the daily administration
of 100 mg/kg green tea extract does not improve the spermatic parameters of Wistar rats,
submitted or not to testicular heat stress, although it leads to better recovery of spermatic
motility and morphology 60 days after the stress.

Acknowledgements
The authors are grateful to CNPq and CAPES.

References
Absalan F, Movahedin M, Mowla SJ. Assessment of testis histological changes and sperm parameters in
experimentally-induced unilateral and bilateral cryptorchid mouse model. Iran J Reprod Med
[Internet]. 2008 [cited 2019 Apr 30];6(3):143-8. Available from:
http://www.bioline.org.br/pdf?rm08023
Abshenas J, Babaei H, Zare MH, Allahbakhshi A, Sharififar F. The effects of green tea (Camellia sinensis)
extract on mouse semen quality after scrotal heat stress. Vet Res Forum [Internet]. 2011 [cited 2019
Apr 30];2(4):242-7. Available from:
http://vrf.iranjournals.ir/article_1550_cb0e69565af81a1da439fedefafa86ed.pdf
Al-Maghrebi M, Renno WM, Al-Ajmi N. Epigallocatechin-3-gallate inhibits apoptosis and protects
testicular seminiferoustubulesfromischemia/reperfusion-inducedinflammation. Biochem Biophys
Res Commun. 2012;420(2):434-9. http://dx.doi.org/10.1016/j.bbrc.2012.03.013. PMid:22426481.
Almeida LM, Weiss RR, Castro CS, Büchele J. Quantificação histológica da espermatogênese de ratos
Wistar tratados com dimetilsufóxido. Arch Vet Sci. 2000;5(1):129-35.
http://dx.doi.org/10.5380/avs.v5i1.3897.
Alvarez JG, Touchstone JC, Blasco L, Storey BT. Spontaneous lipid peroxidation and production of
hydrogen peroxide and superoxide in human spermatozoasuperoxide dismutase as major enzyme
protectant against oxygen toxicity. J Androl. 1987;8(5):338-48. http://dx.doi.org/10.1002/j.19394640.1987.tb00973.x. PMid:2822642.
Angelo PM, Jorge N. Compostos fenólicos em alimentos: uma breve revisão. Rev Inst Adolfo Lutz
[Internet]. 2007 [cited 2019 Apr 30];66(1):1-9. Available from:
http://periodicos.ses.sp.bvs.br/pdf/rial/v66n1/v66n1a01.pdf

Anim Reprod. 2020;17(2):e20190049

7/10

Effect of green tea on spermatic parameters

Arruda RP, Celeghini ECC, Garcia AR, Santos GDC, Leite TG, Oliveira LZ, Lançoni R, Rodrigues MP.
Morfologia espermática de touros: interpretação e impacto na fertilidade. Rev Bras Reprod Anim
[Internet]. 2015 [cited 2019 Apr 30];39(1):47-60. Available from:
http://www.cbra.org.br/pages/publicacoes/rbra/v39n1/pag47-60%20(RB572).pdf
Awoniyi DO, Aboua YG, Marnewick JL, Du Plesis SS, Brooks NL. Protective effects of rooibos (Aspalathus
linearis), green tea (Camellia sinensis) and commercial supplements on testicular tissue of oxidative
stressinduced rats. Afr J Biotechnol. 2011;10(75):17317-22. http://dx.doi.org/10.5897/AJB11.2210.
Babaei H, Derakhshanfar A, Kheradmand A, Bazy J. Zinc modulates heat-induced degenerative effects in
mice testes. Majallah-i Tahqiqat-i Dampizishki-i Iran [Internet]. 2007 [cited 2019 Apr 30];8(4):298-303.
Available from: http://ijvr.shirazu.ac.ir/article_5_1a4af6624980bdf7b83a7c4f4e293c73.pdf
Banks S, King SA, Irvine DS, Saunders PT. Impact of a mild scrotal heat stress on DNA integrity in murine
spermatozoa. Reproduction. 2005;129(4):505-14. http://dx.doi.org/10.1530/rep.1.00531.
PMid:15798026.
Barreiros ALBS, David JM, David JP. Estresse oxidativo: relação entre geração de espécies reativas e
defesa do organismo. Quim Nova. 2006;29(1):113-23. http://dx.doi.org/10.1590/S010040422006000100021.
Cerqueira FM, Medeiros MHG, Augusto O. Antioxidantes dietéticos: controvérsias e perspectivas. Quim
Nova. 2007;30(2):441-9. http://dx.doi.org/10.1590/S0100-40422007000200036.
Chandra AK, Choudhury SR, De N, Sarkar M. Effect of green tea (Camellia sinensis L.) extract on
morphological and functional changes in adult male gonads of albino rats. Indian J Exp Biol.
2011;49(9):689-97. PMid:21941943.
Coelho LA, Sasa A, Nader CE, Celeguini ECC. Características do ejaculado de caprinos sob estresse
calórico em câmara bioclimática. Arq Bras Med Vet Zootec. 2006;58(4):544-9.
http://dx.doi.org/10.1590/S0102-09352006000400015.
Colégio Brasileiro de Reprodução Animal – CBRA. Manual para exame andrológico e avaliação de sêmen
animal. 3. ed. Belo Horizonte; 2013. p. 22-65.
Cruz LV, Angrimani DSR, Rui BR, Silva MA. Efeitos do estresse térmico na produção leiteira: revisão de
literatura. Rev Cient Elet Med Vet [Internet]. 2011 [cited 2019 Apr 30];9(16):1-18. Available from:
http://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/3Kbw8tpmIaJpspv_2013-6-26-10-5541.pdf
Das SK, Karmakar SN. Effect of green tea (Camellia sinensis L.) leaf extract on reproductive system of
adult male albino rats. Int J Physiol Pathophysiol Pharmacol. 2015;7(4):178-84. PMid:27073594.
Ding J, Wang H, Wu Z, Zhao J, Zhang S, Li W. Protection of murine spermatogenesis against ionizing
radiation-induced testicular injury by a green tea polyphenol. Biol Reprod. 2015;92(1):1-13.
http://dx.doi.org/10.1095/biolreprod.114.122333. PMid:25395675.
Durairajanayagam D, Agarwal A, Ong C. Causes, effects and molecular mechanisms of testicular heat
stress. Reprod Biomed Online. 2015;30(1):14-27. http://dx.doi.org/10.1016/j.rbmo.2014.09.018.
PMid:25456164.
Gabaldi SH, Wolf A. A importância da termorregulação testicular na qualidade do sêmen em touros. Ciên
Agr Saúde [Internet]. 2002 [cited 2019 Apr 30];2(2):66-70. Available from:
http://www.fea.br/Arquivos/Revistas%20Cientificas/Revista_Vol2_N2_2002/Vol2_N2_2002.pdf
Garcia AR. Influência de fatores ambientais sobre as características reprodutivas de búfalos do rio
(Bubalus bubalis). Rev Ciênc Agrár Suppl [Internet]. 2006 [cited 2019 Apr 30];45:1-13. Available from:
http://www.bioclimatologia.ufc.br/garcia.pdf
Ghasemi N, Babaei H, Azizallahi S, Kheradmand A. Effect of long-term administration of zinc after scrotal
heating on mice spermatozoa and subsequent offspring quality. Andrologia. 2009;41(4):222-8.
http://dx.doi.org/10.1111/j.1439-0272.2009.00920.x. PMid:19601933.
Hamilton TRS, Mendes CM, Castro LS, Assis PM, Siqueira AFP, Delgado JC, Goissis MD, Muiño-Blanco T,
Cebrián-Pérez JA, Nichi M, Visintin JA, Assumpção MEODA. Evaluation of lasting effects of heat stress
on sperm profile and oxidative status of ram semen and epididymal sperm. Oxid Med Cell Longev.
2016;2016:1-12. http://dx.doi.org/10.1155/2016/1687657. PMid:26881013.
Ikeda M, Kodama H, Fukuda J, Shimizu Y, Murata M, Kumagai J, Tanaka T. Role of radical oxygen species
in rat testicular germ cell apoptosis induced by heat stress. Biol Reprod. 1999;61(2):393-9.
http://dx.doi.org/10.1095/biolreprod61.2.393. PMid:10411517.

Anim Reprod. 2020;17(2):e20190049

8/10

Effect of green tea on spermatic parameters

Ishii T, Matsuki S, Iuchi Y, Okada F, Toyosaki S, Tomita Y, Ikeda Y, Fujii J. Accelerated impairment of
spermatogenic cells in sod1-knockout mice under heat stress. Free Radic Res. 2005;39(7):697-705.
http://dx.doi.org/10.1080/10715760500130517. PMid:16036348.
Kumar JA, Balaji T, Priyadarshini CS, Subramanian M, Sundaramurthi I. Non concurrent multimodal
stress decreases sperm quality and motor activity in male wistar albino rats. Biomed Pharmacol J.
2019;12(3):1505-17. http://dx.doi.org/10.13005/bpj/1781.
Lima GDA. Fertilidade e morfofisiologia epididimaria de ratos Wistar submetido a ingestão de arsenato e
arsenito de sódio [dissertation]. Viçosa: Universidade Federal de Viçosa; 2013.
Lucinda LMF, Rocha CB, Reboredo MM, Faria VC, Sá RCS. Assessment of sperm production and
reproductive organs of Wistar rats to long-term exposure of Caesalpiniaferrea. An Acad Bras Cienc.
2010;82(4):907-14. http://dx.doi.org/10.1590/S0001-37652010000400013. PMid:21152765.
Mereles D, Hunstein W. Epigallocatechin-3-gallate (EGCG) for clinical trials: more pitfalls than promises?
Int J Mol Sci. 2011;12(9):5592-603. http://dx.doi.org/10.3390/ijms12095592. PMid:22016611.
Miraj S, Rafieian-kohpayei M, Namjoo AR, Sha′bani N. Survey of the detoxification effect of green tea
extract on the reproductive system in rats exposed to lead acetate. Adv Biomed Res. 2015;4(1):155.
http://dx.doi.org/10.4103/2277-9175.161582. PMid:26380240.
Moreira EP, Moura AAA, Araújo AA. Efeitos da insulação escrotal sobre a biometria testicular e
parâmetros seminais em carneiros da raça Santa Inês criados no Estado do Ceará. Rev Bras Zootec.
2001;30(6):1704-11. http://dx.doi.org/10.1590/S1516-35982001000700007.
Nóbrega GH, Silva EMN, Souza BB, Mangueira JM. A produção animal sob a influência do ambiente nas
condições do semiárido nordestino. Rev Verd. 2011;6(1):67-73.
Queiroz GCD, Oliveira VVG, Gueiros OG, Torres SM, Maia FCL, Tenorio BM, Morais RN, Silva VA Jr. Effect
of pentoxifylline on the regeneration of rat testicular germ cells after heat shock. Anim Reprod
[Internet]. 2013 [cited 2019 Apr 30];10(1):45-54. Available from:
http://www.cbra.org.br/pages/publicacoes/animalreproduction/issues/download/v10n1/pag4554%20%28AR487%29.pdf
Rizk NI, Rizk MS, Mohamed AS, Naguib YM. Attenuation of sleep deprivation dependent deterioration in
male fertility parameters by vitamin C. Reprod Biol Endocrinol. 2020;18(1):2.
http://dx.doi.org/10.1186/s12958-020-0563-y.
Santos CM, Bonato DV, Taira AR, Teixeira PPM. Degeneração testicular em machos: dos animais ao
homem. Investigação. 2015;14(6):54-61. http://dx.doi.org/10.26843/investigacao.v14i6.912.
Schmitz W, Saito AY, Estevão D, Saridakis HO. O chá verde e suas ações como quimioprotetor. Semina:
Ciênc Biol Saúde. 2005;26(2):119-30. http://dx.doi.org/10.5433/1679-0367.2005v26n2p119.
Senger AEV, Schwanke CHA, Gottlieb MGV. Chá verde (Camellia sinensis) e suas propriedades funcionais
nas doenças crônicas não transmissíveis. Sci Med [Internet]. 2010 [cited 2019 Apr 30];20(4):292-300.
Available from:
https://pdfs.semanticscholar.org/1a43/d990936faefcc20e6781cf6b3a60a7763786.pdf?_ga=2.2905285
7.44016013.1584752193-1862249612.1551441975
Setchell BP. The parkes lecture heat and the testis. J Reprod Fertil. 1998;114(2):179-94.
http://dx.doi.org/10.1530/jrf.0.1140179. PMid:10070346.
Severo NC. Influência da qualidade do sêmen bovino congelado sobre a fertilidade. Hora Vet [Internet].
2009 [cited 2019 Apr 30];28(167):36-9. Available from: http://revivah.com.br/site/wpcontent/uploads/2015/04/Bovinos-Qualidade-do-Sêmen-Congelado-Fertilidade-2009.pdf
Silva ECB, Cajueiro JFP, Silva SV, Soares PC, Guerra MMP. Effect of antioxidants resveratrol and quercetin
on in vitro evaluation of frozen ram sperm. Theriogenology. 2012;77(8):1722-6.
http://dx.doi.org/10.1016/j.theriogenology.2011.11.023. PMid:22289215.
Statistical Analyses System – SAS. User’s guide: statistics. Version 8. Cary; 1999. vol. 2.
Tachibana H, Koga K, Fujimura Y, Yamada K. A receptor for green tea polyphenol EGCG. Nat Struct Mol
Biol. 2004;11(4):380-1. http://dx.doi.org/10.1038/nsmb743. PMid:15024383.
Uwejigho R, Olotu EJ, Osunwoke EA, Aigbogun EO Jr. Effects of predator induced psychosocial stress on
sperm parameters of albino Wistar rats. Eur J Pharm Med Res [Internet]. 2019 [cited 2019 Apr
30];6(11):121-6. Available from: https://storage.googleapis.com/journaluploads/ejpmr/article_issue/1572674622.pdf

Anim Reprod. 2020;17(2):e20190049

9/10

Effect of green tea on spermatic parameters

Vasconcelos SML, Goulart MOF, Moura JBF, Manfredini V, Benfato MS, Kubota LT. Espécies reativas de
oxigênio e de nitrogênio, antioxidantes e marcadores de dano oxidativo em sangue humano:
principais métodos analíticos para sua determinação. Quim Nova. 2007;30(5):1323-38.
http://dx.doi.org/10.1590/S0100-40422007000500046.
Yang CS, Lambert JD, Sang S. Antioxidative and anticarcinogenic activities of tea polyphenols. Arch
Toxicol. 2009;83(1):11-21. http://dx.doi.org/10.1007/s00204-008-0372-0. PMid:19002670.
Zanchi MM, Manfredini V, Brum DS, Vargas LM, Spiazzi CC, Soares MB, Izaguirry AP, Santos FW. Green
tea infusion improves cyclophosphamide-induced damage on male mice reproductive system.
Toxicol Rep. 2015;2:252-60. https://doi.org/10.1016/j.toxrep.2014.12.016

Author contributions
JITV: Conceptualization, Methodology, Writing – review & editing; TAS: Conceptualization, Writing; WMPB: Conceptualization, Writing; GLA: Conceptualization,
Writing; LCPA: Conceptualization; MMPG: Conceptualization; PCS: Data curation, Formal analysis; ECBS: Conceptualization, Funding acquisition, Supervision,
Data curation, Formal Analysis, Methodology, Writing – review & editing.

Anim Reprod. 2020;17(2):e20190049

10/10

