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Low-level laser therapy to recovery testicular degeneration
in rams: effects on seminal characteristics, scrotal temperature,
plasma testosterone concentration, and testes histopathology
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Abstract The aim of this study was to investigate the effi-
ciency of low-level laser therapy (LLLT) to recovery testicular
degeneration in rams. In the first study, rams were induced to
testicular degeneration by scrotal insulation, and then, they
were treated using LLLT at 28 J/cm2 (INS28) or 56 J/cm2

(INS56) energy densities. Sperm kinetics, morphology, and
membranes integrity as well as proportion of lumen area in
seminiferous tubule were assessed. In the second study, rams
were submitted or not to scrotal insulation and treated or not
by the best protocol of LLLT defined by experiment 1
(INS28). In this study were evaluated sperm kinetics, mor-
phology, membranes integrity, ROS production, and DNA
integrity. Testosterone serum concentration and proportion of

lumen area in seminiferous tubule were also analyzed.
Insulation was effective in promoting sperm injuries in both
experiments. Biostimulatory effect was observed in experi-
ment 1: INS28 presented smaller proportion of lumen area
(P = 0.0001) and less degeneration degree (P = 0.0002).
However, in experiment 2, there was no difference between
the groups (P= 0.17). In addition, LLLT did not improve
sperm quality, and there was a decreasing for total and pro-
gressive motility (P=0.02) and integrity of sperm membranes
(P= 0.01) in LLLT-treated groups. Moreover, testosterone
concentration was not improved by LLLT (P = 0.37).
Stimulation of aerobic phosphorylation by LLLT may have
led to a deregulated increase in ROS leading to sperm dam-
ages. Thus, LLLT at energy of 28 J/cm2 (808 nm of wave-
length and 30 mW of power output) can induce sperm dam-
ages and increase the quantity of cells in seminiferous tubule
in rams.
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Introduction

Testicular degeneration is the most important cause of male
infertility and arises in domestic animals and men [1]. This
alteration can be occasioned by many factors; the most fre-
quent of them is heat stress (HS) which affects severely the
spermatogenesis. HS can be caused by disruption of testicular
thermoregulation by inflammations, traumas, and high envi-
ronmental temperature [1, 2].
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Increase of testes temperature results in a raise of cellular
metabolism, which increases reactive oxygen species (ROS)
production and consequently oxidative stress, DNA fragmen-
tation, and cellular apoptosis [2]. Experimentally, testicular
degeneration can be induced by cryptorchidism, immerging
testes in hot water or using scrotal bags to promote scrotal
insulation. The animals can also be submitted to high environ-
mental temperature, although, unlike the other methods, this
practice alters all organism systems [2–5].

Even though testicular degeneration is an important cause
of male infertility, there is not yet an efficient treatment
established. Some treatments performed nowadays consist in
the removal of the cause [6] or administration of nutraceuticals
substances [7]. However, responses to nutraceuticals treat-
ment vary widely according to individual characteristics, and
its results present low repeatability [7]. Moreover, the removal
of the causes can demand many weeks to testicular recovery,
being extremely variable according to individual characteris-
tics, duration of the stress, and spermatogenesis [6].

Low-level laser therapy (LLLT) is knew by its
biostimulatory effects [8], proliferation of mesenchymal stem
cells [9, 10], and acceleration of differentiation of bone
marrow-derived mesenchymal stem cells to osteoblasts and
neurons [11]. In rats, LLLT doses of 28.05 J/cm2 increased
the number of spermatocytes and spermatids, while doses of
46.8 J/cm2 presented a negative affect [12]. In oligospermic
men treated by LLLT, sperm count and libido increased and
abnormal cells decreased [13]. LLLT promotes ATP synthesis
by activating respiratory chain enzymes and aerobic phos-
phorylation.Moreover, LLLTaccelerates metabolism and pro-
motes amplification of antioxidants [8, 14, 15].

According to our knowledge, LLLTwas not evaluated as a
testicular degeneration treatment. Therefore, the aim of this
study was to propose a new method to testicular degeneration
treatment based in the LLLT properties. Due to biostimulatory
effect, it was expected that LLLT improves seminal character-
istics and increases the seminiferous epithelium cells and the
plasma testosterone concentration.

Material and methods

This study was conducted at the Animal Reproduction
Biotechnology Center from the School of Medicine
Veterinary and Animal Science of the University of São
Paulo, in Pirassununga. Unless otherwise noted, solutions and
chemical reagents used were from Sigma-Aldrich (St. Louis,
MO, USA) and Life Technologies (Thermo Fisher Scientific).

All procedures were in agreement with Ethical Principles in
Animal Research adopted by BEthic Committee in the Use of
Animals^ of the School of Veterinary Medicine and Animal
Science of University of São Paulo, protocol number
2467/2012.

Experiment 1: effect of different energy density
(28 J/cm2×56 J/cm2) of low-level laser therapy in rams
induced testicular to degeneration

Animals

Six healthy rams with an average age of 10±0.8 months and
body weight of 30.8±7.5 kg were used to perform this first
experiment. The rams were housed in paddock being provided
corn silage and concentrate to attend the NRC (1998).
Environmental temperature and humiditywere evaluated all time
(each 10 min) by Climatologic Station located at University of
São Paulo in Pirassununga City, SP, Brazil. Collections and eval-
uations of datawere performed between February andApril 2013.

Study design

All rams were submitted to scrotal insulation during 72 h by
insulation bags, to induce testicular degeneration. Scrotal ther-
mography and seminal evaluations were performed before
and after scrotal insulation in specific moments as showed
below. LLLT treatment initiated 3 days after the remove of
insulation bags. Rams were divided in three groups: INS,
without treatment (control group; n=2); INS28, treated by
LLLT using 28 J/cm2 (n=2); and INS56, treated by LLLT
using 56 J/cm2 (n=2).

Low-level laser therapy

The device used was a GaAlAs (Thera Laser®, DMC
Equipment, Sao Carlos, Brazil). The spectrum of near-
infrared laser at a continuous wavelength of 808 nm and a
30 mW of power output was used in this study. Treatment
protocol was adapted from Taha and Velojerdi [12], and it
was performed during 15 days each 48 h. The protocol used
daily in INS28 was 5 J/cm2 in the first and second days, 4 J/
cm2 in the third and fourth days, 3 J/cm2 in the fifth and sixth
days, and 2/cm2 in the seventh and eighth days totalizing 28 J/
cm2, while the protocol used daily in INS56 was twice: 10 J/
cm2 in the first and second days, 8 J/cm2 in the third and fourth
days, 6 J/cm2 in the fifth and sixth days, and 4/cm2 in the
seventh and eighth days totalizing 56 J/cm2.

Scrotal thermography and evaluation of images

Scrotal superficies mean temperature (SSMT) mensuration was
performed 8, 5, and 1 day before bags were put-on (B-8, B-5,
and B-1), in the day that the bags were put-on (B0), in the day
that bags were removed (A0), and 1, 2, 10, 17, 24, and 31 days
afterward (A1, A2, A10, A17, A24, and A31).

T640® thermography camera (FLIR Systems, USA) was
used to take the thermography images, which were analyzed
on FLIR Quick Report® software (FLIR Systems, USA).
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Animals were protected from sun exposure, and the scrotal
superficies was not touched at least 30 min before exam.
The distance between the animal and the camera was of
0.90 m, and camera emissivity was adjusted to 0.98. It was
analyzed the caudal face of the scrota. Environmental temper-
ature and humidity were measured during exam, and the
values were used in a mathematic formula, proposed by
Basile [16], to allow comparison between the different times
of evaluation.

Semen evaluation

Semen evaluation consisted in sperm concentration, sperm
kinetic, sperm morphology, and sperm membranes integrity.
Semen collection was performed by artificial vagina 8, 5, and
1 day before insulation period (TI-8, TI-5, and TI-1) and 10,
17, 24, and 31 days after the day that bags were removed
(TI10, TI17, TI24, and TI31).

Sperm concentration was evaluated by a Neubauer cham-
ber. To assess sperm kinetic, semen was diluted
(12.5×106 sperm/mL) in Tyrodes Albumin Lactate Pyruvate
(TALP) medium [17]. Sperm kinetic was evaluated by Sperm
Class Analyzer software (SCA, Microptics, Barcelona, Spain)
with setup adjusted to ram’s spermatozoa. AMakler® chamber
was used in all evaluations. The parameters evaluated were
total motility (%) and progressive motility (%).

To assess spermmorphology, an aliquot of fresh semenwas
fixed in a 37 °C formaldehyde 4 % solution. Differential in-
terference contrast (DIC, model 80i, Nikon, Tokyo, Japan)
was used to evaluate sperm morphology. A total of 200 cells
were counted at magnification of ×1000. Cells were classified
according to Blom [18] in major, minor, and total defects.

Regarding sperm membranes integrity evaluation, sperm
was diluted in TALP medium [17] to adjust sperm concentra-
tion to 25×106 sperm/mL. For each 150 μL of semen diluted
was added 2 μL of Hoescht 33342 (0.5 mg/mL, Life
Technologies), 3 μL of propidium iodide (0.5 mg/mL,
Sigma), 50 μL of fluorescein isothiocyanato-labeled Pisum
sativum agglutinin (FITC-PSA, 100 μg/mL, Sigma), and
2 μL of 5,5′,6,6′tetracloro 1,1′,3,3′tetraetilbenzimidazolil
carbocianin iodide (JC-1, 153 μM, Life Technologies) incu-
bated per 8 min at 37 °C in the dark according to Celeghini
[19]. Two hundred cells were analyzed under epifluorescence
microscopy (Nikon, model 80i) at ×1000 magnification using
a triple filter (D/F/R, C58420) featuring the UV-2E/C (340–
380 nm excitation and 435–485 emission), B-2E/C (465–495
excitation and 515–555 emission), and G-2E/C (excitation
540–525 and 605–655 emission). Cells were classified in
PIAIHM (sperm with plasma membrane integrity, acrosome
membrane integrity and high mitochondrial membrane poten-
tial), sperm with plasma membrane integrity (PI), sperm with
acrosome membrane integrity (AI), and sperm with high mi-
tochondrial membrane potential (HM).

Histopathology

Rams were submitted to bilateral orchiectomy 32 days after
insulation period, and testicular fragments were fixed in
Bouin® solution during 24 h; then, it was subsequently main-
tained in alcohol 70 %, being finally stained using hematoxy-
lin-eosin.

Images of fragments were taken by a camera attached in a
light microscope (model 80i, Nikon, Tokyo, Japan).
Proportion of lumen area in seminiferous tubule was mea-
sured in each image by Image Pro Plus® software, using the
same program configuration for all analyses. Moreover, frag-
ments were also classified in degeneration degrees to certify
that the evaluation by the program was accurate. For this pur-
pose, blind analyses were performed and fragments were clas-
sified in 0 (normal parenchyma), 1 (light degeneration de-
gree), 2 (moderate degeneration degree), and 3 (severe degen-
eration degree).

Statistical analyses

Three treatments and seven different periods of evaluation
were considered. The Shapiro-Wilk test was used to verify
homogeneity of variances and transformations, and removal
of outliers was performed when necessary. Data were evalu-
ated by analysis of variancewith PROCMIXED of SAS (SAS
Institute 9.2). Respecting the completely randomized design,
the command repeated measures was added to verify interac-
tion between treatment and the different times of each period.
For histopathology analyses, it was performed the PROC
MIXED command and Tukey test. It was considering signif-
icant difference when P≤0.05.

Experiment 2: treatment of induced testicular
degeneration in rams by low-level laser therapy

Animals

Twenty healthy White Dorper rams with an average age of
17.5±2.8 months and body weight of 65.7±8.8 kg were used
to perform this second experiment. The rams were housed in
paddock. Hay and concentrate were provided to attend the
NRC (1998). Environmental temperature and humidity were
evaluated at all experimental times (each 10 min) by a data
logger (OPUS 20 THI - 8120.00, Lufft, Germany). Data col-
lection and evaluation were performed between August and
December 2013.

Study design

Scrotal thermography and seminal evaluations were per-
formed 5 days before (TL-5) LLLT treatment (corresponding
to 21 days after insulation period) and 8 (TL8), 22 (TL22),
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36 (TL36), and 50 days after (TL50) LLLT treatment. Study
was conducted in 2×2 factorial design, considering insulation
and LLLT treatment. The experimental groups were CC, not
submitted to scrotal insulation and not treated with LLLT
(control group; n=5), CL, not submitted to scrotal insulation
and treated with LLLT (n=6), IC, submitted to scrotal insula-
tion and not treated with LLLT (n=3), and IL, submitted to
scrotal insulation and treated with LLLT (n=6). Rams were
submitted to scrotal insulation during 72 h with insulation
bags. LLLT protocol was defined in experiment 1, and it
was used the same protocol established for INS28.

Scrotal thermography and evaluation of images

Scrotal superficies mean temperature mensuration was per-
formed before and after LLLT treatment period. The same

material and method of experiment 1 was employed.
However, it was used a climatic chamber to control the envi-
ronmental temperature (20 °C) and humidity (60 %) in all
evaluations, being the rams maintained there for at least 12 h
before thermography exam. Therefore, for this experiment
was not necessary to adjust the values by mathematic formula.

Semen evaluation

In experiment 2, semen evaluation was submitted to a deeper
approach than evaluation performed in experiment 1. The
analyses consisted in sperm kinetic, sperm morphology,
sperm membranes integrity, sperm production of reac-
tive oxygen species, and sperm DNA fragmentation.
Semen collection was performed by artificial vagina on
times TL-5, TL8, TL22, TL36, and TL50. Sperm
kinetic, sperm morphology, and sperm membranes integ-
rity were evaluated with the same material and methods
of experiment 1 described above.

Reactive oxygen species production was evaluated by
CellROX Deep Red® probe according to the protocol
established by Alves [20]. Therefore, semen was diluted
(25×106 sperm/mL) in TALP medium [17]. At a volume of
200 μL was added 0.5 μL of CellROX® (1 mM, Invitrogen,
Life Technologies) and 2 μL of Hoescht 33342 (0.5 mg/mL,
Life Technologies) and incubated per 30 min at 37 °C. The
sample was submitted to centrifugation per 5 min at 2000g,
and it was analyzed 200 cells. Evaluation was performed in an
epifluorescence microscopy (Nikon, model 80i) at ×1000
magnification using a triple filter (D/F/R, C58420) featuring
the UV-2E/C (340-380 nm excitation and 435-485 emission),
B-2E/C (465-495 excitation and 515-555 emission), and
G-2E/C (excitation 540-525 and 605-655 emission) sets.

Table 1 Mean ± SEM of total and progressive motility, sperm
with major, minor, and total defects, sperm with plasma and acrosome
membranes integrity and mitochondrial membrane with high potential
(PIAIHM), sperm with plasma membrane integrity (PI), sperm
with acrosome membrane integrity (AI), and sperm with mitochondrial

membrane with high potential (HM) on insulated and not treated (INS),
insulated and treated by 28 J/cm2 of low-level laser therapy (INS28), and
insulated and treated by 56 J/cm2 of low-level laser therapy (INS56)
groups

Sperm characteristics Treatment P value

INS INS28 INS56 LLLT Time LLLT× time

Total motility (%) 55.53 ± 6.95 65.97± 5.90 67.57 ± 5.37 0.37 0.008 0.53

Progressive motility (%) 41.45 ± 6.00 51.13± 6.33 53.64 ± 5.44 0.38 0.01 0.47

Major defects (%) 31.92 ± 8.41 34.35 ± 7.53 30.00 ± 6.80 0.68 0.0004 0.95

Minor defects (%) 20.53 ± 4.08 a 6.96 ± 1.47 b 9.95 ± 1.32 ab 0.05 0.71 0.54

Total defects (%) 52.46 ± 6.90 41.32± 8.34 39.95 ± 6.58 0.29 0.004 0.72

PIAIHM (%) 41.46 ± 6.97 40.75± 4.67 40.57 ± 4.16 0.99 0.0012 0.29

PI (%) 49.57 ± 7.51 51.07 ± 4.72 46.92 ± 4.18 0.89 0.02 0.64

AI (%) 83.17 ± 3.61 a 75.78± 2.02 ab 71.10 ± 2.44 b 0.01 0.15 0.6

HM (%) 43.96 ± 7.10 45.85± 5.38 47.53 ± 4.45 0.81 <0.0001 0.59

Different letters on the same line indicates statistical difference (P ≤ 0.05) between groups

Fig. 1 Mean of scrotal superficies mean temperature (SSMT; °C) in rams
insulated and not treated (control group, INS) and insulated and treated
with LLLT (INS28 and INS56 groups). LLLTeffect: P= 0.25; time effect:
P= 0.0012; LLLT× time interaction: P= 0.48
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Ovine Halomax® kit (Halotech, Madrid, Spain) was used to
evaluate sperm DNA fragmentation, and it was followed the
protocol preconized by it. It was used 0.5 μL of
propidium iodide probe (0.5 mg/mL) to stain the cell’s
DNA. Sperm was classified in nonfragmented DNA
(without presence of halo) and fragmented DNA (presence
of halo), and 500 cells were evaluated on epifluorescence
microscope (Nikon, model 80i) at ×1000 magnification, using
the same triple filter cited before.

Blood collections and testosterone concentration evaluation

Blood was collected in the days TL-5, TL8, TL22, TL36, and
TL50 at 6 a.m. and 15 p.m. There was no difference on testos-
terone serum concentration among the different hour of evalua-
tion, so it was considered the average. Vacutainer® system (BD,
USA) was used to collect blood from jugular vein. As soon as
collected, blood was centrifuged in 2100g during 15 min to
separate the serum and then kept in freezer (−80 °C). Serum
testosterone concentration was determined by radioimmunoas-
say using commercial kit (Testosterone DA kit, MP, USA) in
Laboratory of Neuroendocrinology and Reproduction,
Department of Physiology, Faculty of Medicine, USP, Ribeirão
Preto, SP, Brazil.

Histopathology

Rams were submitted to bilateral orchiectomy 56 days after
LLLT treatment period. As described in experiment 1, tissue
fragments were fixed in Bouin® solution during 24 h, stored in
alcohol 70 %, and were stained using hematoxylin-eosin
followed by image capture using a camera attached in a light
microscope (model 80i, Nikon, Tokyo, Japan). It was also
measured the proportion of lumen area present in seminiferous
tubule by Image Pro Plus® software using the same program
configuration for all analyses.

Statistical analyses

Two factors were considered (insulation and LLLT) and five
different periods. Shapiro-Wilk test was used to verify the
homogeneity of variances, transformations, and removal of

outliers that were performed when necessary. Data were eval-
uated by analysis of variance using PROC MIXED of SAS
(SAS Institute 9.2). Respecting the completely randomized
design was added the command repeated measures to verify
interaction between treatment and the different times of each
period. For histopathology analyses, it performed the com-
mand PROC MIXED and Tukey test. Significant difference
was considered when P≤0.05.

When there was no effect of interaction treatment× time,
the effects were considered isolated (insulation effect, LLLT
effect, or time effect).

Results

Experiment 1: effect of different energy density
(28 J/cm2×56 J/cm2) of low-level laser therapy in rams
induced to testicular degeneration

Insulation was efficient to increase scrotal superficies mean
temperature (SSMT), as showed in Fig. 1. After insulation, on
the day that bags were removed (A0) and 1 day afterward
(A1), all rams independently of the treatment group presented

Table 3 Mean± SEM of scrotal superficies mean temperature (SSMT)
evaluated by thermography camera on control, control treated by low-
level laser therapy (LLLT), insulated and insulated treated by LLLT
groups 5 days before LLLT treatment (TL-5) and 8 (TL-8), 22 (TL-22),
36 (TL-36), and 50 days (TL-50) afterward

Time Control Insulated

Control (°C) LLLT (°C) Control (°C) LLLT (°C)

TL-5 30.68 ± 0.12 30.49 ± 0.21 30.16± 0.57 30.12± 0.25

TL-8 30.01 ± 0.28 30.27 ± 0.28 29.41± 0.27 30.19± 0.33

TL-22 30.91 ± 0.13 30.92 ± 0.24 30.95± 0.36 30.51± 0.35

TL-36 29.71 ± 0.21 30.55 ± 0.19 30.42± 0.17 30.06± 0.31

TL-50 30.00 ± 0.30 30.19 ± 0.24 30.42± 0.11 29.89± 0.34

Insulation effect: P= 0.39; LLLT effect: P= 0.77; insulation× LLLT in-
teraction: P= 0.38; time effect: P= 0.0002; insulation× time interaction:
P= 0.48; LLLT× time interaction: P= 0.20; insulation ×LLLT× time in-
teraction: P= 0.14

Table 2 Mean ± SEM of proportion of lumen area in seminiferous
tubule and degeneration degree on insulated and not treated (INS),
insulated and treated by 28 J/cm2 of low-level laser therapy (INS28),

and insulated and treated by 56 J/cm2 of low-level laser therapy
(INS56) groups submitted to orchiectomy 35 days after insulation

Treatments P value

INS INS28 INS56

Proportion of lumen area (%) 40.33 ± 1.88 a 21.83 ± 2.84 b 34.61± 1.69 a 0.0001

Degeneration degree (score 0–3) 2.33 ± 0.24 a 1.08± 0.08 b 1.91± 0.08 a 0.0002

Different letters on the same line indicates statistical difference (P ≤ 0.05) between groups
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increase of SSMT (time effect: P=0.0012). In A0, SSMTwas
36.25±0.49 °C for all groups and in A1 was 34.75±0.24 °C;
in the other days of evaluation, temperature varied from
32.78 ± 0.53 °C in A31 to 33.87 ± 0.41 °C in B-1.
Besides to alter SSMT, insulation was efficient to affect
negatively semen characteristics. Total and progressive
motility, PIAIHM cells, PI cells, and HM cells de-
creased, and abnormal sperm morphology increased by
insulation, characterizing testicular degeneration, as seen
in Table 1 by the effect of time.

However, LLLT did not increase SSMT (Fig. 1) and did not
affect negatively the seminal characteristics. In addition,
LLLT decreased (P = 0.05) the number of ce l l s
with minor defects in INS28 treatment and also decreased
(P = 0.01) the quantity of AI cells in INS56 treatment
(Table 1).

Histopathological evaluation showed that INS and INS56
were more affected by insulation than INS28. Thereby, the
quantity of cells in the seminiferous tubule was greater in
the INS28 than in the INS or INS56, as seen in Table 2.

Experiment 2: treatment of induced testicular
degeneration in rams by low-level laser therapy

As observed in experiment 1, SSMT was also not altered by
LLLT. Animals that were not treated by LLLT (CC and IC
groups) presented SSMT of 30.26±0.10 °C, while animals
that were treated by LLLT (CL and IL groups) presented
SSMT of 30.32±0.09 °C (P=0.77). Besides, SSMTwas not
altered 21 days (TL-5) after scrotal insulation and neither after
LLLT treatment according to Table 3.

Likewise, in experiment 1, insulation was also effective to
affect negatively sperm total (insulation× time effect: P=0.01)
and progressive motility (insulation effect: P=0.007) according
to Fig. 2, sperm morphology (insulation× time effect: major
defects: P=0.007, total defects: P=0.006) according to Fig. 3,
PIAIHM cells (insulation× time effect: P=0.002), PI cells
(insulation× time effect: P=0.0004), AI cells (insulation× time
effect: P = 0.05), and HM cells (insulation × time effect:
P = 0.001) according to Fig. 4, and production of ROS
(insulation× time effect: P=0.03) and sperm DNA integrity

Fig. 3 Mean of sperm with major defects* and sperm with total
defects** on control (CC), control treated (CL) by low-level laser therapy
(LLLT), insulated (IC) and insulated treated (IL) by LLLT groups 5 days
before LLLT treatment (TL-5) and 8 (TL8), 22 (TL22), 36 (TL36), and
50 days (TL50) afterward. (*Insulation effect: P= 0.005; LLLT effect:
P = 0.28; insulation × LLLT interaction: P = 0.49; time effect:

P = 0.0002; insulation × time interaction: P = 0.007; LLLT × time
interaction: P = 0.66; insulation × LLLT × time interaction: P = 0.53.
**Insulation effect: P= 0.03; LLLT effect: P= 0.31; insulation × LLLT
interaction: P = 0.80; time effect: P < 0.0001; insulation × time
interact ion: P = 0.006; LLLT × time interact ion: P = 0.46;
insulation × LLLT× time interaction: P= 0.19)

Fig. 2 Mean of total* and progressive motility** on control (CC),
control treated (CL) by low-level laser therapy (LLLT), insulated (IC)
and insulated treated (IL) by LLLT groups 5 days before LLLT
treatment (TL-5) and 8 (TL8), 22 (TL22), 36 (TL36), and 50 days
(TL50) afterward. (*Insulation effect: P= 0.001; LLLT effect: P= 0.02;
insulation × LLLT interaction: P = 0.42; time effect: P < 0.0001;

insulation × time interaction: P = 0.01; LLLT × time interaction:
P = 0.62; insulation × LLLT × time interaction: P = 0.54. **Insulation
effect: P= 0.007; LLLT effect: P= 0.02; insulation × LLLT interaction:
P= 0.25; time effect: P = 0.001; insulation × time interaction: P= 0.09;
LLLT× time interaction: P= 0.24; insulation× LLLT× time interaction:
P= 0.75)
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Fig. 5 Mean of sperm producing ROS* and sperm DNA integrity**
on control (CC), control treated (CL) by low-level laser therapy
(LLLT), insulated (IC) and insulated treated (IL) by LLLT groups 5 days
before LLLT treatment (TL-5) and 8 (TL8), 22 (TL22), 36 (TL36), and
50 days (TL50) afterward. (*Insulation effect: P = 0.28; LLLT effect:
P = 0.43; insulation × LLLT interaction: P = 0.25; time effect:

P= 0.0001; insulation × time interaction: P= 0.03; LLLT× time interac-
tion: P = 0.68; insulation × LLLT × time interaction: P = 0.19.
**Insulation effect: P= 0.02; LLLT effect: P= 0.34; insulation × LLLT
interaction: P= 0.42; time effect: P= 0.22; insulation × time interaction:
P = 0.25; LLLT × time interaction: P = 0.45; insulation × LLLT × time
interaction: P= 0.60)

Fig. 4 Mean of sperm with plasma and acrosome membranes integrity
andmitochondrial membrane with high potential (PIAIHM)*, spermwith
plasma membrane integrity (PI)**, sperm with acrosome membrane
integrity (AI)***, and sperm with mitochondrial membrane with high
potential (HM)**** on control (CC), control treated (CL) by low-level
laser therapy (LLLT), insulated (IC), and insulated treated (IL) LLLT
groups 5 days before LLLT treatment (TL-5) and 8 (TL8), 22 (TL22),
36 (TL36), and 50 days (TL50) afterward. (*Insulation effect: P= 0.02;
LLLT effect: P = 0.01; insulation × LLLT interaction: P = 0.32; time
effect: P= 0.004; insulation × time interaction: P= 0.002; LLLT × time
interaction: P = 0.45; insulation × LLLT × time interaction: P = 0.50.

**Insulation effect: P= 0.02; LLLT effect: P= 0.15; insulation × LLLT
interaction: P = 0.56; time effect: P = 0.0001; insulation × time
interaction: P = 0.0004; LLLT × time interaction: P = 0.22;
insulation × LLLT × time interaction: P = 0.50. ***Insulation effect:
P= 0.15; LLLT effect: P= 0.06; insulation ×LLLT interaction: P= 0.21;
time effect: P= 0.74; insulation × time interaction: P= 0.05; LLLT× time
interaction: P = 0.22; insulation × LLLT × time interaction: P = 0.89.
**** Insu l a t ion e f fec t : P = 0.01 ; LLLT effec t : P = 0 .02 ;
insulation × LLLT interaction: P = 0.48; time effect: P = 0.0006;
insulation × time interaction: P = 0.001; LLLT × time interaction:
P= 0.19; insulation × LLLT× time interaction: P= 0.33)
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(insulation effect: P=0.02) according to Fig. 5. Except to ROS
production, after insulation and before LLLT treatment (TL-5),
groups that were submitted to scrotal insulation (IC and IL)
presented semen with worst quality than the groups that were
not submitted to scrotal insulation (Table 4).

LLLT was able to affect some sperm characteristics. Sperm
total (LLLT effect: P=0.02) and progressive motility (LLLT
effect: P=0.02), PIAIHM cells (LLLT effect: P=0.01), and
HM cells (LLLT effect: P=0.02) were negatively affected by
LLLTas seen in Table 5 and Figs. 2 and 4. Acrosomemembrane
integrity displayed statistical tendency (LLLT effect: P=0.06)
(Table 5).

Although the groups that were treated by LLLT presented a
higher testosterone serum concentration, the difference was
not significant (LLLT effect: P=0.37). CL and IL groups pre-
sented 11.25±0.87 and 9.58±1.16 ng/mL, respectively, while
CC and IC presented 9.61 ± 1.29 and 8.57 ± 1.34 ng/mL.
Likewise, the proportion of lumen area was not altered by
insulation neither by LLLT (Table 6); thus the quantity of cells
was similar in the four groups evaluated despite the proportion
of lumen area that was apparently minor in group IL.

Discussion

The experimental goal was to establish a new treatment to
testicular degeneration in rams. For this, a method to induce
testicular degeneration was used. Scrotal insulation was able
to increase testicular temperature and to cause injuries in se-
men quality. Other authors utilized this technique with success
to induce seminal injuries and testicular degeneration in bulls
and rams [21–24]. Regarding sperm kinetic, insulation was
able to decrease total and progressive motility as observed
by Arman [23]. Fernandes [22] and Pérez-Crespo [5] ob-
served an increase in DNA abnormalities of Nellore bulls
and mice, respectively, submitted to scrotal heat stress. This
DNA fragmentation is the consequence of oxidative stress [3,
4]. Although there were observed injuries in DNA promoted
by insulation, our data did not show an increase in ROS pro-
duction 21 days after insulation, being apparently this produc-
tion more intensive during heat stress and immediately
afterward.

The first experiment aimed to establish an LLLT treatment
protocol that would be used in the second experiment. An

Table 5 Mean ±SEM of total and progressive motility, spermwith plasma and acrosomemembranes integrity and mitochondrial membrane with high
potential (PIAIHM) and sperm with mitochondrial membrane with high potential (HM) on control (not treated by LLLT) and LLLT-treated groups

Sperm characteristics Control LLLT P value

LLLT effect LLLT× time effect

Total motility (%) 68.62 ± 2.70 a 60.38 ± 2.28 b 0.02 0.62

Progressive motility (%) 50.89 ± 2.58 a 42.09 ± 2.23 b 0.02 0.24

PIAIHM (%) 55.53 ± 2.52 a 45.55 ± 2.34 b 0.01 0.45

AI cells (%) 67.18 ± 1.87 60.28 ± 2.02 0.06 0.22

HM cells (%) 60.08 ± 2.74 a 50.11 ± 2.37 b 0.02 0.19

Different letters on the same line indicates statistical difference (P ≤ 0.05) between groups

Table 4 Mean ±SEM of total motility and progressive motility, sperm
with major and total defects, sperm with plasma and acrosome
membranes integrity and mitochondrial membrane with high potential
(PIAIHM), sperm with plasma membrane integrity (PI), sperm with

acrosome integrity (AI), sperm with mitochondrial membrane with high
potential (HM), and sperm DNA integrity on control (not insulated) and
insulated groups

Sperm characteristics Control Insulated P value

Insulation effect Insulation× time effect

Total motility (%) 68.91 ± 1.78 a 57.26 ± 3.06 b 0.001 0.01

Progressive motility (%) 50.88 ± 1.87 a 39.17 ± 2.85 b 0.007 0.09

Major defects (%) 14.61 ± 1.33 b 32.01 ± 3.07 a 0.005 0.007

Total defects (%) 26.87 ± 2.50 b 44.37 ± 3.41 a 0.03 0.006

PIAIHM (%) 54.45 ± 1.83 a 43.55 ± 3.07 b 0.02 0.002

PI cells (%) 62.50 ± 1.85 a 52.50 ± 2.99 b 0.02 0.0004

AI cells (%) 66.22 ± 1.83 59.15 ± 2.23 0.11 0.05

HM cells (%) 59.30 ± 1.87 a 47.74 ± 3.20 b 0.01 0.001

DNA integrity (%) 99.71 ± 0.14 a 96.29 ± 1.53 b 0.02 0.25

Different letters on the same line indicates statistical difference (P ≤ 0.05) between groups
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important concern was whether LLLT affected the tes-
ticular temperature. Thus, scrotal superficies mean tem-
perature was monitored before and after LLLT in both
experiments and was not observed an increase in scrotal
temperature after the therapy. Mester [25] reported that
low-level laser therapy is unable to increase temperature
being that a nonthermal therapy. However, Gnyawali
[26] reported that LLLT is able to increase superficies
temperature as soon as it was irradiated. While in our
study was not observed an increase of scrotal tempera-
ture in both experiments, we did not measure the scrotal
temperature as soon as therapy was done.

Another question, to be answered in experiment 1, was on
the best energy dose to apply on the testicles of rams. The
results of histopathological characteristics of proportion of
lumen and degeneration degree suggest that LLLT with 28 J/
cm2 was better than LLLT with 56 J/cm2. Thus, this protocol
was elected in the second experiment. However, it was ob-
served no improvement in semen quality in both experiments
and even with worsening of some characteristics caused by
LLLT in the second experiment.

According to Farivar [27], biostimulation of LLLT is
caused by mitochondrial stimuli. Infrared light is able to stim-
ulate mitochondria to produce ATP. This production is able to
increase levels of ROS. However, it was reported that LLLT
increases also the antioxidant agents. Nevertheless, in the
present study, it was observed injuries in semen quality, main-
ly in total and progressive motility, PIAIHM, and HM cells.
This effect can be occasioned by a possible increase in testic-
ular temperature caused by LLLT that was not detected by
thermography made 8 days after LLLT treatment and/or by a
deregulated production of ROS promoted by LLLT. Even
though it was not observed an increase in sperm ROS produc-
tion, it is possible that this increase occurred during the LLLT
treatment and seminal characteristics that were not evaluated
during this period.

With the stimulating production of ATP, laser promotes
proliferation of cells [8, 14, 15, 27, 28]. This proliferation
was observed in histopathological characteristics of testes in
experiment 1. The proportion of lumen area of seminiferous
tubule was smaller in the group treated by LLLTwith 28 J/cm2

than in group not treated and treated by LLLT with 56/cm2

as observed by Taha and Valojerdi [12]. Consequently, it
denotes that the number of cells were greater in the group that

had smaller proportion of lumen area. Although the same
effect was not observed in experiment 2, it is possible to note
that apparently, the proportion of lumen in the group insulated
treated with LLLTwas smaller than in the group insulated and
not treated. This difference between the patterns of
histopathology in experiment 1 and in experiment 2 can be
explained by the different times of evaluation. In experiment
1, the testes were collected 32 days after LLLT, while in
experiment 2, the testes were collected 56 days after LLLT
treatment. Moreover, it was not observed the same effect in
animals that were not submitted to testicular degeneration and
were treated by LLLT. Likewise, testosterone serum
concentration was not affected by LLLT. However, it appeared
to be increased in the groups that were treated by LLLT
suggesting a biostimulatory effect promoted by LLLT in
Leydig cells.

Conclusions

Thus, in concern to the results, it is possible to conclude that
LLLT at energy of 28 J/cm2, 808 nm of wavelength, and
30 mW of power output can induce semen injuries and in-
crease the quantities of cells in seminiferous tubule when de-
tected 32 days after LLLT treatment. However, this increase
did not occur in a long time after the therapy and in animals
that did not present testicular degeneration. LLLT in this
condition is not efficient to increase serum testosterone concen-
tration, and consequently, it is not efficient to stimulate Leydig
cells. It is an evident need for further studies investigating the
effect of LLLT in testicular degeneration with other protocols
and other methods to measure its biostimulatory effects.
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Table 6 Mean ±SEM of proportion of lumen area in seminiferous tubule on control, control treated by low-level laser therapy (LLLT), insulated and
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Control Insulated

Control LLLT Control LLLT

Proportion of lumen area (%) 27.93 ± 2.23 28.92 ± 2.02 31.74 ± 1.58 26.92± 1.46

Insulation effect: P= 0.65; LLLT effect: P= 0.35; insulation× LLLT interaction: P= 0.17
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