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Effect of transient scrotal hyperthermia on sperm
parameters, seminal plasma biochemical markers,
and oxidative stress in men

Meng Rao"", Xiao-Ling Zhao"’, Jing Yang', Shi-Fu Hu', Hui Lei', Wei Xia"?, Chang-Hong Zhu'*?

In this experimental prospective study, we aimed to analyze the effect of transient scrotal hyperthermia on the male reproductive
organs, from the perspective of sperm parameters, semen plasma biochemical markers, and oxidative stress, to evaluate
whether different frequencies of heat exposure cause different degrees of damage to spermatogenesis. Two groups of volunteers
(10 per group) received testicular warming in a 43°C water bath 10 times, for 30 min each time: group 1: 10 consecutive days;
group 2: once every 3 days. Sperm parameters, epididymis and accessory sex gland function, semen plasma oxidative stress
and serum sex hormones were tested before treatment and in the 16-week recovery period after treatment. At last, we found an
obvious reversible decrease in sperm concentration (P = 0.005 for Group 1 and P = 0.008 for Group 2 when the minimums were
compared with baseline levels, the same below), motility (P=0.009 and 0.021, respectively), the hypoosmotic swelling test score
(P = 0.007 and 0.008, respectively), total acrosin activity (P = 0.018 and 0.009, respectively), and an increase in the seminal
plasma malondialdehyde concentration (P = 0.005 and 0.017, respectively). The decrease of sperm concentration was greater
for Group 2 than for Group 1 (P = 0.031). We concluded that transient scrotal hyperthermia seriously, but reversibly, negatively
affected the spermatogenesis, oxidative stress may be involved in this process. In addition, intermittent heat exposure more
seriously suppresses the spermatogenesis compared to consecutive heat exposure. This may be indicative for clinical infertility

etiology analysis and the design of contraceptive methods based on heat stress.
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INTRODUCTION

The testes of most animals, including humans, are found in the
scrotum outside the main body cavity and are thus 2-8°C below the
core body temperature."? In addition, a countercurrent heat exchange
system between the pampiniform plexus and the testicular artery
effectively regulates the temperature within the testes, ensuring normal
spermatogenesis. Epidemiological investigations have shown that
the semen quality of car drivers, welders, and sauna enthusiasts was
poorer than that of normal people.’~ Previous studies have shown that
cryptorchidism and varicocele can seriously affect spermatogenesis,
mainly due to the elevated temperature of the scrotum.®” However,
those studies were mainly retrospective. The heat stress intensity and
exposure time lacked accurate quantification, and the relationship
between heat exposure frequency and the degree of spermatogenesis
damage was not explored.

Epididymis and accessory glands secrete several factors that play
critical roles in sperm physiology. Neutral alpha-glucosidase (NAG),
fructose, and zinc are traditionally used as markers of the functional
activity of the epididymis, seminal vesicles, and the prostate. The
epididymis has been shown to play an important role in sperm

maturation, including the gaining of motility. Several studies have
found positive correlations between the seminal levels of NAG and
sperm motility.>® Fructose has been shown to be the main source of
energy and metabolism of spermatozoa, and positive correlations
have also been demonstrated between the seminal levels of fructose
and sperm motility." Zinc also plays a critical role in sperm function,
mainly by maintaining chromatin stability." Studies have also shown a
positive effect of zinc content on the percentage of motile sperm.'?" As
these markers are critical factors affecting sperm function, especially
sperm motility, we were interested in whether transient scrotal
hyperthermia can affect the function of the epididymis and male
accessory glands, and whether this is associated with spermatogenesis
damage caused by heat stress. There has been no research on this
question reported to date.

Oxidative stress is a key aspect of pathogenesis in many diseases.
Studies have found that the increase in testicular temperature observed
in cryptorchidism and varicocele has been associated with an increase
in testicular oxidative stress.'*'* Experimental models have also shown
that transient mild testicular hyperthermia can destroy the balance
between oxidative capacity and antioxidant capacity.'*!” The human
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spermatozoa are highly susceptible to oxidative stress, high levels of free
radicals, and reactive oxygen species (ROS), including the superoxide
anion and hydrogen peroxide (H,0,)."*" Oxidative stress can be
deleterious and cause oxidative damage to the sperm plasma membrane
and DNA fragmentation of both the nuclear and mitochondrial
genomes.”” Although oxidative stress has been investigated in animal
models and cryptorchidism and varicocele patients, we wondered
whether oxidative and antioxidant capacity varied in the human testes
when they are exposed to mild hyperthermia.

In summary, sperm parameters can largely reflect spermatogenesis,
and epididymis and accessory sex gland function can obviously affect
sperm parameters. Oxidative stress may be a key factor in the damage
of spermatogenesis. The aim of this study was to analyze the effect of
transient scrotal hyperthermia on male reproductive organs from the
perspective of semen parameters, the epididymis and accessory sex
gland functions, and semen plasma oxidative stress, to evaluate whether
different frequencies of heat exposure could cause different degrees of
damage to the spermatogenesis process.

MATERIALS AND METHODS

Subjects

This study was approved by our Local Ethics Committee. Volunteers
were recruited through poster and bulletin board advertisements.
The inclusion criteria were as follows, male, 22-50 years old, married
and having fathered at least one child, no plan to father another
child, good health without hypertension or trauma. Exclusion
criteria were as follows: not married or have no children, plan to
have another child, cryptorchidism or varicocele, severe heart, brain
or renal disease, could not commit to finishing the experiment.
Finally, a total of 20 healthy Chinese male volunteers between the
ages of 22 and 45 were eligible and enrolled into the study after they
had completed a written informed consent. The subjects had no
significant medical history, and all had normal results from a physical
examination carried out during the recruitment. They had normal
sexual hormone levels (follicle-stimulating hormone [FSH], luteinizing
hormone [LH], sex hormone-binding globulin [SHBG], estradiol [E2],
testosterone [T], free T) and two consecutive normal semen analyses at
2 weeks intervals (semen volume > 1.5 ml, sperm concentration > 15
million ml™, progressive sperm > 32%) according to the World Health
Organization (WHO) criteria (5" edition).”!

Study design

Subjects were initially randomized into one of the two groups, each
group consisting of 10 volunteers. All of the subjects underwent
testicular warming at 43°C in a water bath 10 times, for 30 min each
time. In brief, the lower half body of each subject was soaked in the
bathtub in which the water was regulated to be 43°C. To maintain the
water temperature constant, we continuously added the adjusted hot
water (43°C) into the bathtub, and we also drained the water from
the bathtub by the same flow rate. For subjects in Group 1, this was
carried out once a day for 10 consecutive days while for subjects in
Group 2, it was once every 3 days, 10 times. The treatment phase was
followed by a recovery phase of 16 weeks. Blood was collected before
and every 3 weeks after the water bath treatment, a total of 6 times.
Semen samples were collected twice before the water bath treatment
and every 2 weeks after, for a total of 10 times.

Semen sample collection and processing
Semen samples were obtained from each subject by masturbation
after between 3 and 7 days of sexual abstinence and collected in
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sterile containers. After liquefaction at 37°C, samples were examined
for semen volume, pH, sperm concentration, viability, and normal
morphology according to the WHO guidelines for the examination
and processing of human semen (5" edition).” A duplicate reading
was performed by different operators and the results are the mean of
these determinations.

Conventional semen analysis

Semen volume was evaluated by semen weight, assuming a density of
1.0 gml™". The container was weighed before and after sample collection,
and the difference between the weights was recorded as the volume.
The pH value was measured using pH paper and compared with the
calibration strip to determine the value. For the assessment of sperm
concentration and motility, 10 ul of well-mixed semen was placed
in a clean Makler chamber (which had been held at 37°C), covered
with a coverslip, and immediately examined at a total magnification
of x400. Ten of the 100 squares in the microscope field were randomly
scanned, and the sperm count was recorded using a cytometer. With
the help of an ocular grid, the proportion of each of three motility
categories was assessed, progressive sperm, nonprogressive sperm,
and immotile sperm. Total sperm count was calculated by multiplying
sperm concentration by semen volume.

Sperm function assay

The hypo-osmotic swelling (HOS) test was performed according to the
method described by Vivas et al.?* In brief, a HOS solution containing
1.351 g of fructose and 0.735 g of sodium citrate was made up to 100 mL
with distilled water, frozen at —20°C in several aliquots, then thawed
and mixed well before use. One milliliter of HOS solution was placed
at 37°C for 10 min. The semen sample (0.1 ml) was added to the HOS
solution (an initial count of coiled tails was noted beforehand) and
incubated for 30 min at 37°C. A drop of the mixture was placed on a
glass slide and covered with a slip. The swell of spermatozoa tails was
observed under a phase contrast microscope at a magnification of
x400. The percentages of reacted sperm (swollen tails) were assessed
by counting a minimum of 200 spermatozoa. A duplicate observation
was made, and the mean of the two was taken.

Total acrosin activity assay was measured using a commercially
available kit (HuaKang, Shenzhen, China), which was a modification
of the Kennedy method.” Seven and a half million spermatozoa were
obtained from each semen sample and centrifuged to remove semen
plasma. A detergent buffer containing N-o-benzoyl-dl-arginine
p-nitroanilide hydrochloride (BAPNA) was used for activation of
proacrosin into enzymatically active acrosin. The sperm pellet was
then suspended in 1 ml of detergent buffer for 1 h at 24°C. In this
procedure, BAPNA was hydrolyzed by acrosin and converted to a
chromophoric product (4-nitroaniline) that was detected at 410 nm
using a V-1100 spectrophotometer (Mapada, Shanghai, China). Total
acrosin activity (WU 107° sperm) was calculated according to the kit
instructions.

Hormone assays

Blood samples were obtained, centrifuged to separate the plasma,
and stored at —20°C until used in the hormone assay. Plasma
concentrations of FSH, LH, T, free T, E2, and SHBG were all tested using
a chemiluminescent immunoassay method on the automated UniCel
DxI 800 analyzer (Beckman Coulter, Brea, USA). The commercial kits
were also provided by Beckman Coulter, Inc. All of the hormone assays
were carried out by the same specialized technician, to minimize the
effect of between-assay variability.

@ Asian Journal of Andrology



Scrotal hyperthermia affects male spermatogenesis
M Rao et al

Biochemical marker analysis of the epididymis and accessory sex glands
Semen samples were centrifuged for 10 min at 3000 x g after semen
analysis and seminal plasma was decanted and stored at —20°C until
analysis for biochemical markers was carried out. Levels of seminal
plasma NAG were measured according to the photometric method
described by Vivas-Acevedo et al.** The substrate (paranitrophenyl
a-p-nitrophenolglucopyranoside) can be hydrolyzed by NAG into
paranitrophenyl, the latter can be measured by spectrophotometer at
a wavelength of 405 nm after a 2-h incubation at 37°C, pH 6.8. The
acid isoenzyme originates in the prostate can be selectively inhibited
by sodium dodecyl sulfate to allow the measurement of NAG activity,
the use of castanospermine can inhibit the nonglucosidase-related
substrate breakdown and make the assay more sensitive. The results
were expressed as mU ml ™.

Levels of the fructose were measured according to the method
described by Henkel et al.** In brief, samples were mixed and diluted
(5 ul seminal plasma plus 50 pl distilled water) in an Eppendorf cup.
Afterward, 12.5 ul 63 umol I'' ZnSO, and 12.5 ul 0.1 mol I NaOH
were added and then centrifuged to deproteinize. Then 50 pl of the
supernatant were collected and mixed with 50 ul indole reagent
(2 mmol 1! indole in 16 mM benzoic acid), 500 ul 32% HCI added,
covered with parafilm, and heated for 20 min at 50°C in a water bath.
After all, the samples were cooled in ice water and tested at 470 nm in a
spectrophotometer. At last, the fructose concentrations were calculated
and expressed as pmol ml™.

Seminal plasma zinc concentration was measured using a
commercially available kit (Bred Co. Ltd., Shenzhen, China) according
to the manufacturer’s instructions, essentially as previously described.”
The proteins in the sample were precipitated with trichloroacetic acid,
the supernatant mixed with a water-soluble pyridylazo dye (5-Br-PAPS)
and the absorbance measured at 560 nm.

Oxidative stress assay

Semen samples were centrifuged for 10 min at 3000 xg after semen
analysis, and seminal plasma was decanted and stored at —20°C
until analysis for oxidative stress was carried out. Superoxide
dismutase (SOD), catalase (CAT) activity and malondialdehyde (MDA)
levels were determined using commercial kits (Beyotime, Haimen,
China). SOD activity was measured using the inhibition of nitroblue
tetrazolium (NBT) reduction by the combination xanthine-xanthine
oxidase as described by Zini et al.* The amount of seminal plasma able
to diminish the reduction of NBT by 50% was set as one unit of SOD
activity. The result was finally expressed as U ml™.

CAT activity was determined by the reduction in concentration
of exogenous hydrogen peroxide (H,0,) after incubation with
the test samples, using the method described previously.” Briefly,
samples were treated with excess H,0, hydrogen peroxide.
Decomposition by catalase CAT occurred for a specified time,
and the remaining H,O, hydrogen peroxide coupled with a
substrate was treated with peroxidase, to generate a red product,
N-4-antipyryl-3-chloro-5-sulfonate-p-benzoquinonemonoimine
that absorbs maximally at 520 nm. The activity of CAT was finally
presented as U ml ™.

For the lipid peroxidation level, MDA was tested as described by
Kang et al.*® A 200 pl aliquot of thiobarbituric acid reagent was added
to 100 ul of the centrifuged seminal plasma. The mixture was treated
in a boiling water bath for 15 min. After cooling, the suspension was
centrifuged (1000 x g, 10 min), the supernatant was separated, and the
absorbance was measured at 530 nm. The MDA content was finally
expressed as umol ml™.
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The protein content in the supernatant of the seminal plasma
was estimated by the biuret method,” using bovine serum albumin
as a standard, and finally expressed as mg ml™. SOD, CAT, and MDA
content were then converted to U mg™! protein, U mg™ protein, and
umol mg™! protein, respectively.

Statistical analysis

All of the results were expressed as mean * s.e.m. Characteristics
of subjects between the two groups were compared using Wilcoxon
test, data at each time point after hyperthermia were compared with
data before hyperthermia (baseline) also using Wilcoxon test, due to
skewness in the distributions of some of these measurements. The two
sperm or semen plasma test results before hyperthermia were averaged
as the baseline level. To evaluate the effect of the degree of hyperthermia
on spermatogenesis, the minimum of sperm concentration in the two
groups were compared using an analysis of covariance, the baseline value
was regarded as a covariate. Comparisons of rates of oligozoospermia
or severe oligozoospermia in the two groups were made using Fisher
Exact test. Statistical analysis was performed with SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA). P < 0.05 was considered significant.

RESULTS

All 20 subjects completed the clinical study voluntarily. There were no
significant differences in age, body mass index, or sperm parameters
between the subjects in the two groups before hyperthermia (Table 1).

Conventional sperm parameters

The sperm concentration and total sperm count of both groups showed
reversible decreases. The minimum levels of sperm concentration
observed at week eight after treatment were significantly different from
baseline levels (P = 0.005 for Group 1 and P = 0.008 for Group 2). The
minimum levels of total sperm count observed at week 6 or 8 after
treatment were also significantly different from baseline levels (P = 0.009
for Group 1 and P = 0.005 for Group 2). The sperm concentration of
Group 2 (week 8: 15.5% of baseline value) decreased more drastically
than that of Group 1 (week 8: 28.8% of baseline value), and the
Group 2 concentrations recovered more slowly (Figures 1 and 2).
The magnitude of sperm concentration reduction for Group 2 was
greater than for Group 1 (P = 0.031). Sperm progressive motility
decreased in both groups and followed a similar pattern to that of
sperm concentration, with the lowest value recorded at 6 weeks
after hyperthermia treatment, the minimum in both groups were
significantly different from baseline levels (P = 0.009 for Group 1 and
P =0.021 for Group 2) (Figure 1). Furthermore, 7 and 4 subjects in
Group 1 reached oligozoospermia (less than 15 million ml™) and severe
oligozoospermia (less than 5 million ml™), respectively; 9 and 4 subjects
in Group 2 reached oligozoospermia and severe oligozoospermia
respectively, no significant difference existed (Figure 2).

Table 1: Characteristics of subjects in the both treatment groups

Characteristics Group 1 Group 2 P
Age (year) 34.1+6.1 32.2+7.0 0.39
BMI 22.5+1.9 21.8+1.8 0.63
Pretreatment
Sperm concentration (10 ml-!) 50.6+12.4 47.8+9.4 0.97
Progressive sperm motility (%) 55.4+8.9 62.0+10.8 0.22
Total sperm count (108) 173.6+87.3 180.4+70.2 0.28

BMI: body mass index. In this table and subsequent figures, all of the subjects received
testicular warming in a 43°C water bath 10 times, for 30 min each time. The subjects
in Group 1 were treated once a day for 10 consecutive days and the subjects in Group 2
were treated once every 3 days
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The hypo-osmotic swelling test

The mean value of the tail swelling rate for Group 1 decreased
significantly from week 4 to 8 compared with the baseline level
(P = 0.007 when the minimum was compared with baseline level),
recovering at week 10. The value for group 2 decreased significantly
from week 6 to 10, compared with the baseline level (P = 0.008 when
the minimum was compared with the baseline level), recovering at week
12. The lowest values for both groups appeared at week 6 (Figure 3a).

Total acrosin activity assay

The total acrosin activity assay required at least 15 x 10° sperm,
according to the test kit instructions. However, the total sperm
count of some subjects decreased severely and was insufficient to
carry out the assay, thus some tests at the middle time points were
missing. Our results showed that the total acrosin activity for Group 1
decreased significantly from week 4 to 10, compared with the baseline
level (P = 0.018 when the minimum was compared with the baseline
level). The value for Group 2 decreased significantly at week 2 compared
with the baseline level (P = 0.009) (Figure 3b).

Hormone assays

Follicle-stimulating hormone, LH, E2, T, free T, and SHBG were tested
at each time point. The results showed that none of the hormone levels
changed significantly (P > 0.05), except for E2 of group 1 at week 2,
compared with the baseline level (P = 0.042) (Figure 4).

Biochemical marker analysis of the epididymis and accessory sex
glands

Seminal plasma NAG, fructose, and zinc concentrations showed no
significant difference compared with the baseline level in both groups
at each time point (P > 0.05) (Figure 5).

Oxidative stress assays (superoxide dismutase, catalase,
malondialdehyde)

Seminal plasma SOD showed no obvious variation at each time
point compared with the baseline levels for both groups (P > 0.05).
CAT also showed no obvious change except that the value tested
at week 4 significantly decreased compared with the baseline
level in Group 1 (P = 0.017). MDA levels for Group 1 increased
significantly from week 2 to week 10, compared with the baseline
level, with the highest value reached at week 8 (P = 0.005 when
the maximum was compared with baseline level). MDA levels for
group 2 increased significantly at week 8 compared with the baseline
level (P =0.017) (Figure 6).

DISCUSSION

Many studies have been carried out to investigate the effect of
hyperthermia on spermatogenesis, and the corresponding mechanism,
using animal models.*-*> However, clinical studies are relatively rare.
This study was carried out to investigate the effect of heat stress on
the male reproductive organs. We monitored the dynamic changes in
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sperm parameters, accessory sex gland function, and semen plasma
oxidative stress over a 16-week period, which was long enough to
overlap with an entire spermatogenic cycle.

Consistent with other reports on the effect of hyperthermia
on spermatogenesis in rats,”> monkeys,** and humans,>** we
showed a significant decrease and a good reversibility in sperm
concentration and total sperm count (Figure 1). The minimum
sperm concentration and total sperm count were recorded 6 or
8 weeks after treatment for both groups. The sperm concentration
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of Group 2 (15.5% of pretreatment value) decreased more drastically
than that of Group 1 (28.8% of pretreatment value). Based on widely
accepted concepts of duration of human spermatogenesis, a complete
spermatogenic cycle (i.e. spermatogonia to spermatozoa) in men
usually last for almost 74 days, it can be divided into 4 periods:
spermatogonia mitosis (about 28 days), spermatocytes meiosis period
I (about 23 days), spermatocytes meiosis period II (about 1 day) and
spermiogenesis (about 22 days).”” It takes about 12 days (1-22 days) for
the spermatozoa to pass through the epididymis and vas deferens and
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to reach the ejaculate.’® According to this phenomenon, for Group 1,
sperm collected at week 8 were at the spermatocyte stage (meiosis)
during the whole period of hyperthermia. For Group 2, those
collected at this point were at the spermatocyte stage (meiosis) and
elongated spermatid stage (spermiogenesis) at an early and late period
of hyperthermia, respectively. Previous studies have shown that in
heat stress-induced stage-specific damage to germ cells, those at the
spermatocyte and spermatid stages were more susceptible than cells
at other stages while spermatogonia were not sensitive to heat stress at
all*** The minimum sperm concentration and count recorded at week
8 in Group 1 may be due to serious impact on the spermatocytes. Due
to “double hit,” hit to the spermatocyte and the spermatid, the sperm
concentration and total sperm count of Group 2 were more severely
reduced than for Group 1. The sperm output at week 10 and week
12 recovered gradually, possibly due to the relatively low sensitivity
to heat stress of spermatogonian mitosis (about 58-86 days before
ejaculation), a conclusion that has been drawn in previous studies.*"**
Output recovered to the baseline level by weeks 14-16, which was long
enough to overlap with an entire spermatogenic cycle. Furthermore,
more subjects were induced to oligozoospermia in Group 2 than
Group 1, even though the difference was not significant (Figure 2).
The results of our study indicated that intermittent hyperthermia could
more seriously affect spermatogenesis than consecutive hyperthermia,
probably because intermittent hyperthermia affects multiple
heat-sensitive stages of spermatogenesis. This may be indicative for
clinical infertility etiology analysis and the design of contraceptive

methods based on heat stress. Progressive sperm motility also showed
a reversible reduction. This variation may be the result of two factors.
Hyperthermia may affect the formation of the sperm movement
apparatus. As the process of spermiogenesis is susceptible to heat stress,
this question is being researched by our group. Alternatively, heat stress
may alter the normal functioning of the epididymis, which may lead
to faster sperm epididymal transit, thus reducing the time required for
spermatozoa maturation and resulting in a large number of immotile
spermatozoa in the ejaculate. This has been reviewed elsewhere.*>*

The modifications of sperm parameters were not paralleled by
changes in hormone levels. The finding that there were no significant
differences in LH, FSH, E2, T, free T, and SHBG pre- and post-treatment
was consistent with other studies (Figure 4).>**-* We know that the
Leydig cells are the main cells that synthesize and secrete T. The stability
of T and free T indicates that the function of the Leydig cells may not
be damaged by short exposure to moderate heat.

It is well-known that the epididymis and accessory sex glands
play a critical role in the functional status of sperm, especially their
motility."** In this study, we found that there was no significant
variation in the three biochemical markers, seminal NAG, fructose, and
zinc concentration, before and after heat treatment (all P values > 0.05)
(Figure 5). Namely that epididymis and accessory sex gland functions
were not severely affected, this indicated that the deterioration of semen
quality were not caused by posttesticular factors, but testicular factors.

The HOS test is a functional test of sperm membrane integrity.
Those sperm with damaged or chemically inactive plasma membranes
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do not show cytoplasmic swelling and their tails remain uncurled when
they are in hypoosmotic swelling fluid. Sperm membrane integrity is
important for its metabolism and specific changes in the dynamics of
the membrane are required for the successful union of the male and
female gametes, that is, for sperm capacitation, the acrosome reaction,
and binding of the spermatozoa to the egg surface.*® Acrosin activity
is a suitable marker for the fertilizing capacity of human spermatozoa,
as it is involved in the acrosome reaction and assists fertilization by
acting as a secondary zona pellucida binding protein.””** Our results
revealed that hyperthermia can seriously affect sperm membrane
integrity (Figure 3a) and fertilization capacity (Figure 3b), this may
be one aspect of male infertility caused by heat stress.

Oxidative stress may be a critical factor leading to damage of sperm
function. Our results showed that the seminal plasma antioxidants,
SOD and CAT, showed no significant change except that CAT tested
at week 4 significantly decreased from baseline in Group 1. However,
a marker of lipid peroxidation, MDA, increased significantly before
recovering to the baseline level in both groups (Figure 6). Therefore,
the seminal plasma antioxidant capacity may not change severely,
and ROS may be obviously increased when exposed to moderate
heat. High levels of ROS may be generated by abnormal spermatozoa
and leukocytes,” and can damage membrane intergrity,’*>' decrease
sperm motility,>>** influence acrosomal functionality,® and elevate
levels of DNA damage.* The consensus that scrotal heat stress could
cause oxidative stress damage has been reached. Paul et al.'® reported
that mild, transient scrotal heat stress causes the down-regulation of
antioxidant enzyme expression in mouse testes. Tawadrous et al.””
found infertile men with varicocele have a relatively low level of seminal
plasma antioxidants and high level of lipid peroxidation. However,
our results showed that the antioxidative capacity did not decrease
severely even though lipid peroxidation increased. This is in agreement
with another study, which reported that hot summer can significantly
increase bull seminal plasma lipid peroxidation while antioxidant
enzyme activity remained stable.* These differing conclusions may be
due to different periods of exposure, and to different response intensity
to heat stress among different species.

Subjects in the two groups were exposed to different frequencies,
but the same total intensity of heat treatment. We found that the damage
to spermatogenesis, sperm function, and oxidative stress in the two
groups were similar. In general, both exhibited a good security and
reversibility. Previous studies based on animal models have revealed
that the most significant consequence of heat stress on the testes is the
loss of germ cells via apoptosis,*****” with the mitochondria-dependent
pathway the key apoptotic pathway involved.*® Oxidative stress can
cause serious injury to the mitochondria, initiating apoptosis and
leading ultimately to cell death.’®** Although we have no data on
testicular tissue morphology or pathology, we can speculate that
oxidative stress participates in the suppression of spermatogenesis in
the circumstance of human scrotal heat stress, leading to a significant
decrease in sperm concentration, motility, and sperm function. This
viewpoint has been demonstrated in other studies.”'®

CONCLUSIONS

This study was a preliminary investigation on sperm and semen
plasma parameters in humans affected by an accurate intensity of
heat stress. The results indicated that sperm parameters and function
reversibly decreased while serum sexual hormone levels, epididymis,
and accessory sex gland function were not affected. Oxidative stress
may participate in the suppression of spermatogenesis. In addition,
intermittent heat exposure can more seriously damage spermatogenesis
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than consecutive heat exposure. This may be guiding significance to
analyze the clinical etiology of heat-induced semen quality decline, and
also indicative for the design of contraceptive methods based on heat
stress. Further study should be carried out on how to control the heat
exposure intensity and frequency, to achieve a realistic contraceptive
effect.
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