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ABSTRACT

Background and Objectives: sperm motility mainly depends on aerobic glycolysis,
and lactate dehydrogenase (LDHI) is a key enzyme in the last step of this process. On the other
hand, fructose is considered as the main energy source for sperm molility. Therefore, this
study aimed to evaluate the LDH activity and fructose levels and their correlation with sperm
motion parameters in normospermic and asthenozospermic males.

Methods: In this case-control study, 96 normospermic and 96 asthenozospermic males
were enrolled. The semen samples were analyzed by computer assisted semen analysis to
identify sperm motion paramelers. Seminal plasma fructose levels were measured using
Seliwanoff's test. LDH activity in the samples was evaluated using commercially available kits.
The obtained data were analyzed by SPSS software (version 16).

Results: The levels of LDH activity and fructose concentration were not different between
the two groups. There was no correlation found between LDH aclivity and fruclose
concentration or sperm molility parameters. However, LDl was significantly correlated with
sperm concentration in both groups.

Conclusion: Although LDH activity and fructose levels seem to be influenced by sperm
motility, other factors such as sperm concentration and total sperm count can also affect their
seminal plasma levels. Thus, when the sperm concentrations are equal in study groups, the
level of these factors are expected to be equal.
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INTRODUCTION

In mammals, aerobic glycolysis is the
primary source of ATP for sperm motility (1-3).
The importance of glycolysable substrates is for
the  motility(4, 5), protein  tyrosine
phosphorylation and hyperactivtion that is
crucial for capacitation(5-8) and fertilization(9,
10). The last step of glycolysis process, which
is essential for continued production of ATP, is
the conversion of pyruvate to lactate
accompanied by oxidation of NADH to NAD".
This reaction is catalyzed by lactate
dehydrogenase (LDH)(11, 12). LDH is a
tetrameric protein that catalyzes the last step of
glycolysis (13). Ldhc gene is expressed in
male(12-16) and female(11) germ cells with the
final functionally protein known as the LDH-C,
(15). Although LDH-C, is considered to be
specific for male germ cells(17), other
isoenzymes of LDH can be found in sperm (18,
19). LDH-C, constitutes more than 80% of the
total LDH activity in mature spermatozoa (20).
In contrast to spermatogenic cells(15),
spermatids and spermatozoa exhibit high levels
of glycolysis and contain high levels of LDH-
C, (also known as LDH-C) (21). LDH-C is
enzymes can be determined in seminal plasma
and spermatozoa due to the outward diffusion
or leakage of the enzyme from sperm cell and
spontaneous destruction of sperm cells (22).
On the other hand, sperm motility depends on
the amount of energy produced via anaerobic
glycolysis, aerobic glycolysis, and beta-
oxidation of endogenous substrates (23, 24).
Fructose is a hexone secreted from seminal
vesicles(25) that can be used as an energy
substrate for spermatozoa in  anaerobic
glycolysis to release lactic acid by the LDH
activity (23, 24). This study aimed to assess the
level of LDH activity in seminal plasma of
asthenospermic patients (as case group) and
normospermic males (as control group), and
determine its effect on sperm motion
parameters. In addition, fructose levels were
evaluated to investigate its correlation with
LDH activity in energy metabolism required for
sperm motility.

MATERIAL AND METHODS
Study population

Subjects of the study included 192 males
referred to a clinical laboratory for semen
analysis. The subjects were equally divided into
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two groups based on the results of their
spermiogram. The subjects were matched in
terms of age to prevent the confounding role of
age in interpretation of results.

The inclusion criteria consisted of the
following: Total volume >2 ml, sperm
concentration > 20x10° sperm/ml, and total
sperm count > 40x10°. The exclusion criteria
consisted of the following: Leukocytospermia
(more than 1x10° leukocytes/ml of ejaculation),
the presence of blood, mucosa, and pus in
samples, and the period of more than 2 hours
from sampling until analysis.

Sample selection

The samples with normal morphology (more
than 30% of whole sperms) and normal
concentration (more than 20x10° sperm/ml)
with motility rate problems (total motility <
50%) were considered as the case group, while
the samples with normal morphology, normal
concentration, and normal motility rate (total
motility > 50%) were considered as the control
group.

Semen analysis

The semen samples were collected in sterile
containers by masturbation after a sexual
abstinence period of 3-7 days. Volume of the
ejaculates was measured immediately and the
samples were incubated at 37°C for 15-60
minutes (liquefaction process). The unliquefied
samples were excluded from the study. Manual
semen analysis and computer aided/assisted
semen analysis (CASA) were performed on the
samples according to “WHO laboratory manual
for the examination and processing of human
semen”. For each CASA, 10 pl of liquefied
sample were loaded on the special sperm meter
chamber. The parameters reported by CASA
included the following: Percentage of sperm
motility subtypes (motility type a, b, ¢ and d),
sperm  concentration (x10°  sperm/ml),
percentage of sperm motility, curvilinear
velocity (VCL, upm/s), straight line velocity
(VSL, um/s), average path velocity (VAP,
um/s), amplitude of lateral head displacement
(ALH, pm), linearity (LIN, %), wobble (WOB,
%), straightness (STR, %), beat cross frequency
(BCF, Hz), and mean angular displacement
(MAD, degree).

After semen analysis, the samples were
centrifuged at 2500 rpm for 10 minutes and
kept at -70 °C for further biochemical testing.
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Biochemical assays

The levels of LDH activity were assayed by a
kinetic method using commercially available
kits (Pars Azmoon, lot number: 93003, IR Iran).
In this Kkinetic, lactate is converted to pyruvate
(and vice wversa) in synchronous with the
conversion of NADH to NAD" that causes an
alteration in optical density (OD). Finally, these
changes are detected as concentrations by the
spectrophotometer instrument. The limit of
detection (LOD) for this kit was 5U/L with
linearity up to 3000U/L. The samples with
LDH activity higher than 3000 U/L were
diluted with normal saline and the results were
multiplied by dilution coefficient.
Concentration of fructose was measured using
“quantitative resorcinol method for
measurement of fructose in seminal fluid”
described by Nascimento et al. The process of
analyze is briefly explained below: First, 0.5
mL of Seliwanoff's reagent (0.1 gram resorcinol
and 0.1 gram urea dissolved in 100 mL
ethanol), 25 pL of fructose standard solutions
(45, 60, 90, 150, 270, 300, 450, 600 mg/dl) or
sample, and 2 mL HCL 37% were mixed in
glass tubes and placed in water bath (100°C) for
5 minutes. Then, the tubes were removed and
cooled, and absorbance of the standards or
samples was read against reagent blank at
wavelength of 546 nm.

Statistical analysis

Statistical analysis was performed using SPSS
software (version 16). After data entry, basic
descriptive statistics including mean + standard
deviation (SD) were calculated for the
variables. Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to assess the normality of
data distribution. Independent samples t-test
was done to analyze the relationship between
LDH activity levels and fructose concentration
in the two groups. Bivariate correlation test was
performed to explore the correlation of LDH

activity levels or fructose concentrations with
each other and sperm motion parameters. P-
values <0.05 were considered as statistically
significant. This study was approved by the
local ethics committee of Golestan University
of Medical Sciences (approval code:
25181693102147). Informed consent was
obtained from all patients prior to beginning
study procedures.

RESULTS

The mean £ SD age of participants was
31.2 + 5.9 and 30.2 + 5.3 years (range: 20-45)
in the case and control group, respectively. The
LDH activity in normospermic males was
slightly higher compared to asthenospermic
patients. The Pearson correlation coefficient
showed no correlation between LDH activity
and fructose concentration in the study groups.
In addition, there was no correlation between
the LDH activity levels and true corrected
fructose (log sperm concentration multiplied by
seminal fructose concentration). However,
LDH activity had significant  positive
correlation with sperm concentration in the
asthenospermic group (P-value= 0.001) and the
normospermic group (P-value=0.0001).
Moreover, total sperm count had a significant
positive correlation with LDH activity in both
groups (P-value=0.012). In the present study,
LDH-C4/100 million spermatozoa ratio had a
significant negative correlation with fructose
concentration (P-value=0.033, r= -0.218) and
true corrected fructose (P-value=0.001, r= -
0.320) in the asthenospermic group. However,
these correlations were not observed in the
normospermic  group. LDH showed no
correlation with other sperm parameters such as
morphology and motility parameters in the
study groups.

Table 1- Mean =+ SD of total LDH activity and fructose concentration in the two groups

Normospermic males Asthenozospermic males P-value
mean = SD mean = SD
Total LDH activity 4849.47 +2298.17 4316.15 +2090.11 0.095
(U/L)
Fructose concentration 269.62 + 169 262.04 +154.02 0.745
(mg/dl)
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DISCUSSION

LDH is one of the most essential enzymes
for energy metabolism in spermatozoa. The
results of our study showed no difference in
total LDH activity between normospermic
males and asthenospermic males with impaired
sperm motility. However, there was a strong
correlation between LDH activity and sperm
concentration and total sperm count in
intragroup analysis. According to Eliasson et
al., measuring LDH-C4/100 million
spermatozoa ratio is an appropriate way to
assess LDH-C4 activity in seminal plasma. This
ratio does not reflect leakage of the LDH-C4
from these cells, but is related to the functional
integrity of the seminiferous epithelium (25).
The essential role of spermatogenic cell-
specific glycolytic enzymes is suggested
because of their abundance in the sperm tail.
Thus, spermatozoa depend on extracellular
glucose, fructose, and exogenous pyruvate and
lactate (26). Although, there seems to be a
direct correlation between LDH activity levels
and fructose concentration, our  study
demonstrated otherwise. RNA and protein
synthesis in addition to oxygen consumption in
isolated spermatocytes are stimulated by
exogenous lactate but not by glucose. This is
another importance of lactate for germ cells
(26). Grootegoed et al. showed the conversion
of glucose to lactate by Sertoli cells (27). This
locally produced lactate is augmented by
paracrine/autocrine factors such as transforming
growth factor B, epidermal growth factor, basic
fibroblast growth factor, tumor necrosis factor o
and interleukin la (28-32), which are involved
in cell-cell communications in the testis (33).
These factors target glucose uptake and total
LDH activity for stimulating lactate production.
Eliason et al. conducted a study on five groups
with different fertility potencies (25) and found
no relationship between LDH/100 million
spermatozoa ratio and percentages of motile
sperms, and live spermatozoa with normal
relationship between LDH and sperm count
(only in fertile group), which is inconsistent
with the findings of our study. The mentioned
study claimed that the lower amounts of
LDH/sperm ratio leads to improvement of
testicular status in males over a certain time-
period. Since the proven infertile men were not
included in the criteria of case group, it is
expectable that some fertile males exist in this
group. On the other hand, the significance of
mentioned correlations can confirm the leakage
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of this enzyme from spermatozoa. In the study
of Casano et al., LDH activity of oligospermic
patients was higher than norospermic males,
while it is inversely correlated with sperm
concentration and percentage of motile sperms
in both groups (34). In the present study, there
was no correlation between the mentioned
variables and LDH levels. However, the present
study separated case and control subjects based
on total sperm motility (subjects had normal
sperm count), while the aforementioned study
separated the subjects according to sperm
count. Orlando et al. evaluated total LDH and
LDH-C, activity in normospermic and
oligospermic males and reported that the
activity of total LDH was 2.2 times higher in
oligospermic males than in normospermic
males. They also reported a negative correlation
between LDH activity and sperm concentration
(35). Noguera et al. found that LDH-C, activity
level differs significantly between fertile and
infertile males (36). They also reported that
LDH-C, is significantly correlated with sperm
count, which is in agreement with our findings.
The LDH/count ratio had a strong relationship
with sperm viability variables. The LDH-C,
activity levels between two groups in some
studies are opposit of our results, however, we
assessed total LDH activity levels instead of
LDH-C, isoenzyme, and the two studies
categorized their subjects differently. Sawane et
al. measured LDH activity levels in
normospermic, oligospermic, and azoospermic
individuals and found no statistical difference
between the groups, while LDH-C, activity had
a strong linear correlation with sperm
concentration (37). There was also a correlation
between percent of motile sperms and LDH-C,
activity level, but not the percent of normal
morphology. In contrast, our findings showed a
correlation between the percent of motile
sperms and the percent of normal morphology.
However, we did not find the correlation
between LDH and percent of motile sperms. In
the study of Tsujii et al., the mean £ SD of total
LDH activity was 2.487 + 1.384 IU/ml in sterile
males, which is notably lower than the result
obtained in the present study (38). Moreover,
they could not detect any correlation between
sperm count and total LDH activity, while these
variables had the highest correlation coefficient
in the present study. Orlando et al. reported a
threefold decrease in the LDH-C, activity in
seminal plasma of oligospermic
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patients compared to normospermic males (14).
They also found a direct relationship between
LDH-C, activity level and sperm count in both
groups, while there was no correlation between
LDH-C, with percentage of progressive
motility, sperm  viability —and  sperm
morphology. De Burgos et al. also did not
observe the correlation between LDH and
percent of live spermatozoa (39). In this regard,
the present study did not assess percentage of
live spermatozoa, and thus cannot be compared
to these studies. Gavella et al. conducted a
study on 1000 sterile males and found five
cases with normal sperm concentration and no
sperm-specific LDH-C, (40). The only
abnormality observed in these subjects was
reduced sperm motility and absence of LDH-C,
activity, which are not consistent with the
present study.

Overall, we could not relate low total LDH
activity to decreased rate of sperm motility,
while a significant positive correlation was
found for total count and sperm concentration
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