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ABSTRACT

Background: The lactate dehydrogenase C4 (LDH-C4) isoenzyme is an important
enzyme involved in metabolic processes that are needed for spermatogenesis and
sperm motility.
Objectives : This study aims to assess the activity and kinetic parameters (maximum
velocity, Vmax and Michaelis constant, Km) of LDH-C4 in fertile and infertile
(azoospermia and oligospermia) men in Baghdad City, Iraq.
Methods : A total of 120 participants (80 infertile and 40 healthy fertile men) were
included in the current study. The patients were sub-grouped into: 40 infertile men
with oligospermia, and 40 infertile men with azoospermia. The oligospermia
patients were further subdivided into subgroups based on sperm count and motility.
Semen samples were obtained by masturbation after 3-5 days abstain for seminal
fluid analysis. The microscopic test included the assessment of the count, motility
and morphology of the sperms. In addition, the coulometric assay was used for
measuring the activity and kinetic parameters of LDH-C4 enzyme.
Results: The activity of LDH-C4 is significantly higher in fertile men when
compared with infertile subjects (fertile: 403.13±189.90, oligospermia:
110.01±58.13, azoospermia: 39.06±28.15; p≤0.01). Statistically significant
differences in LDH-C4 activity were also noted among patients with oligospermia
based on sperms count and motility. Based on sperms’ count in patients with
oligospermia, a significantly higher LDH-C4 activity (p≤0.01) was noted in those
with higher sperm count (10-15 million/ml) when compared to others who have
lesser count. Significant elevation in enzyme activity (p≤0.01) was also observed in
oligospermia patients with higher percentages of motile sperms when compared
with others who have fewer percentages of motile sperms. Moreover, the highest
Vmax value (0.483 mmol/L.min) and the lowest Km value (0.39 mmol/L.min) were
recorded in fertile men. While, the lowest Vmax value (0.174 mmol/L.min) and the
lowest Km value (0.75 mmol/L.min) were detected in azoospermia patients.
Conclusions : Our results suggest that LDH-C4 is essential for the count and
motility of sperm and may be considered as a therapeutic approach for infertility.
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INTRODUCTION

Testis specific lactate dehydrogenase C4 (LDH-C4), is one of the LDH isozymes that
stimulate the terminal reaction of pyruvate to lactate in the glycolytic pathway.1,2 LDH-C4
is an oxidoreductive enzyme of LDH (EC 1.1.1.27) family, which is present abundantly in
testes, spermatocytes, spermatids and sperms.3,4 TheLdhc gene expressed inmale germcells
with the last functionally protein known as the LDH C4. LDH C4 constitutes more than
80%of the total LDH inmature spermatozoa. In contrast to spermatogenic cells, spermatids
and spermatozoa exhibit high levels of glycolysis and contain high levels of LDH-C4.5 The
LDH-C4 can be determined in seminal plasma and spermatozoa due to the outward dif-
fusion or leakage of the enzyme from sperm cell and spontaneous destruction of sperm
cells.4,6 It also plays an important role in maintaining glycolysis and ATP production in the
flagellum during sperm capacitation, therefore essential for male fertility.6,7 The final step
of glycolysis process, which is essential for continued production of ATP, is the transforma-
tion of pyruvate to lactate accompanied via oxidation of NADH to NAD+ (Figure 1). This
reaction is stimulated by LDH-C4.8 On the other hand, the sperm motility depends on the
amount of energy produced by anaerobic glycolysis, aerobic glycolysis, and beta-oxidation
of endogenous substrates.9,10 Fructose is hexose secreted from seminal vesicles that can be
used as an energy substrate for spermatozoa in anaerobic glycolysis to release lactic acid by
the LDH activity.4,7

Figure 1 Scheme of mutual transformation of pyruvate and lactate catalyzed by LDH . 9

The basic concept of enzyme-kinetics is expressed via the Michaelis Menten equation,
which is derived from the generally accepted assumption that enzyme catalyzed reactions
involve the formation of an enzyme-substrate complex.9 Leonor Michaelis and Maude
Menten suggested a simple model for most of the features of enzyme stimulates reactions.11

In this model, the enzyme reversibly joins with its substrate to form an enzyme-substrate
(ES) complex then yields product and regenerate the free enzyme.12 The model contains
one substrate molecule is represented in figure 2.

E + S
k1
⇄
k−1

ES
k2−→ E + P
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Where: S is the substrate, E is the enzyme, ES is the enzyme-substrate complex, P is the
product, k1/k−1/k2 are rate constants.

The Michaelis-Menten equation describes how reaction’s speed change with substrate
concentration.13

V0 =
Vmax [S]

Km + [S]

Where: V0 is the initial reaction velocity, Vmax is the maximal velocity, Km is Michaelis
constant = (k−1 + k2)/k1, [S] is the substrate concentration.

According toMichaelis theory, the formation of enzyme substrate complex is a reversible
reaction, while the collapse of the complex to enzyme product is irreversible. Speed in Y
axis is extrapolated to the corresponding point on axis, which gives the numeral value of
Km (figure 2).14–16

Figure 2 The effect of substrate concentration on reaction velocities for two enzymes: enzyme 1 with a
small Km, and enzyme 2 with a large Km . 16

The present study is aimed to evaluate the activity and kinetic parameters (Km and
Vmax) of LDH-C4 isoenzyme in seminal fluid of fertile and infertile (oligospermia and
azoospermia) men from Baghdad city.

MATERIAL AND METHODS
Subjects and study design

This case-control study was approved by the institutional review board of the College
of Medicine, Al-Nahrain University (No.:1, Date: 12-1-2020) and carried out between
September 2019 and December 2020. After obtaining written informed consent from each
participant, a total of 80 infertile men (40 with oligospermia and 40 with azoospermia) and
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40 fertile men as controls were included in the current study. The staff of High Institute
of Fertility Diagnosis, Al-Nahrain University, conducted the clinical diagnosis. The labo-
ratory work was carried out at the Chemistry Laboratory, Department of Chemistry and
Biochemistry, College of Medicine, Al-Nahrain University (Baghdad, Iraq).

The infertile men with oligospermia were subdivided into four subgroups depending on
the sperm count (group 1: 10-15, group 2: 5-10, group 3: 1-5, and group 4: <1 million/ml)
and motility (group 1: 30-40%, group 2: 20-30%, group 3: 10-20%, and group 4: <10%),
each group included ten patients.

Collection of samples and experimental work

Semen samples were collected by masturbation after 3-5 days abstain. They were pre-
liminarily evaluated for volume, viscosity, and color within 1 hour after ejaculation. The
microscopic test included the count, motility andmorphology of the sperms. In addition to
the routine test of semen, it was also centrifuged for 15 min at 4000 rpm and then divided
into small aliquots for measuring the activity and kinetic parameters (maximum velocity,
Vmax and Michaelis constant, Km) of LDH-C4 enzyme.

Coulometric assay
Enzyme activity

The coulometric assay was used for assessing the enzyme activity quantitatively. The
initial rate of the nicotinamide adenine dinucleotide (NAD) + hydrogen (H) NADH oxida-
tion is directly proportional to the catalytic LDH-C4 activity. The UV Spectrophotometer
(Apple, Japan) was used for detecting the absorption (decrease in absorbance) of seminal
fluid of each sample at 340nm. The LDH kit (Spectrum, Egyptian company for biotechnol-
ogy, Reference range of enzyme activity for adult is 240-480 U/L) was used in this study.
The reagents were used; Reagent 1 (R1 Buffer: Tris buffer with pH 7.5, Pyruvate and Sodium
Azide) andReagent 2 (R2Coenzyme: NADHand Sodium azide). Theworking solutionwas
prepared by mixing 4 volumes of R1 and 1 volume of R2. For measuring the enzyme activ-
ity, 1 ml of working solution was mixed with 20µl of specimen and then was put in the
cuvette. The initial absorbance was recorded after 30 seconds at 340nm. The absorbance
was recorded again at different time points (1, 2 and 3 minutes). The mean absorbance
changes per minute (∆A/min) was calculated. The LDH-C4 activity was calculated based
on the following formula:

LDH − C4 activity (U/L) = 8095× (△A at 340 nm) (1)
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Kinetics parameters (Vmax and Km)

For measuring kinetics parameters (Vmax and Km), several substrate concentrations
(0.4, 0.8, 1.2, 1.6, and 2 mmol/L) were prepared from a stock substrate (2.4 mmol/L) by
using the serial dilution method. The solution was completed to the desired volume (1ml)
with distilled water. One ml of substrate, which was previously prepared, was added into
the cuvette and the absorbance at 340nm of each substrate concentration was recorded. The
standard curve was plotted and the slope equation was written. Then 20 µl of seminal fluid
that contain LDH-C4 enzyme was added to the cuvette that contains 1 ml of substrate. The
absorbance was recorded at 340nm after 1 min. The addition of 20 µl of seminal fluid and
recording the absorbance were repeated at each substrate concentration. The rate or veloc-
ity of reaction V, mmol/l. min (the change in substrate concentration over a time period)
was calculated according to the following formula by El Seoud et al (2016):17

V = −△[S]

△t
=

[S]2 − [S]1
t2 − t1

Where: [S]1 is the substrate concentration before enzyme addition, [S]2 is the substrate
concentration after enzyme addition, t1 is the initial time (= 0), t2 is the period time (1
min).17

The concentration of substrate after adding the enzymewas estimated from the standard
curve. The velocity of reaction (V mmol/L.min) was plotted against the concentration of
substrate (mmol/L) (Michaelis-Menten plot) and then the kinetic parameters of enzyme
(Km and Vmax) were estimated for control, oligospermia, and azoospermia groups. The
value of Km was estimated from Michaelis-Menten curve which is equal to the substrate
concentration when the rate of reaction is equal to 1/2Vmax.

Statistical analyses

The Statistical Analysis System (SAS) 2012 software was used to evaluate the data statis-
tically. One way analysis of variation (ANOVA), followed by the post-hoc least significant
difference (LSD) test, was used to assess the difference between means in this study.A p-
value of equal to or less than 0.05 was considered statistically significant, while a p-value of
equal to or less than 0. 01 was considered highly significant, statistically.

RESULTS
LDH-C4 activity

The results showed a highly significant difference between the fertile (control) and infer-
tile (oligospermia and azoospermia)men in LDH-C4 as shown in table 1. A high significant
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rise (p≤0.01) was detected in LDH-C4 activity in fertile men compared with infertile group
(oligospermia and azoospermia). While, the highest significantly increment (p≤0.01) in
LDH-C4 activity was noted in oligospermia group compared to the azoospermia group
and a significant decrease compared to the fertile group. On the other hand, the azoosper-
mia group showed a significant decrease in LDH-C4 activity compared to the control and
oligospermia groups (Table 1).

Table 1 LDH-C4 activity in controls (fertile) and patients (infertile).

Group Fertile men
(n=40)

Infertile men
(oligospermia, n=40)

Infertile men
(azoospermia, n=40)

p

LDH-C4 (U/L) 403.13±189.90 110.01±58.13 39.06±28.15 0.0001

The oligospermia group was divided into four groups depending on sperm count (mil-
lion/ml). According to the table 2, the results showed a significantly higher rise (p≤0.01) in
group 1 (10-15 million/ml) oligospermia compared with other groups in LDH-C4 activity
and a significant decrease compared with control group. While, group 2 (5-10 million/ml)
oligospermia showed a significant decrease in LDH-C4 activity compared with group 1 (10-
15million/ml) oligospermia andnon-significant rise comparedwith group 3 and 4. Further,
a significant decrease was appeared in group 3 and 4 compared with group 1 and control
(Table 2).

Table 2 Comparisonbetween control andoligospermia groups in LDH-C4 activity depending on sperm
count.

Groups LDH-C4 activity (U/L)
Control >15 million/mL 428.75 ±149.79a

Group 1 (10-15 million/mL) Oligospermia 195.90 ±29.51b

Group 2 (5-10 million/mL) Oligospermia 100.37 ±11.57c

Group 3 (1-5 million/mL) Oligospermia 80.95 ±14.77c

Group 4 (< 1 million/mL) Oligospermia 54.23 ±34.14c

P-value 0.0001

The oligospermia group was also divided into other four groups depending on sperm
motility percentages. The results showed a higher significant difference between control and
oligospermia groups (sperm motility groups) in LDH-C4 activity. A significantly higher
rise (p≤0.01) of LDH-C4 activity was detected in group 1 (30-40 %) oligospermia com-
pared with the other groups (group 2, 3, and 4) and a significant decrease compared with
control group. Additionally, the group 2 with motility 20-30% of oligospermia men showed
a significant decrease in LDH-C4 activity compared with group 1 and controls. Also, there
was a non-significant different in LDH-C4 compared with group 3 and 4. While, a sig-
nificant decrease was detected in groups 3 and 4 compared with control and group 1 and
non-significant difference was seenwhen comparedwith group 2 in LDH-C4 activity (Table
3).
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Table 3 Comparison between control and oligospermia groups in LDH-C4 activity depending on the
spermmotility percentages.

Group s LDH-C4 activity (U/L)
Control > 40% 438.75 ±149.79a

Group 1 30-40% Oligospermia 193.90 ±30.61b

Group 2 20-30% Oligospermia 100.27 ±11.36c

Group 3 10-20% Oligospermia 79.95 ±14.66c

Group 4 <10% Oligospermia 50.23 ±28.16c

P-value 0.0001

Figure 3 shows the absorbance (A) in nanometers (nm) as a function of substrate (pyru-
vate) concentration (mmol/L).

Figure 3 The standard curve.

Kinetic study of LDH-C4 enzyme (Michaelis-Menten)
The reaction rate (velocity), mmol/L.min is plotted as a function of substrate concentra-
tion, mmol/L as shown in figure 4 (Michaelis-Menten plot) for control, oligospermia, and
azoospermia groups. As presented in figure 4, the velocity (reaction rate) increases sharply
at low substrate concentrations of control, oligospermia, and azoospermia. When the sub-
strate concentration more increases, the reaction rate begins to increase less until it reaches
maximum and then converts into a flat line.

Figure 4 Michaelis-Menten plot of control, oligospermia and azoospermia.
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The Vmax and Km values of control, oligospermia and azoospermia are shown in table
4.

Table 4 The Vmax and Km values of control, oligospermia and azoospermia.

Groups Vmax value (mmol/ L. min) Km value (mmol/L)
Control 0.483 0.39
Oligospermia 0.338 0.58
Azoospermia 0.174 0.75

The results showed the highest value of Vmax and the lowest value of Km in the control
group compared with oligospermia and azoospermia groups. While, a lower value of Vmax

and a higher value of Km were detected in oligospermia men compared with fertile men
(control). A higher Vmax value and a lower Km value were appeared in oligospermia group
compared with azoospermia men. On the other hand, the azoospermia group appeared the
lowest value of Vmax and the highest value of Km compared to the control and oligospermia
groups as shown in table 4.

Figure 5 represents the Michaelis-Menten plot (velocity mmol/L.min versus substrate
concentration mmol/L) of oligospermia groups that depending on the sperm count (mil-
lion/ml).

Figure 5 Michaelis-Menten plot of oligospermia groups according to sperm count (million/ml).

epresents the values of Km andVmax of LDH-C4 isoenzyme for the oligospermia groups
depending on the sperm count (million/ml).

Table 5 Km and Vmax values of LDH-C4 enzyme of oligospermia groups depending on sperm count
(million/ml)

Oligospermia groups Vmax (mmol/ L.min) Km (mmol/L)
Group 1 (10-15 million/ml) 0.338 0.49
Group 2 (5-10 million/ml) 0.330 0.59
Group 3 (1-5 million/ml) 0.303 0.68
Group 4 (<1 million/ml) 0.276 0.71
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In group 1 (10-15 million/ml) of oligospermia, the results appeared the highest value
of Vmax and the lowest value of Km compared to other groups. While, in group 4 (<1
million/ml) of oligospermia, the result showed the lowest value of Vmax and the highest
value of Km compared to other groups as shown in table 5.

Figure 6 explains theMichaelis-Menten plot (velocitymmol/L.min versus substrate con-
centration mmol/L) of oligospermia groups that depending on the sperm motility%.

Figure 6 6: Michaelis-Menten plot of oligospermia groups according to spermmotility (%).

epresents the values of Km andVmax of LDH-C4 isoenzyme for the oligospermia groups
depending on the sperm motility (%).

Table 6 Values of Km andVmax of LDH-C4 enzyme of oligospermia groups depending on spermmotil-
ity (%)

Oligospermia groups Vmax (mmol/L.min) Km (mmol/L)
Group 1 (30-40%) 0.303 0.48
Group 2 (20-30%) 0.284 0.55
Group 3 (10-20 %) 0.247 0.57
Group 4 (< 10) 0.201 0.6

In group 1 (30-40%) of oligospermia, the results found that the highest value of Vmax

and the lowest value of Km compared with other groups. Whereas, in group 4 (<10%) of
oligospermia, the result showed the lowest value of Vmax and the highest value of Km com-
pared to other groups as shown in table 6.

DISCUSSION
LDH-C4 activity

LDH-C4 is a highly soluble enzyme that can seeps into semen.18 LDH-C4 is thought
to be a highly specialized enzyme, involved in metabolic processes that produce the energy
to the germ cells.16 So, the detection of LDH-C4 activity in seminal fluid very useful for
determining the ability of sperm to promote pregnancy.13 In the current study, the statis-
tical difference in LDH-C4 activity of healthy individuals, oligospermia, and azoospermia

Baghdad Journal of Biochemistry and Applied Biological Sciences, 2(03) | 2021 | https://doi.org/10.47419/bjbabs.v2i03.65 160

https://doi.org/10.47419/bjbabs.v2i03.65


Baraa A., Saeed; et al. LDH-C4 and count and motility of sperms

patients were proven. In addition, the present results demonstrated a relationship between
LDH-C4 activity and the count and motility of sperms among studied participants.

The LDH-C4 isoenzyme is the most important enzyme which has regulatory roles in
mechanisms of metabolic processes that required for spermatogenesis and sperm motil-
ity.16 The oligospermia sub-groups, depending on the sperm count, showed a statistical
difference in LDH-C4 activity when compared with control group. The high activity of
LDH-C4 indicates high seminiferous epithelial activity in the control group thatmeans nor-
mal rate of spermatogenesis. Therefore, a higher significant increment of LDH-C4 activity
was noted in fertile men compared with oligospermia and azoospermia groups. Whereas,
the reduction of activity LDH-C4 may indicate less seminiferous epithelial activity in the
oligospermia group and, thus; this may negatively influence the rate of spermatogenesis
that cause reduction in sperm count a lower-than-normal. Therefore, a low LDH C4 activ-
ity was observed in oligospermia groups compared with fertile men. The results showed
lower activity of testicular isoenzyme of LDH (LDH-C4) in azoospermia group compared
with control and oligospermia groups that reduced the activity of seminiferous epithelial of
testes and may adversely affect the rate of spermatogenesis leading to a lack of sperm (i.e.
zero). This study’s findings are in agreement with those of Gerez de Burgos et al. (1979),14

Hashemi et al. (2016),6 and Velasco et al. (1993)19.
The results also showed a statistical difference in LDH-C4 activity of oligospermia

groups, depending on the sperm motility, and control group. The glycolysis pathway in liv-
ing organisms is the main source of ATP molecules that essential for motility of sperm.15,16

The final step in the glycolysis process, which is necessary for the production of ATP, is
the conversion of pyruvate to lactate accompanied by the oxidation of NADH to NAD+.
This reaction is catalyzed by lactate dehydrogenase C4.15,20 So, a high LDH-C4 activity was
detected in fertile group compared with oligospermia groups, depending on the motility %
of sperms. Our results are in line with previous findings of Velasco et al. (1993),19 Gavella
and Cvitković (1985),21 McCabe et al. (2014),22 and Piomboni et al. (2012)23 .

There are several structural defects that may cause reduced sperm motility, and it is
probably the LDH-C4 deficiency suggest a blemish in the mitochondria where LDH-C4
is located. Mitochondrial aberrations in the region where LDH-C4 is located may cause
low activity of LDH-C4 that negatively influence the count and motility of sperms.24 The
aberrations can be related to the defect of the middle segment, that is, the lack of a char-
acteristic mitochondrial sheath in sperm with low motility.23 The Sertoli cells excreted the
lactate, which is necessary for the metabolic pathways that occur in the sperm. LDH-C4
isoenzyme stimulates the lactate oxidation in germ cells.In the case of decrease the activity
or deficiency of LDH-C4 in spermatocyte, lactate is not used, and this leads to reduce the
metabolic activity and decrease in sperm viability.25 Also, inactivation of the C gene that
essential for the synthesis of LDH-C4 isoenzyme led to decrease of LDH-C4 activity in germ
cells, causing reduction in the count and motility of sperms.26

The reduction in LDH-C4 activity result in negative effects on the final stage of glycolysis
pathway, which is necessary for ATP production, leads to decrease in the ATP which is
necessary for the count and motility of sperms.9 Regardless of the cause, low activity of
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LDH-C4 in oligospermia and azoospermia linked with a significant decrease in count and
motility of sperm, and thus; reduced the ability to fertilization, indicates the biological needs
of LDH-C4 for sperm metabolic activity.26

The kinetic of LDH-C4

Michaelis constant (Km) is a feature of an enzyme and its specific substrates, and mirror
the affinity of the enzyme for that substrate.12 The Km does not change with the concen-
tration of enzyme.27 The Km value is equal to the substrate concentration at which of the
reaction rate is equal to 1/2Vmax.13 A large value of Km reflects a low affinity of enzyme for
substrate thatmeans low saturation of enzyme by substrate.5,12 In contrast, a small Km value
reflects a high affinity of the enzyme for substrate, that means high saturation of enzyme
by substrate.5,12,27 While, the maximal velocity (Vmax) is the substrate molecules number
transformed to product per unit time. The velocity of an enzyme-catalyzed reaction rises
with substrate concentration until a Vmax is arrived.12 The results revealed a difference
between fertile men, oligospermia and azoospermia groups in the values of Vmax and Km.
In the same way, the results showed a different in Vmax and Km values in oligospermia
sub-groups, based on counts and motility of sperms.

These findings lead as to assume a relationship between Vmax values, Km values and
LDH-C4 enzyme activity. The control group has a high value of Vmax and a low value of Km

that reflects a high affinity of LDH-C4 enzyme for substrate, so the enzyme has high activity
compared with oligospermia and azoospermia groups. This leads to activate the reversable
reaction (pyruvate to lactate or lactate to pyruvate) and produceNADHorNAD+molecules
providing the necessary amount of ATP molecules (3 molecules of ATP for each NADH
molecule in electron transport chain in mitochondria) for normal motility of sperm and
for activation of seminiferous epithelial of testes to increase the rate of spermatogenesis
prosses.4,13

While, a low value of Vmax and high value of Km of LDH-C4 enzyme in oligospermia
and azoospermia groups mean low affinity of LDH-C4 enzyme for substrate. Therefore, a
lower activity is recorded compared with control group, that leads to inactivate the anerobic
reversable reaction (pyruvate to lactate or lactate to pyruvate) and production of NADH or
NAD+molecules is decreased providing no amount of ATPmolecules that are necessary for
normal motility and count.4,13

The first hypothesis that explaining low affinity of the LDH-C4 enzyme to its substrate
in the oligospermia and azoospermia groups compared with control group is that a defect
in the gene encoded for LDH-C4, mutation that may alter the sequence of amino acids on
the active side of enzyme that results in a negative influence reduce the binding of substrate
to the active site of enzyme which causes the enzyme do not fit into the substrate.18 The
second hypothesis states that the substrate may have a defect which makes it unsuitable for
the enzyme’s active site.13,20 These findings propose that LDH-C4 is necessary of glycolysis
pathway in sperm which has a key role in producing enough ATP for sperm motility, and it
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is related to LDH-C4 kinetics properties.

CONCLUSIONS

In conclusion, there is a relationship between LDH-C4 enzyme activity and kinetic
parameters (Vmax and Km). The activity of LDH-C4 in high in fertile subjects when com-
paredwith infertile ones (oligospermia and azoospermia). Also, the fertilemen have a high-
est Vmax and lowest Km comparedwith infertile (oligospermia and azoospermia)men. The
LDH-C4 is thought to be a highly specialized enzyme and it is necessary for glycolysis path-
way in sperm which has a great role in producing enough ATP for sperm motility, and it
is related to LDH-C4 kinetics properties effecting of fertilization capacity. The activity and
kinetic parameters of LDH-C4 enzyme can be considered as biomarkers to indicate the
causes that lead to reduced sperm’s count and motility of oligospermia and azoospermia
patients.
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