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Introduction

Among many other enzymes, lactate dehydrogenase
(LDH) is an important metabolic enzyme widely used as a
biochemical marker associated with aberrant glycolysis
pathway . Based on this consideration, LDH has long been
used in the diagnosis of many diseases, such as tumors, but
also in patients with tuberculosis, tissue necrosis in heart at-
tacks, erythrocyte hemolysis, and inflammation, and has also
shown a significant role in coronavirus disease 2019
(COVID-19), which was described in the recent period “°.
In a large number of scientific publications, reference values
of the LDH enzyme in healthy people have been character-
ized 1. Contrary to this, an enormously elevated LDH value
in various diseases was reported “ 8. Today, the LDH values
are generally expressed in IU/mL in serum and are routinely
used in laboratory devices that are mostly standardized and
that can show the values for a large number of patients in dif-
ferent hospitals. The development of modern biochemistry
techniques has made it possible to obtain findings in a short
time from the moment the biological material is provided.
All of these are very important for patients in emergency
medicine as well as for confirmed early diagnosis >-*°. Due
to the availability and low prices of the analysis of this bio-
chemical marker, it is tested in many countries around the
world as well as in small or local clinics, almost the same as
in large University Clinical Centers . Bearing in mind the

importance of LDH detection in tumors, we have explained
in detail the possibilities of LDH analysis in various tissue
sections as well as the use of LDH in laboratory work in or-
der to demonstrate the possibilities of LDH testing using
modern techniques.

LDH as a marker in clinical work

LDH tests are mainly created in clinical work based on
the determination of its values in the serum of the patients €.
The levels of the LDH enzyme in the serum depend on many
factors, but mostly on the size of the tumor, localization of
the tumor, the blood supply to the tumor, the presence of a
capsule, as well as necrosis in the tissue *2 1%, However, it
is possible to determine LDH in pleural effusion, mostly
used for confirmation of lung cancer or secondary pleural
metastasis. Various cystic and inflammatory changes and
their content obtained by biopsy are also suitable as an ap-
propriate source for determining the enzyme LDH but also
other mediators. For diverse types of tumors, LDH can also
be measured in plasma. High LDH values are also described
in several cystic fluids from ascites by puncture in different
tumors or benign metaplasia 8. It is important to confirm that
LDH is not a specific marker for specific tumor types, and it
is used in combination with some other biological tumor
markers that are more specific for certain types of tumors.
LDH can also be used to rule out other tissue changes and
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necrosis besides tumors, so it is not specific. At the same
time, in the presence of certain types of tumors where its
values are high and in the case of a confirmed tumor diagno-
sis, LDH can be used to monitor the effects of therapy and
mostly monitor the reduction of the tumor mass during the
application of various types of therapy, including chemother-
apy, radiotherapy or immunotherapy individually or in their
combination -2,

New directions for the application of LDH testing in
experimental work

For a long time, the determination of LDH was signifi-
cant only if the concentration of the enzyme was high
enough to cross the threshold of measuring devices and reli-
ably determine it in serum . However, in some diseases
where the serum value was low, it does not necessarily mean
that there was no tissue necrosis or tissue damage, as is the
case with myocardial infarction in certain parts of the tissues
that are sufficiently blood-stained or with tumors at the very
beginning of the disease where the tumor mass is small and
where tissue necrosis did not occur. Therefore, the values are
false negative in these cases. The problem of LDH analysis
in small concentrations was successfully solved recently with
the development of modern devices 2+ %, During the “90s, the
application of LDH enzyme determination ex vivo in cell cul-
tures also began when it was noticed that cells with damaged
membranes release enzymes 2. Bearing in mind that the en-
zyme is intracellular, any change in the membrane leads to
its passage through the cell membrane outwards and its de-
tection extracellularly . However, determining the size of
the enzyme, elucidating its structure and determining its in-
tracellular content helped better clarify the phenomena of
cellular metabolism 2" 2,

Possibilities of determining LDH in tissue

For LDH, being an intracellular enzyme, the im-
portance of its determination in tumor tissue has been
demonstrated in the literature, not only in everyday clini-
cal practice but more in scientific papers that describe tis-
sue characteristics, especially in different tumor types 2 28,
By applying new techniques in biomedicine, it is now pos-
sible to analyze and monitor changes in LDH levels and its
isoforms in the tumor cell using various methods, which
include classical biochemical methods and zymography,
gel electrophoresis, two-dimensional electrophoresis im-
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munohistochemistry, Western blotting methods, and, re-
cently, the Polymerase Chain Reaction (PCR) 1% 2-32, The
PCR methods are used to prove the LDH gene as well as
the LDH isozyme gene mutations and gene variations in
tumor tissue *°. To determine LDH in tumor tissue, proce-
dures that are required in order to obtain material from the
tumor patients by surgical procedure, biopsy or puncture,
are carried out with as little damage to the tissue as possi-
ble & 293334 |t is necessary to protect the tissue and mix it
with certain protease inhibitors so that the destruction and
digestion of the protein does not occur . All these meth-
ods and procedures have greatly contributed to better clari-
fying the process of carcinogenesis, as well as to clarifying
the biochemical changes associated with anaerobic metab-
olism ¥ %538 |t has been shown that certain LDH fractions,
such as LDH 5, correlate better with anaerobic metabolism
as well as with genetic changes in tumors in hypox-
ia 24 37.39. 40 Based on the results of such studies in tumor
tissue and the knowledge obtained, in recent times, the ap-
plication of enzyme blockers and enzyme system inhibi-
tors has been tried in order to treat tumors because the an-
aerobic process of obtaining energy is predominant in tu-
mor tissue 4143,

LDH assays in cell cultures as a new direction of
application

Based on membrane permeability for LDH release, tests
were conducted on many tumor cells for ex vivo conditions,
where the mechanism of action of potential pharmaceutical
compounds as potential drugs was shown (Figure 1). Whether
it is a question of natural biological preparations isolated from
numerous plants or a question of synthesized compounds, na-
noparticles, or the application of recombinant proteins, it is
possible after all these treatments of tumor cells to determine
LDH values in laboratory and experimental work % #-47 \What
particularly attracted the attention of researchers is the fact that
trials of various drugs can be performed and tested on tumor
cells during cultivation in ex vivo conditions “8. In this system,
a wide range of applications can be achieved because LDH is
released from the cell after damage to the cell membrane *°.
By clearly defining the process of apoptosis, necrosis, necrop-
tosis, and autophagy, which are explained in detail and related
to the process on the cell membrane, the LDH test was ex-
tremely useful 28 %, The process of apoptosis is defined as the
shrinking of the cell membrane and changes in the nucleus but
without clearly visible damage to the membrane . In contrast,

Absorbance measurement

Fig. 1 — Principles of measuring cytotoxicity using the lactate dehydrogenase (LDH) test.
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tissue necrosis is defined as the rupture of the cell membrane
and the passage of intracellular contents outside of the cells %,
When these findings were applied to cell cultures, many new
phenomena were observed in the medium of cell cultures, in-
cluding an increase of LDH enzyme values * 5L, Thus, a series
of cytotoxicity tests were developed, which showed great suc-
cess in laboratory work and replaced the radioactive tests used
earlier for labeling cells in in vitro research with enzymatic
test 5. These tests are very simple for routine work, nontoxic,
very sensitive, and easy to perform, and they are not expensive
either 5152, They can be applied in laboratories after taking the
supernatant from cell cultures treated with preparations imme-
diately or after a certain time 5 . However, when storing
samples, care should also be taken to freeze the samples im-
mediately and store them until testing so that the enzymes are
not destroyed. The possibilities are different, and in such sys-
tems, drugs or substances with potential antitumor effects are
usually tested in various concentrations, in a large number of
repetitions, and in various types of tumor cells * %, Today, in
the modern system of science, it is possible to process such
findings mathematically and to predict the effects of new or
similar synthesized compounds based on previously conducted
experiments, which creates mathematical models with the help
of artificial intelligence .

Special characteristics of LDH testing in ex vivo
conditions

LDH is usually determined biochemically simply by
adding a substrate for the enzyme and in a biochemical reac-
tion 26, There are commercial LDH tests for the determina-
tion of cytotoxicity and custom assays for the determination
of cytotoxic reactions that are incomparably cheaper, allow a
large number of analyses to be performed with the help of
reagents and substrates, and work perfectly, using micro-
plates 5. The following reagents are necessary for a custom
LDH (colorimetric) assay as substrate or reagents: acetic acid
(glacial), B-nicotinamide adenine dinucleotide sodium salt,
iodonitrotetrazolium chloride, L-LDH, 1-methoxy phenazine
methosulfate, sodium L-lactate, 2-amino-2-(hydroxymethyl)-
1,3-propanediol (Tris Base). All substances are easily availa-
ble and not expensive 2 *. The absorbance is determined
from each of the 96 microwell plates using a multi-plate ab-
sorbance reader at a wavelength that depends on the type of
test, colorimetric (496 nm) or ELISA test 5. In order to
achieve exact results, the special culture media must be used
during the cell cultures that do not contain phenol red, which
can change the color of the medium itself and cover the
background absorbance % 57, Phenol red is added to the cell
culture medium in order to control the reaction of the medi-
um and changes depending on pH values following the cell
cultivation and its monitoring 54 In order to reach the reac-
tion threshold and for the reaction to be visible after the addi-
tion of the substrate, it is necessary to use a medium for
growing cells that is transparent and without phenol red dye.
It is also necessary to first standardize for each system the
required concentration of cells and the optimal volume of the
sample in which the cells are cultivated * %8, It is best to

Jurisi¢ V, et al. Vojnosanit Pregl 2024; 81(9): 541-546.

have as many tested cells as possible in a smaller volume in
order to release enough LDH in a measurable concentration
in the cytotoxic test %8 . However, an excessive number of
cells is not desirable during cell cultivation because sponta-
neous necrosis of tumor cells occurs at a high concentration
of cells, which leads to false positive findings. That is why it
is preferable to always cultivate, as a separate, control in the
identical concentration of cells without the addition of the
tested substances and the same concentration of cells with
the addition of substances, in order to observe the difference
in the effects of a substance on the release of LDH, which is
proportional to cytotoxicity %. In addition, it is possible to
perform the total cell lysis in order to determine the maxi-
mum intracellular concentration of the LDH enzyme. Later,
the enzyme release in the supernatant can be recalculated in
relation to the total intracellular concentration, and the values
can be standardized and expressed as the percentage of dam-
age to the cell membrane and the percentage of LDH enzyme
leakage, resulting in a much more precise and highly reliable
finding in the given system % %, Based on such mathemati-
cal formulas, the percentage of cytotoxicity is obtained so
that the result is easily used for simple comparison in various
laboratories and various experiments.

Advantages and disadvantages of the cytotoxic test
using LDH

In these biochemical reactions where additional sub-
stances are applied for testing as potential drugs, care must
be taken when interpreting the results % 1, In all cases where
a chemical reaction occurs between the potential drug and
the substrate to which LDH binds, false findings may occur.
That is why the large application of the LDH test in laborato-
ry work is reserved mainly for testing the effect of viral par-
ticles on the integrity of the cell membrane, where other
methods are not simple, than testing the stability of the cell
membrane after gene transfection of cells, which is very spe-
cific and reliable in order to show that there are no damaged
cell membranes 52 8, Application is also of great importance
when testing individual natural and herbal preparations on
tumor cell lines %°. However, when testing newly synthesized
chemical compounds and potential drugs, one should always
be careful, using several tests that show changes in several
cell structures, including changes in the nucleus, cytoplasm,
and cell membrane, so that the data obtained on tumor cells
after treatment are as accurate as possible %. When testing
newly synthesized compounds whose toxicity is being
screened, it is possible that the interactions between enzymes
and new drugs could potentially change biochemical reac-
tions, hence the finding would not correspond to the death of
the tumor cell but to the interaction of the drugs .

The comparison of cell membrane damage using the
LDH cytotoxic test was compared with the findings obtained
on the flow cytometer, and a significant correlation was
shown %, However, the flow cytometer uses propidium iodide
and annexin that mark the membrane and better indicate early
and late changes of apoptosis in cell cultures, while the release
of the LDH enzyme indicates total cell necrosis and gives
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higher values ** *. However, flow cytometry is not available
in all laboratories, and the equipment is very expensive com-
pared to the equipment necessary for biochemical analyses. It
is similar to other tests based on the determination of proteins
and not only on the examination of LDH in treated cells be-
cause drugs can break down proteins, and we can also get false
results, even though the experiments are performed with ex-
pensive devices and by using proteomics techniques .
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