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Abstract: Antitumor effect of calcium channel blockers low concentrations has been investigated on the example of
verapamil hydrochloride in the combined treatment of patients with glioblastomas after operation. Patients, who underwent
brain tumor surgery, postoperative radiotherapy and chemotherapy, were divided into two groups. The first group of 11 patients
was taken by verapamil - hydrochloride in low concentrations, the second group (32 patients) served as a control. The
concentration of the drug was selected individually by means of peripheral blood cells aggregation data on the “Plasmon-6”
biosensor. The criterion for the drug concentration selecting was the lowest level of peripheral blood cells aggregation in vitro,
reflecting the level of NMDA-dependent calcium channels blocking of the peripheral blood cells membranes. The optimal
concentration of verapamil - hydrochloride for all patients was less than 10,000. The criteria of the antitumor activity of
verapamil-hydrochloride in low concentrations was the length of the patients life in the postoperative period. When using the
drug in patients there were no signs of toxic effects of verapamil - hydrochloride on the body, life expectancy was 10 months
more compared to the group of patients not treated with verapamil – hydrochloride and the absence of the toxic and tumorstimulating action of the drug.
Keywords: Glioblastomas, Tumor-Associated Inflammation, Low Concentrations of Verapamil-Hydrochloride,
Life Expectancy

1. Introduction
The complexity of treating human malignant tumors lies in
the lack of an objective understanding of the tumor growth
mechanism. Brain gliomas are one of the most malignant
human tumors with an unfavorable prognosis and a short
period of life in the postoperative period, averaging 9 months
[1-3]. Among the many hypotheses we use in our work idea
of tumor growth as a violation at the system level of the
relationship between the mechanisms of reparation (the

predominance of the inflammatory process) and regeneration
(replacement of the defect with stem cells). The essence of
these global processes in the body is that with chronic
inflammatory processes that are not able to restore the
structure and function of cells or tissues of the body, the
regeneration mechanism is activated, which, due to stem cells,
more effectively restores the viability of the destroyed tissues
and organs. Tumor growth begins in the event of a conflict
between these two processes, when the transition of repair to
regeneration is incomplete and the process of stem cell
development is adversely affected by cells and factors of
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inflammatory genesis over a fairly long time. In the body,
there are mechanisms of protection against such effects on
stem cells as apoptosis, which dominates during embryonic
development, and the epithelial-mesenchymal transition
(EMT) [4-5].
As is known, the embryo in a woman’s body develops in
isolation from outside inflammatory exposure. In addition,
almost all parenchymal organs subjected to regeneration
processes have their own protective barriers, among which
the blood-brain barrier is the most impenetrable.
Based on this idea of malignant growth, the study of the
inflammatory process that accompanies the growth of
malignant gliomas, called tumor-associated inflammation
(TAI), becomes relevant [6–9]. In our previous studies, a
relationship was found between the increased inflammatory
component and the increase in the degree of glioma
malignancy [10]. Therefore, the use of methods for inhibiting
TAI in the postoperative period acquires considerable interest
in order to prevent possible continued gliomas growth. Most
anti-inflammatory drugs have a number of side effects and
are not recommended for long-term use in patients with
malignant tumors. Suppression of TAI can be accomplished
by reducing the activity of ionotropic receptors, such as
NMDA - receptors [11–13].
The structure of NMDA- receptors includes calcium
channels. Calcium ions are essential in the development of
the inflammatory process in the body, in many pathological
processes, including tumors. The inhibition of TAI using
NMDA-dependent calcium blocker verapamil can help to
slow the growth of glioblastomas, without causing toxic
effects on the body with prolonged use.
Objective: to investigate the life expectancy of patients
with glioblastomas in the distant postoperative period in the
treatment with concentrations of verapamil - hydrochloride,
which minimize the level of aggregation of blood cells in
stage II of the inflammatory process.

2. Materials and Methods
Patients were treated in the clinic with intracerebral tumors.
Among enrolled 28 patients were with primary diagnosed
intracerebral tumors and 15 patients with continued tumor
growth.
After surgical removal, all tumors were histologically
verified as isomorphous cell glioblastomas. The patients were
divided into 2 groups that received (group I) or who did not
receive treatment (group II) with a calcium blocker using the
example of verapamil - hydrochloride. The average age of
patients in the I-th group was 56.2 ± 7.8 years, and in the IInd group - 55.8 ± 7.9 years.
For the objectification of the TAI presence in the patient's
body, the definition of aggregation of blood cells was used
(stage II of the inflammatory process). Venous blood with
heparin taken from patients prior to the start of treatment was
separated by centrifugation (1500 rpm) for 10 minutes into
the cellular elements of the blood and plasma. Heparin as is
known not affect the level of blood cells aggregation. The

cell fraction was used to determine the shift of the minimum
of the surface plasmon resonance (SPR) curve in degrees,
which reflects the level of aggregation of blood cells on the
Plasmon sensor. Patients studied the indicators of the level of
aggregation of blood cells prior to the commencement of
therapeutic and surgical effects, as well as before carrying
out repeated operations in patients with continued tumor
growth, as well as in patients with remission.
To reduce the level of blood cells aggregation, we
developed a method in vitro using the blocker of NMDAdependent Ca 2 + - ion channels on the example of verapamil.
Under physiological conditions, NMDA - receptors are
known to be activated by millimolar concentrations of
glutamate, which is present in the synaptic cleft for several
milliseconds. In pathological impulses, receptors are
activated by micromolar concentrations, but for a
significantly longer time [14]. We took the same pattern as a
basis for the effects of millimolar and micromolar
concentrations of verapamil - hydrochloride on the level of
blood cells aggregation, given the location of the calcium
channel in the structure of the NMDA - receptors of
lymphocytes and which function is NMDA-dependent.
Selection of optimal concentrations of verapamil hydrochloride was carried out with the aim of treating
patients with glioblastomas in the postoperative period.
Peripheral blood cells was collected from patients to
determine the indicators of blood cells aggregation with the
addition of various aqueous dilutions of verapamil hydrochloride (from 1:10 to 1: 100,000 times). This made it
possible to indirectly determine the level of blocking of the
NMDA-dependent calcium blocker verapamil on the
membranes of blood cells, including leukocytes and
lymphocytes [15]. Patients took drugs in the dosage at which
the level of aggregation of blood cells was the lowest. Dosing
of the drug was performed by reducing its concentration by a
factor of 10,000.
Of the 43 patients, admitted to the clinic, only three
patients did not undergo chemotherapy. After the surgical
removal of glioblastoma and the postoperative irradiation
course (40-60Gy), they only took verapamil- hydrochloride
at low concentrations daily.
Statistical processing of the data was performed in the
“Statistica10v” package using non-parametric data evaluation
methods. Evaluated the correctness of the distribution of signs
for each of the obtained variation series, the average values for
each characteristic were studied, and standard deviations. The
reliability of the difference of values is between non-dependent
quantitative values using the Man-Whitney U-test, and
between dependent values using the Wilcoxon test.

3. Results and Discussion
In the group of patients undergoing combined treatment
courses and taking verapamil, the average life expectancy
was 18.6 ± 1.82 months. (table 1).
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Table 1. The life expectancy of patients receiving a course of treatment with verapamil - hydrochloride with a combined treatment of glioblastomas in the late
postoperative period.
Group
Control
Treated with verapamil

Number
32
8

Mean (months)
8,47
18,63

The average life expectancy of patients, who did not take
verapamil, but only the combined treatment in the
postoperative period, was 8.47 ± 1.02 months. (Figure 1).
The total number of patients, who lived more than one year
after surgery and did not take verapamil, was 29%. The
number of patients taking verapamil, along with
chemotherapy and radiation, who lived more than a year after
surgery, was 100%.
Patients without chemotherapy (3 people) in the
postoperative period received daily treatment with verapamil
hydrochloride without interruption. All 3 patients continue to
live for 18, 24 and 28 months, respectively.

Standard
1,02
1,82

Median life expected
7
18

the greatest decrease in the level of aggregation of the blood
cells, was then used in the treatment of patients with
glioblastomas in the postoperative period. Patients took a
solution of the drug 3 times a day, constantly, without
interruption, for life.
Indicators of SPR in patients of groups I and II are
presented in Figure 2.

Figure 2. The ratio of blood cells aggregation indicators under the action of
verapamil dilutions in patients with glioblastomas, treated and not treated
with verapamil (line with a stroke). A comparison was made of SPR indices
in relation to the indices of blood dilution with water (20 µl of water and 200
µl of blood), with no hemolysis in any of these dilutions.

Figure 1. Differences between groups of patients, who received and did not
receive verapamil treatment, are significant by the F - Cox test. The
significance level is 0.001.

Studies of the level of aggregation of blood cells were
expressed in terms of SPR, which quantitatively reflected the
level of the blood cells aggregation of patients, since
nanoscale intercellular distances (of the order of 200-300 nm)
in the flow cell between blood cells located on a glass plate
covered with a thin layer were determined with high
accuracy gold.
Baseline indicators of SPR before treatment with
verapamil - hydrochloride in both groups of patients differ
slightly, which indicates the adequacy of the selection of
groups. In order to select the optimal concentration of
verapamil - hydrochloride for treating patients, aqueous
dilutions of verapamil - hydrochloride (from 1:10 to 1:
100.000 times) were added to the blood in vitro beforehand.
Dilutions of verapamil tenfold led to an increase in the level
of aggregation, and large dilutions of verapamil (10,000
times), on the contrary, contributed to a decrease in the
aggregation of the blood cells. The concentration of
verapamil - hydrochloride under the action of which noted

As can be seen from Figure 2, the decrease in the SPR
curve under the action of verapamil, when diluted with water
is 10,000 times, the same as postoperative remission in
patients with glioblastomas, as evidenced by visualization
methods performed. An increase in the SPR curve was
observed in patients with recurrent glioblastoma.
The dependence of the blood cells aggregation level on the
presence of a tumor in the brain is well expressed when
verapamil is added to the blood at a dilution of 10,000 times
(concentration 10 –4), which leads to a decrease of SPR. This
is characteristic of benign or conditionally benign tumors,
such as meningiomas or glioma II grade of malignancy,
which was shown in our previous studies [16].
Preliminary experiments to determine the level of
aggregation of blood cells in patients with glioblastomas
under the action of verapamil and ketamine, which is a
selective blocker of NMDA - receptors, as well as in the
treatment of experimental rats with a transplantable glioma of
strain 101.8 (human glioblastoma analog) showed
coincidence of data on the effect of verapamil and ketamine
both on the level of patient cell aggregation in glioblastoma
and on the life expectancy of experimental animals.
The action of ketamine was more effective than verapamil,
but long-term use of ketamine in the clinic can be dangerous.
This indicates a link between the mechanisms of blocking
calcium channels by verapamil and a decrease in the activity
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of ionotropic NMDA - receptors, due to the structural feature
of the NMDA- receptor containing the built-in calcium
channel. Movalis, a nonsteroidal anti-inflammatory
pharmacological drug, is a selective blocker of COX-2
(cyclooxygenase-2) and at a dilution of 10,000 times did not
have an antitumor effect on rat glioma 101.8. Consequently,
the effective inhibition of glioblastoma growth, obtained in
the work, was achieved using the mechanisms of blocking
the NMDA - receptor and the calcium channel on the
membranes of glioblastoma cells and peripheral blood cells
of patients, which leads to a change in the microenvironment
of malignant brain tumors and inhibition of their growth.
All known methods of treatment of malignant tumors are
aimed at cytoreduction and suppression of the tumor growth.
Inflammation, contributing to an increase in cell mass with
glioblastoma growth, is a protective-compensatory reaction
that cannot be completely suppressed. To inhibit TAI in
patients, it is necessary to act not on the third stage of
inflammation with the mechanisms of proliferation, but on
the first stage, on alteration, and to reduce the activity of
calcium blockers and ionotropic NMDA - receptors. The
latter activate inflammation and in the mechanisms of growth
and destruction of brain cells during the tumor process play
an important role, which can be indirectly determined by
indicators of the level of the blood cells aggregation [16].
This is achieved by reducing the appearance of necrotic
tissues by suppressing the activity of NMDA-dependent
calcium channels by verapamil. Thereby, conditions are
created in the tumor microenvironment to hinder the
reproduction of glioblastoma cells. The use of verapamil in
traditional doses does not provide the antitumor effect, which
was noted in the animal experiments [17].
The effectiveness of such an approach to the treatment of
glioblastomas can be compared with the data of other authors
[18], in which, with early diagnosis of primary glioblastomas
and new medical tactics, the life expectancy of patients
averaged only 15.3 months.
The question of the adverse effect of calcium antagonists
on the occurrence of cancer has been discussed. However, a
critical analysis of data on the treatment of hypertension with
these drugs allowed WHO experts to conclude that such
information was unreasonable [19–20]. In addition, it was
shown that with the introduction of certain carcinogens (7,
12-dimethylbenzantracene)
into
animals,
verapamil
suppressed the development of tumors in rats [21]. Other
researchers have shown the absence of tumor-stimulating
activity of verapamil during prolonged exposure in rats [22].
As it known, the drug is used widely throughout the world
for the treatment of cardiac arrhythmias, without showing
pronounced adverse reactions. It was shown, that verapamil
did not increase the risk of complications in patients after
myocardial infarction [19].
Verapamil enhances the effectiveness of chemotherapy in
patients [23]. The paper presents data on the treatment of 3
patients with glioblastomas only by verapamil, after
irradiation courses, but without chemotherapy, which
certainly indicates the presence of antitumor activity in this

drug.
Traditional methods of glioblastoma treatment should be
combined with techniques of low concentrations of
verapamil hydrochloride in the late postoperative period,
since the activation of TAI after chemotherapy and
radiotherapy contributes to the growth of tumor residues in
the brain. The results obtained can be used to decide the
question of the individual tactics of treating a patient.

4. Conclusion
Any modern treatment of malignant tumors causes the
appearance of necrosis in the tumor tissue, which are
activators of the inflammatory process and continue to
stimulate tumor growth in the postoperative period.
Therefore, in the postoperative period, it is necessary to use
anti-inflammatory drugs after any treatment of tumors.
However, not all anti-inflammatory drugs can have an
antitumor effect and be safe for the body with prolonged use.
Preference should be given to those anti-inflammatory drugs
that act on mechanisms or targets of inflammatory genesis
involved in stage I of inflammation. Blocking targets that are
synthesized in stage II or III of inflammation will be less
effective, because then there will be many such compounds.
Activation of ionotropic NMDA - receptors on blood cell
membranes is one of the earliest events that triggered a huge
cascade of synthesis of inflammatory compounds. Ketamine
is one of the selective blockers of NMDA - receptors, but it is
classified as a narcotic drug. At the same time, verapamil as
calcium blocker NMDA-dependent channels is a safe drug
suitable for long-term use, as shown by the practice of
cardiovascular treatment diseases. A feature of the use of
verapamil in malignant tumors is the fact that we are dealing
with inflammation of the tumor origin - tumor-associated
inflammation, which is microinflammation and is authored
by necrotic tumors of the tumors. Therefore, with
microinflammation and with the peculiarities of the release of
glutamate, which activates ionotropic NMDA receptors, it is
necessary to conduct an individual selection of verapamil
concentrations. The screening of the concentration gradient
of verapamil has become possible to carry out quickly and
efficiently with the help of Plasmon series biosensors, which
can determine the level of blood cell aggregation indirectly
associated with the transmembrane potential, which changes
upon modulation of ionotropic receptors of cell membranes.
The concentration at which the lowest level of blood cell
aggregation was observed was optimal for verapamil, which
corresponded to a dilution of 40 mg of verapamil 10,000
times taking into account weight correction.
The paper presents for the first time the results of
treatment of highly malignant glioblastomas with low
concentrations of the dependent calcium blocker verapamilhydrochloride. The results indicate a high antitumor activity
of the drug, both when used together with traditional methods
of treatment or separately. The absence of toxic
manifestations of the drug, an increase in the duration and
improvement of the quality of life in patients with
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glioblastomas treated with verapamil hydrochloride in the
late postoperative period were introduced.
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