Original papers

Microwave plasma-induced effects on human immune lymphocytes
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Abstract

Background. Microwave plasma generates reactive oxygen and nitrogen species, making it popular in bio-
medical research. These species affect human cell shape, viability, and function. Plasma-induced biochemical
changes affect lymphocytes, which requlate immunological responses.

Objectives. This study aims to investigate the effects of microwave plasma on lymphocyte cells to estimate
how different exposure times affect their biological responses. Lymphocytes were exposed to microwave
plasma for different time intervals.

Materials and methods. Healthy men aged 2530 years provided 5 mL venous blood samples in sterile
heparinized tubes. After stimulation with phytohemagglutinin (PHA), lymphocytes were grown in RPMI-
1640 medium at 37°C for 72 h. After incubation, cells were centrifuged, red blood cells were lysed with
a hypotonic solution, and fixed with methanol:acetic acid (3:1). The fixed cell suspension was air-dried and
Giemsa-stained on glass slides.

Results. Studies have indicated that exposure to plasma alters the morphology and behavior of lympho-
cytes. Reactive species that interact with cell membranes and intracellular components may cause these
alterations. Plasma has potential in biomedical applications, but exposure parameters must be carefully
controlled. Short-term plasma exposure appears to boost cell proliferation in healthy lymphocytes, bolster-
ing the immune response. In contrast, extended plasma exposure (>25 min) may reduce pathological cell
proliferation in diseased cells.

Conclusions. Short-duration plasma treatment promotes normal cell function, while extended exposure
times target diseased cells. Microwave plasma has 2 effects depending on exposure time. Plasma exerts
different biological effects depending on exposure time. Short exposure boosts normal lymphocyte activity
and proliferation, but long exposure suppresses aberrant cells. Thus, microwave plasma is attractive for
biomedical applications when exposure parameters are well controlled.
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Highlights
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» Microwave plasma modulates lymphocyte morphology and function: Exposure to plasma-generated reactive oxygen
and nitrogen species significantly alters lymphocyte shape, viability, and biological behavior.

+ Exposure time determines biological response: Short-term microwave plasma exposure enhances normal lymphocyte
proliferation and immune activation, while prolonged exposure (>25 minutes) suppresses pathological cell growth.

+ Reactive species drive cellular biochemical changes: Plasma-induced oxidative and nitrosative stress interacts with
cell membranes and intracellular components, influencing immune cell regulation.

«» Therapeutic potential with controlled parameters: Microwave plasma shows promise in biomedical and immu-
nological applications, provided exposure duration is carefully optimized to balance immune stimulation and

anti-proliferative effects.

Background

Cold plasma has emerged as a novel and versatile technol-
ogy, gaining significant attention in recent years due to its
broad spectrum of applications in medicine, therapeu-
tics, biology, and even industry. As a partially ionized gas,
cold plasma constitutes a reactive environment enriched
with free electrons, ions, ultraviolet radiation, and reac-
tive oxygen and nitrogen species (RONS)."? These compo-
nents collectively enable cold plasma to interact directly
with cellular structures and biological processes.>* These
processes occur without inducing considerable thermal
damage, which distinguishes it from conventional thermal
approaches.>® Cell division is a fundamental biological
process that governs tissue growth, repair, and regenera-
tion, and its deregulation plays a critical role in the onset
and progression of cancer.%” Recent investigations have
demonstrated that the biological effects of cold plasma
on lymphocytes are highly dependent on both the type
of cells exposed and the parameters of plasma treatment,
such as intensity and duration.®® In normal cells, low-dose
exposure to cold plasma has been reported to enhance
proliferative activity and promote regenerative responses,
whereas high-dose exposure can inhibit or completely sup-
press cell division by inducing oxidative stress pathways.'1!
Conversely, in malignant cells, cold plasma has shown pro-
nounced efficacy in slowing down or arresting cellular pro-
liferation, in addition to triggering programmed cell death
(apoptosis).!?13 These unique dual effects of cold plasma,
promoting regeneration in normal cells while suppressing
proliferation in cancerous cells, underscore its potential
as a promising adjunctive tool in oncology and regenerative
medicine. The tissue culture technique is a widely used
method for observing dividing lymphocytes (blast cells)
and determining the mitotic index (MI), which examines
the abnormal behavior of living cells as a result of exposure
to external agents, whether therapeutic or harmful.'* Such
agents may include cold exposure, mutagens, carcinogens,
and various types of radiation such as plasma.’® The tissue
culture method has been widely applied in cytogenetic
studies due to the relative ease of obtaining blood samples
by venipuncture compared with collecting epithelial cells

from the oral cavity, which requires a longer duration.!®
There are many reports addressing the application of this
method in studying cases of leukemia, chromosomal ab-
normalities, and various types of genetic mutations.'”#
Current research increasingly utilizes the MI assay in lym-
phocytes because of their high mitotic activity. This pro-
cess indicates the ability of living organisms to resist ex-
ternal influences. An increase in dividing lymphocytes
indicates enhanced mitotic activity, whereas a decrease
reflects suppression of cell division.!*2?° This phenomenon
has been used as a marker to study the effects of muta-
gens and other factors on chromosomes. The M1, defined
as the percentage of dividing cells among 1,000 observed
cells, is considered an important cytogenetic parameter
in assessing mitotic activity and the potential of cells
to continue dividing or to display signs of apoptosis.2!22
Therefore, the Ml is used to diagnose the causes of reduced
mitotic activity and to propose solutions for enhancing
the overall ability of cells to divide.?>2*

Materials and methods
Blood culture

A venous blood sample (5 mL) was collected from healthy
male volunteers aged between 25-30 years and transferred
into sterile heparinized tubes containing 0.2 mL of heparin
as an anticoagulant. The samples were cultured at 37°C.
For each sample, 0.5 mL of whole blood was added to 5 mL
of RPMI-1640 culture medium (Sigma-Aldrich, St. Louis,
USA). To stimulate lymphocyte proliferation, 0.2 mL
of phytohemagglutinin (PHA; Sigma-Aldrich) was added,
and the cultures were incubated for 72 h at 37°C. Following
incubation, the tubes were centrifuged at 1,500 rpm for
10 min, and the supernatant was discarded. Then, 2 mL
of hypotonic solution (KCI) was added to lyse the red blood
cells. After 10 min, the tubes were centrifuged again under
the same conditions, and the cells were fixed by adding
3 mL of freshly prepared fixative (methanol:acetic acid 3:1).
The fixation process was repeated 3 times until the cell sus-
pension became clear and free of debris. Drops of the final
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suspension were placed onto clean, cold glass slides, air-

dried, and stained with Giemsa stain. The stained prepara-

tions were examined microscopically to identify mitotic

cells, and the MI and blastogenic index (BI) were calculated

as follows?%25;

+ mitotic index assay (MI) = (Number of mitotic cells)/
(1000 cells) (x100%)

+ blastogenic index assay (BI) = (Number of blast cells)/
(1000 cells) (x100%)

Results

The tissue culture technique, specifically the blood cul-
ture method, was employed in this study due to its high
reliability and effectiveness in observing lymphocyte cells
during their active stages of division, particularly the blast
transformation phase. This method allows for the stimu-
lation and monitoring of lymphocytes as they progress
through the cell cycle, making it especially useful for cy-
togenetic and cellular analyses. Furthermore, it provides
optimal conditions for calculating the mitotic index, an
important parameter used to assess the rate of cell division.

Through this assay, it becomes possible to evaluate any
abnormal cellular behavior or disruptions in normal mi-
totic activity and the blastogenesis index of lymphocyte
cells that may occur as a result of different exposure times
to various external agents, such as chemical substances,
environmental factors, or radiation. This makes the tech-
nique a valuable tool for understanding the biological ef-
fects of such agents on living cells.

Discussion

The results demonstrated that short-term exposure
of lymphocytes to cold plasma, ranging from 5 min
to 20 min, significantly promoted lymphocyte prolifera-
tion. This enhancement was evidenced by an increased
number of cells primed for division, leading to a higher
proportion of actively dividing cells. These observations
are supported by the quantitative data presented in the cor-
responding tables and figures. In contrast, prolonged plasma
exposure of 25 min resulted in an inhibitory effect on lym-
phocyte proliferation. This suppression was characterized
by a marked decrease in the number of cells prepared for
mitosis, with values significantly lower than those observed
in the control group. These findings provide scientific and
medical insights, highlighting that plasma can exert benefi-
cial effects in both scenarios, depending on the type of cells
being treated. In the case of healthy lymphocytes, short-
term plasma exposure appears to enhance cell prolifera-
tion, thereby strengthening and supporting the immune re-
sponse. Conversely, in diseased or abnormal cells, prolonged
plasma exposure (>25 min) may exert inhibitory effects,
slowing down or preventing pathological cell proliferation.
As illustrated in the figures, the enhanced effect of cold
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plasma observed in female lymphocytes may be attributed
to the interaction between female hormones, cell membrane
composition, and a relatively stronger immune response, re-
sulting in increased sensitivity to plasma-generated reactive
species. Molecular techniques can be utilized to investigate
the effects of cold plasma on target cell genes and related
molecular pathways. Such molecular biological approaches
have been widely applied across numerous experimental
studies in the life sciences in general and in medical research
in particular.6-»

Limitations

The current investigation was constrained by the limited
sample size and the exclusive use of in vitro experiments.
The molecular mechanisms related to plasma-induced
cellular responses were not examined. Additional research
with more extensive experimental models is necessary to
validate the results.

Conclusions

Accordingly, it can be concluded that brief plasma expo-
sure is beneficial for supporting normal cellular activity,
whereas longer exposure durations may be more suitable
for the therapeutic targeting of diseased cells. The biologi-
cal effects of cold plasma are primarily mediated through
the generation of reactive oxygen and nitrogen species
(ROS and RNS), which interact with cellular membranes
and proteins, leading to alterations in cell viability and
immune activity.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.
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Table 1. Mitotic and blastogenesis index of lymphocyte cells at 25 min exposure time

Number of samples Control Treated
Male group mitotic index £SD blastogenesis index +SD mitotic index £SD blastogenesis index +SD

1 04+0.12 4.2 £0.22 0.3+0.20 3.3+0.11
2 0.5+0.03 22+0.13 04 +0.10 15+0.12
3 03 +0.12 35+0.12 02 +0.12 2.1£0.11
4 0.2 £0.08 3.5+0.09 0.2 £0.08 22+0.22
5 04 +0.09 3.5+0.19 0.3+0.19 2.1+0.21
6 04 +£0.46 3.8 046 0.3 £0.46 29£0.11
7 04 £0.45 32+0.16 0.2 £0.25 2.1£0.13
8 0.2+0.03 2.5+0.03 0.1+0.13 1.1 £0.10
9 0.3 +0.46 2.5 +046 0.2 +£0.21 1.3 +0.16
10 0.2 £0.09 4+0.99 0.1 £0.19 3.1+0.20

Average 0.33+£0.05 3.29 0.23+£0.06 2.17 £0.05

SD - standard deviation.

Table 2. Mitotic and blastogenesis index of lymphocyte cells at 20 min exposure time

Number of samples Control Treated
Male group mitotic index £SD blastogenesis index +SD mitotic index £SD blastogenesis index +SD

1 04+0.12 4.2 £0.22 1.0+0.12 52+0.12
2 0.5+0.03 22+0.13 0.8+0.03 3.2+003
3 03+0.12 35+0.12 0.7 £0.12 4.5+0.12
4 0.2+0.08 3.5+0.09 1.0 £0.09 3.5+0.09
5 04+0.09 35+0.19 0.9+0.09 4.5 £0.09
6 04+ 046 3.8 +046 04 +0.46 4.8 £0.46
7 04 +045 32+0.16 0.85 +£0.46 4.2£046
8 02+003 254003 0.9+0.03 35003
9 03+ 046 2.5 +046 0.9 £0.46 3.5+046
10 0.2+0.09 4+0.99 1.1 £0.09 5+0.09

Average 0.33+0.05 3.29+0.03 1.76 £0.12 4194012

SD - standard deviation.

Table 3. Mitotic and blastogenesis index of lymphocyte cells at 15 min exposure time

Number of samples Control Treated
Male group mitotic index £SD blastogenesis index +SD mitotic index £SD blastogenesis index +SD
1 04+0.12 42 £0.22 0.8 +0.12 4.5 +0.22
2 0.5+0.03 22+0.13 0.8+0.03 25+0.13
3 03 +0.12 35+0.12 0.7 +£0.12 3.8+0.12
4 0.2 £0.08 3.5+0.09 0.6 £0.09 3.9+0.09
5 04 +0.09 35+0.19 04 +0.09 3.6+0.19
6 04 +£0.46 3.8+£046 04 +£0.46 3.9+046
7 04 £0.45 32+0.16 0.8 £0.46 3.7+0.16
8 0.2+0.03 2.5+0.03 0.6 +0.03 29+0.03
9 0.3 +£0.46 2.5+046 0.5+0.46 29+046
10 0.2 £0.09 4+0.99 0.6 £0.09 4.7 £0.99
Average 0.33+£0.05 3.29 +£0.06 0.62 +0.04 3.6+0.03

SD - standard deviation.
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Table 4. Mitotic and blastogenesis index of lymphocyte cells at 10 min exposure time

Number of samples Control Treated
Male group mitotic index +SD blastogenesis index +SD mitotic index +SD blastogenesis index +SD
1 04 +0.12 4.2 +0.22 0.6+0.12 43+0.32
2 0.5+0.03 22+0.13 0.5+0.03 23+0.23
3 03 +0.12 35+0.12 03 +0.12 3.6+0.22
4 0.2 £0.08 3.5+0.09 0.2 £0.09 36+0.1
5 04 +0.09 3.5+0.19 04 £0.09 36+0.19
6 04046 3.8+£0.46 04 046 3.9+0.16
7 04 £045 3.2+0.16 04 £046 34+0.26
8 0.2+0.03 2.5+0.03 0.2+0.03 26+0.13
9 0.3 +046 2.5 +0.46 0.4 £0.46 26+0.12
10 0.2 £0.09 4£0.99 0.2 £0.09 4.5 +0.99
Average 0.33 £0.05 3.29 04 +0.06 34+0.99

SD - standard deviation.

Table 5. Mitotic and blastogenesis index of lymphocyte cells at 5 min exposure time

Number of samples Control Treated
Male group mitotic index £SD blastogenesis index +SD mitotic index £SD blastogenesis index +SD

1 04 £0.12 42 +0.22 0.5+0.11 4.5 +0.22
2 0.5+0.03 22+0.13 0.5 +0.01 22+0.13
3 03=£0.12 3.5+0.12 0.5=+0.11 3.5+0.12
4 0.2 £0.08 3.5+0.09 04 £0.19 3.5+0.09
5 0.4 £0.09 35+0.19 0.6 £0.09 35+0.19
6 04 £0.46 3.8 £0.46 04 £0.26 3.8 £0.46
7 04 +£0.45 32+0.16 04 +£0.16 32+0.16
8 0.2+0.03 2.5+0.03 03+0.13 2.5+0.03
9 0.3 +£0.46 2.5+046 0.5+0.11 25+0.23
10 0.2 £0.09 4+0.99 03 £0.11 45 +0.11

Average 0.33 £0.05 3.29 042 +0.44 337 £0.23

SD - standard deviation.

No. of dividing cells (M1)/1000 No. of blast cells (BI)/1000
2 45
18 - 4 |
16 |
3 ¥ ¥ e & o
14 3
1.2 25
1 ) |
0.8
06 u 1>
04 $ ¥ o+ + 3 ]
0.2 05
O T T T T T 1 0 T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Exposure time (min) Exposure time (min)
@ Control M Treated @ Contol M Treated

Fig. 1. Number of dividing lymphocyte cells for the male group Fig. 2. Number of blast lymphocyte cells for the male group



80 A. Muryoush et al. Microwave plasma affects lymphocytes
No. of dividing cells (MI)/1000 No. of blast cells (BI)/1000
2.5 7
6
2 | ] u
5 [ |
[ ]
15 " 4 . . . . .
1 u . 3
2
05— @ —— & — & — & — & u
] 1
O T T T T T 1 O T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Exposure time (min) Exposure time (min)
@ Control M Treated @ Control M Treated
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5. Comparison of the percentage of plasma effects between men and
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