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Abstract

Plasma, widely recognised as the fourth state of matter, is an ionized gas composed of free
electrons, ions, and neutral particles that exhibit unique electrical and chemical properties.
Unlike solids, liquids, and gases, plasma demonstrates collective behaviour due to its charged
particles, making it highly responsive to electromagnetic fields. In recent years, plasma has
gained significant attention in the field of medicine, particularly in sterilisation, wound healing,
and cancer treatment. This study explores the fundamental nature of plasma and its growing
role in modern healthcare, with a special focus on cold plasma applications in oncology.
Traditional cancer treatments such as chemotherapy and radiation therapy often cause severe
side effects, including damage to healthy cells, immune suppression, and prolonged recovery
time. Cold atmospheric plasma (CAP) has emerged as a promising alternative due to its ability
to generate reactive oxygen and nitrogen species (ROS/RNS), which selectively target cancer
cells while minimising harm to surrounding healthy tissues.

This paper is based on a literature review of textbooks, research journals, and scientific
articles. Findings suggest that plasma technology enhances antimicrobial activity, promotes
faster tissue regeneration, and shows potential in selective cancer cell destruction through
apoptosis. Plasma medicine represents a safe, innovative, and efficient approach to future
healthcare systems.
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1. INTRODUCTION
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Plasma is an ionized state of matter consisting of electrons,
ions, and neutral particles. It is considered the fourth state of
matter after solid, liquid, and gas. Ionisation occurs when
sufficient energy is supplied to remove electrons from atoms.
Plasma is naturally found in the Sun, lightning, and auroras,
while artificial plasma exists in fluorescent lamps and medical
devices. Cold plasma operates at near-room temperature and is
safe for biological tissues, making it useful in wound healing,
sterilisation, and cancer therapy.

2. MATERIALS AND METHODS

This study is based on a literature review using textbooks, IEEE
journals, WHO reports, and online databases like Google
Scholar and ScienceDirect.

METHODOLOGY

Collection of scientific literature

Study of plasma formation

Analysis of medical applications

Comparison of chemotherapy vs plasma therapy
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Plasma types include thermal and cold plasma. Cold plasma is
widely used in medical applications.

4. RESULTS
e Plasma shows strong antimicrobial properties

Table 3: Types of Medical Plasma

Type Temperature Application
Thermal Plasma High Industrial
Cold Plasma Low Medical

Table 4: Plasma Generation Methods

Method Application
DBD Skin treatment
Plasma Jet Wound healing
Corona Discharge Sterilization
Microwave Plasma Research

Table 5: Plasma Reactive Species

Species Function
ROS Cell damage
RNS Signaling and apoptosis

Table 6: Medical Applications of Plasma

Application Benefit
Sterilization Infection control
Wound Healing Faster recovery
Surgery Reduced bleeding
Cancer Therapy Tumor destruction

Table 7. Comparison with Chemotherapy

Parameter Chemotherapy Cold Plasma

Side Effects High Lower

Selectivity Moderate Higher
Systemic Toxicity High Low

5. DISCUSSION

Cold atmospheric plasma produces reactive oxygen and
nitrogen species that interact with biological tissues. In cancer
treatment, it induces oxidative stress, leading to selective cancer
cell death while sparing healthy cells.

Mechanisms include DNA damage, mitochondrial dysfunction,
and apoptosis activation. Limitations include a lack of
standardised clinical protocols and the need for further trials.

6. CONCLUSION

Plasma, the fourth state of matter, is a revolutionary
development in science and medicine. Its ability to generate
reactive species allows it to interact with biological systems in
unique ways. This study highlights the strong potential of cold
plasma in cancer treatment, sterilisation, and wound healing.
Cold plasma selectively targets cancer cells through oxidative
stress mechanisms while minimising damage to healthy tissues.
This makes it a promising alternative to chemotherapy and
radiation therapy.

It also shows strong antimicrobial activity and promotes tissue
regeneration, leading to faster recovery. However, further
research and clinical trials are necessary before widespread
medical use.

In conclusion, plasma medicine offers a safe, efficient, and
innovative approach to future healthcare systems.

e Cold plasma enhances wound healing
e Cancer cells are sensitive to oxidative stress
e Plasma induces apoptosis in cancer cells
e Reduces dependency on antibiotics
TABLES
Table 1: Comparison of States of Matter
Property Solid Liquid Gas Plasma
Shape Fixed Variable | Variable Variable
Volume Fixed Fixed Variable Variable
Charged Particles No No No Yes
Table 2: Natural Sources of Plasma
Source Example
Stellar Plasma Sun
Atmospheric Plasma Lightning
Space Plasma Aurora
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