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Abstract 

Purpose: Cold Atmospheric Plasma (CAP) has a wide application in medicine that has many biological effects on 

bacterial, fungal, yeast, and mammalian cells, particularly cancer cells. In this study, the in-vivo anti-tumor effect 

of an Atmospheric Pressure Jet Plasma (APJP) source is investigated. 

Materials and Methods: The Glioblastoma Multiforme (GBM) tumoric cells have been implanted in the rat brains. 

Then, cancerian cells are treated by direct CAP and the Temozolomide (TMZ) drug. Positron Emission Tomography 

(PET) imaging method is used for evaluating the tumor regions. 

Results: The PET imaging results showed that the GBM cell has a significant reduction in direct plasma treatment 

and TMZ drug just. This reduction can be clearly observed just five days after treatment. The calculated Brain to 

the Background Ratio (BBR) shows that the cancer cells in the plasma method are halved after five days. This 

amount is comparable to the TMZ method that makes two times decreasing in the cancer cells. 

Conclusion: The plasma method can be used as an effective method in treating and removing the GBM cells. 

Also, CAP has fewer side effects than chemical methods. 

Keywords: Cold Atmospheric Plasma; Positron Emission Tomography Imaging; Glioblastoma Multiforme; Anticancer 

Effects; Atmospheric Pressure Jet Plasma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ORIGINAL ARTICLE 

https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.18502/fbt.v9i3.9649
https://orcid.org/0000-0001-5252-1746


 M. Bakhtiari Ramazani, et al. 

225   FBT, Vol. 9, No. 3 (Summer 2022) 224-230 

1. Introduction  

Glioma tumors originate in the glial cells of the brain 

and make up 30% of all central nervous system tumors and 

80% of malignant brain tumors [1-2]. This set of cancerian 

cells includes tumors of glioblastoma, astrocytoma, 

oligodendroglioma, and ependymoma that have a high 

growth rate. Glioblastoma Multiforme (GBM), also referred 

to as a grade IV astrocytoma is the most common and 

aggressive type of brain cancer. GBM occurs most often 

in the cerebral hemispheres, especially in the frontal and 

temporal lobes of the brain. GBM cancer has a very high 

mortality rate and causes the death of the patient in less 

than 6 months. The signs and symptoms of GBM vary 

depending on the location of the brain tumor and may 

include headaches, double or blurred vision, speech 

difficulty of gradual onset, vomiting, loss of appetite, 

changes in mood and personality, changes in the ability 

to think and learn and new onset of seizures [3-5].  

The main treatment for GBMs is including surgery, 

followed by radiation and chemotherapy. In the surgery, 

the tumor has been removed as much as possible and 

without injuring the normal brain tissue [1]. After surgery, 

radiation therapy can be used for killing the remaining 

tumor cells. In standard external beam radiation therapy, 

multiple sessions of standard-dose "fractions" of radiation 

are exposed to the tumor region in order to treat the tumor 

cells [3]. Each treatment induces damage to both 

healthy and normal tissue. The one important aim of 

radiotherapy is to have fewer effects on normal tissues. 

Also, chemotherapy with temozolomide is the current 

standard of treatment for GBM. This drug is generally 

described every day during radiation therapy and then for 

six cycles after radiation during the maintenance phase.  

One of the newest and promising approaches to cancer 

therapy is Cold Atmospheric Pressure plasma (CAP). 

CAP or Non-Thermal Plasmas (NTP) are provided by 

inducing an electric or electromagnetic field to a gas. 

CAP is constituted basically by molecules and atoms 

in an excited state, positive and negative ions, free 

radicals, electrons, Ultraviolet  )UV ( radiation, and reactive 

oxygen and nitrogen species, such as ozone, superoxide, 

hydroxyl radicals, singlet oxygen, atomic oxygen, nitric 

oxide or nitrogen dioxide. Interestingly, all these agents 

show antimicrobial activity against a wide range of 

microorganisms, including bacteria, molds, yeasts, and 

even bacterial and fungal spores [3, 6-9]. Cold plasmas, 

with temperatures close to ambient temperature, are on 

the contrary suitable for the treatment of cancer cells. The 

various type of cold plasma can be produced with changing 

of the radio frequency, microwave frequencies, and 

different Alternating Current (AC) or Direct Current (DC) 

high voltages [10-12]. Today, various types of CAP sources 

have been developed at atmospheric pressure that are used 

in medicine and treatment. Several studies showed the 

significant anticancer capacity of CAP in over head and neck 

cancer, skin cancer, colorectal cancer, lung cancer, breast 

cancer, as well as bladder cancer [11-14].  

Different methods are used to evaluate the efficacy of 

treatment in cancer such as evaluation of cells characters 

such as apoptosis and cell cycle by flow cytometry and 

imaging base method such as Computed Tomography 

(CT), Magnetic Resonance Imaging (MRI), and Positron 

Emission Tomography (PET). PET with the glucose analog 

[18F]-Fluorodeoxyglucose  )18F-FDG ( is a routine clinical 

test for most solid tumors [15]. In PET, positron-emitting 

radionuclides have been injected into the body. Radionuclide 

distributes in the body and positron will be emitted. Then, 

positron annihilates on contact with electrons after 

traveling a short distance (~2 mm). Each annihilation 

produces two 511-keV photons in opposite trajectories. 

These two photons are detected by the detectors. After 

collecting data from the desired region of the body, the 

data is processed by computers to reconstruct the spatial 

distribution of the radiotracers. The PET images have the 

ability to visualize, characterize, and measure biological 

processes at the cellular, subcellular, and molecular levels in 

living subjects using noninvasive procedures. PET can 

also measure biochemical and physiological aberrations 

that occur prior to macroscopic anatomical signs of a disease, 

such as cancer [15]. In some research, the beneficial role 

of cold physical plasma, treatment outcomes, potential 

risks, and underlying mechanisms are investigated by 

the PET imaging method [16-18]. In this study, the anti-

cancer effect of Atmospheric Pressure Jet Plasma (APJP) 

is investigated using helium gas on GBM cancer cells. The 

cells were grown in the anterior part of the rat brain. The 

results were surveyed by the PET method. 

2. Materials and Methods 

2.1 Design and Manufacture of Atmospheric 

Pressure Jet Plasma (APJP) 

Figure 1a shows the plasma jet device that was used 

as the CAP system in this research. The atmospheric 
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pressure jet plasma consists of a dielectric tube with two 

metal ring electrodes, which are located on the outside of 

the dielectric tube. When a working gas such as helium 

flows through a dielectric tube and an AC (the kHz range) 

high voltage is applied, a cold plasma jet is produced in 

the surrounding air. The system is fed with an AC power 

supply with a sinusoidal wave and high voltage of 

5kVolt/20 kHz. In this plasma jet, a helium gas flow 

was used with a flow rate of 2 lit/min. The flow rate is 

controlled by Mass Flow Meter, and a 2 mm diameter 

gas hole for open helium was used for system operation. 

Figure 1b, shows the plasma jet interacting with U-87 

MG cells. 

2.2 Cell Growth Protocol for U-87 MG Cells 

The U-87 MG cells were purchased from Pasteur 

Institute Cell Bank (Tehran, Iran) and cultured in 

Dulbecco's Modified Eagle Medium (DMEM) / F12 

medium (Sigma-Aldrich Corp. St.Louis, MO, USA). The 

used media were enriched with 10% Fetal Bovine Serum 

(FBS) and antibiotics penicillin and streptomycin (1% pen / 

strep) (Gibco, Thermo Fisher Scientific Inc, Rockford, 

USA). The cells were stored at 37  °C in  5%  CO2 at 95-90% 

humidity and subjected to successive passages using 

trypsin (Gibco, Thermo Fisher Scientific Inc, Rockford, 

USA) and Phosphate-Buffered Saline (PBS) [4].  

The MTT assay (MTT: 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyl tetrazolium bromide) is used to measure 

cellular cytotoxicity and cell viability. To prepare the 

MTT solution, 5 mg of MTT powder is dissolved in 1 

ml of PBS solution. After filtering of this solution, it 

is stored at -20 °C. This solution should not be exposed 

to light, so the storage tubes were covered with foil. One 

ml of MTT solution is added to the cultured cancer cells 

and then the cancer cell is irradiated by plasma in different 

time intervals between 30 to 90 seconds. After irradiating, 

the viability of the cells is assessed by the MTT method 

after 24, 48 and 72 hours (Figure 2). The percentage 

of cell survival is calculated by the following formula, 

Equation 1:  

The survival percentage of each treatment sample  

=
𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑝𝑡𝑎𝑘𝑒 

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑝𝑎𝑘𝑒
) x 100% 

(1) 

The IC50 values (that is, the plasma exposure times 

which exhibited 50% cell viability for U-87 MG cells) 

were 98.91, 70.7, and 34.37 s, respectively, for 24, 48, 

and 72h after treatment. The results show that the best 

treatment time is 70.7 s for IC50. 

2.3 GBM Cancer Implantation and Treatment 

with CAP and Temozolomide 

In this research, 24 rats have been chosen for in-vivo 

tests. The chosen rats weighing 200 to 250 g were 

 
a 

 

b 

Figure 1. a) the plasma jet system, b) Photograph of the 

plasma jet interacting with U-87 MG cells 

 
Figure 2. Viability of the U-87 MG cells a) 24 h, b) 48 h, and c) 72 h after treatment 
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anesthetized by the peritoneum injection of ketamine 

/xylazine (relative to 100 mg/kg body weight / 20 mg/kg 

body weight) and kept in a stereotaxic frame. Two holes 

were made in the skull above the right hippocampus in 

a distance of 2.2 mm of the Anterior-Posterior (AP), 

1.9-mm of Medial-Lateral (ML), and a depth of 2 mm 

from the Abdomen. The cancer cells were injected into 

the holes. Fifteen days after tumor GBM cancer 

implantation in rats, plasma radiation was directly exposed 

to the tumor region through a channel that was embedded 

in the rat brains. The plasma jet has been applied in two 

sequential days for 70.7 seconds for the first group. 

Figure 3 shows the procedure of the plasma injection 

into the cancer region in the rat head. The Temozolomide 

(TMZ) drug 0.01 g/l was also given to the second group 

for treatment. TMZ is a medication used to treat some 

brain tumors such as GBM or anaplastic astrocytoma. 

It is taken by mouth or via intravenous infusion. The 

rats were sent to the laboratory for PET imaging one, 

two, and five days after treatments. 

2.4 PET Images 

PET with 2-18F-FDG [15] has been performed on un-

treated rats. Besides, PET imaging has been carried out 

for treated rats 1 day and three days after treatment for 

the evaluation of the direct APJP treatments. The PET 

images were obtained with a micro-PET scanner (Xtrim 

PET, Parto Negar Persia, Iran) in the preclinical core 

facility lab of Tehran University of Medical Science. For 

PET scanning, about 1 mCi of the 18F-FDG was injected 

via the tail vein of the rats under general anesthesia. For 

each rat, 3-dimensional Regions Of Interest (ROIs) 

were manually drawn over the brain area transversal 

images. The ROIs was converted to the Brain to 

Background Ratio (BBR) according to Equation 2:  

𝐵𝐵𝑅 =  
𝑅𝑂𝐼 𝑐𝑜𝑢𝑛𝑡𝑠 𝑝𝑒𝑟 𝑣𝑜𝑥𝑒𝑙

𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡𝑠 𝑝𝑒𝑟 𝑣𝑜𝑥𝑒𝑙
 (2) 

3. Results and Discussion 

After GBM tumor cell injection and over the 15 days, 

tumors were detectable by PET imaging (Figure 4). The 

rats were divided into three groups, two groups treated 

by direct CAP and the TMZ drug, while no treatment 

was performed on the third group (control group). CAP 

treatment was started on 15 days four after GBM tumor 

implantation and followed for two days for 70.7 seconds 

according to IC50 and MTT experiments which were 

described in section 2.3. To assess the implemented 

treatment methods, the effects of CAP therapy on GBM 

tumor cell were evaluated by PET images.  

Figure 5 shows the axial slices of the PET images for 

a treated rat one day after treatment. Different regions 

of the brain of rats have various uptakes. The most uptakes 

have occurred at the tumor region (red color). Figure 5A 

has been generated by superimposing the images of the 

first day after treatment. The eyes of rats on both sides of 

the head and the tumor region (below of it) have the most 

uptakes. Also, the red color shows the high density of 

cancer cells in the image. Figures 5B and C show the 

superimposed images of PET, 2 days and 5 days after 

treatment, respectively. A comparison of the images of  

Figure 3 shows that the tumor region after two days of the 

treatment with CAP is reduced (Figure 5B). In addition, 

the tumor is almost removed after five days of the 

treatment (Figure 5C). 

 

Figure 3. Shows the procedure of the plasma injection 

to the cancer region in the rat head 

 

Figure 4. Axial slices for an untreated mouse 
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For a quantitative evaluation, the uptake ratio is 

calculated as brain to background. BBR has been obtained 

for treating with CAP and the TMZ drug (Table 1). The 

results show that the calculated BBR factor for the treated 

rats is twice lower than the untreated ones. Reduction of 

cancer cells after treatment can be seen in cross-sectional 

and three-dimensional PET images for the treatment of  

GBM tumor by cold helium plasma jet. PET images 

revealed significant decreased tumor cells in the treated 

group over the observation time.  

The results show that CAP therapy caused a significant 

reduction in anatomical tumor volume in five days, 

compared to the first day. Also, the comparison of the 

results of CAP method and the TMZ drug shows that 

although the amount of BBR in CAP is larger than TMZ 

on the first day after treatment, the amount of BBR by 

the two mentioned methods is slightly different in the five 

days after treatment. Nausea and vomiting, constipation, 

headache, and fatigue are mentioned as side effects 

(occurring in greater than 30%), for patients taking TMZ. 

Very rare side effects have been reported for plasma jet 

in different researches. 

The discharged power for the plasma jet was set to 

a maximum power of 2 watts in this experiment. This 

level of power cannot cause inflammation in the tissue. 

On the other hand, noble gases such as helium and argon 

do not cause any inflammation in the tissue. One advantage 

of cold plasma is the apoptosis of cancer cells with a 

low level of ionization without any damage to healthy 

cells. Other treatments of cancer such as chemotherapy 

or radiotherapy cause inflammation in tissue and some 

damage to the healthy cells [19-21]. 

4. Conclusion 

In this study, an APJP cold plasma system was 

designed and fabricated. It was used for direct cancer 

therapy. The therapeutic effects of the system were 

investigated for the direct method and also by using 

helium on GBM brain tumors of the rats. The best time 

duration for plasma treatment was determined using 

the MTT experiment and the IC50 factor by the in-vitro 

method. This time is obtained as 70.7 s that was used 

for the therapy of the rat tumor. The plasma and also 

TMZ drug were injected into different groups of the 

experiment and the effects of plasma on the cancer cell 

were investigated. The PET imaging system is used for 

evaluating the cancer region in the rat brains. As the main 

result, PET imaging revealed a substantial reduction 

in tumor cells after CAP treatment and TMZ drug for 

the GBM tumor. The amount of the BBR factor in both 

 
a 

 
b 

 
c 

Figure 5. the superimposed images superimposed of PET 

images a) the first day of after treatment b) 2 days and c) 5 

days after treatment, respectively 

Table 1. The amount of the radionuclide uptake ratio 

of the selected ROIs in the 3 days PET scan of each rat 

Time after treatment 

BBR for 

treating 

with CAP 

BBR for 

treating 

with TMZ 

1 day after treatment 10.26 6.73 

2 days after treatment 3.53 - 

5 days after treatment 4.62 4.33 
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groups of plasma and TMZ tumor for five successive 

days after the last treatment shows that the amount of 

BBR is slightly different in the two experimental groups. 

Due to the fewer side effects of plasma compared to the 

TMZ drug, plasma jet can be used as an effective and 

efficient method to treat the GBM cells. These findings 

propose APJP as a potential adjuvant therapy option to 

established standard therapies of GBM cancer. 
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