
1947-5764/18/$35.00 © 2018 by Begell House, Inc. www.begellhouse.com 195

Plasma Medicine, 8(2):195–201 (2018)

The Plasma Treatment Unit: An Attempt to 
Standardize Cold Plasma Treatment for 

Alexander Fridman,a Abraham Lin,b Vandana Miller,a,* Sander Bekeschus,c 
 Kristian Wende,c Klaus-Dieter Weltmannc 
a Drexel University, Nyheim Plasma Institute, Camden, New Jersey, USA; bUniversity of  Antwerp, 
Department of Chemistry, Antwerp, Belgium; cLeibniz-Institute for Plasma Science and 
 Technology (INP Greifswald), ZIK Plasmatis, Greifswald, Germany

* Address all correspondence to: Vandana Miller, 200 Federal Street, Suite 500, Camden, NJ 08103, USA; Tel.: 215-
571-4074, E-mail: vam54@drexel.edu

ABSTRACT:
utilize cold physical plasmas for desired biological outcomes in medicine, biotechnology, agricul-
ture, and general hygienic purposes. Great success has been achieved in many applications with 
individually designed plasma sources and plasma parameters. Although lab and application-spe-

do not use the same plasma sources. By drawing conclusions from over a century of plasma bio-
medical research, we propose that all researchers adopt the use of a standardized value, the plasma 

-

provide the foundation for an analogous and clinically relevant unit in the future.

KEY WORDS: plasma medicine, nonequilibrium atmospheric pressure plasma, cold atmo-

cold plasma, improves, plasma delivery devices for biological and medical applications 
are becoming increasingly more sophisticated. Their application on various biological 

-

plasma and cellular processes. Based on the results of in vitro and in vivo studies to ex-
plore the biological, biochemical, and genetic changes in tissues as well as organismal 

a result of oxidation-reduction (redox) changes produced by plasma components. These 
include reactive oxygen species (ROS), reactive nitrogen species (RNS), charged species, 

and treatment conditions. These in vitro observations have provided the impetus to test 
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plasmas in experimental and clinical settings for treatment of many conditions, including 
 1–6 

Amid increasing interest in plasma technology from biologists and clinicians, sev-
eral plasma sources are now available for these applications. These fall into two major 
categories: dielectric barrier discharge (DBD), where plasma is generated directly on 
the target; and the atmospheric pressure plasma jet, where remotely generated plasma is 

7–12 The plasma produced by both 

and the treatment surface (e.g., conductivity and surface uniformity). Plasmas produced 

target is an important determinant of the composition of plasma (Table 1). However, 
plasmas produced by plasma jets are more stable than those produced by DBDs because 
the discharge environment can be tightly controlled by the feed gas.13 DBDs are gener-
ated in atmospheric air and often depend on target properties, so variations in environ-

discharge and subsequent biological outcomes.14,15

Both DBDs and plasma jets have their individual advantages and disadvantages in the 

6,16–18 On the other hand, plasma jets are often limited to spot treatments, 
because the plasma plume from the jet aperture is only a few millimeters in diameter.19 Treat-
ment of large areas, as is in the case of burns and wounds, requires sweeping the jet over the 

3,13,19 Because DBDs use the patient as the 
second electrode, they are limited by more stringent electrical safety measures.

and plasma jets have been shown to improve clinical outcomes for wound healing and 
in cancer treatment. Although there are several overlapping parameters that both plasma 
systems rely on, such as treatment time, frequency, and voltage (see Table 1), the impact 

-
tions for the clinician, and it hinders wider clinical acceptance. Establishment of a com-

TABLE 1: 
DBD Plasma jet

Excitation Pulsation, pulse shape Pulsation
Plasma parameters Voltage, frequency, Voltage, frequency
Treatment parameters Treatment time, application 

distance
Treatment time, application 
distance

Discharge environment Atmospheric gas, humidity
rate
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mon treatment unit for these plasma devices would promote acceptance and ease clinical 
adoption of this technology.

-
logical expectation from the use of a DBD and a plasma jet.20 The goal was to operate 
both plasma units to achieve the same biological outcomes under standardized labora-
tory conditions. A reinterpretation of the results of that study may propose a simple and 
cheap method of establishing a plasma treatment unit (PTU) that can be used to correlate 
treatment with DBDs and plasma jets for comparable device calibration.

Each plasma device requires a precise combination of several operating parameters to 
-

come practical and easily adapted, it should not depend on any of the physical parameters of 
individual devices. Rather, the basis of the PTU should be a biological readout, because the 

-

with a simple and concise live-cell metabolic activity assay.20 This is analogous to the well-
established approach in determining dosage of therapeutic chemicals where the initial titra-
tion is done in vitro, and then clinical end points are used to  guide in vivo administration. 
To compare plasma systems with this assay, it is necessary that procedures for cell plating 

PTU as the IC50 of cells, as measured with the live cell metabolic activity assay. This 
means that the user is free to operate their device at any physical parameters they wish, 
as long as the biological outcome is the same (i.e., 50% inhibition of cellular metabolic 
activity). This assay is quite stringent, requires aseptic laboratory procedures, and may 

is translated into a more basic, easily performed assay, this calibration may be possible.
-

drogen peroxide (H2O2) is one of the molecules produced by both DBDs and plasma jets 
used in clinical and biological research settings.21 It is easily measured using a simple and 

TABLE 2: Fixed parameters and procedures for standardization

Seeding time 24 hours before plasma treatment
Seeding concentration 3  105 cells/mL
Treatment chamber 24-well plates (0.5 mL/well)
Liquid present during treatment
Volume of liquid present 1000 L or less with dilution factor
Incubation time prior to live cell metabolic activity assay 24 hours post–plasma treatment
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inexpensive colorimetric assay. Therefore, at the plasma device settings corresponding 
to 1 PTU, H2O2 production by both plasma systems was measured and compared. Nano-

49a, 17489 Greifswald, Germany) generated 50 μM and 115 μM H2O2 respectively, at 

A logical question that arises is how to scale this unit? From a physics perspective, 
2 PTU is not achieved by doubling a single parameter such as treatment time or fre-
quency. From a biological perspective, 2 PTU is not equivalent to doubling the biologi-

encompasses all the parameters needed to produce the plasma that elicits IC50.
An extrapolation to the 2 PTU scenario can be made using the H2O2 measurement ex-

ample just mentioned. Two PTU would encompass the settings that elicit twice the H2O2 

not scale according to a single plasma parameter, such as duration of treatment or pulse 
repetition; rather, it accounts for and encompasses all device variables as measured by an 
indicator molecule, which in this case was H2O2. This does not suggest that H2O2 is the only 

 It only indicates that the conditions 

of H2O2 produced. 2O2 than what is required for 
retention of 50% viability, indicating other chemical and physical constituents of plasma are 
required.20 This is in agreement with other reports showing that H2O2 is not the sole plasma 

15,22,23 Other possible indicators include change in 
local temperature at target, UV emission, and resistance of treatment surface, and these may 
be equally viable candidates for device calibration with a standard unit.

A potential future implementation of a chemical readout could be a diagnostic H2O2 
(or other chemical indicator) strip that changes color and allows evaluation during treat-
ment in the clinic. Strips would need to be calibrated for each plasma device so that each 

To test how this approach would translate when we compared another biological readout 

23 
The measured H2O2 here was ~ 24 μM which is equivalent to 0.5 PTU for the nspDBD 
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2O2. This corresponds to a 50-second treatment while hold-

24 
Although this is only a single example, it demonstrates that the PTU may be suitable for 
unifying the research data derived from DBD and plasma jet devices. 

device for their studies, because most of these devices are assembled in the lab. This 

III. CONCLUSION

undeniably required for clinical acceptance of this technology. Here, we have established 

metabolic activity (IC50) of cells, as measured with the live cell metabolic activity assay. 
PTU is merely a repetition of the plasma physics that was used to achieve the 1 PTU 

Change in H2O2 concentration was used here, but other properties such as temperature UV 

-
tion  Altogether, it is clear that this standard treatment unit is needed to unify and accel-
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