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Load

10-30 kHz
10-30 kV
0.5-5mm gap
0.1-10 cm2 electrode
~1 W/cm 2 plasma power

Emission from DBD plasma over the 
cell surface in UV range

Continuous (sinusoidal)
Rise time: ~1 V / nsec

Sinusoidal wave
Filament temperature:

350-450K

Micro second-pulsed
Rise time: ~5 V / nsec

Pulse duration: ~2 µsec
Filament temperature:

320-420K

Nanosecond-pulsed
Rise time: ~3,000 V / nsec
Pulse duration: ~40 nsec
Rotational temperature:

~300K

Microsecond pulse
(photo through water electrode)

Continuous wave
(photo through water electrode)

Nanosecond pulse
(single plasma pulse on color photo film)

SKH1 hairless mice: 
Differential toxicity escalation

No treatment

5 minutes @ 0.3W/cm 2:
No burn

5 minutes @ 1W/cm 2:
Partial thickness burn

5 minutes @ 1.4W/cm 2:
Full thickness burn

1. Safe and effective zones exist but 
toxicity is possibleat higher dosage.

2. Animals survive the operation and 
stay healthy long after treatment
(as observed for 2 weeks).

Skin is sterilized in seconds (<10 sec),
mouse is fine up to 10 minutes of plasma.

Tissue Treatment

Microsecond pulse
(single plasma pulse on b/w photo film)

Microsecond pulse
(single plasma pulse on color photo film)

Original 
concentration

[10^9/ml]

10X dilution
[10^8/ml]

100X dilution
[10^7/ml]

850 22 2

Direct Plasma: ~7-log reduction in 5 seconds
Microorganisms: Streptococci, Staphylococci, Yeast

5 seconds of direct plasma:Original 
Concentration

5 sec of
FE-DBD

10 sec of
FE-DBD

15 sec of
FE-DBD

109 cfu 850±183 9 ±3 4 ±4

108 cfu 22±5 5 ±5 0 ±0

107 cfu 6 ±6 0 ±0 0 ±0

Skin Sterilization Quantification

1. DNA damage
2. Cell wall fracture

Charged Species (ions and electrons) stimulating 
oxidation.
1. Ion Catalysis
2. Ion Bombardment
3. Collective E-fields

Global effects of: a) E-field; b) Temperature
1. Electroporation
2. Surface heating (cooking)

a) Long-lived (O3, NO�á�������t�á�����t���t�á���å���â
b) Short -lived (OH, O,  electronically 

excited O(1D), O2(1�� �‰���á���å��
1. Tissue regeneration;
2. Natural signal stimulation

(Calcium channel opening,
Growth factor stimulation);

3. ���š�‹�†�ƒ�–�‹�‘�•�â���å

Ultraviolet (UV) Radiation Effect

Global [applied] Effects

Effect of Neutral Species

Charged Species (Ions and Electrons)

VUV110-200 nm, UVC200-290 nm, UVB,A - 290-380 nm

Bacteria Inactivation Mechanisms

1. Cell wall fracture;
2. Natural signal stimulation (Calcium channel 

opening, Growth factor stimulation);
3. ���Ž�–�‡�”���’�”�‘�–�‡�‹�•���•�–�”�—�…�–�—�”�‡���ƒ�•�†���‡�•�œ�›�•�ƒ�–�‹�…���ƒ�…�–�‹�˜�‹�–�›�â���å

Blood Coagulation

Before treatment

After 15 sec of plasma

Blood coagulates in 
the treated area

No tissue damage is 
observed

Wound remains wet
30 second treatment

30 second treatment

treated
untreated

Before treatment After 15 sec of plasma

Saphenous vein cut: without plasma animal continues to bleed for 10-
20 minutes.  15 sec treatment stops bleeding without visible or 

microscopic tissue damage; blood vessel remains sealed.

Treatment of Cutaneous Leishmaniasis

20 seconds of FE -DBD: ~100% inactivation 
of C. Leishmania promastigotes

2 minutes of FE -DBD: 20-50% inactivation of 
Macrophages

Apoptosis in Melanoma Skin Cancer

Control Treated

4 hours

24+ hours

Terminal deoxynucleotidyl Transferase-mediated dUTP nick end labeling (TUNEL) is an 
in situ method for detecting the 3'-OH ends of DNA exposed during the internucleosomal
cleavage that occurs during apoptosis. Incorporation of biotinylated dUTP allows 
detection by immunohistochemical procedures.

TUNEL assay: development of apoptosis in cells 
culture 24+hrsafter treatment with 5 seconds of 
plasma. Blue - normal cells; Green- apoptotic cells

No Plasma

5 seconds of FE-DBD

TUNEL flow cytometry test: development of 
apoptosis in cell culture treated with low dose 
of plasma (5sec).

Apoptosis begins developing at the end of day 
1, reaches it maximum at day 2 and returns to 
normal natural rate at day 3

Treatment of Corneal Infections

Basic characteristics:
Plasma generating matter: noble-gases, 

atmospheric air, water
Average mass temperature: 30 �±�������Û�&
Discharge voltage: 1 �±3 kV
Pulse duration: 50 ���V
Plasma flow power: 0.5 - 2 W

Before treatment

3 plasma treatment sessions, 5 seconds each

Month following treatment

Treatment of Topical Wounds:
Tissue Regeneration: Suppurated Burn 
Wound

Before treatment After 7 days of plasma therapy
(5 sessions)

Treatment of Topical Wounds:
Tissue Regeneration: TrophicVenous 
Ulcers

Before treatment 21st day of Plasma 
therapy (10 sessions)

After 2 months of 
plasma therapy

Treatment of Topical Wounds:
Tissue Regeneration: Broad 
Necrotic Suppurated Ulcer 
(Diabetic Peripheral 
Neuropathy)

Before treatment
After 4.5 months of plasma 
therapy (3 courses, 12*3 sessions)

Cancer cells continue to die long after
treatment
�‡Number of cells remains the same immediately 

after low-dose treatment
�‡4 hours following, control cells grow, treated cells do 

not
�‡24+ hours after treatment, control cells continue to 

grow while the number and morphology of treated 
cells changes dramatically �±treated cells exhibit 
apoptosis-like behavior

Apoptosis, or programmed cell death, 
is a complex biochemical process of 
controlled self-destruction of a cell in 
a multicellular organism.
This process plays an important role 
in maintaining tissue homeostasis, 
fetal development, immune cell 
�³�H�G�X�F�D�W�L�R�Q�´�����G�H�Y�H�O�R�S�P�H�Q�W�����D�Q�G���D�J�L�Q�J��

Nitrogen oxides, generated 
in plasma aid in tissue 

regeneration and wound 
healing.


