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Summary 

NeoGen nitrogen plasma is an exciting technology that is widely used “off-label” by 
clinicians for a variety of skin issues, notably in the treatment of acne and for enhancement 
of penetration of actives. This mini-review aims to give some theoretical background to 
these uses, suggests mechanisms for the activity seen in clinics, and gives suggestions for 
future testing to scientifically validate the claims made by clinicians. 
The review shows that given plasma’s unique mix of rapid heating, mild UV, visible light and 
reactive species, it is unsurprising that anti-microbial activity, anti-acne efficacy and drug 
penetration enhancement is seen.  
 
  



Uses of NeoGen nitrogen plasma system in antimicrobial therapy, with particular reference 
to acne treatment 
 
Over 50% of NeoGen treatments currently performed in Asia are for the treatment of acne 
vulgaris1, and, anecdotally, excellent results have been reported.  There is a huge unmet 
need for new, non-drug treatments in inflammatory acne. There may be several methods by 
which NeoGen may be improving acne, one of which is anti-bacterial activity. Plasma is a 
well-known anti-microbial modality. 
 
Introduction: acne pathogenesis and treatment  
Acne is estimated to affect 9.4% of the population globally, making it the 8th most prevalent 
disease worldwide2. Acne affects the face and upper torso, where there are high numbers of 
sebaceous glands3, which secrete lipids in the form of sebum. 
 

 
From reference3 Structure of the pilosebaceous unit. APM, arrector pili muscle; HF, hair follicle; HS, hair 

shaft; IFE, interfollicular epidermis; JZ, junctional zone; SG, sebaceous gland. 

 
The aetiology of acne has four major features (UK Primary Care Dermatology Society 
http://www.pcds.org.uk/clinical-guidance/acne-vulgaris) 
 

1. Androgen-induced seborrhoea (excess grease) 

The more sebum (grease) the greater degree of acne, evidence suggests that in most patients 
the seborrhoea is due to increased response of the sebaceous glands to normal levels of 
plasma androgens (male hormones). 
  

2. Comedone formation (blackheads, whiteheads and microcomedones)  



Known as comedogenesis, this is due to an abnormal proliferation and differentiation of 
ductal keratinocytes. It is controlled, in part, by androgens. In pre-pubertal subjects 
comedones are seen early and they precede the development of inflammatory lesions. 
  

3. Colonisation of the pilosebaceous duct with Propionibacterium acnes (P. acnes) 

is a later stage in the development of acne lesions (especially inflammatory lesions). 
The seborrhoea and comedone formation alter the ductal microenvironment, which results 
in colonisation of the duct. P.acnes (sometimes described as Cutibacterium acnes, or C. 
acnes), is an aerotolerant, anerobic, Gram positive bacterium. It is a common skin bacterium, 
and is mainly considered as beneficial to skin health, helping to keep a low pH by releasing 
free fatty acids onto the skin. Its role in acne pathogenesis is still unclear, although it seems 
to aggravate inflammation, promote comedone formation and cause other biochemical 
changes within the sebaceous gland4. 
 

4. Production of inflammation  

This is a complex process involving an interaction between biological changes occurring in the 
duct as a result of comedone formation and P. acnes colonisation of the duct and the patients 
cellular (especially lymphocytes) response within the dermis, which responds to pro-
inflammatory cytokines spreading from the duct to the dermis. 
 
(Drug) Treatment ladder 
First line treatment for mild acne starts with a topical retinoid such as adapalene or 
isotretinoin, moving up if this is unsuccessful to benzoyl peroxide with a retinoid or topical 
antibiotic. If these are unsuccessful, and for severe inflammatory acne, short term treatment 
with an oral antibiotic, combined with topical benzoyl peroxide is indicated. 
 
How do treatments work? 
Benzoyl peroxide (BPO) creates free radicals that kill P.acnes. No resistance seems to have 
developed to the action of BPO. BPO is also described as a comedolytic. 
Antibiotics such as lymecycline, erythromycin, doxycycline are widely used, but their action 
may not solely rely on their ability to kill bacteria- they also may have anti-inflammatory 
actions5,6. Antibiotic use in general is discouraged- not only is P.acnes resistance on the 
increase, but widespread use of antibiotics may encourage resistance of other bacteria. 
Retinoids are clearly very effective, but there is still debate about their precise method of 
action in acne. It is known that they effectively shrink the sebaceous gland3.  
 
Other treatments include light (with and without photosensitizers) and laser. 
Blue light in particular has found a use in treatment of acne. The mechanism is proposed to 
be the photo-excitation of intracellular chromophores (e.g. porphyrins) and the subsequent 
generation of cytotoxic reactive oxygen species (ROS) such as singlet oxygen7. 
Photosensitizers are also sometimes used with light therapy as a means to generate singlet 
oxygen8. High quality evidence is lacking for light-based therapies with or without 
photosensitizers9. However, some more limited studies have shown improvements in acne 
compared to control with intense pulsed light, Diode laser and blue light10. 
 
 
 



How might plasma have an anti-acne effect? 
Plasma is a source of UV, blue light, free radicals and heat. Each of these may have an effect 
in acne treatment. As we have seen, a number of the acne treatments produce reactive 
species as an antibacterial agent, but potentially also modifying other aspects of the disease5. 
A study in Thailand reported benefits in acne using an air plasma, reporting a clearing of 
keratin plugs on the comedone surface, and reduction in bacteria, visualized using presence 
of porphyrins11.  

 
The mechanisms of plasma action, adapted from reference 12 

 
 

 
 
Nitrogen plasma produces less-damaging UV-A (defined as 315-400nm), and blue light at 
420nm- the same wavelength used to treat acne.  
Heat may help to enhance follicular delivery of actives such as isotretinoin13. 
 
Plasma as an exceptional anti-microbial modality 
One of the first characterised biological effects of plasmas was its potential use as a 
sterilization tool14, and plasmas have found use in anti-microbial therapy in dentistry15 for 
example in dental canal disinfection, for food decontamination16, and in microbial control in 
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wound management17181920. Plasma has been shown to be effective against Gram positive21 
and Gram negative22 bacteria, fungi23 and viruses24. A case report has also been published 
showing excellent NeoGen efficacy in tinea pedis25. Tinea pedis (Athlete’s Foot) is a common 
fungal infection of the skin, caused by the dermatophytes Trichophyton rubrum, Trichophyton 
interdigitale and Epidermophyton floccosum. It has been estimated that 70% of the 
population is infected with tinea pedis at some point in their lives26. 
 
Explanations for the mechanism of microbiocidal action of plasma include Reactive Oxygen 
Species, Reactive Nitrogen Species, UV photons, charged particles27, and heat. Plasma 
appears to cause damage to biofilms, bacterial cell walls and proteins and changes 
intracellular pH. In that context, it should be remembered that biofilm formation is one 
problematic feature of P.acnes infection4. 
 
There is huge clinical and commercial interest in the potential to use plasma as chemical-free 
antimicrobial modality, which is unlikely to be susceptible to resistance. For this reason it has 
been under investigation by NASA for medical use in human spaceflight. Below is an extract 
from NASA’s International Space Station Benefits for Humanity 3rd Edition (2019): 

 

“Because plasma is a charged gas, it can permeate many materials, and spreads evenly and 
quickly. It can disinfect surfaces, and has been proven to neutralize drug-resistant bacteria 
such as methicillin-resistant Staphylococcus aureus within seconds. In addition to bacteria, 
cold plasmas have the properties needed to safely and efficiently inactivate fungi, viruses, 
spores and odour molecules.” 
 
Acne microbiota study 
In January 2019, Professor Chiharu Watanabe conducted a 10 patient study using NeoGen 
at 0.8J, using microbial analysis to measure samples of indigenous bacteria at control, 
immediately after, 24 hours and 72 hours later.  The trial concluded: “Subjects who 
conducted skin flora analysis showed that nitrogen gas plasma treatment decreased acne 
bacteria and Staphylococcus aureus and could potentially lead to normal balance of skin 
resident bacteria”. 
 
 

Bacteria Name 
0hr Average 

Diversity Index 

24h Average 

Diversity Index 

Staphylococcus epidermidis 1769 1452 

Propionibacterium acnes 6271 1274 

Staphylococcus aureus 544 200 

Streptococcus thermophilus 6 1 

 



Analysis 
Name 

0hr Average Diversity 
Index 

24h Average 
Diversity Index 

P value 0hr vs 24hr 
(Paired T-Test) 

Simpson's 
Index 

0.734 0.845 0.045 

 
Data from Professor Chiharu Watanabe, Chiharu Skin Clinic. She comments “24 hours 
following plasma irradiation, all 4 strains decreased, but acne bacteria and S. aureus 
decreased remarkably, the diversity index of skin indigenous bacteria rises. Balance has been 
improved.” 
 
Future preclinical work to assess action of NeoGen on acne 
The company are currently scoping proof of concept work in acne and fungal skin infection 
with a leading US/UK laboratory, MedPharm. The MedPharm model system is used for 
assessment of new topical drugs against skin bacteria and fungi, and involves taking human 
skin from cosmetic operations and inoculating it with the organism to be studied. Kill 
efficacy from the treatment can then be directly assessed.  
 
 
 
  



Uses of NeoGen nitrogen plasma system as a transdermal penetration enhancer 
 
The skin as a barrier to drugs and actives 
The major barrier to the delivery of drugs and other actives through and into the skin is the 
10-20 micrometre thick outer layer of skin, the stratum corneum28. This is composed of 
around 15-25 flattened dead cells filled with protein, resembling bricks embedded in a mortar 
of intercellular lipid. It creates a formidable barrier, preventing water loss from the skin and 
protecting the body from physical damage and penetration of chemicals, microbes and 
allergens. The stratum corneum presents a mixed lipid (oily) and protein structure, which 
greatly reduces the range of chemicals that can penetrate. To successfully penetrate the 
stratum corneum, a chemical needs the right balance of size (MWt typically less than 400Da) 
and lipophilicity as defined by the logKoct. 
 

 
Reproduced from reference 29, showing bricks and mortar arrangement and pore pathway 

 
A number of methods have been developed to disrupt the stratum corneum and so increase 
the permeability of the skin to certain chemicals, and these can be divided into chemical and 
physical means.  Chemical means include penetration enhancers, (chemicals that can push 
apart the lipid layers and disrupt their integrity), soaps and solvents that extract some of the 
lipids (such as acetone). Physical means include use of a variety of energy devices, including 
heat, laser, electric fields, ultrasound, and also mechanical damage by tape stripping, 
microneedles and dermabrasion. 
 
Plasma as a penetration enhancer 
Over the last 8 years, several studies and reviews have been published by individuals and 
universities describing increased skin permeability caused by plasma irradiation, enabling 
agents to travel through the stratum corneum, including: 

• Enhancement of Percutaneous Absorption on Skin by Plasma Drug Delivery Method, by Kazuo 
Shimizu and Jaroslav Krištof 30. 



• Novel method to improve transdermal drug delivery by atmospheric microplasma irradiation, 
by Kazuo Shimizu31. 

• Plasma medicine: possible applications in dermatology by Heinlin J, Morfill G, Landthaler M, 
Stolz W, Isbary G, Zimmermann J L, Shimizu T and Karrer S 12. 

• Transdermal drug delivery using cold plasmas by Kalghatgi S, Tsai C, Gray R and Pappas D 32. 

• Investigation of atmospheric microplasma for improving skin permeability, by Shimizu K, Tran 
A N, Kristof J and Blajan M G33. 

• Comparison of atmospheric microplasma and plasma jet irradiation for increasing of skin 
permeability. Shimizu K, Tran N A, Hayashida K and Blajan M34. 

 
Below is an extract from Microplasma Drug Delivery35, by Kazuo Shimizu and Jaroslav Krištof: 
 
“There are several techniques to perform drug delivery. One of the newest methods of drug 
delivery through the skin is the application of plasma. Reactive species generated by plasma 
can change the chemical composition of the skin, change the structure and extract lipids of 
the lipid barrier, create pores in or etch the surface of the skin. These changes have an 
influence on the barrier function of the skin which can be decreased.” 
 

 
 
A variety of plasma devices that have been studied, and some may have more or less 
applicability to NeoGen. However, based on knowledge of NeoGen and comparison to other 
drug delivery techniques, we can speculate that there are multiple mechanisms of action that 
will increase stratum corneum permeability. NeoGen produces a controlled burst of heat, and 
heat is known to increase stratum corneum permeability36.  As with other modalities, like 
ultrasound, thermal ablation and laser, it would be expected that NeoGen-induced rapid 
heating would cause increased permeability through pore formation, enhancing and joining 
the discontinuous pore network (see two compartment diagram above). It is known that gas 
plasma jet treatment can enhance penetration of 56nm diameter particles, presumably by 
enhancing pore formation37, and plasma has been shown to increase permeation of 
fluorescein38, galantamine hydrobromide33, Phenol Red31, fluorescently labelled dextran32, 
and, interestingly, epidermal growth factor39. Free radical or UV damage may also modify 
lipids to make them less effective barriers35 40.  
 



 
 

From reference31: Franz type diffusion cells (left is control mouse skin, right is plasma treated 
mouse skin). Phenol red is placed in the top “donor” chamber, on top of skin (“membrane”). 
The quantity of dye that appears in the bottom is directly related to the permeability of the 
skin. It can be clearly seen that plasma treatment increases the permeability of the skin to 

phenol red. 
 
Finally, it may be of interest that NeoGen plasma could enable more effective follicular drug 
delivery, for potential use in acne treatment, since short burst heating is a proven facilitator 
of follicular absorption13. 
 
 
Current Clinical Use of NeoGen for penetration enhancement 
Energist reports that dermatologists in Asia are irradiating patient’s skin with NeoGen 
nitrogen plasma at low energy levels (<0.8 Joule), and then applying agents to: 

• Enhance aesthetic treatment outcomes e.g. remove pigmentation 

• Treat medical conditions e.g. psoriasis, melasma, atopic dermatitis, etc 
Below is an example of the medications Asian dermatologists are using in conjunction with NeoGen: 

 

Indication Energy level 
Target 

temperature 
Suggested post treatment medication Interval 

Pores 
1st 0.5 or 0.6 
2nd 0.6 or 0.7 

42°C+ 
Retinol after Tx, Betamethasone (Rinderon) 

after Tx and next day 
3 weeks 

Rhytids 
1st 0.6 or 0.7 

2nd 0.8 
37°C+ 

Retinol after Tx, Betamethasone (Rinderon) 
after Tx and next day 

3 weeks 

Active Acne 
1st  0.5 
2nd 0.7 

36-37°C 
Normal anti-bacterial acne topical medication, 

glycolic acid etc 
2 weeks 

Melasma 
1st 0.6 

2nd 0.6 DP 
37°C+ 

Tranexamic acid, Ascorbic acid (vitamin C), 
Betamethasone (Rinderon) 

2 weeks 

Onychomycosis 0.8DP 43°C+ Moisturiser 2 weeks 

Psoriasis 0.5 36°C+ 
Dithranol (Anthralin), Betamethasone 

(Rinderon) 
2-3 weeks 

 
 
Future scientific work 
Energist are currently scoping key proof-of-concept studies with leading laboratories. These will 
involve modified forms of the gold-standard Franz diffusion cell experiments using human skin, and 
compounds of clinical interest to aesthetic practitioners and dermatologists. Using these data Energist 
will be able to prove that the NeoGen system is a valid drug delivery method, quantify the effects and 
provide informed advice to practitioners on protocols and selection of actives. 
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