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INTRODUCTION
Skin aging process is the result of a loss of cellular function, 
which can be further accelerated by external factors.
As urban lifestyles become more popular, people across the 
globe leading extremely hectic and stressful lifestyles (irregular 
sleeping patterns, unhealthy eating habits) have had an 
adverse impact on the cutaneous skin ecosystem. Moreover, 
UV exposure and alarming levels of pollution are making the 
skin dull and lackluster. In this sense, all these factors concur 
to accelerate the premature aging process, a natural condition 
in which physiological performances progressively get worse, 
bringing the skin to be more stressed and less effi  cient. 
Mitochondria have a key role in skin functions and mitochondrial 
damage has been found to accumulate with age in skin cells. They 
have many fundamental functions such as energy production 
and providing metabolites for building macromolecules.
Although classically appreciated for their role as the 
powerhouse of the cell, the metabolic functions of 
mitochondria reach far beyond bioenergetics. Mitochondria 
catabolize nutrients for energy, generate biosynthetic 
precursors for macromolecules, and compartmentalize 
metabolites for the maintenance of redox homeostasis (1). 
Mitochondrial biogenesis is activated by numerous different 
signals in conditions of cellular stress or in response to 
environmental stimuli, such as aerobic exercise. There is 
increasing evidence that mitochondrial dysfunction and 
oxidative stress are key features in all ageing tissues, including 
skin. This is directly linked to skin ageing phenotypes: wrinkle 
formation, hair greying and loss, uneven pigmentation and 
decreased wound healing ability. The loss of barrier function 
during skin aging increases susceptibility to infection and 
affects wound healing (2).
Cosmetic market is always seeking for compounds able to 
positively modulate the natural decay.
In fact, the global anti-fatigue cosmetics market size was 
valued at USD 13.9 million in 2018 and is expected to grow 
at a compound annual growth rate (CAGR) of 4.5% from 
2019 to 2025 (3).
Consumers are increasingly aware of the link between lifestyle 
and skin health. In turn, brands are appealing to consumers by 
emphasizing an ability to care for skin that has been negatively 
impacted by lifestyle-related stressors (4).

MATERIALS AND METHODS
It is in this context that ROELMI HPC innovation laboratories 
have developed a biotechnological active ingredient for fueling 
the skin with a boost of youth: Ener-GY plus (INCI: Citrus Limon 
Fruit Extract, Glyceryl Glucoside, Glycerin, Potassium Sorbate).
It is a microbiota-friendly cell energizer, designed to optimize 
mitochondrial activation. Developed by enzymatic technology, 
where the best of scientifi c method and nature richness join 
for extraordinary results. Only upcycled biologically active 
waters, rich in the phytochemical characteristics of the native 
fruit, are involved, to respect Planet resources. Thanks to its 
specifi c effi  cacy in supporting mitochondrial biochemical 
pathways, Ener-GY plus provides positive conditions for 
metabolism and trophic processes in cells.
It concurs to increase the ATP amount in the cell system, 
by modulating positively and signifi cantly the cell energizing 
activity. As a result, it performs an overall benefi cial effect 
on skin ecosystem, decreasing the cellular senescence by 
promoting a high cellular vitality and responsiveness. Ener-
GY plus concurs to prevent the signs of skin fatigue thanks 
to a promotion of a youthful complexion by improving skin 
elasticity, fi rmness, moisturization and radiance. 
The ingredient is safe for cosmetic use as per the evaluation 
performed by an independent testing laboratory for safety and 
effi  cacy assessment of cosmetics, food supplements and 
medical devices. The ingredient resulted not irritant according 
to the in-vitro R.B.C. Test (eye irritating potential) (8) and 
H.I.R.P.T. (skin sensitization potency).

In-vitro evaluation of the energizing activity
The capability of test item to increase ATP content has 
been performed on cell cultures (human keratinocytes 
standardized line from the skin of a male Caucasian 
volunteer, aged 62 years old) in comparison with: untreated 
sample of the same cell culture (CTR-) and cell culture 
treated with Glucose (Glucosa Caelo, PH.EUR.9.0). All tested 
samples were tested at 1%. After 24 hours of treatment, the 
amount of ATP produced by the cells was measured in cell 
homogenates by means of colorimetric assay. Three trials 
were performed for each determination in one experimental 
session. Results are expressed as mean value ± standard 
deviation (expressed in pmole/µl).
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In-vitro determination of the capability to influence 
mitochondrial activation
The evaluation of the capability to activate the mitochondrial 
metabolism and to enhance cell energizing was assessed 
by means of JC1, a fluorescent vital dye with high affinity 
for mitochondria on human dermal fibroblast standardized 
line from the foreskin of a male newborn volunteer (ATCC-
CRL-2703), in order to determine the capacity to lead 
mitochondrial membrane potentials to activated state. After 
the exposure times (2, 8 and 24 hours), the quantification of 
red and green fluorescence allowed to define the proportion 
between inactive and active mitochondria.

Assessment of the effect on skin parameters and on skin 
microbiome
An instrumental placebo-controlled study enrolling 24 
healthy female subjects, aged over 18 years old, was 
performed to quantify skin moisturization, skin elasticity 
(R2, R0 and R9 parameters), skin radiance and skin 
microbiome composition. Material: Corneometer® CM 825 
(Courage+Khazaka, electronic GmbH), Cutometer® MPA580 
(Courage+Khazaka, electronic GmbH), spectrophotometer 
/ colorimeter CM-700D (Konica-Minolta) and by means of 
16S rRNA analysis, respectively. The study duration was 28 
days and products efficacy was assessed after 14 and 28 
days of products use (product application in the morning in 
half-face according to a previously defined randomization 
scheme). Data are expressed as mean ± SEM obtained at 
each monitored check for the reported parameter under 
analysis for the two tested products. Above the error bar, 
the intragroup (white asterisks) and the intergroup (gray 
asterisks) statistical analysis are reported: * p<0.05; ** 
p<0.01; *** p<0.001.

RESULTS
As reported in Figure 1, the tested item enhanced the 
increase of ATP amount in the cell system, by modulating 
positively the cell energizing activity. This significantly 
result (+38.3%) versus CTR- is comparable to the one 
performed to standard glucose (+40.7%). Significant values 
versus negative control are referred with asterisk (*). 
While, in figure 2, it is demonstrated the increase of active 
mitochondria compared to control cells (until 54.9% after 
24 hour-treatment). 

The ingredient demonstrated to be also efficient in 
improving skin parameters, performing the following results: 

• An increase of skin moisturization index, respectively 
by +5.6% at T14 and by +7.2% at T28. These results are 
statistically significant both compared to baseline at 
each experimental monitored time compared to baseline 
values (data not shown).

• An increase of skin elasticity (R2 parameter), respectively 
by +2.7% at T14 and by +4.5% at T28. Obtained results are 
statistically significant at each experimental monitored time 
compared to baseline values and compared to placebo 
cream (inter-group statistical analysis) (data not shown).

• A decrease of R0 parameter, respectively by 4.2% at T14 
and by 7.5% at T28. Obtained results are statistically 
significant at each experimental monitored time compared 
to baseline values (intra-group statistical analysis) and 
compared to placebo cream (inter-group statistical 
analysis). R0 parameter is inversely proportional to 
skin firmness. A decrease of R0 parameter indicates an 
improvement of skin firmness and for marketing purpose 
can be expressed in absolute values as an increase of 
skin firmness (data not shown).

• A decrease of R9 parameter by 6.0% at T28. The obtained 
result is statistically significant compared to baseline value 
and compared to placebo cream. R9 parameter represents 
the tiring effects of the skin. A decrease of R9 parameter 
indicates a reduction of the tiring effects (Figure 3).

Further evaluations confirmed that Ener-GY plus helps in 
maintaining the physiological balance in skin microbiota 
composition. 

DISCUSSION
Aging affects the protective role of the skin against 
physicochemical and biological attacks, as well as its 
thermoregulatory, sensory, immunological, and hormonal 
functions (5). 
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Figure 1. ATP content.

Figure 2. Mitochondrial activation.

Figure 3. Skin elasticity - fatigue effect.



Several studies have directly or indirectly linked 
mitochondrial dysfunction to both chronological and 
photo-aging of the skin (6).
A particular opportunity to contrast signs of aging could be 
represented by cosmetic active ingredients able to support 
the vital role of the mitochondria in skin homeostasis and 
consequently delaying the aging decay.
Focusing on the results reported above, tested item has 
shown to have beneficial effects on cellular energy, acting 
on mitochondrial activation mechanisms, by positively 
influencing energetic process and providing favorable 
conditions for metabolism and trophic cell processes. 
Therefore, clinical studies confirmed the ability of the 
ingredient in preventing the signs of skin fatigue thanks 
to a promotion of a youthful complexion by improving skin 
elasticity, firmness and radiance.

CONCLUSIONS
The cosmetic market is witnessing a real revolution 
regarding skin’s “micro” world and the skin microbiota 
environment. The care of living microorganisms populating 
the skin ecosystem, already in the cosmetic spotlight, 
seems to be the key for achieving long-term well-being 
and preventing the so-called “skin dysbiosis”. The work 
provides preliminary evidence of the beneficial effects 
linked to the topical applications of an energy-inducing 
active ingredient that concurs to take care of the global 
skin ecosystem, intended to keep the perfect balance for 
the skin microbiota survival. Further studies are needed to 
deep the knowledge about the ingredient activity in different 
skin types and different age people, in order to better 
understand the interaction of the ingredients with the wide 
range of metabolic pathways activated in different starting 
conditions and by intrinsic and extrinsic factors.
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