
Journal of Cosmetics, Dermatological Sciences and Applications, 2021, 11, 84-95 
https://www.scirp.org/journal/jcdsa 

ISSN Online: 2161-4512 
ISSN Print: 2161-4105 

 

DOI: 10.4236/jcdsa.2021.112009  Jun. 3, 2021 84 J. Cosmetics, Dermatological Sciences and Applications 
 

 
 
 

Effect of Red Panax ginseng on Mitochondrial 
Dynamics and Bioenergetics in HaCaT Cells 
Exposed to Urban Pollutants 

Gallic Beauchef1*, Magali Favre-Mercuret1, Beatrice Blanc2, Richard Fitoussi1, Katell Vié1,  
Nathalie Compagnone2,3 

1Clarins Research laboratory, Pontoise, France 
2ICDD-sas, Gemenos, France 
3Bliive Consulting, Auriol, France 

  
 
 

Abstract 
Background: Urban air pollution contributes to lung and cardiovascular sys-
tem dysfunction, making it a major concern for human health. Its impact on 
skin integrity, associated with increased occurrence of atopic dermatitis, is 
now recognized, but its cellular mechanisms remain poorly understood. Ob-
jective: In the present study we aimed at establishing the impact of urban 
pollutant on mitochondrial dynamics and bioenergetics using the HaCaT cell 
model. We also sought to establish the protective effect of ECH-5195 (red 
Panax ginseng extract), standardized in ginsenosides, in reversing pollu-
tion-induced mitochondrial defects. Methods: Urban pollution exposure was 
mimicked by 1 h exposure of HaCaT cells with standardized atmospheric 
particulate matter containing PAHs, nitro-PAHs, PCB congeners, and chlo-
rinated pesticides with a mean particulate diameter of 5.85 µm (SRM1648). 
Results: The presence of urban pollutant in the cultures increased the preva-
lence of hyperfission by 1.41-fold (p = 0.023) and fission by 1.35 fold (p = 
0.006) in the reticular mitochondrial network. ECH-5195 reduced both pollu-
tion-induced hyperfission by 0.54-fold (p = 0.004) and fission by 0.68-fold (p 
= 0.0006) normalizing the mitochondrial reticular network. Pollution expo-
sure was associated with a significant reduction of basal OCR and increased 
lactate production, pushing the cell to rely on glycolysis for ATP production. 
When ECH-5195 was used, OCR was significantly increased, and the glyco-
lytic contribution to ATP production was reduced while both oxidative 
phosphorylation and mitochondrial respiration were increased demonstrat-
ing mitochondrial re-engagement in ATP production. Conclusions: Pollu-
tion exposure was disruptive for both the mitochondrial network dynamics 
and mitochondrial respiration. Ginsenosides in ECH-5195 efficiently pro-
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tected both from pollution-induced defects. 
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1. Introduction 

The 2019 review from the World Health Organization (WHO) states that expo-
sure to ambient air pollution is responsible for 2.4 million deaths. 91% of the 
world’s population lives in places where air pollution exceeds WHO guideline 
limits, which places air pollution as the world’s largest single environmental 
health risk factor [1] [2]. Despite the prominent impact of ambient air pollution 
on cardiovascular diseases, stroke, chronic obstructive pulmonary disease and lung 
cancer, skin may be affected by environmental pollutants concentrating on its 
surface [3]. Levels of uptake of airborne pollutants by the transcutaneous route 
have been reported to be similar to those measured after the inhalation of PAHs, 
nitro PAHs, particulate matters, persistent organic compounds, heavy metals, 
volatiles and semi-volatile organic compounds [4]. 

Hence, skin barrier acts as one of the first line of protection against environ-
mental pollutants. Few published epidemiological reports associate the impact of 
urban pollutant on human health and skin barrier function. PAHs, volatile or-
ganic compounds, oxides, particulate matter, ozone and cigarette smoke have 
been implicated in skin-health deterioration, particularly in infants and in the 
elderly, and were reported to increase incidences of psoriasis, acne and skin 
cancers [5]. An independent clinical study performed by La Roche-Posay in Bei-
jing, China showed that increased ambient concentrations of PM2.5, PM10 and 
NO2 were associated with increased sebum secretion and a higher incidence of 
acne lesions, confirming undirected observations in 59,530 dermatology patients 
in Beijing over a 2-year period [6] [7]. More reports indicate that pollution af-
fects skin integrity and increases the incidence of atopic dermatitis [8] and acce-
lerates skin aging [9]. 

There are few studies addressing the mechanisms by which pollution can af-
fect skin barrier function [10] [11] [12]. Epidemiologic studies have shown that 
mitochondrial DNA copy numbers may be affected, but results are conflicting 
possibly due to a lack of optimization of the methodologies used to assess mito-
chondrial copy numbers [13] [14] [15] [16]. We sought to establish whether ur-
ban pollutants could mechanistically affect mitochondrial dynamics and func-
tion; a study now made possible by the availability of standardized urban pollu-
tants and appropriate in vitro models.  

Mitochondria were shown to be an effector of environmental stress: elevated 
levels of reactive oxygen species (ROS) have notably been observed which can 
cause lipid oxidation, protein aggregation, and DNA damage [17] [18], leading 
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to tissue-specific activation of stress-response pathways [19] [20] [21]. An early 
step in the stress-response pathway is extensive mitochondrial fragmentation or 
fission [22] [23]. Mitochondrial fission is involved in the elimination of damaged 
mitochondrial DNA and mitochondrial membrane recycling [24]. Therefore, we 
hypothesized that mitochondrial dynamics may be directly impacted by urban 
pollutant exposure. Mitochondrial hyperfission has been recognized to be a cru-
cial event for cardiac cell senescence and heart failure after myocardial infarction 
[25] [26]. Exposure to environmental pollutants increased the risk of human 
cardiac events and exposure to low, non-neurotoxic doses of MeHg induced mi-
tochondrial hyperfission and precipitated heart failure in mice with increased 
cardiac risk [27].  

A precise balance in mitochondrial dynamics is among the most critical fea-
tures in the control of mitochondrial function. In the past few years, mitochon-
drial shape has emerged as a key regulatory factor in the determination of cell 
bioenergetics [28]. We also studied cell bioenergetics in response to urban pol-
lutant exposure. Demonstrating a direct effect of pollution on mitochondrial 
respiration may further support the role of pollution in the acceleration of skin 
aging.  

Developing cosmetic products capable of protecting skin cells from the impact 
of pollution is an important question, which may greatly benefit the product’s 
end-user. Many plants have traditions for medicinal and cosmetic purposes. The 
ginseng root has been used for a long time as a panacea and promoting longevity 
[29] [30] [31] [32] [33]. Among the several kinds of Panax ginseng, red ginseng 
undergoes traditional method for optimal conservation of active molecules, the 
ginsenosides [29] [31] [32] [33] [34] [35]. Our final question thus consisted in 
evaluating the protective effect of ECH-5195, a red Panax ginseng extract, on the 
cellular functions identified as affected by urban pollutants.  

2. Materials and Methods 

2.1. Cell Culture and Reagents 

HaCaT cells (Creative Bioarray, USA) were cultured for 24 hours before expo-
sure to standardized urban pollutants (NIST, USA). Briefly, cells were seeded in 
DMEM containing 1.8 mM calcium, supplemented with 10% fetal bovine serum 
to maintain a proliferative phenotype. Cells were exposed for 1 h with 0.01% 
standardized atmospheric particulate matter containing PAHs, nitro-PAHs, PCB 
congeners, heavy metals and persistent organic compounds such as chlorinated 
pesticides, contained in atmospheric particulate matters with a mean particulate 
diameter of 5.85 µm (SRM1648, certificate of analysis available at NIST, USA) 
The pollutant was prepared from urban particulate matter collected in the St. 
Louis, MO area in a baghouse specially designed for this purpose (NIST, USA).  

2.2. Red Panax ginseng Extract 

The standardized red Panax ginseng extract ECH-5195 (batch no. PAG1806L1- 
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GL80BIO) of Panax ginseng C. A. Mayer was prepared from organic-certified 
roots by aqueous extraction. The content of ginsenosides, pharmacologically ac-
tive molecules, was 0.95 g/L (12.8%/DM) as determined by HPLC. 

2.3. Cell Bioenergetics 

Cell bioenergetics was measured dynamically for 120 minutes immediately after 
exposure of HaCaT cell to urban pollutants with or without 0.01%, 0.05%, or 
0.1%, ECH-5195 (Clarins, France) using the BBS plus reagents (ICDD, France). 
The dioxygen consumption rate (OCR), the cellular ATP production, the extra-
cellular lactate levels, the NAD+/NADH ratio and cell viability were measured in 
medium 1, 2 and 3 (ICDD, France). Medium 1 was described in the cell culture 
section. Medium 2 and 3 limit respectively de novo glycolysis by reducing the 
source of external glucose and TCA cycle turning by inhibiting carnitine palmi-
toyltransferase-1. Cells grown in medium 1 in the presence of vehicle were con-
trols. 1 µM FCCP or 10 µm rotenone was used as reference. 

2.4. Fusion-Fission Index 

The fusion/fission index measurement was described elsewhere [26] [36] [37]. 
Briefly, HaCaT cells were grown to maturity and incubated with either the ve-
hicle, the pollutants alone or the pollutants co-incubated with 0.1% ECH5195 for 
an overnight period. At the end of the incubation period, cells were stained with 
Mitotracker green (Thermo Fisher, UK) and image capture was initiated. Cells 
were maintained at 37˚C during image capture. Image analysis was performed 
with Micv1.1-Mitostream® image analysis software (ICDD, France). Data from 
individual mitochondria were aggregated at the cell level to reduce complexity. 
15 different fields in 3 independent platings were studied. 

2.5. Statistical Analyzes 

Student T-tests were performed to compare the effect of pollution to non-exposed 
cells and to compare treatments to non-treated exposed cells. All statistical ana-
lyses were performed using the SPSS software (IBM, USA). 

3. Results  
3.1. Effect of ECH-5195 on Mitochondrial Dynamics 

Microphotographs representative of the experimental conditions are shown Fig-
ures 1(a)-(c). A clear difference exists between unexposed HaCaT cells and Ha-
CaT cells exposed with urban pollutants, in which fragmentation of the mito-
chondrial reticular network was observed.  

After treatment with ECH-5195, the mitochondrial network appeared less frag-
mented and reorganized in a manner comparable to that seen in unexposed Ha-
CaT cells. Quantification of mitochondrial reticular network fusion-fission bal-
ance was performed on 28,740 individual mitochondria identified in 1395 indi-
vidual cells. Data demonstrated that exposure to standardized urban pollutants 
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significantly increased the proportion of mitochondria undergoing hyperfission 
by 1.41-fold (p = 0.023) (Figure 1(d)) and fission by 1.35-fold (p = 0.006) 
(Figure 1(e)). The incubation of HaCaT cells with 0.1% ECH-5195, while ex-
posed to pollution, reduced the pollution-induced mitochondrial fission by 
0.68-fold (p = 0.0006) and hyperfission by 0.54-fold (p = 0.004), showing a com-
plete reversal of the pollution-induced phenotype.  

3.2. Effect of ECH-5195 on Cell Bioenergetics 

If it has been proposed that oxidative stress and mitochondrial fission are linked, 
the relationship between the induction of fission and mitochondrial respiration 
is less clear despite early evidence that the positioning and function of respira-
tosome could be directly affected by mitochondrial shape [28]. In the present 
study we used the BBS+ technology in the aim to identifying the respective con-
tribution of cell respiration deriving from the activity of the electron transport 
chain (ETC), fueled by oxidative phosphorylation (OXPHOS), and/or glycolysis 
in HaCaT cells exposed to urban pollutants. We also sought to explore the im-
pact of ECH-5195 on cell bioenergetics in pollutants-exposed cells.  
 

 
Figure 1. (a)-(c): Representative microphotographs of HaCaT cells in the different experimental conditions: (a) Non-exposed, 
non-treated control, (b) Pollution-exposed, non-treated control, (c) Pollution exposed and ECH-5195-treated (0.1%). Bars in mi-
crophotographs in A (inserts) and in C represent 10 µm. Insert show close-up on the mitochondrial network structure enable to 
better evaluate the state of fusion-fission in the different experimental conditions. (d), (e): Quantification of fusion-fission dy-
namics was performed using Micv1.1-Mitostream® technology. (d): Proportion of the mitochondrial reticular network in hyperfis-
sion. (e): Porportion of the mitochondrial reticular network in fission. ###p < 0.001, ##p < 0.01, #p < 0.05 indicate significant differ-
ences comparing the experimental condition to unexposed, non-treated HaCaT cells while. ***p < 0.0001, **p < 0.01, *p < 0.05 
indicate significant differences comparing the experimental condition to non-treated, pollutant-exposed HaCaT cells. Error bars 
are SEM. 
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We have previously shown that HaCaT cells rely heavily on glycolysis to gen-
erate ATP even in normoxic conditions, consistent with their “immortal” nature. 
These data have been presented in Figure 2(a) and Figure 2(c), which described 
OCR and lactate production obtained in primary keratinocytes, unexposed Ha-
CaT cells and HaCaT cells exposed to urban pollutants, using the BBS+ technol-
ogy (ICDD). The BBS+ technology takes advantages of inducing metabolic shifts 
in live cells to identify respiratory indices describing interactions between ETC 
engagement in mitochondrial respiration, glycolysis and oxidative phosphoryla-
tion contribution to TCA cycle turning. The media used to induce the metabolic 
shifts inhibit de novo glycolysis (M2) and reduce both glycolysis and lipid be-
ta-oxidation contribution to TCA cycle turning (M3). Switching cells from a 
classical culture medium (M1) to M2 inhibits lactate production in a significant 
manner in a cell in which neoglucogenesis is low; at the same time, forcing ETC 
activity [38]. Similarly, switching cells from M2 to M3 reduces contribution of 
oxidative phosphorylation further forcing glutamine and succinate metabolism 
to fuel ETC activity.  

 

 
Figure 2. (a)-(c) Dynamical measurements of oxygen consumption rate (OCR) and lactate production in primary keratinocytes 
(purple line) HaCaT (black line) and pollutant-expose HaCaT cells (dotted line) in the 3 experimental media. (b), (d) Dynamical 
measurements of OCR and lactate production in untreated pollutant-expose HaCaT cells (dotted line), and in ECH-5195-treated 
pollutant-exposed cells using 0.01% (blue line), 0.05% (orange line) and 0.1% (green line) in the 3 experimental media. (e)-(g): 
Bioenergetics indices. 
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Primary keratinocytes generated significantly higher OCR and produced sig-
nificantly less lactate than HaCaT cells, consistent with a higher proliferation rate. 
Incubation of HaCaT cells with urban pollutant in M1, significantly reduced basal 
OCR by 0.72-fold (p = 0.03224), and further increased lactate production by 
1.13-fold (NS), pushing the cell to rely even more on glycolysis for ATP produc-
tion.  

When ECH-5195 0.01% was introduced in the culture system, OCR was sig-
nificantly increased by 1.97-fold (p = 0.0036) in M1. This effect was abolished by 
switching the cells to M2 or M3, indicating that the increased OCR was due to 
interactions between ETC and OXPHOS and/or glycolysis. The modeling for 
these interactions generated cell bioenergetics indices describing ETC engage-
ment (Figure 2(e)), glycolysis (Figure 2(f)) and OXPHOS contribution (Figure 
2(g)) in ATP production. ECH-5195, dose-dependently increased ETC engage-
ment up to 40%, while reducing the glycolytic contribution down to 0.4%, and 
increased the contribution of OXPHOS up to 78%. These results demonstrated a 
clear normalization of cell bioenergetics by ECH-5195 in pollution-exposed 
HaCaT cells.  

4. Discussion  

Our data demonstrate that ginsenosides in ECH-5195 normalized cell energy 
production and reduced mitochondrial fission and hyperfission in HaCaT cells 
exposed to urban pollutants. 

Recent evidence indicates that environmental factors, such as urban pollution, 
convey toxicity to specific organs by targeting mitochondria fusion-fission dy-
namics [39] [40], which may be directly responsible for airway-lung and heart 
dysfunctions. The present report supports these hypotheses and demonstrates a 
similar pattern in skin cells. 

Our data show that mitochondrial respiration was increased in response to 
ECH-5195, sustained by a more active TCA cycle turning and reduced glycolysis. 
ATP maintenance, suggesting a mild ETC uncoupling, evoked reduced ROS pro-
duction at the mitochondria. These results were consistent with ECH-5195 treat-
ment regulating mitochondrial dynamics and largely reducing the fission and 
hyperfission observed in response to pollutants [28]. Hence these data clearly 
demonstrate the benefit of ECH-5195 in resolving most mitochondrial defects 
associated with pollution exposure.  

The precise balance of mitochondrial dynamics is among the most critical 
features in the control of mitochondrial function. Pollutants, promoting a fission 
phenotype, are likely to strongly reduce the mitochondrial Ca2+ uptake speed 
and capacity in HaCaT cells. Implications of mitochondrial morphology mod-
ulation on cellular calcium homeostasis points to an association with ER stress 
[41]. Treatment with ginsenosides appears clearly to offer a restorative treatment 
to skin cells exposed to urban pollutants. 

Mitochondrial dynamics describes the dynamical regulations of mitochondrial 
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fission and fusion to preserve a healthy mitochondrial network including its in-
teractions within the cell with other organelles. It is maintained by the opposing 
activities of dynamin-based fission and fusion machines. In response to stress, 
this balance is shifted toward fission [26]. Hyperfission occurs under the control 
of Cyclin C translocation to the cytoplasm, which associates with Drp1 in re-
sponse to stress [42] [43] [44]. Cyclin C interaction with Drp1 perturbs the inte-
ractions of Drp1 with filamin A, an actin cytoskeleton regulator, essential in the 
modulation of mitochondrial interactions with actin cytoskeleton and mito-
chondrial dynamics [25] [45]. Polysulfidation of Drp1 has also been implicated 
in the generation of hyperfission in the reticular mitochondrial network [27]. 
Our results suggest that pollution may directly impact molecular target genes 
controlling mitochondrial fission-fusion balance, possibly situated downstream 
of the aryl hydrocarbon receptor signaling, which remains to be established. 
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Abbreviations  

BMI = body mass index 
ETC = mitochondrial electron transfer chain 
nitro-PAHs = nitro-substituted PAHs 
NO2 = Nitric dioxide 
OCR = oxygen consumption rate 
PAHs = polycyclic aromatic hydrocarbon 
PCB = polychlorinated biphenyl 
PM = particulate matter 
PM10 = particulate matter of 10 µm in diameter (large particles) 
PM2.5 = particulate matter of 2.5 µm in diameter (fine particles) 
ROS = reactive oxygen species 
 
 
 

https://doi.org/10.4236/jcdsa.2021.112009

	Effect of Red Panax ginseng on Mitochondrial Dynamics and Bioenergetics in HaCaT Cells Exposed to Urban Pollutants
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Cell Culture and Reagents
	2.2. Red Panax ginseng Extract
	2.3. Cell Bioenergetics
	2.4. Fusion-Fission Index
	2.5. Statistical Analyzes

	3. Results 
	3.1. Effect of ECH-5195 on Mitochondrial Dynamics
	3.2. Effect of ECH-5195 on Cell Bioenergetics

	4. Discussion 
	Conflicts of Interest
	References
	Abbreviations 

