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Effects of cigarette smoke on the skin in comparison 
to UV radiation: parallels and differences

By D. Ditgen 1, D. Segger 1, J. Klaucke 1, A. von Seebach 1, D. Dähnhardt 2, S. Dähnhardt-Pfeiffer 2,  
D. Westphal 1, J. Degwert 1 

Abstract
The human skin is the outermost barrier of the human body and therefore an important defense system. Over the years, there has been 
a continuous increase in air pollutions that affects the human skin. Cigarette smoke (CS) is a highly complex aerosol composed of vari-
ous chemical substances, reactive oxygen species as well as carcinogens such as several polycyclic aromatic hydrocarbons. There is a 
relationship between CS and the development of dermal diseases. Ultraviolet radiation (UVR) is a physical pollutant that causes extrinsic 
skin aging triggered by different pathways which are intersected with those that are triggered by CS exposure such as the aryl hydrocar-
bon receptor activation. In this study the effects of CS on the skin in comparison to UVR were studied applying the Suction Blister Method 
on healthy Caucasian volunteers after pollutant exposure. CS exposure and UVR resulted in an increase of matrix metalloproteinase-1 
and Interleukin-8 expression levels in the interstitial fluid and an epidermal Langerhans’ cell depletion. Furthermore, the influence of 
CS on the epidermal barrier lipid lamellae in the intracellular space of the stratum corneum (SC) was investigated using the Lipbarvis® 
technology. The total length of the lipid lamellae between the corneocytes was significantly reduced after CS and UVR exposure. Thus, 
likewise UVR, CS causes cutaneous immunosuppression which is associated with the pathogenesis of skin cancer as well as dermal col-
lagen degradation, which is associated with extrinsic skin aging. Both pollutants verifiably damage the epidermal skin barrier. 

1 SGS INSTITUT FRESENIUS GmbH, Hamburg, Germany
2 Microscopy Services Dähnhardt GmbH, Flintbek, Germany

Introduction
The skin is one of the main targets of pollution and in particu-

lar of CS as a very common environmental factor. Among other 
effects CS causes the generation of oxidative stress, increases 
transepidermal water loss (TEWL) and the expression level of 

matrix metalloproteinases (MMPs) with concurrent reduction in 
collagen formation. Further, a relationship between CS and the 
incidence of dermal diseases development such as psoriasis as 
well as skin aging was shown 1 – 4. CS inhibits antioxidant enzymes 
such as the superoxide dismutase and leads to elevated levels of 
reactive oxygen species (ROS) which leads to oxidative stress and 
fibroblast senescence.

Additionally, the fibroblast growth and proliferation are im-
paired by CS 5, 6, 3. It is already evident that CS leads to an in-



TECHNOLOGY R&D

3-2022  27   EURO COSMETICS

creased MMP-1 expression level in lung tissue 7 – 9, aortic endothe-
lial cells 10 and human skin explants 11.

Another environmental key factor in the development of vari-
ous dermal diseases is UVR 3.

In general, the skin contains a defense line against pathogens 
and environmental, harmful substances – the Langerhans cells 
(LCs) 12. The skin’s immune system protects and eliminates mu-
tated skin cells in the prevention of skin cancer. A high UV expo-
sure weakens the immune system of the skin by damaging epi-
dermal LCs. Depending on dose it leads to a depletion of LCs in 
the epidermis, a loss of dendritic extensions as well as a rounding 
of cells. In addition, there is a loss of function regarding antigen 
presentation to T cells 13 – 16. Besides these immunosuppressive 
effects, UV radiation induces DNA damage which results in the 
generation of skin cancer 13, 17, 15, 3. An immunosuppressive effect 
has also been shown in lung tissue of CS-exposed mice 18.

Interleukin (IL)-8 is a chemokine that is also known as neutro-
phil chemotactic factor which already describes its primary func-
tion 19. An increase in IL-8 was observed after CS treatment in cell 
culture studies on human fibroblasts, keratinocytes and recon-
structed epidermis 20, 21. ROS are the initiating element in the in-
creased release of various pro-inflammatory mediators from skin 
cells by activating transcription factors. Different signaling path-
ways are activated by those transcription factors which are in-
volved in cell growth, differentiation as well as degradation of the 
dermal connective tissue 2.

The elimination of harmful pollutants in the environment is a 
tedious and difficult process, if not impossible to achieve and the 
air pollution is increasing rather than decreasing. As a result, 
there is an increasing demand for remedies that counteract the 
effects of the pollutants daily surrounding the human body dam-
aging the skin and other organs. There is a need for new topical 
preparations against pollution effects to be tested before treat-
ment.

For the investigation of pollution effects on the skin and the 
anti-pollution claim support we used the smoke chamber model. 
Here, the effects of smoke and UV on skin were studied for the 
first time in vivo in a clinical trial applying the Suction Blister 
method. After an in vivo treatment with smoke and UV, blisters 
were artificially induced. Afterwards, the complete viable epider-
mis with intact basal layer and the interstitial fluid within the 
blisters were used for analyzing the migration of Langerhans cells 
as well as the release of MMP-1, a collagenase of the extracellular 
matrix, and the release of IL-8. In addition, the lipid barrier visu-
alization (Lipbarvis®) technique and SC lipid composition analysis 
(HPTLC) has been used to investigate the epidermal skin barrier.

Material and Methods

Human volunteers and clinical study design
A clinical study was conducted to obtain epidermis and skin 

fluids from UV-exposed as well as CSexposed and unexposed 
control skin of 12 healthy male and female Caucasian volunteers 
(age 42.3 ± 8.6 years; non-smokers) with type I – III skin photo-
types. Their skin was exposed on the forearms to 1 minimal ery-
thema dose (MED) using the sun simulator SOL 500 (Dr. Hönle 

AG, Gräfelfing, Germany) and/or CS from three cigarettes over 30 
minutes using a self-designed smoking machine. The CS- and UV-
exposition were performed after baseline measurements. Suction 
blisters were collected from unexposed as well as CS- and UV-
exposed skin 24 hours and 48 hours after exposition. The com-
plete viable epidermis with intact basal layer and the interstitial 
fluid within the blisters were used for analyzing the migration of 
Langerhans cells as well as the expression level of MMP-1 and IL-
8. One subject was excluded from the data analysis of Langerhans 
cell staining, since not enough material could be obtained from 
the blister roofs after suction blister formation.

SC lipid lamellae structure and lipid content were analyzed  
using the lipid barrier visualization (Lipbarvis®) technique.

The clinical study was conducted in the SGS INSTITUT  
FRESENIUS GmbH laboratories in accordance with the Declara-
tion of Helsinki Principles and its amendment and written in-
formed consent was obtained from all study volunteers.

Determination of the MED
The determination of the minimal erythema dose (MED), i.e. 

the minimal UV dose required to cause a definite erythema rated 
as 1.0, was carried out with the sun simulator SOL 500 (Dr. Hönle 
AG, Gräfelfing, Germany) prior to the irradiation of the test sites 
for induction of an UV erythema.

First, the light sensitivity of the subject was determined with 
respect to the definition of photo types according to Fitzpatrick 22. 
Then, each subject was irradiated on the left or right volar fore-
arm using six single doses with a 25 % incremental progression. 
The visual evaluation of the erythema and the resulting individu-
al determination of the MED were carried out 24 hours after ir-
radiation.

The investigator assessed the grade of erythema on each test 
site under daylight conditions using an erythema score according 
to Frosch, P.J. and Klingman, A.M.23.

Suction blister chambers
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UV Irradiation
The UV irradiation was performed with the sun simulator  

SOL 500 (Dr. Hönle AG, Gräfelfing, Germany) equipped with a H2 
filter in a distance of approx. 23 cm to the test areas. First, a light-
impermeable template with one hole corresponding to the speci-
fied test sites was attached to the inner forearm. All other parts of 
the forearms were covered to protect these areas from UV radia-
tion. Then test area was irradiated with 1 MED.

Cigarette smoke exposure
CS was generated by a self-designed smoking machine. For 

each voluntary participant, 3 cigarettes (Mohawk Classic Red, 
Grand River Enterprises GmbH, Rietz / Kloster Lehnin, Germany) 
were used. Thereby, the smoke of each cigarette was passed 
through custom-made plexiglass chambers, which were fixed to 
the respective area, in a time of approx. 5 minutes by means of a 
Rotilabo®-membrane vacuum pump CR-MV100 (Carl Roth GmbH 
+ Co, Karlsruhe, Germany), operating a constant airflow to draw 
the smoke filtered cigarettes through the plexiglass chambers on 
the respective skin area. After each single cigarette, the pump was 
switched off and the smoke of each cigarette was left on the re-
spective area for 5 further minutes. There were 4 areas that were 
exposed with CS for overall 30 minutes.

Suction blister generation
Suction blisters were generated on the skin from each test area 

(unexposed control area, CS-exposed area and UV-exposed area) 
by using custom-made plexiglass suction chambers having three 
circular openings of 7 mm diameter. A low negative pressure  
(550 – 850 mbar) was applied, and the blisters were induced dur-
ing a time period of 1.5 – 2.5 hours. The blisters were formed in 
the diameter of the suction openings of the plexiglass chamber, 
whereat after approx. 2 hours the epidermis was slowly detached 
from the underlying dermis. The blister fluid (interstitial fluid) 
was extracted with a sterile syringe and the roofs of the generated 
suction blisters were removed afterwards under sterile conditions. 
The small wounds caused by this procedure were treated with 
Hansaplast® Active Gel Strips (Beiersdorf AG, Hamburg, Germa-
ny). All wounds had healed completely, scar-free, within 6 – 10 
days.

24 (± 2) hours and 48 (± 2) hours after UV- and CS-exposition 
the generation of suction blisters on the exposed areas as well as 
on the unexposed area was performed to analyze the expression 
level of IL-8 and MMP-1 in the blister fluid (after 24 (± 2) hours) 
and the number of Langerhans cells in the epidermal cells from 
the blister roof (after 48 (± 2) hours).

Blister roofs preparation for Langerhans cell staining
The entire staining procedure of the blister roofs was carried 

out in 24-well cell culture plates with a volume of 1.0 ml per well. 
The preparation (blister top) was first rinsed briefly in PBS solu-
tion. It was then incubated for 20 minutes at 4°C in the fixing 
solution. This was followed by three rinsing steps in 0.9% NaCl 
solution at 4°C. It was then incubated for 30 minutes at 37°C in 
the staining solution. This was followed by another two 5-minute 
rinses with 0.9% NaCl solution. Subsequent incubation in the pre-
cipitation solution led to the formation of the dark-colored PbS 

precipitate. Finally, two 5-minute rinses in PBS were carried out at 
4°C. The preparation was then fixed to the slide with a drop of 
Aquatex and covered.

Evaluation of the number of maintained Langerhans cells
The number of stained Langerhans cells in the preparation was 

determined microscopically (Olympus BX41, Hamburg, Germa-
ny) and this number calculated as cells per mm2. For each stained 
blister roof the number of Langerhans cells of four areas was 
evaluated. The results were allocated to test areas without the 
knowledge of the evaluator.

Determination of IL-8 and MMP-1 in the interstitial fluid of 
suction blisters

Suction blister fluids (interstitial fluid) from each test area were 
collected using a sterile syringe and were stored at -80 C until 
further analysis. The IL-8 and MMP-1 level in the interstitial fluid 
of each approach was measured by using ELISA Kits (RayBio  
Human MMP-1 ELISA Kit, RayBiotech, Georgia, USA and Human 
IL-8 UltraSensitive, Invitrogen, Camarillo, USA).

Lipbarvis® technology and determination of skin lipids
A noninvasive skin sampling technique (Lipbarvis®, Microscopy 

Services Dähnhardt GmbH, Flintbek, Germany) was employed to 
determine SC lipid lamellae structure and lipid content, as previ-
ously described. 24 – 27 Briefly, corneocytes were removed from the 
skin surface using the adhesive Lipbarvis® and a special carrier. 
Samples were then prepared for analysis of intercellular lipid la-
mellae (ICLL) organization in the SC by transmission electron mi-
croscopy (TEM CM 10, FEI, Eindhoven, The Netherlands) 28. Lipid 
content was determined using a high-performance thin layer 
chromatographic (HPTLC) method with densitometry 29, 30. All 
Lipbarvis® samples were obtained from a region of the test areas 
not used for instrumental measurements. Lipbarvis® sampling 
was performed on the irradiated test area, the test area treated 
with cigarette smoke and a control area.

Statistical analysis
The analysis of the study objective was performed by SGS  

INSTITUT FRESENIUS GmbH using the computer software Micro-
soft EXCEL (Microsoft Office 2010) and STATISTICA (Version 
13.3). Microsoft EXCEL was used for the calculation of the relative 
data, the sample size, means, standard deviations as well as the 
minimum and maximum values. STATISTICA was used for analyz-
ing the distribution of the data (Kolmogorov-Smirnov-Test) and 
for analyzing the significance of differences (ANOVA for repeated 
measures with post hoc pair wise comparisons by Fisher LSD Test 
for normally distributed data; Friedman ANOVA with post hoc 
pair wise comparisons by Wilcoxon Test for paired samples for 
not normally distributed data). The hypothesis of a normal distri-
bution was accepted when there was a p-value > 0.05. Concern-
ing the differences between the treatment situations and the 
measurement times, in the case of a p-value ≤ 0.05 a difference 
was accepted as statistically significant.

Regarding the analysis of transepidermal water loss values, the 
original data and the data relative to the point in time after 24 
hours were analyzed. The relative data reflect the changes in the 
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Fig. 1: Langerhans cell staining (A) 
and total number of Langerhans 
cells (B) 48 hours after exposure to 
pollutants; ultraviolet radiation of 
human skin and exposure of human 
skin to cigarette smoke, untreated/
unirradiated skin was used as a con-
trol (A, 200 × magnification); harvest 
of blister roofs after 48 hours; analy-
sis of Langerhans cell migration; 
ANOVA for repeated measures with 
post hoc pairwise comparisons by 
Fisher LSD Test, ***p < 0.001, n = 11.

Fig. 2: Interstitial fluid analysis  
of suction blisters 24 hours after  
exposure to pollutants; cytokine 
concentration of Interleukin-8 (pg/
ml); Friedman ANOVA with pairwise 
comparisons by Wilcoxon Test for 
paired samples for not normally distri-
buted data,  
**p < 0.01, *p < 0.05, n = 12.

 

parameter taking account of differences between the test sites at 
the point in time after 24 hours, i.e. after the UV irradiation and 
before exposition with UV and/or CS.

For the determination of Langerhans cell numbers, original data 
and difference data were analyzed 48 hours after UV- and/or CS-
exposition.

Results

CS and UVR induce depletion of Langerhans cells
48 hours after exposure to pollutants, UVR induced a highly 

significant (p < 0.0001) LC depletion with an average 27 % de-
crease from 475 ± 109.27 cells/mm2 to 347 ± 124.95 cells/mm2  
in the epidermal LC count. CS induced only a slight depletion 
with an average 4 % decrease in epidermal LC without statistical 

significance (p = 0.3995, shown in Fig. 1). In addition, a statisti-
cally significant difference in the number of LC could be observed 
between cigarette smoke exposure (454 ± 92.56 cells/mm2) and 
UVR (p = 0.0003), with UVR showing a higher depletion  
(347 ± 124.95 cells/mm2).

CS and UVR lead to increased release of pro-inflammatory 
mediators and matrix metalloproteinases

Both, CS (p = 0.0022) and UVR (p = 0.0281), lead to a signifi-
cantly increased release of the pro-inflammatory cytokine IL-8 
(Fig. 2) 24 hours after exposure to these pollutants. The starting 
level was on average 15.75 ± 16.39 pg/ml. No differences in IL-8 
concentration between CS (49.52 ± 49.03 pg/mL) and UVR  
(42.28 ± 64.22 pg/ml) exposure could be found.

Furthermore, CS (p = 0.0037) as well as UVR (p = 0.0022),  
lead to a significantly increased release of the matrix metallo-
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proteinase 1 (MMP-1) 24 hours after exposure to these pollutants 
(Fig. 3) in comparison to the untreated/ unirradiated test site  
(48.24 ± 37.02 pg/ml). A statistically significant difference could 
be observed between the two treatments (p = 0.0229), with UVR 
(2055.98 ± 4025.60 pg/ml) showing a higher MMP release in com-
parison to CS exposure (123.13 ± 98.54 pg/ml).

CS and UVR damage the epidermal skin barrier
Electron microscopic evaluation shows that with both treat-

ments, UVR and CS, a significant reduction of intercellular lipids 
in the intercellular space between the corneocytes was detectable, 
compared to the untreated skin (Fig. 4 A). The length of lipid la-
mellae was statistically significantly reduced 24 hours after UR by 
15% (176.7 ± 15.2 nm | CCL/1000 nm2 | CS, p = 0.0002) and CS 
by 21% (166.0 ± 21.0 nm | CCL/1000 nm2 | CS, p < 0.0001) com-
pared to the untreated test site (211.5 ± 29.1 nm | CCL/1000 nm2 
| CS). Although, the reduction after CS exposure was slightly pro-

nounced, there was no statistically significant difference between 
both treatment situations (Fig.4 B).

Along with the reduction in lipid lamellae length, UVR and CS 
induced a reduction of free fatty acids (FFA), ceramides EOS and 
NP in the lipid layer of the SC (shown in Fig. 5). The untreated 
starting values were in a range from 2.3 ± 1.2 μg/carrier for FFA, 
3.0 ± 1.4 μg/carrier for Ceramide EOS and 7.6 ± 2.9 μg/carrier for 
Ceramide NP. The reduction induced by UVR was slightly pro-
nounced (FFA by 28% (1.3 ± 0.3 μg/carrier), Ceramide EOS by 
20% (2.3 ± 1.0 μg/carrier) and Ceramide NP by 7% (6.2 ± 2.1 μg/
carrier)) in comparison to CS exposure (FFA by 12% (1.7 ± 0.6 μg/
carrier), Ceramide EOS by 17% (2.4 ± 1.2 μg/carrier) and Cera-
mide NP by 6% (6.6 ± 2.2 μg/carrier)). Statistical significance was 
reached for FFA (UV: p = 0.0008, CS: p = 0.0387) and ceramide 
EOS (UV: p = 0.0079, CS: p = 0.0328). No differences between the 
CS and UVR could be observed for any of the other analyzed  
lipids.

Fig.4: Investigation of the  
epidermal skin barrier 24 hours 
after exposure to pollutants;  
(A) Transmission Electron Microscopy 
(TEM) of the lipid lamellae in the 
intercellular space after 24 h exposure 
to different pollutants. The white lines 
marks the transition from the corneo-
cytes to the intercellular space filled 
with the lipid lamellae. (B) Length of 
lipid lamellae per 1000 nm2 intercellu-
lar space in the stratum corneum in 
untreated, UV irradiated and cigarette 
smoke treated skin samples. Skin 
samples in the range of 3–5 cell 
layers were generated by using a 
particularly gentle adhesive/carrier 
system and examined by transmission 
electron microscopy; length of lipid 
lamellae was determined and related 
to the intracellular space; ANOVA for 
repeated measures with post hoc 
pairwise comparisons by Fisher LSD 
Test, ***p < 0.001, n = 12.

Fig. 3: Interstitial fluid analysis  
of suction blisters 24 hours after 
exposure to pollutants; concentrati-
on of matrix metalloproteinase-1 
log[pg/mL]; Friedman ANOVA with 
pairwise comparisons by Wilcoxon 
Test for paired samples for not nor-
mally distributed data,  
**p < 0.01, *p < 0.05, n = 12. 

B
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Fig. 5. Determination of skin lipids 
24 hours after exposure with pollu-
tants; Skin samples in the range of 
3–5 cell layers were generated by 
using a particularly gentle adhesive/
carrier system and analyzed using the 
High Performance Thin Layer Chroma-
tography (HPTLC); quantitative deter-
mination of skin lipids; ANOVA for 
repeated measures with post hoc 
pairwise comparisons by Fisher LSD 
Test for normally distributed data or 
Friedman ANOVA with pairwise com-
parisons by Wilcoxon Test for paired 
samples for not normally distributed 
data, ***p < 0.001, **p < 0.01,  
*p < 0.05, n = 12.

Discussion
The skin is frequently exposed to pollution since it is the big-

gest organ of the human body and a barrier between the environ-
ment and human internal organs. The role of different pollutants 
in dermal diseases, immunosuppression and premature aging was 
studied in various epidemiological studies as well as in vivo ani-
mal studies and in vitro studies using human skin cells 17, 15, 2, 3.

The human skin consists of the stratum corneum which is the 
first important defense line against pollutants and also a physical 
barrier to prevent trans-epidermal water loss. Besides the physi-
cal barrier, the skin contains a chemical barrier composed of cer-
amides, fatty acids and cholesterol forming a hydrophobic matrix 
bound to the corneocytes inside the stratum corneum. An addi-
tional immunological barrier with Langerhans cells as the most 
important component forms a defense line against pathogens and 
maintains the immune homeostasis in the skin 31, 32, 12, 2. Under CS 
and UV exposition all three, the physical, the chemical and the 
immunological barrier function is impaired. The total length of 
the lipid lamellae in the stratum corneum intercellular space of 
corneocytes was significantly reduced after CS and UV exposure 
in comparison to the untreated area on the volunteers’ forearms. 
This is not surprising, since ceramide EOS is an important com-
ponent for the stratum corneum due to its role in molecular or-
ganization in this layer of the skin 32. The lamellar phases with 
periodicities of approx. 6 and 13 nm could not form here because 
there was a reduction in ceramide EOS and NP as well as fatty 
acids after pollutant exposure. Therefore, the length of the lipid 
lamellae was reduced as shown in former studies 33, 32. This indi-
cates an impairment of the skin’s chemical barrier function. The 
immunological barrier is, similar to former studies 34, 35, sup-
pressed due to an epidermal depletion of Langerhans cells. We 
firstly could show this effect on the skin after CS exposure as 
well. The depletion of Langerhans cells is maybe due to them, 
recognizing PAHs in the smoke (which is also on particulate mat-
ter in the environment) as antigenic, migrating to the draining 
lymph nodes and elicits T cell activation.

The dermis localized below the epidermis, is also affected by 

the impairment of the epidermis. Exposure to pollutants results in 
a reduction of collagen formation and also in an increased dermal 
collagen degradation due to pathways triggered by oxidative 
stresses and the increased expression of pro-inflammatory cy-
tokines such as IL-8 and collagenases such as MMP-1 2, 3. After 
exposure to CS and UVR, the release of IL-8 and MMP-1 was sig-
nificantly increased. That indicates an additional damage of the 
skin barrier triggered by the generation of ROS.

The similar effects of both pollutants might be due to related 
signaling pathways triggered by CS as well as by UV. One of those 
pathways is the activation of the aryl hydrocarbon receptor 
(AHR). This receptor is activated by ROS and CS as well as UV 
exposure cause the generation of ROS 2, 3.

We have shown that alike UVR, CS impairs the overall barrier 
function of the skin. Such a disturbance of the skin’s functions 
results long-term in the development of skin diseases as well as 
premature skin aging 2. The association between CS and the inci-
dence of psoriasis, for example, could be explained by the reduc-
tion of free fatty acids and ceramides EOS and NP as well as the 
resulting reduction in lipid lamellae length and therefore, a reduc-
tion of epidermal barrier function.

Even through human-made sources of pollution can be con-
trolled, the reduction of air pollution is a tedious process. There-
fore, the development of strategies to protect the skin against 
pollution becomes very important. Besides using sunscreen, it is 
now also important to use topical preparations including antioxi-
dants to prevent respectively neutralize the generation of ROS.

Conclusions

In conclusion, UV and CS exposition result in a depletion of 
epidermal Langerhans cells and a significantly increased expres-
sion level of IL-8 and MMP-1, shown by using the Suction Blister 
method. The epidermal skin barrier was verifiably damaged by CS 
and UVR. This was demonstrated by a significantly reduced num-
ber of intracellular lipid lamellae and the peroxidation of lipids in 
the SC (Lipbarvis® technology).



We protect ourselves against UV radiation by using sunscreens, 
but against pollution, there is not that much protection available 
yet. Therefore, it is important to develop protecting agents to pro-
tect our skin against the high increasing air pollution. Together 
with the smoke chamber model, the Suction Blister method with 
the analysis of IL-8 and MMP-1 and the Lipbarvis® technology are 
suitable to detect pollution effects and are thus suitable for anti-
pollution claim support.
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TECHNOLOGY R&D

The U.S. Beauty Industry and Chemical Safety
•  Who is responsible in the U.S. for chemical safety?
•   What is the difference in global regulations compared to the U.S.?
•   What role does Industry, public interest groups, retailers, and 

brands play in U.S. policy and legislation?

U.S. Clean Beauty and Sustainability Journey
•  How did Clean Beauty get here?
•  How does Clean Beauty translate into sustainability?

Globally Harmonized Sustainability
•  How is sustainability globally harmonized?
•  How is sustainability segmented?
•   How do we participate in sustainability with our businesses and 

products?

Sustainability and Beauty Industry Trends Overview
What are the differences and history of Sustainability and Beauty 
Industry Trends popular in the marketplace today: Sustainability, 
Green Beauty, Conscious Beauty, Clean Beauty, Blue Beauty, 
Circular/Upcycled Beauty, Vegan, and Social Impact?

Sustainability in Social Media, Influencers, and 
Conversation
•   How does sustainability conversations show up in social media?
•   What are important and emerging conversations with Beauty 

Influencers in sustainability?

Sustainability in Products
•   What do brands need to consider for product lifecycle design?
•   What does a sustainable packaging expert have to say about 

packaging for sustainable products?
•   What does a product developer have to say about bringing 

together all the elements of sustainability for a brand and their 
product?

•   What are some starting ingredients to use for sustainable 
formulations?

•  Where can I get support to find sustainable ingredients?

Sustainable Product Development Tools
•  Lifecycle considerations checklist
•  Sustainable Product Development considerations
•  Sustainable Packaging solutions one-sheet
•  Sustainable Ingredient Chart
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