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Abstract

Introduction and objective. Protective antioxidative effects of melatonin have been repeatedly documented in experimental
and clinical studies. One of the most spectacular exogenous prooxidative agents is cigarette smoking. The aim of the study
was to evaluate the level of oxidative damage to membrane lipids (lipid peroxidation; LPO) in blood serum, and in epidermis
exfoliated during microdermabrasion collected from former-smokers who were treated with melatonin.
Materials and Method. The study was performed in postmenopausal women. Ninety (90) female volunteers, aged 46–67
years, were enrolled. Two major groups, i.e. never-smokers (n=44) and former-smokers (n=46), were divided into: Control,
melatonin topical skin application, Restructurer (containing antioxidants) topical skin application, and melatonin oral
treatment. Microdermabrasion was performed at point ‘0’, after 2 weeks, and after 4 weeks of treatment. The following
parameters were measured: LPO in blood serum, LPO in epidermis exfoliated during microdermabrasion, and skin biophysical
characteristics, such as sebum, moisture, elasticity, and pigmentation. Malondialdehyde+4-hydroxyalkenals level (LPO
index) was measured spectrophotometrically.
Results. Melatonin oral treatment significantly reversed the increased serum LPO level in former-smokers already after
2 weeks of treatment. In a univariate regression model, LPO blood level constituted the only independent factor negatively
associated with melatonin oral treatment. After 4 weeks of treatment, melatonin given orally increased skin sebum, moisture
and elasticity levels, and melatonin applied topically increased sebum level.
Conclusion. Exogenous melatonin reverses the enhanced oxidative damage to membrane lipids and improves skin biophysical
characteristics in former-smokers.
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INTRODUCTION
Biological effects of melatonin, as an antioxidant and free
radical scavenger, have been repeatedly documented in
numerous experimental and clinical studies and reviewed by
experts in this area [1, 2]. Melatonin has been found to protect
against practically all pathological processes studied to-date
[1–4]. Melatonin has been documented to prevent oxidative
damage in different skin components [5, 6], which suggests
that the human skin is a target for the protective actions of
melatonin. It is also worth stressing that the human skin is
a site of melatonin synthesis and metabolism, suggesting an
important role for a local melatoninergic system in protection
against oxidative damage to macromolecules [7]. Therefore,
endogenous intracutaneous melatonin production and
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topically-applied exogenous melatonin would be expected
to represent one of the most potent anti-oxidative defence
systems against oxidative damage to the skin components [7].
Oxidative stress is a process associated with the excess
of reactive oxygen species (ROS), free radicals included,
which damage all biological macromolecules, such as DNA,
lipids and proteins. The increased oxidative damage to
macromolecules may result from both exogenous agents or
endogenous disturbances, both documented in clinical and
experimental studies [8–15].
Cigarette smoking, being a risk factor for several
diseases [16–18], is documented to be a well-known prooxidative agent [19, 20]. It has been observed recently that
past smoking is independently associated with increased
damage to membrane lipids, regardless of the use of hormone
replacement therapy (HRT) in postmenopausal women [21].
Different indices of oxidative damage to macromolecules are
measured in the tissues and body fluids. Lipid peroxidation
(LPO) results from oxidative damage to membrane lipids
and is frequently evaluated in experimental and clinical
studies [3, 4, 8–15, 22].
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In studies in humans, LPO is usually measured in blood
serum/plasma [9–12, 15, 23–25]. It is worth considering
evaluating such parameters in components, which are
routinely removed during different medical or cosmetic
procedures. The authors have recently documented that LPO
can be also measured in epidermis exfoliated from facial skin
during microdermabrasion [22]. Microdermabrasion is a
simple and non-invasive cosmetic technique in the treatment
of several skin problems, frequently used in beauty parlours.
In microdermabrasion, a mechanical medium is used for
exfoliation to gently remove the outermost layer of dead skin
cells from the epidermis [26].
It has also been documented that topical application of
certain antioxidants enhances the clinical and histological
changes seen following microdermabrasion alone [27].
Thus, it is worth checking if any other antioxidants are
able to cause similar effects. Restructurer is a mixture of,
among others, antioxidants, and is frequently used after
microdermabrasion to improve its cosmetic effects. In the
presented study, Restructurer was used to compare its effects
with those of melatonin.

previously) [21] revealed no significant association with HRT
treatment, the sub-groups of HRT users and HRT nonusers are not considered in the present study. The studied
main groups were well matched at baseline (point ‘0’) in
terms of age and BMI (no statistically significant differences
between never-smokers and former-smokers were found
when evaluated by a Student’s unpaired t test) [21].
Both never-smokers and former-smokers were then divided
to four subgroups according to the following treatment:
Control (without any treatment), melatonin topical skin
application, Restructurer topical skin application, and
melatonin oral treatment (Tab. 1). Melatonin (0.5 mM; final
volume 5 mL) or Restructurer (final volume 5 mL) were
applied topically on the skin just after microdermabrasion.
The concentration of 0.5 mM of melatonin was chosen on the
basis of the lowest concentration of one of the antioxidants
in Restructurer (i.e. Thioctic Acid 0.01%). Melatonin was also
applied orally in a dose of 2.5 mg every day, approx. 1 hour
before bedtime.
Table 1. Treatment scheme in particular sub-groups of never-smokers
and former-smokers
never-smokers
n=44

former-smokers
n=46

Control
No treatment

n=19

n=8

Melatonin
Topical skin application

n=11

n=10

Restructurer
Topical skin application

n=9

n=14

Melatonin
Oral treatment

n=5

n=14

OBJECTIVE
The aim of the study was to evaluate the level of oxidative
damage to membrane lipids in blood serum, and in epidermis
exfoliated during microdermabrasion collected from neversmokers and from former-smokers treated with melatonin
either orally or applied topically on the skin. For comparison,
Restructurer was also used topically on the skin. The study
was performed in postmenopausal women.

n – number of patients

MATERIALS AND METHOD
The procedures used in the study were approved by the Ethical
Committee of the Medical University of Lodz (Approval No.
RNN/205/09/KE), and fully informed, written consent was
obtained from the participants.
The following chemicals were used: Melatonin [SigmaAldrich (St. Louis, MO, USA] – for skin topical application;
Restructurer (Aqua Csp 100%; Ascorbic Acid 3%,
antioxidant; Methylsilanol Mannuonate 0.5%, firming
agent; Zinc Gluconate 0.173%, Healing agent; Thioctic Acid
0.01%, antioxidant; Manganese gluconate 0.01%, regenerator;
LABORATORIO INNOAESTHETICS, Pont Reixat 3, 08960
– Sant Just Desvern, Barcelona, Spain) – for topical skin
application; Melatonin (5 mg tabletes, LEK-AM, Poland) –
for oral treatment.
A questionnaire containing questions related to major risk
factors for civilization-related diseases (21) was polled in a
group of female participants who were clients of a beauty
parlour. Exclusion criteria constituted: cigarette smoking
in the last 12 months, alcohol consumption, exposure to
ionizing radiation or to any other potential prooxidative
agent, and any acute or chronic disease.
As described above [21], ninety (90) adult female volunteers,
aged 46–67 years, were finally enrolled in the study. Two
major groups were considered, i.e. never-smokers (n=44)
and former-smokers (n=46), which were additionally subgrouped into HRT users (HRT+) and HRT non-users (HRT). As statistical analysis performed at point ‘0’ (published

Microdermabrasion was performed at three time points,
i.e. at point ‘0’ after 2 weeks and after 4 weeks of treatment.
At the same time points, the following parameters were
measured: LPO in blood serum, LPO in epidermis exfoliated
during microdermabrasion, and four skin biophysical
characteristics, such as sebum, moisture, elasticity, and
pigmentation.
Microdermabrasion was performed by the use of a
professional electroporation instrument – Meso In Derma
(Rubika, Poland). Skin biophysical characteristics were
measured with the use of Skin Analyzer [Bs-888pro(SMP)-V2]
(Kowa SMEP; KOWA), and expressed as a percentage (i.e.
0–99%).
Body mass and body height were measured to calculate
BMI, and waist circumference and hip circumference were
measured to calculate waist/hip ratio (WHR). As described
before, BMI did not differ between never-smokers and
former-smokers at point ‘0’ [21].
Blood samples were collected after an overnight fast. After
collection, blood (1 ml) was centrifuged (3,000 x g, 10 min,
4 °C) in order to obtain serum, and stored at -80 °C until assay.
The outermost layer of dead skin cells of the epidermis was
exfoliated from facial skin during microdermabrasion, and
stored at -80 °C until assays.
LPO assay in blood serum. The concentrations of
malondialdehyde + 4-hydroxyalkenals (MDA+4-HDA), as
the index of LPO, were measured in blood serum using an LPO
kit purchased from Enzo Life Science (Farmingdale, NY). The
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serum (200 ml) was mixed with 650 ml of a methanol:acetonitrile
(1:3, v/v) solution, containing a chromogenic reagent,
N-methyl-2-phenylindole, and vortexed. After adding 150
ml of methanesulfonic acid (15.4 M), incubation was carried
out at 45°C for 40 min. The reaction between MDA+4-HDA
and N-methyl-2-phenylindole yielded a chromophore which
was spectrophotometrically measured at the absorbance of
586 nm, using a solution of 4-hydroxynonenal (10 mM) as
the standard. The level of LPO was expressed as the amount
of MDA+4-HDA (nmol) per 1 ml of serum.
LPO assay in the epidermis. The concentrations of
malondialdehyde + 4-hydroxyalkenals (MDA+4-HDA), as
the index of LPO, were measured in epidermis exfoliated
during microdermabrasion, using an LPO kit, purchased
from Enzo Life Science (Farmingdale, NY). The epidermis
(1 mg) was homogenized in ice-cold 50 mM Tris buffer (pH
7.4, 10%, w/v). After centrifugation at 10,000 g for 10 min
at 4 °C, the supernatants (200 ml) were mixed with 650 ml
of a methanol:acetonitrile (1:3, v/v) solution, containing
a chromogenic reagent, N-methyl-2-phenylindole, and
vortexed. After adding 150 ml of methanesulfonic acid (15.4
M), incubation was carried out at 45°C for 40 min. The reaction
between MDA+4-HDA and N-methyl-2-phenylindole
yielded a chromophore which was spectrophotometrically
measured at the absorbance of 586 nm, using a solution of
4-hydroxynonenal (10 mM) as the standard. The level of
LPO was expressed as the amount of MDA+4-HDA (nmol)
per 1 mg of epidermis.
5

Statistical analysis. The data were statistically analysed using
an unpaired or a paired Student’s t test for two independent
variables or two dependent (paired) variables, respectively.
The results are presented as means ± SEM. Univariate logistic
regression analysis was used to determine which continuous
variable might have been associated with melatonin oral
treatment. Statistical significance was determined at the
level of p<0.05.
RESULTS
The level of LPO products in blood serum was evaluated in
never-smokers and in former-smokers after two weeks and
after four weeks of one of three kinds of treatment (Fig. 1). At
point ‘0’, serum LPO level was higher in former-smokers than
in never-smokers, with statistical significance reached only in
one of the sub-groups (Fig. 1C), but this difference was clearly
observed when all former-smokers were compared with all
never-smokers [21]. In the group of never-smokers, serum
LPO level had not changed in response to any treatment
(Fig. 1A, B, C, D). Melatonin oral treatment significantly
reversed the increased serum LPO in former-smokers already
after two weeks of treatment (Fig. 1D). Topical application of
either melatonin or Restructurer did reveal protective effects
against oxidative damage to membrane lipids in formersmokers (Fig. 1B, C).
Concerning the level of LPO products measured in the
epidermis, it did not differ significantly, neither between
5
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Figure 1. Mean (± SEM) values of blood lipid peroxidation (LPO) in never-smokers (n=19) and in former-smokers (n=8) without any
treatment (Control, A); in never-smokers (n=11) and in former-smokers (n=10) with topical melatonin application (B); in never-smokers
(n=9) and in former-smokers (n=14) with topical Restructurer application (C); and in never-smokers (n=5) and in former-smokers (n=14)
with oral melatonin treatment (D) at point ‘0’, after 2 weeks (‘2’) and after 4 weeks (‘4’) of treatment.
Statistical evaluation was performed by a paired Student’s t-test within one sub-group or by an unpaired Student’s t-test between
sub-groups. The level of LPO is expressed as the amount of MDA+4-HDA (nmol) per 1 ml of serum.
*p<0.05 vs. point ‘0’ of former-smokers; other statistical significance is marked in the Figure if applicable.
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Figure 2. Mean (± SEM) values of lipid peroxidation (LPO) in epidermis in never-smokers (n=19) and in former-smokers (n=8) without any
treatment (Control, A); in never-smokers (n=11) and in former-smokers (n=10) with topical melatonin application (B); in never-smokers
(n=9) and in former-smokers (n=14) with topical Restructurer application (C); and in never-smokers (n=5) and in former-smokers (n=14)
with oral melatonin treatment (D) at point ‘0’, after 2 weeks (‘2’) and after 4 weeks (‘4’) of treatment.
Statistical evaluation was performed by a paired Student’s t-test within one subgroup or by an unpaired Student’s t-test between subgroups. The level of LPO is expressed as the amount of MDA+4-HDA (nmol) per 1 mg of epidermis. No statistical significance was found.
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Figure 3. Mean (± SEM) values of sebum [%] in never-smokers (n=19) and in former-smokers (n=8) without any treatment (Control, A);
in never-smokers (n=11) and in former-smokers (n=10) with topical melatonin application (B); in never-smokers (n=9) and in formersmokers (n=14) with topical Restructurer application (C); and in never-smokers (n=5) and in former-smokers (n=14) with oral melatonin
treatment (D) at point “0”, after 2 weeks (‘2’) and after 4 weeks (‘4’) of treatment.
Statistical evaluation was performed by a paired Student’s t-test within one sub-group or by an unpaired Student’s t-test between
sub-groups. The level of sebum is expressed as a percentage (i.e. 0–99%).
*p<0.05 vs. point ‘0’ of former-smokers; other statistical significance is marked in the Figure if applicable.
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Figure 4. Mean (± SEM) values of moisture [%] in never-smokers (n=19) and in former-smokers (n=8) without any treatment (Control,
A); in never-smokers (n=11) and in former-smokers (n=10) with topical melatonin application (B); in never-smokers (n=9) and in formersmokers (n=14) with topical Restructurer application (C); and in never-smokers (n=5) and in former-smokers (n=14) with oral melatonin
treatment (D) at point ‘0’, after 2 weeks (‘2’) and after 4 weeks (‘4’) of treatment.
Statistical evaluation was performed by a paired Student’s t-test within one sub-group or by an unpaired Student’s t-test between
sub-groups. The level of moisture was expressed as a percentage (i.e. 0–99%).
*p<0.05 vs. point ‘0’ of former-smokers; other statistical -significance is marked in the Figure if applicable.
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Figure 5. Mean (± SEM) values of elasticity [%] in never-smokers (n=19) and in former-smokers (n=8) without any treatment (Control,
A); in never-smokers (n=11) and in former-smokers (n=10) with topical melatonin application (B); in never-smokers (n=9) and in formersmokers (n=14) with topical Restructurer application (C); and in never-smokers (n=5) and in former-smokers (n=14) with oral melatonin
treatment (D) at point ‘0’, after 2 weeks (‘2’) and after 4 weeks (‘4’) of treatment.
Statistical evaluation was performed by a paired Student’s t-test within one sub-group or by an unpaired Student’s t-test between
sub-groups. The level of elasticity was expressed as a percentage (i.e. 0–99%).
*p<0.05 vs. point ‘0’ of former-smokers; other statistical significance is marked in the Figure if applicable.

664

Annals of Agricultural and Environmental Medicine 2017, Vol 24, No 4

Dorota Sagan, Jan Stepniak, Adam Gesing, Andrzej Lewinski,Malgorzata Karbownik-Lewinska . Melatonin reverses the enhanced oxidative damage to membrane…

100

100

A

80

*

60

Pigmentation [%]

Pigmentation [%]

80

40

0
weeks of
treatment

0

2

4

0

never-smokers

2

4

40

0
weeks of
treatment

2

4

0

never-smokers
100

C

4

2
former-smokers

D

Pigmentation [%]

80

60

40

20

0
weeks of
treatment

0

former-smokers

80

Pigmentation [%]

60

20

20

100

B

60

40

20

0

2
never-smokers

4

0

2

4

0
weeks of
treatment

0

former-smokers

2
never-smokers

4

0

4

2
former-smokers

Figure 6. Mean (± SEM) values of pigmentation [%] in never-smokers (n=19) and in former-smokers (n=8) without any treatment (Control, A); in neversmokers (n=11) and in former-smokers (n=10) with topical melatonin application (B); in never-smokers (n=9) and in former-smokers (n=14) with topical
Restructurer application (C); and in never-smokers (n=5) and in former-smokers (n=14) with oral melatonin treatment (D) at point ‘0’, after 2 weeks (‘2’)
and after 4 weeks (‘4’) of treatment.
Statistical evaluation was performed by a paired Student’s t-test within one sub-group or by an unpaired Student’s t-test between sub-groups. The
level of pigmentation was expressed as a percentage (i.e. 0–99%). No statistical significance was found.

never-smokers and former-smokers nor within sub-groups
in response to any treatment (Fig. 2A, B, C, D).
Biophysical characteristics, such as sebum, moisture,
elasticity and pigmentation, were evaluated in never-smokers
and in former-smokers after two weeks and after four weeks
of one of the three kinds of treatment (Fig. 3–6).
Concerning sebum (Fig. 3), only in one of sub-groups
(Fig. 3B) its degree was significantly lower in former-smokers
than in never-smokers. When the results were analyzed
in former-smokers, melatonin either applied topically
on the skin (Fig. 3B) or given orally (Fig. 3D), increased
the degree of sebum after four weeks of treatment. The
treatment with Restructurer did not change the sebum level
(Fig. 3C).
The level of moisture did not differ between formersmokers and never-smokers (Fig. 4). Melatonin applied
orally significantly increased the level of moisture in formersmokers after four weeks of treatment (Fig. 4D).
The level of elasticity did not differ between formersmokers and never-smokers (Fig. 5). Melatonin applied
orally significantly increased the level of moisture in formersmokers after four weeks of treatment (Fig. 5D). Additionally,
Restructurer applied in topical treatment significantly
increased the level of elasticity in never-smokers after four
weeks of treatment (Fig. 5C).
The level of pigmentation did not differ between formersmokers and never-smokers (Fig. 6). Melatonin applied
topically on the skin or orally did not change the level of
pigmentation (Fig. 6B,D). Microdermabrasion alone resulted

Table 2. Univariate logistic regression analysis of the melatonin treatment
variables (determinants), performed in all former smokers (n=46) after
2 weeks of treatment
Variable

Univariate regression
OR

95%Cl

p

Age [years]

0.920

0.78–1.07

0.291

Body mass [kg]

1.004

0.95–1.05

0.865

Height [m]

0.140

0.000002–11175.89

0.725

BMI [kg/m2]

1.027

0.88–1.19

0.720

-

-

-

Hip circumference [cm]

1.007

0.94–1.07

0.834

WHR

0.118

0.0000007–19103.64

0.719

LPO blood level
[MDA + 4-HDA (nmol/ml)]

0.307

0.08–1.06

0.055

LPO epidermis level
[MDA + 4-HDA (nmol/ml)]

1.475

0.40–5.41

0.545

Sebum

1.003

0.97–1.03

0.827

Moisture

0.987

0.94–1.02

0.525

Elasticity

0.973

0.92–1.02

0.271

Pigmentation

0.999

0.97–1.02

0.976

Waist circumference [cm]

OR – odds ratio; CI – confidence interval; BMI – body mass index; WHR – waist/hip ratio; LPO –
lipid peroxidation; MDA + 4-HAD – malondialdehyde + 4-hydroxyalkenals.
Level of statistical significance is given in italic, with statistical significance accepted at the
level of p<0.05.

in a decreased level of pigmentation in the sub-group of never
smokers (Fig. 6A).
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For the group of former-smokers, variables such as age, body
mass, height, BMI, waist circumference, hip circumference
and waist-hip ratio (WHR), blood LPO level, LPO level in
epidermis, and biophysical characteristics, such as sebum,
moisture, elasticity and pigmentation, were submitted to a
univariate regression model. The purpose of the model was
to determine which of those continuous variables might have
been independently associated with melatonin oral treatment.
The blood level of LPO constitute the only independent
factor negatively associated with melatonin oral treatment
when evaluated after two weeks of treatment (Tab. 2). When
evaluated after four weeks of treatment, the above association
lost its statistical significance (data not shown).
DISCUSSION
In the present study, in the same population as before, i.e.
in former-smokers and in never-smokers [21], the response
to melatonin treatment was evaluated. Restructurer, being
a mixture frequently used in beauty parlours to improve
the effects of microdermabrasion, was used topically on the
skin to compare its effect with the effect of topical melatonin
treatment.
The increased LPO in former-smokers, documented in
a study published previously [21], has only been partially
confirmed in the presented study, which is the result of the
much smaller samples of sub-groups analyzed in this study.
Effects of melatonin treatment in never-smokers. As
expected, melatonin given either orally or applied directly
on the skin, did not change the level of measured parameters
in blood serum or in the skin. These findings are in agreement
with the assumption that melatonin does not affect processes
at the physiological level. Such an assumption has been
repeatedly confirmed in experimental and clinical studies
in which melatonin used separately did not change the level
of oxidative damage to macromolecules but, at the same time,
it revealed protective effects against prooxidative agents [3,
4, 8, 28–32].
Effects of metalonin in former-smokers. Melatonin given
orally completely reversed the increased blood LPO already
after two weeks of treatment. Additionally, this favourable
effect of melatonin was confirmed in regression analysis in
which LPO constituted the only independent determinant
(variable) negatively associated with melatonin treatment.
This finding suggests that lower LPO levels in formersmokers are directly associated with the treatment with
exogenous melatonin. Similarly, in earlier studies, such short
time as days or weeks of melatonin treatment, was sufficient
to reverse oxidative damage to macromolecules in animals
[28, 29] and in humans [31, 33].
Concerning the protective influence of melatonin on
deleterious effects caused by smoking, there are some
studies published which concern this protective influence,
but they relate to current smoking [32, 34]. The presented
study is the first to document protective effects of melatonin
against oxidative damage to macromolecules in formersmokers.
LPO measured in epidermis. The level in former-smokers
did not differ from that found in never-smokers. However, the

results of the current study are not discrepant, as LPO products
present in the blood come from practically all tissues and
organs, which – at least to a certain extent – are pathologically
changed in former-smokers, whereas those present in the
dead cells of the epidermis are predominantly produced
only locally. The level of LPO products in epidermis may be
changed by other prooxidative agents, such as overweight and
obesity, which has been observed previously by the authors in
female adults [22]. Thus, overweight and obesity are probably
stronger pro-oxidative agents than past smoking, at least
concerning their influence on skin components.
In the light of the present results, it could be suggested
that a similar study evaluating LPO in the epidermis would
be worth performing in current-smokers.
Concerning the influence of melatonin treatment, the
antioxidant given orally or applied topically on the skin
did not reveal any effect on LPO level in epidermis, as was
expected. Similarly, Restructurer did not affect LPO in the
epidermis.
Biophysical characteristics of facials skin. These did not
differ between former-smokers and never-smokers, with
only sebum – to a certain extant – being higher in neversmokers. The reason of this apparent lack of differences
could be related to the fact that former-smokers were
studied instead of current-smokers, and the period of twelve
months of no smoking could be long enough to reverse
facial skin changes related to cigarette exposure. In turn,
biophysical characteristics of facials skin were positively
affected by melatonin in former-smokers; namely, sebum
content, moisture and elasticity were changed favourably in
response to melatonin oral treatment. Concerning the first
characteristic, this was improved additionally after topical
treatment with melatonin.
Thus, the results of the presented study suggest that
melatonin should be considered as an agent to be used
as a topical antioxidant to enhance the effects of facial
microdermabrasion. This study is the first to show the
favourable effects of melatonin on skin biophysical
characteristics.
The main limitation of this study is that it was performed
in a specific group of patients, i.e. in postmenopausal
women, in whom oxidative processes may be affected by
two main factors: aging and physiological hormonal changes,
which affect the quality of the skin, which is usually lower
in postmenopausal women. A similar study should be
performed in other specific groups of subjects or just in
the general population, the results of which will possibly
confirm the presented findings. Other limitations are that
no passive smoking was evaluated in the study, especially as
a relationship has been documented between sensitivity to
passive and to active smoking [35], and the small sample size,
especially in the sub-groups, also constituted a limitation.
CONCLUSIONS
Exogenous melatonin reverses enhanced oxidative damage
to membrane lipids and improves skin biophysical
characteristics in former-smokers. Taking into account the
safety of melatonin [36], this molecule should be considered
in the prevention of consequences of smoking, not only in
postmenopausal women, but also in the whole population.
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Melatonin should also be considered as a topical antioxidant
to enhance the effects of facial microdermabrasion.
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