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Abstract

Plant-derived substances such as curcumin and trans-resveratrol, both of which
have anti-inflammatory properties, may have a beneficial effect on human
skin. The present study analyzed the effects of topical formulations containing
curcumin or trans-resveratrol on the recovery and rejuvenation of skin after
chemical peeling. The study was performed on rats, randomly divided into
seven groups of six animals each. Superficial peeling was performed using a
50% glycolic acid gel, which was applied to the dorsal region of each animal.
Rats were then treated with the experimental formulations for 15 days. On the
sixteenth day, skin samples were taken and mounted on slides for histological
analysis. Statistical analysis showed that the formulation containing trans-
resveratrol led to increased dermal and epidermal thickness, while the formu-
lation containing curcumin had no effects on epidermal thickness. The in-
creased epidermal thickness may reflect greater skin vitality, although this was
not directly evaluated. The increase in dermal thickness may be attributed to
greater collagen production, which may increase skin firmness and elasticity,
and lead to skin rejuvenation as well as wrinkle reduction. Formulations con-
taining curcumin or trans-resveratrol may have potential for the topical treat-
ment after peeling and of sensitive skin, in addition to being used for their an-
tiaging properties.
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1. Introduction

Chemical peeling is a dermatological treatment for aesthetic improvement of the
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skin which can also remove blemishes, wrinkles, thin lines and acne scars [1] [2].
Chemical peeling can be classified as superficial, medium, or deep depending on
the concentration, pH, and duration of exposure to the peeling agent. Superficial
peeling leads to desquamation, increased epidermal enzyme activity, epidermo-
lysis and exfoliation [3]. The inflammatory process induced by chemical peeling
can have uncomfortable side effects, such as pain, stinging and irritation, which
may be unacceptable to some patients [4]. As a result, topical anesthetics such as
lidocaine are often used before the procedure [5].

In the post-peeling period, patients often report stinging and desquamation of
the skin exposed to the acid. The procedure also increases skin exposure, so that
patients must avoid all sunlight and use sunscreen even when indoors to prevent
blemishes in the period intermediately following treatment [6].

If successful, chemical peeling produces visible improvement in skin condi-
tions. However, complications such as scar formation have also been known to
occur. Heng [7] studied the effects of a gel containing 12% curcumin on the
healing of burns and ultraviolet (UV) light injury. The treatment contributed to
the prevention of hypertrophic scars after surgery, but was only effective when
applied in the early stages of scar tissue formation.

Curcumin (diferuloylmethane) is obtained from Curcuma longa, a plant of
the Zingiberaceae family. The compound has been described as a potent anti-
oxidant and anti-inflammatory agent [8] [9]. Pharmacologically, curcumin has
been found to be safe. Human clinical trials indicated no dose-limiting toxicity
when administered at doses up to 10 g/day [10].

In 2011, Hamzah [11] analyzed the anti-inflammatory effects of a gel con-
taining curcumin extract on carrageenan-induced paw edema in albino rats. The
study found that curcumin produced a 30% reduction in edema.

According to Huang et al. [12], topical curcumin is a potent inhibitor of skin
tumors induced on rats. Kumar et al [13] found that curcumin suppresses pro-
inflammatory adhesion molecules, and suggested its use in the treatment of
atherosclerosis, septicemia, inflammation, and tumor metastasis.

Okunieff et al. [14] evaluated the protective effects of curcumin on radiation-
induced cutaneous toxicity in rats. In this study, curcumin was given intragastr-
ically or intraperitoneally five days before and/or after exposure to radiation.
The treatment led to significant reductions in the expression of cytokine mRNA
(e.g. IL-6 IL-1, IL-18) in cutaneous tissues, suggesting that curcumin has a pro-
tective effect against radiation-induced cutaneous damage. Due to the beneficial
effects of curcumin on the modulation of radiation-induced skin toxicity, the
authors also suggested it may be applicable to patients receiving clinical radia-
tion therapy, such as that used to treat breast, head and neck cancers.

Although the purpose of the inflammatory process is to protect the organism,
prolonged inflammation can contribute to tumor formation. As such, curcumin
may help prevent cancer development, as suggested by Lin and Lin [9], as well as
other conditions triggered by inflammatory processes, such as atherosclerosis

and cancer [5] [15]. These authors define curcumin as a nutraceutical substance
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with anti-inflammatory properties, highlighting the evidence of its antioxidant
and anti-inflammatory potential, as well as its potential application to the treat-
ment of conditions such as cancer, cardiovascular disease, Alzheimer’s, rheu-
matoid arthritis and metabolic syndrome. Given the low bioavailability of cur-
cumin in the body, Patel et al. [16] developed a system for the transdermal deli-
very and systemic distribution of curcumin.

Resveratrol (3,4,5-trihydroxystilbene) is a polyphenolic compound found in
the skin of red fruits which has potent anti-inflammatory effects [17]. Some au-
thors suggest that it may play a role in the chemoprevention of cancer [18], and
that it may be involved as an antioxidant in the prevention of cardiovascular
disease and other conditions [19] [20] [21] [22]. The topical application of a
formulation containing 1% resveratrol was found to have a protective effect
against damage induced by repetitive UV irradiation [23].

The penetration of polyphenols into skin is limited by their poor solubility. As
a result, several attempts have been made to develop formulations to increase its
skin penetration [24]. Abla and Banga [25] evaluated the penetration of antioxi-
dants into pig-ear skin, and found decreasing concentrations of catechin, resve-
ratrol and curcumin in the stratum corneum. Approximately 90% of the total
amount of polyphenols in the skin was retained in the stratum corneum, with
only 10% penetrating the underlying layers of skin. Polyphenols interact with
membrane phospholipids, forming a depot on the skin.

Alonso et al. [26] evaluated the skin penetration of resveratrol, and found that
only 3.4% of the total amount administered was retained in the stratum cor-
neum, while 0.5% was retained in the epidermis. Ravagnan et al [27], studied
resveratrol and polydatin, its natural precursor, and suggested that the combined
use of these substances may have an increased cytoprotective effect under stress.

In light of these observations, the aim of the present study was to analyze the
effects of formulations containing curcumin or trans-resveratrol on the recovery

and rejuvenation of skin after chemical peeling.

2. Methods

This study was approved by the Animal Research Ethics Committee of the Cath-
olic University of Campinas (054/13).

3. Animals

Forty-two 40-day-old male Wistar rats (weight: 200 g + 10 g) were obtained
from the animal facility of the Department of Life Sciences (Pontificia Universi-
dade Catolica de Campinas, SP, Brazil). Animals were kept under controlled
temperatures (23°C £ 1°C) and a 12-hour light/dark cycle throughout the expe-
riment. Rats were fed commercial chow (Nuvilab) and water ad /ibitum.

4. Formulations

A formulation containing the following ingredients was prepared: 3.5 g of a

synthetic polymer used as a gelling agent for aqueous systems (Ammonium
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Acryloyldimethyltaurate/VP Copolymer), 5 g humectant (Propylene Glycol), 0.8
g of a preservative blend (Phenoxyethanol, Methylparaben, Ethylparaben, Pro-
pylparaben, Butylparaben, Isobutylparaben), 0.01 g chelating agent (Disodium
EDTA), and purified water up to 100 g. To this basic formulation were added
0.01 g SigmaTM curcumin and/or 0.7 g trans-resveratrol (PharmaNostra, Bra-
zil). As a result, three formulations were produced, containing curcumin, trans-
resveratrol and curcumin + resveratrol, respectively.

The chemical peeling formulation was composed of 2.0 g Hydroxyethylcellu-
lose, 50 g glycolic acid, 5 g humectant (Propylene Glycol), 0.8 g of a preservative
blend (Phenoxyethanol, Methylparaben, Ethylparaben, Propylparaben, Butylpa-
raben, Isobutylparaben), and purified water up to 100 g.

5. Chemical Peeling

Animals were randomly distributed into seven groups containing six rats each
(Table 1).

Rats were anesthetized with intraperitoneal ketamine, and dorsal hairs were
removed to expose 2 cm’ of skin. Groups 2, 5, 6 and 7 were administered a gel
containing 50% glycolic acid [28]. After 5 minutes, the area was cleaned with sa-
line and gauze, and a gel containing 20% lidocaine was administered. After 24
hours, one of the three formulations was applied manually to the dorsal region
of each animal. This procedure was repeated once a day for 15 days.

On the 16th day, animals were euthanized with ketamine/xylazine. Skin spe-
cimens were taken from the exposed location, and fixed in 10% buffered for-

maldehyde.

6. Histological Processing

Skin tissue fragments were cut into 7 p-thick slices and stained with hematox-
ylin-eosin (HE) and Masson’s Trichrome (MT). Images were captured using a
photomicroscope (Nikon Eclipse E200TM) connected to a camera (Nikon Col-
pix 4500TM).

Table 1. Experimental groups.

Group1l Negative control No topical treatment
Group 2  Peeling control Peeling

. Once-daily administration of
Group3  Curcumin i .
curcumin formulation

Once-daily administration of

Group 4  Resveratrol Rk
trans-resveratrol formulation

. . Peeling, followed by once-daily administration
Group 5  Post-peeling curcumin . .
of curcumin formulation

. Peeling, followed by once-daily administration
Group 6  Post-peeling resveratrol .
of trans-resveratrol formulation

. . Peeling, followed by once-daily administration
Group 7  Post-peeling curcumin + resveratrol . .
of curcumin + trans-resveratrol formulation
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The histological features of the skin, as well as epidermal and dermal thick-
ness, were analyzed on 20 randomly selected images (total of 120 images per
group). The AreaMed® software (Application to calculate areas from digital im-
ages, it calculates the areas for color identification or delimitation of the object
to be measured) was used to determine the area of dermis (MT stain) and epi-
dermis (HE stain) and therefore the result was achieved in the area of each layer
unit (um?). In this analysis, the length is kept constant and the height is variable
depending on the thickness of the layer, so it is considered that the larger the
calculated area, the greater the thickness of the layer analyzed.

7. Statistical Analysis

Epidermal and dermal areas were analyzed using Graph Pad PRISM™ 3.0. The
groups were compared using analysis of variance (ANOVA) followed by Bon-

ferroni post-hoc tests (p < 0.05).

8. Results and Discussion

The gel formulation used as vehicle for curcumin and trans-resveratrol was de-
veloped with common and simple substances that have been widely used in top-
ical products. Whereas the patient should apply the product on your own skin,
the formulation allows the selection of the correct location, ie., the skin of the
face. This study did not use placebo as this was considered unnecessary, given
that none of its components has an effect on epidermal cell renewal or the colla-
gen content of the dermis at used concentrations.

The choice of the skin of Wistar rats for this study was carried out based on
previous studies on peeling which using damage induced by laser resurfacing
procedure [29]. No evidence of irritation or erythema was observed in most
animals following the application of 50% glycolic acid gel, confirming that the
procedure was not aggressive. Scabs did not form on the treatment site, and
there was no evidence of angiogenesis or granulation tissue formation. Micro-
scopic analysis (illustrated in Figure 1) revealed no evidence of increased thick-
ness of the basal, spinous and granular layers in groups 2 through 7 as compared
to group 1 (control). However, there appeared to be an increase in the size of
basal cells—but not their nuclei—especially on slides made from specimens treated
with trans-resveratrol.

Epidermal thickness (obtained in area unit—um?) (Figure 2) did not statisti-
cally differ between the peeling and control groups. Rodrigues and Maia Campos
[30] reported an increase in the epidermal thickness of hairless mouse skin after
15 days of treatment with glycolic acid. Therefore, it is possible that the chemical
peeling performed in the present study was not sufficiently intense to produce a
statistically significant increase in epidermal thickness.

No evidence of adverse reactions or animal suffering was observed over the
course of treatment, confirming the safety of experimental procedures. Accord-
ing to Yokomizo et al [31], glycolic acid can induce epidermolysis for a period

ranging from three to seven minutes. Song et al. [32] evaluated the effects of
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Figure 1. Photomicrographs of skin. Hematoxylin-eosin (100x magnification) and Mas-
son’s Trichrome (10x magnification). Control (G1), Peeling (G2), Curcumin (G3), Trans-
resveratrol (G4), Post-peeling curcumin (G5), Post-peeling trans-resveratrol (G6) and
Post-peeling curcumin + resveratrol (G7).
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o

Figure 2. Rats epidermal thickness in unit area (HE Stain). Control (G1), Peeling (G2),
Curcumin (G3), Trans-resveratrol (G4), Post-peeling curcumin (G5), Post-peeling trans-
resveratrol (G6) and Post-peeling curcumin + resveratrol (G7). Analysis of variance fol-
lowed by Bonferroni post-hoc tests. Those comparisons with p < 0.05 were: G1 vs G4 (p <
0.001); G1 vs G6 (p < 0.001); G1 vs G7 (p < 0.001); G2 vs G4 (p < 0.001); G2 vs G6 (p <
0.001); G2 vs G7 (p < 0.001); G3 vs G4 (p < 0.01); G3 vs G4 (p < 0.05); G4 vs G5 (p <
0.05).
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superficial chemical peeling using 50% glycolic acid, applied to the forearm of a
sample of volunteers for a duration of three minutes. The authors reported an
increase in transepidermal water loss (TEWL) in the first hours following the
procedure, and noted the presence of erythema up to 3 days later. These findings
suggest that the skin barrier function is damaged by glycolic acid peeling. How-
ever, the TEWL returned to normal within 24 hours of the procedure. In the
present study, the assessment was performed 15 days after chemical peeling, by
which time the skin had already recovered its barrier function.

Epidermal thickness was only found to be significantly increased in groups
treated with trans-resveratrol (groups 4, 6 and 7) as compared to the control
group. This was not observed in animals treated with curcumin. The increased
epidermal thickness suggests that the trans-resveratrol may have interfered with
the epidermal renewal process which follows chemical peeling.

The increased dermal thickness (also obtained in area unit—pm?®) in groups
treated with the aforementioned formulation was revealed by histological analy-
sis, and is shown in Figure 3. The dermis was homogeneous and had a normal
appearance across all groups, though it was thicker in groups 3 through 7.

Statistical analysis revealed no significant differences between the Peeling and
control groups. Different results may have been obtained with the use of a more
aggressive peeling program (with a higher acid concentration, a longer duration
of exposure, and a greater number of applications), such as that performed by
Han et al. [2], who observed an increase in dermal thickness in rats submitted to
more aggressive chemical peeling.

The remaining groups showed an increase in dermal thickness. Since the analy-
sis was performed on MT-stained slides (whose purpose is to identify collagen

fibers—blue), the increase may be attributable to greater collagen production,

500000
450000 -
400000 ! 1
& 350000 - L I ]
= 300000
8 I
¢ 250000 - T
T 200000 -
§ 150000 -
©
100000 -
50000
O 1
G1 G2 G3 G4 G5 G6 G7

experimental group

Figure 3. Rats dermis thickness in unit area (MT Stain): Control (G1), Peeling (G2),
Curcumin (G3), Trans-resveratrol (G4), Post-peeling curcumin (G5), Post-peeling trans-
resveratrol (G6) and Post-peeling curcumin + resveratrol (G7). Analysis of variance fol-
lowed by Bonferroni post-hoc tests. Those comparisons with p < 0.05 were: G1 vs G3 (p <
0.05); G1 vs G4 (p < 0.001); G1 ws G5 (p < 0.001); G1 vs G7 (p < 0.05); G2 vs G3 (p <
0.01); G2 vs G4 (p < 0.001); G2 vs G5 (p < 0.001); G2 vs G6 (p < 0.01); G2 vs G7 (p <
0.01).
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which leads to increased firmness and recovery, as well as wrinkle reduction.
However, the Post-peeling curcumin group showed a greater increase in dermal
thickness than the Curcumin group. These findings suggest that the chemical
peeling facilitated cutaneous penetration, since curcumin is lipophyllic and tends
to be retained on the epidermal surface [33]. Therefore, the removal of the cor-
neum may allow the curcumin to penetrate more deeply and act in a more effi-
cient way. According to this hypothesis, peeling had a positive effect on the ef-
fects of curcumin.

This corroborates the findings of Panchatcharam et al [34], who investigated
the effects of topical curcumin on cutaneous incisions in rats. In the study in
question, topical treatment with curcumin had a positive effect on all stages of
healing, including collagen synthesis and maturation, wound contraction and
epithelialization.

In the present study, the resveratrol and post-peeling resveratrol groups
showed increased dermal thickness as compared to the control group. In this
case, chemical peeling did not appear to interfere with the effects of the formula-
tion.

The post-peeling curcumin + resveratrol group showed a thicker dermis than
the control group. However, the combination of both formulations had no addi-
tive effects on dermal thickness.

Increases in dermal thickness are attributed to greater collagen deposition, as
observed in previous studies [2] [35]. Collagen is responsible for skin firmness
and elasticity, the increase of which is a major objective of chemical peeling.
Therefore, the use of formulations containing curcumin or trans-resveratrol could
be recommended by dermatologists to maximize the benefits obtained after chemi-
cal peeling.

According to Prakash and Majeed [36], skin aging may be triggered by in-
flammation, and as such, topical formulations containing curcumin may have
significant therapeutic applications, since, as noted by several authors, curcumin
has both antioxidant and anti-inflammatory properties.

The anti-inflammatory effects of curcumin can be attributed to its role as an
inhibitor of Nuclear Factor Kappa B (NF-xB), an important transcription factor
in the inflammation process. NF-«B contributes to the increased transcription of
COX-2 and other pro-inflammatory genes, such as inducible nitric oxide syn-
thase (iNOS). Curcumin also increases the accumulation of glutathione, an im-
portant intracellular antioxidant, and inhibits the activity of inflammatory en-
zymes [37].

In another recent study, the topical use of curcumin proved to be an effective
treatment for animal models of psoriasis, as well as for human volunteers. These
findings provide further evidence of the immunomodulating and anti-inflam-
matory properties of curcumin, as well as its role in the inhibition of COX and
phosphorylase kinase (PhK) [38].

Curcumin is orange in color, and is not commonly used in topical formula-

tions. This may be why few studies in the literature have studied its effects on
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skin. However, patients who experience uncomfortable symptoms, such as des-
quamation, after chemical peeling—especially of the intermediate of deep varie-
ty—may not mind the color of the formulation as long as it causes symptom re-
lief. Furthermore, the color of the formulation can always be changed using
whitening agents such as titanium dioxide, which is also widely used as a photo-
protective agent.

While the skin penetration of trans-resveratrol and other antioxidants upon
topical application have already been studied by authors such as Abla and Gam-
ba [25], these investigations used pig ear skin as a model for human skin pene-
trability. The authors found that catechin showed the greatest accumulation in
the stratum corneum, followed by trans-resveratrol and retinol. Approximately
90% of polyphenols were retained in the stratum corneum, with only 10% pene-
trating into deeper layers of the skin. These findings have been corroborated by
other studies of the cutaneous penetration of trans-resveratrol. A separate inves-
tigation found that 3.4% of the total amount of trans-resveratrol applied to the
skin could be recovered from the stratum corneum, and only 0.5% from the ep-
idermis [26].

Antioxidants such as vitamins C and E have a positive effect on fibroblasts,
increasing collagen production [39]. Previous studies have found that trans-
resveratrol inhibits collagen production in cultures of intestinal fibroblasts [40]
[41]. When evaluating the effects of trans-resveratrol on the treatment of kelo-
ids, Ikeda et al. [42] found that trans-resveratrol did not decrease the amount of
type I collagen on normal skin, and might have an antifibrogenic effect on keloid
fibroblasts without adversely affecting the fibroblasts in normal skin. Kundu et
al. [43] found that the suppression of COX-2 expression by blocking the activa-
tion of MAPKs and AP-1 may also represent a possible molecular mechanism
for previously reported anti-tumor promoting effects of trans-resveratrol on mouse
skin carcinogenesis.

It is also important to note that, after peeling, patients report stinging and in-
creased sensibility due to the aggressive effects of acid on skin [44]. The benefi-
cial effects of trans-resveratrol on these symptoms could be extrapolated to indi-
viduals who present with sensitive skin, a common condition in the general
population, and especially in European countries [45].

The present study makes an important contribution to the dermatological
treatment of chemical peeling by demonstrating the positive effects of curcumin
and trans-resveratrol on the rejuvenation of photoaged skin. Not only was trans-
resveratrol effective in increasing the thickness of the dermis and epidermis, but
it is also colorless, and as such, has an advantage over curcumin, whose orange-

yellow color may discourage its use for esthetic reasons.

9, Conclusions

Topical treatment with trans-resveratrol increased epidermal and dermal thick-
ness. Treatment with a formulation containing curcumin, either alone or in

combination with superficial chemical peeling, led to increased dermal, but not
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epidermal, thickness. The increased epidermal thickness may reflect greater skin
vitality, although this was not directly evaluated. The increase in dermal thick-
ness may be attributed to greater collagen production, which may increase skin
firmness and elasticity, and lead to skin rejuvenation as well as wrinkle reduc-
tion.

Therefore, in addition to having anti-aging properties, topical formulations
containing curcumin or trans-resveratrol may contribute to the treatment of
skin conditions. Nevertheless, the findings obtained from animal models in the
present study must still be confirmed by human trials involving medium and
deep peeling in addition to superficial procedures.

In conclusion, given the painful symptoms experienced by several patients in
the post-peeling period, especially after deep chemical peeling, and the possible
incidence of scars or blemishes, the study of topical treatments for these issues is

of great value to clinical practice.
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