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Abstract: Photodynamic therapy (PDT) using the photosensitizer curcumin and blue
light has a relevant effect on bacteriological decontamination caused by C. acne. The aim
is to verify PDT’s effectiveness with curcumin in individuals diagnosed with moderate
to severe acne. This study was carried out on a total of 35 volunteers of both genders
(12-32 years old), with moderate to severe acne vulgaris. The volunteers were randomized
into five groups: L (LED), V (Vehicle), C (Curcumin), L + V (LED + Vehicle), and L + C (LED
+ Curcumin). The curcumin gel and LED with blue wavelength (450 nm + 10 nm) were used.
Qualitative and quantitative evaluations were used to verify the efficacy of the treatment
by counting inflamed and non-inflamed lesions. The L + C group until day 30 showed a
lower percentage of inflammatory lesions than the Vehicle group for the same period. On
day 60, the L + C group showed lower inflammatory lesion values compared to the other
groups. Intragroup analysis of hydration in the Vehicle group (V) showed a difference on
days 30 and 60 compared to day zero. In an intragroup analysis, the L + C group showed
a decrease in the mean scores on day 30, and day 60 compared to day zero, showing an
improvement in the psychosocial status of these volunteers. Taken together, our results
showed that the combination of blue LED therapy and curcumin proved to be an effective
and safe treatment for reducing inflamed acne lesions in individuals with moderate to
severe acne, while also enhancing their quality of life from a psychosocial perspective.

Keywords: acne; blue LED; curcumin; photodynamic therapy

1. Introduction

Acne is a disorder that affects the pilosebaceous follicles, with acne vulgaris being the
most common. A study conducted by the Global Burden of Disease estimated that acne
affects approximately 10% of the global population, ranking it as the eighth most prevalent
disease worldwide and the third most frequent dermatological condition [1]. Studies have
shown that acne can be associated with psychosocial disturbances, including depression,
suicide, anxiety, psychosomatic symptoms, embarrassment, and social inhibition [2].

Four processes are present in a central role in the formation of acne lesions: as in-
flammatory mediators, released on the skin; alteration of the keratinization process, lead-
ing to comedones; hypersecretion of the sebaceous gland; and follicular colonization by
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Cutibacterium acnes. Acne has several clinical presentations that include seborrhea (excess
production of fatty secretion), non-inflammatory lesions (open and closed comedones),
inflammatory lesions (papules and pustules), post-inflammatory hyperpigmentation, and
varying degrees of disfiguring scars [3].

The diagnosis of acne is performed by visual inspection and photographic recording.
According to the severity and type of lesion, acne is categorized into mild, moderate, and
severe. Mild acne is typically limited to the face and is characterized by the presence of
closed and open non-inflammatory comedones with few inflammatory lesions. Moderate
acne is characterized by an increase in the number of inflammatory papules and pustules
on the face and, often, mild lesions on the trunk. At last, acne is considered severe when
costs and nodules are present. In such cases, facial injuries are often accompanied by
generalized disease in the trunk [4].

Conventional therapies for acne include topical therapy, such as local antibiotics,
benzoyl peroxide, retinoids, and systemic therapies, such as antibiotics, hormonal agents,
and oral retinoids [5]. Both systemic and topical therapies can result in side effects ranging
from mild to severe [6]. In addition to conventional therapies, optical treatments have been
extensively researched and they include visible light of continuous wave (blue and red),
intense pulsed light, pulsed dye laser, and photodynamic therapy [5].

As an alternative to conventional therapies, phytotherapeutics preparations such
as Calendula officinalis, Cinnamomum zeylanicum, Ocimum sanctum, Azadirachta indica, and
Curcuma longa play a significant role in controlling acne [7]. Several drugs are derived from
Ayurvedic medicine (medicinal system characteristic of Ancient India) and curcumin is
the most used natural product due to its digestive, antimicrobial, antiallergic, stimulating,
anti-inflammatory, antioxidant, and healing actions. There are still reports of curcumin’s
action in many respiratory diseases such as asthma, bronchitis, and allergies [8].

Curcumin can absorb blue light (wavelength: ~300-500 nm) from the visible spec-
trum [9]. It is important to emphasize that this light has less tissue penetration compared
to red light, for example, because of the dispersion and absorption of biomolecules. Due to
this significant interaction of curcumin with blue light, its use in photodynamic therapy
(PDT) is indicated for topical uses, for example, the treatment of skin, acne, soft tissue
infections, and oral infections [10,11]. The mechanism of action involved in PDT responses
obtained to curcumin is related to the formation of reactive oxygen species, which can
decrease the viability of Cutibacterium acnes [10-12]. In addition, in vitro experiments have
shown that the combination of curcumin with blue light decreased MAPK and NF-«B in
inflamed keratinocyte cells [12].

PDT is among the optical treatments extensively studied for acne which have been
found to be effective [11]. However, alternatives to photosensitizers are sought, which
promote less painful sessions and with fewer side effects in clinical applications. The
work hypothesizes that photodynamic therapy associated with an herbal product such as
curcumin may be an effective alternative for treating acne.

Thus, some studies in the literature suggest that curcumin has a relevant anti-
inflammatory effect for several disorders. In in vitro studies, the use of curcumin with blue
light proved to be effective in combating inflammation induced by Cutibacterium acnes [12].
However, studies with humans scarcely use this technique. Thus, the main objective of
this study was to verify the effect of photodynamic therapy with curcumin in individuals
diagnosed with moderate to severe acne, as well as to evaluate the effect of this therapy in
isolation, with only curcumin, or with only LED therapy.
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2. Methodology

For this study, 35 healthy volunteers of both genders were selected, with ages between
12 and 32 years old, diagnosed with moderate or severe acne, according to acne severity
classification [13-15]. This study was conducted at ‘Clinica Corporis’, a private clinic
located in Sao Carlos, Sao Paulo, Brazil. Volunteers were recruited through social networks,
such as Facebook. The evaluation was carried out through visual inspection by the research
evaluator. The sample was calculated by using the G-Power software (version 3.1.9.7)
with a statistical power of 0.80 (1-f3), 95% reliability, 5% error («), and effect size of d = 0.6
(Cohen’s d), with reference to previous studies that determined differences in the number
of acne lesions between the experimental and control groups [16].

Exclusion criteria: use of any topical treatment or systemic antibiotics in the two
weeks before the assessment; photosensitivity history; use of systemic retinoids in the
three months before the study; any other skin disease that could interfere with the acne
assessment or other systemic diseases that could affect the severity of acne; any change
in the use of oral contraceptive or anti-inflammatory drugs in the three months before
the study; history of use of systemic steroids; pregnant or breastfeeding women. It was
also recommended that volunteers not use any nutritional supplements such as collagen,
vitamin C, zinc, vitamin D, and biotin.

All participants in this study gave their consent to use the protocol approved by the
Federal University of Sao Carlos (UFSCar) Human Research Ethics Committee (CAAE:
89509018.1.0000.5504) and signed a consent form for both treatments.

The principal investigator assessed each volunteer and performed the experimental
treatment. Study collaborators counted injuries and compiled the collected data. The
research volunteers did not know to which experimental group they belonged. However,
for those who were allocated to sham groups (control group), the main treatment was
offered after the research finished. This procedure guaranteed a double-blind study.

2.1. LED

For this study, the PhotonDerm® equipment from the company DMC Equipamentos
Ltd. (Sao Carlos, SP, Brazil) was used and calibrated by the same company before starting
the treatments. The blue light-emitting diode (LED) was used, wavelength 450 nm 4 10 nm,
with maximum LED emission, 500 mW =+ 20%, irradiance 104 mW /cm?, with a cluster
scanning on each side with the face 1 cm from the skin, always observing the greatest
possible proximity to the 90° angle in relation to the skin surface in each of the 4 quadrants.
As parameters for the study, a fluency of 75 J/cm? was used for 12 min. The irradiation
was applied in scanning mode, without contact with the skin and the beam, at a distance of
1 cm (concerning the light source and the skin of the face).

The blue LED light supply system is transmitted by a handpiece that has three LEDs.
The optical power emitted is controlled through the electric current in the LEDs.

2.2. Photosensitizer and Placebo Gel

The Bio Serum® gel from Aqua Quimica Industrial, a commercial oil-free gel, was used
as a base for the formulation of the photosensitizer with curcumin and also as a placebo
gel. Bio Serum®, with curcumin (1% w/w) [1,7-bis- (4-hydroxy-3-methoxyphenyl) -1,6-
heptadiene-3,5-dione], was handled at KALMIA® Manipulation pharmacy. Standardized
Curcuma longa extract, with 95% curcumoids, was used. The maximum storage time
indicated by the pharmacy was 6 months after handling, according to the guidance of the
Collegiate Board Resolution (RDC) of the National Health Surveillance Agency (Anvisa).
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2.3. Experimental Draw

The 35 volunteers selected were randomly assigned to 5 groups: L (LED), V (Vehicle),
C (Curcumin), L + V (LED + Vehicle), and L + C (LED + Curcumin). The volunteers
were randomized according to the list received from the website www.randomization.com
(accessed on 8 August 2018) and distributed in 5 groups described below:

L (n = 7): The volunteers received the previous cleaning of the face with specific
exfoliating soap, then saline was applied, stimulating the gel’s application, but without
the possible effects that it could have. The volunteers remained for 20 min with the serum.
After this time, the volunteers and the researcher put on the goggles, and the blue LED was
applied, with parameters previously described.

V (n =7): The volunteers received the previous cleaning of the face, then the placebo
gel was applied (without the presence of the active ingredient), which remained for 20 min.
After this time, the volunteers and the researcher put on the goggles and a blue LED
application simulation was performed.

C (n = 7): The curcumin gel (1%) was applied for 20 min. After this time, the vol-
unteers and the researcher put on the goggles, and a blue LED application simulation
was performed.

L +V (n = 7): The volunteers received the previous cleaning of the face, then the
placebo gel was applied, which remained for 20 min. After this time, the volunteers and the
researcher put on the goggles, and the light was applied. The form and time of application
were described previously.

L + C (n =7): The volunteers received the previous cleaning of the face, then curcumin
gel (1%) was applied, which remained for 20 min. After this time, the volunteers and the
researcher put on the goggles, and the light was applied. The form and time of application
were described previously.

2.4. Treatment Procedures

After the photographic records, the volunteers were positioned on the stretcher, and
a gel layer (curcumin or placebo) with a thickness of 1 mm or saline was applied over
the entire face, excluding the periorbital area, and maintained by 20 min, under occlusive
plastic dressing. About the plastic dressing, luminous protection with laminated paper
was applied, so there was no interference from ambient light during the photosensitizer
incubation time. The exposure to light was made on the gel or serum in the form of a
scan dividing the face into 4 quadrants, the forehead, right hemiface, left hemiface, and
chin/mouth, for 3 min per area [17]. In the groups with the simulation of the application of
light, the tip was inverted with the light pointing to the opposite side of the skin. The gel
or serum from the face was removed and then sunscreen was applied.

For the treatment of acne vulgaris, a protocol was performed in a total of 8 sessions,
the last being for photographic recording, with intervals of 3 to 4 days (twice a week), as
previously described [17]. All volunteers—after the treatment period—were reassessed
weekly to monitor the durability of the treatment.

2.5. Collection of Oil and Moisture Percentage

For oiliness and skin hydration analysis, the skin analyzer, by electrical bioimpedance,
was used (SkinUp®—Digital Facial Skin Analyzer and Body Analyzer Skin) [18]. This
equipment quantifies the oil and hydration percentages which are present in the right
hemiface, left hemiface, and forehead. The measurements were in triplicate in each chosen
region, and the value used was the average of the three measures. The analyses were at
day 0, day 30, and day 60.
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2.6. Psychosocial Assessment

For psychosocial assessment, the Cardiff Acne Disability Index (CADI) was applied,
which is a validated, brief, and specific questionnaire for acne. It is self-explanatory,
usually completed in a minute, and is designed specifically for use in teenagers and young
adults with acne. There are four issues related to the previous month that cover feelings,
symptoms, social life, and perceived severity. Each question has four possible answers
with a maximum of three points (0, 1, 2, 3) and a maximum total score of 15. Higher scores
indicate a more severely affected quality of life [19].

2.7. Photographic Record and Quantification of Injuries

The photographic records were made on the first day, before any therapeutic procedure,
only after the previous washing of the area to be photographed was foreseen. Then a new
record was performed on the thirtieth day, following the same pattern as the first day, and
a last record on the sixtieth day.

Three different profiles selected for the study were photographed: frontal region, right
hemiface, and left hemiface.

For the photographic record, a Sony CyberShot® camera model DSC-TX10 was
used, with a resolution capacity of 16.2 megapixels, supported by tripod-type support,
and it framed the upper edge of the forehead and the lower edge of the chin on the
machine’s display.

To quantify the lesions, the software Image] v. 1.36 b was used, from the National
Institute of Health (Bethesda, MD, USA), which is in the public domain. For proceeding
with counting injuries, the program was first opened and File was clicked on; then Open
was clicked on, and the image was selected and opened. With the image open, plugins
were clicked and the Cell Counters were selected. After that, a window was opened
with the option to record counts, up to eight different types of specific content. After the
count clicked on Results, the results obtained with the count were exported to an Excel
spreadsheet, for later storage.

2.8. Statistical Analysis

The number of lesions inflamed was counted as 100% on the first day, as previously
described [20], and we evaluated if there was an augment or decrease in the number of
lesions after 30 and 60 days. After quantification in each volunteer, the mean and standard
deviations in the individuals in each group were calculated. Oil and hydration were
measured in triplicate for each area, and an average per area was established. The average
was added, and a new average was calculated, being the percentage of the individual in
the group. The oiliness and hydration of day zero were relativized as 100% and the rest
were related to it. For the analysis of the psychosocial questionnaire, the score obtained of
each volunteer on the respective evaluation days was raised, and then, the average and
standard deviation in each group were calculated for each of the periods of analysis.

Statistical analysis was performed for each group concerning time (0, 30, and 60) and
between groups in each time evaluated (30 and 60 days). ANOVA One-Way test with
post hoc Newman-Keuls was applied. For the conclusions of the statistical analysis, a
significance level of 5% (p < 0.05) was adopted. The data were analyzed using software
(Graph Pad Prism, version 3.0).

3. Results

Our results indicate a decrease in the number of inflamed lesions, which can be ob-
served in Figure 1. A decrease in the number of inflamed lesions can be observed, by
treatment L + C, after 30 and 60 days of treatment. The LED, Curcumin, and LED + Vehicle
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groups showed a small fluctuation in the values compared to the zero-day. It is noteworthy
that none of the participants of this study presented an adverse effect as a result of the ther-
apy or discomfort during treatment. Comparing the number of injuries between the groups,
we found that after 30 days of treatment (7 sessions), the treatment with LED + Curcumin

(53.41 £ 15.05%, n = 7) was effective in decreasing the percentage of injuries, compared
with the Vehicle group (128.71 £ 32.22%, n = 7) (p < 0.05). After 60 days of treatment,
treatment with LED + Curcumin (46.35 £ 18.63%, n = 7) was effective in decreasing the
percentage of injuries, compared with all groups evaluated V (145.49 &+ 67.05%, n =7), C
(104.15 £ 31.93%, n =7), L (98.98 £ 30.24%, n =7), L + V (107.71 £ 20.36%, n = 7) (p < 0.05)
(Figure 1).

200+

150
-+ Vehicle

= LED
- Curcumin
-e- LED+ Vehicle

100

Lesions (%)

--A- LED + Curcumin

) ; ....................................... }

Time (days)

Figure 1. Graph representing experimental groups LED (L), Vehicle (V), Curcumin (C), LED + Vehicle
(L +V), and LED + Curcumin (L + C) shows the comparison of inflammatory lesions percentage on
days 0, 30, and 60 of treatment and follow-up. *p <0.05Vvs.L+Cand *p<0.05L+Cvs. V,C, L,
L+V.

The results of oil values and skin hydration are expressed in percentages, where the
values obtained on day 0 are considered 100% and the values on days 30 and 60 are those
measured on those days, respectively, and related to the value of day 0.

The L + C group had an average oil percentage of 95.01 £ 11.18% on day 30 and
94.15 + 9.46% on day 60. On the other hand, group L presented 106.35 £ 17.60% on
day 30 and 95.86 + 18.58% on day 60. Group V presented 98.34 £ 14.80% on day 30
and 96.94 + 12.25% on day 60. Group C presented 110.73 £+ 14.01% on day 30 and
101.62 £ 23.62% on day 60. Group L + V presented 99.24 + 26.62% on day 30 and
102.78 £ 24.11% on day 60. These results showed that there was no difference between
groups L, C,L +C,L +V, and V (Figure 2).

Regarding the values obtained for skin hydration, the L + C group went from
100% on day 0 to 106.24 £ 10.42% on day 30 and 98.96 + 14.17% on day 60. Group
V showed 118.81 £ 24.76% on day 30 and 124.64 £ 27.95% on day 60. Group L pre-
sented 112.37 £ 21.08% on day 30 and 113.56 + 19.81% on day 60. Group C presented
89.93 £ 13.27% on day 30 and 105.64 £ 46.67% on day 60. Group L + V presented
113.67 + 37.95% on day 30 and 103.88 & 35.73% on day 60. The results showed no difference
between the groups L + C, V, L, C, and L + V (Figure 3).
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Figure 2. Graph representing the experimental groups LED (L), Vehicle (V), Curcumin (C),
LED + Vehicle (L + V), and LED + Curcumin (L + C) shows the comparison of skin oiliness in percentage.

-¥ Vehicle

= LED

-+~ Curcumin

-9 LED + Vehicle

--A- LED + Curcumin

T T

30 60
Time (days)

Figure 3. The graph representing the experimental groups LED (L), Vehicle (V), Curcumin (C),
LED + Vehicle (L + V), and LED + Curcumin (L + C) shows the comparison of skin hydration
in percentage.

Although there was no difference in the percentage of oil and skin hydration between
the treatment groups, the Vehicle group showed a difference in skin hydration (p = 0.04)
when compared to day 0 and day 30 of treatment, which shows that using the vehicle kept
the skin hydrated. Still, in the same group in question, there was also an improvement in
hydration between days 0 and 60 (p = 0.03). Still, in the intra-group comparison, there was
no difference in skin oiliness when comparing the treatment days.

When evaluating the CADI questionnaire answers applied to research participants, no
difference was found in the volunteers’ scores between the treated groups. Nevertheless, in
an intragroup analysis, it was noted that the LED + Curcumin group presented a decrease
in volunteers’ mean scores from 6.71 £ 3.09 on day 0 to 2.28 & 2.05 on day 30 (p = 0.008),
showing an improvement in the psychosocial status of these volunteers. Also, in the
LED + Curcumin group, there was an improvement between days 0 and 60, going from
6.71 £ 3.09 on day 0 to 3.57 £ 2.07 on day 60 (p = 0.045) as seen in Figure 4.

The other groups, when compared in isolation, had no difference between the treat-
ment days. These results show that photodynamic therapy with blue LED and curcumin
has good potential for treating acne.
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Figure 4. Figure representing the experimental groups LED (L), Vehicle (V), Curcumin (C),
LED + Vehicle (L + V), and LED + Curcumin (L + C) shows the comparison of follow-up scores
of volunteers’ responses to Cardiff questionnaire, on days 0, 30, and 60 of treatment. * and ** shows
the difference between LED + Curcumin (day 0) and LED + Curcumin (day 30); and LED + Curcumin
(day 0) and LED + Curcumin (Day 60), respectively.

4. Discussion

Photodynamic therapy is effective in the treatment of acne and these protocols include
aminolevulinic acid (ALA) combined with blue light, red light, pulsed dye laser, or intense
pulsed light, or methyl aminolevulinic acid (MAL) combined with red light [21]. However,
the use of substances such as ALA or MAL can promote adverse reactions, which leads
to the search for natural substances for use as a photosensitizer. Among the substances
studied is curcumin, due to its anti-inflammatory potential. Curcuma has been widely
used topically on the skin for wounds, skin diseases like pemphigus and herpes zoster,
infections by skin parasites, and acne [22].

In this study, the group with the best percentage of improvement was LED + Curcumin,
showing that the association of blue light with the anti-inflammatory properties of curcumin
had the best effects. For this study, a curcumin gel with a concentration of 1% (m/m) was
used, following standards found in the literature. As recommended, the dose of curcumin
for topical use is in the range of 0.5 to 5% [23]. Curcumin absorbs blue wavelength light
(~300-500 nm) from the visible spectrum, peaking at 430 nm [9]. Blue light has less
penetration into the tissue in comparison to the red light because of the dispersion and
absorption of biomolecules, as a result of which the use of curcumin in PDT is indicated for
topical use, for example, in the treatment of skin, soft tissues, and oral infections.

A study to evaluate PDT with curcumin and blue LED, in a culture of gram-positive
bacteria, evaluated different doses of LED (24, 48, and 72 J/cm?) and curcumin concentra-
tions (2000, 4000, and 8000 uM), and found a significant reduction in the viability of the
bacteria in the association of 4000 uM of curcumin and exposure to 48 to 72 J/ cm? [11].
Based on the findings of Paschoal et al. [11], the present study opted to use the curcumin
gel at 1% (m/m) associated with irradiation with blue LED (470 nm) at a dose of 75 ]/ cm?
per 12 min.

Studies with Cutibacterium acnes, a gram-positive bacterium involved in the patho-
genesis of acne, have shown that blue light is effective in treating this bacterium. It is
possible because the light produces the greatest photoactivation of endogenous porphyrins
through a process known as endogenous photodynamic therapy. This photoactivation
results in the formation of free radicals and consequently the destruction of the P. acnes
cell membrane. This was demonstrated through studies that evaluated the efficacy of
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blue light in inflammatory and non-inflammatory acne lesions, with a peak wavelength
of 409-419 nm and fluency of 48 J/cm? resulting in an improvement of 25% to 60% in
inflammatory lesions and with little effect on non-inflammatory lesions [24].

The photosensitizer can be activated at different wavelengths, corresponding to its
maximum absorption in its absorption spectrum. However, the selection of the wavelength
of light controls the depth of penetration into the skin. The red light penetrates deeper into
the dermis, which allows it to be directed to the sebaceous glands that play a fundamental
role in the pathogenesis of acne. Blue light has a not-so-deep penetration due to its longer
wavelength. However, it corresponds to the maximum absorption peak of protoporphyrin
IX (410 nm) [25].

In a previous study, the analysis of the photodynamic action was made for a curcumin
formulation, comparing the light spectra in the range of 405 nm (violet), 450 nm, and
470 nm for excitation of the formulation. The authors concluded that the compound is
better excited in the blue-green spectrum and that it has excellent potential for treating
infections, which allows applications in photodynamic therapy [26].

However, only the use of blue light was not effective in reducing inflammatory lesions.
Tzung, Wu, and Huang (2004) performed an acne treatment with blue light (420 & 20 nm)
and found an improvement of 52% in the acne profile of their volunteers [27]. However, for
these authors to reach this result, they took into account not only the decrease in the number
of inflammatory lesions but also the improvement in the appearance of nodular-cystic
acnes, which in this study was due to the subjective evaluation of the researcher [27].

The response of acne to phototherapy in the 420 nm range is about 80%, with a
significant reduction of 59-67% in inflammatory acne lesions after eight 15-min treatments.
There were no reports of adverse effects or discomfort to patients undergoing phototherapy.
Phototherapy in the narrow band of 405-420 nm of light proved to be an attractive, fast,
effective, and non-invasive alternative to parenteral anti-acne medications [28].

In the present study, curcumin, a natural substance, was used as an anti-inflammatory
property and generated significant improvement in the inflammatory acne lesions without
providing any type of side effect.

The percentage of oiliness did not differ, possibly due to the severity of the volunteers’
acne. This is because four central factors contribute to the pathophysiology of acne: inflam-
matory response, colonization with Cutibacterium acnes, increased sebum production, and
hypercornification of the pilosebaceous duct [26].

It is believed that in the process of formation of inflammatory acne lesions, there
is an increase in the production of sebum (increased oiliness), hypercornification of the
pilosebaceous duct, that is, an obstruction of the ducts, bacterial colonization, and local
inflammatory response [26]. However, the exact sequence of events and how they are
interconnected is still unknown, due to the complexity inherent to this disease [26].

During the treatment period, the L + C group proved to be effective in reducing
inflammatory lesions; however, for the reduction in oiliness, a long time applying LED
therapy associated with curcumin may be necessary because in the time established in
this study, there was a decrease in inflammatory lesions; however, there was no difference
between groups in the percentage of oiliness.

Sufficient hydration and oiliness of the skin make it appear smooth, soft, and supple,
while a lack of moisture can make the skin appear opaque and cracked, looking aged.
Reduced efficiency of the skin’s moisture barrier and maintenance functions results in dry,
rough skin, which can potentially be more vulnerable to the risk of infections [29,30].

The present study found no difference in the skin’s hydration levels between the
different treatment groups; however, Cotelessa et al. (2004) also did not obtain changes in
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the hydration levels of the skin when treating acne with peeling of pyruvic acid, which was
understood as beneficial, since the treatment did not reduce the hydration levels [31].

A study that aimed to use two topical botanical products for acne treatment found,
as part of its results, that skin hydration levels were maintained, showing no difference
between treatments or when compared with the control [32]. These findings corroborate
the present study, which also had hydration levels maintained.

Skin health is associated with the stability of the cutaneous barrier, which depends
on a balance between oil and hydration. The behavior of the lipid phase in the stratum
corneum is considered crucial for the barrier function of the skin. Surface skin lipids were
found to act as water modulators in the stratum corneum. Thus, the water—sebum system
determines the condition of the skin and can be used as an indicator of skin health [30].

In this study, there was no improvement between the groups in volunteers’ psychoso-
cial profile, although the L + C group showed an improvement between days 0 and 30.
These findings corroborate the study by Ammad et al. (2008), who observed an improve-
ment in the psychosocial profile of their volunteers after four weeks of treatment for acne
with blue light [33].

The present study also showed a relationship between the improvement in inflam-
matory lesions percentage and the improvement in CADI questionnaire scores of the
L + C group. These findings may infer that the inflammatory lesions cause discomfort in
volunteers. Ammad et al. (2008) reached the same conclusion in their study [34].

5. Limitations

As a limitation of this study, we had difficulty obtaining volunteers for the research.

6. Conclusions

Based on the results of this work, we are able to conclude that the association of
blue LED therapy with curcumin was an effective treatment for reducing the inflamed
lesions in volunteers with moderate to severe acne, without causing any adverse effects. In
addition, this treatment tends to improve the volunteers’ quality of life in relation to the
psychosocial approach.
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