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Background: The prevention or early treatment of pathological scars is the most
appropriate therapeutic approach. Gels and patches containing onion extract and
allantoin are safe and effective in patients with scars of various origins and severity.
However, no controlled studies have evaluated the effects of the patch formulation in
women after Cesarean delivery. This study aimed to investigate the effects of a patch
containing Allium cepa and allantoin on Cesarean section (C-section) scars.

Methods: This is an observational study. Women were consecutively recruited at the
University Hospital of Salerno and subdivided into two groups considering the number of
C-section. Group A included subjects without and group B with a history of C-section.
Scars assessment was made using digital photographs and the Patient and Observer
Scar Assessment Scale (POSAS). After 4 weeks, the C-section of the women who had
applied a patch containing Allium cepa and allantoin and those of women who had not
used any products (controls) were re-evaluated as at baseline. The Observers
independently performed the scars assessment at baseline and after 4 weeks. Data are
expressed as the difference of the POSAS scores after 4 weeks minus the POSAS scores
at baseline. The statistical significance was established at a p value <0.05.

Results: Ninety-three subjects completed the study (47 in group A and 46 in group B). Women
who had used a patch showed animprovement in total score by observer scale when compared
with controls (p = 0.013). By the patient scale, no significant changes from baseline were found in
group A and group B. Group B with patch showed changes in scars’ pigmentation (p = 0.015),
relief (o = 0.039), and pliability (p = 0.046) in comparison of controls. Digital photographs
confirmed such improvements in women who had already undergone previous C-section, while
no significant changes from baseline were found in women without a history of C-section.

Conclusions: Intense treatment of just 4 weeks with a patch containing Alium Cepa
extract and allantoin was able to improve pigmentation, relief, and pliability of C-section
scars in women with a history of C-section.

Clinical trial registration: ClinicalTrials.gov, identifier NCT040467883.

Keywords: natural products, onion extract, allantoin, wound healing, cesarean delivery

Frontiers in Pharmacology | www.frontiersin.org 1

September 2020 | Volume 11 | Article 569514


https://www.frontiersin.org/articles/10.3389/fphar.2020.569514/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.569514/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.569514/full
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:graziamaria.corbi@unimol.it
https://doi.org/10.3389/fphar.2020.569514
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2020.569514
https://www.frontiersin.org/journals/pharmacology
http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2020.569514&domain=pdf&date_stamp=2020-09-25

Conti et al.

Onion-Allantoin Patch for C-Section Scars

INTRODUCTION

Wound healing is a dynamic process that occurs in response to
trauma, burns or surgical procedures, such as Caesarean section
(C-section). It is a very complex process encompassing 4 phases:
hemostasis, inflammation, proliferation and remodeling. Several
molecules, such as growth factors, cytokines, and agents
mediating neo-angiogenesis concur all together to repair the
wound, restore skin structure and function and re-establish the
underlying circulation (Clark, 2001).

Wound healing inevitably leads to skin scarring, which in
turn may cause hypertrophic scars and keloids. The latter
represent the most complicated scars because they are unlikely
to regress over time (Gangemi et al., 2008).

A detailed assessment of the scar (the acronym for symptoms,
color, appearance, and restriction) is the essential step for
choosing the most appropriate therapeutic strategy (Gold
et al., 2014).

Several scales are available to evaluate the appearance and
potential symptomatology of the scars both from clinicians and
patients’ perspectives. One of them is the Patient and Observer
Scar Assessment Scale (POSAS) (Draaijers et al., 2004; Truong
et al.,, 2007; Fearmonti et al., 2011).

Preventing pathological scars and keloids is more appropriate
than treating them because the therapeutic options are often
invasive and however not resolutive. Surgical excision, often
followed by injection of steroids and occlusive action operated
by sheeting or bandages, is the most used treatment in the case of
pathological scars. Notably, the recurrence rate after surgery is
high, ranging from 40 to 100%, and strongly dependent on the
original scar localization (earlobes, sternum, back, etc.) and
severity (Gauglitz et al., 2011).

There are several non-invasive remedies useful to both
prevention and treatment of pathological scars. Some topical
treatments contain natural extracts such as green tea, Aloe vera,
vitamin E and D, and onion (Allium cepa) extract useful in
contrasting some diseases (Forte et al., 2016; Corbi et al., 2016)
and impairments in processes, including wound healing (Prager
and Gauglitz, 2018). For many years, a gel containing onion
extract and allantoin has been used as anti-scar medications
(Karagoz et al., 2009).

Antioxidant, anti-inflammatory, antimicrobial and anti-
proliferative activities of the onion extract and moisturizing,
anti-inflammatory, and immune-modulatory properties of the
allantoin favor a dermo-protective and dermo-repairing action
(Mehta et al., 2016).

Then, the same ingredients in the gel have been used in a
patch formulation combining the effect of these natural products
with an occlusive action on the scar (Prager and Gauglitz, 2018).
Many studies have tested different commercial gel formulations
demonstrating beneficial effects on scars of various origin and
severity, such as post burns and post-surgical scars (Sidgwick
et al., 2015). Both gel and patch containing herbal natural
products have demonstrated efficacy in guiding to correct
scarring over at least 6 weeks (Chuangsuwanich and
Jongjamfa, 2014; Prager and Gauglitz, 2018).

The patch formulation combines dermo-restructuring
properties of the natural agents and compressive action. It now
is commonly used as it is easy to apply encountering the
patients’ compliance.

Recently, effectiveness and tolerability of such a device have
been examined on post-dermatological surgery scars showing
positive effects of such a treatment in promoting scar healing
(Prager and Gauglitz, 2018), while it has never been evaluated in
women who underwent C-section.

Therefore, the present study aimed to evaluate the efficacy
and safety of a patch formulation containing Allium cepa extract
and allantoin on C-section scars.

MATERIALS AND METHODS
Setting and Study Population

This is an observational study. Healthy Caucasian women who
underwent C-section were consecutively recruited at the
University Hospital of Salerno. The inclusion Criteria included:
subjects who had undergone Cesarean delivery, age >18,
voluntary participation to the study, and informed consent
release. The exclusion criteria were represented by age of <18;
pre-term birth, obesity, smoking habit, gestational diabetes,
hypertension, infections, dermatologic diseases, use of both
systemic and topic corticosteroids, and no informed consent
release. An identification number was assigned to each
subject, and stayed hidden to the observers’ performing the
POSAS evaluation.

Taking into account the number of C-section, the study
population was divided into two groups: group A included
subjects without a history of C-section and group B subjects
who had already undergone previous C-section.

At baseline, after stitches removal, scars assessment was made
using digital photographs and the validate Patient and Observer
Scar Assessment Scale (POSAS).

After 4 weeks, taking advantage of the planned outpatient
gynecological visit, women from both group A and B were asked
whether had applied some natural products on the scars or not
who suggested the use, its mode, and time of administration.
Hence, the C-section of the women who had applied a patch
containing a standardized quantity of Allium cepa and allantoin
and those of women who had not used any products (who
represented the control group) were re-evaluated as at baseline.
Then, a posteriori acquisition of data on the patch use by the
women was achieved. Because of a posteriori acquisition of the
data, the researchers did not provide any instruction to the women
that used the patch. The women using the patch reported that had
received the suggestion to use the device and the instructions by
the cooperating pharmacist in the community. The patch features
an occlusive active release liner with an adhesive layer separated by
a micro-air cushion seal (Prager and Gauglitz, 2018).

Based on the patch use or not, each group was further
subdivided in other two groups. At the end, 4 groups were
identified: Group Al including women at the first C-section that
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did not use the patch, group A2 including women at the first C-
section who had applied overnight a patch containing a
standardized quantity of Allium cepa extract and allantoin,
group Bl including women who have already undergone
previous C-section that did not take the patch and who
represented the control group, and group B2 including women
who have already undergone previous C-section that used the
same patch of group A2 (Figure 1). All subjects did not use
any drug.

Verbal and written information was given to the women and
their written informed consent was obtained. The local Ethic
Committee “Comitato Etico Campania Sud” approved the
protocol of the present study (approved number 27_r.p.s.0).
The study was registered under the US NIH ClinicalTrials.gov
identifier NCT04046783.

Assessment Scales and Qualitative
Observations

After stitches removal (at baseline), scars assessment was made
using digital photographs and the POSAS (version 2.0). The
POSAS consists of two parts: a patient and an observer scale,
both including six items the sum of which produces a total score.
The patient scale contains six questions to evaluate pain, itching,
color, pliability, thickness, and relief; the observer scale analyzes
vascularity, pigmentation, pliability, thickness, relief, and surface
area of the scar. Since to appreciate the difference between
pigmentation and vascularity may be particularly difficult for
patients, such characteristics were captured in the item “color”
(Idriss and Maibach, 2009; Fearmonti et al., 2011). Each item

Enroliment

included in POSAS is evaluated by a 10-point score, with “10”
indicating the worst imaginable scar or sensation and “1”
corresponding to normal skin (normal pigmentation, no
itching, etc.). Moreover, the patients also score their “general
opinion” on the scar appearance. Two observers were trained in
POSAS administration and evaluation. The observers independently
performed the scars assessment at baseline and after 4 weeks,
unaware of any other information on each subject. Both the
observers were blinded on the patch use or not. The match
between the POSAS evaluations, linked to the identification
number, and the study group, as the analysis of the results, was
performed by another independent researcher. The patch was
developed in a way to avoid potential indentation on the skin.
Moreover, no one of the observers reported any possible mark for
the subjects’ identification.

Statistical Analysis

Data were analyzed using the SPSS (v 23.0) software package (SPSS
Inc., Chicago, IL, USA). The sample size was calculated from a
similar study including women treated with a patch containing
Allium cepa extract and allantoin (Prager and Gauglitz, 2018). We
used an estimated standard deviation of 0.5 and the two tailed alpha
set at 0.05. An n = 37 per group was able to provide power at 0.9 to
detect a significant difference between treatment and control
groups. The Shapiro-Wilk Test was used to assess the normal
distribution of data. The POSAS observer’ scale scores represented
the mean values assigned by the two independent observers. The
inter-observer reliability was calculated by computing the intraclass
correlation coefficient (ICC) using a two-way mixed model with

| Assessed for eligibility (n=100)

Excluded (n=7)
+ Not meeting inclusion criteria (n=3)

+ Declined to participate (n=4)

Included population (n=93)

!

dontheC

[ Evaluation by POSAS and allocation ]

Allocated to Group A (n=47)
First C-section

Allocated to Group B (n=46)
Previous C-section

After 4 weeks, re-evaluation by POSAS and

allocation based on the Patch use

)

* *
: i} 4 1
Allocated to Group A1 Allocated to Group A2 Allocated to Group B1 Allocated to Group B2
(n=24) (n=23) (n=22) (n=24)

First C-section -~ NO Patch

First C-section — Patch

Previous C-section - NO Patch

Previous C-section — Patch

Analysed (n=47)

+ No subject was excluded from analysis

Analysis

[

I

Analysed (n= 46)

+ No subject was excluded from analysis

FIGURE 1 | Disposition of women in the study design adapted by the CONSORT algorithm.
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single measures of consistency. To better define the benefit
achieved by the patch administration, a delta calculation (as the
difference of the scores after 4 weeks minus the scores at baseline)
was used. Differences between multiple groups were evaluated by
analysis of variance (ANOVA) with the Bonferroni post hoc test
and are presented as mean + SD. The y2 test was used to compare
categorical variables. To explore the correlation between variables,
Spearman’s correlation (r) was used. The statistical significance was
established at a p < 0.05.

RESULTS

One hundred subjects who underwent Cesarean delivery were
enrolled and 93/100 women (47 in group A and 46 in group B)
completed the study. All were Caucasians with age ranging from
21 to 36 (group A) and 26 to 40 (group B). The characteristics of
the study population are reported in Table 1. The Fitzpatrick
skin phototype classification was used (Fitzpatrick, 1975). The
women who used the patch referred to have applied it once a day,
wearing the device overnight.

The analysis was performed taking into account, for each
group, whether a patch containing Allium cepa and allantoin was
used or not. This led to a subdivision of the study population into
four groups: Group Al (n = 24) including women at the first C-
section that did not use the patch and who represented the
control group, group A2 (n = 23) including women at the first C-
section who had applied overnight a patch containing a
standardized quantity of Allium cepa extract and allantoin,
group Bl (n = 22) including women who have undergone
previous C-section that did not use the patch and who

represented the control group, and group B2 (n = 24)
including women who had already undergone previous C-
section that used the same patch of group A2.

The disposition of women in the study design is shown in
Figure 1. Discrepancies on the POSAS observer scores interested
only the pigmentation and the elasticity scores at baseline, with
the ICC of 0.983 (95% CI, 0.969-0.991) and 0.959 (95% ClI,
0.925-0.978), respectively.

Treatment Effectiveness

At baseline and after 4 weeks, two blinded observers (independent
from each other) assessed the scars of the enrolled subjects by
using the POSAS. Digital photographs of two subjects for each
group are shown in Figure 2. Overall, after 4 weeks, all the
recruited subjects showed an improvement in the POSAS scores.

Figure 3 shows the patient (Figure 3A) and the observer
(Figure 3B) POSAS total scores. The data are expressed as the
difference of the POSAS scores after 4 weeks minus the POSAS
scores at baseline. The subjects of the group B2 showed a
significant improvement in total score according to the POSAS
observer scale when compared with the controls B1 (p = 0.013).
Concerning the patient scale, no statistically significant changes
between patch and no patch from baseline were found neither in
the group A nor in the group B.

In group A, no differences in POSAS items were found.
Conversely, group B showed statistically significant changes in
pigmentation (p = 0.015), relief (p = 0.039), and pliability (p =
0.046) between subjects who had used the patch and controls
(Figures 4A-C).

The results regarding the other parameters included in
POSAS are shown in the supplementary material (Figures
S1-S9).

TABLE 1 | Characteristics of the study population subdivided for the number of C-section and the use or not of the patch.

Group Aln =24 Group A2n =23

Age (years)

Mean (SD) 27.20 (3.19) * 28.44 (4.31)™
95% CI 23.23-31.17 26.14-30.73
N. of previous C-section
Means (SD) 0 0
95% ClI 0 0
Skin phototype, n (%)
Type | 0(0) 0 (0)
Type Il 0(0) 1(4.35)
Type lll 24 (100) 22 (95.65)
Type IV 0(0) 00
Type V 0(0) 0(0)
Type VI 0(0) 0 (0)
POSAS patient’ scale total score, mean (SD)
At baseline 22.40 (3.29) 21.69 (4.44)
After 4 weeks 12.20 (2.49) 12.13 (5.03)
POSAS observer’ scale total score, mean (SD)
At baseline 21.80 (4.32) 18.50 (3.93)
After 4 weeks 14.00 (3.39) 9.63 (4.22)*

Group Bin =22 Group B2n = 24 p
33.38 (3.25) 34.33 (5.73) 0.002
30.66-36.09 30.70-37.97
1.25 (0.46)A 1.25 (0.45AN <0.0001

0.86-1.64 0.96-1.54
0.585
0(0) 0(0)
1(4.54) 0(0)
21 (95.45) 24 (100)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
22.75(3.85) 21.25(3.79) 0.853
12.12 (4.52) 8.25 (4.47) 0.122
25.38 (6.09) 21.75 (8.4) 0.083
16.50 (7.07)* 8.33 (5.93) 0.007

“Group B2 vs. Group A1: p =0.031; **Group B2 vs. Group A2: p = 0.009; A Group B1 vs. Group A: p < 0.0001; AMGroup B2 vs. Group A: p < 0.0001; *Group B1 vs. Group A2: p = 0.030;

#Group B2 vs. Group B1: p = 0.011.
In bold are reported the statistically significant p-values.
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Group A1

Baseline

4 weeks

Baseline

4 weeks

FIGURE 2 | Digital photographs of two subjects for each group at baseline and 4 weeks.
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FIGURE 3 | (A) The subjects of Group B2 (Previous C-section-Patch) showed a significant improvement (p = 0.012) in the total score according to POSAS Patient
scale in comparison with the subjects in group A2 (first C-section-Patch). (B) The subjects in Group B2 showed a significant improvement in total score according to
POSAS Observer scale when compared with all other groups (vs. group B1 (Previous C-section-NO patch), p = 0.013; vs. group A2, p = 0.002; vs. group A1 (First
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Satisfaction and Safety

The item “general opinion” included in the Patient Scar
Assessment Scale was evaluated besides the other POSAS items.
The women who had already undergone previous C-section (B2),
expressed satisfaction and comfort at the end of the patch use
(supplementary material, Figure S3), greater than all other groups,
whereas without reaching statistical significance. Only one adverse
reaction consisting of a light itching that did not require patch
discontinuation was reported in one subject in group B2.

DISCUSSION

The present study showed for the first time that overnight use of a
patch containing Allium cepa extract and allantoin for just 4 weeks

might ameliorate the overall appearance of C-section scar.
Subdividing the study population in groups including women
without and with history of C-section, allowed us to compare the
effects of the patch in subjects similar from each other but
differentiated by C-section number, and to highlight the
importance of personalizing the scar treatment and management.
Indeed, our results demonstrate that an intense but short-term
application of the patch induced significant improvements in
pigmentation, relief, and pliability only in women who had
already undergone previous C-section. Notably, these three items
are all included in the observer-evaluated POSAS.

The wound healing is a process occurring in response to dermal
injury. The resulting scar may have various characteristics ranging
from fine-line and asymptomatic to hypertrophic scars and keloids.
The prevention or early treatment of pathological scars is

Frontiers in Pharmacology | www.frontiersin.org

September 2020 | Volume 11 | Article 569514


https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Conti et al.

Onion-Allantoin Patch for C-Section Scars

Group B1

Group A1 Group A2 Group B2
L

of |

Change in pigmentation score by POSAS observer’ scale
{mean scores after 4 weeks minus mean scores at baseline)

3.0
2 p=0.015
p=0.002
e p=0.045
A
Group A1 Group A2 Group B1 Group B2

11
i

p=0.039

Change in relief score by POSAS observer' scale
(mean scores after 4 weeks minus mean scores at baseline)
Iy
o

4.0 B

Group A1 Group A2 Group B1 Group B2
1

p=0.046

Change in pliability score by POSAS observer’ scale
{mean scores after 4 weeks minus mean scores at baseline )

C

FIGURE 4 | (A) The subjects in Group B2 (Previous C-section-Patch) showed a
significant improvement in pigmentation according to POSAS Observer scale
when compared with all other groups (vs. Group B1 (Previous C-section-NO
patch), p = 0.015; vs. group A2 (First C-section-Patch), p = 0.002; vs. Group Al
(First C-section- NO Patch), p = 0.045). (B) The subjects in group B2 showed a
significant improvement (p = 0.039) in relief according to POSAS observer scale in
comparison with the group B1. No other difflerences were found in group A and
between groups. (C) The subjects in group B2 showed a significant improvement
(p = 0.046) in pliability according to POSAS Observer scale when compared to
the group B1. No other differences were found in group B and between groups.

recognized as the most appropriate approach also to prevent the
psychological consequences of the pathological scars that not only
cause pain, itching, and other symptoms but also may be so
noticeable to lead to emotional distress, affecting the quality of life
(Clark, 2001; Gangemi et al., 2008).

Among available remedies, gels and patches containing onion
extract and allantoin have been demonstrated to be a safe and
effective approach in patients with scars of various origins and
severity (Karagoz et al., 2009; Prager and Gauglitz, 2018). Up to
date, no studies have evaluated the effects of the patch formulation
in women underwent more than one Cesarean delivery.

Predicting the consequences of wound healing triggered by
dermatological injury can be very difficult. Scars generated by
surgery, such as C-section, strongly vary from fine-line and
asymptomatic to hypertrophic scars and keloids (Gold et al., 2014).

Nowadays, prevention is considered more appropriate than
treatment thus identifying higher-risk individuals, such as
women who underwent C-section for the second or more
times compared with those without a history of C-section, is
the indisputably preferable strategy.

Our study investigated the effects of a patch containing onion
extract and allantoin on C-section scars. This patch combines the
effect of its ingredients with occlusive action on the scar.

Among topical treatments containing natural compounds, the
onion extract is largely used as an anti-scarring agent in several
clinical settings, including blepharoplasty scar, dermatological and
thoracic post-surgical scar, and after removal of tattoos (Ho et al.,
2006; Mylonas and Klaus Friese, 2015; Fang et al., 2017; Owji
et al,, 2018).

Campanati et al. tested the clinical effect of a gel containing the
same ingredients of the patch formulation to treat skin lesions of
patients with hypertrophic scars or keloids, concluding that a 24-
week application of the gel twice daily reduced erythema and
neoangiogenesis. As regards to the other analyzed parameters,
such as itching, burning, and relief and the general appearance of
the scar, the authors revealed an improvement, although the
statistical significance was not reached (Campanati et al,, 2010).
Regarding C-section scars, a prophylactic use of a gel containing
heparin together with onion extract and allantoin was tested at 6
and 12 weeks in women who underwent a Cesarean delivery, for the
first time, without including women who had already undergone
previous C-section. As in our study, scars assessment was
performed by POSAS, and the results showed that the gel was
effective to improve the color, stiffness, and irregularity of the scars.
However, it is important to underline that these improvements were
referred only to the scores of the evaluated patient scale, while no
significant changes were found according to the observer Scale
(Ocampo-Candiani et al., 2014).

A patch very similar to that evaluated in the present
investigation demonstrated beneficial effects for treating post-
dermatologic surgery scars. The authors used POSAS for scar
assessment and confirmed that an overnight treatment with this
patch is safe, well tolerated and able to improve scars’ healing
(Prager and Gauglitz, 2018).

These results agreed with those of previous studies in which
the gel formulation was successfully used for instance to treat
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thoracic surgery and for prevention of postoperative peritoneal
adhesion (Willital and Heine, 1994; Willital and Simon, 2013).
To the best of our knowledge, the present investigation is the first
that analyzed the effect of a patch formulation containing Allium
cepa and allantoin on subjects who had already undergone
previous C-section in respect to women who underwent a
Cesarean delivery for the first time. The results allowed us to
shed light on the benefits derivable from an intense (overnight)
but short-term (just 4 weeks) use of the patch. Notably, by
comparison of two experimental groups, considering the number
of C-sections, it has been possible to underline a statistically
significant improvement in pigmentation, relief and pliability
only in women who had already undergone previous C-section.

In comparison with surgical treatments, the topical anti-
scarring agents represent a non-invasive and valid alternative.
The hypertrophic scars may likely evolve and many subjects do
not choose or, more importantly, cannot choose the option of
surgical treatment. Also, surgery is often associated to post-surgical
complications with consequent polytherapy and adverse events,
especially in complicated patients (Poole, 2013; Corbi et al., 2015).

For this reason, it is important to personalize scars management
and stimulate the use of preventive and non-invasive methods,
especially in subjects at higher risk of developing keloids,
ameliorating patients’ compliance and quality of life (Gold et al., 2014).

A significant improvement in pigmentation, relief and pliability
was found in the group of women who had already undergone C-
section. Regarding the other variables included in the observer scale
and all the variables in the patient scale, an improving trend was
recorded without reaching statistical significance.

Our results are according to previous studies. By using a device
similar to ours, Guertler et al. (Guertler et al.) found that at 3
months, the overnight patch application was able to reduce all the
POSAS observer’s scale scores, including pliability and thickness.
Moreover, Draelos et al., by using a gel with the same components
of the patch used in our study, found that the scar softness was
improved at 4 weeks, mainly in the subjects treated with the Onion
extract gel (Draelos et al,, 2012). In a Chuangsuwanich et al. study
(Chuangsuwanich and Jongjamfa, 2014)., a combined herbal extract
gel containing Allium cepa was able to reduce the POSAS scores
compared with the placebo group in pigmentation, thickness, and
overall scores at 12 weeks (all p = 0.04). The POSAS scores in
vascularity, relief, and pliability in the treated group were
significantly less than those in the placebo group at 8 weeks.
Mabher et al. also found an improvement in pliability using
silicone gel sheets on linear scars (Maher et al, 2012). In our
study, the use of a device that combines the above-mentioned
properties with a mechanic occlusive effect of the patch could
explain the improvements in the POSAS scores that we found.

The natural ingredients of the patch justify the obtained results.
In particular, Allium cepa extract has a high content of organo-
sulphur compounds and flavonoids that, together with other
components such as lectins and vitamins B, C, and E, give reason
of its numerous biological and medical activities (Rose et al., 2005).
The anti-inflammatory and antimicrobial properties of the Allium
cepa have been extensively investigated, and its efficacy in

contrasting several microbes including parasites, fungi and
bacteria has been demonstrated (Saleheen et al., 2004; Ramos
et al,, 2006). The antimicrobial property is very important when
you consider that during the wound healing inflammation phase,
neutrophils and macrophages accumulate with the main aim to
prevent infections and modulate inflammation, which, in turn,
concurs to delay the healing and increase skin scarring (Tansey
and Appleton, 1975; Eming et al., 2007).

Allium cepa can also decrease the histamine levels and improve
the collagen organization in pathologic scars (Saulis et al., 2002).

In addition, this extract inhibits the production of cytokines
and growth factors, such as IL-6 and VEGF, in fibroblast human
cell lines. This activity may play an important role in contrasting
the abnormal proliferating process resulting in keloid formation
(Pikula et al., 2014).

The high content in flavonoids, particularly quercetin, justifies
also the antioxidant, anti-carcinogenic and anti-mutagenic activities
of the Allium cepa that are conferred through several mechanisms
(Corzo-Martinez et al., 2007; Hashemzaei et al., 2017).

Allantoin, the other component of the patch used in the
present study, has moisturizing and antioxidant properties
(Hashemzaei et al., 2017).

High allantoin concentration stimulates keratolytic activity by
decreasing the number of cellular junctions in the corneous layer
and removing the superficial necrotic elements. Through
augmenting keratolytic activity, skin is stimulated to increase
self-regeneration (Manca et al, 2016; Selamoglu et al, 2017).
These properties are likely responsible for the positive
effects of the patch used in this study, that we found especially
on pliability.

The wound healing profile induced by allantoin was qualitatively
and quantitatively analyzed in female Wistar rats topically treated
with an emulsion containing allantoin 5% for 14 days. The
assessment of wound area revealed that allantoin ameliorated and
accelerated the healing process (Aratjo et al, 2010). Allantoin,
meanwhile, has been shown to promote cell proliferation (removal
of necrotic tissue) and epithelialization and thereby hasten the growth
of new healthy tissue. Willital and Heine (Ocampo-Candiani et al,
2014) showed that Allium cepa, on collagen synthesis and its
loosening effect on collagen structure, may promote physiological
scar development. Because of the presence of a greater collagen
substrate, all together these properties could also explain the higher
efficacy of the patch in the women who have undergone previous C-
section than in the women at the first C-section.

Strengths and Weaknesses

Strength of the present investigation is the inclusion of two groups
of women, differentiated by the number of C-section. Up to date,
the effects of a patch containing onion extract and allantoin has
never been evaluated on C-section scar and the effectiveness of the
gel formulation containing the same ingredients was investigated
only in women without a history of Cesarean delivery. In our
study, the beneficial effects in pigmentation, relief and pliability
have been observed only in the group of women who had already
undergone previous C-section, while no significant changes from
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baseline were found in women who have had a Cesarean delivery
for the first time. This finding underlines the importance to
personalize and optimize the scar management.

Although the effectiveness of the patch in the group of women
with a history of C-section is very evident, the study is limited by
the small sample size. A major limitation is also represented by the
non-randomized study design. Studies including a larger number
of individuals and carried out by comparing the patch with
different topical treatments using at least two kinds of scar
assessment scales are needed to confirm these results. Moreover,
studies with longer follow-up and more evaluation time points,
besides randomization, are needed to confirm the beneficial effects
of the patch.

Besides, randomized studies comparing the patch with gels or
ointments containing the same natural products will be useful to
highlight the importance of the patch compressive action on
hypertrophic scars and keloids.

CONCLUSIONS

An overnight use of a patch containing Allium cepa extract and
allantoin for just 4 weeks was able to improve pigmentation,
relief and pliability of C-section scars in women who had
undergone previous Cesarean delivery, demonstrating that this
topical medical device represents an effective and safe therapeutic
approach to manage C-section scars.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Comitato Etico Campania Sud (approved number

REFERENCES

Aratjo, L. U., Grabe-Guimarées, A., Mosqueira, V. C., Carneiro, C. M., and Silva-
Barcellos, N. M. (2010). Profile of wound healing process induced by allantoin.
Acta Cir. Bras. 25, 460. doi: 10.1590/50102-86502010000500014

Campanati, A., Savelli, A., Sandroni, L., Marconi, B., Giuliano, A., Giuliodori, K.,
et al. (2010). Effect of allium cepa-allantoin-pentaglycan gel on skin
hypertrophic scars: clinical and video-capillaroscopic results of an open-
label, controlled, nonrandomized clinical trial. Dermatol. Surg. 36, 1439.
doi: 10.1111/§.1524-4725.2010.01654.x

Chuangsuwanich, A., and Jongjamfa, K. (2014). The efficacy of combined herbal
extracts gel preparation in the prevention of postsurgical hypertrophic scar
formation. Dermatol. Ther. (Heidelb) 4, 187. doi: 10.1007/s13555-014-0055-0

Clark, R. A. (2001). Fibrin and wound healing. Ann. N. Y. Acad. Sci. 936, 355.
doi: 10.1111/.1749-6632.2001.tb03522.x

Corbi, G., Gambassi, G., Pagano, G., Russomanno, G., Conti, V., Rengo, G., et al.
(2015). Impact of an Innovative Educational Strategy on Medication

27_r.p.s.0). The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

All authors read and met Frontiers in Pharmacology criteria for
authorship. VC, TI, AF, and MG conceived and designed the
study. BC, SL, and LG collected the data. GC and VC performed
the statistical analysis and interpretation of the data. VC, GC,
and TI wrote the paper. AF and MG critically reviewed
the manuscript.

FUNDING

This work was funded, in part, by a grant to the University of
Salerno from Laboratorio Farmacologico Milanese, LFM
(300397CPR18LEM). The authors were not directly compensated
for completing this research. Beyond providing support for the
project, Laboratorio Farmacologico Milanese, LFM did not
contribute to the study design, data collection, data analysis/
interpretation, writing of the report, or the decision to submit the
article for publication. The industry only provided the funds for a
possible open access publication.

ACKNOWLEDGMENTS

We thank the English mother tongue Jan Festa who revised
the article.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2020.569514/
full#supplementary-material

Appropriate Use and Length of Stay in Elderly Patients. Med. (Baltimore)
94, €918. doi: 10.1097/MD.0000000000000918

Corbi, G., Conti, V., Davinelli, S., Scapagnini, G., Filippelli, A., and Ferrara, N.
(2016). Dietary Phytochemicals in Neuroimmunoaging: A New Therapeutic
Possibility for Humans? Front. Pharmacol. 7, 364. doi: 10.3389/fphar.
2016.00364

Corzo-Martinez, M., Corzo, N., and Villamiel, M. (2007). Biological properties of
onions and garlic. Trends Food Sci. Tech. 18, 609. doi: 10.1016/j.tifs.2007.07.011

Draaijers, L. J., Tempelman, F. R, Botman, Y. A., Tuinebreijer Wim, E.,
Middelkoop, E., Kreis, R. W., et al. (2004). The patient and observer scar
assessment scale: A reliable and feasible tool for scar evaluation. Plast. Reconstr.
Surg. 113, 1960-1965. (discussion 1966-1967). doi: 10.1097/01.PRS.000012
2207.28773.56

Draelos, Z. D., Baumann, L., Fleischer, A. B.Jr, Plaum, S., Avakian, E. V., and
Hardas, B. (2012). A new proprietary onion extract gel improves the
appearance of new scars: a randomized, controlled, blinded-investigator
study. J. Clin. Aesthet. Dermatol. 5 (6), 18-24.

Frontiers in Pharmacology | www.frontiersin.org

September 2020 | Volume 11 | Article 569514


https://www.frontiersin.org/articles/10.3389/fphar.2020.569514/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2020.569514/full#supplementary-material
https://doi.org/10.1590/S0102-86502010000500014
https://doi.org/10.1111/j.1524-4725.2010.01654.x
https://doi.org/10.1007/s13555-014-0055-0
https://doi.org/10.1111/j.1749-6632.2001.tb03522.x
https://doi.org/10.1097/MD.0000000000000918
https://doi.org/10.3389/fphar.2016.00364
https://doi.org/10.3389/fphar.2016.00364
https://doi.org/10.1016/j.tifs.2007.07.011
https://doi.org/10.1097/01.PRS.0000122207.28773.56
https://doi.org/10.1097/01.PRS.0000122207.28773.56
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Conti et al.

Onion-Allantoin Patch for C-Section Scars

Eming, S. A, Krieg, T., and Davidson, J. M. (2007). Inflammation in wound repair:
molecular and cellular mechanisms. J. Invest. Dermatol. 127, 514. doi: 10.1038/
§).jid.5700701

Fang, Q. Q., Chen, C. Y., Zhang, M. X,, Huang, C. L., Wang, X. W., Xu, J. H., et al.
(2017). The Effectiveness of Topical Anti-scarring Agents and a Novel
Combined Process on Cutaneous Scar Management. Curr. Pharm. Des. 23,
2268. doi: 10.2174/1381612822666161025144434

Fearmonti, R., Bond, J., Erdmann, D., Levin, L., Pizzo, S. V., and Levinson, H.
(2011). The Modified POSAS: A Novel Approach to Defining Pathologic and
Non-Pathologic Scarring. Plast. Reconstr. Surg. 127, 242. doi: 10.1097/
PRS.0b013e3181f959e8

Fitzpatrick, T. B. (1975). Soleil et peau. J. Med. Esthet. 2, 33-34.

Forte, M., Conti, V., Damato, A., Ambrosio, M., Puca, A. A,, Sciarretta, S., et al.
(2016). Targeting Nitric Oxide with Natural Derived Compounds as a
Therapeutic Strategy in Vascular Diseases. Oxid. Med. Cell Longev. 2016,
7364138. doi: 10.1155/2016/7364138

Gangemi, E. N., Gregori, D., Berchialla, P., Zingarelli, E., Cairo, M., Bollero, D.,
et al. (2008). Epidemiology and risk factors for pathologic scarring after burn
wounds. Arch. Facial Plast. Surg. 10, 93. doi: 10.1001/archfaci.10.2.93

Gauglitz, G. G., Korting, H. C,, Pavicic, T., Ruzicka, T., and Jeschke, M. G. (2011).
Hypertrophic scarring and keloids: pathomechanisms and current and emerging
treatment strategies. Mol. Med. 17, 113. doi: 10.2119/molmed.2009.00153

Gold, M. H., McGuire, M., Mustoe, T. A., Pusic, A., Sachdev, M., Waibel, J., et al.
(2014). Updated international clinical recommendations on scar management:
part 2-algorithms for scar prevention and treatment. Dermatol. Surg. 40, 825.
doi: 10.1111/dsu.0000000000000050

Guertler, A., Schwaiger, H., Poetschke, J., Steckmeier, S., and Gauglitz, G. (2020).
Objective evaluation of an occlusive overnight intensive patch containing
onion extract and allantoin for hypertrophic scars. J. Cosmet. Dermatol. 19,
2415-2420. doi: 10.1111/jocd.13561

Hashemzaei, M., Delarami Far, A., Yari, A., Heravi, R. E., Tabrizian, K., Taghdisi,
S. M, et al. (2017). Anticancer and apoptosis—inducing effects of quercetin in
vitro and in vivo. Oncol. Rep. 38, 819. doi: 10.3892/0r.2017.5766

Ho, W. S, Ying, S. Y., Chan, P. C,, and Chan, H. H. (2006). Use of onion extract,
heparin, allantoin gel in prevention of scarring in Chinese patients having laser
removal of tattoos: a prospective randomized controlled trial. Dermatol. Surg.
32, 891. doi: 10.1111/§.1524-4725.2006.32192.x

Idriss, N., and Maibach, H. I. (2009). Scar assessment scales: a dermatologic
overview. Skin Res. Technol. 15, 1. doi: 10.1111/§.1600-0846.2008.00327.x

Karagoz, H., Yuksel, F., Ulkur, E., and Eving, R. (2009). Comparison of efficacy of
silicone gel, silicone gel sheeting, and topical onion extract including heparin
and allantoin for the treatment of postburn hypertrophic scars. Burns 35 (8),
1097. doi: 10.1016/j.burns.2009.06.206

Mabher, S. F., Dorko, L., and Saliga, S. (2012). Linear scar reduction using silicone
gel sheets in individuals with normal healing. J. Wound Care 21 (12), 604-6,
608-9. doi: 10.12968/jowc.2012.21.12.602

Manca, M. L., Matricardi, P., Cencetti, C., Peris, J. E., Melis, V., Carbone, C, et al.
(2016). Combination of argan oil and phospholipids for the development of an
effective liposome-like formulation able to improve skin hydration and allantoin
dermal delivery. Int. . Pharm. 505, 204-211. doi: 10.1016/j.ijpharm.2016.04.008

Mehta, M., Branford, O. A., and Rolfe, K. J. (2016). The evidence for natural
therapeutics as potential anti-scarring agents in burn-related scarring. Burns
Trauma. 4, 15. doi: 10.1186/s41038-016-0040-1

Mylonas, I, and Klaus Friese, K. (2015). Indications for and Risks of Elective
Cesarean Section. Dtsch. Arztebl. Int. 112, 489. doi: 10.3238/arztebl.2015.0489

Ocampo-Candiani, J., Vazquez-Martinez, O. T., Iglesias Benavides, J. L., Buske, K.,
Lehn, A., and Acker, C. (2014). The prophylactic use of a topical scar gel
containing extract of Allium cepae, allantoin, and heparin improves symptoms

and appearance of cesarean-section scars compared with untreated scars.
J. Drugs Dermatol. 13, 176.

Owji, N., Khademi, B., and Khalili, M. R. (2018). Effectiveness of Topical Onion
Extract Gel in the Cosmetic Appearance of Blepharoplasty Scar. J. Clin. Aesthet.
Dermatol. 11, 31. doi: 10.1111/j.1524-4725.2006.32192.x

Pikula, M., Zebrowska, M. E., Poblocka-Olech, L., Krauze-Baranowska, M.,
Sznitowska, M., and Trzonkowski, P. (2014). Effect of enoxaparin and onion
extract on human skin fibroblast cell line - therapeutic implications for the
treatment of keloids. Pharm. Biol. 52, 262. doi: 10.3109/13880209.2013.826246

Poole, J. H. (2013). Adhesions following cesarean delivery: a review of their
occurrence, consequences and preventative management using adhesion
barriers. Womens Health (Lond) 9, 467. doi: 10.2217/whe.13.45

Prager, W., and Gauglitz, G. G. (2018). Effectiveness and Safety of an Overnight
Patch Containing Allium cepa Extract and Allantoin for Post-Dermatologic
Surgery Scars. Aesthetic Plast. Surg. 42, 1144. doi: 10.1007/s00266-018-1172-4

Ramos, F. A, Takaishi, Y., Shirotori, M., Kawaguchi, Y., Tsuchiya, K., Shibata, H.,
et al. (2006). Antibacterial and antioxidant activities of quercetin oxidation
products from yellow onion (Allium cepa) skin. J. Agric. Food Chem. 54, 3551.
doi: 10.1021/jf060251c

Rose, P., Whiteman, M., Moore, P. K., and Zhu, Y. Z. (2005). Bioactive Salk(en)yl
cysteine sulfoxide metabolites in the genus Allium: the chemistry of potential
therapeutic agents. Nat. Prod. Rep. 22, 351. doi: 10.1039/b417639¢

Saleheen, D., Alj, S. A., and Yasinzai, M. M. (2004). Antileishmanial activity of
aqueous onion extract in vitro. Fitoterapia 75, 9. doi: 10.1016/j.fitote.
2003.07.010

Saulis, A. S., Mogford, J. H., and Mustoe, T. A. (2002). Effect of Mederma on
hypertrophic scarring in the rabbit ear model. Plast. Reconstr. Surg. 110 (1),
177-183. doi: 10.1097/00006534-200207000-00029

Selamoglu, Z., Dusgun, C., Akgul, H., and Gulhan, M. F. (2017). In-vitro
Antioxidant Activities of the Ethanolic Extracts of Some Contained-
Allantoin Plants. Iran J. Pharm. Res. 16, 92. doi: 10.22037/IJPR.2017.1993

Sidgwick, G. P., McGeorge, D., and Bayat, A. (2015). A comprehensive evidence-
based review on the role of topicals and dressings in the management of skin
scarring. Arch. Dermatol. Res. 307, 461. doi: 10.1007/s00403-015-1572-0

Tansey, M. R., and Appleton, J. A. (1975). Inhibition of fungal growth by garlic
extract. Mycologia 67, 409. doi: 10.1080/00275514.1975.12019761

Truong, P. T., Lee, J. C,, Soer, B., Gaul, C. A., and Olivotto, I. A. (2007). Reliability
and validity testing of the Patient and Observer Scar Assessment Scale in
evaluating linear scars after breast cancer surgery. Plast. Reconstr. Surg. 119 (2),
487-494. doi: 10.1097/01.prs.0000252949.77525.bc

Willital, G. H., and Heine, H. (1994). Efficacy of Contractubex gel in the treatment
of fresh scars after thoracic surgery in children and adolescents. Int. J. Clin.
Pharmacol. Res. 14, 193.

Willital, G. H., and Simon, J. (2013). Efficacy of early initiation of a gel containing
extractum cepae, heparin, and allantoin for scar treatment: an observational,
non interventional study of daily practice. J. Drugs Dermatol. 12, 38.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Conti, Corbi, Iannaccone, Corrado, Giugliano, Lembo, Filippelli
and Guida. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

September 2020 | Volume 11 | Article 569514


https://doi.org/10.1038/sj.jid.5700701
https://doi.org/10.1038/sj.jid.5700701
https://doi.org/10.2174/1381612822666161025144434
https://doi.org/10.1097/PRS.0b013e3181f959e8
https://doi.org/10.1097/PRS.0b013e3181f959e8
https://doi.org/10.1155/2016/7364138
https://doi.org/10.1001/archfaci.10.2.93
https://doi.org/10.2119/molmed.2009.00153
https://doi.org/10.1111/dsu.0000000000000050
https://doi.org/10.1111/jocd.13561
https://doi.org/10.3892/or.2017.5766
https://doi.org/10.1111/j.1524-4725.2006.32192.x
https://doi.org/10.1111/j.1600-0846.2008.00327.x
https://doi.org/10.1016/j.burns.2009.06.206
https://doi.org/10.12968/jowc.2012.21.12.602
https://doi.org/10.1016/j.ijpharm.2016.04.008
https://doi.org/10.1186/s41038-016-0040-1
https://doi.org/10.3238/arztebl.2015.0489
https://doi.org/10.1111/j.1524-4725.2006.32192.x
https://doi.org/10.3109/13880209.2013.826246
https://doi.org/10.2217/whe.13.45
https://doi.org/10.1007/s00266-018-1172-4
https://doi.org/10.1021/jf060251c
https://doi.org/10.1039/b417639c
https://doi.org/10.1016/j.fitote.2003.07.010
https://doi.org/10.1016/j.fitote.2003.07.010
https://doi.org/10.1097/00006534-200207000-00029
https://doi.org/10.22037/IJPR.2017.1993
https://doi.org/10.1007/s00403-015-1572-0
https://doi.org/10.1080/00275514.1975.12019761
https://doi.org/10.1097/01.prs.0000252949.77525.bc
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Effectiveness and Tolerability of a Patch Containing Onion Extract and Allantoin for Cesarean Section Scars
	Introduction
	Materials and Methods
	Setting and Study Population
	Assessment Scales and Qualitative Observations
	Statistical Analysis

	Results
	Treatment Effectiveness
	Satisfaction and Safety

	Discussion
	Strengths and Weaknesses

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


