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Editorial

the care that patients may require after the performed
procedure.

Can the pandemic by COVID-19 (SARS-CoV-2 infection)
increase the number of adverse effects after the use
of dermal fillers?

Reflections by Paloma Tejero, MD, PhD
In my personal experience, because of my doctoral
thesis on adverse effects of filler materials in 2013 and
because I was part of the SEME committee of adverse
effects, my colleagues usually referred patients to me
or consult with me on different issues regarding filling
materials. From May to July 2020, I have received several
reports of exacerbated inflammatory responses after
implant placement. Some have called my attention,
particularly: i) non-permanent fillers in the perioral
area; and ii) two patients with granulomatous abscess
of permanent fillers that had been inactive for 14 and
7 years, respectively. All patients had negative serology
results, although they reported having been near
patients with COVID. However, there are also studies
that support the disappearance of antibodies after two
or three months of exposure.
In the nearby future, we will be able to weigh on the
usefulness of these events considering several factors,
which will prevent biased observations: i) accept that
AE reporting has been very low (or non-existent) during
the months of confinement, and measure it; ii) assess
and compare data against reported AEs between March
and July of 2019; and iii) assess the frequency with
which permanent fillers have AEs within five years of
their implantation.
In a word: we currently have more questions than
conclusions, but I believe it is important to be alert,
try to minimize risks and conduct prospective studies
that allow us to learn about the possible interaction
between COVID-19 and our practice.

On January 7 th , 2020, the appearance of a new coronavirus
(CoV) was officially reported in Wuhan (China). At the
time, no one could have suspected the chain of events
that, with unusual speed, would lead to the greatest
pandemic affecting the world population today.
Medical literature on COVID-19 is currently
overwhelming, with new findings being published
every day. However, we are far from knowing all the
intricate details about its mechanism of action, its
physiopathology, the response it elicits on different
subjects or even its symptoms. Questions are
accumulating and we still have a lot of work ahead of
us to learn about and fight this virus.
We do agree that it spreads easily, that it is not just a
lung disease, and that it causes significant changes in
the immune system.
We also know that there are many asymptomatic
carriers and people who have suffered mild, and even
moderate, forms of COVID-19, whose diagnosis could
not be confirmed by the different tests available.
In Spain, as well as in other countries, the severity of
the pandemic called for a mandatory confinement of
the general population and the declaration of a state
of emergency, which entailed the closure of Aesthetic
Medicine clinics from mid-March until mid-May.
In general, those measures intended to ensure the
safety of the medical body and patients have been
recorded in a protocol.
However, we are solely responsible for the reevaluation
of our actions with regard to potential risks that some
of our therapies may entail.
In recent days, we have witnessed the increasingly
number of warnings issued by several sources about
possible complications that we will have to deal with
in our daily practice. Despite that an analysis of said
sources exceeds the aim of this brief text, a few are
mentioned below:
• The Joint Council of Cosmetic Practitioners (JCCP) from
the United Kingdom has proposed a recommendation
guideline that states the following: “There is increasing
evidence that dermal fillers given in the presence of
any viral infection can increase the risk of delayed
hypersensitivity reactions.”
• The publication of a review in J Cosmet Dermatol
(2020; 00:1-4): Aesthetic Dermatology Procedures in
Coronavirus Days highlights the following: i) permanent
filler materials and some resorbable ones may cause
chronic inflammation; ii) in comparison, reactions are
minor (in principle) when the material used is hyaluronic
acid; iii) there are also late hypersensitivity reactions to
hyaluronic acid; iv) viruses may activate cytokines and
T cells, and promote a proinflammatory state, therefore
they recommend: v) to return to antibiotic empirical
treatment (macrolides or tetracyclines); vi) use needles
with less caliber; and vii) avoid high-risk areas.

Reflections by Hernán Pinto, MD, PhD
As it happens with any other topic that becomes
fashionable, words fly. However, this is a fashion that
has been imposed by the circumstances we are living
in. And each one of us must do whatever we can to
improve our own lives and safety, as well as those
of our families, friends, professional colleagues and
patients.
Every day we learn more about this virus and COVID-19.
But, as usual, a serious search for knowledge gets
us answers that, in turn, raise more questions. And,
unfortunately, the relationship is not linear: for each
answer we get, several new questions emerge. That is,
each day we know more than the day before but, at the
same time, what we have left to learn also increases.
The more we study, the more we have left to study. It
is normal.
The protocolization of Aesthetic Medicine practices
surrounding all the implications that this virus may
have is now a necessity. However, the evidence we
have is dissimilar and contradictory, both in terms
of quality and conclusions. In a word, we don’t know
what it is going on. The creation of evidence from and
for our collective has become fundamental because
dermal fillers represent a high percentage of aestheticmedical practice. That is why the Spanish Society of
Aesthetic Medicine (SEME) will create a commission
to study the relationship between Aesthetic Medicine

In order for this to be reflected in patients’ medical
history, their documentation must be duly adjusted and
this new information must be included in the informed
consent provided to the patient. The professional, for
his/her part, must consider this possibility in terms of
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and the coronavirus (COVID-19), which will allow us to
combine our efforts and, among other things, sponsor
scientific evidence-based studies nationwide in order
to ensure patients’ safety.
Hernán Pinto
Main Handling Editor
Paloma Tejero
Spanish Society of Aesthetic Medicine
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2,3
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References
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2.
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References
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Observational, prospective, randomized
and controlled in-subject study on the
safety and efficacy of Evryàl Strong
injectable gel compared to Teosyal Global
action injectable gel for the correction of
moderate to severe nasolabial wrinkles
Benedetta Fanelli1, Nicolò Scuderi2, Cristina Spalvieri2
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Abstract
Introduction: this single center, double-blind randomized controlled study compares two hyaluronic acid fillers,
Evryàl Strong and Teosyal Global Action in the treatment of nasolabial wrinkles.
Materials and Methods: each subject, with moderate or severe bilateral nasolabial wrinkles, was treated with both
products, one was applied on the right side and the other on the left side. The quantity of product injected and any
general or local reactions (erythema, edema or pain) were recorded and reassessed at 1, 3 and 6 months and then
monthly until complete products absorption. The Wrinkle Severity Rating Scale (WSRS) and the Global Aesthetic
Improvement Scale (GAIS) were used for assessment, as well as an ultrasound (US) measurement of the skin thickness.
Results: complete data were available for 15 subjects. At 1, 3 and 6 months both products showed improvement
in the WSRS and GAIS score in the areas treated compared to pre-treatment assessments, although no significant
differences were observed between them. No significant differences were observed on skin thickness and persistence
among the two products. 2 subjects showed permanence of both products for longer than six months of the expected
follow-up (for 7 and 8 months respectively). No significant differences were observed with regards to the subject’s
satisfaction and adverse events.
Conclusions: both products achieve long-term and similar permanence in correction of moderate and severe wrinkles,
and showed a high safety profile and a high degree of subject and physician satisfaction.
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Hyaluronic dermal fillers, nasolabial wrinkles
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Observational, prospective, randomized and controlled in-subject study on the safety and
efficacy of Evryàl Strong injectable gel compared to Teosyal Global action injectable gel
for the correction of moderate to severe nasolabial wrinkles

Introduction
Dermal fillers are very useful for wrinkle correction,
including Naso Labial Folds (NLFs). Dermal filler
treatments provide good aesthetic results with minimal
invasiveness. Hyaluronic Acid (HA) dermal fillers are
easy to administer, offer predictable effectiveness, a
good safety profile, and quick recovery1-4.
HA is a glycosaminoglycan, a large hydrophilic molecule
that ensures skin hydration, turgor and flexibility5.
It is degraded by a family of enzymes, named
hyaluronidases. Various crosslinking techniques have
been developed to prevent its rapid degradation and
provide long-term treatment effects6,7.
Crosslinking technology, HA concentration, the
uniformity and size of particles affect the viscoelastic
properties of filler and its clinical effect8,9.
Hyaluronic acid soft tissue fillers include a wide range
of products with unique characteristics10.
This clinical investigation was undertaken to assess
the safety and efficacy of Evryàl Strong injectable gel
compared to Teosyal Global Action injectable gel in the
correction of moderate to severe nasolabial wrinkles.

Materials and Methods
Commercially available Evryal Strong (Apharm s.r.l.
Italy) and Teosyal Global Action (Teoxane SA) were used
for this study.
Subjects and Clinical Investigation
This prospective observational, randomized, controlled
in-subject and post-market study was conducted
between 12th February 2019 and 12th November 2019, in
accordance with principles set forth in the “Guidelines
on clinical investigation: a guide for manufacturers and
notified bodies - guidelines on medical devices” of the
European Commission11.
Both male and female subjects aged between 18 and 75
years, with 2 visible and approximately symmetrical
NLFs and a score of 3 or 4 on the Wrinkle Severity
Rating Scale (WSRS: 1 = absent, 2 = minor, 3 = moderate,
4 = severe, 5 = extreme)12,13 were enrolled and agreed
to return for periodic checks. Subjects were free of
diseases and willing to abstain from any aesthetic
or surgical procedures in the treatment area for the
duration of the clinical investigation.
Subjects were excluded from participation for any of
the following reasons: pregnancy, lactation, planned
pregnancy or unwillingness to use contraception
at any time during the investigation (for women of
childbearing potential only); allergic reaction or
hypersensitivity to HA and/or lidocaine; any corrective
procedures performed or planned in the nasolabial
region (e.g., silicone implants, permanent fillers);
infectious, inflammatory lesions in the nasolabial
region; cutaneous lesions in the treatment area; human
immune deficiency virus-positive; recurrent herpes
simplex virus 1; tendency to hypertrophic scars, and/or
pigmentation disorders; any autoimmune or connective
tissue disease, or current treatment with immune
therapy; diabetes mellitus or uncontrolled systemic
Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

diseases and the use of anticoagulant, antiplatelet or
thrombolytic medication. Written informed consent
was obtained before the administration of treatment
and subjects were medically examined, as was
documentation of their medical history and current
medication records. Facial frontal view, left oblique and
right oblique photographs were taken on day 0 (before
treatment) and at all post-treatment visits.
Treatments
NLFs were treated into the mid to deep dermis using a
prefilled syringe and a 27G½ʺ disposable needle with
both products; one was administered on the right side
and the other on the left side. The injection technique
(retrograde) and the injected volume were chosen at the
investigator’s discretion, according to characteristics of
the defect under correction. Subjects received the initial
treatment for both NLFs on day 0, with an optional
touch-up treatment on day 30 if the investigator was not
satisfied with the result of the first treatment. Subjects
were followed up for 6 months or until complete product
reabsorption, evaluated by ultrasound.
Assessments
Immediately after injection and 15 minutes later on day
0, subjects were asked to quantify the pain associated
with the procedure, on a semi-quantitative numeric
rating scale ranging from 0 (no pain) to 10 (worst
imaginable pain).
The severity of NLFs was graded on the WSRS by a
blinded investigator on day 0 (before treatment), and
at every follow-up visit. The WSRS ranges from none/
minimal (Grade 0) to extreme (Grade 4).
The aesthetic improvement of the subject’s appearance
after NLF correction was assessed by the blinded
investigator and by self evaluation at 1 month, 3 months
and 6 months, comparing the result for each NLF with
photographs of pre-treatment appearance using the
5-point Global Aesthetic Improvement Scale (GAIS). The
GAIS ranges from “very much improved” (score = 1) to
“worse” (score = 5). At each visit the investigator carried
out an aesthetic evaluation and subjects rated their
satisfaction with treatment on a 5-point scale ranging
from “very unsatisfied” to “very satisfied”. The safety
and tolerability of the treatment was assessed based on
the spontaneous reporting of adverse events (AEs) by
the subjects, clinical examinations, the asking of nonleading verbal questions about the subjects’ general
well-being by the investigators, who also examined
the treatment area for injection site reactions, at each
scheduled visit. The ultrasound examination of treated
areas (nasolabial folds) was performed by a blinded
investigator using a Merlin 1101 ultrasound scanner
(BKi Medical Corporation, Tokyo, Japan), with a highresolution probe for small parts and the interposition of
an ultrasound gel (Aquasonic gel 100, Parker Laboratory,
Fairfield, NJ, USA). Before the first filler treatment and at
each follow- up visit, the probe was directed bilaterally
to each nasolabial fold, to measure upper mid and deepdermal thickness. The increase in skin measurement
thickness after filler infiltration, corresponding to
wrinkle flattening, was evaluated during the examination.
All scan images were acquired and saved. The sonoCT
software program was used to take measurements of the
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filler and soft tissues.
Measures and Endpoints
The primary efficacy endpoints were average change
compared to the baseline (day 0) in the WSRS of NLFs
at 3 months, as evaluated by the blinded investigator,
and the proportion of subjects with a WSRS score
reduced by ≥1 point compared to the baseline at 3
months. The secondary endpoints included the average
change in WSRS grade and the proportion of subjects
with improvement at all visits, as evaluated by a
blinded investigator and by means of self-evaluation;
improvement was measured according to GAIS score,
subject satisfaction and pain rating.
Statistical Analysis
All primary and secondary endpoints were analyzed
descriptively. For the change in the average grade of NLF
severity based on the WSRS from baseline to 3 months,
95% confidence intervals of the mean were calculated.
Responder analyses based on the proportion of subjects
achieving a ≥1 grade or 2 grade improvement from
baseline were performed. 15 subjects received treatment
and were included in the safety analyses. 14 subjects
completed all visits until the end of the investigation at
week 36 and were included in all efficacy analyses.

and consistently maintained until the end of the
investigation.
Safety
The treatment was generally safe and well tolerated.
In total 5 Adverse Effects (AEs) were reported by 15
subjects. All of these AEs were related to the procedure
and classified as adverse device effects (ADEs), with no
event being related to the investigational medical device.
All ADEs were mild or moderate temporary effects that
were localized to the injection site (Table 1). Nearly all
ADEs were resolved within 14 days post-onset. 1 subject
experienced serious AEs, a metastatic ovarian cancer,
which was not related to the investigational medical
device or the procedure.
ADEs

N (%)

n

Hematoma

2 (13%)

2

Pain

2 (13%)

2

Swelling

1 (6.6%)

1

Table 1 - Incidence of ADEs Reported During the Investigation (N,
number of subject; n, number of events).

Discussion
Results
15 subjects were enrolled and each received the
injection with both products, one on the right side and
the other on the left side to both NLFs. All subjects had
NLF severity of 3 (moderate) to 4 (severe) according
to the WSRS, at baseline. 15 women were enrolled. All
subjects were 39 to 63 years old with a median age of
53.9 years.1 subject was lost in follow up, the remaining
14 subjects completed all visits until the end of the
investigation at week 36.
Dosing and Administration
At baseline (day 0), 15 subjects were injected. The
median-injected volume was 0.75 mL to the right and
0.75 mL to the left NLF, so the amount of hyaluronic acid
injected in NLFs was the same. The retrograde injection
technique was used in 100% of subjects. At month 1, the
investigator judged the initial treatment to be complete
for all subjects.
Efficacy
NLF Severity Based On the WSRS
A blinded investigator assessed the proportion of
subjects with an improvement of at least 1 point on the
WSRS. At 1 month, all 15 evaluated subjects showed a
bilateral improvement in NLF severity of at least 1 point.
Aesthetic Improvement Assessed By GAIS
All 15 evaluated subjects showed a bilateral aesthetic
improvement in appearance at 1 month, 3 and 6 months.
At 1 month, 14 subjects (93.3%) were “very satisfied”
or “satisfied” with the treatment, 1 (6.6%) subject was
“very unsatisfied”. This high degree of satisfaction
with the treatment outcome was noted at 1 month
Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

In this investigation, 15 white subjects (female; N=15),
with a median age of 53.9 years were enrolled. Of these,
15 subjects were evaluated at 1 month, 3 months, and
6 months and until complete product reabsorption; 1
subject was lost in follow-up after 1 month.
The aim of this investigation were to evaluate the safety
and efficacy of Evryàl Strong injectable gel compared
to the Teosyal Global Action injectable gel for the
correction of moderate to severe nasolabial wrinkles.
In all but one evaluated subject (96.7%), after 3 months
the severity of NLFs improved by at least 1 NLF-SRS
point, as assessed by the investigator. The efficacy of
nasolabial folds treatments was previously assessed
by the investigators, using other comparable devices
(Ial System Duo and Belotero Basic/Balance)14. Dong et
al reported the Nasolabial Fold Severity Score (NLFSS)
responder rates for Juvéderm Ultra Plus were 90.8%,
compared to 89.9% for Restylane15. Lupo et al reported
that 96% of subjects treated with Juvéderm Ultra Plus
maintained clinically significant improvement16.
In a study performed by Goodman et al Juvéderm,
Ultra Plus was reported to have generated a 90%
compared to 65% for Perlane®17. Juvedérm Vollure XC
(VYC-17.5L) revealed a NLFSS responder rate of 93.2%,
as reported by Monheit et al18. In all instances, efficacy
or clinically significant improvement was defined as
at least a 1 point improvement on a nasolabial folds
severity scale. Based on this data, it can be concluded
that the efficacy results for Evryàl Strong are similar
to other benchmarked devices. NLF improvement was
apparent at 1 month and was maintained throughout
the investigation until 3 months, confirming a tissue
residency for Evryàl Strong of at least 6 months after
administration. Therefore the median injected volume
15
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was comparable or even slightly lower than the
volume used with other HA fillers18,19. Treatment with
Evryàl Strong also improved the subject’s aesthetic
appearance: as indicated by improved GAIS scores, from
1 month all evaluated subjects 96.6% reported “very
much improved”/”improved” and until 6 months 96.7%
reported “very much improved”/”improved”.
The subject satisfaction evaluation matched the
independent reviewer’s assessments, with over 90%
of subjects being satisfied to very satisfied upon
the completion of the investigation. The subjective
treatment outcome of Evryàl Strong injections matched
the independent reviewer’s assessments, with over 90%
of subjects being satisfied to very satisfied upon the
completion of the investigation.
Moreover, the acceptance of pain was satisfactory
throughout the study and for those subjects
experiencing pain after injections, there was no residual
pain sensation at 15 minutes post-treatment.
All ADEs reported in this investigation (i.e. injection site
hematoma, pain and swelling) were mild or moderate,
transient, and are commonly reported following
treatment with dermal fillers.

Conclusion
Treatment with Evryàl Strong is a safe, well tolerated
and effective method for reducing the severity of NLFs;
>96% of subjects showed an NLF severity improvement
of at least 1 point after 1 month compared to their
baseline status and this improvement was maintained
for 6 months; 93.3% of the subjects were “very satisfied”
or “satisfied” with the treatment outcome.
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Patient-Evaluation of the efficacy and
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gel Viscoderm® Hydrobooster for the
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Short title: Viscoderm® Hydrobooster in real life setting
Abstract
Background: Viscoderm® Hydrobooster, an injectable formulation of Hyaluronic acid, has been shown in registration
studies to be effective in the treatment of facial wrinkles.
Aim: in this study we aimed to evaluate the efficacy of this formulation in a real-life setting. Methods: Viscoderm®
Hydrobooster was tested on 29 subjects in four different Austrian centers for its effectiveness in the treatment of
wrinkles. Subjects were administered two injections of the studied product two months apart and were required to selfevaluate efficacy and tolerability after each injection and at a final visit, 4 months after the first injection.
Results: the vast majority of subjects reported an improvement after either the first or second treatment, as well as an
overall amelioration of well-being. Such positive effects of the treatment were paralleled by very good tolerability and a
minor level of pain at injection sites.
Conclusions: overall, as a measure of satisfaction, almost all subjects recommended the treatment to other people.
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Hyaluronic acid, self-evaluation, superficial wrinkles, hydration
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Patient-Evaluation of the efficacy and tolerability of the hyaluronic acid-based gel
Viscoderm® Hydrobooster for the treatment of facial wrinkles

Introduction

Patients and methods

Hyaluronic acid (HA) is one of the major components
of fillers and creams used for aesthetic purposes1-6.
The widespread use of HA is justified by its unique
characteristics. It is present in the human body in high
amounts, playing a pivotal role in dermis hydration,
in maintaining the structural integrity of the skin and
repairing skin injuries7-9. HA is also very well tolerated
and is not immunogenic, a property that is essential for
the safe application of HA-based products2.
Aesthetic medicine is gaining increasing importance not
only due to injury restoration, but also skin appearance
improvement applications. In ageing, skin gradually
loses HA, resulting in the formation of wrinkles and
decreased skin elasticity10-12. Improving skin condition,
particularly in ageing people, is not only important for
well-being, but also generates a positive psychological
impact. HA has particularly favorable properties and
low or no adverse effects, which has resulted in a sharp
increase in the number of formulations over the last few
decades. HA can be present in different formulations
with different molecular weights, in injectable fillers or
in creams, either as a single agent or in combination with
other substances of proven aesthetic performance3,5,13-15.
Viscoderm® Hydrobooster (HB) is a special HA formulation
whose characteristics are high deformability and low
stiffness. These properties enable deep down dermal
hydration and wrinkle repair.
The product has been reported to be effective in the
treatment of both static and dynamic wrinkles in
female subjects with moderate skin ageing16. In a larger
real life study involving a hundred subjects requiring
skin hydration, the application of HB resulted in high
levels of satisfaction not only for physicians, but also
for subjects, who were required to self-evaluate the
treatment17. In both studies HB was extremely well
tolerated and generated none, or very slight, unpleasant
effects16,17. This report adds new information on the
product’s effectiveness and includes patient selfevaluations regarding the effectiveness and tolerability
of two HB injections in human subjects.

Subjects and treatments
The study was performed in four different centers in
Austria (under the guidance of dermatologists, aesthetic
doctors or plastic surgeons), in accordance with ethical
guidelines and principles for medical research (Ethical
Principles for Medical Research Involving Human
Subjects, Adopted by the 18th WMA General Assembly,
Helsinki, Finland, June 1964 and its amendment). The
general aim of the study was to confirm the efficacy
of a product positively tested in the authorization
study, in real life16. In order to minimize invasiveness,
effectiveness was evaluated by means of a simple and
rapid questionnaire.
Subjects participating in the study were required to
sign an informed consent form before enrollment.
Volunteers were excluded if they had undergone any
treatment in the same area in the last six months, if
they had autoimmune diseases, if they were pregnant,
lactating and if they failed to comply with the protocol
and post treatment recommendations.
HB was injected twice; the second treatment was
administered two months after the first one. Treatment
was recommended for superficial wrinkles including
forehead lines, glabella, crow’s feet and in the
perioral area. The subjects were required to fill out a
questionnaire five times: before the first treatment,
immediately after the first treatment, two months after
the first injection just before the second treatment,
right after the second treatment and lastly, at the final
follow-up visit (4 months after the first injection).
Viscoderm® Hydrobooster was injected (volume of 10
microliters) as microdroplets for the treatment of low
severity wrinkles. A combination (10 microliters volume
each) of microlinear retrograde technique followed by
injection of microdroplets was used for more prominent
wrinkles16. The area of treatment was based on specific
requirements of the subjects. Twenty out of twentynine subjects selected the perioral area, while the
glabella, forehead lines and crow’s feet were chosen by
the remaining 9 subjects. Figure 1 contains a summary
chart of the study.

2 months interval

1st treatment

questionnaire

questionnaire

2 months interval

2nd treatment

questionnaire

questionnaire

control visit

questionnaire

Figure 1 - Summary chart of the protocol used for this study.
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Results

The volunteers were asked which area they would like
to receive treatment for and the majority (20 subjects)
selected the perioral area, while the remaining 9
requested treatment for the glabella, forehead lines
and crow’s feet. The overall results of treatment are
reported in Figure 2. The subjects were required to
provide an overall evaluation after the first treatment,
just before the second treatment and right after the
second treatment.
The figure shows that the majority of subjects evaluated
treatments very positively, with a 99 to 100% satisfaction
rate. The same can be said for results achieved in the
treated area (Figure 3). Indeed the majority of subjects
reported a satisfaction rate which remained constant
over a period of 4 months after the first application (i.e.
at the time of their last visit).

Twenty-nine healthy volunteer (28 women and 1 man)
participated in the study. Their age ranged from 29 to
69 years, with a mean age of 55.3 years.
Before participating in the study, they were required
to answer questions regarding their past experiences.
Specifically, 20 subjects out of 29 had received previous
injection treatments, consisting of HA in 18 cases and
botulinum toxin in 14 cases (some subjects had had
both treatments). Subjects were generally satisfied by
previous treatments, 16/20 were very satisfied and
the remaining 4 satisfied. Previous treatments were
performed on forehead lines (17 cases), glabella (16
cases) the perioral region (13 cases) and crow’s feet, in
12 cases.

OVERALL RESULTS

Numbers of subjects

25

20

15

10

5

0

after 1st treatment
very satisfied

before 2nd treatment
satisfied

no change

after 2nd treatment

unsatisfied

very unsatisfied

Figure 2 - Subjects’ overall self-evaluation of the efficacy of HB. The ordinate shows the number of subjects responding for each category of answer
(plotted on the x axis).

RESULTS IN THE TREATED AREA

Numbers of subjects

25

20

15

10

5

0

after 1st treatment
very satisfied

before 2nd treatment
satisfied

no change

after 2nd treatment
unsatisfied

very unsatisfied

Figure 3 - Results of subjects’ answers to product evaluation for treatment area. For each category of answer (reported in the abscissa), the number of
responding subjects is reported in the ordinate.
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The positive judgment of the two injections was
paralleled by good product tolerability. In response to
the question “have you experienced injection-related
side effects?” 19 out of 29 answered no after the first
injection and this number increased to 23 after the
second injection. Reported side effects were hematomas
(5 out of 29 both after the first and second injection)
redness (4 and 1 after the first and second treatment,
respectively) and 1 case of swelling either after the first
or second injection. Only one subject reported other
side effects (white spots), after the first injection only,
and none after the second treatment. This effect was
likely due to the injection of a volume of product that
was too much for this specific patient.
As regards the painfulness of treatment, subjects were
required to report according to a scale ranging from 0
(no pain) to 10 (most painful). After the first treatment,
27 out of 29 reported low-scale pain (0-4) with one
subject reporting grade 5 and one grade 6. Similar
results were reported after the second treatment, with
25 out of 29 subjects reporting low-scale pain (0-4) and
the remaining four with values of 5 (2 subjects), 6 (1
subject) and 7 (1 subject).
Interestingly, all the subjects recommended the same
treatments to others, either right after the first or after
the second treatment and more importantly, all the
subjects wanted the second treatment.

At the last visit (4 months after the first injection), the
majority of subjects (27 out of 29) still recommended
the treatment to others. Overall, the majority of subjects
reported a rise in their quality of life (Figure 4).

Conclusion
Treatment with Viscoderm Hydrobooster® was
positively assessed in terms of efficacy and tolerability
by 29 subjects independently enrolled in this study
which was carried out at four different centers. Almost
all patients recommended the treatments to other
subjects and the majority were satisfied, reporting an
increased quality of life. The pain associated with the
injection was modest.
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Figure 4 - Clinical evaluation of treatment at different time points.
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Use of intravaginal device based on
photobiomodulation for the treatment of
vaginal dryness: a pilot study
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Abstract
Purpose: this study aimed to evaluate the use of a treatment based on photobiomodulation, for the improvement of
vaginal dryness associated with or without menopause.
Methods: this prospective non-placebo-controlled study included women who had reported vaginal dryness associated
with or without menopause and had not received any physical or chemical aesthetic treatments. All patients underwent
several treatment sessions with the MILTAPLUS intravaginal probe, a therapeutic device for genital restoration, based on
non-invasive photobiomodulation and magnetic field techniques, and followed up 1 and 12 months after the last session.
Vaginal tissue revascularization, the improvement of dryness symptoms, tissue characteristics of secretion/fluid and
lubrication, the percentage of lubrication and pain variation and mean value of the patient’s overall amelioration level
of symptoms were assessed.
Results: twenty women with a median age of 44.8 (SD 7.4) years were included. Efficacy outcomes were: (1) vaginal
tissue revascularization (34.6%); (2) reduction of dryness, stinging and dyspareunia measured using MBS (50%, 100%,
and 50% respectively); (3) improvement of tissue characteristics using VHIS (16.1%); (4) mean amelioration of lubrication
(94.6% [SD 8.7]) and pain (79.5% [SD 16.8]) one month after treatment using FSFI. The mean value of patients’ overall
amelioration level of symptoms was 7.5 (SD 1.1). The treatment was safe and no adverse effects were reported.
Conclusion: the use of photobiomodulation for the treatment of vaginal dryness provided excellent results, with the
improvement of most symptoms of this condition. However, more research is required to determine the most suitable
protocol for maintaining these outcomes.
Keywords
Vaginal dryness, photobiomodulation light-emitting diode, magnetic field, vaginal restoration, low-level laser therapy
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Introduction
Oestrogen deprivation has a significant impact on
vaginal wall structure and function, affecting connective
tissue components, including collagen, elastin, and
smooth muscle, resulting in the degeneration of these
structures and leading to vaginal atrophy (VA)1.
The following major changes occur: (1) the vaginal
epithelium becomes less cellular and thinner; (2)
glycogen production - responsible for vaginal secretion
- gradually declines and stops completely; (3) blood
flow to the vagina is also reduced, which is associated
with decreased fluid secretion during sexual arousal.
These changes cause a variety of symptoms and vaginal
dryness in particular, as a result of decreased natural
lubrication2-5. Other symptoms include a burning
sensation, irritation, discomfort or pain, and dysuria.
VA symptomatology may vary from bothersome to
debilitating, thus making treatment essential. VA makes
vaginal dryness a common condition, particularly
during menopause, which in turn often leads to
dyspareunia (pain during intercourse)6.
Vaginal dryness can affect patients’ quality of life and
sexual relationships7. The choice of therapy depends
on the severity of symptoms, effectiveness and safety,
always in accordance with patient preferences. All
treatments are addressed to improve genital symptoms
and restore the vaginal environment to a healthy
condition8. The introduction of new medical devices
for non-pharmacological therapies offers the possibility
to improve treatments, for better results and greater
patient satisfaction. Light in the visible-to-far-infrared
spectrum has been applied to the female genital tract
for nearly 50 years. Photobiomodulation (PBM) therapy
is tissue exposure to visible and near infrared light
sources (laser, LED, etc.), based on non-thermal and
non-cytotoxic biological effects.
PBM therapy has been proposed as an alternative for use
in managing the genitourinary syndrome of menopause
(GSM) and stress urinary incontinence (SUI)8.
The main biological effects are reduced tissue repair,
greater inflammation, infection, and pain9. Some studies
have reported the use of Er:YAG or fractional CO2
thermal laser for vaginal atrophy10-12, for the reduction of
pain, edema, and inflammation. Other studies have used
devices based on light-emitting diodes (LEDs)13, as well as
therapy combining LED phototherapy with thermal laser
procedures14,15, to reduce thermal laser side effects, such
as pain and edema. The rationale behind LEDs is based
on their reported efficacy at a cellular and subcellular
level, particularly for 660-nm and 850-nm wavelengths.
Phototherapy with LEDs has been proven to reduce the
production of pro-inflammatory cytokines, allogenic
factors, and increases the production of procollagen
and collagen16. It may also reduce collagen degradation,
due to the enhanced trophicity of subcutaneous and
submucosal muscle tissue8.
Other observed benefits of phototherapy with LEDs are
improved blood flow and neovascularization, as well
as the inhibition of apoptosis17. LED treatment also
reduces pain, including postoperative pain and edema,
along with many types of inflammation14,18. The study
aimed to assess the effectiveness and safety of a new
photobiomodulation- based device in the improvement
Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

of vaginal dryness symptoms in women with or without
menopause.

Methods
Study Design
This was a prospective non-placebo-controlled pilot
study carried out at Clinica Elite Laser, (Madrid, Spain).
Study participants were women (n=20) with symptoms of
dryness associated with VA, with or without menopause.
The complete treatment course included 12 sessions of
photobiomodulation (one session of 5 minutes per week
for 12 weeks). Patients were followed up at one and
twelve months after the last treatment session.
The study was conducted in accordance with principles set
forth in the current revised version of the Declaration of
Helsinki, Good Clinical Practice (GCP), and in compliance
with all applicable laws and regulatory requirements
for medical device use in Spain. All patients signed an
informed consent form in order to participate in the
study, before undergoing any procedures.
Subjects
Consecutive patients were invited to participate in the
study and their need for treatment was confirmed.
Participants were women >18 years old with vaginal
dryness associated or not associated with menopause.
Exclusion criteria were: previous hormonal or other
treatments for VA in the last six months; women with
an active sexually transmitted disease or infection;
neurological disorders; morbid obesity; current or
attempted pregnancy; diabetes; breastfeeding or
lactating; previous vaginal surgery or toning therapy; a
history of cancer, chemotherapy or radiation therapy;
vesicoureteral reflux; bladder calculi or tumor.
Variables Assessed
Objective Assessments: Number of microvessels per
mm2 of the vaginal tissue: this variable was measured
using a transvaginal Power Angio-Doppler with a 3.5-5MHz convex probe(Mindray® Bio-Medical Electronics Co
Ltd., Shenzhen, China), at baseline and immediately after
the treatment session.
Subjective Assessments: Symptoms were assessed
according to the most bothersome symptom (MBS),
including dryness, stinging, pain, dysuria, dyspareunia,
bleeding during sexual intercourse; the values for each
one were described as: none (N), low (L), moderate (M),
and severe (S). Tissue characteristics were assessed using
the Vaginal Health Index Scale (VHIS) score, consisting
of five vaginal parameters: Elasticity, Secretion/Fluid
Volume, Vaginal pH, Integrity of the Epithelium, and selfreported Lubrication/Moisture of Vaginal Tissue with a
5-point Likert scale, where 1 indicates “None,” 2 is “Low,”
3 is “Minimum,” 4 is “Moderate” and 5 is “Normal.” The
sum of the five components can provide a maximum
score of 25 and a minimum of 5. A score of ≤15 defines
the presence of vaginal atrophy. Pain and lubrication were
assessed using the Female Sexual Function Index (FSFI),
a 19-item questionnaire with self-reported measures of
sexual functioning in women, with a specific focus on six
domains of sexual arousal, orgasm, satisfaction, and pain,
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as well as a total score. The patient’s overall amelioration
level of symptoms with the treatment procedure was
assessed using a 10-point Likert scale, where 1 indicates
“Very Dissatisfied,” and 10 is “Very Satisfied.”
Procedures
Basal assessments: Before treatment, variables
self-assessed by patients were: MBS, VHIS and FSFI;
investigators carried out an Angio-Doppler to measure
the number of microvessels per mm2.
Treatment procedure: All patients underwent complete
treatment (one 5 minute session per week, for 12 weeks)
with the MILTAPLUS intravaginal probe (Physioquanta,
Mudaison, France), a non-invasive therapeutic device
combining technologies based on photobiomodulation
and magnetic fields for vaginal tissue restoration (Figure
1), the technical characteristics of which are detailed in
Table 1. The procedure did not require any anesthesia.
Each program, LED and laser, lasted five minutes, therefore
a complete session lasted 5 minutes. Immediately after
the 12-session treatment: A transvaginal Angio-Doppler
was performed to assess the number of microvessels per
mm2 and evaluate tissue neovascularization. One and
twelve months after session 12 (end of treatment): MBS,
VHIS and FSFI variables were assessed. All patients were
asked about the amelioration of their symptoms and
pain during the procedure.

Efficacy Outcomes
Efficacy outcomes were: (1) vaginal tissue revascularization,
evaluated by a transvaginal Angio-Doppler, using the
percentage increase in the number of microvessels per
mm2 from baseline to immediately after the treatment;
(2) percentage of improvement of symptoms of dryness,
stinging and dyspareunia, measured using MBS; (3) the
improvement of tissue characteristics of secretion/fluid
and lubrication, assessed using VHIS; (4) percentage of
lubrication and pain variation using FSFI; and (5) mean
value of overall amelioration level of patients’ symptoms.
Safety Data
Treatment safety was assessed by recording all
procedure complications and any adverse events that
may have occurred during treatment right up until the
follow-up visit, as well as by patients’ self-perception of
pain during treatment.
Statistical Analysis
Quantitative variables were described as the mean,
standard deviation (SD) and range, whereas categorical
variables were described as percentages.
Efficacy outcomes were assessed as the change of the
corresponding variable from baseline to one month after
treatment.
For this pilot study, the sample size was set at 20 patients.
The statistical analysis also included suitable measures
for statistical significance (Student’s paired two-sample
t-test) using the standard cut-off for significance of
p<0.05.

Results

Figure 1 - Miltagynea® (Milta Technologie, Mudaison, France) intravaginal
probe.

Source
LEDs
VIOLET (12 LEDs)
RED (12 LEDs)
IR (12 LEDs)
Laser
Laser IR (12 diodes)
Pulse frequency 10 kHz

Constant Magnetic Field

Output Power Density

Subject Characteristics
A total of 20 women with a median age of 44.8 (SD 7.4;
range of 29-53) years, eight with menopause (40%) and
12 without menopause (60%), were enrolled in the study
and all of them completed it.

Output Wavelength

Dimension of
LED Active Area

2160 mW, or 42 mW/cm2
900 mW, or 18 mW/cm2
540 mW, or 11 mW/cm2

415 +/- 5 nm
660 +/- 6 nm
850 +/- 15 nm

50.9 cm2
50.9 cm2
50.9 cm2

120 W peak maximum
Order of magnitude
of the pulse: 100 ns

850 nm

50.9 cm2

70 mT

Abbreviations: LEDs, light-emitting diodes; IR, infrared; mW, milliwatt; nm, nanometers; cm2, square centimeter; mT, milliTesla.
Table 1 - Technical characteristics of Milta emissions.
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Objective Variables: At baseline, global vaginal tissue
vascularization had a median of three microvessels per
mm2 (range of 1-4); after one month of treatment, the
median value was four microvessels per mm2 (range of
1-5); twelve months after the last treatment, the median
value was four microvessels per mm2 (range 1-5).
The number of patients with five microvessels per mm2
at baseline was 0 (0%), at one month after treatment, five
(25%) women had five microvessels per mm2 (Figure 2);
100% of said patients were not in menopause. At twelve
months after the last treatment, three (15%) women had
five microvessels per mm2; 100% of these were not in
menopause.
Subjective Variables: the most prevalent MBS at
baseline with a high severe score percentage was pain
(65%) followed by stinging (20%) and dyspareunia (20%),
dryness (10%), and dyspareunia (10%); no patients
reported bleeding during sexual intercourse. After one
month of treatment, symptoms with a high severe score
percentage were dryness (5%) and dyspareunia (5%) (50%
decrease). After twelve months of treatment, symptoms
with a high severe score percentage were dryness (5%)
and dyspareunia (5%) (50% decrease).
No severe score was reported for any other symptoms.

Table 2 (click here) shows global results obtained with
MBS throughout the study and according to menopause
condition: Dryness, stinging, pain, dysuria, dyspareunia,
and bleeding during sexual intercourse. VHIS at baseline
had a mean value of 19.9 (SD 2.4; range of 16-23); one
month after treatment, the mean value was 23.0 (SD 2.0;
range of 19-25); twelve months after treatment, the mean
value was 22.3 (SD 2.6; range of 17-25).
Table 3 (click here) shows the global results of VHIS and
FSFI, variables assessed and their results throughout the
study; Table 4 (click here) shows the results of VHIS and
FSFI for patients with or without menopause.
Efficacy Outcomes
For vaginal tissue revascularization, the number of
microvessels per mm2 from baseline and one month after
treatment increased by 34.6% (SD 23.5); differences were
statistically significant (p=0.0008). At 12 months after
the last treatment, the number of microvessels per mm2
from baseline increased by 23.8% (SD 23.6); differences
were statistically significant (p=0.0144). Symptoms of
dryness, stinging, and dyspareunia, measured using MBS,
improved by 50%, 100%, and 100% respectively, at one
month after treatment; the same results were obtained
12 months after the last treatment.

Figure 2 - Example of a patient’s Power Doppler at baseline and at one month after the last treatment session. a: Pre-treatment; b: At one month after the
treatment.
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Table 2 shows all differences obtained for each MBS
measurement from baseline to one month and 12
months after treatment for all patients and according
to menopause condition. The improvement of tissue
characteristics at one month after the last treatment,
assessed using VHIS, was 16.1%. After one month of
treatment, this improvement was significant (p=0.0003).
Figure 3 shows the mean of tissue characteristics at
baseline and one month after the last treatment session,
for each variable. 12 months after the last treatment
session, a 12.5% tissue improvement was recorded,
which was significant (p=0.0062).

At one month after treatment, the mean percentage of
variation and the SD of FSFI lubrication and pain of 94.6%
(SD 8.7) and 79.5% (SD 16.8), respectively. Improvement
at one month was significant in both domains (Table 2).
The mean value of overall amelioration level of patients’
symptoms was 7.5 (SD 1.1). Figure 4 shows the mean value
at baseline and one month after the last treatment session,
in each domain. At 12 months after treatment, the mean
percentage of variation and SD of FSFI lubrication and
pain was 71.7% (SD 8.2) and 63.3% (SD 14.7), respectively.
Improvement at 12 months was significant in both
domains (Table 2). The mean value of overall amelioration
level of patients’ symptoms was 7.0 (SD 1.0).

Mean tissue characteristics assessed using VHIS
6,0
5,0
4,0
3,0
4,7
2,0

4,8

3,7

4,5

3,6

4,7

4,2

3,6

1,0
0,0

Secretion / fluid

Vaginal pH

Epithelium integrity

Pre Tx

Lubrication / moisture

Post Tx

Figure 3 - Mean of tissue characteristics at baseline and one month after last treatment session assessed using VHIS. Abbreviations: VHIS: Vaginal Health
Index Scale; FSFI: Female Sexual Function Index; Tx: treatment.
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Safety Outcomes
The procedure did not require analgesia/anesthesia. No
pain, complications or side effects were reported during
treatment.

Discussion
Study results showed that the combination of LED, soft
laser and magnetic field treatment was associated with
improved vaginal health and VA symptoms, resulting in
better vaginal tissue vascularization immediately after the
treatment protocol (34.6%, SD 23.5; p=0.0008) (Figure 2)
and after 12 months (23.8%, SD 23.6; p=0.0144). Patients’
vaginal and sexual symptoms also improved, with
decreased severity at all follow-ups. MBS symptoms with
a sharp decrease (100%) in severity were: stinging, pain
and dysuria at one month of treatment, and stinging and
dysuria at twelve months after the last treatment session
(see Table 2). A significant improvement of the following
VHIS symptoms was reported: secretion and lubrication,
both with a significant increase (p<0.0001) (Table 3). The
VHIS score at one month and 12 month after the last
treatment, showed a significant improvement compared
to baseline (p=0.0003 and p=0.0062 respectively). An
improvement in all FSFI components was observed
at all follow-up visits. The “lubrication” and “pain”
domains showed a significant improvement (Table 3).
The overall value of patients’ self-perceived amelioration
of symptoms at one month was 7.5 (SD 1.1), and 7.0 at
12 months after the last treatment session (SD 1.0). All
patients resumed usual activities after the treatment
session.
Patients without menopause had better outcomes than
patients with menopause, however improved conditions
were observed in both groups. VHIS score variables
remained, with amelioration at twelve months after
treatment, in both groups (Table 4).
Since no similar studies can be found in literature, results
must be compared with previous studies conducted by us.
In 2018 we carried out a study with an intravaginal device
using only LED technology, for the treatment of vaginal
atrophy; increased vaginal tissue revascularization,
measured by a transvaginal Angio-Doppler; results were
not significant however (p=0.3369); regarding VHIS,
the FSFI domains of “lubrication” and “pain” improved,
and results were statistically significant13. In another
study with Erbium YAG (Er:YAG) or carbon dioxide
(CO2) lasers and LEDs, the number of microvessels was
higher immediately after treatment, and results were
statistically significant (p<0.0001)15. On the basis of our
experience with a combination of photobiomodulationbased technologies, the perception is that this synergy
(magnetic field, LED, soft laser) primarily enables greater
depth of photon penetration in soft tissues, acting
directly on the target area and obtaining better benefits
from these technologies, promoting optimal tissue
regeneration without side effects. In this study, the added
benefit is that the device includes all three technologies
in one device, facilitating the professional’s handling of
the procedure and providing more patient comfort.
Despite considerable improvement in all variables
assessed in this study, our results should be considered
Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

in the context of the limitations of the study design, i.e.
a low number of participants. Thus, unlike other studies
previously mentioned, ours was not randomized and
did not compare the efficacy of the investigation device
with that of a sham device. The study aimed to relieve
symptoms that are experienced subjectively by individual
patients and thus patient self-assessment was deemed a
good representation of treatment effectiveness.
In short, the combined use of these three technologies
(LEDs, soft laser, and magnetic field) for the treatment
of vaginal dryness provided excellent results for tissue
regeneration and symptom amelioration. However,
future randomized, double-blind studies with sham
devices and a more significant number of patients will
be necessary to confirm these results.
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Abstract
Cryoadipolysis is a non-invasive technique for subcutaneous fat reduction, which is used to circumvent problems
associated with surgical methods like liposuction or abdominoplasty. During cryoadipolysis, local ischemia is caused
due to the suction process and blood flow is reduced. This leads to a reduction of the biological heat within the suctioned
tissue, which can increase the cooling capacity of cryoadipolysis applicators. In this study we performed a preliminary
clinical investigation to validate a mathematical model designed to determine the percentage of bloodstream that flows
through treated tissue, depending on the geometric characteristics of the cryoadipolysis applicators used. We observed
a very strong correlation (R2 > 97%) between experimental and simulation data. The use of numerical simulations
and accurate models that reproduce the thermal behavior of biological tissues can be used to better understand the
cryoadipolysis process, estimate the efficacy and safety of cryoadipolysis applicators, and develop better and safer
devices.
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Introduction
Fat accumulation is a serious aesthetic and health
concern for modern society.
Cryoadipolysis is a non-invasive technique for fat
reduction that is used as an alternative technique to
circumvent general problems associated with analogous
surgical methods (i.e. liposuction)1.
During cryoadipolysis, adipocytes are selectively
lysed after local cold induction and no harm is caused
to adjacent cells1. Since the approval of the first
cryoadipolysis device for the reduction of undesired
subcutaneous fat by the FDA in 2010 (K080521), many
studies have confirmed the efficacy and safety of this
non-invasive technique, both in vitro and in vivo2-4.
Moreover, various clinical trials have confirmed that
it is a safe technology which causes minimal pain and
guarantees a quick recovery for patients1.
Cooltech® and Cooltech Define are among the world’s
leading cryoadipolysis platforms in this regard.
In previous studies, we have recreated the Cooltech
procedure using numerical simulation with COMSOL
Multiphysics®; simulations have proved to be an
excellent tool for improving understanding of the
cryoadipolysis process and for optimizing applicator
design for better efficacy and safety5,6.
These simulations have previously been validated using
in-vitro experiments7.
However, there is one aspect of cryoadipolysis that
cannot be observed through in-vitro experimentation
and therefore has barely been studied: ischemia4. Local
ischemia (decreased blood flow inside suctioned tissue)
is caused by the vacuum suction of the applicators when
cryoadipolysis is performed.
Since even a small decrease in the percentage of blood
flow produces important changes in the thermal
behavior of tissue, ischemia during cryoadipolysis
may have significant consequences on the efficacy of
treatment. We developed a mathematical model of
ischemia based on the applicator geometry and suction
pressure6.
Here, we performed a preliminary clinical validation
of our in-silico model of the cryoadipolysis method that
includes a model for ischemia.
A thermocouple probe was introduced into the fatty
tissue during a cryoadipolysis procedure, to monitor
internal temperature. Subsequent experimental data
were compared with the results of simulations.
A more accurate in-silico model that includes blood
perfusion will serve to improve the design of the
Cooltech cryoadipolysis procedure, in order to provide
maximal efficacy and safety for subjects.

Materials and methods
In-silico model
The in-silico model simulating the physics of the heat
exchange between the biological tissues and the Cooltech®
device was created with the COMSOL Multiphysics®
software using the finite elements method5-7.
The meshed geometrical domains consisted of the
biological tissues involved (skin and fat) and the
Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

cryoadipolysis applicators (Figure 1A). Applicators were
designed using SolidWorks® software; designs were
then imported to the COMSOL Multiphysics® software
(Figure 1B). The simulation was conducted by solving the
equation of heat transfer for biomaterials (Eq 1):

A.
B.
C.

Equation 1 - A: Equation of heat transfer for biomaterials; B: Heat flux by
conduction in the tissue and C: Biological heat. Parameters and variables
of the equations: ρ: density of the tissue; Cp: specific heat at constant
pressure of the tissue; ∂T/∂t: partial derivative of the temperature (T)
with respect to the time (t); : mathematical operator Nabla (operator
that applies partial derivatives in space to a magnitude); q: heat flux by
conduction in the tissue; Q: heat source; Q bio: biological heat; k: coefficient
of heat conductivity; ρb: blood density; Cpb: blood specific heat at constant
pressure; ωb: blood perfusion rate; Tb: arterial blood temperature; Q met;
metabolic heat source.

Figure 1 - (A) Mesh used for the heat transfer equation resolution by
finite domains method (Straight HP case). (B) Tight design (top) and
Straight design (bottom) of Cooltech applicators.

For each material used in the simulation, three basic
parameters were required: (1) specific heat (Cp), (2)
thermal conductivity (k), and (3) density (ρ).
The materials used in the simulations were fat, skin,
the polypropylene of the applicator’s outer body, the
anodized aluminum of the cooling plates’ surface and
the anodized aluminum of the cooling plates [8-11]
(Table 1). Four parameters were required to simulate
blood perfusion: (i) blood temperature (Tb), (ii) bloodspecific heat capacity at constant pressure (Cpb), (iii)
blood density (ρb), and (iv) blood perfusion rate (ωb) in
fat and skin12,13 (Table 2).
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Material

Cp (J/kg·K)

k (W/m·K)

ρ (kg/m3)

Fat [8] *T in oC

1984.2 + 1.4733T
– 4.8008·10-3T2

0.18071 – 2.7604T·10-4
– 1.7749·10-7 T2

925.59 – 0.41757T

Skin [9]

3391

0.37

1109

Plastic (Polypropylene) [10]

1800

0.16

1040

Anodized Aluminum [11]

880

18

2700

Aluminum [9]

900

238

2700

Table 1 - Required physical parameters to solve the heat transfer equation.

Blood Temperature

36 (ºC)

Cp blood[12]

3220 (J/kg·K)

ρ blood [12]

900 (kg/m3)

ω in fat [13]

4.2·10-4 (1/s)

ω in the skin [13]

0.0018 (1/s)

Table 2 - Required physical parameters to simulate blood perfusion.

The different stages of a cryoadipolysis treatment were
recreated with the simulations, including the cooling
of tissues through contact with cooled aluminum
plates, the use of cryoprotectant on the skin and the
ischemia produced by the suction of the tissues into
the applicators. Regarding the original conditions of
the simulations, the initial temperature was 36ºC for
biological tissue (simulating body temperature) and 20ºC
(room temperature) for all other materials.
As a first boundary condition, an isolated system was
considered, which means that there was no heat flow in
its contours (Figures 2A and 2B).
As a second boundary condition to simulate the cooling
process, a time-dependent temperature was applied to
the aluminum plates.
Aluminum plates, which in a real-life situation are
cooled by Peltier cells, do not achieve a cold temperature
instantaneously and require some time to reach the
set temperature (-8ºC with the Cooltech® device). We
incorporated the temperature drop function of the
Cooltech applicators in the simulation (Figure 2C).

Figure 2 - (A) Boundary conditions and (B) initial conditions used during
simulations.
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Figure 2 - (C) Temperature curve of aluminum cooling plates as a
function of time. Abbreviations: T, temperature; oC, degrees Celsius.

In order to simulate the suction effect of the applicator
on the tissue to be cooled, the treated biological tissue
was divided into two parts: (i) the suctioned tissue,
consisting of skin and fat inside the applicator, and
(ii) the non-suctioned tissue, consisting of the skin and
fat adjacent to the suctioned tissue. Assuming partial
ischemia, a model was proposed to estimate a blood
perfusion factor (BPF) [6] (Eq 2).

Equation 2 - Equation for the blood perfusion factor.

where e is a mathematical constant with an approximate
value of 2.71828 and is the base of the natural logarithm,
and k is a constant to determine the perfusion factor
for each applicator, obtained by applying the model to
a reference value6. The following premises were also
considered in order to develop the model:
a) BPF of between 0 and 1, multiplying the blood perfusion
frequency (ω) of the biological tissue in its natural state.
Without ischemia, the factor is 1 and there is natural
biological heat; with 100% ischemia, the factor is 0 and
biological heat is null.
b) BPF increases with the blood perfusion surface (surface
of the suctioned tissue through which blood flows).
c) BPF decreases with the depth and the inclination angle
of the lateral surfaces inside the applicator, and with
suction pressure.
d) For high BPF values (low ischemia), changes in the
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design parameters do not significantly affect ischemia.
On the other hand, for low BPF values (high ischemia),
small design changes can significantly affect the resulting
ischemia.
For the Tight and Straight Cooltech applicators, the
perfusion factor was estimated at 0.31 and 0.42,
respectively6.

Clinical procedure
In order to compare simulated results with clinical
data, two subjects with localized adipose tissue in the
abdominal area were recruited. The study was conducted
in compliance with the principles set forth in the current
version of the Declaration of Helsinki, Good Clinical
Practice, and the laws and regulatory requirements for
the use of medical devices in Spain. Both subjects were
consulted, provided their consent and clearly understood
the procedure before the study. All procedures fulfilled
Organic Law 15/1999 on the Protection of Personal
Data and Regulation (EU) 2016/679 of the European
Parliament and the Council of April 27 2016, concerning
the protection of natural persons with regard to the

processing of personal data and the free circulation of
said data. Both subjects were treated with the Cooltech
device, one with a Straight applicator (Subject 1) and
the other with a Tight applicator (Subject 2) (Figure 3A).
Prior to the treatment, a thermocouple probe (generic
K-type thermocouple) was introduced through a cannula
reaching the dermal fat layer through a dermal incision.
The probe was connected to a GM1312 Dual-Channel
LCD Digital Thermometer to track the temperature
during cryoadipolysis treatment (Figure 3B).
The cryoadipolysis treatment began with a suction test
to ensure the suitability of the applicator for the fatty
tissue to be treated. A cryoprotectant CGP (Cool Gel Pad)
membrane was then placed on the area to protect the
epidermis and dermis. The applicator was positioned
over the CGP and then activated. Suction was set at 240
mbar and the temperature at -8ºC.
After 70 minutes of treatment, the applicator was
removed along with the CGP membrane and a massage
was performed on the treated area.
After the treatment, the depth and position of the
probe was verified by palpation and by ultrasound
with a Mindray M5 ultrasound system (Figure 3C).
The simulation was performed at the same x, y and z
coordinates of the simulated tissue.

Figure 3 - (A) Point evaluated in the simulation. (B) Treatment images with thermocouple probe attached for Straight applicator (Subject 1) and Tight
applicator (Subject 2). (C) Ultrasound images of the treated tissues. Probe position inside the tissue is marked in red.
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Statistics

Discussion and conclusions

In order to evaluate the correlation between simulated
and observed results, the coefficient of determination
(R2) has been computed. The variance of the difference
between both data sets and the maximum value of the
difference is also shown.

During a cryoadipolysis procedure, ischemia (reduced
blood perfusion) is caused in the treated area due to it
being sucked into the applicator4. Decreased blood flow
in the suctioned tissue leads to a reduction of biological
heat (Qbio), which does indeed have a great influence on
the cooling dynamic of the cryoadipolysis procedure. In
contrast, the metabolic heat (Qmet) of each tissue (Eq 1C)
is considered to be negligible during cryoadipolysis12,13.
Therefore, the 3D heat transfer in-silico model used in
this study considers ischemia as the only parameter for
determining biological heat.
Accordingly, the efficacy of cryoadipolysis does not
depend solely on tunable parameters (i.e. temperature,
pressure) but is also affected by the geometry of
the selected applicator. The shape of the applicator
determines the contact surface and the amount of tissue
to be treated along with the induced ischemia, thus
directly influencing bodily thermal response.
We have validated the described 3D in-silico model using
two applicators that differ in shape. The correlation
between the theoretical data, obtained by means of
simulation, and the clinical data obtained during
cryoadipolysis administered to two subjects with the
Straight and Tight applicators, was 97.87% and 99.08%,
respectively. The maximal reported difference was
less than 3ºC. Notably, we can confirm that the Tight
applicator provides better treatment efficacy. This is due
to its long and narrow design, which provides an elevated
contact area with the skin and therefore better cooling of
the fat volume lodged inside5.
In conclusion, this experimental study has proven
that it is possible to generate mathematical models
enabling the simulation of the cooling dynamics of
Cooltech® applicators. We have created a realistic model
by determining the relationship between the ischemia
produced in the suctioned tissue within the applicator
and the geometry of said applicator. This information
has no precedents and contributes great value to existing
clinical experience.
More studies should be performed, considering a variety
of different applicators; the number of subjects should
also be increased. Confirmation of results would result
in a fully validated method for determining the extent
of cooling generated by cryoadipolysis applicators by
means of numerical simulations that are only dependent
on their geometric parameters. This may lead to the
design of more effective cryoadipolysis procedures,
primarily in terms of patient safety.
A validated in-silico model may also substantially reduce
the need for clinical subjects to validate new device
designs, thus clearly providing a significant added value.

Results
We described the temperature obtained from the clinical
observations during cryoadipolysis as a function of time,
and we compared the obtained results with the outcome
of the simulations, which took into account ischemic
processes. In the case of Subject 1 (treated with a Straight
applicator), the experimental data closely matches the
data obtained from the simulation. In this case, the
greatest discrepancy between the experimental data and
the data obtained from the simulation was - 2.21ºC at 10
min. The variance of the difference was 1.01ºC and R2
was 97.87% (Figure 4A).
Similarly, in the case of Subject 2 (treated with a Tight
applicator), the experimental data matches the data
obtained from the simulation very well, with a maximum
difference of -2.92ºC at 20 min. The variance of the
difference is 1.09ºC and the coefficient of determination
(R2) is 99.08% (Figure 4B).
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Current understanding of the
pharmacology of botulinum toxin type A:
penetration, distribution, triple receptor
binding, the mechanism of action and
factors affecting it
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Abstract
The aim of this review is to structure current information clarifying the most disputable issues of botulinum neurotoxin
type A (BoNT/A) pharmacology after systemic (botulism) impact and local medical application. The evaluation of
botulinum neurotoxin (BoNT) pharmacological features requires the study of factors affecting its biological activity to
extend/shorten the duration of its effect and to increase/decrease BoNT sensitivity in specific patient populations.
This review presents unique molecular mechanisms underlying BoNT/A pharmacokinetics and pharmacodynamics:
entry into the body, distribution, receptor binding, translocation, mediator release suppression, zinc metabolism as well
as factors affecting body sensitivity to BoNT at each of those stages.
Botulinum neurotoxin pharmacokinetics and pharmacodynamics features discussed herein are of significant clinical
relevance since they determine botulinum treatment safety and effectiveness. They also open the way for developing
both BoNT-based therapies and anti-botulinic agents.
Keywords
Botulinum neurotoxin, Ganglioside, Synaptic vesicle protein, Fibroblast Growth Factor Receptor, SNARE proteins,
translocation
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Introduction
Botulinum neurotoxins (BoNTs) are the most potent
protein toxins among bacterial, animal, plant and
chemical toxic compounds and are the cause of
botulism1. BoNT-based therapeutics are widely used
in the treatment of various diseases and esthetic
disorders. Various highly promising features of BoNT
pharmacology in the development of both BoNT-based
therapeutics and anti-botulinic agents are currently
under study. Unique molecular mechanisms underlying
various stages of botulinum neurotoxin type A
pharmacological activity as well as potential factors
affecting body sensitivity to BoNT are described in this
paper.
Neurotoxin complex and BoNT molecule structure
Botulinum neurotoxin is a protein dimer with a
molecular weight of 150 kDa and the chemical formula
C6760H10447N1743O2010S32, consisting of two
chains: light and heavy. The light chain constitutes
approximately one third of toxin molecular weight and
is bound to the heavy one with a disulfide link2.
The light chain (L-chain) is a protease blocking synaptic
release. It forms the BoNT molecule catalytic domain.
The heavy chain (H-chain) consists of 2 domains: the
binding domain bounds to target cell surface receptors;
the translocation domain is involved in light chain
translocation, creating the cell membrane channel.
The BoNT molecule is a dipole with an electric charge
attenuating from the binding domain to the catalytic
one3. It is of importance when the molecule is directed
to cell membranes as it facilitates receptor binding.
In natural settings BoNTs are synthesized by bacteria
as a complex with several proteins: one non-toxin nonhemagglutin (NTNHA) and several hemagglutinins1.
NTNHA has a molecular weight of 130 kDa and its
amino acid sequences are extremely similar to BoNT
but without protease motif. “Hand in glove”-type
interaction with the BoNT molecule protects from the
aggressive effects of environmental factors, including
GIT proteolytic enzymes4.
There are three classes of hemagglutinins with molecular
weight of 33-35, 15-18 and 70 kDa5. They do not directly
come into contact with the BoNT molecule, but rather
with NTNHA, working as an adhesin molecule when said
toxin complex is absorbed.
Non-toxic hemagglutinin and hemagglutinin proteins
can form various multimeric complexes with BoNT called
botulinum neurotoxin complexes. Each contains only
one BoNT molecule, which is released from the complex
if medium pH changes2.
BoNT absorption and distribution
BoNTs can enter the human body via both injured and
intact tissues. Therapeutically, botulinum neurotoxin
type-A (BoNT/A) based agents are mainly injected as
close as possible to their target cells. However, BoNT/A
forms that can be applied without damaging skin are
already under development, yet to reach Phase III clinical
studies6,7.
In natural settings, BoNTs show systemic action causing
botulism and enter the body mainly through intact
membranes.
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Depending on the mode of toxin entry, botulism forms
can be classified as follows: food botulism (ingestion
of BoNT-contaminated food), infant (ingestion of food
with bacteria spores), inhalation (breathing-in BoNTcontaining aerosols), wound (in majority of cases related
to injectable drug use), iatrogenic8.
In natural settings, the botulinum neurotoxin must cross
epithelial barriers and reach general circulation in order
to hit its target cells. This process is called absorption.
There are two modes of BoNT intestinal or pulmonary
epithelium penetration: intracellular route and
intercellular junction-related.
In the case of transcytosis (penetration through epithelial
cells), BoNT binds to ganglioside receptors at the epithelial
cell surface and undergoes endocytosis (captured in
a vesicle). Transport vesicles transfer the toxin to the
entire cell and release it into general circulation. Toxin
structure is not altered, nor is it released in cell cytosol
during transcytosis, which differentiates BoNT binding
with epithelial cell from binding with neuronal ones9,10.
The paracellular route (through intercellular junctions)
may or may not involve complexing proteins. Complexin
hemagglutinins can bind to E-cadherin in epithelial
intercellular junctions and disrupt the latter, releasing
BoNT into general circulation4. BoNT molecules are also
able to break epithelial barriers without complexing
proteins. Studies by Maksymowych et al., 1999; AlSaleem et al., 201211,12 showed that the introduction
of equimolar amounts of free BoNT/A and BoNT/A
complexes resulted in equivalent BoNT titers in general
circulation with similar toxicity and effectiveness.
However, hemagglutinins are assumed to boost BoNT
transportation through the epithelium.
When transported through the intestinal wall, BoNT
may bind to cholinergic and serotoninergic neurons of
the enteral (intestinal) nervous system located in the
intestinal submucosa, blocking gut motor and secretory
activity. This explains impaired bowel movement
(constipation) as one of the early signs of alimentary and
infant botulism13.
BoNT penetrates the epithelial barrier into general
circulation and is distributed in all extracellular fluid
compartments in the body except for in the central
nervous system.
Eisele et al. (2011) conducted a series of experiments14
demonstrating that with pH values close to neutral
(arterial blood pH of 7.37-7.4315,16 botulinum neurotoxin
complex dissociates on active BoNT and complexing
proteins with a half-life of under one minute. Once the
toxin complex dissociates, complexing proteins are
no longer of any significance in the occurrence of the
clinical effect of BoNT. Studies by Al-Saleem et al. (2008)17
proved that the toxin reaches general circulation without
any evident structural or biological activity changes.
General circulation acts as a toxin storage compartment
until BoNT reaches its target cells. While in general
circulation BoNT undergoes slight biotransformation, it
is not accumulated in blood cells and mostly remains in
its free active form. This concept of “general circulation
- botulinum neurotoxin storage compartment” has been
confirmed by many researchers. Fagan et al., 200918
described active BoNT/A presence in human blood
serum 11 days after contaminated food ingestion, Sheth
et al.,200819 - 25 days after disease onset, Delbrassinne
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et al., 201820 - 29 days after the consumption of
contaminated food. From the intravascular fluid
compartment, the botulinum neurotoxin enters the
extravascular compartment and then intercellular fluid.
When locally injected for therapeutic purposes, the
botulinum neurotoxin is directly introduced into the
extravascular compartment (or intravascular one if in a
blood vessel) adjacent to target cells, thus bypassing the
absorption stage. From the intercellular compartment, the
botulinum neurotoxin should reach its target, peripheral
cholinergic nerve endings, and bind to receptors there.
In order to better understand the binding mechanism
of botulinum neurotoxin with receptors, a knowledge of
normal neurotransmission in synapses is required.
Normal synapse neurotransmission
Neuromediators are synthesized in neuron cytosol and
then stored in pre-synaptic nerve endings in synaptic
vesicles. The Synaptic vesicle membrane contains
a proton pump (vesicular ATPase), which increases
intravesicular proton concentration when activated8. The
electrochemical proton gradient ensures mediator influx
from cytosol and its accumulation in such vesicles. The
uptake of mediators within the synaptic vesicles is also
regulated by receptors on the neuronal membrane, not
only by the proton gradient. Mediator-containing vesicles
are located in neuron cytoplasm and are bound to
specific presynaptic membrane regions (active zones21)
during so- called docking22. Vesicles are docked with
cell membranes in active zones only and docking is
controlled by numerous transport proteins23.
When a nerve impulse arrives, the axonal presynaptic
membrane is depolarized, calcium channels open and
Ca2+ ions flow into the axon24. In response to the Ca2+
influx, the mediator- containing vesicle fuses with
the presynaptic membrane in the active zone. This
stage is called priming. It is regulated by two integral
membrane synaptic vesicle proteins (synaptobrevin and
synaptotagmin) as well as two presynaptic membrane
proteins (SNAP25 and syntaxin), and cytosol proteins
including complexin25-28.
Rapid vesicle conformation changes caused by regulatory
proteins result in full synaptic vesicle fusion with
presynaptic membrane and pore formation, enabling
neuromediator release into a synaptic cleft29.
The neuromediator diffuses from its nerve terminal
and binds to post-synaptic receptors that trigger postsynaptic cell signaling. In neuromuscular junctions,
acetyl choline binds with its receptor on myocyte
plasmalemma, resulting in muscle cell membrane
depolarization. Membrane depolarization kicks off Ca2+
influx in myocyte and muscle contraction.
During neuromediator release the synaptic vesicle
lumen opens temporarily into a synaptic cleft; later it
internalizes in the nerve terminal during endocytosis.
After endocytosis, the vesicle is filled once more with
the neuromediator; this is followed by the start of the
neurotransmission cycle30.
BoNT/A binding with target cells
Active BoNT/A molecules bind with target cells via their
receptors on cell surface31. In order to bind with the
neuronal membrane, BoNT/A molecule must interact
with a set of high and low affinity receptors32. Currently 3
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receptors (polysyaloganglioside GT1b, fibroblast growth
factor receptor 3, transmembrane vesicular receptor SV2)
and several co-receptors have been described in such
combination. Active neurotoxin molecule endocytosis
and further changes are possible only when it binds with
the entire receptor combination on the axonal surface5.
Binding to one of the receptors without interaction with
others does not induce toxin internalization.
This multistage process for BoNT/A binding with
receptors accounts for a low BoNT/A concentration in
circulating fluids, a high rate of extracellular flow around
cells and a small axonal surface area.
First receptor - polysyaloganglioside
The first BoNT/A receptor on the neuronal surface
is polysyaloganglioside GT1b (PSG). Gangliosides are
glycosylated lipids contained in cell membranes. Though
gangliosides are present in all tissues of vertebrates, they
are more prevalent in neuronal membranes33 where they
are involved in optimal myelin production, axon-myelin
interactions, peripheral and central axon stability32.
PSG density on presynaptic membrane is high. PSGs are
grouped as microdomains next to presynaptic membrane
active zones34. The presence of PSG receptors in these
zones is important for binding processes of botulinum
neurotoxin with other receptors.
Oligosaccharide (BoNT-binding part) PSG projects quite
far outside the membrane surface into a synaptic gap
and is negatively charged8. The BoNT/A molecule is a
dipole with a positively charged binding domain3.
Such a difference in electric charge of the BoNT/A binding
domain and PSG receptors (and other anion lipids on the
axonal membrane) makes it possible to redirect BoNT/A
molecule to the cell membrane, thus enhancing chances
of receptor binding. Currently polysyaloganglioside are
considered as initial binding regions, drawing the toxin
from a relatively vast 3D extracellular fluid space into
a 2D membrane surface one5. Therefore toxin binding
must follow receptors. On the one hand, binding to PSG
is irreversible since BoNT/A is extracted from ground
substance and is fixed onto the axonal membrane. On
the other hand, at this stage the toxin can still be affected
and neutralizing antibodies can still reach it.
However, polysyalogangliosides are membrane receptors
for both botulinum neurotoxin and human neuropathyassociated antiganglioside autoantibodies. Anti-PSG
autoantibody production in neuropathic patients may
induce diminished botulinum neurotoxin sensitivity and
resistance development35.
Second receptor - fibroblast growth factor receptor 3
The HC subdomain structure of botulinum neurotoxin
type A is similar to basic fibroblast growth factor (FGF)36.
This similarity enables BoNT/A high-affinity binding with
protein fibroblast growth factor receptor 3 (FGFR3b) on a
neuronal surface37.
However, FGFR3b receptors bear an affinity not only to
BoNT/A but also to multiple fibroblast growth factors.
Moreover, this receptor affinity to growth factors exceeds
the one to the botulinum neurotoxin. Native FGFR3
ligands - growth factors FGF1, FGF2 and FGF9 - compete
for binding with FGFR3 and occupying receptors are able
to jam BoNT/A absorption by cells8.
FGFR3b receptor activity is regulated by several low38
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affinity cofactors including heparansulfate, neuropilin-1,
anosmin, etc38. Non-specificity and competitive binding
of FGFR3 receptors with BoNT/A and fibroblast growth
factors cofactor impact on receptor activity, which may
explain the fragility of this receptor mechanism and,
therefore, variable sensitivity to botulinum neurotoxin.
Moreover, some FGFR3 mutation-related conditions
(skeletal dysplasias, epidermal nevus, seborrheic
keratosis, hyperinsulinemia) might demonstrate defective
FGFR3 expression39-43. FGFR3 mutation influence on
botulinum neurotoxin sensitivity is yet to be studied.
Third receptor - transmembrane vesicular receptor SV2
SV2 is a protein receptor located on the vesicular
membrane44 of all peripheral and central neurons as
well as on the secretory granule membrane of endocrine
cells45. SV2 is expressed on vesicular membranes in cells
accumulating not only acetyl choline but also GABA,
dopamine, glutamate, substance P and several other
mediators46.
Unlike polysyaloganglioside receptors expressed into
a synaptic gap, the SV2-receptor BoNT/A- binding site
is projected into synaptic vesicle lumen and is not
approachable for the neurotoxin while such vesicle is in
axonal cytosol47 SV2 becomes reachable for BoNT/A at
the time of vesicle fusion with presynaptic membrane
and acetyl choline exocytosis48.
Thus, BoNT/A binding with the entire receptor
combination occurs in active zones only after synaptic
vesicle fusion with the presynaptic membrane and
the opening of vesicular lumen into the synaptic cleft,
facilitating further BoNT/A endocytosis. After binding
with the receptor combination and endocytosis, the
botulinum neurotoxin can no longer be reached by
neutralizing antibodies.
Endocytosis
BoNT/A molecule binding with receptors results in
receptor-mediated endocytosis of both receptors and
toxin49. The vesicular lumen has a neutral pH immediately
after endocytosis. The vesicular ATPase proton pump
controls mediator re-uptake50 and injects protons into
the synaptic vesicle, thus gradually decreasing vesicular
lumen pH51.
Light chain translocation
Vesicular medium acidification results in irreversible
conformation changes to both heavy and light BoNT/A
chains. With these changes, via receptors the heavy chain
links to the vesicular membrane to form a transmembrane
H-channel52,53. The conformation-altered light chain
leaves the vesicle for cytosol54 through the channel,
resulting in the break-up of the chain-binding disulfide
link. L-chain translocation occurs with a рН of between
4.5 and 655. A pH decrease results in the protonation of
carboxylated amino acid residues present in BoNT/A
heavy and light chains. Carboxylated residues are located
on one side of the toxin molecule and their protonation
results in significant changes in molecular shape55. With
its positively charged surface, the BoNT/A molecule
interacts with the anion vesicular membrane surface
to form a protein and lipid complex56. The L-chain is
assumed to turn into a “molten protein globule”, thus
assuming hydrophobic features8. On the one hand,
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L-chain hydrophobicity ensures its translocation via
the H-chain-formed membrane channel. On the other,
a lower pH molecular surface where the disulfide bond
is located results in increased hydrophobicity. This
ensures disulfide bond integrity until complete L-chain
translocation. In order to cross the vesicular membrane,
L-chain should maintain a disulfide bond with the Hchain throughout the entire translocation sequence55.
Premature disulfide bond breakage at any stage before
exit into the cytosol interrupts L-chain translocation57.
At the end of translocation process, the disulfide bond
is destroyed by the thioredoxin reductase- thioredoxin
system, releasing a light chain to express its catalytic
activity in cytosol58. The Thioredoxin reductase (TrxR) thioredoxin (Trx) system is a main cellular redox system.
TrxR and Trx are cytosol side proteins of the vesicular
membrane and their inhibition may block BoNT/A action
in stages in which the neurotoxin is beyond the reach of
neutralizing antibodies59. In vitro experiments by Zanetti
et al., 2015 showed that inhibitors for the TrxR-Trx
enzymatic couple hamper L-chain protease activity for
all known botulinum neurotoxin serotypes in cultured
neurons. In vivo, they prevent toxin-induced paralysis in
mice irrespective of botulinum neurotoxin serotype60.
In life cycle model terms, disulfide bond reduction is the
end of intracellular existence for the intact active BoNT/A
molecule (holotoxin). Even if a light or heavy chain were
to be exported beyond the cell, neither would be able
to disrupt cell functioning. Only holotoxin can undergo
multiple stages that result in conduction block61. On
the other hand, conformation changes related to рНinduced L-chain translocation in cytosol create “a trap”,
preventing both retrotranslocation into the endosome
and active toxin molecule return in the extracellular
environment5.
L-chain cleaves transport proteins
The modified L-chain enters the neuron cytosol through
the H-channel, where it behaves as a metalloprotease.
It catalytically cleaves nine amino acids from the
С-terminal of soluble N-ethylmaleimide-sensitive factorattachment protein receptor (SNARE) for SNAP25 protein
(SNAP25206) forming SNAP2519762,63 Intact SNAP25 is
required for mediator-containing vesicle attachment
with further neurotransmitter release and it is also
involved directly in Ca- channels activity regulation in
the presynaptic membrane64. SNAP25 cleavage impairs
mediator exocytosis, causing nerve impulse conduction
block and muscle paralysis65.
Synaptic activity is highly sensitive to the cleavage of
minimal SNAP25 amounts. It was hypothesized that
SNAP25 in neuron cytosol exists as various pools and
that only small amounts of SNAP25 are actively involved
in exocytosis and reachable for L-protease effects66. It
was confirmed experimentally by showing that a cleavage
of 10-15% of the total intracellular SNAP25 pool is
sufficient for complete neuromediator release block67-69.
L-protease cleavage of as little as 2-3% of SNAP25 pool
results in the blockage of miniature post-synaptic
cell potentials (weak depolarization of post-synaptic
membranes at neuromuscular rest)70. Along with the
SNAP25 proteolysis product, the SNAP25197 protein
inhibits exocytosis on its own71. Meunier et al.72 reported
how SNAP25197 is able to persist for a long time while
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in cytosol, as a component of the non-productive SNARE
complex, thus prolongating BoNT/A effects. Conversely,
the removal of several amino acids from SNAP25197
results in rapid exocytosis restoration.
Zinc metabolism and translocation
Zinc is necessary for light chain catalytic activity. One
botulinum holotoxin molecule contains 1 zinc atom
retained by the L-chain zinc-binding amino acid sequence
and such binding is reversible73.
Vesicle acidification causes the protonation of zincbinding sections in the BoNT molecule. Translocation
causes light chain denaturation, obliterating chelate site
integrity. As a result, bound zinc dissociates and enters
the cytosol zinc pool.
In their in vitro studies, Simpson et al.74 demonstrated
that zinc removal from the active botulinum neurotoxin
molecule caused L-chain catalytic activity loss in cell-free
samples. Activity in intact neuromuscular junctions is
retained due to internalized toxin bound cytosol zinc.
Thus, zinc retained by holotoxin (intact active molecule)
is not the same zinc that is bound with the catalytically
active light chain. Light chain binds cytosol zinc.
Mediator release block
The main BoNT/A target is peripheral neurons, where the
botulinum neurotoxin inhibits acetylcholine release75.
Many cell-based studies have shown that BoNT/A not only
blocks acetylcholine release but also prevents the release of
numerous other neuromediators if they are accumulated
and stored in vesicles32. These neuromediators are as
follows: epinephrine, norepinephrine, dopamine76,77,
glutamate78, glycine79, serotonin80, substance P81, etc.
Therefore, the botulinum neurotoxin is to be considered
not as a specific acetylcholine release inhibitor, but
rather as an exocytosis blocker for various mediators
that offers tremendous promise for the treatment and
prevention of various disorders.

Conclusion
Further studies of the pharmacological mechanisms
unique to the botulinum neurotoxin are quite promising
in the search for ways to influence its effects: to extend/
shorten the duration of its action, to increase/decrease
BoNT sensitivity in specific patient populations. This will
also help to develop protocols for optimal combinations
of botulinum neurotoxin with esthetic medicine
procedures of all kinds. Better insights into multiple
aspects, not only of BoNT neuronal selectivity but also
of BoNT/A interaction with non-neuronal cells, will lead
to the development of new therapeutic applications of
botulinum neurotoxin-based agents in various areas of
medicine.

Conflict of interest
Funding sources: none.

Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

40

Current understanding of the pharmacology of botulinum toxin type A: penetration,
distribution, triple receptor binding, the mechanism of action and factors affecting it

REFERENCES
1.

Poulain B, Popoff M. Why Are Botulinum Neurotoxin-Producing
Bacteria So Diverse and Botulinum Neurotoxins So Toxic?. Toxins
(Basel). 2019; 11(1):34.

2.

Berry M. Botulinum Neurotoxin: Basic Facts, Physiology and
Pharmacology. Atlas of Surgical Therapy for Migraine and TensionType Headache. 2019; 45-50.

3.

Fogolari F, Tosatto S, Muraro L, Montecucco C. Electric dipole
reorientation in the interaction of botulinum neurotoxins with
neuronal membranes. FEBS Lett. 2009; 583(14):2321-2325.

4.

Gu S, Rumpel S, Zhou J et al. Botulinum Neurotoxin Is Shielded by
NTNHA in an Interlocked Complex. Science. 2012; 335(6071):977981.

5.
6.

23.
24.

Ahmari S, Buchanan J, Smith S. Assembly of presynaptic active
zones from cytoplasmic transport packets. Nat Neurosci. 2000;
3(5):445-451.
Stanley E. The calcium channel and the organization of the
presynaptic transmitter release face. Trends Neurosci. 1997;
20(9):404-409.

25.

CATTERALL W. Interactions of Presynaptic Ca2+ Channels and
Snare Proteins in Neurotransmitter Release. Ann N Y Acad Sci. 1999;
868(1):144-159.

26.

Hilfiker S, Pieribone V, Czernik A, Kao H, Augustine G, Greengard P.
Synapsins as regulators of neurotransmitter release. Philos Trans R
Soc Lond B Biol Sci. 1999; 354(1381):269-279.

27.

Hallam S, Goncharov A, McEwen J, Baran R, Jin Y. SYD-1, a presynaptic
protein with PDZ, C2 and rhoGAP-like domains, specifies axon
identity in C. elegans. Nat Neurosci. 2002; 5(11):1137-1146.

Simpson L. The life history of a botulinum toxin molecule. Toxicon.
2013; 68:40-59.

28.

Zhu Z, Stone H, Thach T, Garcia L, Ruegg C. A Novel Botulinum
Neurotoxin Topical Gel: Treatment of Allergic Rhinitis in Rats and
Comparative Safety Profile. Am J Rhinol Allergy. 2012; 26(6):450454.

Jarvis S, Barr W, Feng Z, Hamid J, Zamponi G. Molecular Determinants
of Syntaxin 1 Modulation of N-type Calcium Channels. J Biol Chem.
2002; 277(46):44399-44407.

29.

Taverna E, Saba E, Rowe J, Francolini M, Clementi F, Rosa P. Role
of Lipid Microdomains in P/Q-type Calcium Channel (Cav2.1)
Clustering and Function in Presynaptic Membranes. J Biol Chem.
2004; 279(7):5127-5134.

30.

Burns M, Augustine G. Synaptic structure and function: Dynamic
organization yields architectural precision. Cell. 1995; 83(2):187194.

31.

Simpson LL. Molecular pharmacology of botulinum toxin and
tetanus toxin. Annu Rev Pharmacol Toxicol. 1986; 26(1):427-453.

32.

Poulain B, Lemichez E, Popoff M. Neuronal selectivity of botulinum
neurotoxins. Toxicon. 2020; 178:20-32.

33.

Schnaar RL. Gangliosides of the Vertebrate Nervous System. J Mol
Biol. 2016; 428(16):3325-3336.

34.

Prinetti A, Loberto N, Chigorno V, Sonnino S. Glycosphingolipid
behaviour in complex membranes. Biochim Biophys Acta. 2009;
1788(1):184-193.

35.

Bullens R, O’Hanlon G, Wagner E et al. Complex Gangliosides
at the Neuromuscular Junction Are Membrane Receptors for
Autoantibodies and Botulinum Neurotoxin But Redundant for
Normal Synaptic Function. J Neurosci. 2002; 22(16):6876-6884.

36.

Jacky B, Garay P, Dupuy J et al. Identification of Fibroblast Growth
Factor Receptor 3 (FGFR3) as a Protein Receptor for Botulinum
Neurotoxin Serotype A (BoNT/A). PLoS Pathog. 2013; 9(5):e1003369.

37.

James N, Malik S, Sanstrum B et al. Characterization of clostridium
botulinum neurotoxin serotype A (BoNT/A) and fibroblast growth
factor receptor interactions using a novel receptor dimerization
assay. 2019.

38.

Rummel A. Double Receptor Anchorage of Botulinum Neurotoxins
Accounts for their Exquisite Neurospecificity. Curr Top Microbiol
Immunol. 2013; 364:61-90.

39.

Hernández S, Toll A, Baselga E, et al. Fibroblast Growth Factor
Receptor 3 Mutations in Epidermal Nevi and Associated Low Grade
Bladder Tumors. J Invest Dermatol. 2007; 127(7):1664-1666.

40.

Hafner C, Hartmann A, Vogt T. FGFR3 Mutations in Epidermal Nevi
and Seborrheic Keratoses: Lessons from Urothelium and Skin. J
Invest Dermatol. 2007; 127(7):1572-1573.

41.

Chen J, Liu J, Zhou Y et al. Molecular therapeutic strategies for
FGFR3 gene-related skeletal dysplasia. J Mol Med (Berl). 2017;
95(12):1303-1313.

42.

Mustafa M, Moghrabi N, Bin-Abbas B. Hypochondroplasia,
Acanthosis Nigricans, and Insulin Resistance in a Child with FGFR3
Mutation: Is It Just an Association?. Case Rep Endocrinol. 2014;
2014:1-6.

43.

Blomberg M, Jeppesen E, Skovby F, Benfeldt E. FGFR3 Mutations
and the Skin: Report of a Patient with a FGFR3 Gene Mutation,
Acanthosis Nigricans, Hypochondroplasia and Hyperinsulinemia
and Review of the Literature. Dermatology. 2010; 220(4):297-305.

44.

Dong M, Yeh F, Tepp WH, et al. SV2 Is the Protein Receptor for
Botulinum Neurotoxin A. Science. 2006; 312(5773):592-596.

7.

Collins A, Nasir A. Topical Botulinum Toxin. J Clin Aesthet Dermatol.
2010; 3(3):35-39.

8.

Rossetto O, Pirazzini M, Montecucco C. Botulinum neurotoxins:
genetic, structural and mechanistic insights. Nat Rev Microbiol.
2014; 12(8):535-549.

9.

Couesnon A, Shimizu T, Popoff M. Differential entry of botulinum
neurotoxin A into neuronal and intestinal cells. Cell Microbiol. 2009;
11(2):289-308.

10.

Elias M, al-Saleem F, Ancharski D et al. Evidence That Botulinum
Toxin Receptors on Epithelial Cells and Neuronal Cells Are Not
Identical: Implications for Development of a Non-Neurotropic
Vaccine. J Pharmacol Exp Ther. 2010; 336(3):605-612.

11.

Maksymowych A, Reinhard M, Malizio C, Goodnough M, Johnson
E, Simpson L. Pure Botulinum Neurotoxin Is Absorbed from
the Stomach and Small Intestine and Produces Peripheral
Neuromuscular Blockade. Infect Immun. 1999; 67(9):4708-4712.

12.

Al-Saleem F, Ancharski D, Joshi S et al. Analysis of the Mechanisms
That Underlie Absorption of Botulinum Toxin by the Inhalation
Route. Infect Immun. 2012; 80(12):4133-4142.

13.

Rosow L, Strober J. Infant Botulism: Review and Clinical Update.
Pediatr Neurol. 2015; 52(5):487-492.

14.

Eisele K, Fink K, Vey M, Taylor H. Studies on the dissociation of
botulinum neurotoxin type A complexes. Toxicon. 2011; 57(4):555565.

15.

Boyle J, Weitzman J, Berne C. Indications for measurement of
arterial blood pH. Am J Surg. 1960; 100(2):346-353.

16.

Kaplan L, Kellum J. Fluids, pH, ions and electrolytes. Curr Opin Crit
Care. 2010; 16(4):323-331.

17.

Al-Saleem F, Ancharski D, Ravichandran E et al. The Role of Systemic
Handling in the Pathophysiologic Actions of Botulinum Toxin. J
Pharmacol Exp Ther. 2008; 326(3):856-863.

18.

Fagan R, McLaughlin J, Middaugh J. Persistence of Botulinum
Toxin in Patients’ Serum: Alaska, 1959–2007. J Infect Dis. 2009;
199(7):1029-1031.

19.

Sheth A, Wiersma P, Atrubin D et al. International Outbreak of
Severe Botulism with Prolonged Toxemia Caused by Commercial
Carrot Juice. Clin Infect Dis. 2008; 47(10):1245-1251.

20.

Delbrassinne L, Laisnez V, De Weweire M, Vanderpas J, Dierick K,
Denayer S. Very Long Persistence of Botulinum Toxin B in a Patient’s
Serum. Open Infect Dis J. 2018; 10(1):187-191.

21.

Zhai R, Bellen H. The Architecture of the Active Zone in the
Presynaptic Nerve Terminal. Physiology. 2004; 19(5):262-270.

22.

Heuser J, Reese T. Evidence for recycling of synaptic vesicle
membrane during transmitter release at the frog neuromuscular
junction. J Cell Biol. 1973; 57(2):315-344.

Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

41

Current understanding of the pharmacology of botulinum toxin type A: penetration,
distribution, triple receptor binding, the mechanism of action and factors affecting it
45.

Bartholome O, Van den Ackerveken P, Sánchez Gil J, et al. Puzzling
Out Synaptic Vesicle 2 Family Members Functions. Front Mol
Neurosci. 2017; 10:148.

66.

Pirazzini M, Rossetto O, Eleopra R, Montecucco C. Botulinum
Neurotoxins: Biology, Pharmacology, and Toxicology. Pharmacol
Rev. 2017; 69(2):200-235.

46.

Dunn A, Hoffman C, Stout K, Ozawa M, Dhamsania R, Miller G.
Immunochemical analysis of the expression of SV2C in mouse,
macaque and human brain. Brain Res. 2019; 1702:85-95.

67.

47.

Strotmeier J, Mahrhold S, Krez N, et al. Identification of the synaptic
vesicle glycoprotein 2 receptor binding site in botulinum neurotoxin
A. FEBS Lett. 2014; 588(7):1087-1093.

Raciborska D, Trimble W, Charlton M. Presynaptic protein
interactionsin vivo: evidence from botulinum A, C, D and E action
at frog neuromuscular junction. Eur J Neurosci. 1998; 10(8):26172628.

68.

Keller J, Cai F, Neale E. Uptake of Botulinum Neurotoxin into
Cultured Neurons. Biochemistry. 2004; 43(2):526-532.

48.

Yao G, Zhang S, Mahrhold S, et al. N-linked glycosylation of SV2 is
required for binding and uptake of botulinum neurotoxin A. Nat
Struct Mol Biol. 2016; 23(7):656-662.

69.

Montecucco C, Schiavo G, Pantano S. SNARE complexes and
neuroexocytosis: how many, how close?. Trends Biochem Sci. 2005;
30(7):367-372.

49.

Colasante C, Rossetto O, Morbiato L, Pirazzini M, Molgó J,
Montecucco C. Botulinum Neurotoxin Type A is Internalized and
Translocated from Small Synaptic Vesicles at the Neuromuscular
Junction. Mol Neurobiol. 2013; 48(1):120-127.

70.

Beske P, Scheeler S, Adler M, McNutt P. Accelerated intoxication of
GABAergic synapses by botulinum neurotoxin A disinhibits stem
cell-derived neuron networks prior to network silencing. Front Cell
Neurosci. 2015; 9:159.

50.

Takamori S, Holt M, Stenius K, et al. Molecular Anatomy of a
Trafficking Organelle. Cell. 2006; 127(4):831-846.

71.

51.

Saheki Y, De Camilli P. Synaptic Vesicle Endocytosis. Cold Spring
Harb Perspect Biol. 2012; 4(9):a005645-a005645.

Huang X, Wheeler MB, Kang YH, et al. Truncated SNAP-25 (1-197),
Like Botulinum Neurotoxin A, Can Inhibit Insulin Secretion from
HIT-T15 Insulinoma Cells. Mol Endocrinol. 1998; 12(7):1060-1070.

72.

52.

Montecucco C, Schiavo G. Structure and function of tetanus and
botulinum neurotoxins. Q Rev Biophys. 1995; 28(4):423-472.

Meunier F, Lisk G, Sesardic D, Dolly J. Dynamics of motor nerve
terminal remodeling unveiled using SNARE-cleaving botulinum
toxins: the extent and duration are dictated by the sites of SNAP-25
truncation. Mol Cell Neurosci. 2003; 22(4):454-466.

53.

Montal M. Translocation of botulinum neurotoxin light chain
protease by the heavy chain protein-conducting channel. Toxicon.
2009; 54(5):565-569.

73.

54.

Brunger A, Breidenbach M, Jin R, Fischer A, Santos J, Montal M.
Botulinum Neurotoxin Heavy Chain Belt as an Intramolecular
Chaperone for the Light Chain. PLoS Pathog. 2007; 3(9):e113.

Schiavo G, Rossetto O, Benfenati F, Poulain B, Montecucco C.
Tetanus and Botulinum Neurotoxins Are Zinc Proteases Specific for
Components of the Neuroexocytosis Apparatus. Ann N Y Acad Sci.
1994; 710(1 Toxins and Exocytosis):65-75.

74.

55.

Pirazzini M, Rossetto O, Bolognese P, Shone C, Montecucco C. Double
anchorage to the membrane and intact inter-chain disulfide bond
are required for the low pH induced entry of tetanus and botulinum
neurotoxins into neurons. Cell Microbiol. 2011; 13(11):1731-1743.

Simpson L, Maksymowych A, Hao S. The Role of Zinc Binding in
the Biological Activity of Botulinum Toxin. J Biol Chem. 2001;
276(29):27034-27041.

75.

Pantano S, Montecucco C. The blockade of the neurotransmitter
release apparatus by botulinum neurotoxins. Cell Mol Life Sci. 2013;
71(5):793-811.

56.

Galloux M, Vitrac H, Montagner C, et al. Membrane Interaction of
Botulinum Neurotoxin A Translocation (T) Domain. J Biol Chem.
2008; 283(41):27668-27676.

76.

57.

Fischer A, Montal M. Crucial Role of the Disulfide Bridge between
Botulinum Neurotoxin Light and Heavy Chains in Protease
Translocation across Membranes. J Biol Chem. 2007; 282(40):2960429611.

Ashton A, Dolly J. Characterization of the Inhibitory Action of
Botulinum Neurotoxin Type A on the Release of Several Transmitters
from Rat Cerebrocortical Synaptosomes. J Neurochem. 1988;
50(6):1808-1816.

77.

Maisey E, Wadsworth J, Poulain B, et al. Involvement of the
constituent chains of botulinum neurotoxins A and B in the blockade
of neurotransmitter release. Eur J Biochem. 1988; 177(3):683-691.

58.

Pirazzini M, Azarnia Tehran D, Zanetti G, Rossetto O, Montecucco C.
Hsp90 and Thioredoxin-Thioredoxin Reductase enable the catalytic
activity of Clostridial neurotoxins inside nerve terminals. Toxicon.
2018; 147:32-37.

78.

Foran P, Mohammed N, Lisk G, et al. Evaluation of the Therapeutic
Usefulness of Botulinum Neurotoxin B, C1, E, and F Compared with
the Long Lasting Type A. J Biol Chem. 2003; 278(2):1363-1371.

59.

Pirazzini M, Azarnia Tehran D, Zanetti G, et al. Thioredoxin and Its
Reductase Are Present on Synaptic Vesicles, and Their Inhibition
Prevents the Paralysis Induced by Botulinum Neurotoxins. Cell Rep.
2014; 8(6):1870-1878.

79.

Neale E, Bowers L, Jia M, Bateman K, Williamson L. Botulinum
Neurotoxin a Blocks Synaptic Vesicle Exocytosis but Not Endocytosis
at the Nerve Terminal. J Cell Biol. 1999; 147(6):1249-1260.

80.

Najib A, Pelliccioni P, Gil C, Aguilera J. Clostridium Neurotoxins
Influence Serotonin Uptake and Release Differently in Rat Brain
Synaptosomes. J Neurochem. 1999; 72(5):1991-1998.

81.

Lucioni A, Bales G, Lotan T, McGehee D, Cook S, Rapp D. Botulinum
toxin type A inhibits sensory neuropeptide release in rat bladder
models of acute injury and chronic inflammation. BJU Int. 2008;
101(3):366-370.

60.

Zanetti G, Azarnia Tehran D, Pirazzini, M et al. Inhibition of
botulinum neurotoxins interchain disulfide bond reduction
prevents the peripheral neuroparalysis of botulism. Biochem
Pharmacol. 2015; 98(3):522-530.

61.

Fischer A, Montal M. Single molecule detection of intermediates
during botulinum neurotoxin translocation across membranes. Proc
Natl Acad Sci U S A. 2007; 104(25):10447-10452.

62.

Blasi J, Chapman E, Link E, et al. Botulinum neurotoxin A selectively
cleaves the synaptic protein SNAP-25. Nature. 1993; 365(6442):160163.

63.

Fernandez-Salas E, Steward L, Ho H, et al. Plasma membrane
localization signals in the light chain of botulinum neurotoxin. Proc
Natl Acad Sci U S A. 2004; 101(9):3208-3213.

64.

Pozzi D, Corradini I, Matteoli M. The Control of Neuronal Calcium
Homeostasis by SNAP-25 and its Impact on Neurotransmitter
Release. Neuroscience. 2019; 420:72-78.

65.

Kasai H, Takahashi N, Tokumaru H. Distinct Initial SNARE
Configurations Underlying the Diversity of Exocytosis. Physiol Rev.
2012; 92(4):1915-1964.

Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

42

Narrative Review

Introduction to Polynucleotides Highly
Purified Technology
Emanuele Bartoletti1, Maurizio Cavallini2, Laura Maioli3, Alberto
Massirone4, Isabella Pia Palmieri5, Marco Papagni6, Gloria Trocchi7
1Director of Outpatient Service of Aesthetic Medicine, San Giovanni Calibita Hospital, Rome, Italy
2Operative Unit of Dermatologic and Plastic Surgery, CDI Hospital, Milan, Italy
3Private Practice, Sassari, Italy
4Director of Clinical Centre Agorà, Milan, Italy
5Professor, University of Padua Medical School, Master Diploma in Surgery and Aesthetics, Padua, Italy
6Clinical Centre Agorà, Milan, Italy
7Outpatient Service of Aesthetic Medicine, San Giovanni Calibita Hospital, Rome, Italy
Received for publication October 13, 2020; accepted November 24, 2020 - © Salus Internazionale ECM srl - Provider ECM no 763

Correspondence

Maurizio Cavallini, MD

Operative Unit of Dermatologic and Plastic Surgery, CDI Hospital
Address: Via Simone Saint Bon, 20 - 20147 Milan, Italy
E-mail: maurizio.cavallini@libero.it
Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

43

Introduction to Polynucleotides Highly Purified Technology

Polynucleotides,
as
ubiquitous
molecules,
are
physiologically distributed in all tissues. Endogenous
polynucleotide-like derivatives are physiologically
released in the extracellular space by damaged or dying
cells and in conditions of hypoxia1-3.
Exogenous polynucleotides are extracted from the
gonad DNA of trouts bred for human consumption, and
purified with high-temperature sterilizing procedures
to obtain a pure ingredient without pharmacologically
and allergically active protein contaminants1.
Thanks to the advanced procedures adopted, the highly
purified polynucleotides discussed in the chapters of
this document are referred to using the acronym PNHPT™ (Polynucleotides Highly Purified Technology).
An Italian company, Mastelli Srl, patented PN-HPT™
technologies and introduced the first medical devices
based on PN-HPT™ from trout gonad DNA in Italy
in 2004. PN-HPT™-based medical devices based
on Mastelli’s top-standard biotechnologies, refined
over 60 years, are nowadays distributed in over 30
countries all over the world. High-tech PN-HPT™
purification procedures eliminate all risks from protein
contaminants. Mastelli is the first company to control
the entire production chain, in compliance with worldclass GMP and QA standards, from trout breeding and
PN-HPT™ purification to shelf-ready PN-HPT™-based
medical devices. The evolution of PN-HPT™ devices has
been steady over the years, up to the Newest® (patent
EP 2 407 147 B1 - Composition with bio-regenerative,

restorative and eutrophying activities). In the short
term, strongly hydrophilic PN-HPT™ have both tissue
hydrating and viscoelastic effects that are similar to
those of hyaluronic acid (HA); in the long term, PNHPT™ primes wounded, atrophic or wrinkled tissues
to improve the production of new collagen and elastin
fibers and new dermal matrix glycosaminoglycans.
Their overall effect is to promote the viability of cells
like human fibroblasts and other mesenchymal derived
cells, including chondrocytes in cartilage, among
others4,5.
The most recent studies steadily support the favorable
effect of PN-HPT™ as an enhancer of fibroblast
proliferation and viability (Figure 1)6.
New investigations also continue to confirm the ability
of PN-HPT™ to rapidly enhance the production of
collagen fibers (Figure 2)6.
By binding large amounts of water and the reorientation and coordination of water molecules, PNHPT™ reorganizes its structure and forms a 3-D gel.
The concentration in this 3-D gel of PN-HPT™ chains
and their high molecular weight are key factors,
leading to high viscosity. After tissue infiltration,
these natural-origin polymers have a filling effect
and strongly moisturize tissues. Their physiological
degradation leads to the progressive release of water
molecules and smaller-sized oligonucleotides that
retain the moisturizing and viscoelastic properties of
PN-HPT™ progenitors, prolonging PN-HPT™ effects
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Figure 1 - Phase-contrast microphotographs (magnification, 20X) of primary human fibroblasts cultured in-vitro for one week without (B) or after exposure
to PN-HPT™ (100 μg/mL) (A). After the addition of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide] reagents, the density of viable
fibroblasts, revealed by formazan blue needle-shape precipitates (enzymatically reduced MTT), appears higher after PN-HPT™ exposure (D) compared
to controls unexposed to PN-HPT™ (C). Viable cultured fibroblasts, assessed by Coulter Counter, after 96 h and 1 week (E): viable fibroblasts exposed to
PN-HPT™ (blue column) are significantly more numerous compared to unexposed control fibroblasts (yellow column) (***, p< 0.001). Formazan deposits
(absorptiometry) after 96 h and 1 week (F): fibroblasts viability significantly higher for PN-HPT™- exposed cells after 96 h (blue columns) compared to
unexposed controls (yellow column) (**, p< 0.01) [6].
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Figure 2 - Expression of collagen 1a1 mRNA and collagen 3a1 mRNA in the supernatant of cultured primary human fibroblasts exposed or unexposed to
PN-HPT™ (100 μg/mL) in the culture medium; assessments after 96 h and 1 week (**, p< 0.01) [6].
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over time7,8. All these properties are associated with a
lack of clinically significant side effects and unpleasant
sequelae, overall high safety and high compliance in
treated subjects. This is well shown by the experience
in hundreds of thousands of individuals so far treated
all over the world with PN-HPT™ devices - with the
exclusion, as always advisable, of any other infiltrative
treatment in the same session - and no more than
occasional transient erythema and wheals9.
Hyaluronic acid (hyaluronan, HA) derivatives may act
as a suitable pro-trophic benchmark for comparisons,
including in severe conditions such as burns and nonhealing wounds. Like PN-HPT™, HA derivatives can
also promote healing in burns and chronic wounds by
increasing the deposition of new collagen and elastin
fibers; collaterally, HA enhances the hydration of the
extra-cellular matrix, a key prerequisite for fibroblast
trophism10.
A crucial point, with the aim in mind of devising
an ideal pro-trophic strategy, is the demonstrated
interaction between PN-HPT™ and HA. In-vitro studies
show that concomitant exposure to PN-HPT™ and HA is
associated with a dose-dependent increase of PN-HPT™
activity of up to 20%1. The accelerated growth of dermal
fibroblasts after exposure to 320 μg per mL of PN-HPT™
alone is indeed similar to the accelerated cell growth
induced by PN-HPT™ at the much lower dose of 64 μg/
mL with the addition of HA (1,000 μg/mL) (Figure 3)1.
The clinically significant point is the weaker pro-trophic
effect of HA compared to PN-HPT™. The maximal
increase of fibroblast proliferation on dermal fibroblasts
(+14% vs. controls) is attained only at very high HA doses
(1,600 μg/mL); the same acceleration of fibroblast growth
is achieved with the more powerful PN-HPT™, at a much
lower range of doses (64 to 320 μg/mL)1. Because of
this differential pro-trophic activity with HA, PN- HPT™
might indeed belong to a different pro-trophic class
compared to HA. This may be true not only for critical
situations like chronic wound care, but it is also likely to
have a significant impact in all situations where a strong
pro-trophic effect is useful and actively sought, including

100
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0

0

12

37

111

333

1000
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Figure 3 - Dose-response effect of PN-HPT™ doses increasing between
0 and 1600 μg/mL on proliferation and viability of cultured dermal
fibroblasts; MTT assay for cell viability and proliferation performed after
3 days of exposure to PN-HPT™:
- Upper graph: PN-HPT™ alone.
- Lower graph: with or without co-exposure to fixed-dose HA [1].

45

Introduction to Polynucleotides Highly Purified Technology

many conditions in esthetic medicine and surgery1. The
observation that PN-HPT™ might belong to a different
pro-trophic class compared to HA gives a rationale for the
clinical “PN-HPT™ priming” concept, well documented
in the “Polynucleotides Highly Purified Technology in
the biorevitalization of postmenopausal labia major”
section and supported by an expanding body of clinical
evidence, as shown in the following sections. The text
box at the end of this section summarizes the concept.

Polynucleotides and the “PN-HPT™ priming”
concept
Based on previous considerations, the key of the
“PN-HPT™ priming” concept is letting the main
pro-trophic biorevitalization effort to fall on
the more effective PN-HPT™, which have been
preliminarily infiltrated in non-healing wound care
and other indications in hundreds of thousands
of individuals. PN-HPT™ should be administered
earlier than other agents or instrumental
treatments, to leverage their strong “tissue
priming” effect and reactivate the metabolism of
fibroblasts and other cells derived from primitive
mesenchyme. This sort of preliminary metabolic
plowing of the extracellular matrix, which reactivates the synthesis of the ground substance
and the collagen, reticular and elastic fibers of
the sub-epithelial and sub-mucosal connectives,
aims to help the second-step efficacy of other
agents like HA and other treatments. With
specific reference to HA as an ideal pro- trophic
benchmark due to its biological activities, HA
synergizes and enhances the PN-HPT™ effect. At
the same time, during the second-step of the PNHPT™ / HA combination treatment, HA enhances
the hydration of the extra-cellular matrix, a crucial
condition for fibroblast trophism1,10.
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Cutaneous wound healing is a physiological process
involving the collaboration of numerous cell strains and
cell products1,2. Inflammation and cell proliferation,
the two first stages of wound repair, are followed by
the synthesis of elements making up the extracellular
matrix. The final step is remodeling, although it should
be noted that all these stages are not mutually exclusive
and may overlap over time3.
Wound bed preparation, defined as “the management
of a wound in order to accelerate endogenous healing
or to facilitate the effectiveness of other therapeutic
measures”, is the gold standard, enabling clinicians to
identify and break local barriers to wound healing4,5.
Constantly assessing wound bed evolution should drive
the selection of treatments and dressings at each step.
This consideration led a group of wound care experts
to develop the “TIME” protocol, a guide to wound bed
preparation6,7.
The concept summarized in the “TIME” acronym (tissue
debridement, infection and/or inflammation, moisture
balance, edge effect) was conceived in the early 2000s
and has since been considered the ideal tool for effective
wound bed preparation6,7:
T (Tissue debridement) - If there is non-viable tissue,
necrosis, slough or eschar, identify the best type of
debridement that would be best suited for the patient
(enzymatic, autolytic, surgical, mechanical, etc.) in
order to isolate the any tissue that is still viable.
I (Infection and/or inflammation) - creates a barrier
to healing. In the event of infections, antibiogramguided systemic antibiotics will be crucial, and local
antimicrobials will assist at the local level.
M (Moisture balance) - Essential for positive outcomes in
wound healing and translating into the practice of “moist
wound healing”, adding moisture if the wound is too
dry or desiccated. Conversely, if the wound is too moist
or macerated, with maceration at wound edges and
around the wound, the wound dressing should facilitate
drainage, moderate to heavy.
E (Edge effect) - When healthy as a marker of sound
wound management, wound edges appear attached,
open, and migrating or contracting.
Granulation tissue on the wound bed, the expression of
a dense network of blood vessels and new capillaries
looping together on the wound surface, is the marker of
sound wound healing.
Newly formed epithelializing cells, which slowly migrate
from the wound edges over the granulation tissue until
the wound is closed, provide a natural barrier and marks
the beginning of the final stages of the wound healing
process1-3.

Polynucleotides Highly Purified Technology in wound
healing
Highly purified, natural-origin polynucleotides (PNHPT™, Polynucleotides Highly Purified Technology)
associate lenitive and hydrating properties with a
strong trophic activity on dermal fibroblasts, based
on the replenishment of tissue reservoirs of purines,
pyrimidines, nucleotides and nucleosides (see also
section “Introduction to Polynucleotides Highly Purified
Aesthetic Medicine / Volume 6 / Nº 4 / October - December 2020

Technology”). Physiologically, such derivatives are
released in the wound bed, where they promote fibroblast
activation and healing, due to local hypoxia and damaged
or dying cells8,9. Hyaluronic acid (hyaluronan, HA)
derivatives also accelerate healing in burns and chronic
wounds by increasing the deposition of new collagen and
elastin fibers. Collaterally, HA enhances the hydration of
the extra-cellular matrix, a key prerequisite for fibroblast
trophism10,11.
PN-HPT™ and HA are the two most active naturalorigin agents activating wound healing, for the first
time patented and associated in the same sterile
medical device to facilitate the uncomplicated healing
of skin wounds and ulcers. PN-HPT™ from trout gonads
and hyaluronic acid, both highly concentrated, are
commercially available as a sterile, viscoelastic, isotonic
gel formulation for topical application in prefilled singleuse glass syringes (Nucliaskin S®, Class III CE 0373
Medical Device, Mastelli Srl, Sanremo, Italy; 2 mL - patent
EP 2 407 147 B1 - Composition with bio- regenerative,
restorative and eutrophying activity).
The therapeutic scope of such innovative combination is
extensive, including the uncomplicated healing of burns,
diabetic foot and ulcers, as well as skin lesions due to
venous insufficiency, trauma and neuropathic disorders.
PN-HPT™ can also be used to facilitate the adhesion of
biological membranes, skin substitutes and autografts.
Several studies suggest that the combined PN-HPT™ /
HA strategy enables more rapid, efficient, and complete
wound repair, free from side effects, compared to the
topical application of hyaluronic acid alone. The text box
illustrates two recent examples of such studies.

Two-center study in 39 patients above the age of 20
years with lower limb venous ulcers, randomized
(after surgical debridement) to topical application
of either the proprietary PN-HPT™ / HA
combination gel (n=20) or HA gel (n=19) twice
weekly for 6 weeks. Endpoints: number of healed
ulcers and variation in total area of ulceration
after 45 days (Figure 1)12.
- Complete ulcer healing: 60% and 22% of patients
respectively,
- Average area reduction: 67% vs. 34% respectively.
Prospective cohort study in 50 patients with
unhealed diabetic ulcers of feet and lower
limbs (lesions for more than 6 months), treated
with topical application of the proprietary PNHPT™/ HA combination gel once or twice weekly
(according to the patient’s clinical needs) after
surgical debridement. Endpoints: number of
healed ulcers, time to complete healing, variation
in total area of ulceration) (Figure 2)13:
- Complete ulcer healing: 71% of patients,
- Average area reduction: 77%,
- Mean time to healing: 6.6±1.8 weeks.
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A

B

C

D

Figure 1 - Class-6 (CEAP classification) venous insufficiency leg ulcers associated with venous reflux, ankle brachial pressure index >0.9, and more than
50% granulation tissue on the wound bed. Procedure at each treatment session (twice weekly for six consecutive weeks): cleaning with saline solution
followed by topical application of the PN-HPT™ / HA combination (Nucliaskin® S viscoelastic gel formulation) as adjuvant treatment; lastly, standard
sterile dressing of the wound - (a) Clinical picture of leg ulcerations at baseline; (b) evolution after 15 days; (c) after 30 days; (d) after 45 days. Reproduced
with permission from the authors; CEAP: Clinical-Etiological-Anatomical-Pathophysiological12.

A

B

D

C

E

Figure 2 - Application of the Nucliaskin® S proprietary PN-HPT™ / HA combination in a patient with severe diabetic foot - (a) Baseline clinical picture; (b)
and (c) application technique; (d) and (e) final clinical assessment. Reproduced with permission from the authors13.
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Figure 3 - Mastopexy (upper three photographs) and breast reduction surgery (lower three photographs) - (1) before surgery, (2) immediately after removal
of the non-suture closure of wounds 21 days after surgery, (3) after 3-month application of the commercial Makeskin® nucleotide-based proprietary cream
twice daily for 3 months. Reproduced with permission from the authors20.

Natural-origin nucleotides as regulators of wound
healing with lack of scar hypertrophy and keloids
The strong lenitive properties of nucleotides also act
as a brake on inflammation in the development of
hypertrophic scars and keloids. Once again, some
hyaluronic acid may usefully support nucleotides
thanks to its proven anti-inflammatory properties14.
Other agents known to interfere with scar overgrowth
can also be associated with nucleotides. In blinded
studies, onion (Allium cepa) extract, for instance,
has been repeatedly shown to improve scar softness,
redness and texture, both by objective (Vancouver Scar
Scale, Image Panel Scale) and subjective (Body Image
Scale, Cosmetic Scale) scar assessment15-17.
For the control of hypertrophic scars and keloids,
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nucleotides are commercially available as a cream,
together with natural hyaluronic acid (1%), onion
extract (10%) and other supportive lenitive agents such
as osmoprotectant and methyl group donor betaine [18]
and antioxidant vitamin E (1%)19.
Clinical experience repeatedly confirmed the efficacy
of nucleotides in the control of post-surgical scars,
for instance in a study in 70 women (mean age, 36.4
years) who underwent mastopexy or breast reduction
surgery20. The commercial nucleotide- based proprietary
cream was applied twice daily for 3 months at the site of
surgical incisions, in combination with massotherapy,
after removal of the non-suture closure of wounds.
Figure 3 illustrates two examples of the good final
esthetic outcome, with softness and lack of surgical
scar pain20.
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Suggested treatment procedures with PN-HPT™
(Nucliaskin® S) and nucleotides (Makeskin®)
Open wounds and ulcers: PN-HPT™ / HA-based
control of appropriate skin healing (sterile
viscoelastic gel)
At each session, when the ulcer is in the final “E”
phase of the TIME protocol, ulcer cleaning with
saline solution, followed by topical gel application
and standard sterile dressing.
The length of treatment is variable according to the
clinical situation. Based on available clinical data,
the suggestion is for 2 weekly topical applications
for at least 6 weeks.
Closed wound: topical nucleotide-based cream
prevention of scar overgrowth during the
remodeling phase of wound healing
Twice daily applications with light massage until
complete absorption.
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19 – 21 November – Pretoria (South Africa)
15th Aesthetic Medicine Congress of South Africa
AMCSA 2020
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President: J. Carroll
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14 - 21 February - Online Event
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President: R. Pinto
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Congress of the Belgian Society of Aesthetic Medicine
SBME
Radisson Blue Hotel
President: J. Hebrant
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Web: http://sbmebveg.be/en/
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President: V. Parzin
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Aesthetic Medicine Psychophysical Harmony
Croatian Society of Aesthetic Medicine
Hotel Milenij
President: E. Bunar
Email: congress@huem.eu
Web: www.huem.eu
3 - 4 September - Paris (France)
41st Congress of Aesthetic Medicine and Dermatological
Surgery
French Society of Aesthetic Medicine
Palais des Congrès de Paris
President: J.J. Legrand
Email: info@sfme.info
Web: www.sfme.info
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