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Introduction: Botulinum toxins type-A (BTX-A) including onabotulinumtoxinA (Botox Cosmetic®), abobotulinumtoxin A (Dysport®),
and incobotulinumtoxinA (Xeomin®) have regulatory approval and are widely used as a highly effective non-surgical treatment for dynamic
facial wrinkles. BTX-A injections have become a mainstay in aesthetic medicine due to their minimally invasive nature, predictable results,
and relatively low risk of complications.

Purpose: Optimizing post-BXT-A skincare is crucial for maximizing results and overall skin health. This randomized double-blind
vehicle-controlled, split-face study investigated a novel neuropeptide serum designed to complement BTX-A injections in a post-
procedural setting.

Methods: This is a 10-week, split-face, double-blind, vehicle-controlled randomized study designed to assess the efficacy and tolerability
of a topical neuropeptide serum compared to vehicle control as pre- and post-procedural skincare around onabotulinumtoxinA injections in
subjects with mild-to-moderate facial lines, facial wrinkles, and rough skin. At pre-treatment, subjects applied either neuropeptide serum or
vehicle to one-half of the face randomized in conjunction with moisturizer, cleanser and sunscreen for 14 days. At baseline, subjects received
on-label onabotulinumtoxinA injections for glabella and lateral canthal lines, post-injection subjects continued their randomized skincare
regimen. Clinical efficacy live grading was assessed at pre-treatment, baseline, weeks 2, 4 and 8. Tolerance and subject self-assessments
were conducted during the study.

Results: The novel neuropeptide serum demonstrated statistically significant improvement (p < 0.05) compared to vehicle in 18 facial
attributes assessed by the clinical dermatologist, including forehead wrinkles, global fine lines, smoothness and radiance at 8 weeks
post BTX-A injection. Additionally, no tolerability concerns were observed by either the investigator or subjects. Compared to vehicle,
the neuropeptides serum’s statistical benefits can be seen as early as 2 weeks prior to BTX-A injection.

Conclusion: The study demonstrated that the neuropeptide serum is an effective complementary product that can be used with BTX-
A treatments to achieve enhanced results.
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Introduction

The number of nonsurgical cosmetic dermatology procedures continues to increase globally each year. According to a 2024
survey of aesthetic physicians, over 9.8 million botulinum toxin type A injections were performed in the United States to
improve fine lines in women and men.' The global market for botulinum toxins, valued at USD 5.9 billion in 2022, is projected
to reach USD 11.1 billion by 2030.> This growth reflects BTX-A’s increasing popularity and integration into mainstream

cosmetic practices worldwide.
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Botulinum toxins type A (BTX-A) have revolutionized non-surgical aesthetic treatments for dynamic facial wrinkles.
These wrinkles, formed by repeated muscle contractions during expressions like frowning or smiling, are effectively
addressed by BTX-A’s targeted mechanism of action. When focally injected, BTX-A temporarily inhibits acetylcholine
mediated-muscle contraction by inhibiting the release of acetylcholine at the neuromuscular junction and consequently
decreases contraction of post-synaptic targeted muscles, reducing their activity and smoothing the overlying skin. While
all BTX-A’s reduce muscle contraction using this mechanism of action, the world regulatory agencies have established
that botulinum toxin products are not interchangeable due to they differ in formulation, manufacturing, potency and
dosing requiring non-convertible units.>> This minimally invasive procedure offers predictable results with a relatively
low risk of complications, contributing to its widespread adoption in aesthetic medicine.

While BTX-A effectively addresses dynamic wrinkles, it is not indicated to address key skin quality attributes including
radiance, discoloration, elasticity and firmness. Another limitation of BTX-A injections, they are not approved to safely treat
nasalis fanning, undereye wrinkles, perioral wrinkles or marionette lines, therefore optimizing post-procedure skincare is
essential for maximizing BTX-A outcomes and maintaining overall skin health.*’ Finally, the injection process, while
minimally invasive, can induce stress on the skin.® Proper post-procedure care mitigates potential adverse effects such as
bruising, swelling, and irritation; while also continuing to decrease facial wrinkles where BTX-A injection is not indicated.’
Moreover, incorporating targeted skincare ingredients can potentially amplify and extend BTX-A’s wrinkle-reducing effects.
Ingredients known to promote collagen production, improve skin texture and hydration, and address other signs of aging, like
radiance and fine lines, can complement BTX-A injection by targeting aspects of skin health that botulinum toxins alone may
not fully address.®” The neuropeptide serum (PTiOX) contains 5 key active ingredients: 2% dipeptide diaminobutryoyl, 2%
acetyl hexapeptide-8, 5% niacinamide, 5% PHA, and 1% laminaria extract that work in combination to reduce facial wrinkles
and improve radiance. Studies have shown dipeptide diaminobutryoyl and acetyl hexapeptide-8 can reduce contraction lines,
while niacinamide and PHA are shown to improve skin radiance and texture.'®!!

This synergistic approach recognizes that comprehensive facial rejuvenation often requires a multifaceted strategy for
example, while BTX-A addresses dynamic wrinkles, it does not directly impact static wrinkles (present even when the
face is at rest) or skin quality issues like dryness or uneven tone. This is where post-procedure skincare plays a vital role.

This study investigates the efficacy and tolerability of a novel neuropeptide serum designed to enhance the benefits of
BTX-A injections in a pre- and post-procedural setting. The serum’s formulation incorporates ingredients intended to
support skin recovery, minimize adverse effects, and potentially boost the longevity and overall aesthetic impact of the
BTX-A aesthetic treatments.

Methods

This study employed a double-blind, randomized, vehicle-controlled, split-face design to assess the efficacy and
tolerability of a topical neuropeptide serum compared to vehicle control as pre- and post-procedural skincare around
onabotulinumtoxin A (Botox Cosmetic®) injections.

The study received approval from an independent ethics review board (Veritas IRB) and conducted in accordance
with the Declaration of Helsinki. Participants provided written informed consent, including permission for the use of
photographs where applicable.

Study Population

Forty subjects were enrolled (female and male) between the ages of 37 and 70, with Fitzpatrick skin types [-VI (I-1I:
n =21, [II-VI: n = 19, and presenting with mild to moderate facial wrinkles (as determined by a modified Griffiths score
of 3—6). Of the 40 subjects enrolled, 36 progressed through all study visits and completed the protocol, the exclusion
criteria were listed in Table S1).

Intervention

Two weeks prior to the onabotulinumtoxin A procedure at baseline (Day —14), subjects were provided with blinded study
products, including a cleanser (SkinCeuticals Soothing Cleanser), a moisturizer (SkinCeuticals Daily Moisture), and
a sunscreen (SkinCeuticals Physical Fusion), and both neuropeptide serum and a vehicle control. Subjects were instructed
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to apply twice daily the randomized treatment (PTiOX or vehicle) to their assigned half of their face along with twice
daily full-face cleanser and moisturizer. Additionally, subjects were directed to apply to the full-face sunscreen once in
the morning and thereafter as needed. Concomitant skincare products were disallowed unless deemed necessary by the
investigator. This regimen continued for the duration of the 10-week study. On Day 0 (procedure day), subjects received
on-label onabotulinumtoxin A injections for lateral canthal lines (crow’s feet) and glabellar lines (frown lines) based on

the investigator’s clinical judgment.

Assessments

Investigator Efficacy Assessments

A dermatologist assessed lines/wrinkles (crow’s feet, frown lines, forehead wrinkles, under-eye wrinkles, nasalis fanning
wrinkles, cheek folds, nasolabial folds, oral commissures, global fine lines, marionette lines, global wrinkles) and skin quality
(pore appearance, smoothness, elasticity, discoloration, radiance, firmness, overall healthy appearance) using the modified
Griffiths scale (0-9, with half-point increments). Assessments occurred at Day —14 (baseline), Day 0 (pre-procedure), Week 2,
Week 4, and Week 8 (Table 1).

Subject Self-Assessments
Subjects completed 9-point efficacy questionnaires (1 = Disagree Completely to 9 = Agree Completely) (Table 2) and
4-point tolerability scales (0 = none, 1 = mild, 2 = moderate, 3 = severe) for burning, stinging, and itching at the same

time points as investigator assessments (Table 3).

Table | Investigator Efficacy Assessment

Lateral canthal lines oO|1|2|3(4|5|[6|7|8|9
Glabellar Lines O| 1|23 (4|5|6|7|8|9
Forehead wrinkles oO| 1|23 (4|5|[6|7|8|9
Under eye wrinkles oO|1|2|3(4|5]|]6|7|8|9
Nasalis fanning wrinkles o|1|2|3(4|5]|]6|7|8|9
Cheek fold 0| 1]|2|3|4|5|6|7|8]|9
Nasolabial folds 0|1 |2|3|4|5|6|7|8]|9
Oral commissures 0|1 |2]|3|4|5|6|7]|8]|9
Marionette lines 0|1 |2]|3|4|5|6|7|8]|9
Global fine lines 0|1 |2]|3|4|5|6|7]|8]|9
Global wrinkles 0|1 |2|3|4|5|6|7|8]9
Pore appearance O|l1 |23 |4|5|6[|7]|8]|29
Smoothness (visual) o|1|2|3|4|5(6[7[8]9
Elasticity (tactile) oO| 1|23 (4|5]|6|7|8|9
Discoloration O| 1|23 (4|5|6|7|8|9
Radiance o|1|2|3(4|5]|]6|7|8|9
Firmness o|1|2|3(|4|5|]6|7|8|9
Overall healthy skin appearance | 0 [ | |2 |3 (4|56 |7 |8]|9

Notes: 0 = none, |-3 = mild, 4-6 = moderate, 7-9 = severe.
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Table 2 Subject Self-Assessment Questionnaire for Efficacy

Product is suitable for daily use O|1|2]|3[4|5|6|7|8|9
Product is easy to apply and absorbs quickly oO|1|2]|3[4|5|6|7|8|9
Product feels gentle on skin Of(l1|2|3|4|5|6|7|8|9
Product does NOT feel greasy/oily on skin Of(l1|2|3|4|5|6|7|8|9
Skin feels softer oO|1|(2]|3[4|5|6|7]|8|9
Skin feels smoother Of(l1|2|3|4|5|6|7|8|9
Skin feels soothed/calm oOf(lI|2|3|4|5|6|7|8|9
Skin feels firmer Of(l1|2|3|4|5|6|7|8|9
Skin feels rejuvenated Of(1[2[3|4|5|6|7]|8]|9
Skin feels more elastic/bouncy/supple Of(1[2[3|4|5|6|7]|8]9
Overall, skin quality feels improved Of(1]2[3|4|5|6|7]|8]9
Skin looks healthier O|1|2(3|4|5]|]6|7|8]|9
Skin looks younger oO|1|(2]|3[4|5|6|7|8|9
Skin looks more supple oO|1|(2]|3[4|5|6|7|8|9
Pores look REDUCED/MINIMIZED Of(l1|2|3|4|5|6|7|8|9
Fine lines look REDUCED/MINIMIZED Of(l1|2|3|4|5|6|7|8|9
Wrinkles look REDUCED/MINIMIZED Of(l|2|3|4|5|6|7|8|9
Dynamic lines look REDUCED/MINIMIZED Of(l|2|3|4|5|6|7|8|9
Skin feels plumper oO|1|2]|3[|4|5|6|7]|8|9
Skin sagging/laxity looks REDUCED/MINIMIZED oO|1|(2]|3|4]|5|6|7]|8|9
Skin looks brighter/more radiant/vibrant O|1|2|3|4|5]|]6|7|8]|9
Skin tone looks more even O|1|2(3|4|5|]6|7|8]|9
Skin texture looks smoother/more refined O|1|2(3|4|5]|]6|7|8]|9
Facial contours look more defined O|1|2(3|4|5]|]6|7|8]9
Overall, skin quality looks improved O|1|2|3|4|5|]6|7|8]|9
Overall, how satisfied are you with the test product? | 0 [ | |2 |3 |4 |5 (6|7 (8|9

Notes: Efficacy scale: 1-9 (I Disagree Completely/Extremely Dissatisfied, 9 Agree Completely Satisfied).

Investigator Tolerability
The investigator assessed erythema, dryness, and scaling (0-3 scale) at the same time points.

Photography
Standardized photos were taken at each visit using a VISIA CR 4.3 camera to document changes. Subject identity was

blinded in photos.

Compliance Diaries
Subjects recorded daily product use.
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Table 3 Subject Tolerability

Burning

0 = None No burning of the treatment area

| = Mild Slight burning sensation of the treatment area; not really bothersome

2 = Moderate Definite warm, burning of the treatment area that is somewhat bothersome

3 = Severe Hot burning sensation of the treatment area that causes definite discomfort and may interrupt daily activities and/or sleep
Stinging

0 = None No stinging of the treatment area

I = Mild Slight stinging sensation of the treatment area; not really bothersome

2 = Moderate Definite stinging of the treatment area that is somewhat bothersome

3 = Severe Marked stinging sensation of the treatment area that causes definite discomfort and may interrupt daily activities and/or sleep
Itching

0 = None No itching of the treatment area

| = Mild Slight itching sensation of the treatment area; not really bothersome

2 = Moderate Definite itching of the treatment area that is somewhat bothersome

3 = Severe Marked itching sensation of the treatment area that causes definite discomfort and may interrupt daily activities and/or sleep

Notes: Tolerability scale: 0—4 (0 = none, | = mild, 2 = moderate, 3 = severe).

Statistical Analysis
Descriptive statistics (means, standard deviations, percentages) were used. Paired t-tests (p < 0.05 significant) analyzed
neuropeptide serum vs vehicle. Data outside a +4-day window were excluded.

Results
Efficacy

The investigation topical serum demonstrated statistically significant improvements in both investigator-assessed and
subject-reported outcomes compared to the vehicle control. These statistically greater improvements shown by neuro-
peptide serum compared to the control were evident across a range of 18 wrinkle and skin quality parameters by week 8
after onabotulinumtoxin A injection.

Investigator Assessments
At 8 weeks post-procedure, the neuropeptide serum demonstrated statistically significant improvements versus baseline
across all assessed domains of lines/wrinkles and skin quality attributes; including those wrinkles not treated with
onabotulinumtoxin A. For instance, neuropeptide serum treatment resulted in a 60.6% improvement in lateral canthal
lines (crow’s feet) compared to 53.2% in the control group (p < 0.05). Similarly, glabellar lines (frown lines) improved by
56.7% with neuropeptide serum compared to 50.7% with the vehicle (p < 0.05) (Figure 1). Furthermore, in areas not
treated with onabotulinumtoxin A, neuropeptide serum resulted in greater statistically significant improvements com-
pared to control in forehead wrinkles (42.0% vs 27.3%, p < 0.05), and under-eye wrinkles (44.7% vs 24.8%, p < 0.05)
(Figure 2). In addition, neuropeptide serum treatment resulted in a 50.5% improvement in smoothness compared to
22.4% in the control group, and an improvement of 56.7% in radiance versus 29.9.% in the control group (Figure 3).
Notably, as early as 2 weeks post-injection procedure, neuropeptide serum compared to vehicle significantly enhanced
skin quality, demonstrating maximum improvements at 8 weeks in pore appearance (38.0% vs 22.2%, p < 0.05),
elasticity (28.2% vs 11.3%, p < 0.05), firmness (25.6% vs 11.0%, p < 0.05), and overall healthy skin appearance
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Figure | Investigator assessment of the main improvement from baseline in lateral canthal lines and glabellar lines for neuropeptide serum-treated group (blue) versus
control group (grey). Neuropeptide serum treatment resulted in a 60.6% improvement in lateral canthal lines (crow’s feet) compared to 53.2% in the control group
(p < 0.05). Similarly, glabellar lines (frown lines) improved by 56.7% with neuropeptide serum compared to 50.7% with the control group (p < 0.05). *p = <0.05 vs Respective
Baseline; **p = <0.05 vs Vehicle Control.
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Figure 2 Investigator assessment of the main improvement from baseline in forehead wrinkles and under eye wrinkles for neuropeptide serum-treated group (blue) versus
control group (grey). Neuropeptide serum resulted in greater statistically significant improvements in forehead wrinkles (42.0% vs 27.3%, p < 0.05), and under-eye wrinkles
(44.7% vs 24.8%, p < 0.05). *p = <0.05 vs Respective Baseline; **p = <0.05 vs Vehicle Control.

(37.8% vs 18.5%, p < 0.05). Importantly, several of these benefits were observed as early as Day 0 prior to injection
procedure, neuropeptide serum compared to vehicle in smoothness (21.9% vs 6.4%) and radiance (23.4% vs 6.9%);
indicating a relatively rapid onset of action for the neuropeptide serum.
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Figure 3 Investigator assessment of the main improvement from baseline in smoothness and radiance for neuropeptide serum-treated group (blue) versus control group
(grey). Neuropeptide serum treatment resulted in a 50.5% improvement in smoothness compared to 22.4% in the control group, and an improvement of 56.7% in radiance
versus 29.9.6% in the control group. *p = <0.05 vs Respective Baseline; **p = <0.05 vs Vehicle Control.

Tolerability

Investigator and Subject Assessments

Both investigator and subject tolerability assessments indicated that the neuropeptide serum was well-tolerated. There
were no statistically significant differences in the incidence or severity of adverse events, including erythema, burning,
stinging, and itching, between the neuropeptide serum and vehicle groups at any time point. However, neuropeptide
serum demonstrated significantly less dryness and scaling compared to the vehicle as early as week 2 post-injection
procedure (p < 0.05). This suggests that neuropeptide serum may even offer some advantages in terms of mitigating
certain potential side effects associated with post-procedural skin sensitivity.

Discussion

This study provides evidence for the efficacy and tolerability of neuropeptide serum as a post-procedural skincare adjunct
following BTX-A injection procedure. Compared to vehicle control, the statistically significant improvements observed
for the neuropeptide serum across a wide range of investigator-assessed wrinkle and skin quality parameters suggest that
the neuropeptide serum not only complements the wrinkle-reducing effects of BTX-A aesthetic injections but also
provides broader benefits for overall skin health and appearance.

Although the FDA and other regulatory agencies have established that the approved botulinum toxin formulations are not
interchangeable, we are aware of a single study evaluating the efficacy of a topical containing Waglerin-1, a synthetic peptide
shown in studies to reduce contraction wrinkles post-procedure following botulinum toxin injection, with Xeomin®
(incobotulinumtoxinA).'* The primary outcome was improvement in wrinkles and texture; at 3 and 6 months as assessed
by Antera 3D®. In this randomized, double-blind, controlled study involving 100 women with moderate-to-severe crow’s feet,
subjects treated with the topical formulation (TF) showed significantly greater improvements in wrinkles and skin texture at 6
months compared with the placebo group. The study did not meet its primary endpoint because at 3 months post-injection
there was no statistically significant difference between subjects in the TF group compared to placebo group in improvement
of wrinkles and texture; (22.57 &+ 1.69 vs 24.59 + 1.3), texture (17.96 + 1.79 vs 24.2 £ 1.23). In comparison, our study met all
primary and secondary endpoints. Further limitations of Araco et al compared to the current study are exclusion of male
subjects, an important demographic of the aesthetic patient population, narrow assessment of only global wrinkles and texture,
and no efficacy and safety assessment of the Waglerin-1 peptide containing topical formulation prior to botulinum toxin
infection. In contrast, our comprehensive study assessed 18 key facial attributes including 11 common facial wrinkles (eg oral
commissures, cheek folds, and undereye lines) and 7 skin quality attributes (eg radiance, discoloration, and firmness)
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botulinum toxins are not indicated to improve. Therefore, regardless of the non-interchangeability of approved BTX-As, more
comprehensive clinical studies are needed to address how topicals can enhance post-procedural skincare following botulinum
toxin injection.

To that end, in the current study, the observed reduction in lateral canthal lines (crow’s feet) and glabellar lines (frown
lines) with the novel neuropeptide serum aligns with the primary goal of all regulatory approved BTX-A treatments in
these facial areas. However, the additional improvements in areas not injected with BTX-A, such as forehead wrinkles,
under-eye wrinkles, and nasalis fanning wrinkles, suggest that the neuropeptide serum may offer more comprehensive
rejuvenation than the BTX-A alone. This is a significant advantage for patients seeking more holistic facial rejuvenation;
especially in facial areas where BTX-A injections are not approved.

Furthermore, the improvements in skin quality attributes, such as pore appearance, smoothness, elasticity, radiance, and
firmness, are highly relevant for aesthetic practice. These parameters contribute significantly to a youthful and healthy complex-
ion, and the observed enhancements with neuropeptide serum offer a valuable addition to the benefits of BTX-A injections.

The favorable tolerability profile of this neuropeptide serum is equally important for clinical practice. The lack of
significant differences in adverse events between neuropeptide serum and vehicle, coupled with the observed reduction in
dryness and scaling with neuropeptide serum, suggests that this serum can be safely incorporated into post-procedural
skincare regimens without increasing the risk of irritation or other complications. This is particularly relevant for patients
with sensitive skin or those prone to post-procedure dryness.

Limitations

A limitation of this study is the duration of observations post-BTX-A injections at 8 weeks. It would be interesting to extend
the study duration beyond 8 weeks post-BTX-A injection procedure to better elucidate if perceived duration of benefit of
BTX-A injections might be enhanced and/or higher patient satisfaction with the combination of BTX-A and neuropeptide
serum might be achieved and sustained. This would speak to long term efficacy and durability of the treatment effects.

Conclusion

This clinical study demonstrated the efficacy and tolerability of a neuropeptide serum in post-procedural skincare following BTX-
A injections. The neuropeptide serum provided statistically significant improvements in a comprehensive range of investigator-
assessed wrinkle parameters and skin quality attributes, surpassing the benefits observed with the vehicle control. These findings
highlight the potential of the neuropeptide serum to not only enhance the cosmetic outcomes of BTX-A treatments but also
contribute to broader improvements in skin health and appearance. The study confirmed the tolerability profile of the neuropeptide
serum, with no increased risk of adverse events compared to the vehicle and further demonstrated a reduction in dryness and
scaling.

This study underscores the importance of comprehensive post-procedure skincare in aesthetic practices. While
procedures like BTX-A injections effectively address dynamic wrinkles, incorporating adjunctive skincare like the
neuropeptide serum can further optimize results by targeting multiple aspects of skin aging and quality. Furthermore,
appropriate post-procedure care can play a crucial role in mitigating potential side effects such as dryness and scaling,
contributing to a more comfortable and positive patient experience. The findings support the integration of the
neuropeptide serum into post-BTX-A injection procedure skincare regimen.

Disclosure
ML received funding by Skinceuticals to conduct the research presented in the manuscript. ND, PB and SW are
employees of L’Oreal. The authors report no other conflicts of interest in this work.
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