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ABSTRACT

Introduction: Microneedling is a cosmetic
procedure that leverages the skin’s natural
ability to heal in order to promote collagen
formation and skin rejuvenation. To provide
improved results, the technique can be com-
bined with topical formulations. A new formu-
lation of multiple actives, including omega-3
(n-3) polyunsaturated fatty acids (PUFAs), was
designed to accelerate the resolution of inflam-
mation and wound healing following micro-
injury treatments, while enhancing the visible
appearance of procedure results, including ery-
thema, luminosity and skin texture.
Methods: In this randomised, controlled, split-
face study, we examined 32 healthy female
participants aged 30–70 years for 4 weeks fol-
lowing microneedling treatment with a novel
multiple-active-ingredient formulation or con-
ventional microneedling protocol with a hya-
luronic acid control serum. Changes in skin

condition were assessed by blinded clinical
photography and expert evaluation. Measure-
ments were collected at baseline, 1 h, 1 day,
7 days and 28 days post treatment.
Results: Significantly greater improvements in
expert-assessed erythema, luminosity and skin
texture were reported following application of
the novel multiple-active-ingredient formula-
tion than the hyaluronic acid control serum.
This was confirmed by representative VISIA�-
CR imaging.
Conclusion: These data provide new evidence
for the role of a novel multiple-active-ingredi-
ent formulation for improving skin outcomes
up to 28 days following microneedling in adults
with healthy skin when compared with a hya-
luronic acid serum. The n-3 PUFA content of
this formulation may drive accelerated inflam-
mation resolution and wound healing alongside
the complementary action of the other active
ingredients, leading to the observed improve-
ments in erythema, luminosity and skin
texture.
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Key Summary Points

Why carry out this study?

Micro-injury treatments, such as
microneedling, leverage the skin’s natural
healing abilities to promote skin
rejuvenation; however, they are
commonly associated with acute
complications including erythema and
oedema, and multiple sittings are often
required to achieve the desired effect.

Microneedling techniques are commonly
combined with the application of topical
formulations that enhance skin
rejuvenation and reduce healing time.

What was the aim of the study?

The objective of this split-face study was to
determine whether topical application of
a novel multiple-active formulation
before, during and up to 7 days after
microneedling can resolve inflammation
and accelerate wound healing in adults
with healthy skin to amplify luminosity
and reduce erythema and tactile skin
texture over 28 days compared with
conventional microneedling protocol
with a hyaluronic acid serum.

What were the study outcomes/conclusions?

Significantly greater improvements in
expert-assessed erythema, luminosity and
skin texture were reported following
application of the novel multiple-active-
ingredient formulation than the
hyaluronic acid control serum.

What has been learned from the study?

These data support the topical application
of a novel multiple-active-ingredient
formulation in combination with
microneedling for accelerating
inflammation resolution and subsequent
wound healing in female adults with
healthy skin; however, further evaluation
among adult male subjects with healthy
skin is needed to ensure broader efficacy
and applicability.

The novel formulation shows promising
results for reducing the downtime
associated with micro-injury treatments
while amplifying the associated benefits
of skin luminosity and texture.

The presence of omega-3 polyunsaturated
fatty acids in the novel formulation may
have played a key role in improving
inflammation resolution alongside the
complementary action of the other active
ingredients, leading to the observed
improvements in skin outcomes.

INTRODUCTION

The skin is the largest organ of the human body,
acting as a protective barrier between the body’s
internal and the external environment [1]. As
such, the skin is integral to maintaining physi-
ological homeostasis of the human body [2].
Skin wound healing, an innate immune
response to tissue injury, is critical for facilitat-
ing rapid wound closure and prompting
restoration of skin barrier function to prevent

3058 Dermatol Ther (Heidelb) (2023) 13:3057–3069



further damage or infection [3]. The wound-
healing process is complex and requires effec-
tive and precisely coordinated interplay and
communication between a multitude of cell
types across four generally accepted phases:
haemostasis, inflammation, proliferation and
remodelling [2–4].

Upon skin injury, haemostasis is initiated by
thrombocytes, and degranulation of platelets
activates the complement cascade to stimulate
inflammatory cells to the site of injury [3, 4].
The inflammatory phase is characterised by the
migration of leucocytes, especially neutrophils,
monocytes and lymphocytes, to the site of
injury [3, 4]. The differentiation of monocytes
into macrophages is important for the inflam-
matory–proliferative phase transition during
wound healing. M1 macrophages are associated
with phagocytic activity before transforming
into the M2 subset, which has a reparative
phenotype [2]. The transition of M1 to M2
macrophages is the rate-limiting step in wound
healing; if it does not occur, chronic wounds
develop that are slow to close [2, 3]. Resolution
of inflammation is one of the four well-estab-
lished outcomes of acute inflammation, along
with progression to chronic inflammation,
abscess development and scar formation [5].
Similarly to the onset of inflammation, resolu-
tion is an active process with an established set
of chemical mediators, including omega-3 (n-3)
polyunsaturated fatty acids (PUFAs) [5]. PUFAs
are integral constituents of the phospholipids
that make up all cell membranes [6]; eicos-
apentaenoic acid (EPA) and docosahexaenoic
acid (DHA), the predominant marine-derived
n-3 PUFAs [7], give rise to specialised pro-re-
solving mediators (SPMs), including resolvins,
which are anti-inflammatory and help to
resolve inflammation [6, 8]. SPMs regulate
inflammation resolution by limiting further
neutrophil tissue infiltration, stimulating clear-
ance of leucocytes, and returning host cells to a
non-inflammatory state [9]. Increased EPA and
DHA and decreased pro-inflammatory arachi-
donic acid within cell membranes result in an
altered expression pattern of anti-inflammatory
eicosanoids and resolvins. Therefore, the fatty
acid composition of inflammatory cells influ-
ences their function [6].

As inflammation subsides, the wound-heal-
ing process moves into the proliferative phase,
which can take up to 3 weeks post injury [3, 4].
This is characterised by re-epithelialisation,
angiogenesis and the formation of granulation
tissue to aid wound closure [3]. The remodelling
phase follows granulation tissue development;
the wound contracts and collagen remodelling
occurs, allowing the wound to gradually
become stronger with time [4]. Dysregulation of
any of the four phases or excessive host
responses to the injury results in prolonged
wound healing and may lead to scaring [3].

Some cosmetic procedures, particularly
micro-injury treatments, leverage the skin’s
natural ability to heal for the desired effect [10].
Microneedling is a minimally invasive proce-
dure involving superficial puncturing of the
skin at a controlled depth to cause an intrinsic
wound-healing cascade that promotes collagen
formation and skin rejuvenation [11, 12]. Con-
sequently, microneedling has demonstrated
efficacy in improving the appearance of scars
resulting from acne [13, 14] and striae alba [15],
as well as in the treatment of post-surgical scars
during active wound healing [16]. The proce-
dure is frequently used in combination with a
topical formulation, such as topical growth
factors, platelet-rich plasma, bioactive cytoki-
nes, skin-lightening agents or chemical peels to
enhance skin rejuvenation and reduce healing
time [11, 12]. However, this is often compared
with microneedling or topical formulation
application alone in patients with dermatolog-
ical conditions, such as acne scarring and pig-
mentation [12, 17–19], or for the purpose of
improving signs of ageing and photoageing
[11, 20, 21]. Although microneedling is well
tolerated by patients, erythema and oedema can
last for days and multiple sittings are often
required to achieve the desired effect [12].

To aid the wound-healing process, a novel
multiple-active-ingredient formulation has
been designed to work synergistically with
micro-injury treatments. The formulation con-
tains a complex of active ingredients including
n-3 PUFAs, which have previously been studied
to establish their role in dermatological
inflammation resolution [7]. Considering the
anti-inflammatory properties demonstrated by
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increased n-3 PUFA delivery to cell membranes
[6, 8], we hypothesise that its topical applica-
tion will drive inflammation resolution along
with the complementary action of the other
active ingredients (beta-glucans, Bacillus fer-
ment, Albatrellus confluens and niacinamide). To
the best of our knowledge, no prior studies have
assessed the effects of these nutrients in a single
formulation following micro-injury skin care
treatments. In the present study, we aim to
determine whether topical application of the
novel multiple-active formulation before, dur-
ing and up to 7 days after microneedling can
resolve inflammation and accelerate wound
healing to amplify luminosity and reduce ery-
thema and tactile skin texture over 28 days
compared with conventional microneedling
protocol with a hyaluronic acid serum.

METHODS

Study Design

This single-centre, randomised, controlled,
split-face study was conducted between
September and October 2021 at Validated Claim
Support, LLC, Teaneck, NJ, USA. The study
adhered to the principles of Good Clinical
Practice and the Declaration of Helsinki and its
subsequent amendments. Regarding coron-
avirus disease 2019, all internal safety proce-
dures adhered to federal and local requirements
and regulations to reduce the risk of virus
transmission. Ethical approval was granted by
the Western Institutional Review Board (IRB;
IRB approval number 1262764).

Study Population

Thirty-three healthy females aged between 30
and 70 years with fine lines and/or wrinkles
(score of[ 3 on a 10-point ordinal scale;
‘‘0 = none’’ to ‘‘9 = numerous, deep wrinkles’’)
provided informed consent to participate in the
study.

Procedure

The study was conducted for 4 weeks, with five
visits in total. Figure 1 provides a schematic of
the study procedure timeline.

Following a washout period of at least 5 days,
participants arrived at the test site with clean
facial skin and applied no other face products.
After approximately 8 min of double-cleansing
the face with a gentle skin cleanser and cleans-
ing gel, participants acclimated to the clinic
environment for 15 min prior to baseline
assessments. All microneedling procedures were
conducted by a licensed aesthetician at the
clinic. The application of the novel multiple-
active-ingredient formulation and the hya-
luronic acid (control serum) was randomised.
The split-face method was used for product
application; the novel formulation was applied
to side A and left to penetrate the skin for
2 min. No product was applied to side B. A
dermaroller of 1–1.5 mm-sized needles was rol-
led over the face in two passes using a snake
pattern. During the procedure, the multiple-
active formulation and the hyaluronic acid
serum were used on sides A and B, respectively.
Both serums were reapplied to their respective
treatment areas after microneedling treatment.
The evening after treatment, participants were
instructed to apply the novel multiple-active-
ingredient formulation to side A and nothing to
side B, as per conventional microneedling pro-
cedures [12]. For the 7 days post treatment,
participants were to use the novel multiple-ac-
tive-ingredient formulation before sunscreen
(sun protection factor 30) and oil-free mois-
turiser in the morning and before moisturiser in
the evening. On the control side, participants
were instructed to only use sunscreen and
moisturiser in the morning and only mois-
turiser in the evening. After 7 days, participants
were instructed to use sunscreen and mois-
turiser in the morning and moisturiser only in
the evening, on both sides of the face.

Outcomes

Changes in skin condition and clinical pho-
tography were assessed with blinded evaluation
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by a trained objective grader at baseline, and at
immediate (1 h and 1 day) and long-term
(7 days and 28 days) time points post treatment.
Erythema, luminosity and skin texture were
graded using a 5-point (erythema: ‘‘0 = none’’ to
‘‘4 = red/discoloured appearance’’) or 10-point
ordinal scale of visual appearance (luminosity:
‘‘0 = radiant/luminous/glowing appearance’’ to
‘‘9 = dull/matte/sallow appearance’’; skin tex-
ture: ‘‘0 = smooth, soft surface feel’’ to
‘‘9 = rough, coarse surface feel’’).

Clinical photographs of the face were cap-
tured at three angles (left, centre and right)
using Canfield VISIA�-CR facial imaging system
(Fairfield, New Jersey) with standard and cross-
polarised light to neutralise any skin shine.
Clinical photography was performed by a clin-
ical photographer in a controlled setting.
VISIA�-CR imaging was used to provide visual
representative examples of differences between
treatment groups.

Safety was monitored throughout the study
for adverse events (AEs).

Statistical Analysis

Statistical analyses were performed with the
IBM SPSS software (IBM Corp, Armonk, NY,
USA). Analyses were based on all participants
who were randomised to treatment and

completed the study (per protocol). Expert-gra-
ded skin assessment data were analysed within
treatment by Wilcoxon’s signed rank test and
between treatment by analysis of covariance
with pre-treatment baseline data as a covariate.
All statistical analyses employed a significance
level of p\0.05.

Fig. 1 Schematic of the study procedure timeline

Table 1 Characteristics of the per-protocol population at
baseline

Characteristic Participants (N = 32)

Female sex, no. (%) 32 (100)

Age

Mean (SD) 55.9 (8.0)

Median 56.0

Range 32.0–69.0

Race, no. (%)

Caucasian 23 (71.9)

Hispanic 7 (21.9)

Asian 1 (3.1)

Black 1 (3.1)

Fine lines/wrinkles score 4.69

SD standard deviation
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RESULTS

Of the 33 participants enrolled in the study, 32
were included in the per-protocol analyses. One
participant was excluded from analyses because
of incorrect application of the control serum
and novel formulation during the microneed-
ling procedure. Demographic details of the per-
protocol population are given in Table 1.

Representative visual examples of differences
in erythema, luminosity and skin texture

between treatment groups can be found in
Fig. 2.

Erythema

One hour post treatment with hyaluronic acid
serum, a significant increase in erythema was
observed (30.0%; p = 0.0082). This was greater
than that observed for the novel formulation
(17.1%); however, the difference between
groups was not significant (p = 0.2926) (Fig. 2i).
A significant difference was observed between

Fig. 2 Representative standard light clinical photographs
of differences in skin outcomes at baseline (top) versus
following microneedling treatment (bottom) with a novel
multiple-active-ingredient formulation (left) or conven-
tional microneedling protocol with a hyaluronic acid
control serum (right). (i) An increase in erythema is noted

at 1 h from baseline across the forehead and cheek with the
control serum. (ii) Improvements in luminosity are noted
at 1 h with the novel multiple-active-ingredient formula-
tion across the browbone and cheek. (iii) Improvements in
skin texture are noted at 28 days with the novel multiple-
active formulation across the forehead
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treatments at day 7 in favour of the novel for-
mulation reducing erythema (-31.7% vs
-20.0%; p = 0.0459) (Fig. 3). Decreased ery-
thema was maintained at day 28 for both
treatments.

Skin Luminosity

A significant improvement in skin luminosity
was observed at all time points for both treat-
ments. A significant difference was observed
between treatments in favour of the novel
multiple-active-ingredient formulation at 1 h
(37.8% vs 15.0%; p = 0.0002) (Fig. 2ii), day 1
(35.4% vs 18.1%; p\ 0.0001) and day 7 (30.7%
vs 22.8%; p = 0.0159) (Fig. 4).

Skin Texture

A significant improvement from baseline in
tactile skin texture was observed at all time
points for both treatments. A significant differ-
ence was observed between treatments at 1 h

(-31.7% vs -7.6%; p = 0.0001), day 1 (-31.0%
vs -22.2%; p = 0.0357) and day 28 (-32.4% vs
-25.7%; p = 0.0025) (Fig. 2iii) in favour of the
novel multiple-active-ingredient formulation
(Fig. 5).

Three AEs were reported by three partici-
pants, respectively, during the study. Of these,
right ankle sprain and mid-back pain with a fall
were deemed unrelated to the investigational
product. One AE, pimples, was possibly associ-
ated with the investigational product.

DISCUSSION

In the present report, we describe evidence for
the efficacy of topical application of a novel
multiple-active-ingredient formulation in com-
bination with microneedling for accelerating
inflammation resolution and subsequent
wound healing, which led to the improvement
of several skin parameters over 28 days. The
current study demonstrates that the topical
application of the novel formulation before,

Fig. 3 Expert-graded erythema mean change from baseline
at immediate and long-term time points following
microneedling treatment with a novel multiple-active-

ingredient formulation and a hyaluronic acid control
serum. *p\ 0.05
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during and up to 7 days after microneedling
improves expert-graded assessments of ery-
thema, luminosity and skin texture compared
with conventional microneedling protocol plus
hyaluronic acid serum. The novel formulation
shows promising results for reducing the
downtime associated with micro-injury treat-
ments while amplifying the associated benefits.

Erythema is a common, expected complica-
tion of microneedling, which varies in severity
and duration [22]. Given the likelihood of ery-
thema, a significant reduction through the
application of topical formulations, as observed
with the novel multiple-active-ingredient for-
mulation, is encouraging for improving the
recovery time associated with microneedling
procedures. The therapeutic administration of
n-3 PUFAs is postulated to modulate or regulate
local inflammatory processes and stimulate
early angiogenesis at wound areas to accelerate
the healing rate [7]. For example, EPA and DHA
can inhibit several aspects of inflammation and
give rise to SPMs, including resolvins and

protectins, involved in the resolution of
inflammation [23]. As erythema is a conse-
quence of inflammation [24], the reduction in
erythema observed in this study may represent
accelerated inflammation resolution and
improved skin recovery facilitated by the n-3
PUFA content of the multiple-active formula-
tion. A reduction in erythema associated with
cutaneous photoageing has been shown fol-
lowing both oral and topical n-3 PUFA appli-
cation [7]. Additionally, topical application of
n-3 PUFAs to human skin to support the sun-
burn response (an inflammatory reaction clini-
cally characterised by erythema and oedema)
led to a reduction in erythema compared with
controls [25, 26]. The present study extends
these findings to the topical application of n-3
PUFAs for reducing erythema following micro-
needling of healthy human skin.

The inflammation-resolving role of n-3
PUFAs may also be supported by the fungal-
derived extract, Albatrellus confluens, which is a
source of the bioactive phenolic compounds

Fig. 4 Expert-graded luminosity mean change from
baseline at immediate and long-term time points following
microneedling treatment with a novel multiple-active-

ingredient formulation and a hyaluronic acid control
serum. *p\ 0.05; ***p\ 0.001
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grifolin and neogrifolin [27]. These compounds
demonstrate antagonistic activity to the heat-
sensitive transient receptor vanilloid 1 (TRPV1)
in vitro and in vivo [27]; blocking TRPV1 has
anti-inflammatory properties, which may
improve wound healing to reduce inflamma-
tion-associated tissue damage [28]. Conse-
quently, blocking TRPV1 is an established
approach for the treatment of sensitive skin
[27, 29, 30]. A grifolin-containing formulation
has demonstrated efficacy for reducing stinging
and burning sensations, reddening and micro-
circulation upon irritation or thermal stress in
adults with sensitive skin [27]. The present
study extends these findings to adults without
sensitive skin following microneedling. There-
fore, inhibiting TRPV1, together with the topi-
cal application of n-3 PUFAs, may also be a
promising avenue for the treatment of micro-
injury-induced inflammatory responses.

Significant improvements in skin luminosity
and texture were also observed at immediate
and long-term time points following

microneedling with the novel multiple-active-
ingredient formulation. This may be due to the
niacinamide content of the formulation, as
niacinamide has been used in the cosmetic field
for decades to effectively improve a broad array
of skin appearance concerns including bright-
ening of skin tone and texture [31]. However,
the positive outcomes observed in this study
may also be indicative of accelerated inflam-
mation resolution to allow for faster wound
healing and thus a shorter time from micro-
needling treatment to visible improvements in
skin condition. n-3-PUFA-derived resolvins
inhibit neutrophil migration and enhance
macrophage phagocytosis, which promote
inflammation resolution and initiate the pro-
liferative phase of wound healing [32]. Simi-
larly, in vivo studies and clinical trials have
shown evidence for beta-glucans as potent
inducers of macrophage, keratinocyte and
fibroblast activation, migration and prolifera-
tion; this allows for accelerated wound closure
and therefore a reduced healing time and total

Fig. 5 Expert-graded tactile skin texture mean change
from baseline at immediate and long-term time points
following microneedling treatment with a novel multiple-

active-ingredient formulation and a hyaluronic acid con-
trol serum. *p\ 0.05; **p\ 0.01; ***p\ 0.001
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cost per treatment [33]. However, the efficacy of
the healing process may be affected by the
microbial composition of wounds, as a loss of
microbial diversity often results in prolonged
inflammation and thus delayed healing [34].
Consequently, the advantages of probiotic bac-
teria for promoting wound healing have been
proposed extensively via induction of the
immune response, angiogenesis and decreased
inflammation [35, 36]. This is reflected by the
efficacy of topical probiotics in healthy subjects,
with reductions in erythema, oedema and skin
sensitivity observed [36]. The visible improve-
ment in skin luminosity and texture in addition
to erythema following microneedling may
therefore be attributable to the n-3 PUFA con-
tent of the novel formulation and the comple-
mentary actions of beta-glucans and the Bacillus
ferment probiotic, by resolving inflammation
faster, restoring skin barrier strength and the
skin’s microbiome to improve the skin recovery
process. The niacinamide content of the novel
formulation may work together with the other
active ingredients to amplify the end results.

There are certain limitations to this study.
The participants were only followed up for
4 weeks post microneedling treatment, which
was relatively short. While these data are
promising, it is important to consider that
multiple microneedling sittings are required to
achieve the desired effect; when using a 1.5-mm
dermaroller, there should be at least a 3-week
gap between sittings and it takes approximately
3–6 months after treatment to see final
results, to allow for collagen deposition [12].
Twice-daily topical application of hyaluronic
acid for 28 days post microneedling has been
shown to enhance the clinical appearance of
the skin among adults with dry facial skin [37].
As the novel multiple-active formulation was
applied twice daily for only 7 days after one
microneedling sitting in this study, it may be
beneficial to explore the continued use of the
formulation between monthly sittings. Addi-
tionally, as these data confirm the utility of the
novel formulation in adults with healthy skin, it
may be valuable to explore the effect of the
formulation on skin types and conditions for
which microneedling has previously demon-
strated efficacy, including those with post acne

erythema and rosacea [12, 38, 39]. Lastly, as
women account for the vast majority of Der-
malogica customers, only female participants
were included in the study; therefore, results
may not be applicable to male skin. There are
significant differences in certain biophysical
properties of the skin between men and women,
such as levels of hydration, sebum production,
pigmentation, and skin thickness [40], and
while the exploration of these gender-specific
factors was not in the remit of this study, they
may be an objective in future studies.

CONCLUSION

Overall, these data provide evidence for the role
of a novel multiple-active-ingredient formula-
tion in accelerating inflammation resolution
and wound healing following microneedling in
adults with healthy skin. While microneedling
plus hyaluronic acid serum improved expert-
graded assessment of several skin parameters,
the addition of the n-3-PUFA-rich formulation
led to significantly greater improvements in
erythema, luminosity and texture. Considering
the anti-inflammatory properties demonstrated
by increased delivery of n-3 PUFAs and SPMs to
cell membranes [6, 8], their presence in the
novel formulation may have played a key role
in improving inflammation resolution along-
side the complementary action of the other
active ingredients, leading to the observed
improvements in skin outcomes. Given the
positive results of using the novel formulation
for microneedling, it would be beneficial to
explore the effect of the multiple-active-ingre-
dient formulation following alternative micro-
injury treatments such as laser therapy and
plasma fibroblast skin tightening to determine
the extent to which the formulation could be
used within the evolving field of cosmetics and
dermatology.
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