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Abstract
Treatment of infraorbital dark circles and under-eye puffiness is challenging due to its multifactorial
nature and lack of broadly applicable, effective treatments. A daily skincare treatment option that is multi-
modal, effective, and tolerable across a broad patient population is an unmet need. A multi-corrective
topical eye cream (MTEC) formulated with Tetrahexyldecyl (THD) ascorbate (vitamin C), prebiotic Inula
Helenium, bioavailable peptides, botanical extracts, chrysin, and caffeine, is hypothesized to improve the
appearance of infraorbital dark circles and under-eye puffiness by targeting micro-vasculature congestion
and permeability, melanin accumulation and hemoglobin degradation related pigmentation, and skin
health.

An IRB approved, open-label, 12-week clinical study set out to evaluate the efficacy and tolerability of the
MTEC across a broad patient population including varying ethnicities and Fitzpatrick Skin Types (FST).
Female subjects (n = 40) ages 35 to 60 years old, with moderate to severe under-eye dark circles,
moderate under-eye puffiness, and mild-to-moderate fine lines were enrolled into the study. Objective
(Chromameter, VISIA® imaging, and Laser Doppler) and subjective assessments (clinical grading and
self-assessment questionnaire) were conducted at baseline and post-baseline timepoints.

The MTEC efficaciously demonstrated short-term and long-term improvements in objective and subjective
assessments across a broad patient population. Specifically, the MTEC demonstrated significant
improvement of infraorbital dark circles, mainly by the reduction of micro-vasculature congestion and
permeability, melanin and hemoglobin degradation related pigmentation.  Topical application of the
MTEC may offer an effective and tolerable treatment option for infraorbital dark circles and puffiness.

Introduction
Infraorbital (under-eye) dark circles are a common cosmetic problem and can have a significant impact
on an individual’s quality of life due to the perception of tired-looking eyes [17, 25, 26].

Infraorbital dark circles and puffiness result from multifactorial underlying pathogenesis including micro-
vasculature congestion and permeability, melanin accumulation and hemoglobin degradation related
pigment deposition, and suboptimal skin health [14, 30, 31]. The thin skin of the under-eye region
provides heightened visibility to the under-lying microvasculature network. Additionally, the quality of the
skin decreases with aging due to the loss of collagen, where it is more prominent in the under-eye region
due to the thin tissue further worsening the appearance of infraorbital dark circles [31]. Micro-vasculature
congestion and permeability due to stagnant blood in the under-eye micro-vasculature network is a
significant contributor to infraorbital dark circles [16, 31].Micro-vasculature congestion and permeability
increases hemoglobin accumulation in surrounding thin tissue in which hemoglobin (red) degrades into
pigments through an enzymatic process, including iron (brown), hemosiderin (purple), biliverdin (green),
and bilirubin (yellow), and in conjunction with thin periorbital skin accentuate infraorbital dark circles and
puffiness [ 10, 11]. Intrinsic and extrinsic factors contribute to infraorbital dark circles and puffiness.
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Intrinsic factors include genetic or hereditary predisposition, ethnicity, hormonal changes, and facial
skeletal structure that leads to shadowing of the under-eye region. Extrinsic factors include ultraviolet
radiation, high energy visible light, pollution, allergies, and chronic irritation to the eye area.

Treatment of infraorbital dark circles and puffiness is challenging because of its multifactorial nature and
lack of broadly applicable, effective treatments [21]. Individuals with dark circles and puffiness are
perceived as tired, sad, stressed, and aged by societal and cultural communities, significantly impacting
an individual’s quality of life, and driving the demand and investment into measures to conceal and
correct these concerns [5, 31]. Clinical trials for infraorbital dark circles and puffiness have been
conducted evaluating different modalities including topical creams and serums, lasers, and other energy-
based devices (EBD), injectables (fillers, platelet rich plasma) and surgery, with variable outcomes and
patient satisfaction [19, 25, 31]. Furthermore, individuals are faced with a challenge in selecting the right
treatment option, as a there is no current gold standard treatment for infraorbital dark circles and
puffiness for a broad patient population of all Fitzpatrick Skin Types (FST) and ethnicities due to its
multifactorial etiology.

Cosmetic therapies for treatment include topical agents that can improve blood circulation and / or
reduce melanin in the periorbital region; hydroquinone, retinoids, and chemical peels [5, 19]. These
therapies often have low consumer tolerability due to the delicate thin skin surrounding the eye area. A
daily skincare treatment option that is multi-corrective, effective, and tolerable across a broad patient
population is an unmet need. A multi-corrective topical eye cream (MTEC) was formulated with
tetrahexyldecyl (THD) ascorbate (vitamin C), prebiotic Inula Helenium, bioavailable peptides including
Palmitoyl Tripeptide-1, Palmitoyl Tripeptide-5, and Palmitoyl Tetrapeptide-7, botanical extracts including
Jasminum sambac, and Crataegus monogyna,  Chrysin, and caffeine to improve the appearance of
infraorbital dark circles and puffiness by targeting micro-vasculature congestion and permeability,
melanin accumulation and hemoglobin degradation related pigmentation, and skin health.

The MTEC was formulated to target multiple pathways to address extrinsic causes. To target micro-
vascular congestion and permeability, MTEC contains Palmitoyl Tripeptide-1 and Palmitoyl Tetrapeptide-
7. The topical application of these fatty acid-linked bioavailable peptides reinforces and strengthens
under-eye micro-vasculature network and reduces micro-vascular congestion and permeability by
strengthening the extracellular matrix and increasing collagen production [18, 27]. THD ascorbate and
chrysin reduce melanin accumulation and hemoglobin degradation related pigments for an improvement
in infraorbital dark circles. THD ascorbate, a lipid-soluble form of vitamin C, has been clinically
demonstrated to inhibit melanogenesis, increase dermal collagen, and quench free radicals [15, 20, 34].
Chrysin is a flavone shown to stimulate UDP-glucuronosyltransferase 1A1 (UGT1A1), an essential
enzyme for elimination of bilirubin pigmentation and metabolic clearance of bilirubin in skin [29, 36].
Lastly, Inula Helenium, Jasminium sambac, Crattaegus monogyna, andPalmitoyl Tripeptide-5 increase
collagen production to improve infraorbital dark circles, puffiness, and skin health. Inula Helenium, also
known as elecampane, clinically demonstrated to diminish pollution-induced and blue light-induced skin
damage, strengthen the skin barrier, improve skin elasticity, and skin brightness, while also containing
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prebiotic properties [8]. Palmitoyl Tripeptide-5 is a bioavailable peptide, which increases production of
collagen I and III in skin [3, 27]. Jasminium sambac combats dark circles and under-eye puffiness through
its anti-tyrosinase activity and increases collagen content, whileJasminium sambac and Crattaegus
monogyna improve vascularity by optimizing blood circulation decreasing hemoglobin degradation
related pigmentation to target infraorbital dark circles and under-eye puffiness [28, 33].

The aim of the study was to evaluate the efficacy and tolerability of a MTEC in the treatment of
infraorbital dark circles and under-eye puffiness incorporating both objective and subjective assessments.
We hypothesized that the MTEC would demonstrate statistically significant improvement in infraorbital
dark circles and puffiness in healthy women after 12-weeks of twice-daily use.

Methods
Study Design and Population

An institutional review board (IRB) approved, 12 week, open-label clinical study was conducted. Female
subjects located in New Jersey, USA (n=40) between 35 to 60 years old, FSTs I – VI, with moderate to
severe under-eye dark circles (score 4 to 8 based on a photonumeric scale for infraorbital dark circles)
[22], moderate under-eye puffiness (score of 4 to 6 based on the modified Griffiths scale) [6], and mild to
moderate fine lines (score of 3 to 6 based on the modified Griffiths scale), and dull skin in the periorbital
eye area were recruited into the study. Subjects were excluded if they were nursing, pregnant, or planning
a pregnancy, had used topical retinoids or topical eye cream / serums within the past 7 days prior to
baseline.

At screening eligible subjects commenced a 1-week washout period prior to baseline and instructed to
refrain from using any other skincare product outside of the products provided for the duration of the 12-
week study. Subjects cleansed face with Gentle Cleansing Lotion (Revision Skincare®, Texas, USA) twice
daily, applied a Facial Moisturizer to the global face (Goodier, Texas, USA) twice daily, and applied
Neutrogena Ultra Sheer Dry Touch SPF 30 (Johnson & Johnson, New Jersey, USA) in the morning with
afternoon reapplication as per FDA recommendation. At baseline, subjects incorporated the MTEC
(Revision Skincare®, TX, USA), into their skincare regimen after facial cleansing and instructed to apply a
dime size amount onto the under-eye area and crow’s feet area in the morning and evening for the
duration of the 12-week clinical study.

Clinical Evaluations

Investigator clinical grading was performed at baseline, weeks 4, 8 and 12. A validated photonumeric
scale for infraorbital dark circles based on the principles of the modified Griffiths scale was utilized [22],
while the modified Griffiths scale was utilized to evaluate under-eye puffiness, and overall appearance of
the periorbital eye area.
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Objective tolerability was assessed by the clinical investigator using a 5-point scale (score 0 = none to 4 =
severe) for dryness, erythema, and edema at all timepoints. Subjective tolerability was assessed using a
4-point scale (score 0 = none to 3 = severe) for itching, burning, tingling, stinging at all timepoints.

Additionally, subjects took a selfie at baseline, that was used as a reference while completing a self-
assessment questionnaire at weeks 8 and 12. Subjects stated whether they completely agree, slightly
agree, neither agree or disagree, slightly disagree, or completely disagree with each of the 12 statements
related to the efficacy of the MTEC.

Clinical Photography

Facial clinical photography of the subject’s global face (right, center, and left) were taken at baseline,
weeks 4, 8 and 12 under standard, cross-polarized, and UV absorption lighting modalities (VISIA®-CR,
Canfield Imaging Systems, Fairfield, New Jersey). Cross-polarized baseline and week 12 images were
transformed into RBX color space, creating separate red and brown images that visually represent
hemoglobin and melanin, respectively, utilizing VISIA RBX® technology.

Pixel intensity analysis of the RBX® red and brown images were performed of the under-eye area at
baseline and week 12 utilizing ImageJ Software (National Institutes of Health, Maryland, USA), an open-
source software that allows for image processing and analysis [9].Crescent moon shapes were created in
the under-eye region while avoiding the eyelashes and standardized with a fixed size across all subject’s
photographs.

Bioinstrumentation

A INL 191 Blood FlowMeter (ADInstruments, Colorado, USA) was used to monitor cutaneous blood flow
based on laser doppler technology. This is a non-invasive measurement of total, local microvascular flow
to evaluate dynamic changes in under-eye microcirculation. A standard surface probe approximately
17mm in diameter was placed on the right or left under-eye area per randomization using an adhesive
sticker and measurements in perfusion units (AU) were obtained at baseline, week 8 and week 12.

Chroma Meter CR-200 (Konica Minolta, Tokyo, Japan) was used to quantify product induced skin color
changes. A pulsed xenon arc lamp provides diffuse, uniform lighting over the 8mm aperture, and the light
reflected perpendicular to the surface is collected by the optical fiber cable for color analysis. Three color
value characteristics are evaluated: L* (white-black), a* (red-green), and b*(blue-yellow). Measurements
were taken on the right or left under-eye area, per randomization on each subject in triplicate.

Statistical Analysis

Statistical analyses were performed on all subjects who received treatment and completed the study in
general accordance with the protocol. A one-sided Wilcoxon signed rank test was performed to determine
significance for each clinical parameter. The median percent improvement from baseline at week 4, 8,
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and 12 was calculated for each parameter. Objective and subjective tolerability scores for each parameter
were used to calculate mean percent improvement from baseline at week 4, 8, and 12.

Laser doppler and Chromameter bioinstrumentation mean percent improvement analysis were performed
at week 4, 8, and 12. An increase in laser doppler AU values indicates an increase in blood flow of the skin
surface.  An improvement in infraorbital dark circles is indicated by a decrease in chromameter a*
(redness) and b* (blueness) measurements and an increase in chromameter L* (brightness)
measurements.

VISIA RBX® technology images pixel intensity scores from ImageJ software were used to calculate
average percent change from week 12 vs baseline, where an increase in pixel intensity indicates an
improvement in redness and brown pigmentation.

SAQ responses were analyzed using top box analysis. Percent subject agreement was determined for
each parameter and subject satisfaction was considered when subjects scored parameters from 4
(slightly agree) to 5 (completely agree) at week 8 and 12.

Statistical significance was achieved at * p < 0.05 and **p < 0.01, and highly statistical significance was
achieved at*** p < 0.001.

Results
Study Population

Thirty-seven (37) female subjects with a mean age of 52 (range: 37 – 60 years) with FST I – V completed
the 12-week clinical study, Table 1.  This clinical study was conducted in New Jersey, USA, where subjects
were of varying ethnicities and FSTs that closely resemble the New Jersey census population [24].

Clinical Grading

Investigator assessment of overall eye appearance of the periorbital area, under-eye puffiness and under
eye dark circles demonstrated clinical efficacy after 12 weeks of twice daily application compared to
baseline (Fig. I). Specifically, a 14.30%, 16.70%, and 20.00% statistically significant median improvement
from baseline was observed at week 12 for these three clinical parameters, respectfully. Improvement in
under-eye dark circle was seen as early as 4-weeks, demonstrating a highly statistically significant 12.0%
median improvement from baseline (***p <0.001). Clinical significance in under eye puffiness and under-
eye dark circles was demonstrated at week 8 and plateaued at week 12.

Clinical Photography and ImageJ 

Improvement of overall appearance of the periorbital eye area is demonstrated in subjects across young
and mature age groups, FSTs, and ethnicities (Fig. II). Furthermore, improvement in under-eye dark circles,
puffiness, and overall appearance of the periorbital eye area was observed as early as 4 weeks across
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varying FSTs (Fig. II). The MTEC was efficacious in demonstrating short term (4 week) and long term (12
week) improvements across all parameters.

Under-eye dark circle redness can be caused by extravasation and hemolysis of hemoglobin into the
surrounding tissue due to micro-vasculature congestion and increased vascular permeability. VISIA RBX®

red analysis demonstrated a decrease in redness indicating an improvement in infraorbital dark circles
and skin health. ImageJ analysis of the RBX® red images demonstrated a 1% to 14% range of
improvement in redness in subjects with FSTs I – III, and a 1% to 17% range of improvement in redness in
subjects with FSTs IV – V from week 12 to baseline. Specifically, a female subject age 58 with FST III saw
a 14% improvement in under-eye redness at week 12 compared to baseline (Fig. III).

Brown pigmentation found in the under-eye area is associated with the accumulation of melanin in
combination with the release of iron from hemolysis. RBX® brown and UV absorption photography
demonstrated a decrease in periorbital brown discoloration at week 12 compared to baseline (Fig. IV and
Fig. V). Specifically, ImageJ analysis of the RBX® brown photography demonstrated a 1% to 16% range of
improvement in under-eye brown pigmentation in subjects with FST I – III, and a 1% to 14% range of
improvement in under-eye brown pigmentation in subjects with FST IV – V. A female subject age 37 with
FST III saw a 12% improvement in under-eye brown pigmentation (Fig. IV A,D), and a female subject age
60 with FST IV saw a 14% improvement in under-eye brown discoloration at week 12 compared to
baseline (Fig. IV C,F).

 Bioinstrumentation

Decreased microcirculation velocity results in an accentuation of infraorbital dark circle and under-eye
puffiness due to micro-vasculature congestion and ultimately accumulation of hemoglobin, pigments,
and melanin [10, 11]. Laser doppler measurements revealed the MTEC enhanced under-eye
microcirculation by 49% (p = 0.07) at week 8 compared to baseline. There was no statistically significant
difference in laser dropper measurements across FSTs nor across ethnicities across all timepoints,
indicating that the MTEC was equally effective among FSTs and ethnicities in improving under-eye micro-
vasculature congestion.

Chromameter L* measurements revealed a statistically significant improvement in under-eye brightness
at 12 weeks (**p < 0.01) and as early as 4 weeks (*p ≤ 0.05) compared to baseline (Fig. VI). A reduction
in under-eye redness (a*) was noted at weeks 4 and 12 compared to baseline. A statistically significant
reduction in under-eye blueness (b*) was noted at weeks 4 vs baseline (*p<0.05). There was no
statistically significant difference in chromameter measurements across FSTs across all timepoints,
indicating that the MTEC was equally effective across FSTs in improving infraorbital dark circles.
Additionally, no statistically significant difference in chromameter a* and b* measurements was noted
across ethnicities. However, a statistically significant difference was noted in chromameter L*
measurement across ethnicities, where Caucasians demonstrated statistically significance improvement
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in L* value at week 12 compared to baseline compared to Asian, Black, and Hispanic ethnicities (**p <
0.01).

Tolerability and Self-Assessment Questionnaire 

There was one report of mild erythema and one report of mild dryness at baseline, after the 1-week
washout and before MTEC application. These two reports were resolved by week 4 and may not be
attributed to the MTEC due to onset prior to MTEC application. At week 4, there were two reports of mild
dryness which resolved by week 12.

There were no reports of edema, stinging, tingling, itching, or burning at any timepoint throughout the 12-
week clinical study. No serious adverse events were reported in the duration of the 12-week clinical study.

Additionally, the self-assessment questionnaire revealed 86.5% of subjects favorably agreed that their
under-eye area looked improved and 83.8% of subjects favorably agreeable that their dark circles looked
improved at week 12 (***p < 0.001).

Discussion
A multitude of treatments and procedures have been investigated to correct infraorbital dark circles and
improve patient satisfaction. When reviewing the current market space and considering the multifactorial
underlying causes of infraorbital dark circles, there are limited and inadequate treatment options that are
available to target all underlying causes of infraorbital dark circles. 

Laser and other energy-based device (EBD) therapy treatment options can be associated with side effects
including inducing post-inflammatory hyperpigmentation (PIH), scarring and infection. CO2, Q-switched
alexandrite, PDL, Nd:YAG and Er:YAG were investigated in the treatment of infraorbital dark circles with
variable results [28, 29]. Skin resurfacing lasers including CO2 and Er:YAG lasers show some benefit in
improving skin texture and infraorbital dark circles, however these treatments are invasive and can lead to
prolonged erythema, scars, and infections [2, 23]. Although the pigment lasers including Q-switched ruby,
Q-switched alexandrite, and Nd:YAG laser specifically target dermal melanin pigments, PIH and post-
inflammatory hypopigmentation can be serious side effects, especially for patients with darker skin tone
[13, 32, 35]. 

Topical options including bleaching agents (Hydroquinone) and chemical peels (TCA, glycolic acid) have
been effective in targeting melanin. However, a reduction in infraorbital dark circles with varying degrees
of success and adverse effects make them undesirable options [30, 35]. Less-invasive options like fillers
may improve the appearance of dark circles, puffiness, and skin health by correcting volume loss,
dehydration, and a thinning dermal layer but the result is too transient and like other options including
laser and chemical peels are not accessible to majority of the patients [30]. 
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Treating infraorbital dark circles with non-invasive treatments that are accessible and cost effective with
minimal side effects would be an ideal option that can lead to acceptable outcome and high patient
satisfaction. In this clinical trial, a novel topical eye cream, MTEC, formulated with Tetrahexyldecyl (THD)
ascorbate, prebiotic Inula Helenium, bioavailable peptides including Palmitoyl Tripeptide-1, Palmitoyl
Tripeptide-5, and Palmitoyl Tetrapeptide-7, botanical extracts including Jasminum sambac, and
Crataegus monogyna, Chrysin and caffeine, was investigated for treatment of infraorbital dark circles
and puffiness by using objective and subjective measurements.

Palmitoyl Tripeptide-1, Palmitoyl Tripeptide-5, and Palmitoyl Tetrapeptide -7 have been shown to reinforce
and strengthen under-eye micro-vasculature network, and reduce micro-vascular congestion and
permeability by strengthening the extracellular matrix and increasing collagen production [3, 7, 18, 27].
This current study showed a significant reduction of vascular features and resolution in skin tone redness
by week 12 compared to baseline.

THD Ascorbate and Jaminium sambac inhibit melanogenesis through their anti-tyrosinase activity [20,
28]. Chrysin eliminates the bilirubin pigmentation and enhances metabolic clearance of bilirubin in
human body by stimulating UDP-glucuronosyltransferase 1A1 (UGT1A1) [36]. This study demonstrated
that periorbital brown discoloration decreased at week 12 compared to baseline as demonstrated by the
VISIA® UV absorption lighting modality, VISIA® RBX Brown Technology, and chromameter measurements
showed a statistically significant improvement in under-eye brightness as early as 4 weeks (*p < 0.05)
and at 12 weeks (**p < 0.01) and compared to baseline. Additionally, peer publications reported an
approximate 3% to 6% improvement in L* measurements between subjects with dark circles to no dark
circles [10]. Chromameters results shown in this study are in par with peer publications evaluating L*
values on subjects with and without dark circles, indicating an improvement in infraorbital dark circles.

The MTEC was formulated to target multiple extrinsic causes of periorbital dark circles and puffiness,
with its multi-corrective approach to target melanin accumulation and hemoglobin degradation related
pigmentation, micro-vasculature congestion and permeability, and skin health. However, extrinsic factors
including seasonal allergies, and intrinsic factors including bone structure also play a role in the
development of periorbital dark circles and puffiness and may be better addressed with cosmetic
procedures and medication. The MTEC demonstrated clinical significance in under eye puffiness and
under-eye dark circles as early as 4 weeks, and at week 8 and plateaued at week 12. This plateau effect
between week 8 and 12 could be attributed to other causes of dark circles such as genetic deposition,
allergies (conducted in the spring, New Jersey peak allergy season), smoking, lack of sleep, and rubbing
of eyes which were not targeted factors by the MTEC. New Jersey exhibits peak tree pollen allergy
seasons from March to April, which corresponds to the week 8 and 12 timepoints of the clinical study,
indicating that the week 8 and week 12 plateau effect highly corresponds to high allergy season in New
Jersey [1]. Additionally, subjects favorably agreed that their under-eye area looks improved after 12 weeks
of twice daily use indicating that the MTEC was successful in improving the perception of dark circles.
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Genetics and ethnicity also have an impact in the development of periorbital dark circles. A study
surveying 100 participants revealed that vascular related periorbital dark circles is more commonly seen
in lighter skin types and Caucasians, while pigmentation related periorbital dark circle is more commonly
seen in darker skin types and Blacks [12]. The MTEC efficacy among varying ethnicities and FSTs was
evaluated, and demonstrated that the MTEC was equally effective across ethnicities and FSTs I – V.

No serious adverse events were reported in the duration of the 12-week clinical study. The limitation of
this study was not including a vehicle control arm and being conducted in the spring with peak allergy
season in New Jersey.

Conclusion
A novel topical eye treatment, MTEC, was formulated with THD ascorbate, prebiotic Inula Helenium,
bioavailable peptides, botanical extracts, chrysin, caffeine, and other novel functional ingredients to
target the multiple pathways associated with under-eye dark circles and puffiness. Specifically, the active
ingredients were formulated to reduce micro-vascular congestion and permeability as well as inhibit
melanin accumulation and hemoglobin degradation related pigment accumulation. The MTEC
demonstrated short-term and long-term efficacy, tolerability, and patient approval. Objective and
subjective measurements, across a broad patient population validated this as a treatment for patients
looking for a targeted solution for brighter under-eye skin.
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Figure 1

Median Percent Reduction at weeks 4, 8 and 12 from baseline across clinical parameters. Statistical
significance was achieved at **p < 0.01 and ***p<0.001
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Figure 2

VISIA® CR Cross Polarized Lighting Modality of the right eye at Baseline (A – D), week 4 (E, F) and week
12 (G, H) of female subjects with FST II Age 52 (A, E), FST V Age 45 (B, F), FST II Age 58 (C, G), FST V Age
55 (D, H). Black arrows highlight areas of improvement from baseline.
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Figure 3

VISIA® RBX Red Technology Clinical Photography at Baseline (A-C) and week 12 (D-F) of female subjects
with FST III Age 58 (A, D), FST III Age 37 (B, E), FST V Age 55 (c, f). Crecent moon shape highlights
improvement from baseline in under-eye region

Figure 4

VISIA® RBX Brown Technology Clinical Photography at Baseline (A - C) and week 12 (D - F) of female
subjects with FST III Age 37 (A, D), FST I Age 48 (B, E), FST IV Age 60 (C, F). Crecent moon shape
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highlights improvement from baseline in under-eye region.

Figure 5

VISIA® CR UV Absorption Lighting Modality at Baseline (A, B) and week 12 (C, D) of female subjects with
FST IV Age 54 (A, C), FST V Age 55 (B, D). White arrows highlight areas of improvement from baseline.
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Figure 6

Mean Percent Improvement in Chromameter L* measurements from baseline. Statistical significance was
achieved with *p <0.05, **p<0.01.
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