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Abstract: (1) Background: The pomegranate fruit (Punica granatum L.) has been widely used in
traditional medicine and has increasingly gained popularity among consumers in order to manage
different facets of health. The objective of this study was to evaluate the effects of the fruit extract
of P. granatum L. on different parameters of skin health. (2) Methods: A prospective, double-blind
placebo-controlled study was conducted on both healthy males and females aged 25-55 years.
Subjects were supplemented with a standardized punicalagin enriched oral pomegranate extract
[Pomella® (Verdure Science, Noblesville, IN, USA), PE group] or a placebo (control group) daily for
four weeks. Changes in wrinkle severity, facial biophysical properties, skin microbiome, and the gut
microbiome were assessed. (3) Results: The PE group had significant reductions in wrinkle severity
(p < 0.01) and a decreasing trend in the forehead sebum excretion rate (p = 0.14). The participants in
the PE group with a higher relative abundance of Eggerthellaceae in the gut had a decrease in their
facial TEWL (p < 0.05) and wrinkle severity (p = 0.058). PE supplementation led to an increase in the
Staphylococcus epidermidis species and the Bacillus genus on the skin. (4) Conclusions: Overall, the
study demonstrated improvements in several biophysical properties, wrinkles, and shifts in the skin
microbiome with oral PE supplementation in healthy subjects.

Keywords: punicalagin; functional food; polyphenols; antioxidants; skin health; pomegranate;
wrinkles; pomella; gut-skin axis; microbiome

1. Introduction

Skin health and physical appearance has played an integral role throughout history
and modern day society in defining overall health and well-being The skin has a myriad
of functions; it directly impacts numerous systems of the body, ranging from acting as
a barrier to external pathogens to providing temperature regulation [1]. In addition to
many physical impacts on health, the appearance and quality of skin also has mental
and cultural impacts. For example, psychologically, skin health can affect an individual’s
sense of self-esteem, self-confidence, and quality of life [2]. Additionally, it is an important
contributor to physical appearance and beauty in various cultures. For instance, certain
skin factors, such as the appearance of wrinkles, are attributed to the level of an individual’s
physical attractiveness and desirability [3]. Thus, one’s skin impacts physical, social, and
psychological aspects of health.

For these many reasons, continually developing new strategies to maintain skin health
and appearance is of great importance. Current methods include, but are not limited to,
topical cosmetic products, systemic therapeutic agents, and non-invasive procedures. In
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recent years, preventative measures, such as diet and lifestyle changes, have emerged as
effective strategies for the maintenance of skin health. For example, investigators reported
that consuming a balanced diet rich in antioxidants is a key factor in reducing the harmful
effects of free radicals in our system [4]. This is of great relevance as an excess of reactive
oxygen species is implicated in photodamage, photoaging, and even some skin cancers.
As a result, incorporating these antioxidant agents through nutritional supplements and
functional foods has gained popularity within the field of dermatology in maintaining
overall healthy skin appearance [3].

Pomegranate fruits are widely consumed as a food, as both edible arils and squeezed
fruit juice, but also as extracts as oral dietary supplements [5-7]. Pomegranate and its
different parts are rich in more than 100 bioactive constituents, including ellagitannins,
gallotannins, anthocyanins, flavanol-anthocyanin adducts, flavonoids, phenolic acids and
other phenols. The pomegranate contains different classes of polyphenols including ellagi-
tannins, which are hydrolyzable tannins subsuming punicalagin, punicalin, and peduncu-
lagin [5,8,9]. The antioxidant, anti-inflammatory, anti-microbial, anti-neuroinflammatory;,
anti-glycation, and immunomodulatory properties of the different components of the
pomegranate fruit have been well-elucidated [9-15]. For example, the pomegranate’s
antioxidant capacity was reported to be the highest among several dietary nutritional sup-
plements including milk thistle, green tea, grape seed, gogi, and acai extracts [16]. Other
studies have also reported that the phytochemicals found within the pomegranate confer
protection against UVA and UVB-mediated cell damage in human skin fibroblasts in-vitro
and reduce the oxidative stress, DNA damage, and cytotoxicity induced by harmful agents
such as hydrogen peroxide and methylglyoxal in human keratinocytes in-vitro [11,12,17].
Additionally, the positive health effects of pomegranate on liver health, obesity, and the gut
microbiome have also been established [18].

Antioxidants, both natural and synthetic, are increasingly used as functional food
additives and nutritional supplements. Oxidative reactions can damage proteins, lipids,
and DNA due to an uneven ratio of antioxidants to free radicals. The capacity of antioxi-
dants to stop oxidative deterioration in food and pharmaceutical items, as well as in the
body and against disease processes brought on by oxidative stress, has heightened interest
in them. Numerous examinations exploring the connection between food and human
health have been carried out using diverse study focus samples [19]. In this double-blind,
placebo-controlled clinical trial, we aimed to understand the effects of oral supplementation
of a standardized pomegranate fruit extract (Pomella®, Verdure Science, Noblesville, IN,
USA) on the facial appearance of wrinkles and on different biophysical properties of the
skin, including facial sebum production and transepidermal water loss. The study also
involved an assessment of the skin microbiome as well as the role of the gut microbiome in
modulating the results.

2. Materials and Methods
2.1. Study Design, Recruitment, and Randomization

This study was conducted between November 2020 and March 2021 as a four-week
double-blind, placebo-controlled pilot clinical trial. This study was conducted with the
approval of the Institutional Review Board (IntegReview Ltd., Austin, TX, USA) and
registered at www.clinicaltrials.gov (NCT04596722, accessed on 8 November 2022). All
participants provided written informed consent prior to participation in the study. Males
and females living in the Sacramento region, ages 25-55 were recruited from a local derma-
tology clinic through the use of social media advertisements. Individuals were screened
for eligibility and all study procedures were performed at Integrative Skin Science and
Research in Sacramento, CA, USA.

In this case, 186 individuals were assessed for eligibility, of which 154 declined to
participate due to the dietary restrictions required by the study. In addition, 4 individuals
failed to meet the inclusion criteria. Here, 28 subjects met inclusion criteria, and were
randomized and pre-allocated into the following two study groups using a computer-based
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randomization generator with blinded sealed envelopes. The PE group (n = 14) received an
oral supplement (Pomella®, Verdure Sciences, Inc. Noblesville, IN, USA) containing 75 mg
of punicalagin per capsule and the control group (n = 14) received an oral placebo for daily
consumption for four weeks. In the control group, 2 subjects were lost to follow-up after
screening and 2 discontinued the study intervention due to antibiotic use. In the PE group,
4 subjects were lost to follow-up after screening and 2 discontinued the study intervention
due to concerns related to COVID-19. This information is depicted in Figure 1.

[ Enrollment ] Assessed for eligibility (n=186)

Excluded (n=158)

+ Not meeting inclusion criteria (n=4)

+ Declined to participate due to dietary
restriction (n=154)

| Randomized (n=28) |

I Allocation JI y

L
Allocated to Pomegranate Extract (n=14) Allocated to Placebo group (n=14)

+ Received allocated intervention (n=8) + Received allocated intervention (n=10)

Follow-Up

< Y

Lost to follow-up (n=4) Lost to follow-up (n=2)

Discontinued intervention due to COVID-19 Discontinued intervention due to antibiotic use (n=2)
restrictions (n=2)

| Analysis y

J

Analysed (n=8) Analysed (n=10)

Figure 1. Consort Flow Diagram outlining the design of the randomized study evaluating the
pomegranate extract compared against placebo.

2.2. Inclusion and Exclusion Criteria

Individuals with a known allergy to the study agents were not included in the study.
The subjects were asked to discontinue the use of other nutritional supplements, including
prebiotics and probiotics, one month prior to the baseline visit and throughout the study.
The use of topical antibiotics and benzoyl peroxide were not permitted one month prior to
the baseline visit and throughout the study. Individuals who had used systemic, injected,
or oral antibiotics within 6 months of the baseline visit or those who had started a new diet
such as the ketogenic diet within one month of the baseline visit were excluded from the
study. Current smokers, individuals who have smoked within the past one year or with
a five-year pack history of smoking tobacco were excluded from the study. Individuals
with a history of the following conditions were also screened out of the study: malignancy,
cancer (excluding non-metastatic cancer), gastrointestinal inflammatory diseases, epilepsy,
immunologic or infectious diseases such as hepatitis, tuberculosis, human immunodefi-
ciency virus, acquired immunodeficiency syndrome, lupus, or rheumatoid arthritis. Other
exclusion criteria included the current use of medications that alter blood lipids, such as
statins and anti-hyperlipidemic medications, individuals with a body mass index higher
than 35 kg/ m?, individuals who adhere to the vegan diet, individuals who refuse to shave
facial hair which may interfere with image collection and assessment, individuals who are
participating in or had participated in an intervention based facial study two weeks prior
to the baseline visit, women who have been pregnant in the last three months, are currently
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pregnant, preparing to be pregnant or lactating, and prisoners and adults who are unable
to provide consent on their own.

The subjects enrolled in the study were also asked to adhere to the following set
of dietary restrictions to reduce the confounding effects of polyphenolic-rich foods. The
subjects were asked to reduce coffee intake to at most to an eight-ounce cup of coffee, a
cup of berries, and a cup of fermented dairy products per week throughout the duration
of the study. This diet also included the complete restriction of chocolate, alcohol, tea,
and pomegranate or pomegranate-containing drinks for the four weeks of the study. Sub-
jects were asked to completely avoid self-tanning, spa tanning, sun tanning or artificial
tanning, dry or wet sauna treatments, and swimming. This was carried out to reduce the
confounding effects of environmental or exogenous agents on the appearance and health of
the skin.

2.3. Facial Imaging, Measurements of the Biophysical Properties of the Skin and Subjective
Assessments of Digestive Health and Quality of Life

All measurements were collected after subjects had adjusted to ambient conditions for
15 minutes in a climate-controlled room. The following measurements were collected at the
initial baseline visit and after four weeks of oral supplementation.

The facial appearance of wrinkles was assessed using high-resolution facial pho-
tographs captured and analyzed by the BTBP 3D Clarity Pro® Facial Modeling and Analysis
System (Brigh-Tex BioPhotonics, San Jose, CA, USA). The “average severity” of wrinkles
was calculated by measuring the depth and width of the wrinkles.

The following biophysical properties of the skin on the forehead and cheeks were mea-
sured: facial transepidermal water loss (TEWL) using the Vapometer® (Delfin Technologies
Ltd., Kuopio, Finland) and facial sebum production by the Sebummeter® SM 815 (Courage
and Khazaka, Cologne, Germany). The SkinColorCatch® (Delfin Technologies Ltd., Kuopio,
Finland) was used to measure the facial erythema index and melanin index of the skin. The
devices used to assess the biophysical properties of the skin are non-invasive instruments
that contact the skin for, at, most 30 s.

Self-assessments of Quality of Life and Digestive Health were collected.

2.4. Skin Swab Collection, Stool Collection and DNA Extraction

Stool samples were collected from subjects at baseline and 4 weeks using a manually
assembled kit for gut microbiome sampling. Facial skin swabs were collected from the
glabella and cheeks at baseline and 4 weeks using kits from CosmosID® (Germantown, MD,
USA). Swabbing was performed using a sterile technique and samples were collected from
the ambient environment to serve as negative controls during skin microbiome analysis.
All samples were stored at —80 degrees Celsius prior to shipping.

Taxonomic and functional analyses of the 16S skin samples and WGS stool samples
were performed by CosmosID®. The DNA from skin and fecal samples was isolated
using the QIAGEN DNeasy PowerSoil Pro Kit, according to the manufacturer’s protocol.
Extracted DNA samples were quantified using Qubit 4 fluorometer and Qubit™ dsDNA
HS Assay Kit (Thermofisher Scientific, Waltham, MA, USA).

2.4.1. Library Preparation and Whole Genome Sequencing of Stool Samples

DNA libraries were prepared using the Nextera XT DNA Library Preparation Kit
(IIlumina, San Diego, CA, USA) and IDT Unique Dual Indexes with total DNA input of
1 ng. Genomic DNA was fragmented using a proportional amount of Illumina Nextera
XT fragmentation enzyme. Unique dual indexes were added to each sample followed by
12 cycles of PCR to construct libraries. The DNA libraries were purified using AMpure
magnetic Beads (Beckman Coulter, Brea, CA, USA) and eluted in QIAGEN EB buffer. In
addition, the DNA libraries were quantified using Qubit 4 fluorometer and Qubit™ dsDNA
HS Assay Kit (Invitrogen, Waltham, MA, USA). The libraries were then sequenced on an
Ilumina HiSeq 4000 platform 2 x 150 bp.



J. Clin. Med. 2022, 11, 6724

50f12

2.4.2. Bioinformatics Analysis of Samples

Unassembled sequencing reads were directly analyzed by CosmosID-HUB Micro-
biome Platform (CosmosID Inc., Germantown, MD, USA) as described elsewhere for
multi-kingdom microbiome analysis and the profiling of antibiotic resistance and virulence
genes, and quantification of organisms’ relative abundance [20-23]. Briefly, the system uti-
lizes curated genome databases and a high-performance data-mining algorithm that rapidly
disambiguates hundreds of millions of metagenomic sequence reads into the discrete mi-
croorganisms engendering the particular sequences. Similarly, the community resistome
and virulome, the collection of antibiotic resistance and virulence-associated genes in the
microbiome, were also identified by querying the unassembled sequence reads against the
CosmosID curated antibiotic resistance and virulence-associated gene databases.

2.5. Statistical Analysis

All parametric data results are presented as the mean + standard deviation. All
non-parametric data results are presented as the median + 95% confidence interval. The
statistical analysis for parametric was performed using Student’s t-test to assess the within-
group (two tailed, paired) and between group (two tailed, unpaired) differences. A chi-
square test with Yates’ correction was performed to analyze non-parametric data. Yates’s
correction was applied to reduce the overestimation of statistical significance for the survey
results, which was composed of responses that had an expected count smaller than five.
Any values of (p < 0.05) were considered statistically significant. Each subject served as
their own control, as values reported at four weeks were compared to baseline values, or 1.
All data were analyzed including subjects that were enrolled in the study and those who
had received any study intervention.

Differential microbiome abundance was determined using Linear discriminant anal-
ysis effect size (LEfse) analysis at all taxonomic levels. Differential feature and organism
abundance between groups was calculated using Kruskal-Wallis sum-rank test, Wilcoxon
rank-sum test, and Linear Discriminant Analysis. All features shown meet p < 0.05 for
Kruskal-Wallis and Wilcoxon tests and have an LDA score where effect—size > 2.0. The
statistical significance was determined using the Wilcoxon Rank-Sum Test. p < 0.05 was
considered statistically significant.

3. Results

In this case, 15 females and 3 males completed the study. In the control group, there
were 10 participants (F = 9, M = 1). The average age of participants in this group was
42.3 + 10.5 and the average BMI was 24.4 £ 4.5. In the PE group, there were 8 participants
(F =6, M = 2). The average age of the participants in this group was 40 £ 11.2 and the
average BMI was 24.6 + 4.6.

3.1. Facial Wrinkle Severity

There was a statistically significant decrease in the facial wrinkle severity by 6.2 + 1.6%
in the PE group (p < 0.01) compared to 1 &= 1.4% increase in the control group. These results
are demonstrated in Figure 2.

3.2. Facial Sebum Production

There was a decreasing trend in the sebum excretion rate on the forehead of those in
the PE supplementation group after four weeks with a 21.9 + 14.4% reduction compared
to an increase of 17.2 4= 20.2% (p = 0.14). There was no statistically significant difference
in the cheek sebum excretion rate between subjects in the control group and PE group, as
compared to the pretreatment baseline. The results are demonstrated in Figure 3.
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Figure 2. Mean Facial Wrinkle Severity in the Control and PE Group, Relative to Pretreatment
Baseline. The facial wrinkle severity was measured through the use of high-resolution imaging
analysis of standardized photography. The average facial wrinkle severity decreased by 6.2 + 1.6
(** p = 0.004) in the PE group and there was no statistical change in the control (placebo) group.
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Figure 3. The sebum excretion rate in the Control and PE groups relative to pre-treatment baseline.
Sebum was measured with a sebumeter and week 4 measures were compared against baseline on the
forehead (A) and on the cheek (B).

3.3. Facial TEWL

When compared to pretreatment baseline, the observed differences in the forehead and
cheek TEWL between subjects in the control and PE group were not statistically significant
(Figure 4). Interestingly, in the PE group subjects with a higher level of Eggerthellaceae in
their gut microbiome analysis showed a statistically significant reduction in the TEWL
compared to those that did not express Eggerthellaceae.
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Figure 4. Transepidermal water loss (TEWL) in the Control and PE groups relative to pre-treatment

baseline. The TEWL at 4 weeks was compared against baseline on the forehead (A) and the cheeks (B).

3.4. Skin Colormetric Indices (Melanin and Erythema)

There were no statistically significant changes in the facial melanin or erythema indices
between the PE and control groups.
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Figure 5 shows a typical participant before and after intervention from the PE group.

Baseline 4 Weeks

Figure 5. Facial images of a study participant at baseline and week 4 from the PE group.

3.5. Influence of the Gut Expression of Eggerthellaceae in the PE Group

A sub-analysis among participants in the PE group for the gut microbiome expression
Eggerthellaceae was performed. A relative decrease in sebum was seen in those that had
a higher expression of Eggerthellaceae, but this was not statistically significant (p = 0.33).
Interestingly, the higher expression of Eggerthellaceae in the gut microbiome of study par-
ticipants was found to correlate with a decrease in TEWL (p < 0.05) and wrinkle severity
(p = 0.058). These results are depicted in Figure 6.
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Figure 6. Sub-analysis based on high expression of Eggerthellaceae in the gut. The participants in the
PE group were stratified as high or low expression of Eggerthellaceae in the gut and the influence on
sebum excretion rate (A), TEWL (B), and wrinkle severity (C) are depicted. * = p < 0.05.
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3.6. Shifts in the Skin Microbiome

The skin microbiome was shifted in those in the PE group with an increase in the
relative abundance of the Staphylococcus epidermidis species (Figure 7) and the Bacillus genus
(Figure 8).

Experiment Endpoint Comparison: Species_Bact-Level Relative Abundance

Taxa

Achromobacter_u_s
Acinetobacter guillouiae
Acinetobacter_u_s
Actinobaculum_u_s
Anaerococcus_u_s
Bacillaceae_u_s
Bd2-3.us
Burkholderiaceae_u_s
Cellulosimicrobium_u_s
Corynebacterium_u_s
Cutibacterium acnes subsp. defendens atcc 11828
Delftia_u_s
Enterococcus_u_s

|| Hotcreek 32_u_s
Lactobacillus_u_s
Lactococcus_u_s
Micrococcaceae_u_s
Neisseriaceae_u_s
Oxalobacteraceae_u_s
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°
g

Paenibacillus_u_s
Propionibacterium acnes

Streptococcus sp. oral clone asog04
Streptococcus_u_s
Other

0.00

Skin Control, Week 4 Skin PE, Week 4

Figure 7. Stacked bar plots of the skin microbiome after 4 weeks of supplementation in the placebo
and PE group. The skin microbiome was collected through the use of facial skin swabs.
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Figure 8. Lefse analysis of the skin microbiome in the PE group before (pretreatment) and after
supplementation (4 weeks of PE) shows enrichment for the Bacillus genus. Only statistically significant
results are shown.

3.7. Adverse Events

No adverse events were reported throughout the study.

4. Discussion

In this 4-week, randomized, double-blind, placebo-controlled study, supplementation
with 250 mg of a standardized pomegranate fruit extract containing 75 mg punicalagin
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(Pomella®) once a day showed a significant decrease in image-based facial wrinkle severity
and a decreasing trend in facial sebum excretion rate compared to placebos. Furthermore,
the higher levels of Eggerthellaceae in the gut microbiome were correlated with a decrease in
both TEWL and wrinkle severity in the PE group, suggesting that the extract improved
skin barrier function in addition to improving the appearance of wrinkles.

The disruption in skin homeostasis due to increased formation of advanced glycation
end-products, oxidative stress and other intrinsic and extrinsic factors resulted in the loss
of skin barrier function. This is further associated with the thinning of the epidermis and
the subsequent appearance of deeper and more spaced-out wrinkles [24]. The mechanism
of action for the decrease in wrinkles is not clear but PE is rich in antioxidants and may be
protective against collagen breakdown. Moreover, our subanalysis among the PE group for
those that expressed Eggerthellaceae more abundantly showed a correlation for a decrease in
both TEWL and facial wrinkle severity. The restoration of the skin barrier may result in an
improvement in TEWL and the appearance of wrinkles. Therefore, improvement in the
skin barrier function of subjects in the PE group due to a reduction in the TEWL may be
partially responsible for the significant reduction in facial wrinkle severity observed within
the same cohort.

Berardesca et al. and Grubauer et al. reported that decreases in TEWL from the
stratum corneum of the epidermis is associated with enhanced skin barrier function and
aged skin [24,25]. Furthermore, Lin et al. suggest that although an inflammatory response
and the subsequent production of reactive oxygen species and secretion of cytokines is
necessary for skin barrier repair, excessive inflammation results in the disruption of skin
homeostasis and the reduction of skin barrier function [26]. It is important to note that
many studies have provided compelling evidence for the antioxidant and anti-inflammatory
activity associated with the phytochemicals of the fruit P. granatum L., which constitute the
oral PE utilized in the study [8,27-31].

The significant decrease in wrinkle severity among the subjects in the PE group may
also be supported by a study that reported that pomegranate concentrated solution (PCS)
possesses anti-wrinkle effects due to its ability to decrease elastase and collagenase activities
in normal human primary dermal fibroblast-neonatal (HDEF-N cells) [32].

It appears that previous studies of PE extracts are in agreement with the findings
reported here. A 2012 study demonstrated that a 55-day pomegranate flower extract
supplementation restored the decrease in skin water content and epidermal barrier function
after inducing disruption in skin homeostasis through a tape-stripping procedure in rodent
models [33]. Notably, the flowers of the pomegranate contain phenolic acids such as
gallic acid and ellagic acid, which are both found in the pomegranate peel. However, the
flowers are unique in that they contain triterpenoids, such as oleanolic acid and ursolic
acid. Since the investigators of this study did not attribute the study findings to specific
phytoconstituents, future studies should evaluate whether the observed results were due
to the effects of the phenolic acids, triterpenoids, or both of the bioactive compounds. Since
the pomegranate peel shares similar phytoconstituents with the pomegranate flower, it is
not surprising that there were changes found with TEWL in this clinical study.

The trend noted for the decrease in the sebum excretion rate in the PE group and in
those that highly expressed Eggerthellaceae in the gut has mechanistic support from previous
studies. A 2017 study reported the anti-lipase activity of PE and specific tannins isolated
from the fruit of P. granatum L. such as punicalagin and punicalin. Specifically, PE was found
to reduce lipase activity by 20%, whereas punicalagin and punicalin reduced lipase activity
by 39.8% and 34.7%, respectively. These results are singificant, as the overproduction
of sebum is associated with increased bacterial lipase activity in some skin conditions
such as acne vulgaris. Since the PE utilized in our study contained 75 mg of punicalagin,
our inhibitory findings on facial sebum production are consistent. In addition, Lee at al.
studied the topical application of PE and its isolated tannins in rodent models [34] in further
support of the findings noted here. In light of the sebum modulation of PE, future studies
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should consider the study of PE supplementation in acne where excess sebum production
is a notable feature.

We find it interesting that we were able to stratify responses based on the gut expres-
sion of Eggerthellaceae. Bacterial species belonging to Eggerthellaceae are able to produce
urolithin metabolites from ellagic acid and ellagitannins, which are found in pomegranates
and enriched in the PE used in this study [35]. Therefore, our results suggest that the pres-
ence of Eggerthellaceae may predict a better response to PE supplementation and support
the notion of a gut-skin axis when considering oral supplementation.

Our skin microbiome studies showed an augmentation in Staphylococcus epidermidis
and in the Bacillus species. The role of the shift in S. epidermidis is unclear at this time.
In atopic dermatitis, an increase in the S. epidermidis relative abundance is correlated
with an improved skin barrier but in seborrheic dermatitis, an increase in S. epidermidis
is correlated with an impaired skin barrier [36,37]. The role of the Bacillus species is less
clear, although ferments and lysates of Bacillus coagulans have been shown to have anti-
inflammatory and immune-modulating effects and are currently in use in the cosmetics
market [38,39]. Nevertheless, our study highlights that oral supplementation with PE alters
the skin microbiome.

Our study has several limitations. This study was conducted over four weeks and
limits our ability to detect large shifts in the appearance of wrinkles. However, we utilized
validated high-resolution imaging that allows us to detect smaller shifts in a reproducible
and objective fashion. Another limitation is that we utilized multiple food-related exclu-
sions, such as limiting the intake of tea and coffee. While this increases the rigor of the
study, it may not mimic the real-life scenario for many people who likely ingest tea and
coffee regularly. Finally, this study serves as a pilot study, and further studies with an
expanded cohort are warranted.

5. Conclusions

Oral supplementation with 250mg of Pomella® pomegranate fruit extract standardized
to 75 mg of punicalagins daily for four weeks significantly improved several parameters
of skin health. Specifically, our data demonstrate reductions in the appearance of average
facial wrinkle severity, a trend for decreasing forehead sebum excretion rate, a shift in the
skin microbiome, and accentuated responses for TEWL reduction and wrinkle reduction in
those that express Eggerthellaceae in their gut. These effects may be related to the potent
antioxidant and anti-inflammatory properties of the phytochemicals, which constitute
the oral interventional agent. Future studies with an expanded population are needed in
order to evaluate the inhibitory trend we observed in facial sebum production within the
PE cohort.

Author Contributions: R.K.S,, conceptualization, methodology, obtained funding, supervision; R K.S.
and C.J.C., review and editing of the first draft; M.C., D.N. and N.G,, preparation of original draft;
M.C. and A.D., project administration, study procedures; M.C., W.B., A.P. and R K.S,, data analysis
and interpretation. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Verdure Sciences Inc., Noblesville, Indiana, USA. The sponsor
had no role in the design or conduct of the study, the data analysis, or in the decision to publish.

Institutional Review Board Statement: This research was approved by IntegReview Ltd.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Conflicts of Interest: RKS serves as a scientific advisor for LearnHealth, Arbonne, and Codex Labs
and as a consultant to Burt’s Bees, Novozymes, Nutrafol, Abbvie, Sanofi, Fotona, Incyte, Leo, UCB,
Novartis, Biogena, Lilly, Sun and Regeneron Pharmaceuticals.



J. Clin. Med. 2022, 11, 6724 11 0f12

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gilaberte, Y.; Prieto-Torres, L.; Pastushenko, I; Juarranz, A. Anatomy and Function of the Skin. In Nanoscience in Dermatology;
Elsevier: Amsterdam, The Netherlands, 2016; pp. 1-14.

Seth, D.; Cheldize, K.; Brown, D.; Freeman, E.E. Global Burden of Skin Disease: Inequities and Innovations. Curr. Dermatol. Rep.
2017, 6, 204-210. [CrossRef]

Clatici, V.G.; Racoceanu, D.; Dalle, C.; Voicu, C.; Tomas-Aragones, L.; Marron, S.E.; Wollina, U. Perceived Age and Life Style. The
Specific Contributions of Seven Factors Involved in Health and Beauty. Maedica 2017, 12, 191.

Simioni, C.; Zauli, G.; Martelli, A.M.; Vitale, M.; Sacchetti, G.; Gonelli, A.; Neri, L.M. Oxidative Stress: Role of Physical Exercise
and Antioxidant Nutraceuticals in Adulthood and Aging. Oncotarget 2018, 9, 17181. [CrossRef]

Liu, Y.; Seeram, N.P. Liquid Chromatography Coupled with Time-of-flight Tandem Mass Spectrometry for Comprehensive
Phenolic Characterization of Pomegranate Fruit and Flower Extracts Used as Ingredients in Botanical Dietary Supplements. J. Sep.
Sci. 2018, 41, 3022-3033. [CrossRef]

Cardellina, J.H., II; Gafner, S. Adulteration of Pomegranate Ingredients and Products. Bot. Adulterants Prev. Bull. 2021, 1-9.
Cardellina, ].H.; Blumenthal, M. Adulteration of Pomegranate Products-A Review of the Evidence. HerbalGram 2016, 112, 62-69.
Viuda-Martos, M.; Fernandez-Lépez, J.; Pérez-Alvarez, J.A.; Viuda-Martos, M.; Fernandez-Lépez, J.; Pérez-Alvarez, J.A.
Pomegranate and Its Many Functional Components as Related to Human Health: A Review. Compr. Rev. Food Sci. Food
Saf. 2010, 9, 635-654. [CrossRef]

Yisimayili, Z.; Chao, Z. A Review on Phytochemicals, Metabolic Profiles and Pharmacokinetics Studies of the Different Parts
(Juice, Seeds, Peel, Flowers, Leaves and Bark) of Pomegranate (Punica granatum L.). Food Chem. 2022, 395, 133600. [CrossRef]
Yuan, T.; Ma, H.; Liu, W.; Niesen, D.B.; Shah, N.; Crews, R.; Rose, K.N.; Vattem, D.A.; Seeram, N.P. Pomegranate’s Neuroprotective
Effects against Alzheimer’s Disease Are Mediated by Urolithins, Its Ellagitannin-Gut Microbial Derived Metabolites. ACS Chem.
Neurosci. 2016, 7, 26-33. [CrossRef]

Liu, C.; Guo, H.; DaSilva, N.A.; Li, D.; Zhang, K.; Wan, Y.; Gao, X.-H.H.; Chen, H.-D.D.; Seeram, N.P.; Ma, H. Pomegranate (Punica
granatum) Phenolics Ameliorate Hydrogen Peroxide-Induced Oxidative Stress and Cytotoxicity in Human Keratinocytes. J. Funct.
Foods 2019, 54, 559-567. [CrossRef]

Guo, H; Liu, C,; Tang, Q.; Li, D.; Wan, Y,; Li, ].-H.; Gao, X.-H.; Seeram, N.P; Ma, H.; Chen, H.-D. Pomegranate (Punica granatum)
Extract and Its Polyphenols Reduce the Formation of Methylglyoxal-DNA Adducts and Protect Human Keratinocytes against
Methylglyoxal-Induced Oxidative Stress. J. Funct. Foods 2021, 83, 104564. [CrossRef]

Molva, C.; Baysal, A.H. Evaluation of Bioactivity of Pomegranate Fruit Extract against Alicyclobacillus Acidoterrestris DSM
3922 Vegetative Cells and Spores in Apple Juice. LWT-Food Sci. Technol. 2015, 62, 989-995. [CrossRef]

Liu, W.; Ma, H,; Frost, L.; Yuan, T.; Dain, ]J.A.; Seeram, N.P. Pomegranate Phenolics Inhibit Formation of Advanced Glycation
Endproducts by Scavenging Reactive Carbonyl Species. Food Funct. 2014, 5, 2996-3004. [CrossRef]

Kang, B.; Kim, C.Y,; Hwang, J.; Jo, K.; Kim, S.; Suh, H.J.; Choi, H.S. Punicalagin, a Pomegranate-Derived Ellagitannin, Suppresses
Obesity and Obesity-Induced Inflammatory Responses Via the Nrf2/Keapl Signaling Pathway. Mol. Nutr. Food Res. 2019,
63, 1900574. [CrossRef]

Henning, S.M.; Zhang, Y.; Rontoyanni, V.G.; Huang, J.; Lee, R-P.P; Trang, A.; Nuernberger, G.; Heber, D. Variability in the
Antioxidant Activity of Dietary Supplements from Pomegranate, Milk Thistle, Green Tea, Grape Seed, Goji, and Acai: Effects of
in Vitro Digestion. J. Agric. Food Chem. 2014, 62, 4313-4321. [CrossRef]

Lisbeth, A.; Noratto, G.; Hingorani, L.; Talcott, S.T.; Mertens-Talcott, S.U.; Pacheco-Palencia, L.A.; Noratto, G.; Hingorani, L.;
Talcott, S.T.; Mertens-Talcott, S.U.; et al. Protective Effects of Standardized Pomegranate (Punica granatum L.) Polyphenolic Extract
in Ultraviolet-Irradiated Human Skin Fibroblasts. J. Agric. Food Chem. 2008, 56, 8434-8441. [CrossRef]

Cho, Y.-E.; Song, B.-]. Pomegranate Prevents Binge Alcohol-Induced Gut Leakiness and Hepatic Inflammation by Suppressing
Oxidative and Nitrative Stress. Redox Biol. 2018, 18, 266-278. [CrossRef]

Gulcin, I. Antioxidants and Antioxidant Methods: An Updated Overview. Arch. Toxicol. 2020, 94, 651-715. [CrossRef]

Lax, S.; Smith, D.P; Hampton-marcell, J.; Owens, S.M.; Handley, M.; Scott, N.M.; Gibbons, S.M.; Larsen, P.; Benjamin, D.;
Weiss, S.; et al. Humpback Whales Harbour. Science 2014, 345, 1048-1052. [CrossRef]

Hasan, N.A.; Young, B.A.; Minard-Smith, A.T.; Saeed, K.; Li, H.; Heizer, EM.; McMillan, N.J.; Isom, R.; Abdullah, A.S,;
Bornman, D.M,; et al. Microbial Community Profiling of Human Saliva Using Shotgun Metagenomic Sequencing. PLoS ONE
2014, 9, €97699. [CrossRef]

Ponnusamy, D.; Kozlova, E.V,; Sha, ].; Erova, T.E.; Azar, S.R; Fitts, E.C,; Kirtley, M.L.; Tiner, B.L.; Andersson, J.A.; Grim, C.J.; et al.
Cross-Talk among Flesh-Eating Aeromonas Hydrophila Strains in Mixed Infection Leading to Necrotizing Fasciitis. Proc. Natl.
Acad. Sci. USA 2016, 113, 722-727. [CrossRef]

Ottesen, A.; Ramachandran, P; Reed, E.; White, ].R.; Hasan, N.; Subramanian, P; Ryan, G.; Jarvis, K.; Grim, C.; Daquiqan, N.; et al.
Enrichment Dynamics of Listeria Monocytogenes and the Associated Microbiome from Naturally Contaminated Ice Cream
Linked to a Listeriosis Outbreak. BMC Microbiol. 2016, 16, 275. [CrossRef]

Berardesca, E.; Maibach, H.I. Transepidermal Water Loss and Skin Surface Hydration in the Non Invasive Assessment of Stratum
Corneum Function. Dermatosen Beruf und Umwelt Occup. Environ. 1990, 38, 50-53.

Grubauer, G.; Elias, PM.; Feingold, K.R. Transepidermal Water Loss: The Signal for Recovery of Barrier Structure and Function.
J. Lipid Res. 1989, 30, 323-333. [CrossRef]


http://doi.org/10.1007/s13671-017-0192-7
http://doi.org/10.18632/oncotarget.24729
http://doi.org/10.1002/jssc.201800480
http://doi.org/10.1111/j.1541-4337.2010.00131.x
http://doi.org/10.1016/j.foodchem.2022.133600
http://doi.org/10.1021/acschemneuro.5b00260
http://doi.org/10.1016/j.jff.2019.02.015
http://doi.org/10.1016/j.jff.2021.104564
http://doi.org/10.1016/j.lwt.2015.02.021
http://doi.org/10.1039/C4FO00538D
http://doi.org/10.1002/mnfr.201900574
http://doi.org/10.1021/jf500106r
http://doi.org/10.1021/jf8005307
http://doi.org/10.1016/j.redox.2018.07.012
http://doi.org/10.1007/s00204-020-02689-3
http://doi.org/10.1126/science.1254529
http://doi.org/10.1371/journal.pone.0097699
http://doi.org/10.1073/pnas.1523817113
http://doi.org/10.1186/s12866-016-0894-1
http://doi.org/10.1016/S0022-2275(20)38361-9

J. Clin. Med. 2022, 11, 6724 12 0of 12

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lin, T.-K,; Zhong, L.; Santiago, ].L. Anti-Inflammatory and Skin Barrier Repair Effects of Topical Application of Some Plant Oils.
Int. J. Mol. Sci. 2017, 19, 70. [CrossRef]

Binic, I.; Lazarevic, V.; Ljubenovic, M.; Mojsa, J.; Sokolovic, D. Skin Ageing: Natural Weapons and Strategies. Evid. Based
Complement. Altern. Med. 2013, 2013, 827248. [CrossRef]

Hayouni, E.A.; Miled, K.; Boubaker, S.; Bellasfar, Z.; Abedrabba, M.; Iwaski, H.; Oku, H.; Matsui, T.; Limam, F.; Hamdi, M.
Hydroalcoholic Extract Based-Ointment from Punica granatum L. Peels with Enhanced in Vivo Healing Potential on Dermal
Wounds. Phytomedicine 2011, 18, 976-984. [CrossRef]

Rosenblat, M.; Hayek, T.; Aviram, M. Anti-Oxidative Effects of Pomegranate Juice (P]) Consumption by Diabetic Patients on
Serum and on Macrophages. Atherosclerosis 2006, 187, 363-371. [CrossRef]

Aviram, M.; Rosenblat, M.; Billecke, S.; Erogul, J.; Sorenson, R.; Bisgaier, C.L.; Newton, R.S.; La Du, B. Human Serum Paraoxonase
(PON 1) Is Inactivated by Oxidized Low Density Lipoprotein and Preserved by Antioxidants. Free Radic. Biol. Med. 1999, 26,
892-904. [CrossRef]

Yan, H.; Peng, K.; Wang, Q.; Gu, Z,; Lu, Y.; Zhao, J.; Xu, F. Effect of Pomegranate Peel Polyphenol Gel on Cutaneous Wound
Healing in Alloxan-Induced Diabetic Rats. Chin. Med. . 2013, 126, 1700-1706.

Kang, S.J.; Choi, B.R,; Kim, S.H,; Yi, H.Y.; Park, H.R.; Park, S.J.; Song, C.H.; Park, ].H.; Lee, Y.J.; Ku, S.K. Inhibitory Effects of
Pomegranate Concentrated Solution on the Activities of Hyaluronidase, Tyrosinase, and Metalloproteinase 1. Clin. Ther. 2015,
37, el18. [CrossRef]

Wang, J.; Rong, X.; Um, L.S.I,; Yamahara, J.; Li, Y. 55-Week Treatment of Mice with the Unani and Ayurvedic Medicine Pomegranate
Flower Ameliorates Ageing-Associated Insulin Resistance and Skin Abnormalities. Evid. Based Complement. Altern. Med. 2012,
2012, 350125. [CrossRef]

Lee, C.-J.; Chen, L.-G; Liang, W.-L.; Wang, C.-C. Multiple Activities of Punica granatum Linne against Acne Vulgaris. Int. . Mol.
Sci. 2017, 18, 141. [CrossRef]

Selma, M.V,; Beltrdn, D.; Luna, M.C.; Romo-Vaquero, M.; Garcia-Villalba, R.; Mira, A.; Espin, J.C.; Tomds-Barberan, F.A. Isolation
of Human Intestinal Bacteria Capable of Producing the Bioactive Metabolite Isourolithin A from Ellagic Acid. Front. Microbiol.
2017, 8, 1521. [CrossRef]

Brown, M.M.; Horswill, A.R. Staphylococcus Epidermidis—Skin Friend or Foe? PLoS Pathog. 2020, 16, €1009026. [CrossRef]
An, Q.; Sun, M,; Qi, R.-Q.; Zhang, L.; Zhai, J.-L.; Hong, Y.-X.; Song, B.; Chen, H.-D.; Gao, X.-H. High Staphylococcus Epidermidis
Colonization and Impaired Permeability Barrier in Facial Seborrheic Dermatitis. Chin. Med. J. 2017, 130, 1662-1669. [CrossRef]
Jensen, G.S.; Benson, K.F,; Carter, S.G.; Endres, J.R. GanedenBC30™ Cell Wall and Metabolites: Anti-Inflammatory and Immune
Modulating Effects in Vitro. BMC Immunol. 2010, 11, 15. [CrossRef]

Puebla-Barragan, S.; Reid, G. Probiotics in Cosmetic and Personal Care Products: Trends and Challenges. Molecules 2021, 26, 1249.
[CrossRef]


http://doi.org/10.3390/ijms19010070
http://doi.org/10.1155/2013/827248
http://doi.org/10.1016/j.phymed.2011.02.011
http://doi.org/10.1016/j.atherosclerosis.2005.09.006
http://doi.org/10.1016/S0891-5849(98)00272-X
http://doi.org/10.1016/j.clinthera.2015.05.337
http://doi.org/10.1155/2012/350125
http://doi.org/10.3390/ijms18010141
http://doi.org/10.3389/fmicb.2017.01521
http://doi.org/10.1371/journal.ppat.1009026
http://doi.org/10.4103/0366-6999.209895
http://doi.org/10.1186/1471-2172-11-15
http://doi.org/10.3390/molecules26051249

	Introduction 
	Materials and Methods 
	Study Design, Recruitment, and Randomization 
	Inclusion and Exclusion Criteria 
	Facial Imaging, Measurements of the Biophysical Properties of the Skin and Subjective Assessments of Digestive Health and Quality of Life 
	Skin Swab Collection, Stool Collection and DNA Extraction 
	Library Preparation and Whole Genome Sequencing of Stool Samples 
	Bioinformatics Analysis of Samples 

	Statistical Analysis 

	Results 
	Facial Wrinkle Severity 
	Facial Sebum Production 
	Facial TEWL 
	Skin Colormetric Indices (Melanin and Erythema) 
	Influence of the Gut Expression of Eggerthellaceae in the PE Group 
	Shifts in the Skin Microbiome 
	Adverse Events 

	Discussion 
	Conclusions 
	References



