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ABSTRACT

Introduction: Polynucleotides (PN), derived from salmon sperm DNA, are highly purified DNA fragments with reported tissue-
repair and anti-inflammatory properties mediated through adenosine A2A receptor activation. These agents have been increas-
ingly used in aesthetic dermatology for skin rejuvenation and scar treatment. This study aimed to evaluate longitudinal changes
in periorbital appearance and patient-reported outcomes following intradermal polynucleotide injections.

Methods: This prospective observational case series included patients presenting for undereye rejuvenation who received intra-
dermal injections of absorbable polynucleotides (7.5 mg/mL; Pluryal Silk, MD Skin Solutions, Luxembourg), with a total volume
of 2mL per session. Outcomes were assessed using validated FACE-Q patient-reported questionnaires at baseline and at 1, 3,
and 6 months following treatment. Adverse events were assessed 2days after each treatment session. Statistical analysis was
performed using paired t-tests.

Results: Forty-two patients were included. Significant improvements in lower eyelid and crow's feet appraisal scores were ob-
served at all follow-up time points compared with baseline (p <0.001). The greatest improvements and highest patient satisfac-
tion were observed at 3 months following two treatment sessions. Reported adverse events were minimal.

Conclusion: In this prospective observational cohort, intradermal polynucleotide injections were associated with improvements
in periorbital appearance and patient-reported satisfaction over baseline, with minimal adverse events. These findings support
further controlled studies to confirm efficacy and refine treatment protocols.

1 | Introduction Recent advances have highlighted the synergistic potential
of PN when combined with non-cross-linked hyaluronic acid
(HA), particularly in sensitive areas such as the periorbital

region. Abuyousif et al. [2] demonstrated that PN-HA com-

Polydeoxyribonucleotides (PDRN), derived from salmon sperm
DNA, are low-molecular-weight DNA fragments that exert anti-

inflammatory and tissue-repair effects through activation of
adenosine A2A receptors. Polynucleotides (PN), which are high-
molecular-weight derivatives from the same source, exhibit
longer-lasting effects due to their increased viscosity. These bio-
polymers are thought to stimulate fibroblast proliferation, colla-
gen synthesis, and angiogenesis, thereby enhancing skin texture
and elasticity. Their use in aesthetic medicine has surged due
to their ability to stimulate natural skin-regeneration processes
without relying on synthetic or cross-linked fillers [1].

plexes not only improve periorbital skin quality and hydration
but also exhibit regenerative effects by enhancing extracellu-
lar matrix (ECM) remodeling and fibroblast viability in vitro.
Additionally, a prospective randomized study by Araco et al.
[3] showed that PN-HPT combined with cross-linked HA pro-
vided superior wrinkle reduction and dermal restructuring
compared with HA alone in the treatment of moderate to se-
vere nasolabial folds, further supporting PN's biorevitalizing
potential. These findings underscore the biostimulatory value
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of PN for treating delicate regions such as the lower eyelid,
where conventional fillers may pose higher risks of edema, ir-
regularities, or Tyndall effect.

Several clinical studies have further supported the benefits of
PN in various dermatologic and cosmetic indications. In the
treatment of atrophic acne scars and facial photoaging, PN has
demonstrated efficacy in improving skin tone, firmness, and hy-
dration while reducing fine lines and wrinkles [4]. Furthermore,
PN's high biocompatibility and favorable safety profile make it
suitable for sensitive areas such as the periorbital region, where
the skin is thinner and more prone to adverse effects from con-
ventional treatments. Highly purified polynucleotides (PN-
HPT) have also emerged as a valuable biostimulatory option,
offering a non-cross-linked alternative for facial rejuvenation
and skin priming [5].

Despite their increasing use, real-world evidence on PN applica-
tion specifically for undereye wrinkles remains limited [6]. This
study aimed to evaluate the clinical efficacy, patient satisfaction,
and tolerability of intradermal polynucleotide injections in treat-
ing undereye wrinkles and crow's feet over a 6-month period.

2 | Materials and Methods

This prospective case series evaluated adults seeking under-
eye rejuvenation at the senior author's aesthetic dermatology
clinic. Participants were consecutively recruited from patients
presenting for elective undereye rejuvenation between January
and June 2024. All individuals who met inclusion criteria and
provided written informed consent were enrolled.

Inclusion criteria were adults aged 25-65years with visible peri-
orbital rhytides (Glogau II-I1T) and Fitzpatrick skin types I-IV.
Exclusion criteria included prior periorbital treatments (e.g.,
botulinum toxin, fillers, lasers, mesotherapy, biostimulators)
within the past 12months, active infections, coagulopathies,
pregnancy, lactation, a history of hypertrophic scarring, resid-
ual superficial hyaluronic acid fillers, and allergy to fish.

A total of 42 patients underwent intradermal injections of highly
purified polynucleotides (Pluryal Silk, 7.5mg/mL; 2mL total
per session) using a 30G needle under sterile conditions. The
injected volume was distributed evenly as 1 mL per side in the
periorbital region. The product was injected intradermally along
wrinkle lines to achieve a tenting effect. Topical anesthetic
cream (lidocaine-based) was applied prior to injection at the dis-
cretion of the treating physician and removed before treatment.
Each patient received two treatment sessions spaced 3weeks
apart, with a third session performed for those with persistent
moderate-to-severe wrinkles following the second session.

Patients completed FACE-Q Satisfaction modules, which are
validated instruments designed for cosmetic outcome assess-
ment and known for high reliability and sensitivity to aesthetic
changes. FACE-Q appraisal and satisfaction scales are trans-
formed to scores ranging from 0 to 100. For appraisal scales,
higher scores indicate greater perceived severity of wrinkles,
whereas for satisfaction scales, higher scores reflect greater sat-
isfaction with outcomes and decision-making. The Recovery

Early Symptoms module was administered by phone 2 days after
each treatment session. The Appraisal of Lower Eyelids and
Crow's Feet Lines questionnaires were collected at baseline and
at1, 3, and 6 months. Satisfaction with Outcome and Satisfaction
with Decision modules were administered at 1, 3, and 6 months.
Baseline assessments were considered pre-treatment; the 1-
month assessments captured outcomes following the first ses-
sion; the 3-month assessments reflected early outcomes after
two sessions; and the 6-month assessments were collected prior
to the follow-up or maintenance session to represent longer-term
results (see Appendix A).

The primary outcome was the change in FACE-Q lower eyelid
and crow's feet appraisal scores from baseline to follow-up as-
sessments at 1, 3, and 6 months. Secondary outcomes included
FACE-Q Satisfaction with Outcome and Satisfaction with
Decision scores, as well as treatment-related adverse events.

Standardized two-dimensional photographs were obtained
using a Canon EOS 80D camera mounted on a fixed-height
Manfrotto tripod. Camera settings (ISO, aperture, focal length,
and white balance) were kept constant across all sessions.
Lighting was standardized using two continuous LED softboxes
positioned at 45° angles. Patients were positioned at a fixed dis-
tance (1.2m) and instructed to maintain a neutral facial expres-
sion. Images were reviewed by two independent physicians not
involved in treatment administration. Due to the recognizabil-
ity of the periorbital region, assessor blinding was not feasible;
however, evaluators were not informed of the assessment time
points. All clinical photographs were obtained without the use
of digital filters or post-processing beyond standard cropping.
Written informed consent for the use and publication of identi-
fiable clinical photographs was obtained from all participants.

Descriptive statistics (mean =+ SD) and paired t-tests were used
to assess changes over time, with significance set at p<0.05.
Statistical analyses were performed using SPSS Version 27 (IBM
Corp., Armonk, NY). Prior to analysis, FACE-Q score distribu-
tions were visually inspected and assessed for normality and
were found to be approximately normally distributed, support-
ing the use of parametric paired t-tests. Given the exploratory,
hypothesis-generating nature of this prospective case series,
no formal correction for multiple comparisons was applied,
as such adjustments may increase the risk of type II error and
obscure potentially meaningful clinical trends. Effect sizes
(Cohen's d) were calculated for key within-subject comparisons
using pooled standard deviations to estimate the magnitude of
observed changes. All 42 participants completed baseline and
1-month assessments; 40 (95.2%) completed the 3-month as-
sessment, and 38 (90.5%) completed the 6-month assessment.
Missing data were handled using pairwise deletion for each
comparison. As this was an exploratory prospective case series
designed to generate preliminary clinical data, no a priori power
calculation was performed.

All participants provided written informed consent, and all data
were anonymized. Ethical approval for this study was obtained
from the Institutional Review Board of the Lebanese University.
Pluryal Silk was used exclusively to maintain protocol consis-
tency, and the authors declare no financial, advisory, or com-
mercial relationship with the manufacturer.
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3 | Results

The study included 42 patients, with a mean age of 43.55years
(SD +6.34); 73.8% were female, and 38.1% were current or oc-
casional smokers (Table 1). Two days after the first injection,
adverse events were assessed using the FACE-Q Recovery
Early Symptoms module. The most frequently reported symp-
toms were mild swelling and discomfort, with a few instances
of minor bruising, indicating excellent short-term tolerability.
During subsequent follow-up visits at 1, 3, and 6 months, no
delayed or persistent adverse events were observed, including
nodules, prolonged edema, Tyndall-like discoloration, infection,
or other treatment-related complications. Follow-up completion
rates were high, with 40 participants completing the 3-month
assessment and 38 completing the 6-month assessment.

Significant improvements were observed in the FACE-Q

Satisfaction with Outcome and Satisfaction with Decision scores
at 1, 3, and 6months compared with baseline (Table 2). Mean

TABLE 1 | Baseline demographics and descriptive variables (Total

Satisfaction with Outcome scores increased from 17.48+2.71
at 1month to 21.60+2.66 at 3months and remained higher at
18.45+0.77 at 6months. Mean Satisfaction with Decision scores
increased from 18.07 +4.22 at 1 month to 21.90+3.40 at 3months
and remained elevated at 19.69 +£2.93 at 6 months (see Table 3).

The greatest improvement occurred at 3months, follow-
ing two consecutive treatment sessions, where the mean in-
crease from 1 to 3 months was 4.12 points for Satisfaction with
Outcome (95% CI: 3.51-4.73) and 3.83 points for Satisfaction
with Decision (95% CI: 3.07-4.60), both p<0.001. Large ef-
fect sizes were calculated for appraisal outcomes at 3 months
compared with baseline (Cohen's d=6.33 for lower eyelids
and 3.51 for crow's feet), indicating substantial within-subject
changes. At 6 months, scores remained significantly improved
compared with baseline (p <0.001 for both scales), although
a slight decline was noted relative to the 3-month peak
(Figure 1). For appraisal outcomes, mean improvement (base-
line minus follow-up) was 9.52 points for lower eyelids (95%

TABLE 2 | Mean differences in Face-Q appraisal lower eyelids and
crow's feet lines (Baseline, 1, 3, and 6 months).

N=42).
Variable N % 95%
Mean Confidence
Gender (Male) 11 26.2 Variable difference p interval
Smoking status (yes) 16 38.1 Baseline vs. 6.548 <0.001  8.78-10.27
B - continuous variables 1month Lower
eyelids
95% Confidence
Variable Mean SD interval Baseline vs. 6.762 <0.001 9.24-11.90
1 month crow's
Age (years) 43.55 6.34 3.51-4.73 feet
AEs at 2days score 20.67 2.01 3.07-4.60 Baseline vs. 9.524 <0.001 7.11-7.99
Baseline Lower Eyelids ~ 20.50  1.61 3months Lower
eyelids
Baseline crow's Feet 21.88 3.14
) Baseline vs. 10.571 <0.001 6.17-8.69
1 month lower eyelids 13.95 246 3 months crow's
1 month crow's feet 1512 3.39 feet
1 month satisfaction 17.48 271 Baseline vs. 7.548 <0.001
outcome 6 months Lower
. . eyelids
1 month satisfaction 18.07 4.22
decision Baseline vs. 7.429 <0.001
) 6 months crow's
3 months lower eyelids 1098  1.39 feet
3 months crow's feet 11.31  2.88 1month vs. 1.00 0.057
3 months satisfaction 21.60 2.66 6 months Lower
outcome eyelids
3 months satisfaction 21.90 3.40 1month vs. 0.667 0.173
decision 6 months crow's
. feet
6 months lower eyelids 1295 1.64
, 3months vs. -1.976 <0.001
6 months crow's feet 14.45  2.06
6 months Lower
6 months satisfaction 18.45  0.77 eyelids
outcome 3months vs. -3.143 <0.001
6 months satisfaction 19.69 2.93 6 months crow's
decision feet
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TABLE 3 | Comparison between 1 month, 3, and 6 months regarding
Face-Q Satisfaction with Outcome and satisfaction with decision.

Variable Mean difference D

1 month vs. 3months —-4.119 <0.001
Satisfaction Outcome

1 month vs. 3months -3.833 <0.001
Satisfaction Decision

1 month vs. 6 months -0.976 0.014
Satisfaction Outcome

1 month vs. 6 months -1.619 <0.001
Satisfaction Decision

3months vs. 6 months 3.143 <0.001
Satisfaction Outcome

3months vs. 6 months 2.214 <0.001

Satisfaction Decision

FACE-Q™ Score Trends Over Time

22 —o— Lower Eyelids
—eo— Crow's Feet

20

18

16

Mean FACE-Q™ Score

14

12

Baseline 1 Month 3 Months 6 Months

Timepoint

FIGURE1 | FACE-Q satisfaction score trends over 6 months.

CI: 8.78-10.27) and 10.57 points for crow's feet (95% CI: 9.24—
11.90) at 3months, with sustained improvement at 6 months
(lower eyelids: 7.55, 95% CI: 7.11-7.99; crow's feet: 7.43, 95%
CI: 6.17-8.69).

Across outcomes, the largest subjective improvements were ob-
served at the 3-month time point following two PN injection ses-
sions. A modest reduction in effect was observed by 6 months,
suggesting gradual attenuation of the treatment response and
supporting the rationale for maintenance therapy at or before
this time point (Figure 1). Representative clinical examples
further illustrate these findings, demonstrating improvements
in infraorbital skin quality, fine lines, and pigmentation at
3 months post-treatment (Figures 2 and 3).

4 | Discussion

Evaluation of lower eyelid and crow's feet appraisal demon-
strated improvement beginning after the first treatment session,
with effects maintained through 6months. Across outcomes,
changes followed a consistent temporal pattern, characterized
by progressive improvement after the first session, maximal re-
sponse at 3months following two sessions, and modest atten-
uation by 6 months. This response trajectory supports further

FIGURE 2 | Patient 1. Baseline (top) and 3 months after two PN in-
jection sessions (bottom), showing reduction in infraorbital rhytids and
improved skin texture.

FIGURE 3 | Patient 2. Baseline (top) and 3months after two PN
injection sessions (bottom), demonstrating improved pigmentation,
smoother skin surface, and reduction in fine wrinkles.

investigation into stratifying patients by baseline severity, with
more advanced presentations potentially benefiting from ex-
tended induction protocols.

Patient satisfaction with both treatment outcome and decision
mirrored this temporal pattern, with highest scores observed at
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3months and sustained improvement at 6 months compared with
earlier follow-up. The parallel changes observed in appraisal and
satisfaction measures highlight the clinical relevance of mainte-
nance timing in periorbital rejuvenation.

The findings of this study demonstrate an association between in-
tradermal polynucleotide (PN) injections and improvement in the
appearance of undereye wrinkles and crow's feet. Improvement
was evident after the first session, which may support patient en-
gagement and adherence, while the most pronounced changes
were observed after the second session. This pattern aligns with
PN's established role as a biostimulatory agent that induces grad-
ual tissue remodeling rather than immediate volumization.

Our findings are broadly consistent with existing PN literature.
Studies by Araco et al. and Abuyousif et al. reported improve-
ments in wrinkle appearance, dermal quality, and periorbital skin
hydration following PN-based treatments [2, 3]. Additional in-
vestigations have demonstrated improvements in skin thickness,
elasticity, tone, and pigmentation with PN across facial applica-
tions [7, 8], while real-world practice patterns indicate frequent
use of PN in the infraorbital region using multi-session protocols
[9]. Expert consensus further supports PN's role in fibroblast stim-
ulation, extracellular matrix remodeling, and anti-inflammatory
activity, recommending induction regimens followed by main-
tenance treatments [10]. Mechanistic data from prior PDRN/
PN research—including adenosine A2A receptor activation,
enhanced wound healing, hydrogel-based hydration, and anti-
melanogenesis effects reported in experimental and clinical stud-
ies—provide biological plausibility for these observations [11].
Cavallini et al. likewise demonstrated improvements in elasticity,
firmness, smoothness, and brightness following PN-HPT regi-
mens [12]. Collectively, these studies support PN as a regenera-
tive modality capable of producing sustained improvements in
skin quality when delivered intradermally. Importantly, these
mechanistic findings derive from studies conducted in various
anatomical regions and were not directly assessed in the present
periorbital-focused investigation.

While several PN studies have incorporated objective outcome
measures such as imaging, elasticity testing, ultrasound-based
dermal thickness, hydration indices, or melanin quantification,
the present study relied primarily on validated patient-reported
outcomes and clinical assessment. Although FACE-Q instruments
are sensitive and widely accepted in aesthetic research, the ab-
sence of adjunctive objective endpoints limits direct comparability
with recent PN studies and constrains objective characterization
of structural tissue changes. This underscores the need for future
investigations integrating quantitative assessment modalities
alongside patient-reported outcomes.

Although molecular and histologic mechanisms were not di-
rectly evaluated, existing literature provides a biologically plau-
sible framework for interpreting the observed clinical changes.
Compared with traditional injectables, PN offers a regenerative
rather than paralytic or volumizing approach. Whereas botulinum
toxin primarily targets dynamic rhytids and fillers provide volu-
metric correction with potential risks in the periorbital region, PN
is thought to promote fibroblast activity, collagen synthesis, and
extracellular matrix remodeling, resulting in gradual, natural-
appearing improvement without added volume [5, 6].

A notable strength of this study is the integration of patient-
reported outcomes with physician assessments, which demon-
strated concordant improvement patterns over time. Physician
evaluations supported the patient-reported trajectory, reinforcing
the clinical relevance of the findings.

The results informed refinements to the clinical protocol. While
two initial sessions were sufficient for most patients, those with
more advanced rhytides may benefit from a three-session induc-
tion series followed by maintenance every 4-6 months. The cho-
sen injection technique—multiple intradermal microinjections
with a tenting effect—allowed precise dermal delivery and may
have enhanced both mechanical and biological stimulation. Prior
experience with cannula-based delivery yielded less favorable out-
comes, supporting needle-based intradermal placement.

The optional third session was offered to a limited subset of pa-
tients with persistent moderate-to-severe periorbital rhytides
following the second session, defined clinically by visible static
wrinkles at rest and minimal improvement on appraisal scales.
The study was not designed or powered to compare two-session
versus three-session regimens, and the number of patients receiv-
ing a third session was insufficient for meaningful subgroup anal-
ysis. Accordingly, no comparative efficacy conclusions are drawn,
and recommendations regarding 2-3 initial sessions should be in-
terpreted as experience-based and hypothesis-generating.

Overall, highly purified PN was associated with consistent subjec-
tive improvement in periorbital rejuvenation and demonstrated a
favorable safety profile. No delayed adverse events were identified
during longitudinal follow-up, supporting the tolerability of intra-
dermal PN injections in the periorbital region.

This study was designed to evaluate longitudinal changes within
a treated cohort rather than to establish causal efficacy. As an
uncontrolled prospective case series relying primarily on patient-
reported outcomes and non-blinded physician assessments, the
findings are susceptible to regression to the mean, placebo effects,
and expectation bias. Within the hierarchy of evidence, these re-
sults should be interpreted as hypothesis-generating signals war-
ranting confirmation in controlled studies.

Several limitations must be acknowledged. The exploratory de-
sign precluded formal sample-size calculation, objective imaging
modalities were not incorporated, and multiple comparisons were
performed without correction, increasing the potential for type
I error. The absence of a control group and evaluator blinding
further limits causal inference. In addition, all procedures were
performed at a single private clinic by one injector, which may
limit reproducibility and generalizability and could introduce cen-
ter- or operator-specific influences on patient-reported outcomes.
Future multicenter randomized studies incorporating objective
assessment tools, blinded evaluation, and prespecified statistical
plans are needed to confirm these findings and refine treatment
protocols.

5 | Conclusion

In this prospective observational case series, intradermal poly-
nucleotide injections were associated with improvements in
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patient-reported appraisal and satisfaction related to undereye
wrinkles and crow's feet. The treatment was generally well toler-
ated within this cohort, with minimal adverse events observed
during follow-up. Improvements followed a consistent temporal
pattern, with maximal response after two treatment sessions
and gradual attenuation over time. A treatment approach in-
volving two to three initial sessions with subsequent mainte-
nance based on wrinkle severity reflects clinical experience
but should be interpreted as hypothesis-generating. Future con-
trolled studies incorporating comparator groups and objective
outcome measures are needed to confirm efficacy and further
refine treatment protocols.
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Appendix A

Polynucleotides Questionnaire Before and After Undereye
Treatment

Patient number:
Initials:
Age:

Diagnosis/Grade:

Before Treatment

FACE-QTM—SATISFACTION WITH SKIN

1 Very dissatisfied 4 Very satisfied

How your facial skin looks at the end of your day?

How healthy does your skin looks?

How attractive does your facial skin make you look?

How smooth your skin looks?

How clear your skin looks>

How refreshed your skin makes you look?

How hydrated?

How it looks when you wake up?

How radiant it looks?

How the color looks?

How your pores look?

How even colored it looks?

One Month After Treatment
« FACE-QTM—SATISFACTION WITH SKIN
« 1 Very dissatisfied 4 Very satisfied

How your facial skin looks at the end of your day?

How healthy does your skin looks?

How attractive does your facial skin make you look?

How smooth your skin looks?

How clear your skin looks>

How refreshed your skin makes you look?

6 of 7
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« How hydrated?

« How it looks when you wake up?
« How radiant it looks?

« How the color looks?

« How your pores look?

« How even colored does it looks?

Five Months After Treatment
« FACE-QTM—SATISFACTION WITH SKIN
« 1 Very dissatisfied 4 Very satisfied
« How your facial skin looks at the end of your day?
« How healthy does your skin looks?
« How attractive does your facial skin make you look?
» How smooth your skin looks?
« How clear your skin looks>
« How refreshed does your skin make you look?
« How hydrated?
« How it looks when you wake up?
« How radiant it looks?
« How the color looks?
« How your pores look?

« How even colored it looks?

Physician 1 at 1 Month

« 7-Point Global Assessment Scale

Significant deterioration —3

Moderate deterioration —2

Slight deterioration —1

No change 0

Slight improvement +1

Moderate improvement +2

Significant improvement +3

Score:

Physician 2 at 5 Months
« 7-Point Global Assessment Scale
« Significant deterioration —3

« Moderate deterioration —2

Slight deterioration —1

« No change 0

Slight improvement +1

« Moderate improvement +2

Significant improvement +3

e Score:
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