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Abstract: Background: Periodontal disease and gingival inflammation are globally highly prevalent and may
entail distal consequences on systemic health. While professional mechanical plaque removal (PMPR) is the
standard treatment, dietary interventions may provide additional benefits. The French maritime pine bark
extract Pycnogenol® has anti-inflammatory and antioxidant properties, but its impact on inflammatory
biomarkers in saliva and serum has not been studied in a controlled clinical trial. Methods: In this randomized,
double-blind, placebo-controlled clinical trial, a total of 91 participants received Pycnogenol® (100 mg twice
daily; n = 46) or a placebo (n = 45) following PMPR. Saliva and serum samples were collected at baseline, and
after two and three months. Biomarkers associated with inflammation (IL-13, IL-6, MMP-8, MMP-9) and
polyphenol concentrations were analyzed using enzyme-linked immunosorbent assays (ELISA) and liquid
chromatography-tandem mass spectrometry (LC-MS/MS). Results: Pycnogenol® supplementation resulted in a
significant reduction in salivary MMP-8 levels (p = 0.0261), and lower serum IL-6 levels compared to placebo
after three months (p = 0.0409). Additionally, ferulic acid, caffeic acid, and the gut microbial metabolite 5-(3,4-
dihydroxyphenyl)-y-valerolactone (M1) significantly increased in saliva following Pycnogenol® intake.
Correlation analysis revealed a significant inverse association between the percentage of bleeding on probing
and M1 concentration in saliva (r = -0.3476, p = 0.0167). Conclusion: Dietary supplementation with Pycnogenol®
significantly reduced key inflammatory biomarkers and increased polyphenol concentrations in saliva. These
findings suggest a potential anti-inflammatory effect of Pycnogenol® on gingival inflammation.

Keywords: Pycnogenol®; gingival inflammation; periodontitis; polyphenols; dietary supplementation

1. Introduction

Periodontal health is characterized by the presence of a benign polymicrobial community
encompassing, e.g., Proteobacteria, Firmicutes phyla, and Actinobacteria. These bacteria form a
symbiotic biofilm and support oral health by releasing antimicrobial compounds and inhibiting
pathogenic colonization. Disruption of this host-microbe homeostasis entails proliferation of
pathobionts, for instance Porphyromonas gingivalis or Tannerella forsythia, which trigger gum
inflammation (gingivitis). The presence of the dysbiotic oral microbiome triggers a local host
response, which in turn stimulates inflammatory cells, such as neutrophils, lymphocytes, and
macrophages. These immune cells release various inflammatory mediators, including tumor necrosis
factor-alpha (TNF-a), prostaglandin E2, interleukin (IL)-1, and IL-6. This leads to alveolar bone
resorption due to cytokine-mediated activation of osteoclasts and the release of matrix
metalloproteinases (MMPs) [1-3]. Depending on the individual immune response, the inflammation
of the soft tissue may be limited to the gums (gingivitis) or may progress and irreversibly affect the
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hard and soft tissue (periodontitis). Numerous studies have confirmed a shift in pro-inflammatory
biomarkers in saliva as well as in blood serum of diseased patients, underscoring their potential
clinical utility for diagnosis, treatment, or treatment control [4-6].

Periodontal disease is globally highly prevalent. A recent cross-sectional epidemiological study
in seven European countries concluded that the prevalence of oral conditions was higher than
reported in previous literature. Gingival inflammation, determined by bleeding on probing (BoP),
was observed at a minimum of one site in 87% of the participants. Gingivitis with BoP at more than
10% of the sites was recorded for 66% of the otherwise healthy adults [7].

Gingival inflammation is attenuated by local periodontal treatment in the course of professional
mechanical plaque removal (PMPR). As adjunct treatment, probiotic mouthwashes containing
Lactobacillus species or Bifidobacteria have been explored [8]. Although probiotics do not eradicate
pathobionts, their colonization in the oral cavity is modulated, supporting the host immune system
and reducing the production of inflammatory mediators [2].

Gingival inflammation is also associated with increased oxidative stress elicited by reactive
oxygen species released from, e.g., activated neutrophils [9]. Patients with periodontitis were shown
to have increased levels of free radicals and impaired antioxidant defense mechanisms.
Supplementation with antioxidant compounds such as lycopene or vitamin E improved periodontal
parameters [10]. In a double-blind randomized placebo-controlled study, supplementation with
capsules containing concentrates of fruits, vegetables and berry juice, BoP and the cumulative plaque
score significantly improved in the group receiving fruit-vegetable capsules. Those capsules
contained defined amounts of (3-carotene, vitamin E, vitamin C and folic acid. The content of
polyphenols in the supplement was not analyzed due to varying growth and harvest conditions of
the fruits and vegetables [11]. However, it can be assumed that polyphenols contributed to the effects
seen in the study participants. Polyphenols have antioxidant, anti-inflammatory, antimicrobial and
immunomodulatory effects [12] and beneficially interact with gut microbiota [13]. Polyphenol-
containing plant extracts revealed potential for treatment or prevention of periodontal disease in
vitro, ex vivo and rodent in vivo studies [12]. More recently, multiple human trials with bioactive
polyphenolic compounds have been reported. These studies applied the polyphenols topically as gels
or mouthwashes [14].

To the best of our knowledge, no clinical trial perorally administering a polyphenol-containing
plant extract to human patients with gingival inflammation has been reported. A dietary food
supplement, a standardized extract from French maritime pine bark (Pycnogenol®) containing 65—
75% oligomeric procyanidins and various small phenolic compounds such as taxifolin, ferulic acid,
catechin, and protocatechuic acid, has been shown to inhibit alveolar bone resorption in a rat
periodontitis model [15]. This extract has been broadly studied in human clinical studies [16], but not
yet in gingival inflammation. Recently, we reported that constituents and a polyphenol metabolite
produced by gut bacteria (5-(3,4-dihydroxyphenyl)-y-valerolactone) were present in human saliva
samples after intake of Pycnogenol® [17,18]. The purpose of the present study was to investigate the
impact of a dietary supplementation with French maritime pine bark extract (Pycnogenol®) on
gingival inflammation in a randomized placebo-controlled double-blind trial. In this manuscript, we
focus on the concentrations of phenolic compounds in saliva and the levels of inflammatory markers
in saliva and serum samples. Clinical results will be reported in a separate manuscript.

2. Materials and Methods
2.1. Study Design and Participants

This study was a randomized, double-blind, placebo-controlled clinical trial with a two-arm
parallel-group design, registered in the ClinicalTrials.gov database (NCT05786820). It was conducted
in accordance with the Declaration of Helsinki for medical research involving human subjects and
received approval from the Ethics Committee of the University of Wiirzburg (260/19-me). A total of
91 subjects were enrolled within the Department of Periodontology at University Hospital of Julius-
Maximilians-University and participated in the study between March 2022 and June 2024. All
participants were provided with comprehensive information about the study and gave written
consent prior to their involvement.
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2.2. Intervention and Monitoring

The intervention in this study consisted of the administration of Pycnogenol®, a standardized
extract of French maritime pine bark (Pinus pinaster Aiton) that meets the quality standards of the
United States Pharmacopeia for dietary supplements, or a placebo. Participants were randomly
assigned to one of the two groups in a 1:1 ratio. Randomization was performed using block
randomization in Microsoft Excel (Version 2302, Microsoft Corporation, Redmond, USA) with blocks
of 10 participants. Random numbers were generated, ranked, and participants were assigned to
either the Pycnogenol® and placebo group accordingly. The study followed a double-blind design,
ensuring that both participants and the involved dentists (Y.J-S., N.P., ].H.) were blinded to group
allocation. The blinding list was securely stored by the study evaluators (J.B., P.H.). All participants
underwent professional mechanical plaque removal (PMPR) at the beginning of the study, followed
by daily intake of either Pycnogenol® capsules (100 mg twice daily) or identically looking placebo
capsules for three months.

During the study period, participants attended four scheduled visits. At the first visit (baseline),
clinical, microbiological and cardiovascular data were collected, participants were randomized and
the intervention started after the scheduled PMPR. At the second visit, two months after the start of
the study, the clinical and microbiological parameters were collected again, as well as at the third
visit. The third visit, which took place three months after the first assessment, marked the end of the
intervention phase, and the fourth visit was three months after the end of supplementation to assess
the long-term outcomes.

The sample size was calculated to achieve a statistical power of 80% and a significance level of
5%. Based on a standard deviation of SD = + 8.0% and a minimum detectable difference of A =5.0%
of bleeding on probing (BoP), which was the primary objective of the study, the required sample size
was determined to be 40 participants per group. To account for potential dropouts, a group size of 45
participants was pursued, resulting in a total of 90 participants.

Monitoring included adherence assessment by counting returned capsules and the
documentation of intake in the participants diaries. The results of the salivary polyphenol levels and
various inflammation-related biomarkers, analyzed at baseline, as well as two and three months after
the start of the intervention, are reported here. Additional clinical parameters (e.g., bleeding on
probing, gingival index) will be detailed in a separate manuscript.

2.3. Selection Criteria: Inclusion/Exclusion Criteria

The selection criteria for participants in the study included specific inclusion and exclusion
criteria. Adults between 35 and 85 years of age with a body mass index (BMI) between 20 and 30
kg/m? and at least ten natural teeth were eligible to participate in the study. They had to have clinical
signs of gingivitis, defined as at least 10% bleeding on probing (BoP) and a gingival index (GI)
between 0 and 2 on at least three teeth. Exclusion criteria were the presence of inflammatory oral
mucosal diseases other than gingivitis, a salivary flow rate below 0.1 ml/min, the inability to maintain
regular oral hygiene or physical or mental impairments that prevented compliance with the study
protocol. Participants were excluded if they had a history of malignant disease, chemotherapy or
radiotherapy in the past five years, were pregnant or breastfeeding, had acute infections such as HIV,
or had metabolic bone disease. Patients were also excluded if they had taken antibiotics or anti-
inflammatory drugs in the four weeks before screening, if they were taking drugs known to affect
gingival inflammation (such as corticosteroids), or if they were undergoing active orthodontic
treatment.

2.4. Biomarkers and Salivary Polyphenol Levels

Saliva and blood samples were collected to analyze specific biomarkers (IL-1p, IL-6, MMP-8,
MMP-9) and to quantify the concentration of seven polyphenols (taxifolin, ferulic acid, caffeic acid,
gallic acid, trans para-coumaric acid, protocatechuic acid, M1 (5-(3,4-dihydroxyphenyl)-y-
valerolactone)) in saliva. Saliva was collected using the SalivaBio Oral Swab (Biozol Diagnostica
GmbH, Eching, Germany) by placing the swab under the tongue for approximately 5 minutes.
Following collection, the swab was immediately stored at 4°C before being centrifuged at 4000 x g
for 10 min at 4°C. The collected saliva samples were aliquoted, rapidly frozen in liquid nitrogen, and
stored at - 80°C until analysis. Blood samples were collected using the S-Monovette® Serum Gel CAT
(SARSTED AG & Co. KG, Niimbrecht, Germany) and stored at 4°C immediately before centrifugation
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at 2500 x g for 10 min to separate serum, which was aliquoted, frozen in liquid nitrogen, and stored
at - 80°C until further analysis. To quantify the concentrations of the inflammatory biomarkers,
enzyme-linked immunosorbent assay (ELISA) kits (IL-1 Beta EIA Kit, Salimetrics; Human MMP-9
ELISA Kit, Biorbyt; Human MMP-8 ELISA Kit, Biorbyt; Interleukin 6 ELISA Kit, Biorbyt; all procured
from Biozol Diagnostica GmbH, Eching, Germany) were utilized, whereas a previously validated
liquid chromatography tandem mass spectrometry (LC-MS/MS) method was employed to quantify
the polyphenols [18].

2.5. Statistical Analysis

A range of statistical tests were employed to analyse the differences between the groups. All
calculations were performed using GraphPad Prism Version 6.07 for Windows (Graphpad Software,
La Jolla, California, USA). Prior to the statistical tests, a two-tailed outlier test was conducted using
the ROUT method in GraphPad Prism to identify and remove any outliers from the dataset. The
differences in demographic characteristics were determined using t-test (for continuous variables)
and Fisher’s exact test (for categorical variables). Polyphenol and biomarker concentrations within
groups were analyzed using the Wilcoxon matched pairs signed rank test. The Mann-Whitney test
and the repeated-measured ANOVA were used for the comparison between the groups. Further-
more, Fisher’s exact test was utilized to compare the number of participants for whom a particular
polyphenol could be quantified. Correlation analyses were performed using Spearman’s rank corre-
lation test. Significance was assumed at an a-level of < 0.05.

3. Results
3.1. Participant Flow and Baseline Characteristics

The participant flow within the study in accordance with the CONSORT (Consolidated Stand-
ards of Reporting Trials) guidelines is illustrated in Figure 1. Initially, all potential subjects were
screened for eligibility. After inclusion screening, 91 participants were randomized into two groups:
46 participants received Pycnogenol®, while 45 participants were allocated to the placebo group. A
small number of participants withdrew from the study during its course (dropouts) in both groups.
The data collected was then analyzed according to group assignment.

The mean age was comparable in both groups (67.83 + 9.18 years vs. 66.96 + 8.20 years, p =
0.6348). However, there were significant differences in the gender distribution: The proportion of
male participants in the Pycnogenol® group was significantly higher than in the placebo group (58.7%
vs. 26.7%, p = 0.0029). Other variables such as diet (vegetarian diet), smoking behaviour and alcohol
consumption did not differ significantly between the groups (Table 1).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow chart illustrating the participant flow
through the study, including enrollment, allocation to intervention groups (Pycnogenol® and placebo), follow-
up, and analysis.

Table 1. Demographic and lifestyle characteristics.

Variables Pycnoiisr;oii)Group Plac((i): 4(?;1)‘0up p-Value 1
Age (years), mean + SD 67.83 +9.18 66.96 + 8.20 0.6348 (T)
Gender, n (%)

Male 27 (58.7) 12 (26.7) 0.0029* (F)

Female 19 (41.3) 33 (73.3)

Vegetarian diet, n (%)

Yes 6 (13.0) 2 (4.4) 0.2668 (F)

No 40 (87.0) 43 (95.6)

Smoking status, n (%)

Yes 5(10.9) 2 (4.4) 0.4345 (F)

No 41 (89.1) 43 (95.6)

Drinking status 2, n (%)

Yes 22 (47.8) 15 (33.3) 0.2018 (F)

No 24 (52.2) 30 (66.7)

! Compared between groups; two-tailed t-test (T), Fisher’s exact test (F). 2 At least once a week. * Significant p-
Value for a <0.05.
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3.3. Biomarkers and Salivary Polyphenol Levels

The analysis of the polyphenol concentrations in saliva and inflammation-related biomarkers in
saliva and serum demonstrated significant differences between the Pycnogenol® group and the pla-
cebo group. The mean values with standard deviation and p-values are presented in Table 2. It was
evident from the outset that the baseline values of certain polyphenols differed between the two
groups. Specifically, baseline taxifolin concentrations were significantly higher in the Pycnogenol®
compared to the placebo group. Saliva concentrations of ferulic acid and caffeic acid substantially
increased following Pycnogenol® supplementation. These changes were particularly noticeable after
two months, and the trend stabilized after three months. A similar observation was made for gallic
acid concentrations, which increased significantly in the Pycnogenol® group between baseline (45.59
+ 50.04 ng/ml) and two months (82.27 + 84.34 ng/ml), while remaining relatively constant in the pla-
cebo group. The concentration of M1 was significantly higher in the Pycnogenol® group compared to
the placebo group after two months (1.67 + 1.45 ng/ml vs. 0.08 + 0.30 ng/ml), and this trend continued
after three months (Figure 2).

Table 2. Concentrations of specific polyphenols in saliva and biomarker levels in saliva and serum, measured in
the Pycnogenol® and placebo group during the study.

®
Analyte Mea;til;znent M:;?:g%emﬂ nt MeanPiaSc]e)bo nt p-Value®  p-Valuec  p-Valued
Baseline (Visit 1) 3.46+2.14 5 0.00 0 0.0357* 0.0257*
2 months (Visit 2) 5.57 +6.12 8 4.47 +2.07 4 0.5697 0.2258
Taxifolin [ng/ml] p-Value 2 0.3750 0.1250
3 months (Visit 3) 3.29+2.46 5 2.89+1.39 5 0.8413 0.1229 1.000
p-Value 2 0.7695 0.0625
Baseline (Visit 1) 10.28 + 6.76 11 6.38 +2.85 9 0.3410 0.6135
2 months (Visit 2) 18.47 +36.97 17 7.89+7.53 7 0.9014 0.0155*
Ferulic acid [ng/ml] p-Value 2 0.2774 0.4131
3 months (Visit 3) 12.87 +16.23 17 7.56 +4.24 5 0.8912 0.5775 0.0027*
p-Value 2 0.2935 0.4697
Baseline (Visit 1) 17.70 +21.49 19 22.90 +26.34 9 0.9912 0.0201*
2 months (Visit 2) 28.12 +28.84 28 11.30 +15.34 22 0.0077* 0.1714
Caffeic acid [ng/ml] p-Value 2 0.0002* 0.2726
3 months (Visit 3) 27.71 £30.99 21 16.38 +17.83 17 0.9364 0.0388* 0.3766
p-Value 2 0.1908 0.3209
Baseline (Visit 1) 45.59 +50.04 9 89.82 + 66.88 3 0.4818 0.0667
2 months (Visit 2) 82.27 +84.34 15 68.69 + 88.27 11 0.3051 0.3474
Gallic acid [ng/ml] p-Value 2 0.0046* 0.0020*
3 months (Visit 3) 45.32 +52.92 14 63.92 + 66.28 8 0.2973 0.0102* 0.1394
p-Value 2 0.4037 0.1641
Baseline (Visit 1) 3.99+2.92 22 5.09 +6.59 22 0.4678 1.000
p-Coumaric acid 2 months (Visit 2) 6.71+8.75 25 4.26 +3.27 28 0.9472 0.6445
[ng/ml] p-Value 2 0.3369 0.3058
3 months (Visit 3) 7.93+£1543 29 441+4.42 25 0.8063 0.2630 0.3774
p-Value 2 0.1827 0.9911
Baseline (Visit 1) 24.17 £16.74 17 22.84 +26.36 22 0.4617 0.3766
Protocatechuic acid 2 months (Visit 2) 48.01 +87.84 20 31.19+£36.18 24 0.5360 0.5067
[ng/ml] p-Value 2 0.3596 0.2746
3 months (Visit 3) 35.47 +36.43 18 29.43 £29.43 22 0.4228 0.0954 0.5077
p-Value 2 0.2292 0.9019
Baseline (Visit 1) 2.60 1 0.00 0 - 0.4938
2 months (Visit 2) 1.67 +1.45 13 1.09 1 0.0929 0.0003*
M1 N
[ng/ml] p-Value .a : 0.0005 -
3 months (Visit 3) 1.96 £1.28 13 1.37 1 0.0643 0.0252* 0.0003*
p-Value 2 0.0024* -
-1p Baseline (Visit 1) 214.69 +178.80 35 190.11 +161.39 38 0.4897 -
[pg/ml] 3 months (Visit 3) 157.22 +107.14 35 179.88 + 132.07 38 0.6072 0.1145 -
p-Value 2 0.1347 0.6379
MMP-8 Baseline (Visit 1) 47.65 + 33.39 37 42.06 + 28.58 37 0.5790 -
[ng/ml] 3 months (Visit 3) 33.43+23.15 37 39.78 £29.69 37 0.5209 0.0414* -
p-Value 2 0.0261* 0.6916
MMP-9 Baseline (Visit 1) 38.91+15.37 37 36.75 £13.09 38 0.4435 -
[ng/ml] 3 months (Visit 3) 34.67 +11.69 37 37.48 +14.23 38 0.8187 0.1215 -
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p-Value 2 0.1633 0.8075
Lo Baseline (Visit 1) 4420+ 1443 38 48.88+14.83 40 01793 -
ing/onl] 3 months (Visit 3) 43161317 38 5127 +13.84 40 0.0409* 0.2561 -
& p-Value » 0.5326 0.3193

Number of participants in whom the respective analyte could be quantified. 2 Determined in serum, while all
other analytes were determined in saliva. 2 Concentrations compared within group; p-Value for Wilcoxon
matched-pairs signed rank test. » Concentrations compared between groups; p-Value for Mann-Whitney test. ¢
Concentrations compared between groups; p-Value for repeated-measures ANOVA. 4 Number of participants
compared between groups; p-Value for Fisher’s exact test. * Significant p-Value for a < 0.05.

M1 in saliva

4
Bl Pycnogenol®
*
3 B Placebo
E
-
=
1-

Figure 2. Saliva concentrations of M1 in the Pycnogenol® and placebo group at three time points (baseline, after
2 months and after 3 months). Data are presented as mean with standard deviation and standardized to 13 par-
ticipants, as 13 was the maximum number of participants in the Pycnogenol® group with the metabolite M1 in
saliva. In the placebo group, M1 was detectable in only 2 participants. Significant differences are indicated by
asterisks (*), with a significance level of ot < 0.05.

In addition to the mean polyphenol concentrations, differences in the number of patients in
whom the respective polyphenols were quantified were also analyzed. This showed that individual
polyphenols were detected in more participants in the Pycnogenol® group than in the placebo group.
For instance, ferulic acid was detectable in an increasing number of participants from 11 to 17 in the
Pycnogenol® group, while a slight decrease of its presence was recorded over the study period in the
placebo group (from 9 to 7 participants). In addition, the metabolite M1 was detected after two
months in a significantly higher number of participants in the Pycnogenol® group (13 participants)
than in the placebo group (1 participant). However, the concentration of the other polyphenols, such
as p-coumaric acid and protocatechuic acid, showed no significant differences between the groups.

In addition to the analysis of polyphenols, various biomarkers associated with inflammatory
processes were also investigated. An overview of the trends in the individual biomarker concentra-
tions between the two groups at the specified time points is shown in Figure 3. The concentration of
salivary IL-1p non-significantly decreased from 214.69 + 178.80 pg/ml to 157.22 + 107.14 pg/ml in the
Pycnogenol® group over three month, while it remained largely unchanged in the placebo group
(190.11 £ 161.39 pg/ml to 179.88 + 132.07 pg/ml). A similar pattern was observed for MMP-8 in saliva,
with significantly reduced levels (47.65 + 33.39 ng/ml to 33.43 + 23.15 ng/ml) in the Pycnogenol® group
after three months (p = 0.0261) compared to the placebo group (42.06 + 28.58 ng/ml to 39.78 + 29.69
ng/ml). In contrast, the concentrations for MMP-9 remained relatively constant across both groups,
with a slight decrease (38.91 + 15.37 ng/ml to 34.67 + 11.69 ng/ml) observed in the Pycnogenol® group
(Table 2). At baseline, the serum IL-6 concentration were not significantly different between the two
groups. However, after three months, significantly lower IL-6 levels were observed in the Pycno-
genol® compared to the placebo group (p =0.0409). Within the Pycnogenol® group, IL-6 concentration
revealed a minor decrease(44.20 + 14.43 ng/ml to 43.16 + 13.17 ng/ml), while an increase (48.88 + 14.83
ng/ml to 51.27 + 13.84 ng/ml) was recorded in the placebo group.
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Figure 3. Concentrations at two time points (baseline and after 3 months) of (a) IL-1p in saliva, n(Pycnogenol®)
=35, n(Placebo) = 38; (b) MMP-8 in saliva, n(Pycnogenol®) = 37, n(Placebo) = 37; (c) IL-6 in serum, n(Pycnogenol®)
=38, n(Placebo) = 40; (d) MMP-9 in saliva, n(Pycnogenol®) = 37, n(Placebo) = 38. Data are presented as mean with
standard deviation. Significant differences are indicated by asterisks (*), with a significance level of a < 0.05.

3.4. Correlation Analysis

Spearman rank correlation analysis revealed several significant associations between bleeding
on probing (BoP) as a clinical parameter for gingival inflammation, inflammatory biomarkers, and
salivary polyphenol levels (Table 3). BoP showed a weak but significant positive correlation with
MMP-8 (r=0.1906, p = 0.0203) and IL-1{3 (r = 0.2380, p = 0.0038), whereas a significant negative corre-
lation was found between BoP and M1 concentration in saliva (r = - 0.3476, p = 0.0167; Figure 4).
Further BoP evaluation will be presented in a separate manuscript.

Table 3. Spearman’s rank correlation coefficients (r) and p-values for the associations between the clinical pa-
rameter BoP (Bleeding on Probing), inflammation-related biomarkers and salivary polyphenol levels.

Variable 1 Variable 2 n! Spearman’s r p-Value*
BoP MMP-8 148 0.1906 0.0203
BoP IL-1B 146 0.2380 0.0038
MMP-8 IL-1B 144 0.6979 <0.0001
MMP-8 IL-6 146 0.1922 0.0201
IL-1B IL-6 144 0.1781 0.0324
M1 Gallic acid 27 0.4945 0.0087
Ferulic acid Caffeic acid 62 0.5108 <0.0001
Ferulic acid p-Coumaric acid 70 0.4420 0.0001
Caffeic acid p-Coumaric acid 99 0.2946 0.0031
Caffeic acid Protocatechuic acid 88 0.2608 0.0141
Protocatechuic acid p-Coumaric acid 109 0.3053 0.0012
Protocatechuic acid Gallic acid 54 0.3780 0.0048
M1 BoP 47 - 0.3476 0.0167

!Number of analyzed pairs for each correlation. * Significant p-Value for a < 0.05.
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Figure 4. Scatter plots illustrating the correlations with 95% confidence intervals between (a) MMP-8 and IL-1(3
concentrations in saliva, (b) M1 and gallic acid concentrations in saliva, and (c) M1 concentration in saliva and
bleeding on probing (BoP). The Spearman’s rank correlation analysis revealed a strong positive association be-
tween MMP-8 and IL-13 (r = 0.6979, p < 0.0001, n = 144), as well as between M1 and gallic acid (r = 0.4945, p =
0.0087, n = 27). A significant inverse correlation was observed between M1 and BoP (r = - 0.3476, p = 0.0167, n =
47). Each point represents an individual data pair.

Among the biomarkers, a strong positive correlation was observed between MMP-8 and IL-1f3
(r=0.6979, p <0.0001; Figure 4). Additionally, MMP-8 showed a significant correlation with IL-6 (r =
0.1922, p = 0.0201), while IL-6 demonstrated a weak but significant positive correlation with IL-1f3 (r
=0.1781, p = 0.0324).

Analysis of salivary polyphenols revealed several significant positive correlations. Ferulic acid
showed a strong correlation with caffeic acid (r = 0.5108, p <0.0001), while caffeic acid showed a signif-
icant positive correlation with both p-coumaric acid (r = 0.2946, p = 0.0031) and protocatechuic acid (r =
0.2608, p = 0.0141). In addition, protocatechuic acid showed a significant correlation with p-coumaric
acid (r = 0.3053, p = 0.0012) and with gallic acid (r = 0.3780, p = 0.0048). Notably, gallic acid was also
found to be significantly correlated with the gut metabolite M1 (r = 0.4945, p = 0.0087, Figure 4).

4. Discussion

In the present study we investigated for the first time the impact of a procyanidine-rich dietary
supplementation with French maritime pine bark (Pycnogenol®) on selected salivary and serum in-
flammatory biomarkers in a randomized placebo-controlled double-blind trial including 91 partici-
pants undergoing non-surgical periodontal therapy.

The French maritime pine bark extract Pycnogenol® had been previously reported to beneficially
influence inflammatory processes in various disease contexts, such as osteoarthritis [16]. These effects
have been attributed to the ability of its constituents and/or metabolites to inhibit activation of the
key inflammatory switch NF-kB and activity of cyclooxygenase (COX) enzymes, as well as to de-
crease the release of matrix metalloproteinases (MMPs), which play an essential role in tissue degra-
dation and inflammation [16,19]. However, the impact of Pycnogenol® on inflammatory biomarkers
in oral inflammation had not been studied in a controlled human trial before.

In addition to professional mechanical plaque removal (PMPR), nutritional supplements have
been investigated as adjunct approach in periodontal therapy. Several studies suggest that such die-
tary interventions may positively impact inflammatory processes [12,20-22]. Unlike traditional anti-
microbials, which come with concerns regarding bacterial resistance, probiotics and dietary supple-
ments may offer a safer alternative for reducing inflammation and restoring a healthy microbial bal-
ance [23,24]. Sugimoto et al. [15] demonstrated that Pycnogenol® reduced alveolar bone resorption in
a rat periodontitis model by inhibiting bacterial adhesion and osteoclastogenesis, suggesting poten-
tial benefits for restoring periodontal health. The present study is the first human study addressing
the question of whether oral supplementation with Pycnogenol® can positively influence inflamma-
tory biomarkers after professional mechanical plaque removal.

Our results indicate that Pycnogenol® supplementation led to significant reductions in key in-
flammatory biomarkers and increased concentrations of specific salivary polyphenols. These findings
align with previous research on the systemic anti-inflammatory effects of Pycnogenol® [16].

MMP-8, a collagenase involved in periodontal tissue degradation, was significantly reduced in
the Pycnogenol® group compared to placebo. Given that elevated MMP-8 levels are associated with
periodontal disease progression [25], its reduction suggests a potential protective effect of Pycno-
genol® on periodontal tissues. This finding is consistent with in vitro studies demonstrating that Pyc-
nogenol® inhibits matrix metalloproteinases [19]. A non-significant trend towards lower IL-1f3 levels
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in saliva was also observed, while IL-6 concentrations in serum were significantly reduced in the
Pycnogenol® group, further supporting its anti-inflammatory potential.

Salivary polyphenol analysis revealed that Pycnogenol® supplementation increased levels of
several polyphenols, including ferulic acid and caffeic acid. Notably, M1 (5-(3,4-dihydroxyphenyl)-
v-valerolactone), a gut-derived metabolite of Pycnogenol® constituents, was significantly elevated in
the Pycnogenol® group compared to the placebo group. This increase not only confirms patient ad-
herence to the supplementation protocol but also highlights M1 as a potential biomarker for compli-
ance in future studies. Beyond its role in monitoring adherence, M1 may also function as a bioactive
effector, contributing to the anti-inflammatory and antioxidant effects associated with Pycnogenol®
[16].

Correlation analyses further support these findings, revealing a significant inverse correlation
between BoP and M1 (r =-0.3476, p = 0.0167), suggesting that M1 may play a role in reducing gingival
inflammation. In addition, BoP showed a significant positive correlation with MMP-8 (r = 0.1906, p =
0.0203) and IL-1p (r = 0.2380, p = 0.0038), indicating that higher levels of gingival bleeding were asso-
ciated with increased inflammatory activity. Furthermore, the strong correlation between MMP-8
and IL-1p underscores the relevance of these biomarkers in periodontal disease progression. IL-1f is
a key pro-inflammatory cytokine that promotes the activation of matrix metalloproteinases, includ-
ing MMP-8, leading to extracellular matrix degradation and tissue destruction [26]. The observed
association between these two markers reinforces the role of IL-13 in promoting periodontal inflam-
mation by inducing MMP-8-mediated tissue breakdown, highlighting the potential benefits of Pyc-
nogenol® in modulating these inflammatory pathways.

Our findings are in line with previous research on dietary interventions for periodontal health
in animal models [15,27]. For instance, Laky et al. [27] demonstrated that quercetin, a polyphenol
found in various foods, mitigated disease progression in experimental periodontitis.

This study represents the first controlled human trial assessing the effects of Pycnogenol® on
gingival inflammation, providing novel insights into its potential as an adjunctive therapy for perio-
dontitis. The observed reductions of inflammation-related biomarkers and the correlation between
BoP and M1 suggest that Pycnogenol® may influence periodontal health through anti-inflammatory
mechanisms.

However, the three-month administration of Pycnogenol® may not fully reflect its long-term ef-
fects. Future research should investigate whether these effects persist over extended periods and
whether Pycnogenol® can contribute to sustained periodontal stability.

5. Conclusions

In conclusion, our study demonstrates that Pycnogenol® supplementation significantly reduced
key inflammatory biomarkers in saliva and serum while significantly increasing salivary polyphenol
concentrations. The detection of the Pycnogenol® gut microbial metabolite 5-(3,4-dihydroxyphenyl)-
v-valerolactone (M1) in saliva and its association with clinical improvements further support the rel-
evance of these findings. These results provide a basis for further clinical research to explore Pycno-
genol® as an adjunctive therapy in periodontal treatment strategies.

Author Contributions: Conceptualization, P.H. and Y.]J.-S.; methodology, ].B.; formal analysis, ].B.; clinical in-
vestigation, Y.J.-S., N.P. and ].H.; data curation, ].B. and P.H.; writing—original draft preparation, J.B. and P.H.;
writing—review and editing, Y.J.-S., N.P. and J.H.; visualization, ].B.; supervision, P.H. and Y.J.-S.; funding ac-
quisition, P.H. All authors have read and agreed to the published version of the manuscript.

Funding; This research was supported by an educational grant of Horphag Research to P.H. and Y J.-S.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of Helsinki
and approved by the Ethics Committee of the University of Wiirzburg (260/19-me; 24.11.2021).

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

Data Availability Statement: The individual pseudonymous data presented in this study are available on re-
quest from the corresponding author due to privacy/ethical restrictions.

Acknowledgments: We would like to thank all study participants for their time and their valuable contributions
to our study.


https://doi.org/10.20944/preprints202504.0994.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 April 2025 d0i:10.20944/preprints202504.0994.v1

11 of 6

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to
publish the results.

References

1.  Arango Duque, G., and A. Descoteaux. Macrophage Cytokines: Involvement in Immunity and Infectious
Diseases. Front Immunol 2014, 5, 491.

2. Cui, Z, P. Wang, and W. Gao. Microbial Dysbiosis in Periodontitis and Peri-Implantitis: Pathogenesis,
Immune Responses, and Therapeutic. Front Cell Infect Microbiol 2025, 15, 1517154.

3. Amato, M., A. Polizzi, G. Viglianisi, F. Leonforte, M. Mascitti, and G. Isola. Impact of Periodontitis and Oral
Dysbiosis Metabolites in the Modulation of Accelerating Ageing and Human Senescence. Metabolites 2025,
15.

4. Kaufman, E., and I. B. Lamster. Analysis of Saliva for Periodontal Diagnosis--a Review. | Clin Periodontol
2000, 27, 453-65.

5. Sorsa, T., S. Alassiri, A. Grigoriadis, I. T. Raisanen, P. Parnédnen, S. O. Nwhator, D. R. Gieselmann, and D.
Sakellari. Active Mmp-8 (Ammp-8) as a Grading and Staging Biomarker in the Periodontitis Classification.
Diagnostics (Basel) 2020, 10.

6. Zhang, L., X. Li, H. Yan, and L. Huang. Salivary Matrix Metalloproteinase (Mmp)-8 as a Biomarker for
Periodontitis: A Prisma-Compliant Systematic Review and Meta-Analysis. Medicine (Baltimore) 2018, 97,
€9642.

7. West, N. X,, M. Davies, A. Sculean, S. Jepsen, R. Faria-Almeida, M. Harding, F. Graziani, R. G. Newcombe,
J. E. Creeth, and D. Herrera. Prevalence of Dentine Hypersensitivity, Erosive Tooth Wear, Gingival
Recession and Periodontal Health in Seven European Countries. | Dent 2024, 150, 105364.

8.  Blais, L., N. Auclair-Ouellet, A. Tremblay, and S. Binda. Effect of the Darolac(®) (Oralis Sb(®)) Probiotic
Formulation on Oral Health: A Narrative Review. Microorganisms 2025, 13.

9. Wang, Y., O. Andrukhov, and X. Rausch-Fan. Oxidative Stress and Antioxidant System in Periodontitis.
Front Physiol 2017, 8, 910.

10. Muniz, F. W, S. B. Nogueira, F. L. Mendes, C. K. Rosing, M. M. Moreira, G. M. de Andrade, and S. Carvalho
Rde. The Impact of Antioxidant Agents Complimentary to Periodontal Therapy on Oxidative Stress and
Periodontal Outcomes: A Systematic Review. Arch Oral Biol 2015, 60, 1203-14.

11. Chapple, L. L., M. R. Milward, N. Ling-Mountford, P. Weston, K. Carter, K. Askey, G. E. Dallal, S. De Spirt,
H. Sies, D. Patel, and J. B. Matthews. Adjunctive Daily Supplementation with Encapsulated Fruit, Vegetable
and Berry Juice Powder Concentrates and Clinical Periodontal Outcomes: A Double-Blind Rct. | Clin
Periodontol 2012, 39, 62-72.

12. Bunte, K., A. Hensel, and T. Beikler. Polyphenols in the Prevention and Treatment of Periodontal Disease:
A Systematic Review of in Vivo, Ex Vivo and in Vitro Studies. Fitoterapia 2019, 132, 30-39.

13. Cheng, H., D. Zhang, J. Wu, ]. Liu, Y. Zhou, Y. Tan, W. Feng, and C. Peng. Interactions between Gut
Microbiota and Polyphenols: A Mechanistic and Metabolomic Review. Phytomedicine 2023, 119, 154979.

14. Hashim, N. T., R. Babiker, Ncsk Chaitanya, R. Mohammed, S. P. Priya, V. Padmanabhan, A. Ahmed, S. P.
Dasnadi, M. S. Islam, B. G. Gismalla, and M. M. Rahman. New Insights in Natural Bioactive Compounds
for Periodontal Disease: Advanced Molecular Mechanisms and Therapeutic Potential. Molecules 2025, 30.

15.  Sugimoto, H., K. Watanabe, T. Toyama, S. S. Takahashi, S. Sugiyama, M. C. Lee, and N. Hamada. Inhibitory
Effects of French Pine Bark Extract, Pycnogenol® on Alveolar Bone Resorption and on the Osteoclast
Differentiation. Phytother Res 2015, 29, 251-9.

16. Weichmann, F., and P. Rohdewald. Pycnogenol(®) French Maritime Pine Bark Extract in Randomized,
Double-Blind, Placebo-Controlled Human Clinical Studies. Front Nutr 2024, 11, 1389374.

17. Bayer, J., and P. Hogger. Review of the Pharmacokinetics of French Maritime Pine Bark Extract
(Pycnogenol(®)) in Humans. Front Nutr 2024, 11, 1389422.

18. Bayer, J., and P. Hogger. Development and Validation of a Lc-Ms/Ms Method for the Quantification of
Phenolic Compounds in Human Saliva after Intake of a Procyanidin-Rich Pine Bark Extract. ] Pharm Biomed
Anal 2024, 239, 115914.


https://doi.org/10.20944/preprints202504.0994.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 April 2025 d0i:10.20944/preprints202504.0994.v1

12 of 6

19. Grimm, T., A. Schifer, and P. Hogger. Antioxidant Activity and Inhibition of Matrix Metalloproteinases by
Metabolites of Maritime Pine Bark Extract (Pycnogenol). Free Radic Biol Med 2004, 36, 811-22.

20. Jockel-Schneider, Y., U. Schlagenhauf, P. St6lzel, S. Gofiner, R. Carle, B. Ehmke, K. Prior, and D. Hagenfeld.
Nitrate-Rich Diet Alters the Composition of the Oral Microbiota in Periodontal Recall Patients. ] Periodontol
2021, 92, 1536-45.

21. Jockel-Schneider, Y., P. Stoelzel, J. Hess, 1. Haubitz, S. Fickl, and U. Schlagenhauf. Impact of a Specific
Collagen Peptide Food Supplement on Periodontal Inflammation in Aftercare Patients-a Randomised
Controlled Trial. Nutrients 2022, 14.

22. Flemming, ]J., C. T. Meyer-Probst, K. Speer, 1. Kélling-Speer, C. Hannig, and M. Hannig. Preventive
Applications of Polyphenols in Dentistry-a Review. Int | Mol Sci 2021, 22.

23. Slobodnikova, L., S. Fialova, K. Rendekova, ]J. Kovac, and P. Mucaji. Antibiofilm Activity of Plant
Polyphenols. Molecules 2016, 21.

24. Ng, Ethan, John Rong Hao Tay, Sean Kuan Boey, Marja L. Laine, Saso Ivanovski, and Chaminda Jayampath
Seneviratne. Antibiotic Resistance in the Microbiota of Periodontitis Patients: An Update of Current
Findings. Critical Reviews in Microbiology 2024, 50, 329-40.

25. Zalewska, E. A., R. Lawicka, P. Grygorczuk, M. Nowosielska, A. Kicman, and S. Lawicki. Importance of
Metalloproteinase 8 (Mmp-8) in the Diagnosis of Periodontitis. Int ] Mol Sci 2024, 25.

26. Balaji, S, P. K. Cholan, and D.J. Victor. Evaluation of “Soluble Triggering Receptor Expressed on Myeloid
Cells-1 (Strem-1), Interleukin-13, and Matrix Metalloproteinase-8” as a Short Panel of Salivary Biomarkers
in Patients with and without Stage Iii/Iv Periodontitis and Type 2 Diabetes Mellitus. ] Oral Biol Craniofac
Res 2022, 12, 33-37.

27. Laky, M., M. Arslan, X. Zhu, X. Rausch-Fan, A. Moritz, A. Sculean, B. Laky, C. A. Ramseier, A. Stdhli, and
S. Eick. Quercetin in the Prevention of Induced Periodontal Disease in Animal Models: A Systematic
Review and Meta-Analysis. Nutrients 2024, 16.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202504.0994.v1

