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Abstract

Streptococcus pyogenes and Streptococcus agalactiae are major Gram-positive pathogens implicated in
recurrent and invasive genital infections, and the rise of antimicrobial resistance underscores the
need for alternative localized therapies. This study combined molecular docking with a prospective
pilot clinical evaluation of an essential-oil-based vaginal capsule formulation intended for localized
intravaginal administration. Terpinen-4-ol, isoflavone, and secoisolariciresinol diglucoside (SDG)
were analyzed against two bacterial targets - the redox-sensing transcriptional repressor Rex from S.
agalactiae and the protein tyrosine phosphatase from S. pyogenes - using the 1-Click Docking platform
and the Lamarckian Genetic Algorithm. In parallel, 47 women aged 19-27 years were identified with
vaginal and/or cervical colonization or infection caused by S. agalactiae or S. pyogenes, and 34 of them
entered a prospective pilot treatment study with once-daily vaginal capsules for 7 days; persistent
positive cases received an additional 7-day course. Isoflavone and SDG showed the most favorable
interactions against the S. agalactine target, while SDG also displayed comparatively favorable
interaction against the S. pyogenes target. In the clinical pilot cohort, microbiological eradication after
completion of therapy reached 91.7% for S. agalactiae and 80.0% for S. pyogenes. The parallel trend
between stronger in silico prioritization for the S. agalactize-directed target and higher clinical
eradication in the pilot cohort supports a cautious translational hypothesis, but the absence of a
control group, the limited sample size, and the exploratory nature of the clinical dataset require
restrained interpretation. Overall, these findings support further controlled studies designed to test
whether the computationally prioritized phytocompounds contribute to measurable in vivo benefit
within localized antimicrobial strategies.

Keywords: molecular docking; pilot clinical study; vaginal capsule formulation; localized therapy;
Streptococcus — pyogenes;  Streptococcus —agalactize; phytocompounds; translational correlation;
antimicrobial resistance
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1. Introduction

Streptococcus pyogenes (Group A Streptococcus, GAS) and Streptococcus agalactiae (Group B
Streptococcus, GBS) are major human Gram-positive pathogens that cause a spectrum of disease
ranging from superficial infections to fulminant invasive syndromes with substantial morbidity and
mortality [1-4]. Their pathogenicity is underpinned by a broad arsenal of virulence determinants and
by growth in organized communities (biofilms) that enhance mucosal colonization, immune evasion,
and persistence within the host and on abiotic surfaces [5-9]. In gynecological practice, both
organisms may be detected in women presenting with discharge, irritation, burning, and recurrent
symptoms, thereby creating a clinically relevant setting in which localized antimicrobial strategies
may complement conventional systemic management.

Advances in microbial genomics have refined our understanding of evolutionary history,
population structure, host adaptation, and molecular epidemiology in both species. For GBS in
particular, real-time PCR-based assays and molecular serotyping now complement or replace
conventional methods, improving surveillance and clinical decision-making [10,11]. In parallel, the
selective pressure exerted by antimicrobial use and the mobility of resistance determinants
necessitate continuous monitoring and harmonized definitions of multidrug resistance; the global
burden of antimicrobial resistance (AMR) mandates targeted stewardship and prevention strategies
[12-14]. In neonates, intrapartum antibiotic prophylaxis remains the cornerstone of early-onset GBS
disease prevention and is integrated with screening programs and ongoing vaccine development
[15]. These considerations are particularly relevant when exploring non-systemic local formulations
that may reduce bacterial burden at the mucosal level while limiting unnecessary systemic exposure.

In the search for novel anti-streptococcal interventions and opportunities for drug repositioning,
in silico methods have become integral. Molecular docking provides tractable, structure-informed
estimates of binding compatibility and affinity between small molecules and essential bacterial
targets and is now standard in structure-based drug discovery workflows [16,17]. Concomitantly,
there is growing interest in bioactive constituents of medicinal plants - especially essential-oil
components - with in vitro activity against streptococci, including GAS and related species [18,19].
Among these, terpinen-4-ol exhibits antibacterial and anti-biofilm effects and represents a promising
scaffold for optimization and repurposing [20]. Nutraceutical phenolics such as secoisolariciresinol
diglucoside (SDG) and selected isoflavones offer additional prospects owing to their biocompatibility
and pleiotropic molecular targets [21,22]. Nanostructured delivery systems can further improve
stability, bioavailability, and penetration into biofilms, potentially enhancing pharmacodynamic
performance at infection sites [23]. Volatile monoterpenes, for example 1,8-cineole (eucalyptol), may
attenuate biofilm formation and virulence-factor output in GAS, supporting anti-virulence strategies
that complement conventional antibiotic therapy [24]. The phytochemical pipeline against GAS is
consolidated by dedicated reviews and lends itself to in vitro/in vivo validation guided by
computational prioritization [25].

The rapid evolutionary dynamics of GAS/GBS and their flexible regulatory circuits (e.g., Rgg
quorum-sensing modules in GAS; redox-sensitive Rex regulation in GBS) define a catalog of
vulnerable, functionally essential targets for rational intervention [9,28]. Accordingly, the objective
of this study was twofold: first, to evaluate via molecular docking the interactions of terpinen-4-ol,
an isoflavone scaffold, and secoisolariciresinol diglucoside with key proteins of S. pyogenes and S.
agalactiae; and second, to integrate these in silico findings with a preliminary prospective pilot
clinical evaluation of a localized vaginal capsule formulation used in women with vaginal and/or
cervical streptococcal colonization or infection. The working hypothesis was that compounds
showing more favorable ligand-target compatibility might align with species-specific differences
observed in the pilot clinical eradication data, thereby providing a cautious translational bridge
between computational prioritization and in vivo observation.

2. Materials and Methods
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This study integrated a structure-based molecular docking workflow with a prospective pilot
clinical evaluation of a localized vaginal formulation. The in silico component compared selected
phytocompounds and conventional antibiotics against two streptococcal molecular targets, whereas
the clinical component explored short-term microbiological outcomes after local treatment in women
with vaginal and/or cervical colonization or infection caused by Streptococcus agalactiae or
Streptococcus pyogenes.

Source of Natural Compounds and Formulation Rationale:

The phytochemical panel comprised terpinen-4-ol, an isoflavone scaffold, and
secoisolariciresinol diglucoside (SDG), selected on the basis of their documented antimicrobial, anti-
biofilm, nutraceutical, and translational relevance. These compounds were conceptually linked to a
local vaginal capsule formulation developed for localized delivery in the lower genital tract, where
prolonged direct contact with the mucosal surface may support local antimicrobial action.

Docking Targets and Comparator Agents:

Redox-sensing transcriptional repressor Rex from S. agalactiae and the protein tyrosine
phosphatase target from S. pyogenes were selected because of their relevance to bacterial regulatory
processes and pathogenic fitness. Penicillin, ampicillin, cefazolin, clindamycin, and vancomycin were
included as comparator antibiotics for docking-based contextualization.

Molecular Docking Workflow:

Molecular docking simulations were performed with the 1-Click Docking platform (Mcule)
using the Lamarckian Genetic Algorithm. Binding affinities were expressed as Gibbs free energy
values (DeltaG, kcal/mol), with more negative values interpreted as more favorable predicted ligand-
target interactions. The docking analysis was used as a prioritization tool rather than as a standalone
predictor of therapeutic efficacy.

Clinical Population and Pilot Study Design:

A total of 47 female patients aged 19-27 years were identified with vaginal and/or cervical
colonization or infection caused by S. agalactiae or S. pyogenes. All presented with mild symptoms,
including vaginal discharge, irritation, and burning sensation. Of the overall cohort, 36 patients
(76.6%) were positive for S. agalactiae and 11 (23.4%) for S. pyogenes. From this population, 34
patients entered a prospective pilot treatment study, including 24 patients with S. agalactiae and 10
with S. pyogenes.

Intervention and Follow-Up:

All patients in the pilot clinical cohort received vaginal capsules administered once daily in the
evening for 7 consecutive days. A follow-up vaginal swab was obtained after the first treatment cycle.
Patients with persistent positive findings received an additional 7-day course, followed by repeat
microbiological reassessment.

Clinical Endpoints:

The primary clinical endpoint was microbiological negativization on follow-up culture after
local therapy. Secondary descriptive endpoints included species-specific response after the first 7-day
cycle, conversion after an additional 7-day cycle in persistent cases, and overall eradication at
completion of treatment.

Statistical Strategy and Data Interpretation:

Given the exploratory nature of the pilot clinical dataset and the absence of a randomized control
arm, the analysis was primarily descriptive. Percentages were calculated for baseline distribution,
response after the initial 7-day course, conversion after extended treatment, and final eradication by
species. Formal causal inference was not attempted. The docking-clinical comparison was therefore
interpreted as hypothesis-generating and directional rather than confirmatory.

Ethics, Consent, and Reporting Considerations:

The source clinical dataset provided to the authors did not include a formal trial registration
number, quantitative bacterial load measurements, or a reported randomized control framework.
Accordingly, the present manuscript reports the clinical component as a pilot prospective
observational treatment study. Before journal submission, the authors should ensure that institution-
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specific ethics and consent details are inserted in the final metadata fields if required by the local
regulatory framework and the target journal.

Quality Assurance and Translational Framing;:

Microbiological follow-up was based on repeat vaginal swab assessment after treatment. The
combined analytical strategy was designed to explore whether species-specific computational
prioritization of phytocompounds might correspond to observed differences in local clinical
eradication, while explicitly recognizing that docking scores, formulation exposure, host factors, and
mucosal ecology cannot be collapsed into a single mechanistic conclusion.

3. Results

Docking analysis identified differences in the predicted binding behavior of the tested
phytocompounds and comparator antibiotics against the two selected streptococcal targets. For the
S. agalactiae Rex target, isoflavone showed the most favorable docking score among the tested natural
compounds (DeltaG = -8.3 kcal/mol), followed by SDG (DeltaG = -7.8 kcal/mol), whereas terpinen-4-
ol showed a less favorable value (DeltaG = -6.4 kcal/mol). For the S. pyogenes protein tyrosine
phosphatase target, SDG yielded the most favorable score among the natural compounds (DeltaG =
-5.2 kcal/mol), followed by isoflavone (DeltaG = -4.8 kcal/mol), while terpinen-4-ol showed a lower
predicted affinity (DeltaG = -3.8 kcal/mol). When these computational findings were examined
alongside the pilot clinical dataset, a directional correspondence emerged: the stronger in silico signal
observed for the S. agalactiae-directed target paralleled the higher overall eradication rate
documented clinically for S. agalactiae compared with S. pyogenes.

Table 1. Representation of the bond strength, expressed in kcal/mol, of conventional and natural molecules

against the Streptococcus agalactiae target.

Ligand Target Blzﬂgaitrme;%th
Penicillin Redox-sensing transcriptional repressor Rex 79
Ampicillin Redox-sensing transcriptional repressor Rex -8.0
Cefazolin Redox-sensing transcriptional repressor Rex 73
Clindamycin Redox-sensing transcriptional repressor Rex 6.7
Vancomycin Redox-sensing transcriptional repressor Rex 4.6
Terpinen-4-ol Redox-sensing transcriptional repressor Rex -6.4
g-Terpinene Redox-sensing transcriptional repressor Rex -6.9
1,8-Cineole Redox-sensing transcriptional repressor Rex 5.3
a-Terpinene Redox-sensing transcriptional repressor Rex -7.0
a-Terpineol Redox-sensing transcriptional repressor Rex -7.0
p-Cymene Redox-sensing transcriptional repressor Rex -7.0
a-Pinene Redox-sensing transcriptional repressor Rex -5.4
Phytoestrogens (Isoflavone) Redox-sensing transcriptional repressor Rex -8.3
Secoisolariciresinol Diglucoside | Redox-sensing transcriptional repressor Rex -7.8
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Table 2. Representation of the bond strength, expressed in kcal/mol, of conventional and natural molecules

against the Streptococcus pyogenes target.

Ligand Target B?Egaiﬁrfiﬁth
Penicillin SP-PTP / Streptococcus pyogenes -4.5
Ampicillin SP-PTP / Streptococcus pyogenes -4.5
Cefazolin SP-PTP / Streptococcus pyogenes -4.0
Clindamycin SP-PTP / Streptococcus pyogenes -4.4
Vancomycin SP-PTP / Streptococcus pyogenes -4.6
Terpinen-4-ol SP-PTP / Streptococcus pyogenes -3.8
g-Terpinene SP-PTP / Streptococcus pyogenes -4.0
1,8-Cineole SP-PTP / Streptococcus pyogenes -4.0
a-Terpinene SP-PTP / Streptococcus pyogenes 3.7
a-Terpineol SP-PTP / Streptococcus pyogenes -3.8
p-Cymene SP-PTP / Streptococcus pyogenes -3.8
a-Pinene SP-PTP / Streptococcus pyogenes -39
Phytoestrogens (Isoflavone) SP-PTP / Streptococcus pyogenes -4.8
Secoisolariciresinol Diglucoside | SP-PTP / Streptococcus pyogenes -5.2

Figure 1. Representation of structure formula of Secoisolariciresinol Diglucoside.
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Figure 2. Representation of structure formula of Isoflavone.

Figure 3. Representation with graphic 3D elaboration, with software 1-Click-Docking, of the binding site of
Secoisolariciresinol Diglucoside on the molecule of Redox-sensing transcriptional repressor Rex of Streptococcus

agalactiae.
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Figure 4. Representation with graphic 3D elaboration with software 1-Click-Docking of the binding site of

Isoflavone on the molecule of Redox-sensing transcriptional repressor Rex of Streptococcus agalactiae.

Figure 5. Representation with graphic 3D elaboration with software 1-Click-Docking of the binding site of

Secoisolariciresinol Diglucoside on the molecule Protein Tyrosin Phosphatase of Streptococcus pyogenes.
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Figure 6. Representation with graphic 3D elaboration with software 1-Click-Docking of the binding site of

Isoflavone on the molecule Protein Tyrosin Phosphatase of Streptococcus pyogenes.

Interpretation

Within the limits of docking-based analysis and a non-randomized pilot clinical dataset, the
combined results suggest that isoflavone and SDG interact more favorably than terpinen-4-ol with
the selected targets and that this computational prioritization may have translational relevance.
Against the S. agalactiae Rex target, isoflavone showed a docking score comparable to or slightly
more favorable than several comparator antibiotics, whereas SDG also showed a relatively favorable
score. In the clinical pilot cohort, the S. agalactiae subgroup showed the highest overall eradication
rate (91.7%), thereby providing a species-level signal that is directionally consistent with the stronger
in silico profile for that organism.

Against the S. pyogenes protein tyrosine phosphatase target, SDG and isoflavone showed
moderately favorable docking values, although the differences versus conventional antibiotics were
smaller than those observed for the S. agalactiae target. Clinically, S. pyogenes also showed a lower
overall eradication rate (80.0%) than S. agalactiae, which may reflect a weaker formulation-target
match, species-specific pathogenic behavior, mucosal persistence, or host-microenvironment effects
not captured by docking alone.

These observations should be interpreted cautiously. Docking scores provide a computational
estimate of ligand-target compatibility, and the clinical pilot study lacked randomization, a control
group, bacterial-load quantification, and formal mechanistic validation. Accordingly, neither the
docking results nor the pilot eradication data establish superiority over standard therapy, but
together they define a coherent exploratory framework for subsequent translational studies.

3.1. Clinical Pilot Study Outcomes

Among 47 women identified with vaginal and/or cervical colonization or infection, S. agalactiae
predominated (36/47; 76.6%), whereas S. pyogenes accounted for 11/47 cases (23.4%). Thirty-four
patients entered the prospective pilot treatment study and received StreptoVag vaginal capsules once
daily for 7 days, with a second 7-day cycle reserved for persistently positive cases. Baseline
distribution and treatment-flow data are summarized below.

Table 3. Baseline distribution of streptococcal species in the identified clinical cohort.
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Baseline distribution of vaginal/cervical streptococcal findings

Number of patients

S. agalactiae S. pyogenes

Figure 7. Baseline species distribution in the overall clinical cohort.

After the initial 7-day treatment cycle, 17/24 patients with S. agalactiae (70.8%) and 6/10 patients
with S. pyogenes (60.0%) showed negative follow-up cultures. Persistent positivity remained in 7/24
and 4/10 cases, respectively, indicating an early but incomplete response after the first treatment

cycle.
Table 4. Microbiological outcomes after the first 7-day treatment cycle.
00 Microbiological eradication rates in the clinical pilot study
1
I After 7 days
I Overall after up to 14 days
S
g
2
>
(O]
[
2
©
(o]
[}
z

S. agalactiae S. pyogenes

Figure 8. Negative follow-up culture rates after the first treatment cycle and after completion of therapy.

Among patients with persistent positivity after the initial cycle, the additional 7-day course
produced further culture conversion. In the S. agalactiae subgroup, 5/7 initially persistent cases

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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(71.4%) became negative, leaving 2/7 persistently positive. In the S. pyogenes subgroup, 2/4 initially
persistent cases (50.0%) became negative, whereas 2/4 remained positive after extended treatment.

Table 5. Microbiological outcomes in initially persistent cases after the additional 7-day treatment cycle.

Screened cohort: 47[women with vaginal/cervical st}eptococcal findings

S. agalactiae at baseline S. pyogenes at baseline
n =36 (76.6%) n =11 (23.4%)

| !

ProsEective pilot study treated with Strept}Vag

n =34

After first 7-day course: After first 7-day course:
GBS negative 17/24; positive 7/24 GAS negative 6/10; positive 4/10
After second 7-day course in persistent casps: After second 7-day course in persistent casps:
additional negative 5/7 additional negative 2/4
Overall negative: 22/24 (91.7%) Overall negative: 8/10 (80.0%)

Figure 9. Clinical pilot-study flow diagram and species-specific microbiological outcomes.

Overall eradication reached 22/24 cases (91.7%) for S. agalactiae and 8/10 cases (80.0%) for S.
pyogenes. Although the clinical pilot study was not designed to establish causality or comparative
efficacy, the numerically better response observed in the S. agalactiae subgroup is directionally
concordant with the more favorable docking pattern documented for the S. agalactiae Rex target. This
cross-domain correspondence should be considered exploratory and primarily useful for generating
mechanistic and clinical hypotheses for future controlled studies.

Table 6. Overall microbiological eradication at the completion of therapy.

Species Total Negative n (%) Persistent Positive n (%)
S. agalactiae 22 (91.7) 2 (8.3)

S. pyogenes 8 (80.0) 2 (20.0)
Species Negative Culture n (%) Positive Culture n (%)
S. agalactiae (n=7) 5(71.4) 2 (28.6)

S. pyogenes (n=4) 2 (50.0) 2 (50.0)
Species Negative Culture n (%) Positive Culture n (%)
S. agalactiae (n =24) 17 (70.8) 7 (29.2)

S. pyogenes (n = 10) 6 (60.0) 4 (40.0)
Species Number of Patients Percentage (%)

S. agalactiae 36 76.6

S. pyogenes 11 23.4

Total 47 100.0

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202605.0045.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 May 2026

11 of 15

4. Discussion

The present integrated analysis suggests that the tested compounds do not behave uniformly
across the two selected bacterial targets and that this target-specific heterogeneity may have a
clinically relevant echo in the pilot treatment data. In particular, the more favorable docking values
observed for isoflavone and SDG against the S. agalactiae Rex target are notable because the clinical
cohort also showed the highest final eradication rate in the S. agalactiae subgroup. Although this
parallel does not demonstrate mechanism or causality, it supports the working hypothesis that
computational prioritization may help identify formulation-component profiles more likely to
translate into a measurable in vivo signal.

From a translational perspective, the pilot clinical data are encouraging because a substantial
proportion of patients became culture-negative after only one 7-day cycle, and an additional subset
converted after a second treatment cycle. The incremental conversion observed after extended
treatment suggests a possible cumulative local effect, which is compatible with the concept of
sustained mucosal exposure to phytochemical components within a localized delivery system. At the
same time, the weaker clinical response observed in S. pyogenes underscores that not all streptococcal
species are equally susceptible to the same local strategy and that pathogenicity, adherence behavior,
tissue interaction, and microenvironmental adaptation may all influence outcome.

The combined dataset also offers a pragmatic message for future development. Molecular
docking can help rank compounds and formulate mechanism-oriented hypotheses, whereas pilot
clinical observations can identify whether species-specific trends are worth pursuing in more
rigorous trials. In this study, the convergence between the stronger S. agalactiae-directed docking
profile and the numerically superior S. agalactiae eradication rate strengthens the rationale for deeper
investigation of the formulation against GBS-associated vaginal colonization. However, the present
evidence remains exploratory and should not be overinterpreted as proof that the docked compounds
alone drove the clinical response.

Several limitations must be emphasized. The clinical component involved a small sample size,
lacked a parallel control group, and did not include randomization, blinding, quantitative
microbiological burden assessment, microbiome profiling, or direct pharmacokinetic confirmation of
local exposure. In addition, the docking analysis examined selected targets rather than the full
complexity of bacterial physiology, host response, and mucosal ecology. Consequently, the apparent
correspondence between in silico and in vivo findings should be considered hypothesis-generating
rather than confirmatory.

Overall, the integrated findings support continued investigation of localized phytochemical
formulations for gynecological streptococcal colonization or mild infection states. The most
scientifically defensible interpretation is that the study provides an initial translational signal linking
target-oriented docking prioritization with promising pilot microbiological outcomes, thereby
justifying larger controlled studies designed to validate efficacy, define mechanism, and clarify which
species are most likely to benefit.

5. Conclusions

In this combined docking and pilot clinical study, isoflavone and SDG showed the most
favorable predicted interactions with the selected streptococcal targets, particularly against the S.
agalactiae Rex protein, while local treatment with StreptoVag was associated with overall
microbiological eradication rates of 91.7% for S. agalactiae and 80.0% for S. pyogenes in the pilot
cohort. The directional concordance between the stronger S. agalactiae docking signal and the higher
S. agalactiae eradication rate provides a plausible translational hypothesis linking computational
prioritization with preliminary in vivo observation. Nevertheless, because the clinical component
was a small uncontrolled pilot study and the docking component is inherently predictive, the
findings should be regarded as exploratory. Larger controlled studies are required before any
definitive conclusions can be drawn regarding efficacy, mechanism, or comparative clinical utility.
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