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Introduction

Vaginal infections are the most common genital conditions 
affecting women and can be generally classified as Bacterial 
Vaginosis (BV), Vulvovaginal Candidiasis (VVC) and trichomoniasis  

 
[1]. Vaginal infections occur when the vaginal ecosystem is altered. 
In particular, the cervicovaginal microbiota is characterized by a 
prevalence of Lactobacillus species (e.g., L. crispatus, L. jensenii, L. 
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gasseri and L. iners) but it is also colonized by Candida species, 
mainly represented by C. albicans, which behaves in most cases 
as a commensal. Lactobacilli strictly regulate the composition of 
the vaginal microbiota and, through the secretion of lactic acid, 
contribute to the maintenance of an optimal vaginal pH (< 4.5) [2]. 
C. albicans commensalism is regulated by Lactobacilli and the host 
immune response. Hence, depending on the host homeostasis, an 
imbalance of C. albicans can lead to the development of vaginal 
infections called vulvovaginal candidiasis [3]. 

VVC is recognized as the most prevalent human candida 
infection, involving 75% of women who get VVC at least once in 
their lifetime [4]. Recurrent VVC (RVVC), defined as the occurrence 
of more than 3 episodes per year, arises when the infection is not 
completely eradicated [5]. RVVC is estimated to affect 8% of women 
worldwide, with psychological consequences, high economic 
costs, and negative impact on the quality of life [4-7]. The most 
common clinical manifestations of VVC are vulvar burning, vaginal 
soreness, and irritation, leading to dyspareunia and dysuria 
[8]. VVC and especially RVVC have been also associated with 
psychological manifestations such as distress, discomfort, altered 
self-esteem, anxiety, decreased work performance and impaired 
sexual and affective relationships [8-10]. Since the symptoms and 
signs of VVC are not specific, the diagnosis requires a correlation 
between clinical signs and laboratory analyses [11].

Major risk factors for VVC include high estrogen and 
progesterone levels during pregnancy, use of antibiotics, 
uncontrolled diabetes, a weakened immune system (use of 
glucocorticoids, chemotherapy-associated immunodepression, 
HIV), and elevated estrogen levels due to therapies (e.g., hormone 
therapy during menopause). Other important contributing factors 
are the use of oral contraceptives, intrauterine devices, spermicides, 
hygiene, clothing, and sexual habits [12]. The pathogenicity of 
C. albicans is determined by events such as adhesion, biofilm 
formation, production of extracellular hydrolytic enzymes, and 
tissue damage [13]. Adhesion to vaginal epithelial cells is the 
most important event in VVC and is mediated by host ligand 
recognition by adhesins such as agglutinin-like sequence proteins 
and Hwp1 [14-17]. Remarkably, C. albicans can adhere not only to 
the vaginal mucosa but also to the surface of implantable devices 
[17]. Adhesion is an early step in biofilm formation, representing 
an important virulence factor that confers properties such as 
resistance to antifungal agents or host defense mechanisms [18]. 

Once a biofilm has formed, C. albicans secretes hydrolytic 
enzymes that promote adhesion, tissue penetration, and host 
tissue destruction, resulting in a change in the barrier properties 
of the vaginal mucosa [19]. In the treatment of RVVC, special 
attention must be paid to the integrity of the vaginal mucosa. 
Indeed, the continued release of hydrolytic enzymes by pathogens 
can lead to serious mucosal damage, promoting the invasion of 
microorganisms and chronic tissue inflammation [20,21].

The primary therapeutic approach against VVC is based on 

the use of antifungal drugs such as azoles, which act as cytostatic 
agents by altering the cell membrane. In particular, they inhibit 
the activity of 14-demethylase, resulting in inhibition of ergosterol 
production [22]. Among the azoles, fluconazole and clotrimazole, 
administered orally and topically, respectively, are considered the 
drugs of first choice. Unfortunately, this treatment does not allow 
the complete eradication of the pathogen and often leads to local 
or systemic side effects, such as local irritation, gastrointestinal 
alterations and severe drug-interactions [23]. Furthermore, the 
extensive use of azoles has led to the selection of azole-resistant 
species. The high incidence of resistant species reinforces the 
need to find alternative safe and effective treatments [24].

Beneficial effects on the integrity of vaginal mucosa can be 
achieved by using proteins from Pisum sativum (pea protein) and 
grape seed extract. Pea proteins support the barrier effect of the 
vaginal mucosa through a mucoadhesive effect that can restore the 
integrity of the epithelium [25]. Grape seed extract, which is rich 
in polyphenols and flavonoids, supports mucosal wound healing 
[26]. In addition, topical application of pea protein and grape seed 
extract in a mouse model of VVC was recently shown to be able 
to reduce vaginal fungal load, vaginal irritation and maintain the 
integrity of the vaginal mucosa [27] which is essential to prevent 
local inflammation, pathogen invasion, and subsequent recurrence 
[28,29].

The optimal vaginal microbiota of reproductive aged women 
is typically characterized by dominance of lactic acid producing 
Lactobacillus species. In vitro studies have shown that lactic acid 
inactivates BV-associated bacteria [30] and pathogens including 
Chlamydia trachomatis, Neisseria gonorrhoeae. Lactic acid has also 
been shown to prevent C. trachomatis infection in cervicovaginal 
epithelial cells [31], and to help reduce the production of 
inflammatory cytokines and chemokines from cervicovaginal 
epithelial cells in vitro [32]. Lactic acid-containing products have 
been evaluated for BV treatment in clinical trials, and several over-
the-counter lactic acid-containing products are marketed to treat 
BV or support optimal vaginal microbiota.

Given the importance of adjunctive treatment to support 
standard pharmacological therapies, the aim of the study was to 
evaluate the effects of a new topical formulation containing pea 
protein, grape seed extract and lactic acid (PGL), compared to 
lactic acid alone as an adjunct to topical clotrimazole in a cohort 
of patients with VVC.

Materials and methods

Aim and Design of the Study

The present study is a multicenter, randomized, controlled 
trial designed to evaluate the safety and efficacy of a substance-
based medical device containing PGL compared with lactic acid, 
administered vaginally as an adjunct treatment to clotrimazole 
vaginal tablets in patients affected by VVC.
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The study was performed in compliance with the requirements 
of the National Agency of Medicine and Medical Devices of 
Romanian and National Ethical Committee for Biomedical 
Research and gained full regulatory approval from the National 
Agency of Medicine and Medical Devices of Romania. The study 
was registered with the following EudraCT Number 2014-005315-
16 and with the following ISCRTN Number ISRCTN12908359. 

Inclusion and Exclusion Criteria

Caucasian female patients between 18 and 50 years of age, 
suffering from vaginal yeast infections were included in the study. 
To meet the inclusion criteria, patients had to start therapy with 
clotrimazole vaginal tablets for 3 days. Pregnant and breastfeeding 
women or patients with known allergy to any of the product 
components were excluded from the study. All participating 
patients signed a written informed consent.

Treatments

Patients were randomly assigned to treatment with the PGL 
formulation or with lactic acid in a 1:1 ratio for 7 consecutive days. 
During the first 3 days, the topical formulations were administered 
as an adjunct treatment along with clotrimazole vaginal tablets, 
according to the approved leaflet. From day 4 to day 7, PGL or 
lactic acid were administered alone. 

Study Endpoints

The primary endpoint of the study was to evaluate the safety 
of the PGL-based medical device. The parameters monitored to 
evaluate this endpoint were the occurrence and classification of 
adverse events (AE), serious adverse events (SAE) and Suspected 
Unexpected Serious Adverse Reactions (SUSAR). The secondary 
endpoint of the study was to assess the efficacy of the treatment. 

The following parameters were evaluated: mycological count, 
vaginal discharge, itching, dysuria and superficial dyspareunia. In 
addition, the efficacy of the treatment was assessed by measuring 
the vaginal pH.

Statistical Analysis

Sample size was calculated as the percentage of patients in 
whom itch decreased by 1 point after 7 days, with a power of 80% 
and a confidence interval of 95% [33]. Assuming 10% of patients 
were lost to follow-up, the calculated sample size was 44 patients 
for each group. The percentage of reduction in leucorrhea, itching, 
irritation of the vagina and surrounding tissues, pain during 
intercourse, burning sensation during urination and pH values 
between groups was analyzed at visits 1 and 2. Mycological count 
and age are given as mean ± standard deviation. Medical history, 
clinical examination and diagnosis details are given as frequency 
and percentage. 

To evaluate the significance between the effect of treatment 
on mycological count, the independent samples t-test or Mann 
Whitney test were used. To assess the decrease in vaginal 
itching, chi-square or fisher exact tests were used to measure the 
association between the vaginal itching by using Scott-Huskisson 
scale leucorrhea, itching, irritation of the vagina and surrounding 
external tissues, pain during intercourse, burning sensation 
during urination and pH values within treatment groups. The 
McNemar’s test was used to determine statistically significant 
differences between groups in parameters such as leucorrhea, 
itching, irritation of vagina and surrounding tissues, pain during 
intercourse, burning sensation during urination and pH values at 
visit 1, 2 and 3. A p-value less than 0.05 was considered statistically 
significant.

Figure 1: Study details. vt, vaginal tablets.
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Results

Population Characteristics

A total number of 42 subjects were included in the analysis. In 
the interim analysis performed, the decrease in itching symptoms 
was 5 points when comparing the PGL group with the lactic acid 
group, indicating that 42 subjects were sufficient to confirm the 

hypothesis tested. Subjects aged 18 to 45 years (mean age 31), 
were randomly assigned to the two treatment groups, with 24 
patients receiving  PGL formulation and 18 patients receiving 
lactic acid (6 subjects withdrew consent). Detailed population 
characteristics are reported in Table 1. The flowchart of the study 
is described in Table 2 and Figure 1. 

Table 1: Subjects’ Demographic & Baseline Characteristics.

PGL arm (n=24) LA arm (n=18)

Demographic Data

Age (years ± SD) 31.28 ± 6.88 30.83 ± 8.57

Weight (kg ± SD) 68.43 ± 9.07 63.25 ± 8.93

Height (cm ± SD) 165 ± 3.50 166 ± 6.93

BMI (kg/m2) 23.56 ± 3.29 22.65 ± 2.67

Significant Medical History

Known allergies (N, %)

With allergies 2 (8.33%) 0 (0%)

No allergies 22 (91.67%) 18 (100%)

Dermatological disease (N, %)

Yes 0 (0%) 1 (5%)

No 24 (100%) 17 (95%)

Genito-urinary disease (N, %)

Yes 9 (37.50%) 3 (16.67%)

No 15 (62.50%) 15 (83.33%)

Table 2: Study flow and subjects disposition.

Screening Enrolled Randomization 1:1 V1
(day 0)

V2
(day 3)

V3
(day 7)

58 subjects 48 subjects

PGL
(24 subjects)

T.A. T.E. T.E.
LA

(18 subjects)

T.A. - Treatment allocation; T.E. - Treatment Evaluation
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Primary Endpoint - Safety

No adverse events were reported in either treatment group 

(Table 3). Furthermore, no adverse systemic or local effects were 
reported by either patients or physicians, indicating that the 
treatments were well tolerated (Table 4).

Table 3: Occurence of AE/SAE/SUSAR in each study group.

Study Visit Type of Event PGL LA

Visit 1 (day 0)
AE

SAE
SUSAR

0
0
0

0
0
0

Visit 2 (day 3)
AE

SAE
SUSAR

0
0
0

0
0
0

Visit 3 (day 7)
AE

SAE
SUSAR

0
0
0

0
0
0

Table 4: Undesirable systemic or local effects.

Study Visit Type of Event PGL LA

Visit 1 (day 0)  Undesirable systemic or local effects 0 0

Visit 2 (day 3) Undesirable systemic or local effects 0 0

Visit 3 (day 7) Undesirable systemic or local effects 0 0

Secondary Endpoints

Mycological count: Mycological count was evaluated at day 
1, 3 and 7 of treatment. PGL significantly increased the efficacy of 
clotrimazole by reducing the mycological count by 83% from day 

1 to day 7 (p=0.00001) (Figure 2). Both treatments were found to 
be effective, but the decrease in mycological count between day 1 
and 7 was significantly more effective with PGL than with lactic 
acid alone (p = 0.04).

Figure 2: Evolution of the mycological count during the study.

Vaginal itching: Vaginal itching was monitored and self-
evaluated by each subject, using Scott-Husskison scale. At baseline, 
54.16% and 61.11% of the subjects reported vaginal itching in the 
group receiving PGL and lactic acid, respectively. In particular, 3 

severe cases of vaginal itching were reported in both groups. In 
the group treated with PGL the symptom resolved after 48 hours 
in all cases, whereas in the lactic acid group, itching symptoms 
resolved after 72 hours (Figure 3). 18 cases of moderate itching 
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were also reported in both groups; in the PGL group, 9 cases out 
of 10 (90%) resolved at day 7 of treatment. In the group receiving 
lactic acid, 7 cases out of 8 (87.5%) resolved at day 7 (Figure 4). 

Vaginal discharge: Leucorrhea, a thick, white discharge, 
often resembling cottage cheese, was reported by all patients. On 
the second day, 6 and 4 severe cases of leucorrhea were noted 
in the PGL- and lactic acid-treated groups, respectively. Topical 
application of PGL promoted resolution of all severe cases after 
48 hours. In contrast, in the lactic acid-treated group, symptoms 
disappeared in all cases after 72 hours (Figure 5). In the PGL group, 
82.4% (14 of 17) of the moderate-severe cases had resolved after 
7 days, whereas in the lactic acid-treated group, 66.7% (6 of 9) of 
the moderate-severe cases had resolved (Figure 6).

Dysuria: At day 1, all patients experienced dysuria. In the 
group treated with PGL product, 1 case of severe dysuria was 
reported, that effectively resolved after 1 day. No severe dysuria 
cases were reported in the lactic acid treated group (Figure 7). 
Moderate dysuria occurred in 3 and 5 patients from the PGL and 

lactic acid arm, respectively. At day 7, all cases were resolved in 
the PGL group while in the lactic acid group, one case persisted 
(Figure 8).

Dyspareunia: All patients reported dyspareunia at baseline. 
One patient in the PGL arm suffered from severe dyspareunia at 
day 1 and the symptom was treated within the first 24 hours. No 
severe cases were reported in the lactic acid group (Figure 9). 7 
and 5 cases of moderate dyspareunia were reported in the PGL 
and lactic acid arms, respectively. At the end of the study (day 7), 
all the moderate cases of dyspareunia were resolved (Figure 10).

Vaginal pH: Local pH is an important parameter for the 
homeostasis of the vaginal environment. Values ranging between 
3.8 and 4.5 are generally considered to be optimal. At the 
beginning of the study (visit 1), vaginal pH values were higher 
than 4.5 in both groups. At the time of the last evaluation in the 
PGL group, vaginal pH ranged between 3.5 and 4.5, and in the 
lactic acid group, vaginal pH was > 4.5. These results indicate that 
PGL is more effective than lactic acid alone in restoring vaginal pH.

Figure 3: Reduction of the number of severe itching cases during the study.

Figure 4: Reduction of the number of moderate itching cases during the study.
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Figure 5: Evolution of severe vaginal discharge during the study (symptoms).

Figure 6: Evolution of moderate vaginal discharge during the study (resolution).

Figure 7: Evolution of severe dysuria during the study.
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Figure 8: Evolution of moderate dysuria during the study.

Figure 9: Evolution of severe dyspareunia during the study (severe cases).

Figure 10: Evolution of moderate dyspareunia during the study (resolution).
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Discussion 

VVCs are among the most common vaginal infections that 
directly affect patients’ quality of life. Acute or recurrent vaginal 
infections are indeed associated with psychological changes often 
leading to depression and anxiety [10,34]. Various risk factors such 
as stress, hospitalization, other pathologies, or drug-dependent 
immunosuppression can contribute to VVC. In addition, VVC 
can be exacerbated by long-term stress, a situation that is very 
common in the population today, especially in light of the current 
global SARS Cov-2 pandemic [35,36]. Finding effective and safe 
co-adjuvant treatments to help eradicate infections and reduce 
the likelihood of recurrence could be of significant benefit. The 
frequent occurrence of these infections in the population requires 
the development of alternative treatments to effectively eliminate 
Candida species and, at the same time, prevent recurrences 
without inducing unwanted side effects. 

The novelty of this study should be underlined as current 
investigations of the beneficial effects of pea protein and grape 
seed extract on vaginal mucosa and inflammation are limited to 
preclinical studies. Indeed, the authors of this study investigated 
for the first time the efficacy and safety of a topical PGL formulation 
compared with topical lactic acid alone, in combination with 
clotrimazole vaginal tablets in a cohort of patients affected by VVC. 
The main findings of the study are that PGL is a safe treatment, 
since no systemic or local side effects were reported, and that, in 
agreement with pre-clinical data obtained in a murine model of 
VVC [27], co-adjuvant treatment with PGL resulted in a significant 
reduction of the mycological count, suggesting that addition of pea 
protein and grape seed extract reinforces the activity of lactic acid 
in controlling vaginal infections.  

Patients affected by C. albicans infections experience a 
high degree of discomfort due to itching, vaginal discharge and 
soreness, symptoms caused by both inflammation and damage to 
the vaginal mucosa [6]. Accordingly, these symptoms - both severe 
and moderate - were represented in the patients participating 
in the study. One of the most bothersome complaints reported 
by patients suffering from VVC is itching. Notably, the topical 
application of PGL resolved this symptom within 2 days of 
treatment; PGL was more effective than lactic acid in relieving 
severe itching and vaginal discharge [25,26]. 

Complaints of VVC peak when patients report dysuria 
and dyspareunia. By 5 and 6 days after treatment, all cases of 
moderate dysuria and dyspareunia had disappeared in the group 
treated with PGL compared to those treated with lactic acid alone. 
The positive effects induced by PGL are clinically important, 
as they may contribute to improve women’s psychological 
condition by reducing depression and anxiety associated with 
VVC. Maintenance of proper vaginal pH is critical for neutralizing 
potentially infectious microorganisms [1,37]. Importantly, only 
PGL was able to restore vaginal pH to an optimal level. 

The beneficial effects of the formulation investigated in the 
present study could be attributed to the restoration of barrier 
activity of the vaginal mucosa due to the presence of muco-
mimetic substances. Indeed, grape seed extract has been shown 
to contribute to the repair of a damaged epithelium by restoring 
tight junctions [35], while pea proteins are known for their 
mucoadhesive and film-forming properties [25] which help to 
maintain the integrity of the vaginal mucosa, essential to prevent 
local inflammation, pathogen invasion, and subsequent recurrence 
[27-29]. 

Due to the complexity of the study design (i.e., patients 
enrollment, follow-up, etc.), this study has evident limitations: the 
small number of patients and the lack of a control group treated 
only with the antifungal drug. Nevertheless, due to the statistically 
significant difference between the PGL and lactic acid groups, the 
results are solid enough to support the potential benefits of PGL 
as an adjunct to clotrimazole in the treatment of VVC symptoms. 
Overall, these results suggest that the use of the PGL formulation 
could be very helpful as adjunctive treatment to support standard 
pharmacological therapies in treating VVC and preventing its 
recurrence; for this reason, the results seem to confirm the 
evidence of PGL safety and efficacy for the management of 
patients with VVC. It may also be interesting to explore PGL 
as a therapeutic option for other types of vaginal infections, 
particularly those thought to be due to an imbalance in the vaginal 
microbiota. Future studies should examine the efficacy of PGL in 
a larger cohort of patients with RVVC to confirm these findings. In 
addition, it would be useful to study the efficacy of PGL without 
concurrent antifungal therapy to possibly reduce the use of azoles 
and thus avoid further selection of drug-resistant species.
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