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Resumo 

 

A bacteriose vaginal (BV) e a candidose vulvovaginal (VVC) são as infeções vaginais 

mais prevalentes e afetam um elevado número de mulheres, apresentando um impacto negativo 

significativo na sua autoestima e estando associadas a um enorme desconforto e alterações nas 

atividades diárias, especialmente na vida sexual. 

A VVC é causada sobretudo por Candida albicans, que é considerada um agente 

patogénico oportunista, mas outras espécies de Candida como C. glabrata, C. krusei, C. 

tropicalis e C. parapsilosis também podem ser considerados agentes etiológicos. Os sintomas 

mais comuns associados a VVC são irritação vaginal, ardor, prurido, edemaciação e alteração do 

fluído que se apresenta com aspeto de queijo coalhado. O tratamento de primeira linha da VVC é 

feito com azóis, mais frequentemente dose única de fluconazol (150 mg) ou itraconazol (200mg 

em duas tomas num dia), ou aplicação de produtos tópicos como creme de clotrimazol e 

comprimido vaginal de clotrimazol 500mg, durante um curto período. Porém, 5-8% das 

mulheres em idade reprodutiva são afetadas por recorrências clínicas definidas em termos de 

frequência como 3 ou mais episódios num período de 12 meses (VVC crónica), quer por falta de 

resposta à terapêutica (VVC persistente) seja por serem devidas a espécies de Candida não 

albicans ou Candida albicans resistentes aos azóis, quer por reinfecção.  

Embora algumas estejam assintomáticas, a maioria das mulheres com BV experiencia 

um corrimento abundante, pouco viscoso e com mau odor. Esta condição clínica é considerada 

uma disbiose, em que ocorre a substituição da flora vaginal saprófita saudável, dominada por 

Lactobacillus spp, por biofilmes polimicrobianos densos, estruturados, principalmente 

constituídos por Gardnerella vaginalis. As recomendações internacionais indicam como 

tratamento de primeira linha a administração oral ou vaginal de metronidazol, clindamicina ou 

tinidazol. Contudo, o tratamento com estes antibióticos está associado a elevados níveis de falha 

terapêutica e de recorrência, o que pode estar relacionado com resistência aos antibióticos, a 

incapacidade de erradicar os biofilmes polimicrobianos e/ou posterior falha no 

restabelecimento do pH vaginal acídico e uma flora comensal dominada por lactobacilos. 

Foi objetivo deste trabalho desenvolver e caracterizar abordagens terapêuticas 

inovadoras alternativas ou complementares das existentes para o tratamento de infeções 

vaginais. Especificamente, o nosso objetivo foi desenvolver dois produtos seguros e eficazes com 

potencial para serem utilizados terapeuticamente e comercializados e que são: um gel 

bioadesivo de bicarbonato de sódio para o tratamento da VVC e uma folha vaginal com óleo 

essencial de Thymbra capitata para o tratamento da BV. 

No desenvolvimento dos géis de bicarbonato de sódio, o potencial anti Candida foi 

estudado através de um método de referência internacional (CLSI M27 ”Reference Method for 

Broth Dilution Antifungal Susceptibility Testing of Yeasts”) e de um protocolo adaptado a partir 

de Challenge Test da farmacopeia europeia 10.0 (monografia 5.1.3). Também avaliámos a 
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performance tecnológica das formulações considerando parâmetros que mimetizam a condição 

patológica. O pH, osmolalidade, viscosidade, firmeza e adesividade foram determinados 

diretamente nas formulações não diluídas a temperatura ambiente e após diluição das 

formulações em simulante de fluido vaginal a 37 ºC. O perfil de bioadesão foi determinado 

usando um modelo ex vivo vaginal de suíno. A formulação C (5% de bicarbonato de sódio, 1% de 

carbómero e 94% de água) foi a mais eficaz a inibir o crescimento de Candida albicans. Para 

além disso, a formulação C apresentou características organolépticas que estão de acordo com 

as preferências das utilizadoras e perfil tecnológico adequado, fazendo prever uma adequada 

performance in vivo. 

As folhas vaginais desenhadas para o tratamento da BV contêm gelatina, como principal 

macromolécula, associada a polímeros bioadesivos como quitosano, álcool polivinílico e 

hidroxipropilmetilcelulose, para promover um contato íntimo e prologado dos produtos com o 

epitélio. As folhas contêm ainda plastificantes (glicerina e propilenoglicol) que lhes conferem 

flexibilidade. A inclusão do tampão de acido lático/lactato de sódio nas formulações representa 

um mecanismo adicional para promover o ambiente acídico favorável ao restabelecimento da 

flora saprófita saudável, contribuindo para a eficácia do tratamento e prevenindo recorrências. 

As folhas vaginais foram usadas como sistema de veiculação de fármaco para o óleo essencial de 

Thymbra capitata, que atua diretamente no controle das bactérias que causam a BV, enquanto 

simultaneamente e de imediato pretendem reduzir os sintomas associados ao corrimento 

vaginal abundante e ao seu odor desagradável, dando conforto às utilizadoras. A folha vaginal 

D.O apresentou a capacidade de tampão mais elevada e a melhor capacidade para absorver o 

simulante de fluído vaginal, de entre as folhas vaginais com óleo estudadas, apresentando ainda 

um dos melhores perfis de bioadesão. Adicionalmente, D.O apresenta flexibilidade (isto é, 

resiliência) e resistência (isto é, dureza), de modo a permitir que seja facilmente enrolada a volta 

de um dedo ou sobre si mesma e manuseada sem quebrar. Numa perspetiva de segurança, a 

citotoxicidade foi avaliada em duas linhas celulares e num modelo de epitélio vaginal humano 

reconstituído e o potencial para causar irritação vaginal também foi avaliado através do ensaio 

“Hen´s Egg Test-Chorioallantoic Membrane Assay” (HET-CAM). A substância ativa (óleo 

essencial de Thymbra capitata) a 0.32 µL/mL no modelo celular evidenciou toxicidade 

relevante, contudo no modelo tecidular tridimensional mostrou-se biocompatível. A 

incorporação de óleo essencial de Thymbra capitata (1% m/m) na folha base D reduziu a 

viabilidade em modelo celular (em ambas as linhas) e no modelo tecidular. A viabilidade após 

contacto com a folha D.O em modelo celular foi muito inferior quando comparada com o 

placebo universal, porém é necessário considerar que in vivo a folha vaginal vai gradualmente 

ser diluída no fluido vaginal e é proposta para tratamentos de curta duração. A folha vaginal D.O 

diluída a 10% m/v foi biocompatível no modelo tecidular. 

Em conclusão: foram desenvolvidos dois produtos para o tratamento de infeções 

vaginais inovadores e com potencial para serem transferidos da academia para a indústria 

farmacêutica. O gel de bicarbonato de sódio e a folha vaginal com óleo essencial de Thymbra 

capitata foram desenvolvidos para responder aos requisitos clínicos e simultaneamente às 

preferências das utilizadoras, permitindo ultrapassar desvantagens associadas a formas 
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farmacêuticas convencionais.  Embora os resultados obtidos sejam promissores ao nível da 

previsível aceitabilidade, performance tecnológica, eficácia e segurança, são necessários estudos 

mais completos numa fase pré-clínica e obviamente a prova definitiva nos ensaios clínicos.  
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Resumo alargado 

As infeções vaginais apresentam repercussões significativas na vida das mulheres, sendo 

causadoras de ansiedade, desconforto e sentimentos negativos com impacto desfavorável na sua 

autoestima, levando a alterações das rotinas quotidianas e inclusivamente da vida sexual.   

A bacteriose vaginal (BV) e a candidose vulvovaginal (VVC) são as infeções vaginais 

mais prevalentes e afetam um elevado número de mulheres em todo o mundo. As infeções 

vaginais estão associadas a alterações na flora vaginal normal saudável e substituição da mesma 

por microrganismos capazes de proliferar e causar infeção.  

A VVC é causada sobretudo por Candida albicans, que é considerada um agente 

patogénico oportunista, mas outras espécies de Candida como C. glabrata, C. krusei, C. 

tropicalis e C. parapsilosis também podem ser consideradas agentes etiológicos.  

Os sintomas mais comuns associados a VVC são irritação vaginal, ardor, prurido, 

edemaciação alteração do fluído que se apresenta com aspeto de queijo coalhado.  

O tratamento de primeira linha da VVC é feito com azóis, mais frequentemente dose 

única de fluconazol (150 mg) ou itraconazol (200mg em duas tomas num dia), ou aplicação de 

produtos tópicos como creme de clotrimazol e comprimido vaginal de clotrimazol 500mg, 

durante um curto período. Algumas mulheres são afetadas por recorrência definidas em termos 

de frequência como 3 ou mais episódios num período de 12 meses (VVC crónica), quer por falta 

de resposta à terapêutica (VVC persistente) seja por serem devidas a espécies de Candida não 

albicans ou Candida albicans resistentes aos azóis, quer por reinfecção.  

Na BV, a flora vaginal saprófita saudável, dominada por Lactobacillus spp, é substituída 

por biofilmes polimicrobianos densos, estruturados, principalmente constituídos por 

Gardnerella vaginalis.  

Embora algumas mulheres sejam assintomáticas, a maioria das mulheres com BV 

experiencia um corrimento abundante, pouco viscoso e com odor desagradável a peixe podre.  

As recomendações internacionais indicam como tratamento de primeira linha a 

administração oral ou vaginal de metronidazol, clindamicina ou tinidazol. Contudo, o 

tratamento standard está associado a elevados níveis de falha terapêutica devido ao aumento 

das resistências aos antibióticos e incapacidade de penetrar e erradicar os biofilmes 

polimicrobianos e elevados níveis de recorrência por falha no restabelecimento do ambiente 

vaginal saudável em termos de flora comensal dominada por lactobacilos e pH vaginal acídico.  

Desta forma, torna-se emergente dar resposta efetiva a estas infeções vaginais, 

sobretudo nos casos em que os tratamentos standard não se revelam eficazes, fazendo com que 

estas patologias se tornem recorrentes, o que acarreta um enorme impacto na saúde de um 

elevado número de mulheres em todo o mundo.  

O objetivo desta investigação foi desenvolver novas abordagens terapêuticas para o 

tratamento das duas infeções vaginais mais comuns, alternativas ou complementares aos 

tratamentos atualmente disponíveis. Especificamente, o objetivo foi desenvolver dois produtos 
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seguros e eficazes com potencial para serem utilizados terapeuticamente uma vez 

comercializados e que são: um gel bioadesivo de bicarbonato de sódio para o tratamento da VVC 

e uma folha vaginal com óleo essencial de Thymbra capitata para o tratamento da BV. Para 

além disso, foi objetivo desta investigação caracterizar os protótipos desenvolvidos quanto ao 

perfil tecnológico considerando condições que mimetizam o ambiente vaginal in vivo 

característico da patologia em questão e performance preditiva; quanto ao perfil de segurança 

dos protótipos mais promissores usando metodologias complementares; e quanto à eficácia in 

vitro com base na capacidade para inibir o crescimento de alguns microrganismos causadores 

destas infeções.  

O desenho racional destas formulações teve por base a seleção de substâncias ativas 

alternativas aos tratamentos convencionais com potencial para inibir o crescimento dos 

microrganismos causadores da infeção e excipientes considerados seguros para a administração 

vaginal. Estas formulações foram desenhadas de modo a serem adaptadas aos objetivos 

específicos do tratamento de cada patologia, de modo a promover o sucesso terapêutico, mas 

também para irem de encontro às preferências das utilizadoras, para favorecer a adesão à 

terapêutica.   

Foram desenvolvidas 8 formulações de géis à base de bicarbonato de sódio. O potencial 

anti Candida foi estudado através de um método de referência internacional (CLSI M27 

”Reference Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts”) e de um 

protocolo adaptado a partir de Challenge Test da farmacopeia europeia 10.0 (monografia 5.1.3), 

sendo que a formulação C (5% de bicarbonato de sódio, 1% de carbómero e 94% de água) foi a 

mais eficaz a inibir o crescimento de Candida albicans, sendo também eficaz contra outras 

estirpes de Candida. Adicionalmente, a formulação C apresentou características organolépticas 

que estão de acordo com as preferências das utilizadoras. Sendo um gel pouco viscoso e de baixa 

firmeza, o espalhamento e revestimento do epitélio encontram-se facilitados e, graças às suas 

características bioadesivas (avaliadas em modelo ex vivo vaginal de suíno), é promovido um 

contacto íntimo e prolongado com o mesmo. Apesar do gel C apresentar um pH e osmolalidade 

superiores aos valores fisiológicos reportados para o fluído vaginal de mulheres saudáveis em 

idade fértil, os ensaios de segurança realizados nesta investigação indicam que a formulação é 

biocompatível na linha celular testada (não tóxico para todas as concentrações testadas até 50% 

(m/v) e classificado como não irritante severo no ensaio HET-CAM. Após diluição em simulante 

de fluído vaginal (5g de gel em 0.825mL de simulante), o pH e osmolalidade resultantes 

tornam-se mais próximos dos valores fisiológicos, embora ainda superiores aos limites definidos 

para lubrificantes, de acordo com as recomendações atuais. Porém deve ser considerado que 

este produto se destina a um tratamento durante um curto período e que, uma vez que o gel C 

apresenta um potencial anti-Candida muito potente, poderá ser reduzida a quantidade de gel a 

aplicar para 1g, tornando o pH e osmolalidade mais próximos dos fisiológicos, e 

simultaneamente reduzindo a possibilidade de escorrimento através do canal vaginal após 

aplicação.    

As folhas vaginais desenhadas para o tratamento da BV foram usadas como sistema de 

veiculação de fármaco para o óleo essencial de Thymbra capitata, que atua diretamente no 
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controle das bactérias que causam a BV, enquanto simultaneamente e de imediato absorvem o 

excesso de fluído com odor desagradável, prevendo-se que ofereçam conforto às utilizadoras. No 

desenho racional das folhas vaginais foi incluída a gelatina associada a polímeros bioadesivos 

(quitosano, álcool polivinílico e hidroxipropilmetilcelulose) e plastificantes (glicerina e 

propilenoglicol) que lhes conferem flexibilidade. A inclusão do tampão de ácido lático nas 

formulações representa um mecanismo complementar, contribuindo para o restabelecimento do 

ambiente vaginal saudável. A folha vaginal D.O apresentou a capacidade tampão mais elevada, o 

que está de acordo com o esperado, já que foi incluído nesta formulação uma solução tampão 

com maior força. Para além disso, a folha vaginal D.O apresentou a melhor capacidade para 

absorver o simulante de fluído vaginal entre as folhas vaginais com óleo, podendo contribuir 

para um alívio imediato dos sintomas ao absorver o fluído de mau odor e gradualmente se 

transformar num gel. A folha vaginal D.O apresentou um dos melhores perfis de bioadesão 

avaliado em modelo de suíno ex-vivo. Adicionalmente, D.O apresenta flexibilidade (isto é, 

resiliência) e resistência (isto é, dureza), de modo a permitir que seja facilmente enrolada a volta 

de um dedo ou sobre si mesma e manuseada sem quebrar, o que permite uma aplicação sem 

desconforto. A folha vaginal D.O na concentração 0.32 µL/mL de óleo essencial de T. capitata 

conseguiu reduzir significativamente a carga bacteriana em todas as espécies de Gardnerella 

testadas, sendo menos eficaz em G. piotti. Numa perspetiva de segurança, a citotoxicidade do 

protótipo mais promissor foi avaliada em duas linhas celulares (HEC-1A e HeLa) e em modelo 

de epitélio vaginal humano reconstituído (SkinEthicTM) e o potencial para causar irritação 

vaginal também foi avaliado através do ensaio “Hen´s Egg Test-Chorioallantoic Membrane 

Assay”. A substância ativa (óleo essencial de Thymbra capitata) na concentração 0.32 µL/mL 

no modelo celular evidenciou toxicidade relevante, contudo no modelo tecidular tridimensional 

mostrou-se biocompatível. Isto revela que este modelo é mais robusto e provavelmente mais 

próximo do que acontece in vivo. A incorporação de óleo essencial de Thymbra capitata 

(1%m/m) na folha base reduziu a viabilidade em modelo celular (em ambas as linhas) e no 

modelo tecidular. A viabilidade após contacto com a folha D.O em modelo celular foi muito 

inferior quando comparada com o placebo universal, porém é necessário considerar que in vivo 

a folha vaginal vai gradualmente ser diluída no fluido vaginal e é proposta para tratamentos de 

curta duração. A folha vaginal D.O diluída a 10% m/v foi biocompatível no modelo tecidular. 

Em conclusão: foram desenvolvidos dois produtos para o tratamento de infeções 

vaginais com potencial para serem transferidos da academia para a indústria farmacêutica. 

Embora os resultados obtidos para o gel C de bicarbonato de sódio e da folha vaginal com óleo 

de Thymbra capitata (D.O) sejam promissores ao nível da previsível aceitabilidade, 

performance tecnológica, eficácia e segurança, são necessários estudos mais completos numa 

fase pré-clínica e obviamente a prova definitiva nos ensaios clínicos. Uma vez comprovados os 

dados de segurança e eficácia e atestada uma relação risco/benefício favorável, estes produtos 

poderão ser disponibilizados no mercado farmacêutico e constituir uma resposta efetiva para o 

tratamento das duas infeções vaginais mais comuns, particularmente nos casos de falha 

terapêutica da primeira linha de tratamento e recorrência, representando assim uma melhoria 

significativa na qualidade de vida e saúde sexual da mulher.  
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Abstract 

 

Bacterial vaginosis (BV) and vulvovaginal candidosis (VVC) are the most 

prevalent vaginal infections, both affecting many women, with negative impact on their 

self-esteem and being associated with huge discomfort and changes in daily routines, 

especially the sexual life.  

VVC is predominantly caused by Candida albicans, which is considered an 

opportunistic pathogen, but other Candida species such as C. glabrata, C. krusei, C. 

tropicalis and C. parapsilosis can also be etiological agents. The most common 

symptoms associated with VVC are vaginal irritation, vulvar burning, pruritus, swelling 

and discharge with vaginal fluid usually described as “cottage cheese-like”. For the 

treatment VVC, standard treatment is presently based on azoles (single dose of 

fluconazole 150mg or Itraconazole 200 mg twice daily for one day or short-course 

topical formulations, such as clotrimazole cream or clotrimazole vaginal tablet 500 

mg). Nevertheless, 5–8% of women of reproductive age are affected by recurrent 

episodes of vulvovaginal candidosis (cVVC), defined by three or more episodes 

occurring in a 12 months period, as a result of resistance to azoles, particularly in Non 

albicans Candida species cases, or re-infection. 

Although some women are asymptomatic, most women with of BV, experiences 

an unpleasant thin vaginal malodorous discharge. This clinical condition is considered 

to be a dysbiosis, that is the replacement of saprophytic vaginal flora, dominated by 

Lactobacillus spp. by dense, structured and polymicrobial biofilm primarily constituted 

by Gardnerella vaginalis. For the treatment of BV, international guidelines 

recommend the administration of metronidazole, clindamycin or tinidazole orally or 

intravaginally as the standard treatment. However, the treatment with these antibiotics 

is associated with high levels of failure and recurrence rates. These may be associated 

with antibiotic resistance, the inability to eradicate the polymicrobial biofilms, and 

failure to re-establish acidic pH and the Lactobacillus-dominated commensal flora.  

The aim of this work was to develop and characterize new therapeutic 

approaches for the treatment of vaginal infections. Specifically, we aimed to design two 

effective and safe products with potential to be transferred to the pharmaceutical 

industry: a bioadhesive sodium bicarbonate gel for the treatment of VVC and a vaginal 

sheet with Thymbra capitata essential oil (EO) for the treatment of BV.  
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In the development of sodium bicarbonate gels, the anti-Candida potential was 

studied through both the standard guideline (CLSI M27 “Reference Method for Broth 

Dilution Antifungal Susceptibility Testing of Yeasts”) and a protocol adapted from the 

Challenge Test of the European Pharmacopoeia 10.0 (monograph 5.1.3). We also 

assessed the technological performance of formulations considering pathological 

parameters (volume of fluid was adapted to this specific condition). The pH, osmolality, 

viscosity, firmness and adhesiveness were determined directly on plain formulations at 

room temperature and after diluting in vaginal fluid simulant at 37 ºC. The bioadhesion 

profile was determined using vaginal ex vivo porcine model. Formulation C (5% sodium 

bicarbonate, 1% carbomer and 94% water) was the most effective to inhibit C. albicans’ 

growth. Additionally, formulation C presented organoleptic characteristics that are in 

accordance with the users’ preferences and adequate technological characteristics, 

predicting adequate in vivo performance. 

Vaginal sheets were developed containing gelatin, as main macromolecule, 

associated with bioadhesive polymers such as chitosan, polyvinyl alcohol (PVA) and 

hydroxypropyl methylcellulose (HPMC) to promote an intimate and prolonged contact 

of the product formulation with the epithelium. Plasticisers (glycerine or propylene 

glycol) were included to confer flexibility to formulations. The inclusion of lactic acid 

(LA) buffer in these formulations represents an additional mechanism to help re-

establish the healthy saprophytic flora, contributing for treatment efficacy and 

preventing recurrence. Vaginal sheets were used as drug delivery system for Thymbra 

capitata EO, acting directly on causing bacteria while simultaneously and immediately 

relieving abundant vaginal discharge and its unpleasant odour, providing comfort to 

users. Among those studied vaginal sheets containing oil vaginal sheet D.O presented 

the higher buffer capacity and ability to absorb vaginal fluid simulant (VFS), and one of 

the best bioadhesive profiles. Besides, D.O presented flexibility (resilience) and 

resistance (hardness) that allow it to be easily rolled around finger and handled without 

breaking. Under a safety perspective, cytotoxicity was evaluated in two cell lines and in 

a Reconstructed Human Vaginal Epithelium model and the potential to cause vaginal 

irritation was also studied using Hen’s Egg Test-Chorioallantoic Membrane Assay 

(HET-CAM) assay.  The active substance (T. capitata EO) at 0.32 µL/mL in cellular 

model showed toxicity but in the tissue model it was biocompatible. The addition of T. 

capitata EO (1% w/w sheet) to base formulation D, as a coating, reduced the viability in 

the cellular model (both lines) and in tissue model. Comparing D.O with universal 

placebo, the viability in the tissue model was much lower, however, it must be 

considered that in vivo vaginal sheet will be gradually diluted on vaginal fluid and that 
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it is designed to be used for short periods. Vaginal sheet D.O diluted at 10% w/v was 

biocompatible in model tissue.     

Concluding: two products with potential to be transferred from academy to 

industrial pharmacy were designed for the treatment of two common vaginal 

infections. A sodium bicarbonate gel and a vaginal sheet with T. capitata EO were 

developed to respond to the clinical requirements but also to women’s preferences, 

overcoming disadvantages associated with conventional dosage forms. Although the 

present results are promising in terms of predictable acceptability, in vivo technological 

performance, efficacy and safety, more complete studies are needed in a pre-clinical 

phase and finally clinical assays will for confirm their usefulness. 
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Thesis overview  

The work presented in this thesis aimed to find solutions to a health problem that 

affects a massive number of women, having huge impact in their life routines and self-esteem: 

vaginal infections. The main objective of this work was, therefore, to develop and characterize 

(in terms of sensorial features, technological attributes, laboratory efficacy and safety) 

innovative approaches for the treatment of vaginal infections, not only exploring other 

antimicrobial substances, but also investigating drug delivery systems that increase the efficacy 

of treatment and simultaneously responding to users’ preferences in order to overcome 

drawbacks associated with conventional dosage forms.  

The present work is part of a more comprehensive and continuous investigation that has 

been carried out by our research group over the years, which aims to better understand the 

vaginal environment mainly in the context of clinical disturbances, particularly those that are 

difficult to ameliorate or revert successfully. 

This thesis is divided into three chapters and a concise section of concluding remarks.  

Chapter 1 is an introductory contextualization that provides theoretical concepts applied 

to the experimental work, focusing topics such as the etiopathology and physiopathology of the 

two most prevalent vaginal infections (vulvovaginal candidosis and bacterial vaginosis), the 

signs and symptoms associated with them, the standard treatments recommended by 

international clinical guidelines and also promising alternative or complementary strategies of 

treatment that can be particularly useful when the first line of treatment does not achieve 

therapeutic success. The high prevalence of these clinical conditions, the tremendous impact of 

their symptoms and the growing recurrence of these pathologies that are described in this 

chapter was the problem question that justified the development of this research, which we 

propose to contribute to by generating scientific knowledge to provide an answer. The 

therapeutic approaches presented in the following chapters that comprise alternative 

antimicrobial substances and innovation on pharmaceutical technology perspective are 

developed based on the information described in this chapter.    

Chapter 2 comprises the development and characterization of sodium bicarbonate gels 

as a new promising strategy for the treatment of VVC.  

Chapter 3 describes the initial stages of development of vaginal sheet as dosage form 

and the application of this drug delivery system for Thymbra capitata essential oil for the 

treatment of BV.  

Finally, the conclusion discusses the main outcomes of the present research as 

concluding remarks and future perspectives. 

Most of the data presented in this thesis has been previously published in Peer-

Reviewed International Scientific Journals and some of them are submitted to patent creation.   
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divided – observation of lysis and haemorrhage (egg 3). D.O. diluted: formulation D 
with oil diluted on mVFS (10% w/v) – observation of lysis and haemorrhage (egg 2).  
 
Figure 20. Effect of vaginal sheet D.O with T. capitata EO on biofilm of four different 
species of Gardnerella at 0.32 µL/mL and 0.08 µL/mL 
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Chapter 1  

Introductory contextualization: vulvovaginal 

candidosis and bacterial vaginosis 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The content of this chapter is partially published in:  
 

- Mariana Tomás, Ana Palmeira-de-Oliveira, Sérgio Simões, José Martinez-de-Oliveira, Rita 

Palmeira-de-Oliveira, “Bacterial vaginosis: standard treatments and alternative strategies”. 

International Journal of Pharmaceutics. 2020, doi: https://doi.org/ 
10.1016/j.ijpharm.2020.119659 

 

- Mariana Tomás, Joana Rolo, Carlos Gaspar, Ana Palmeira-de-Oliveira, Sérgio Simões, 

David F. Katz, José Martinez-de-Oliveira, Rita Palmeira-de Oliveira, “Sodium bicarbonate gels: 

a new promising strategy for the treatment of vulvovaginal candidosis”. European Journal of 

Pharmaceutical Sciences. 2020, doi: https://doi.org/10.1016/j.ejps.2020.105621



 

 2 

1. Introduction 

The healthy vaginal microbiota is constituted mainly by Gram-positive bacilli of the 

genus Lactobacillus (L.) [1–3]. The vaginal microbiota is unique. The dominant species are 

Lactobacillus and the pH varies according to the ethnic groups [1]. Lactobacillus crispatus, L. 

iners, L. gasseri, and L. jensenii are the commonest species. 

Lactobacillus spp. are credited of being essential to maintain the health of the vagina 

due to the production of antimicrobial compounds (hydrogen peroxide, lactic acid (LA), 

bacteriocin-like substances) and their capability to adhere to the vaginal epithelium 

(competitive exclusion of other bacteria), and the ability to competitively use available nutrients. 

The production of LA is responsible for and so directly correlated with the low vaginal pH (pH 

3.5-4.5). Hydrogen peroxide is an oxidizing agent toxic to catalase-negative bacteria such as 

most anaerobic microorganisms [3–7]. The H2O2-producing Lactobacilli spp. also contribute to 

the microbiota homeostasis stimulating the antimicrobial secretions from epithelial cells and 

increasing the activity of already synthesized factors (muramidase and lactoferrin) [6,7]. 

However, recently, the antimicrobial role of  hydrogen peroxide has been questioned, since 

oxygen  is required to produce hydrogen peroxide in large amounts to achieve the antimicrobial 

activity and the cervicovaginal environment is microaerobic (hypoxic) and considering that 

hydrogen peroxide is inactivated by the reducing capabilities of cervicovaginal fluid and semen 

[8]. 

An alteration of the physiological vaginal microbiota with depletion of Lactobacillus 

spp. allows the overgrowth of microorganisms responsible for dysbiosis [9]. 

BV and VVC are the most prevalent vaginal infections.  

 

1.2. Vulvovaginal candidosis  

1.2.1. Physiopathology and clinical diagnosis 

VVC is one of the most prevalent vaginal infections with a profound negative impact on 

quality-of-life [10]. It is estimated that between 29% and 49% of women will have at least one 

lifetime episode of VVC [11]. Although acute uncomplicated VVC is the most frequent, about 5% 

of women develop recurrent disease [12,13]. RVVC is defined by three or more episodes 

occurring in a 12 month period [13–16]. 

The most common symptoms associated with VVC are vaginal irritation, vulvar burning, 

pruritus, swelling and discharge. The vaginal fluid is usually described as “cottage cheese-like”, 

ranging from homogeneously thick to floccular, with none, milky, or fermentation odour) and 

presenting invariably normal pH (3.5-4.5)  [11,17–20]. 

VVC is predominantly caused by Candida albicans, but other Candida species such as 

Candida glabrata, Candida krusei, Candida tropicalis and Candida parapsilosis can also be 

etiological agents. C. albicans is considered an opportunistic pathogen, due to the existence of a 

prolonged colonization state before active infection. In fact, C. albicans can be present in the 

vaginal milieu and may remain in the vagina between clinical episodes, even after treatment 

[11,17–20]. In recent times, however, there has been a notable change in the etiologic agent of 
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candidosis with non-albicans Candida (NAC) species gaining importance, with some studies 

reporting 10% to 45% of VVC cases, influenced by the widespread and indiscriminate use of 

antifungals, some of them available as over-the-counter medications.  Treatment failure is 

common in NAC-VVC, since some of these species are intrinsically resistant (C. krusei) or show 

low susceptibilities to commonly used antifungal agents, such as fluconazole. Thus, definitive 

laboratory procedures to identify Candida isolates from suspected VVC cases to a species level 

should be performed in clinic to ensure the selection of effective antifungal agents [21]. 

 

1.2.2. Standard treatment 

The standard treatment for VVC is presently based on azoles [13–15,17] [22]. For acute 

uncomplicated VVC, international guidelines recommend treatment with a single dose of 

fluconazole 150mg or Itraconazole 200 mg twice daily for one day or short-course topical 

formulations, such as clotrimazole cream or Clotrimazole vaginal tablet 500 mg as single dose 

[15].  

The treatment of CVV with azoles results in a cure rate of 80–90% [12,13,15,23].   

However, in recent years, there has been an increase in therapeutic failure and 

recurrence.  

Clinically recurrent cVVC that affects 5–8% of women of reproductive age is a 

therapeutic challenge due to the paucity of alternative drugs [14,20].   

International guidelines recommend that the treatment of RVVC should include 

maintenance therapy, commonly six months of weekly oral fluconazole [10,13,15]. Indeed, azole-

resistance is a growing problem difficult to manage, resulting from years of indiscriminate drug 

administration and unnecessary exposure. The acquired resistance of Candida spp. can result 

from frequent and/or prolonged azole exposure that enhances efflux pumps capacity resulting 

in drug extrusion from the yeast which is one of the main mechanisms involved in resistance 

development [23–29].  

Recently, the British Association for Sexual Health and HIV (BASHH) published 

guidelines that consider sensitivity testing for fluconazole to decide the treatment for RVVC and 

suggested treatment with nystatin pessaries or boric acid pessaries for azole resistant Candida 

spp. [12]. 

Non-albicans Candida species such as C. glabrata and C. krusei present greater 

resistance to standard therapy with azole derivatives (mainly fluconazole) than C. albicans, and 

are responsible for up to 33% of RVVC cases [22,24]. 

As VVC affects many women and has a high influence on their self-esteem and life 

quality, it is urgent to develop new alternative treatments with high cure rates and low 

recurrence rates, especially for RVVC. 

 

1.2.3 Alternative treatments  

The first line standard treatments are becoming ineffective since there is an increasing 

resistance to azoles. This is the result of this being, for years, the exclusive therapeutic option, 
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sometimes used inappropriately and indiscriminate, allowing Candida spp. to develop 

resistance mechanisms (such as drug efflux pumps or changes in drug target structure) and the 

growing incidence of NAC (intrinsically more resistant to azoles) and the biofilm organization 

that harms and prevents the action of drugs and promotes the survival of these yeasts [18,22–

24,30]. 

Azole agents were introduced some decades ago and since then there has been a paucity 

of new drugs in the market. Due to the increasing resistance of VVC-causing agents to azoles, 

the treatment of cVVC becomes a challenge that needs emergent solutions. So, recently the 

British Association for Sexual Health and HIV actualized its guidelines and included the 

treatment with nystatin or boric acid when Candida species are resistant to the first line 

standard treatment. However, there were other promising strategies that have been explored in 

some studies, such as the administration of probiotics to promote the normal vaginal flora (not 

consensual), the use of other drug classes (which are not approved for antifungal purposes), 

amphotericin B, natural compounds, and incorporation of excipients which have an intrinsic 

antimicrobial activity to increase the product efficacy (such as chitosan) or other formulation’s 

strategies including nanotechnological products.    

Boric acid does represent an alternative treatment for VVC caused by C. albicans, 

particularly when conventional treatment fails, such as in RVVC caused by other species and/or 

azole resistance [22,31]. Boric acid is fungistatic or fungicidal depending on concentration and 

the inhibition of oxidative metabolism seems to be its key antifungal mechanism [32]. 

Moreover, boric acid can inhibit some virulence factors of C. albicans such as germ-tube 

formation due to a disruption of apical cytoskeletal elements of growing hyphae [33]. 

Importantly, boric acid maintenance regimens of 300 to 600 mg used twice weekly intravaginal 

appeared to be well tolerated and effective [34]. Guaschino et al evaluated the efficacy of a 

topical long-term treatment with boric acid versus an oral long-term treatment with 

itraconazole and concluded that both treatments presented similar antifungal efficacy and 

ability to control the symptoms, but that the efficacy of boric acid ends with the suspension of 

the therapy [35]. Sobel et al reported that 600 mg daily vaginal capsule, for 2 to 3 weeks, 

presented therapeutic success in 64% (group 1) and 71% (group 2) of symptomatic women with 

vaginitis caused by C. glabrata [36]. In their study, Ray et al reported that women with C. 

glabrata VVC exhibited higher therapeutic cure with boric acid vaginal suppositories given for 

14 days compared with single-dose oral 150-mg fluconazole (63.6% vs. 28.6%, p<0.01) [37]. 

Fan and Liu concluded that the microbiological cure rate of women with complicated 

VVC treated with nystatin was 85.4% (examination on days 7–14) and 83.4% (follow-up at 30-

35 days) and both C. albicans and non-albicans Candida species were susceptible to nystatin, in 

vitro [38].   

A study involving cervical-vaginal samples isolated from women reported the anti-

Candida activity of nystatin (MIC50 of 4.0 µg/mL and MIC90 8.0 µg/mL for C. albicans and C. 

glabrata [39]. Choukri et al confirmed the nystatin can be used to treat VVC caused by non-

albicans Candida species, since nystatin MIC90 was 4 mg/L for non-albicans Candida and 

Candida albicans species tested, on the other hand MIC90 of azole agents (econazole, 
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miconazole, clotrimazole) was 0.06 mg/L for C. albicans isolates and ranged from 0.5 to 8 

mg/L, from 1 to 4 mg/L and from 0.12 to 4 mg/L, for econazole, miconazole, clotrimazole, 

respectively [40].  Fan et al compared the efficacy of vaginal nystatin suppositories for 14 days 

each month with a weekly single oral dose of fluconazole for the treatment of RVVC. At the end 

of maintenance therapy period, the microbiological cure rates were 80.7% for nystatin group 

and 72.7% for the fluconazole group. Considering the microbiological cure rates of RVVC caused 

by C. glabrata, fluconazole was less effective than nystatin (12.5% versus 64.3%). Moreover, 

nystatin was effective in 55% of women with RVVC caused by fluconazole-resistant Candida 

[41]. Importantly, in vivo (rat model), nystatin improves the immune response against Candida 

albicans and simultaneously protects the ultrastructure of the vaginal epithelium [42].  

Some studies reported the potential anti-Candida effect of amphotericin B. Majdabadi 

et all defined the MIC values of amphotericin B (0.42 µg/mL) and of fluconazole (40.51 µg/mL) 

using Candida species isolated from women with cVVC [43]. The ability of amphotericin B to 

destroy Candida biofilms is not yet completely defined and this effect seems to be related with 

the species, strains, and stage of biofilm maturation [44–47].  

Although not consensual, some studies suggest the benefits of probiotics for the 

prevention and treatment of VVC. Lactobacilli adhere to the vaginal epithelial cells and then 

hinder the adhesion of Candida spp. to vaginal epithelium by direct competition, exhibiting a 

direct fungicidal effect. Moreover, after adhering, probiotics produce lactic acid, hydrogen 

peroxide and bacteriocins which allow the reestablishment of healthy vaginal microenvironment 

and inhibit pathogen or microorganism colonizer’s growth, promoting an healthy microbiome 

dominated by Lactobacillus spp. [18,24,48–55]. 

Several studies suggested that chitosan shall be used as excipient in order to potentiate 

VVC treatment [56–62]. Chitosan, a natural bioadhesive polymer, can promote the efficacy of 

treatment not only by increasing the residence time and prolonging the contact of drugs in the 

vaginal milieu, but also by its intrinsic antifungal activity [61]. Nanotechnology developed 

chitosan-containing liposomes and also chitosan nanocapsules were proposed as delivery 

systems for tioconazole and econazole and showed potent antifungal activity against C. albicans 

[56] [57]. Lo et al reported the synergic anti-Candida effect of chitosan and fluconazole against 

C. albicans and C. tropicalis [60]. Palmeira-de-Oliveira et al also studied chitosan as promising 

vehicle for the incorporation of active, having itself an intrinsic anti-Candida activity [58]. This 

activity seems to be related with the interaction of ionic reaction between its amino free groups 

and ionic charges at the yeast cell surface, explaining different actions on different Candida 

species [62]. 

Previous work has suggested the use of other drug classes (which are not approved for 

antifungal purposes) such as selective serotonin reuptake inhibitors antidepressants (sertraline 

and fluoxetine), lidocaine and nitro glycerine due to their anti-Candida activity [63–67] which 

are valuable in difficult to treat cases mainly those resulting from yeast resistance. 

Natural compounds have been used since ancient times for the treatment of pathologies, 

namely vaginal infections [68]. The anti-Candida effect of some EOs such as oregano oil 

(Origanum oil), Thyme oil (Thymus spp. oil), tea tree oil (Melaleuca alternifolia oil), mint oil 
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(Mentha piperita, Mentha spicata and Mentha cervina), castor oil (Ricinus communis oil), 

winter savory oil (Satureja montana), and clove oil (Syzygium aromaticum oil) has been 

reported. Their high hydrophobicity changes the permeability of cellular membranes, resulting 

in a cascade of events that culminate with cellular death. Since EOs are mixtures of components 

and there is some chemical variability depending on the growing region, part of the plant from 

which it was obtained, season of year and extraction method employed, it becomes difficult to 

identify which chemical compound are responsible for antifungal activity or even if this activity 

is necessarily due to the interaction of several compounds [22,69,70]. 

Bona et al analysed the effect of 12 EOs against Candida albicans and demonstrated 

that the most potent were oregano, winter savory and mint oils. Oregano and winter savory oils 

inhibited the growth of 100% of the tested strains, while mint oil was effective on 80% of tested 

strains [70]. MIC of oregano EO was lower than 1% v/v in 64% of the isolates and MIC of winter 

savory was lower than 1% v/v in 31% of the isolates 

Ellah et al develop coated polyethylene glycol vaginal suppositories containing EO of 

cumin seeds that exhibited good anti-Candida activity in vitro while being biocompatible with 

vaginal tissues of rabbits. In a clinical study, the treatment allowed to relieve symptoms such as 

itching, discharge and dyspareunia and achieved negative cultures in 70% of participants [71].  

Tea tree EO can inhibit C. albicans and also presented antibiofilm efficacy, attributed 

mainly to its major component terpinen-4-ol [72].  Vaginal suppositories containing tea tree oil 

exhibited fungicidal effect against several strains of Candida spp. and, importantly, as a 

selective effect, strains of probiotics remained viable and were only affected by concentration 

≥4% v/v of tea tree oil [73]. Besides, Mertas et al suggested the combination of tea tree oil with 

the standard treatment fluconazole to overcome the fluconazole-resistant of C. albicans. 

Fluconazole-resistant C. albicans strains were exposed to sublethal concentrations of tea tree oil 

which allowed to enhance fluconazole susceptibility against these strains (fluconazole MIC 

decreased from an average of 244.0 𝜇g/mL to 38.46 𝜇g/mL, and the fluconazole minimal 

fungicidal concentrations decreased from an average of 254.67 𝜇g/mL to 66.62 𝜇g/mL) [74]. 

Moreover, Rosato et al showed that the combination of Pelargonium graveolens oil and 

Amphotericin B allowed the reduction of Amphotericin B dose necessary to inhibit Candida 

species though a synergic antifungal effect and so consequently minimizing the side-effects of 

treatment [75].  

Zakeri et al studied the effectiveness of vaginal cream of Achillea millefolium extract 

comparing with vaginal cream clotrimazole 1% for the treatment of VVC and concluded that, 

although Achillea millefolium extract cream presented some efficacy, standard treatment was 

more efficient to relive the symptoms and achieve an higher microbiological cure rate (negative 

cultures in 77% patients of control group and 53% in patient of experimental group (p<0.05)) 

[76].  

In a randomized, placebo-controlled trial, 2% dill (Anethum graveolens) vaginal 

suppositories were as effective as  100mg clotrimazole vaginal tablets in relieving symptoms of 

VVC and achieve microbiological cure (no significative differences were observed between 

groups) [77].  
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Romero-Cerecero et al compared a daily administration of a vaginal suppository 

containing 7% standardized extract of Ageratina pichinchensis and 100mg clotrimazole 

(control) for 6 days to treat VVC and found that, 2 weeks after concluding the treatment, there 

was no statistical difference in the cure rates of the two groups (86.6% of women in the control 

group and 81.2% in experimental group) [78].  

Capoci et al studied the antifungal action of a propolis extract solution against Candida 

albicans isolated from patients with VVC and reported that a concentration of 546.87 𝜇g/mL 

caused the death of 75.8% of the isolates and additionally presented antibiofilm effect [79]. 

Medical grade honey can be an alternative strategy for the treatment of RVVC due to its 

anti-Candida activity and also due to the ability to eradicate biofilms, while simultaneously 

presenting benefits to the vaginal environment due to the anti-inflammatory and antioxidative 

properties [80].  

Promising results of Salvia officinalis in vaginal tablet formulation use, alone or in 

combination with clotrimazole gave symptoms relief and high rates of microbiological cure 

(seven days after the end of treatment 80.6% in clotrimazole group, 97.2% in S. officinalis group 

and 94.3% in S. officinalis and clotrimazole groups, respectively, exhibited negative 

microbiologic culture test) [81]. 

In vitro, curcumin showed its ability to inhibit the growth of Candida species (MIC 

values 125–1000 µg/ml), being more potent against Candida glabrata. These results were 

confirmed in vivo (rat model), by curcumin reduced Candida burden. The mechanism of action 

seems to be related with the attachment to ergosterol of yeast membrane [82]. Abouali et al in a 

clinical study reported that although curcumin‑based vaginal 10% cream was as effective as 

clotrimazole vaginal 1% cream to relieve the symptoms of VVC, it is significantly less effective 

that clotrimazole cream to achieve microbiological cure (p=0.002) [83].  

Sodium bicarbonate appears to have anti-Candida activity at certain concentrations, 

despite having no action on biofilms [84–86]. 

 

 

1.2.4. Advances in the field of pharmaceutical technology  

Several strategies have been proposed to improve the in vivo performance of products, 

to add therapeutic advantages and also to guarantee better technological characteristics that 

promote patients’ compliance [87,88].  

The conventional semi-solid dosage forms for vaginal administration (creams, gels) to 

treat vaginal infections presented the disadvantage of low retention time. So, to overcome this 

disadvantage, the inclusion of bioadhesive excipients has been proposed [87].  

Bassi et Kaur developed carboxymethyl derivative of fenugreek gum which possess film 

forming properties and bioadhesive potential. The carboxymethyl derivative of fenugreek gum 

was used to develop a film containing nystatin, which allows 100% drug release over 5h. This 

film was non-toxic, compact (being discreet) and presented with good antifungal properties in 

vivo [89].   
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Gupta et al developed bioadhesive vaginal tablets containing clotrimazole loaded 

microspheres, using bioadhesive polymers such as hydroxypropyl methylcellulose, sodium 

carboxymethylcellulose and Carbopol. This drug delivery system (DDS) allowed a controlled 

intravaginal drug release, providing  long-term therapeutic activity of clotrimazole at the site of 

infection, promoting the efficacy of treatment [90].  

Also nanosystems (such as liposomes, nanoparticles and micelles), resulting from the 

application of nanotechnology in pharmaceutical industry, can be explored to overcome 

solubility problems of some drugs, improve local drug distribution over epithelium and prolong 

their retention [87,88].   

Calvo et al designed a chitosan nanocapsule based delivery system containing 

tioconazole and econazole, overcoming the problems related with the low water solubility that 

affect their therapeutic efficiency. The encapsulation efficiency was high (more than 87%), and 

the drug delivery system was stable over two months and presented potent antifungal activity 

against Candida albicans while showing to be non toxic for the vaginal epithelium [57].   

Albertini et al used spray-congealing technology to produce mucoadhesive 

microparticles for the vaginal delivery of econazole nitrate. The incorporation of chitosan, 

sodium carboxymethylcellulose and poloxamers promoted the bioadhesion of the microparticles 

to mucosal tissue. Furthermore, poloxamers/Gelucire®-based microparticles presented a 

potent inhibition of C. albicans growth, suggesting that when included into capsules, can keep 

their effectiveness with reduced frequency of administration when compared to conventional 

vaginal semi solid products[91].    

Carbone et al developed solid lipid nanoparticles loaded with clotrimazole and 

alphalipolic acid in order to obtain a synergistic treatment against Candida albicans, adding to 

the antifungal action of clotrimazole the ability of alphalipolic acid to reduce the generation of 

reactive oxygen species [92].  

Itraconazole-Loaded Polycaprolactone-Nanoparticles were developed to increase drug 

delivery and reduce itraconazole toxicity. These nanoparticles improved anti-Candida activity 

by increasing the contact of the drug with the epithelium and the ability to reduce the 

inflammation caused by the infection [93].  

Clotrimazole-loaded nanoemulsion can offer higher deposition of drug on mucosae and 

stronger antifungal efficacy compared to commercially conventional semisolid formulations 

[94] 

The local administration of nystatin is limited by poor water solubility and spontaneous 

easy aggregation. To overcome this limitation, Song et al produced an 

exopolysaccharide/nystatin nanoemulsion by ultrasonic method for the treatment of VVC. The  

nanoemulsion demonstrated high stability and slow drug release, exhibiting a potent anti-

Candida activity (MIC 0.125 μg/ml) [95].  

Antifungal vaginal sponges loaded with butoconazole nitrate have been prepared by 

lyophilization of bioadhesive polymers (chitosan, HPMC and carbopol 934), using calcium 

chloride as crosslinking agent and sodium carboxymethylcellulose as viscosity modifier. The 
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sponge prepared with chitosan:HPMC (1: 1) was the most effective to inhibit C. albicans, with 

longer residence time than conventional dosage forms [96].   

A novel multifunctional carrier Ketoconazole/β-cyclodextrin co-ground mixture into 

chitosan/gellan gum gel-flakes was developed to treat Candida infection. The drug has poor 

water-solubility and low penetration capacity, being less effective in deep-seated Candida 

infection. This technological strategy allows reducing dosage regimes due to sustained release of 

drug, being as effective as the commercial available cream, and to reach deep-seated infections 

[97].  

Clotrimazole was incorporated into a new hybrid mucoadhesive formulation of dextran 

and alginate nanofiber which presented higher and faster antifungal properties comparing to 

clotrimazole films and also two-fold adhesiveness to the mouse tissue [98]. 

Thermogels which responds to the variation of temperature by changing their viscosity, 

were also explored to improve the treatment of VVC. A vaginal delivery system of amphotericin 

B (AmB) nanosuspension-loaded thermogel, was formulated with Poloxamer P407/P188 to 

confer a proper sol–gel transition. The gelation temperature of the most promising formulation 

was around 31 ºC, forming an in situ gel due to the higher temperature of thebody. This drug 

delivery system provided a sustained release for 12 h and anti-Candida activity [99]. Deshkar 

and Palve developed thermosensitive cyclodextrin-based in situ gel of voriconazole, using 

Poloxamer 407 and Poloxamer 188. This drug delivery system presented an excellent 

mucoadhesion and sustained drug release for more than 8h [100]. 

 

1.3. Bacterial vaginosis  

1.3.1. Physiopathology and clinical diagnosis 

Bacterial vaginosis (BV) is one of the most common vaginal infections in reproductive 

aged women [5,101–104]. It  is characterized by the replacement of beneficial lactobacilli by an 

overgrowth of anaerobic bacteria [102,105]. The etiopathogenesis of BV is not yet fully 

understood due to the great diversity and complexity of microorganisms involved. BV involves 

the presence of a biofilm, which is a structured group of bacteria that have synergistic 

interactions, adhered to a biological tissue. The dense, structured and polymicrobial biofilm is 

primarily constituted by Gardnerella vaginalis clusters. Its great ability to strongly adhere to 

vaginal epithelial cells represents a key event for the establishment of BV, facilitating the 

adherence and growth of other BV-associated anaerobes, such as Atopobium vaginae, 

Mobiluncus mulieris, Prevotella bivia, Fusobacterium nucleatum and Peptoniphilus sp. 

[3,103,104,106,107].  

Biofilms present a sophisticated internal architecture, consisting of  an extracellular 

matrix (which constitutes a physical barrier against antimicrobial molecules and human 

immune responses and increases tolerance of unfavourable conditions) containing channels that 

facilitate the circulation of nutrients [102,104,108]. Modifications in microbiota may influence 

the drug release. Biofilm environment-related factors (pH, pCO2, or pO2) may affect the drug 
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release from formulation, modify the solubility of drug and even impair the efficacy of the 

substances [104]. 

The diagnosis of BV is based either on the Nugent score or Amsel criteria. To define 

Nugent score time, resources, and expertise are required while Amsel criteria allow for a 

syndromic point-of-care diagnosis, and so in routine clinical practice these method is commonly 

preferred by clinicians [109].  

In the so called Amsel approach any combination of three of its four diagnostic criteria 

(abundant creamy, grey-white adherent vaginal discharge, rotten fish odor - spontaneous or 

alkali induced -, pH > 4.5, microscopic detected presence of clue cells (exfoliated vaginal 

epithelial cells covered by G. vaginalis) leads to the diagnosis [17,104–106,109,110].  

The semi-quantitative microscopic evaluation of Gram-stained vaginal smears is the basis of 

Nugent scoring. The score is defined based on the combination of the following morphotypes: 

lactobacilli, G. vaginalis or bacteroides (small gram-variable rods or gram-negative rods), and 

curved gram variable rods. BV is diagnosed in samples that present a replacement of lactobacilli 

by anaerobic microorganisms (score ≥ 7.0) while the healthy vaginal samples are characterized 

by abundant lactobacilli (Nugent score ≤ 3). Cases scoring between these two limits (Nugent 

score 4-6) are considered to be intermediate flora [111]. 

Approximately 50% of women with BV are asymptomatic [106,109]. These group of 

women may correspond to the IV group of Ravel classification that had lower proportions of 

lactic acid bacteria and higher proportions of strictly anaerobic organisms, including Prevotella, 

Dialister, Atopobium, Gardnerella, Megasphaera, Peptoniphilus, Sneathia, Eggerthella, 

Aerococcus, Finegoldia, and Mobiluncus. Communities not dominated by species of 

Lactobacillus (group IV) have higher median pH (5.3 ± 0.6), but these vaginal bacterial 

communities are common and appear normal and healthy in black and Hispanic women.  So, 

these normal group of women may be misdiagnosed, since lactobacilli are not the dominant 

flora and the pH is above 4.5 [1]. 

Over 50% of women with BV experience an unpleasant thin vaginal malodorous 

discharge, which is associated with a significant negative impact on self-esteem, sexual 

relationships, and quality of life [105].  

The predominant bacterial species associated with BV produce malodorous volatile 

amines and are associated with increased vaginal fluid transudation and squamous epithelial 

cell exfoliation. The pH increases to values above 4.5 (in some cases up to 7) by a significant 

reduction of the number of protective lactobacilli and consequently by the decrease in the 

production of LA. The alkalization of vaginal pH allows potential pathogens to invade or expand 

their colonization of the vagina [17,104,109].  

Women with BV have higher frequency and concentration of bacteria producing mucin-

degrading enzymes so significantly lowering the viscosity of vaginal fluid, explaining why this is 

thin in consistency [17,112].  

BV is associated with reproductive and obstetric complications, like increased risk of 

acquiring pelvic inflammatory disease, or having spontaneous abortion, preterm delivery, low 

birth weight newborns, and postpartum endometritis [105,106].  
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Vaginal biofilms play a key role not only in BV pathogenesis, but also in its treatment failure, 

with recurrences (chronicity). The biofilm’s structure prevents from antimicrobial penetration 

in the matrix and the contact with the microorganisms. Simultaneously,  an increase in 

resistance to antibiotics is observed, resulting in treatment failures [102,105,106,108,113].  

Other treatment options for BV include alternative antimicrobial agents or agents that 

modify the pathological vaginal environment while formulation strategies have also been 

proposed to improve the efficacy of vaginally applied products. The main goals of these 

treatments are either to destroy biofilms, to eradicate pathogens and/or to re-establish the 

healthy commensal flora. 

 

1.3.2. Standard antimicrobial treatment 

International guidelines propose treating women diagnosed with BV with antibiotics 

(metronidazole (MET), clindamycin (CLIN) or alternatively tinidazole (TI)) orally or 

intravaginally (table 1) [15,114–117].  

 

Table 1: International guidelines for treatment of BV 

Guidelines for the Management of 
Sexually Transmitted Infections [114] 

Standard 
regimens 

MET, 400 or 500mg orally, twice daily for 7 
days 

Alternative 
regimens 

MET, 2g orally, single dose, OR 
CLIN cream (2%), 5g intravaginally for 7 
days 
MET gel (0.75%), 5g twice daily, 
intravaginally for 5 days 
CLIN, 300mg orally, twice daily for 7 days. 

 
 
UK National Guideline for the 
management of Bacterial Vaginosis  
[115] 

Standard 
regimens 

MET 400 mg orally, twice daily for 5-7 
days, OR 
MET 2 g orally, single dose, OR 
Intravaginal MET gel (0.75%), once daily 
for 5 days, OR 
CLIN cream (2%) intravaginally, once daily 
for 7 days. 

Alternative 
regimens 

TI 2 g orally, single dose, OR 
CLIN 300 mg orally, twice daily for 7 days.  

 
 
 
Sexually Transmitted Diseases 
Treatment Guidelines  [116] 

Standard 
regimens 

MET 500 mg orally, twice a day for 7 days, 
OR 
MET gel (0.75%) 5g intravaginally, once 
daily for 5 days, OR 
CLIN cream (2%) 5g intravaginally, once 
daily for 7 days. 

Alternative 
regimens  

TI 2 g orally, once daily for 2 days, OR 
TI 1 g orally, once daily for 5 days, OR 
CLIN 300 mg orally, twice daily for 7 days, 
OR 
CLIN ovules 100 mg intravaginally, once 
daily for 3 days. 

 
 
Australian STI Management guidelines 
for use in primary care [117] 

Standard 
regimens 

MET 400 mg orally, twice daily for 7 days, 
OR 
MET (0.75%) gel intravaginally, 5 g once 
daily for 5 days, OR 
CLIN (2%) vaginal cream intravaginally, 5 g 
once daily for 7 days, OR 
CLIN 300 mg orally, twice daily for 7 days. 

Alternative 
regimens 

MET 2 g orally, single dose, OR 
TI 2 g orally, single dose.  
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In the oldest guideline the standard regimen was limited to MET, while in the most 

recent guidelines intravaginal administration was added to standard regimen.  MET remains the 

most commonly used antimicrobial agent for the treatment of BV [104,118]. MET was superior 

to CLIN for Prevotella spp., Bacteroides spp., Peptoniphilus spp., Anaerococcus tetradius and 

Finegoldia magna. CLIN had greater activity against Atopobium vaginae, G. vaginalis and 

Mobiluncus spp. compared to the nitroimidazoles. Moreover, nitroimidazoles have no in vitro 

activity against lactobacilli while CLIN has activity against these beneficial microorganisms 

[118]. 

A systematic review of trials concluded that CLIN and MET, using either oral or vaginal 

formulations, showed identical efficacy to treat BV at two weeks and one month follow up and 

also that CLIN tended to cause a lower rate of adverse events than MET [119]. 

Tinidazole is a second-generation nitroimidazole with a longer half-life than 

metronidazole (12–14 h and 6–7 h, respectively) and with a better adverse effect profile [104]. 

Different studies suggest lack of efficacy of traditional antimicrobial treatments and 

high recurrence rates of BV due to their inability to eradicate the vaginal biofilm completely 

and/or to their negative impacts of antibiotics on healthy vaginal microflora [109]. 

Recurrence rates of 30% and 76% within 4 weeks and 6 months, respectively, after 

treatment with standard antimicrobials, respectively, had been described [5,120].  

Furthermore, a recent study concludes that metronidazole (MET) can’t disintegrate the existing 

G. vaginalis biofilms and the viability remained fully intact after 40 h of action in concentration 

of 0.1 mg/mL and higher [121]. 

Single dose therapies have lower cure rates than prolonged treatment [15]. 

In the “European (IUSTI/WHO) International Union against sexually transmitted 

infections (IUSTI) World Health Organisation (WHO) guideline on the management of vaginal 

discharge” dequalinium chloride was introduced as an alternative regimen to antibiotics [15].   

 

1.3.3 Alternative treatments 

Several studies reported the potential of alternative treatments (table 2).  
 
 

 

 
 
European International Union against 
sexually transmitted infections (IUSTI) 
World Health Organisation (WHO) 
guideline on the management of vaginal 
discharge (2018) [15] 

Standard 
regimens 

MET 400–500 mg orally twice daily for 5–
7 days 
MET gel (0.75%), intravaginally, once daily 
for 5 days 
CLIN cream (2%), intravaginally, once 
daily for 
7 days 

Alternative 
regimens 

MET 2 g orally, single dose 
TI 2 g orally, single dose 
TI 1 g orally, for 5 days 
CLIN 300 mg orally twice daily, for 7 days 
Dequalinium chloride 10 mg vaginal tablet 
one daily, 
for 6 days 
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Table 2 Alternative treatments for BV 

Group  Examples  Activity  

Other antimicrobials  Rifaximin Inhibit the growth of various BV-related bacteria (Atopobium 
vaginae, Prevotella, Megasphaera, Mobiluncus and Sneathia) 

Secnidazole Antimicrobial activity against BV-associated bacteria 

Antimicrobial 
peptides 

Retrocyclin Inhibit the activity of vaginolysin and decrease the biofilm 
formation 

Subtilosin Inhibit the growth of G. vaginalis by forming pores in the cell 
membrane 

Antiseptics Dequalinium chloride Large spectrum antibacterial activity, acting by non-
specifically disrupting cell membrane Povidone iodide 

Hydrogen peroxide 

Chlorhexidine 

Octenidine  

Surfactants Cocoamphopropionate  Large spectrum antibacterial properties  
Natural Compounds Prangos ferulacea Several pharmacological activities depending on the plant: 

inhibition of the growth of G. vaginalis, antibiofilm activity or 
alleviating the symptoms (such as vaginal itching, burning 
sensation, odor, dysuria, and dyspareunia) 
 
 

Myrtus communis 

Berberis vulgaris 

Zataria multiflora 

Thymus vulgaris 

Eugenia caryophyllus 

C. officinalis 

Tribulus terrestres 

Myrtus commuis 

Foeniculum vulgare 

Tamarindus indica 

Thymbra capitata 

Artemisia princeps 
Pamp. 

Acidifying agents Vitamin C Lower pH below 4.5, re-establishing the normal vaginal pH  

Lactic acid  

Polycarbophil 

Boric acid 

Probiotics L. reuteri  Re-establish saprophytic vaginal flora  

L. rhamnosus  

L. plantarum 

L. crispatus 

L. fermentum 

L. gasseri 

L. brevis 

L. acidophilus 

Prebiotics  Fructooligosaccharides Promote the selective growth of beneficial microorganisms 

Sugar alcohols 

Galacto-
oligosaccharides 

Lactulose 

Raffinose  

Other substances Nifuratel Antimicrobial activity on G. vaginalis and A. vaginae  

Benzoyl peroxide Effective against G. vaginalis 

DNase Inhibit the G. vaginalis growth, acting on the biofilm 
extracellular DNA that is essential to maintain the structural 
integrity 
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Figure 1. Summary of standard and alternative treatments for BV 

 

1.3.3.1. Other antimicrobials 

1.3.3.1.1. Rifaximin 

Rifaximin, a rifamycin derivative, has been tried as vaginal tablets with 25 mg for 5 days 

and achieved a cure rate of 48% 7–10 days after the end of therapy, significantly higher 

(p=0.04) than that of placebo (19.0%) [122].  Rifaximin can reduce the growth of various BV-

related bacteria (Atopobium vaginae, Prevotella, Megasphaera, Mobiluncus and Sneathia) 

being A. vaginae and Sneathia the most susceptible [123]. Rifaximin treatment was associated 

with an increase in the Lactobacillus spp./BV-related bacteria ratio, as well as with an increase 

in LA concentration and a decrease of metabolites typically produced by BV-related bacteria 

[124]. 

 

1.3.3.1.2. Secnidazole  

Secnidazole is a next-generation 5-nitroimidazole and differs from MET and TI in the 

groups attached to the ring nitrogen adjacent to the nitro group. Secnidazole is characterized by 

potent in vitro antimicrobial activity against BV-associated bacteria, as well as prolonged 

elimination (half-life), which allow a single dose treatment unlike other nitroimidazoles that 

require daily dosing. A single 2-g oral dose of secnidazole results in plasma concentrations of 

secnidazole that are maintained above the MIC of BV-associated pathogens for longer than 72 h 

[125]. Secnidazole has similar in vitro activity against the range of BV related microorganisms 

compared to MET or TI and it has no harmful activity on lactobacilli (MIC90>128μg/ml) 

[118,125]. After a single oral dose 2 g of secnidazole the cure rates achieved in BV in two 

different studies sere similar: 58.9% (n=125), compared to 24.6% of placebo (n=64)  and 67.7% 

(n=52) compared to 17.7% of placebo (n=52) [126,127].  
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1.3.3.2. Antimicrobial peptides: Retrocyclin and subtilosin 

The potential of antimicrobial peptides to treat BV has been studied.  

Retrocyclins are cyclic antimicrobial peptides with broad spectrum activity [121]. In an in vitro 

study, synthetic retrocyclin (RC-101) inhibited biofilm formation but not planktonic growth of 

G. vaginalis. RC-101 also inhibited the activity of vaginolysin (toxin produced by G. vaginalis) 

and decreased the biofilm formation, so it is a promising candidate agent for BV prevention 

[128].  

Subtilosin is a cyclic anionic peptide produced by Bacillus subtilis and Bacillus 

amyloliquifaciens. In non-clinical studies, subtilosin-containing hydrogels were shown to 

inhibit the growth of G. vaginalis while not significantly inhibiting Lactobacillus spp. Subtilosin 

promoted the death of G. vaginalis by forming pores in the cell membrane, resulting in an efflux 

of ATP [121,129].  

 

1.3.3.3. Antiseptics 

Antiseptics (including dequalinium chloride, povidone iodide, hydrogen peroxide, 

chlorhexidine, octenidine) have been used to treat vaginal infections during several decades, 

since they have large spectrum antibacterial activity, acting by non-specifically disrupting cell 

membrane [130].  

The vaginal administration of dequalinium chloride is a convenient option for empiric 

therapy of different vaginal infections since it is an antiseptic agent with a broad bactericidal 

and fungicidal activity and the systemic absorption is very low [131]. Weissenbacher et al. 

showed in a randomised trial (n=321) that dequalinium chloride vaginal tablets have equivalent 

efficacy to CLIN vaginal cream in the treatment of BV. Cure rates with dequalinium chloride 7 

days after the end of treatment (81.5%) were similar to CLIN (78.4%) [132]. 

The vaginal administration of a chlorhexidine sustained-release gel is also an effective 

and well-tolerated treatment of BV. In a randomised trial, four weeks after the treatment, the 

cure rate in the group treated with chlorhexidine 0.5% vaginal gel was 93% comparing to 74% in 

the group treated with metronidazole vaginal tablets 500 mg [133]. 

Octenidine and phenoxyethanol as aqueous solution spray proved to be as effective as 

the standard therapy with MET in BV treatment [134]. Less promising results were achieved by 

Swidsinski et al in a clinical trial (n=44) using octenidine as it showed to be initially highly 

effective in BV treatment, but the efficacy of repeated and prolonged treatment led to bacterial 

resistance [135]. 

 

1.3.3.4. Surfactants  

Surfactants are characterised by having an hydrophilic portion and an hydrophobic 

portion which give them antibacterial properties [121]. 

In a controlled randomized clinical trial, the administration of pessary containing an 

amphoteric surfactant (cocoamphopropionate) was found to reduce biofilms after MET 
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treatment but did not prevent the recurrence. In the group who received pessary containing the 

amphoteric surfactant after MET therapy, 86.7% of women were considered healthy, according 

to Nugent classification, at visit 4 [136]. Furthermore, in vitro, the application of sodium 

cocoamphoacetate led to the disintegration of existing G. vaginalis biofilms and it was able to 

increase the effect of MET [121]. The emulsifier lecithin had little effect in preventing biofilm 

formation and no effect in disrupting pre-existing G. vaginalis biofilms, in vitro [121]. 

 

1.3.3.5. Natural Compounds  

Traditionally, plants have been used for the treatment of vaginal infections [137].  

Natural compounds such as Prangos ferulacea, Myrtus communis, Berberis vulgaris 

and Zataria multiflora, can be used in combination with MET improving the efficacy of 

antimicrobial therapy and reducing the recurrence of BV [138–142].  

Plant-derived therapies can also be combined with probiotics to treat BV. In a recent 

observational study, the administration of vaginal capsules containing Thymus vulgaris, 

Eugenia caryophyllus, Lactobacillus fermentum LF10 and Lactobacillus plantarum LP02 

improved the signals and symptoms and reestablished flora in 80.0% of cases with BV. This 

indicates a selective action of these plant extracts and probiotics as they are active against BV-

related bacteria but not against lactobacilli [143]. 

Likewise, in a randomized trial (n=80), Pazhohideh et al. proved that Calendula 

officinalis extract‑based cream was an effective alternative to standard antimicrobial treatment. 

One week after the intervention, all women in both groups (group treated with C. officinalis 

extract‑based cream or group treated with MET vaginal cream) were free of symptoms, such as 

vaginal itching, burning sensation, odor, dysuria, and dyspareunia [144]. 

Boselli et al. demonstrated that suppositories and cream with Triticum vulgare extract 

are effective to treat BV (therapeutic success of 98.8%) [145].  

Additionally, Baery et al. in their trial (n=127) reported that suppositories containing a 

mixture of Tribulus terrestres, Myrtus commuis, Foeniculum vulgare and Tamarindus indica 

are as effective as MET suppositories to relieve BV symptoms. Fourteen days after intervention, 

in the group treated with herbal suppositories 14.06% of women presented discharge odour, 

3.1% presented cervical inflammation and 12.5% presented pelvic pain, comparing to 7.9%, 9.5% 

and 11.5%, respectively, in the group treated with MET [146]. 

Furthermore, Thymbra capitata EO and its main compound carvacrol exhibited potent 

antibacterial activity (in vitro) against G. vaginalis and showing antibiofilm action. Lactobacilli 

demonstrated a significantly higher tolerance to the Thymbra capitata EO than G. vaginalis 

(MIC of lactobacilli (1.25–2.50 μL/mL) was near tenfold higher than G. vaginalis) [147]. 

Similarly, Artemisia princeps Pamp. EO and its constituents eucalyptol and α-terpineol were 

found to inhibit the growth of G. vaginalis [148]. Moreover, thymol (present in thyme EO) has 

demonstrated in vitro an inhibitory effect on newly formed and mature G. vaginalis biofilms 

[121,149]. Thymol is a small hydrophobic molecule able to interact with the lipid bilayer of 

membranes, promoting the loss of integrity and the leakage of cellular material. It also impairs 
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the mechanisms of the initial phase of attachment to the substrate, acting in the initial stages of 

biofilm organization [149]. 

 

1.3.3.6. Acidifying agents 

The physiologic pH of the vagina is defined as acidic (generally less than 4.5) during the 

reproductive years. Acidification can be also a strategy to treat BV, because most BV-causing 

bacteria cannot grow at a pH below 4.5 and the acidic environment facilitates the growth of 

Lactobacillus species [109,150]. The low pH strongly disturbs biofilm formation and integrity of 

G. vaginalis biofilms even the already established ones [121]. 

The failure to achieve vaginal acidification after antibiotic therapy can be associated 

with BV recurrence [151].  

Some vaginal acidifiers such as vitamin C, LA, polycarbophil or boric acid (BA) were 

incorporated in the form of gels, suppositories or tablets, although there is controversy 

regarding the efficacy in the treatment and prevention of BV [5,109,150].  

Women with BV were treated with an aqueous gel formulated at pH 3.9, with potent 

buffering capacity. The product, containing Carbopol 974, was originally a 

microbicide/spermicide that has completed phase I safety for contraceptive and sexually 

transmitted diseases prevention trials in which it was verified a significant decrease in BV 

prevalence after its use, so the potential to treat BV was subsequently investigated. This gel 

applied vaginally once a day for 6 days appears to be a well-tolerated and moderately effective to 

treat BV. The cure rate was 70% (n=7) at 2–3 days after treatment and 40% (n=4) one month 

after treatment  [152]. 

BA has been used for years to treat vaginal infections, since it is a potent microbicide, 

promotes the acidification of vaginal fluid and has little absorption from the vagina [153,154]. In 

a trial involving 53 women diagnosed with BV, two formulations containing BA achieved clinical 

cure rates of BV about 50%. Each formulation also contained EDTA, which enhance the 

antimicrobial activity of BA and provide superior antibiofilm potency against G. vaginalis 

biofilm while sparing protective lactobacilli [155]. The potential of BA to treat BV was also 

confirmed by Reichman et al. which hypothesized that BA might remove bacterial mucus or 

biofilm facilitating direct contact of antimicrobials with pathological bacteria. Women with 

recurrent BV were treated with oral nitroimidazole during 7 days, followed by 21 days of 

intravaginal BA (600 mg/day). The cure rates after nitroimidazole and BA therapy were 88% 

and 92%, 7 and 12 weeks, respectively, after starting treatment [156].  

Polycarbophil is a weak polyacid with buffer capacity near its pKa (4.3) so it can re-

establish the acid pH of the vagina. A mucoadhesive vaginal gel constituted by polycarbophil 

and carbopol (a carbomer) proved to be an effective treatment for BV (cure rates after 6 week of 

treatment were 93% in the intervention group and 6% in the placebo group) [157]. 

A single study enrolling 142 women was designed to use 250 mg ascorbic acid vaginal tablets on 

6 days per month for 6 months after successful treatment of BV with MET or CLIN. This 
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strategy decreased by half the risk of recurrence (recurrence rate for placebo was 32.4% and for 

vitamin C group was 16.2% (p = 0.024)) [158]. 

Since the LA production by lactobacilli is a mechanism that prevents the growth of 

pathogenic microorganisms it is expected that its administration can normalize vaginal 

dysbiosis [5]. In a trial involving 123 women, Bahamondes et al. verified that a soap containing 

LA used for external intimate hygiene can reduce BV recurrence after treatment with oral MET. 

The rate of recurrence of BV was 19.0%, 24.2% and 7.1%, 30, 60 and 90 days after starting 

treatments, respectively  [159]. Decena et al. in a in vivo trial (n=90 women) concluded that the 

treatment with LA vaginal gel combined and MET administered orally had lower rate of 

recurrences and promoted the lactobacilli colonization, comparing to MET alone. After a week 

of treatment, only 3% of women in the LA group, 4% in the MET group, and 0% in the 

combination group were positive for clue cells. Moreover, within the period from day 15 to day 

56, 6.7% of those given LA gel, 14.3% in the MET arm, and 3.6% in the combination arm, were 

observed to have recurrent vaginal discharge [160].  

By contrast, other studies indicate that acidifying agents are ineffective in treating BV. 

Holley et al., in a trial (n=44), reported that vaginal acidification with an acetic acid gel (pH 3.9 

to 4.1) was ineffective to treat BV [161]. Furthermore, Simoes et al. proved that acid-buffering 

gel was significantly less effective than high-dose MET gel for the treatment of symptomatic BV. 

At the first follow-up visit (7-12 days after treatment), 88% of the women in the MET group were 

cured compared with only 23% in the acid-buffered gel group (P<0.001) [150]. Additionally, 

Boeke and colleagues demonstrated in a randomized clinical trial that the cure rates two weeks 

after the treatment with LA suppositories were 49%, comparing to 89% in the group treated 

with MET and 47% in the placebo group [162]. 

 

1.3.3.7 Probiotics 

The administration of probiotics has been used for the maintenance and 

reestablishment of an healthy vaginal microbiome [17,163,164].  

Lactobacillus strains commonly used as probiotics are L. reuteri RC-14, L. fermentum, 

L. gasseri, L. rhamnosus GR-1, L. brevis, L. acidophilus, L. crispatus, and L. plantarum 

administrated orally or intravaginally [2,163].  

While vaginal application is understood as a direct strategy for rebalancing the local 

microbiota, oral administration represents an indirect route for the protective microorganisms 

to benefit the vaginal environment. For the later, probiotics shall resist the conditions of the 

gastrointestinal tract (frequently achieved through formulation strategies) and they are believed 

to either stabilize the intestinal environment concerning protective microorganisms, or the 

ability to reach the vagina after rectal excretion. Oral capsules have been used as dosage forms 

to administer vaginal probiotic strains in clinical trials with positive results in the treatment of 

BV [165–167].   

Lactobacilli exhibited phenotypic surface properties (aggregation, adhesion and biofilm 

formation) that were specific for each strain. Terraf et al. studied the phenotypic and genetic 

characteristics of lactobacilli isolated from human vagina and concluded that L. reuteri CRL 
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1324 and L. reuteri CRL 1327 showed high auto-aggregation, adhesion to mucin and biofilm 

formation ability. The genes of these strains encoded three adhesion proteins [168].  

Furthermore, Gregorio et al. reported that co-aggregation (a process in which different 

micro-organisms become attached to one another via specific molecules) is a strain specific 

phenomenon. When lactobacilli form co-aggregates with pathogens, homeostasis could be 

restored, allowing the elimination of pathogens, partially explaining the efficacy of probiotics to 

treat vaginal infections, such as BV [169].In their study Hutt et al. aimed to characterize and 

compare the probiotic potential between different Lactobacillus species. Most of L. crispatus 

(89%) and L. jensenii (86%) strains produced hydrogen peroxide. The best LA producers were 

L. gasseri (18.2±2.2 mg/mL) followed by L. crispatus (15.6±2.8 mg/mL) and L. jensenii 

(11.6±2.6 mg/mL). Additionally, they found that there was no significant difference in 

antagonistic activity against G. vaginalis between strains of these three Lactobacillus species 

[170]. Castro et al. showed that preadhering Lactobacillus crispatus to HeLa epithelial cells 

reduced the cytotoxicity of G. vaginalis, reducing the expression of vaginolysin and sialidase 

transcripts 2.58-fold and 1.89-fold, respectively [171]. 

Santos et al. evaluated the in vitro probiotic potential of 23 lactobacilli isolated from the 

vaginal ecosystem of healthy women. Most strains showed high co-aggregation rates with G. 

vaginalis and L. fermentum 137 showing the best co-aggregation ability (97.5%). This feature 

reflects the ability of Lactobacillus spp. To surround G. vaginalis and prevent it from adhering 

to the epithelium. Additionally, Lactobacillus spp. Can form biofilms, which promote 

colonization and prevent pathogenic microorganisms from adhering to the epithelium, by 

competing directly with them. According to this research, this characteristic is particularly 

relevant in L.gasseri 202 and L. fermentum 137, which were classified as “very strong” and 

“strong” biofilm producers, respectively. Lactobacilli presents excellent ability to adhere to 

monolayers of HeLa cells. Among them L.fermentum 197 presents the highest potential to 

colonize the epithelium [172].  

Probiotics may be incorporated into solid dosage forms (capsules, tablets) or even into 

vaginal rings. These are low moisture content dosage forms, being the former an important 

requirement for lactobacilli viability maintenance throughout storage [173]. Other factors to 

take into account in the development of the formulation are the dosage (amount of bacteria per 

unit) and the maintenance of viability during the storage period that can be analysed by stability 

studies [4]. In fact, the effectiveness of probiotic products depends on the number of viable cells 

per administration. The incorporation of the probiotic in a formulation ensuring an effective 

and sustainable release through the matrix and the maintenance of viability over the storage 

time may be a challenge [174]. Tomás et al. concluded that the encapsulation (by extrusion-ionic 

gelation) and freeze-drying in the presence of lyoprotectors and subsequent storage in 

refrigeration conditions favoured the maintenance of vaginal L. reuteri CRL 1324 viability and 

efficacy [175]. 

There is still some controversy regarding the use of probiotics as main or adjuvant 

therapy (in combination with antimicrobial agents) for the treatment of vaginal infections. A 

recent meta-analysis concluded that the currently limited evidence does not support that MET 



 

 20 

combined with probiotic supplementation is more effective than MET alone for the treatment of 

BV [176]. However, two other meta-analyses conclude that although the evidence is limited and 

weak, probiotics show a beneficial effect as alternatives or co-treatments of BV [48,177].  

Several clinical studies are presented in table 3. 

Further studies are needed to confirm the efficacy and safety of this therapeutic 

strategy, using an appropriate sample size and experimental design.  

 
Table 3 Clinical studies about the efficacy of probiotics in BV treatment 

Article  Route  Dosage 
form  

Posology Species Principal findings  

Effects of BV-
Associated 
Bacteria and 
Sexual 
Intercourse on 
Vaginal 
Colonization with 
the Probiotic 
Lactobacillus 
crispatus 
CTV-05  

Vaginal  Suppository  Women diagnosed 
with BV were treated 
with MET gel for 5 
days. 24 to 72 h after 
antimicrobial a part 
of these initiated 
administration of 
LACTIN-V once daily 
for 5 consecutive 
days. Subsequently 
administration was 
repeated on days 12 
and 19.  

L.  
crispatus 
CTV-05 

44 % of BV cases were 
colonized with CTV-05 
at 28 days, and cases 
not colonized had 
higher median 
concentrations of BV-
associated bacteria 
[178]. 

Effectiveness of 
Lactobacillus-
containing 
vaginal tablets in 
the treatment of 
symptomatic 
bacterial 
vaginosis 

Vaginal  Tablet  Patients with BV 
received either one 
Lactobacillus-
containing tablet or 
placebo daily for 7 
days 

L. brevis 
(CD2), L.  
salivarius 
(FV2) and 
L. 
plantaru
m (FV9) 

Two weeks after 
completion of therapy, 
treatment was 
successful in 61% of 
Lactobacillus-treated 
patients as compared 
with 19% of those in 
the placebo group (p 
<0.05) [179]. 

Restoring vaginal 
microbiota: 
biological control 
of bacterial 
vaginosis. A 
prospective case–
control study 
using 
Lactobacillus 
rhamnosus BMX 
54 as adjuvant 
treatment against 
bacterial 
vaginosis  

Vaginal  Tablet Patients selected 
were divided in 
Group A (MET 500 
mg orally twice a day 
for 7 days) and 
Group B (undergoing 
the same standard 
antibiotic regimen 
followed by vaginal 
tablets containing 
Lactobacillus 
rhamnosus BMX 54 
once a day for 10 
days, twice a week 
for 15 days, and once 
every 5 days for 7 
months as 
maintenance 
therapy.) 

L. 
rhamnos
us BMX 
54 

Probiotic 
supplementation  
seems to be useful in 
hindering bacteria 
growth after antibiotic 
therapy (Vaginal flora 
was significantly 
replaced and pH 
decreased) [9]. 

Effectiveness of 
the Two 
microorganisms 
Lactobacillus 
fermentum LF15 
and Lactobacillus 
plantarum LP01, 
Formulated in 
Slow-release 
Vaginal Tablets, 

Vaginal   Slow 
release 
tablet 

Once a day for 7 
consecutive nights, 
followed by 1 tablet 
(400 million live 
cells per dose) every 
3 nights for a further 
3-week application 
(acute phase) and, 
finally, 1 tablet per 
week to maintain a 

L. 
fermentu
m LF15, 
L. 
plantaru
m LP01 

L. fermentum LF15 
showed the strongest 
in vitro inhibitory 
activity towards G. 
vaginalis ATCC 10231 
after both 24 and 48 h. 
L. fermentum LF15 
and L. plantarum 
LP01, significantly 
reduced the Nugent 
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in 
Women Affected 
by Bacterial 
Vaginosis - A 
Pilot Study 

long-term vaginal 
colonization against 
possible recurrences 

score below 7 after 28 
days in 91.7% of 
patients (P<0.001) 
[180].  

Observational 
prospective study 
on Lactobacillus 
plantarum P 
17630 in the 
prevention of 
vaginal 
infections, during 
and after systemic 
antibiotic therapy 
or in women with 
recurrent vaginal 
or 
genitourinary 
infections  

Vaginal  Capsule  One vaginal capsule 
per day for 6 days, 
then a capsule per 
week for 16weeks 
were administrated 
after systemic 
antibiotic therapy 

L. 
plantaru
m P 
17630 

This observational 
study suggested that 
Lactobacillus 
plantarum may reduce 
the frequency of 
genitourinary infection 
after antibiotics 
treatment for bacterial 
respiratory tract 
infections and in 
women with recurrent 
vaginal 
infection or bacterial 
genitourinary 
infections after 
standard treatment for 
the conditions, 
however results were 
not statistically 
significant [181]. 

Efficacy and 
safety of vaginally 
administered 
lyophilized 
Lactobacillus 
crispatus IP 
174178 in the 
prevention of 
bacterial 
vaginosis 
recurrence  
 

Vaginal  Capsule After oral 
metronidazole 
treatment (1 g/day 
for 7 days) patients 
were randomised to 
receive vaginal 
capsules of probiotic 
or placebo once a 
day, for 14 days over 
the first two 
menstrual cycles and 
another 14 days of 
the same treatment 
for the following two 
menstrual cycles 

L. 
crispatus 
IP174178 

During the treatment 
period, 41% of patients 
in the placebo group 
had at least one 
recurrence versus 
20.5% in the probiotic 
supplementation group 
(P = 0.0497). The time 
to recurrence was 
longer in the probiotic 
supplementation group 
(3.75±0.16 months) vs. 
the placebo group 
(2.93±0.18 months) (P 
= 0.0298) [182]. 

Vaginal 
colonisation by 
probiotic 
lactobacilli and 
clinical outcome 
in women 
conventionally 
treated for 
bacterial 
vaginosis and 
yeast 
infection  

Vaginal  Capsule Trial I: Women with 
BV were treated with 
clindamycin and 
metronidazole 
followed by probiotic 
capsules, for 5 
consecutive days 
after each antibiotic 
treatment. 
Trial II: women with 
BV receiving 
clindamycin and 
metronidazole 
treatment together 
with a prolonged 
administration of 
probiotic capsules 
(10 consecutive days 
after each antibiotic 
treatment followed 
by weekly 
administration of 
capsules for next four 
months) 

L. 
rhamnos
us DSM 
14870 
and L. 
gasseri 
DSM 
14869 

Cure rates for BV was 
50% and 67% in 6-
months for trial I and 
trial II, respectively 
[183]. 

Augmentation of 
antimicrobial 
metronidazole 
therapy of 

Oral  Capsule  Women with BV 
were treated with 
oral metronidazole 
(500 mg) twice daily 

L. 
rhamnos
us GR-1 
and 

88% were cured in the 
antibiotic/probiotic 
group compared to 
40% in the 
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bacterial 
vaginosis with 
oral probiotic 
Lactobacillus 
rhamnosus GR-1 
and Lactobacillus 
reuteri RC-14: 
randomized, 
double-blind, 
placebo 
controlled trial  

from days 1 to 7, and 
randomized to 
receive oral probiotic 
or placebo twice 
daily from days 1 to 
30 

Lactobaci
llus 
reuteri 
RC-14 

antibiotic/placebo 
group (p< 0.001) [167]. 

Improved cure of 
bacterial 
vaginosis with 
single dose of 
tinidazole (2g), 
Lactobacillus 
rhamnosus GR-1, 
and Lactobacillus 
reuteri RC-14: a 
randomized, 
double-blind, 
placebo-
controlled trial 

Oral  Capsule  After receive a single 
dose of TI (2g) 
patients were divided 
into 2 groups: 
placebo group and 
probiotic group. Two 
capsules were 
administered every 
morning for 4 weeks.  

L. 
rhamnos
us GR-1 
and L. 
reuteri 
RC-14 

After 4 weeks, the 
probiotic group had a 
significantly higher 
cure rate (87.5%) of BV 
than the placebo group 
(50.0%) [166]. 

Supplementation 
of standard 
antibiotic therapy 
with oral 
probiotics for 
bacterial 
vaginosis and 
aerobic vaginitis: 
a randomised, 
double-blind, 
placebo 
controlled trial  

Oral  Capsule  One probiotic or 
placebo capsule was 
administered 
together with 
metronidazole twice 
daily for 10 days. 
During follow up, 
patients took one 
capsule daily for 10 
days 
perimenstrually.  

L. 
fermentu
m 57A, L. 
plantaru
m 57B, L. 
gasseri 
57C 

Probiotic use reduced 
and maintained low 
vaginal pH and Nugent 
score and lengthened 
the time to clinical 
relapse [165]. 

 
 

1.3.3.8. Prebiotics 

The administration of prebiotics (substances that promote the selective growth of 

beneficial microorganisms) is a strategy that allows reestablishment of a healthy vaginal flora 

[184–186].  

Fructooligosaccharides, sugar alcohols, galacto-oligosaccharides, lactulose, and 

raffinose are examples of prebiotics that selectively promote the growth of Lactobacillus spp. 

[185,186].  

Rousseau et al. showed the  in vitro capacity of oligosaccharides to selectively promote 

the growth of vaginal lactobacilli and so their potential to be used as substrate by protective 

bacteria while the commonest vaginal pathogens can not metabolize them [184].  

Posteriorly, Coste et al. concluded that a prebiotic vaginal gel containing alpha- 

glucooligosaccharides was able to improve the recovery of normal vaginal flora and to reduce 

the pH in women previously treated for BV with oral metronidazole. After 16 days of treatment, 

all subjects who received the prebiotic gel still showed normal Nugent scores (versus 24% in the 

placebo group) [187].  

Collins et al. in a research aimed to evaluate the prebiotic potential of lactitol, lactulose, 

raffinose and oligofructose in monocultures of commensal Lactobacillus crispatus, L. vaginalis, 
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L. gasseri, L. johnsonii, L. jensenii, and L. iners in addition to BV associated organisms showed 

that lactulose promoted commensal Lactobacillus spp. growth (including the strongly health-

associated L. crispatus) and resulted in decrease of pH partially through LA production, while 

antagonizing BV-related microorganisms. Although lactulose did not improve the viability of L. 

iners, it has been hypothesized that it was fermented by them to produce acidic metabolites. 

Lactitol was also fermented by vaginal lactobacilli and increased the proportional abundance of 

Lactobacillus spp. but did not re-establish an acidic pH. Although raffinose was fermented by 

several Lactobacillus strains, it did not directly stimulate lactobacilli and also antagonize L. 

iners [186]. 

Additionally, another study concluded that raffinose can be used by Trichomonas 

vaginalis, the vaginal parasite responsible for trichomoniasis. Therefore, raffinose does not 

appear to be promising as prebiotic [188]. Furthermore, oligofructose did not increase the 

proportion of lactobacilli, and it antagonized L. iners AB-1 in culture, so it also does not appear 

to be promising as prebiotic [186]. 

Lactoferrin, an iron-binding glycoprotein prebiotic with bacteriostatic and bactericidal 

properties, protect against infection by binding and regulating the iron needed for bacterial 

proliferation and by immunological processes. In an open prospective randomized trial (n=60) 

the administration of lactoferrin vaginal pessaries significantly decreased the occurrence of 

bacteria associated with BV and increased the occurrence of Lactobacillus species. The Nugent 

score reduced below the threshold of 7 in 92.8% of women treated with lactoferrin 200 mg 

[189]. The prebiotic potential of lactoferrin was confirmed by Russo et al. in a clinical trial 

(n=48) upon a probiotic mixture (Lactobacillus acidophilus GLA-14 and Lactobacillus 

rhamnosus HN001) with lactoferrin after MET oral therapy improve symptoms of BV, 

comparing to the group that received MET oral therapy and placebo [190]. These findings are 

supported by the research of Katsufumi Otsuki and Noriaki Imai, although, in this case, the 

study was carried out considering a very small number of patients (n=6) with refractory BV 

[191]. 

The efficacy of a gel containing 2% red clover extract, 10% inulin, and 10% fructo-

oligosaccharide combined with oral MET was compared with MET alone. The cure rate on the 

group treated with MET oral and prebiotic gel was 76% and in the control group (receiving MET 

oral and placebo gel) was 30%, 10 days after the end of treatment. This data shows this probiotic 

mixture is promising in the treatment of BV [192]. 

 
1.3.3.9. Other substances 

There are molecules used in the treatment of other pathologies whose potential in the 

treatment of BV has been investigated, such as nifuratel and benzoyl peroxide. Nifuratel is used  

to treat wide spectrum vaginal infections and it is active against BV related bacteria without 

affecting lactobacilli [193,194]. In vitro, nifuratel was more active on G. vaginalis and A. 

vaginae than metronidazole (MICs ranging from <0.125 to 4 µg/ml and from <0.125 to 1 µg/ml, 

respectively) [194]. It is reported that benzoyl peroxide encapsulated in a 

Polycarbophil/Carbopol 934P hydrogel was effective against G. vaginalis and was well tolerated 
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by Lactobacillus spp [195]. Additionally, Algburi et al. demonstrated that benzoyl peroxide can 

have a quorum sensing-mediated biofilm controlling effect [196]. 

Additional promising therapeutic agents for the treatment of BV include DNase which 

act on the biofilm extracellular DNA that is essential to maintain the structural integrity. In 

vitro, purified bovine pancreas DNase inhibited de novo biofilm formation and also liberated G. 

vaginalis from existing biofilms into the supernatant fraction without killing them, so the 

biofilm density decreased and the effect of antimicrobials was potentially enhanced [197]. 

 

1.3.4. Advances in the field of pharmaceutical technology to treat BV 

Advances in the field of pharmaceutical technology aim to improve the effectiveness of 

conventional treatments as well as overcome some disadvantages associated with vaginal 

administration of drugs. 

 

1.3.4.1. Formulation strategies  

Formulation strategies can contribute to improve the efficacy of conventional 

treatments by modifying the release of active substance, promoting synergistic effects with 

excipients, improving direct contact with pathogens, and enhancing drug retention and the 

adhesion to the vaginal tract epithelium.  

Local treatment of vaginal infections usually results in higher local drug concentrations 

with fewer side effects than the systemic therapy with the same drug by oral administration [17]. 

Treatment of infections is one of the main reasons to administrate products through the vaginal 

route [103,198]. However, leakage is one of the major disadvantages of vaginal route and it is 

associated with discomfort [198]. The anatomical and physiological characteristics of the vagina 

such as extensive surface area, the S shape of the vaginal canal, the hormonal changes during 

the menstrual cycle and the surface coating with vaginal fluid contribute to reduce the retention 

time and promote leakage. The inclusion of bioadhesive polymers in the development of dosage 

forms or delivery systems can overcome this limitation, resulting in a prolonged in situ 

residence [17,103].  

Bioadhesion means the attachment to biological tissue. Mucoadhesion is defined as a 

particular type of bioadhesion used whenever the biological tissue is mucosal membrane. 

Bioadhesive/mucoadhesive polymers used in vaginal dosage forms promote the intimate 

contact between the formulation and the vaginal epithelium. These include polyacrylates 

(carbomers and polycarbophil), cellulose derivatives (hydroxypropylmethyl cellulose,  

hydroxyethyl cellulose, hydroxypropyl cellulose), chitosan, sodium alginate, hyaluronic acid, 

pectin and natural gums [17,104].  

Besides the mucoadhesive properties, chitosan presents antimicrobial activity including 

against BV related bacteria [199].  Furthermore, it can promote disruption of P. aeruginosa 

biofilms that is not typically associated with BV but is an opportunistic pathogen occasionally 

isolated from vaginal smears, and often difficult to treat with conventional antibiotic therapy 

[200]. Moreover, chitosan-coated liposomes containing resveratrol were studied as a potential 
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treatment of BV. This strategy overcomes the limitation of solubility of resveratrol and allows a 

synergistic action of both molecules [201]. 

Polyacrylates, such as polycarbophil and carbomers, are particularly advantageous as 

excipients incorporated into formulations for the treatment of BV because as they are acid, they 

promote the correction of vaginal pH [17].  

Different formulation strategies were also developed to improve the efficacy of 

traditional MET therapy.  

The introduction of mucoadhesive polymers in MET gel to prolong the retention time 

has been studied. The combination of hydroxyethyl cellulose with chitosan or modified chitosan 

(5-methyl-pyrrolidinone-chitosan) is more mucoadhesive than the carbomer-based 

metronidazole commercial gel. The combination with modified chitosan is more mucoadhesive 

than the combination with chitosan since the amine groups are enclosed into a heterocyclic ring 

in 5-methyl-pyrrolidinone-chitosan determining less availability to link hydroxyethyl cellulose 

and consequently it presents increased ability to establish hydrogen bond with mucin chains 

[202]. 

Moreover, in situ gel formulations ware also developed. Ibrahim and colleagues 

developed poloxamer-based formulations (pluronic F-127 alone and in combination with 

pluronic F-68) containing MET. The final thermogelling system showed better mucoadhesion 

and higher cure rates than the marketed preparation used to establish a comparison. The 

viscosity of the final thermogelling system increases as the temperature increases, and it allows 

a free flow which facilitates the application of the required dose accurately and would result in 

good spreading and coating of the vagina. At 37 ºC the viscosity of the final thermogelling 

system is higher than the marketed product, avoiding leakage. Besides, Pluronic formulations 

might serve as a rate-controlling barrier, allowing the sustained release of MET [203].  

Similarly, other study reports that a thermo-sensitive gel containing MET achieved higher cure 

rates than the commercial product (80% versus 47% in the conventional gel (p=0.034)). Since 

the formulation is liquid before the administration it can be applied in an accurate and 

reproducible quantity and spread more easily. Besides, the bioadhesiveness of pluronics 

improves the intimacy of contact and increases the residence time. The in situ gel preparation 

promotes sustained-release of MET [204]. 

Furthermore, the design of pH-sensitive hydrogels is interesting since it would control 

any early change due to relapse of the infection, by controlling the drug release. pH-sensitive 

hydrogels are designed to undergo a volume phase transition (collapse or swelling) so in BV 

treatment an increase in pH will stimulate the release of the drug from the formulation [104]. 

The development of bigels is a strategy that also allows controlling the release of MET. 

Bigels are prepared by mixing hydrogel (aqueous solvent) and organogel (apolar solvent) in 

defined proportions. Singh et al. formulated a bigel containing carbopol 934 hydrogel as the 

external phase and sorbitan monostearate-sesame oil organogel as the dispersed phase. When 

the portion of organogel increases, MET is released in a controlled mode, on the other hand, 

when the proportion of the aqueous layer is higher the rate of release increases [205]. 

Liposomes have been developed to allow sustained release of MET [206–210].  
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Furthermore, liposomes improve the drug delivery to bacteria by promoting contact 

with the bacterial membrane, while avoiding permeation to the systemic circulation, reducing 

systemic side effects [206].  

Pavelic and colleagues designed liposomes with egg phosphatidylcholine and egg 

phosphatidylglycerol–sodium containing MET. To achieve adequate viscosity and to improve 

stability, liposomes were incorporated in a bioadhesive Carbopol gel. After 24 h of incubation in 

vaginal fluid simulant at 37 ºC, more than 50% of the originally entrapped metronidazole was 

still retained in the gel [210]. Similarly, Patel and Patel developed MET liposomes containing 

soy lecithin and cholesterol incorporated in Carbopol gel. They reported that 50% of the drug 

was released within 12 h, in comparison to 80% of drug released from a control  MET gel [209]. 

Studies are concordant and show that the incorporation of MET liposomes in Carbopol gel keeps 

the original particle size distribution and allows the prolonged release of MET by the gel which 

may be useful in the treatment of BV [209,210].  

Vanic et al. reports the liposomes in situ formation during the disintegration, 

dissolution or erosion of tablets. This delivery system combines the ability of liposomes to 

encapsulate and protect MET and the increased stability associated with dry compressed 

formulations [206]. 

In a preliminary study, Andersen et al. developed MET liposomes containing 

mucoadhesive polymers (pectin and chitosan) by the one-pot preparation method to increase 

the retention time on the mucosal surface.  Both pectosomes and chitosomes were found to 

entrap more metronidazole than conventional plain liposomes [211]. 

As described above the incorporation of MET into liposomes prevent the systemic 

absorption of drug. In vaginal infections the deeper epithelial layers are frequently affected. 

Therefore, the ability of the drug delivery system to reach these deep epithelial layers may be 

vital for therapeutic success.  Deformable liposomes contain phospholipids and substances 

responsible for increased deformability and malleability of bilayers, so they have improved 

penetration capacity, able to delivery MET more efficiently. Single chain surfactants act as edge 

activators, making the bilayer less rigid and more fluid, able to adapt the conformation allowing 

the liposomes to reach deeper layers. Surfactants used included sodium deoxycholate, Tween 

80, Span 60 and Span 80.  The safety of these formulations must be carefully evaluated because 

the surfactants may be toxic to the vaginal epithelium [207,208].  

 

1.3.4.2. Dosage forms 

Looking beyond traditional vaginal dosage forms such as tablets, capsules, 

suppositories, semi-solids (gels, creams) and liquid preparations new delivery systems such as 

rings and films have been developed [17]. 

Films are polymeric thin strips that dissolve or disperse in contact with vaginal fluids, 

forming a gel which spread and may adhere to the vaginal epithelium. Films are easy to apply 

and do not require an applicator. They are thin and solid so they do not increase significantly 

the volume of vaginal fluids, therefore the leakage and discomfort are reduced [17,103,212,213].  
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Hani and colleagues developed bioadhesive vaginal films that allow a prolonged release 

of MET using bioadhesive polymers such as chitosan and cellulose derivatives. [214] 

Furthermore, Dubaria and Mashru designed vaginal films of CLIN using hydroxypropyl 

cellulose, hydroxyethyl cellulose, xanthan gum and carrageen as bioadhesive polymers. Some of 

these films present desirable aesthetic and physicodynamic properties and with their use it is 

expected an improvement of compliance and the efficacy of BV treatment. [213] 

Substances to treat BV may be loaded in vaginal delivery devices, such as intravaginal 

rings, achieving controlled release of substances and reducing the frequency of application. 

These devices allow the controlled release of substances, reducing the frequency of application.  

Verstraete et al. reported that intravaginal ring of thermoplastic polyurethanes 

promotes LA  release over a period of 28 days and metronidazole release over 4-7 days [215]. In 

another research, intravaginal ring poly(e-caprolactone) matrices promote a rapid release of 

MET (35–55% of MET over 24 h) followed by a gradual release (80% of the drug content 

occurred over the following 12 days) when immersed in mVFS pH 4.2 [216]. Verstraelen et al. 

designed an intravaginal ring matrix consisting of a mixture of ethylene vinyl acetate and 

methacrylic acid-methyl methacrylate copolymer to load DL-lactic acid. This device is less rigid 

than the usual rings, promoting patients’ comfort although the expulsion risk is increased. More 

studies are needed to confirm if the amount of acid released is sufficient to obtain the desired 

prebiotic effect and if the L/D-lactic acid ratio is the more effective [217]. 

Moreover, vaginal rings can also load probiotics. Each silicone intravaginal ring was 

loaded with 10 tablets coated with poly(D,L-lactide) to form pods of Lactobacillus gasseri ATCC 

33323. The device release between 1.1-14×107 cells per day for up to 21 days [173]. 

 

1.4. Justification and aim of research  

The standard treatment of BV with antibiotics is associated with high levels of 

therapeutical failure. These can be explained by the incapacity to eradicate the BV multispecies 

biofilms, associated with the increasing resistance to antibiotics and the inability to penetrate in 

these structures, but also by failures in the reestablishment of physiologic vaginal environment 

(such as saprophytic flora and vaginal pH) after the antibiotic therapy.  

Similarly, in the treatment of VVC an increasing resistance to azoles was perceived as 

the result of years of their exclusive therapeutic use, sometimes inappropriate and 

indiscriminate, that allowed Candida spp. to develop resistance mechanisms. Moreover, the 

biofilm organization and the growing incidence of Non-albicans Candida that are intrinsically 

more resistant to azoles can also explain the recurrence of the disease.   

Vaginal infections are a high prevalent clinical condition that affects women at some 

point in their lives who will experience symptoms that cause discomfort and changes in 

everyday life with negative emotional impact. Therefore, it is emergent to develop alternative 

therapeutic approaches that can replace or be combined with the actual standard therapies to 

promote the efficacy of treatment and avoid recurrence. 

In the present research we aimed to explore alternative strategies for the treatment of 

VVC and BV that comprise alternative antimicrobial substances and innovation under a 
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pharmaceutical technology perspective. Specifically, we aimed to develop and characterize a 

bioadhesive sodium bicarbonate gel for the treatment of VVC and a vaginal sheet with Thymbra 

capitata EO for the treatment of BV.  
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Chapter 2 

 

Sodium bicarbonate gels: a new promising 

strategy for the treatment of vulvovaginal 

candidosis 
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2.1. Introduction 

 The antifungal potential of sodium bicarbonate (in applications other than vaginal fungal 

infections) has been reported. Shao et al reported the antifungal activity of sodium bicarbonate 

against C. albicans isolates using the broth microdilution method [84]. Sousa et al reported that 

a 5% sodium bicarbonate proved to be an effective disinfecting solution for dental prostheses, 

reducing Candida albicans’ adherence to acrylic resins, and reduction of 66% in the number of 

CFU/mL, was confirmed, comparing to the control [85]. Betscher-Bru et al reported the 

antifungal action of sodium bicarbonate against several agents that cause superficial cutaneous 

infections, including C. albicans [86]. Lastauskiene et al studied the potential of sodium 

bicarbonate to treat cutaneous fungal infections. They concluded that exposition of the yeast 

cells to MICs of sodium bicarbonate (5%) resulted in cell death mostly by the necrotic pathway 

while at lower concentrations sodium bicarbonate stimulated yeast to hyphae switching. These 

factors should be taken in consideration in treatments, since an accidental use of an insufficient 

concentration (lower than MIC) can result in exacerbation of VVC [218]. Likewise, Matare et al,  

testing isolates obtained from oral swabs of patients presenting with thrush has demonstrated 

that sodium bicarbonate in low concentrations (0mM to 30mM) induced tube germinative 

formation while at higher values, up to 50 𝜇M, a gradual decline in the percentages of cells with 

visible germ tubes was evident [219]. Faria-Gonçalves et al in a previous study of our research 

group reported pH-independent fungistatic action of sodium bicarbonate (MIC value against C. 

albicans 12.5 mg/ml (pH 8.97)) and that C. albicans’s virulence is attenuated in its presence 

(reduction of 93% in the cells producing hyphae in the presence of at least 2 times the MIC, 

when compared with cells not exposed to sodium bicarbonate). Moreover, in this study the 

antibiofilm activity of sodium bicarbonate was also reported (50% reduction in biofilm mass, 

when C. albicans cells were exposed to 15 times the MIC) [220]. On the other hand, Vanetini-

Mioso et al evaluated the effectiveness of several hygiene clinical protocols in reducing the 

microbial viability of biofilms collected from dentures and concluded that a 5% sodium 

bicarbonate solution cannot inhibit the C. albicans growth (results are similar to control in 

which the dentures were cleaned with water) [221]. Overall, sodium bicarbonate appears to have 

anti-Candida activity at certain concentrations, despite having no action on biofilms.  

 The use of sodium bicarbonate either in a bath or in vaginal irrigation for the treatment of 

cytolytic vaginosis was reported. [222–224] . Cytolytic vaginosis is often misdiagnosed as VVC, 

since these pathologies share many symptoms. The observation of the microscopic 

characteristics of vaginal discharge is vital for a correct diagnosis [222,225]. Being a physiologic 

component of the pH buffer solution, sodium bicarbonate is used as alkalinizing agent for the 

treatment of metabolic acidosis, diabetic ketoacidosis, pyrosis and dyspepsia, for the correction 

of electrolyte imbalances and also for the prevention and treatment of acute kidney injury [226–

230]. 

Some studies report the anti-Candida activity of castor oil. Castor oil has been used in 

oral cleansers (such as denture cleanser solutions and dentifrices), due to their in vitro capacity 

to control the growth of potential oral pathogenic microorganisms, including Candida albicans 
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[231–238]. Suubaar et al reported that methanolic and aqueous extracts of the leaves of R. 

communis presented a MIC of 12.5 mg/mL for C. albicans isolates [236]. 

In the present work, we aimed to study the potential of sodium bicarbonate, when 

incorporated in gel, to treat VVC and we characterized the technical and biological performance 

of trial products. We also aimed to study the influence of formulations factors on anti-Candida 

potential and in vitro performance, specifically the influence of excipients, such as the polymer 

and castor oil.  

 

 

2.2. Materials and Methods 

2.2.1. Materials  

For the preparation of gel formulations the following excipients were used: carbomer 

(Carbopol 940) (Lubrizol, United States of America); HPMC (Methocel K100 – viscosity 100000 

cP, 2% aqueous solution) (Dow, United States of America); sodium bicarbonate (purity level 

>99.7%) (Sigma, Germany); castor oil (E.J. Campos, Portugal); Polysorbate 80 (Sigma, 

Germany) and MilliQ water (obtained in house through a Merck Milli-Q® Reference 

equipment). For the preparation of the vaginal simulant the following excipients were used: 

sodium chloride (JT Baker, United States of America); potassium hydroxide (VWR Prolabo, 

France); calcium hydroxide (Acros Organics, United States of America); Bovine Serum Albumin 

(Sigma, Germany); lactic acid (Sigma, Germany); acetic acid (Fischer Scientific, United States of 

America); glycerol (Acofarma, Spain); urea (VWR Prolabo, France); glucose (VWR Prolabo, 

France) and porcine gastric mucin type II (Sigma, Germany). Reagents used in the cellular 

toxicity assay included Dulbecco's Modified Eagle Medium F12 (DMEM F12, Gibco); 3-(4,5-

dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT, Alfa Aesar); fetal bovine serum 

(FBS, Sigma-Aldrich); penicillin and streptomycin (Sigma, Sigma-Aldrich); phosphate buffer 

solution (PBS, VWR Chemicals); sodium dodecyl sulfate (SDS, VWR Chemicals) and 2-Propanol 

(Honeywell). 

 

2.2.2. Preparation of formulations  

We prepared 8 formulations containing sodium bicarbonate. The base formulations (A, 

B, C, D) contained sodium bicarbonate, water and gelling polymer (table 4).  

 

Table 4. Composition of formulations and placebos presented as % w/w (Note: formulations E-H are 
composed by formulations A-D as aqueous phase; hydrochloric acid was added to adjust the pH of 
formulation B1)  

Composition 

(%w/w) 

Formulation code 

A B B1 C D Placebo 
HPMC 

Placebo 
Carbomer 

E F G H 

NaHCO3 1 1 1 5 5       

HPMC  1 1  1 1      
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Carbomer 1   1   1     

Water 98 98 98 94 94 99 99     

HCl 5M   Enough 
to adjust 
pH as A 

        

A        93    

B         93   

C          93  

D           93 

Polysorbate 
80 

       2 2 2 2 

Castor oil        5 5 5 5 

 

Sodium bicarbonate was dissolved in water and then the polymer (carbomer or HPMC) 

was gradually dispersed using a helical stirrer (Heidolph RZR 2041, Heidolph Instruments 

GmbH & Co., Germany) at 500 rpm. 

Formulations E, F, G and H additionally contained castor oil and tween 80 (table 4). 

The respective base formulations were vigorously mixed with castor oil and polysorbate 80 at 

750 rpm during 15 min (Heidolph RZR 2041, Heidolph Instruments GmbH & Co., Germany). 

 

2.2.3. Preparation of mVFS  

The mVFS was prepared as described by Owen and Katz [239], with the addition of 

mucin, as follows: sodium chloride 3.51 g (JT Baker, United States of America); potassium 

hydroxide (KOH) 1.4 g (VWR Prolabo, France); calcium hydroxide (Ca(OH)2) 0.22 g (Acros 

Organics, United States of America); Bovine Serum Albumin 0.018 g (Sigma, Germany); lactic 

acid 2.00 g (Sigma, Germany); acetic acid 1.00 g (Fischer Scientific, United States of America); 

glycerol 0.16 g (Acofarma, Spain); urea 0.4 g (VWR Prolabo, France); glucose 5.00 g (VWR 

Prolabo, France) and 15.00 g porcine gastric mucin type II (Sigma, Germany) were added to a 

milliQ water slightly volume less than 1L and stirred mechanically until complete dissolution. 

The pH of the mixture was then adjusted to 4.2 using hydrochloric acid (HCl), and the final 

volume was adjusted to 1 L. 

Mucin (1.5% w/v) was added to enable the preparation to simulate the bioadhesion 

properties of vaginal fluid [17,240–242]. 

 

2.2.4. Sensorial Characteristics 

Sensorial characteristics studied were: general aspect (liquid, solid, semi-solid); 

homogeneity (homogeneous, with sediment, undissolved particles); colour (colour tone, 

colourless, transparent, opaque, translucent); odour (odourless, characteristics of odour, 

intensity of odour) and feel to touch when spread over the back of the hand (soft, with particles, 

greasy, leaves residue). The visual and sensory analysis was always performed by the same 
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operator, 24 h after preparation of the formulation. Observations were recorded and 

photographs were taken. 

 

2.2.5. pH 

pH measurements were performed at room temperature (25 °C) directly on the plain 

(undiluted) formulations and at vaginal physiologic temperature (37 °C) after diluting in mVFS. 

The amount corresponding to the daily dose envisaged in marketed antifungal vaginal products 

(5 g) was diluted in 0.825 mL of mVFS. This procedure was established to simulate the pH of 

the formulations when put in contact with vaginal fluid, since 0.75 mL is the estimated mean 

volume of fluid present in the vagina at any moment [17,243–245]. We assumed that there is an 

increase of 10% in that volume through accumulation of the discharge in VVC. Additionally for 

Gel C, additional pH measurements were performed considering less amount of gel applied to 

the vagina. We also evaluated the pH of sodium bicarbonate solutions described for the 

treatment of cytolytic vaginosis. Measurements were performed, in triplicate (Thermoscientific 

Orion Star A211 pH meter, ThermoFisher Scientific, USA).  

For formulations B1, Placebo HPMC, Placebo Carbomer, the pH was only determined in 

the plain (undiluted) formulations since these were used only as controls for comparison assays 

of anti-Candida activity.   

 

2.2.6. Osmolality 

The osmolality was determined in triplicate using a freezing point osmometer 

(Osmomat 3000, Gonotec, Germany), as previously described [240] [246] [247], on a 50 mg 

aliquot.  

Osmolality measurements were performed directly on plain formulations and after 

diluting in mVFS, as described above in the pH section. Additionally for Gel C, additional 

osmolality measurements were performed considering less amount of gel applied to the vagina. 

We also evaluated the osmolality of sodium bicarbonate solutions described for the treatment of 

cytolytic vaginosis. 

Measurement standardization was performed using three standards: distilled water 

(zero point), NaCl 300 mOsm/Kg and NaCl 850 mOsm/Kg.  

Measurements were performed in triplicate, in three independent samples from the same batch. 

 

2.2.7. Viscosity 

Viscosity was assessed using a cone-plate rheometer (Brookfield DV-3 T, Brookfield, 

USA), using 0.5 mL of the formulation [240]. Viscosity measurements were performed at room 

temperature (25 ± 0.2 °C) and at vaginal physiologic temperature (37 ± 0.2 °C), for plain 

formulations and after diluting in mVFS respectively. Formulations dilution to physiologic 

conditions was performed as described on the pH section. 

The cone spindle used in the rheometer was the CPA-52Z (Brookfield, USA) had 3° and 

1.2 cm, cone angle and radius, respectively.  
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The viscosity was determined using shear rates of 0.4 1/s for formulations A and E and 

500 1/s for formulations B, C, D, F, G and H (torque 10–100%). The elapsed time of each 

determination was set so that the cone completed at least 4 rotations in each reading. Tests were 

performed in triplicate.  

All formulations were left to rest for 1 min between measurements [248].  

 

2.2.8. Texture: Firmness and Adhesiveness 

Texture analysis included adhesiveness (N.mm) and firmness (N) determinations using 

a texturometer (TAXT Plus, Stable Micro Systems, United Kingdom). These two parameters 

were determined in the same run, using a cylindrical probe with a diameter of 10 mm (P10) in 

compression mode and “return to start test”. Measurements were performed at room 

temperature (25 ± 1 ºC) in plain formulations and at 37 ºC after diluting formulations in mVFS. 

Formulations were placed in a plastic container with a base area of 9.62 cm2 (10 g of plain 

formulation or 10 g of formulation diluted in 1.65 mL of mVFS).  The pre-test speed, test speed 

and post-speed were 3 mm/s. The maximum positive force (N) to penetrate the formulation for 

5 mm was registered and characterized the formulation firmness. Adhesiveness represents the 

negative area under the curve (AUC) of the Force (N) vs Distance (mm) curve. Measurements 

were performed, in triplicate at three different locations (where the probe was applied) for each 

formulation. 

 

2.2.9. Bioadhesion 

The formulation strength of adhesion to the porcine vaginal tissue was assessed using a 

texturometer (TAXT Plus, Stable Micro Systems, United Kingdom). This method is a mechanical 

approach to bioadhesion, since it is based on the evaluation of tensile strength of the interfacial 

layer formed between the formulation and the vaginal epithelium [249]. Epithelium was excised 

from porcine vaginal tubes (obtained from 6 animals approximately aged 6 months, kindly 

provided from a local slaughterhouse). The vaginal tubes were cut longitudinally, washed with 

physiological saline solution, wrapped in aluminium foil, and preserved in an air-tight bag at 

−20 °C. 

For the experiment, vaginal tissue was thawed at room temperature, washed with 

physiological saline solution and cleaned with sterile gauze. 

The porcine vaginal tissue was fixed using a mucoadhesion rig (A-MUC) which was 

placed on the equipment's base. Immediately before measurement, the tissue was hydrated with 

50 μL of mVFS (containing mucin, since it is the protein most likely to be responsible for 

bioadhesion). Double-sided adhesive tape was used to attach a small piece of cellulose acetate 

membrane to the probe. Formulations were directly weighted on the cellulose acetate 

membrane attached to the probe, then 30 mg of formulation was adsorbed on the probe surface. 

The whole system (mucoadhesion rig with the tissue and the probe with the formulation) was 

kept at 37 ± 1 °C in an oven.  

The texturometer’s software was used in bioadhesion mode. The pre-test speed was 0.5 

mm/s with a trigger force of 0.02942 N to allow for sensitive detection of the tissue. The test 
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speed and the post-test speed were 0.1 mm/s [240,250]. The contact/hold time was 180 

seconds, and the force applied was 2.5 N [240,251].  

In total six porcine vaginal tubes were used. Each vaginal tube was divided into small portions. 

The 8 formulations and the control were tested on adjacent portions of epithelium from the 

same vaginal tube.  

The measurement output parameters maximum force of detachment (Fmax), debonding 

distance (Ddist) and work of adhesion (Wad) were used to characterize the bioadhesive 

potential of the formulations. These parameters were compared to the control, consisting of a 

cellulose acetate membrane fixed in the double-sided adhesive tape. 

 

2.2.10. Evaluation of anti-Candida activity 

2.2.10.1. Micromethod protocol of the standard guideline CLSI M27 

“Reference Method for Broth Dilution Antifungal Susceptibility 

Testing of Yeasts” 

In order to evaluate the in vitro anti-Candida activity, we used the broth microdilution 

method, according to the international protocol M27 – A2 of CLSI “Reference Method for Broth 

Dilution Antifungal Susceptibility Testing of Yeasts” [252]. For these studies we used a 

collection Candida albicans strain (ATCC 10231) and clinical strains of C. glabrata, C. krusei, C. 

tropicalis and C. parapsilosis obtained from vulvovaginal human isolates belonging to the 

CICS-UBI microbiology laboratory strains collection. The highest concentration studied was 

20%, since the viscosity of gels did not allow testing at higher concentrations, due to limitations 

related to pipetting.  

The microorganism suspension was prepared by inoculating isolated colonies of each 

specie in saline solution, to a final concentration of 106 CFU/mL estimated using optical density 

measurements (McFarland Densitometer DEN-1, Biosan Medical-Biological Research & 

Technology, Latvia). The suspensions were then diluted in RPMI medium to a final 

concentration of 1000 CFU/mL, according to the ML27 protocol.   

In a multiwell plate, serial dilutions of formulation were incubated with the suspensions in 

RPMI medium, at 37 ºC for 24 h (Binder incubator, GmbH, Germany).   

The relative viability of Candida spp. in multiple concentrations of each formulation 

was calculated by comparing the absorbance at 600 nm with the control (strain tested and 

medium) (Microplate reader Bio-Rad Xmark spectrophotometer, Bio-Rad Laboratories, USA).  

Additionally, MIC values were read visually after 24 h of incubation at 37 ºC by macroscopic 

observation of the turbidity in the culture medium. MIC value was defined as the lowest 

concentration of formulation that inhibited visible yeast growth (absence of turbidity).  

All determinations were performed in duplicate, and the concordant results of two 

independent experiments were considered. 
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2.2.10.2. Anti-Candida activity: Protocol adapted from Challenge 

Test of European Pharmacopoeia 10.0 

The ability of the gels to control the proliferation of Candida albicans was studied 

through a protocol based on the Challenge Test (monograph 5.1.3. Efficacy of antimicrobial 

preservation) of the European Pharmacopoeia (10th Edition), used to evaluate the preservative 

capacity of products. Briefly, formulations were contaminated with a suspension of Candida 

albicans (1x104 CFU/mL) and incubated at 37 ºC during 48 h (Binder incubator, GmbH, 

Germany).  

After 24 and 48 h, the CFUs counts were performed by plating 1 mL of serial dilutions 

(in water) of the contaminated formulations in Sabouraud Dextrose Agar and incubated at 37 ºC 

for 24 h. 

The log (CFU/mL) after 24 and 48 h of incubation of formulation with the 

microorganism was calculated using the average value of two concordant independent assays 

(with a standard deviation less than 1 log).   

 

2.2.11. Cellular Toxicity  

2.2.11.1 Epithelial Cells  

The HeLa cell line was obtained from the American Type Culture Collection (ATCC-LGC 

Promochem, Teddington, United Kingdom). This cell line is derived from human uterine 

cervical adenocarcinoma. These cells were cultured in DMEM-F12 medium supplemented with 

penicillin (100 U/mL), streptomycin (100 mg/mL), and 10% FBS and is further referred to as 

DMEM complete medium (passages 54-70).  

 

2.2.11.2 Test Product Preparation  

The cytotoxicity of the most promising formulation (formulation C) was tested. The 

formulation was diluted to 50%, 25%, 12.5%, 6.25%, 3.13%, 1.56%, 0.78% (w/v), in complete 

culture medium. A negative control (NC) (cells only with culture media), solvent control (cells 

with 50% diluted culture media) and positive controls (PC) SDS 5% (w/v) were included.  

 

2.2.11.3. Cytotoxicity test (MTT Assay)  

The MTT reduction assay was performed as previously described and according to 

ISO/EN 10993-5 for in vitro evaluation of medical devices [253–256]. Cells were seeded onto 

96-well plates (100,000 cells/mL) with complete culture media. Cells were left to adhere for 24 

h at 37 C, under 5% CO2 atmosphere. After obtaining a half-confluent culture, 100 µL of the test 

formulation was added and left in contact for 24 h. After this period, cells were washed with PBS 

and incubated for 4 h with a 0.5 mg/mL solution of MTT reagent prepared in culture medium. 

Subsequently to formazan crystals formation, extraction was accomplished with 100 µL of 2-

propanol for 15 min, through mild agitation on an orbital shaker, protected from light. 

Absorbances were then measured at 570 nm, using a microplate spectrophotometer (GloMax, 
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Promega). In addition, cells were observed and photographed before and after the application of 

the MTT reagent solution to visualize the formation of the formazan crystals, using an inverted 

microscope (VWR, model IT415PH) (data not shown). The NC consisted of cells without any 

treatment (only culture media in assay), which was considered as the 100% viability reference 

for products toxicity calculation. 

 

2.2.12. Vaginal irritation - Hen’s Egg Test-Chorioallantoic Membrane 

Assay (HET-CAM) 

2.2.12.1. Eggs and incubation conditions  

The HET-CAM assay was performed on fresh fertile White Leghorn chicken eggs that 

were clean and weighed (45-65 g). Upon arrival at the lab, eggs were checked for damage. 

Damaged eggs were discarded, and undamaged eggs were incubated at 37.8 ± 0.3 ºC in a 

relative humidity of 58 ±2% and under automatic rotation for 8 days (Corti AF-50 and Copele 

30652, Spain). On the eighth day, eggs were observed using a LED light to confirm embryo 

formation. Non-embryonated and non-viable (dead) eggs were discarded. Viable eggs were 

incubated for one further day under the same conditions of temperature and humidity, but 

without rotation. 

 

2.2.12.2. HET-CAM assay  

Previous studies reported the suitability of the HET-CAM assay for vaginal irritation 

testing of medicines, cosmetics, hygiene products or medical devices in preclinical safety 

assessments [257]. The HET-CAM assay (according to the ICCVAM – Recommended Test 

Method (NIH Publication No. 10-7553 – 2010) was used to test the potential vaginal severe 

irritation of gel C since it allow the identification of severe irritants [258]. The test does not 

provide differentiation amongst mild irritants and non-irritants.  At day 9, eggs were taken out 

of the incubator and placed on an appropriate support. The shell was opened using a scalpel and 

tweezers and the internal membrane was exposed and then hydrated with NaCl 0.9% (w/v) for a 

maximum of 30 min. The solution was aspirated and the membrane was carefully peeled off, 

without damaging the blood vessels. 0.3 mL of gel C and control solvents was applied to the 

chorioallantoic membrane (n=3 eggs per sample). NaCl 0.9% (w/v) was used as negative control 

and NaOH 0.1N and SDS 1% were used as positive controls.  

The irritant effects of gel C and controls were evaluated by observation of three 

endpoints: haemorrhage (vessel bleeding), lysis (vessels disintegration) and coagulation (intra 

and extra-vascular protein denaturation) at predetermined time intervals (0.5, 2, and 5 min). 

These observations allowed calculation of the irritation score (IS (A)) as the sum of the scores 

obtained at each time point (table 5). The irritancy classification is defined as non-severe irritant 

(IS 0-9) or severe irritant (>9 to 21).  Photographs were taken at each time points (1 egg per 

sample).   
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Table 5. Irritation score calculation according to the endpoint at each time point  
 Score at time point 
Endpoint 0.5 min 2 min 5 min 
Lysis  5 3 1 
Hemorrhage 7 5 3 
Coagulation  9 7 5 
 

2.2.13. Screening stability tests 

For screening of stability, gel C was submitted to centrifugation and temperature cycling 

tests. In the first test, gel C was centrifugated (Heraeus Multifuge 1S-R centrifuge, Thermo 

eletric corporation, UK) at 3000 rpm for 30 min. The appearance of gel (homogeneity, color, 

transparency, apparent viscosity) was evaluated before and after centrifugation [259]. 

Temperature cycling tests were performed since they can be more severe than continuous 

storage, and can reveal possible changes more quickly. [260–262]. In the cycling test, the gel 

was submitted to alternating heating and refrigerating conditions: 40 ± 2 ºC (Binder incubator, 

GmbH, Germany for 24 h, and then 4 ± 2 ºC for 24 h, for a total period of 4 weeks. The sensorial 

characteristics, pH, viscosity and osmolality were evaluated before and after the test. Gel C was 

stored at room temperature (25 ºC) for 24 h before these parameters were evaluated.  

 

2.2.14. Data Processing and Statistical Analysis 

Data were analysed to produce arithmetic means and standard deviations. Analysis of 

variance (using the Bonferroni post-hoc test) was performed to determine the significance of the 

difference between sets of data (p < 0.05). A two-way ANOVA (Dunnett’s multiple comparisons 

test) was performed to compare formulations determinations with the control, at a 95% level of 

significance. The correlation between parameters was calculated using Pearson Correlation, 

whenever the data had a normal distribution. If the data did not pass the normality test (Shapiro 

Wilk or Kolmogorov-Smirnov, p<0.05), the correlation between parameters was determined by 

the Spearman rank based non-parametric test.  

All analyses were conducted using GraphPad Prism (version 6.01 for Windows, 

GraphPad Software, San Diego, USA). 

 

2.3. Results and discussion 

2.3.1. Sensorial Characteristics 

Patient acceptability has a significant influence on treatment compliance. Acceptability 

is multifactorial and is strongly dependent upon a product’s sensory properties, such as 

appearance, odour and texture [103,198,263,264] Acceptability and the user meaning of sensory 

properties of vaginal dosage forms may vary as based on intended use, geographical region, 

culture, previous experiences and sexual practices [103,263].  

In the design of the formulations here studied, women's preferences and acceptability 

were considered. Previous studies showed that women have positive preferences for vaginal 

products presented as semisolids (gels, creams or ointments), odourless and colourless 

[103,198]. Gels were the dosage form we selected regarding  women’s preferences, since gels  are  
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comfortable, easy to apply and have the ability to spread onto the surface of vaginal epithelium 

[103,198,265,266]. 

The sensory properties of the developed formulations were in accordance with this 

description (table 6).  
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Table 6. Sensorial characteristics of formulations: general aspect, homogeneity, colour, odour and feel to 
touch 

 

Formulation General aspect Homogeneity Colour Odour Feel to 
touch 

A Semi solid. 

Very viscous, 
consistent gel. 

Homogeneous Colourless, 
transparent 

Odourless Soft, not 
particulated 

B Semi solid. 

Fluid gel. 

Homogeneous Colourless, 
transparent 

Odourless Soft, not 
particulated 

C Semi solid. 

Low consistency 
gel, very fluid. 

Homogeneous Slightly whitish, 
transparent 

Odourless Soft, not 
particulated 

D Semi solid. 

Fluid gel. 

Homogeneous Colourless, 
transparent 

Odourless Soft, not 
particulated 

E Semi solid 

Very viscous, 
consistent gel 

Homogeneous White, opaque Slight castor 
oil 

characteristic 
odour 

Soft, not 
particulated 

F Semi solid. 

Low consistency 
gel, very fluid. 

Homogeneous. 
After several 
hours of rest, 

phase separation 
begins to occur 

which is 
reversible after 

shaking. 

Pearl white, 
translucent 

Slight castor 
oil 

characteristic 
odour 

Soft, not 
particulated 

G Semi solid. 

Low consistency 
gel, very fluid. 

Homogeneous. 
After several 
hours of rest, 

phase separation 
begins to occur 

which is 
reversible after 

shaking. 

Pearl white, 
translucent 

Slight castor 
oil 

characteristic 
odour 

Soft, not 
particulated 

H Semi solid. 
Fluid gel. 

Homogeneous. 
After several 
hours of rest, 

phase separation 
begins to occur 

which is 
reversible after 

shaking. 

Pearl white, 
translucent 

Slight castor 
oil 

characteristic 
odour 

Soft, not 
particulated 
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2.3.2. pH 

This property was determined directly on the plain formulations and on formulations 

diluted in mVFS (pH of 4.22) at 37 ºC ± 0.5, used as the standard during measurements 

simulating in vivo conditions in the vagina (table 7). 

 

Table 7.  pH and osmolality studies of formulations included in this study. Results are presented as mean 

± standard deviation (n=3). Measurements were performed on plain formulations and after being diluted 

in mVFS (5g+ 0.825 mL mVFS)  

 

ND: not determined 

ᵟ represents statistically difference between dilutions with mVFS and the undiluted formulation 

(two-way ANOVA, Bonferroni Post-test, p < 0.05). 

 

Both the dilution and the increase from room temperature (e.g. during product storage) 

to body temperature (37 ºC) may change the characteristics and properties of the formulations. 

Therefore, these conditions should be included in technical evaluations related to the in vivo 

performance of products [240,245]. 

As expected, an increase in sodium bicarbonate concentration led to an increase in the 

pH of the gel (formulation A with 1% of sodium bicarbonate (pH 7.10) and formulation C with 

5% of sodium bicarbonate (pH 8.55); formulation B with 1% of sodium bicarbonate (pH 8.83) 

and formulation D with 5% of sodium bicarbonate (pH 9.20)). This is due to the sodium 

bicarbonate dissociation, as described by the Henderson-Hasselbalch equation [267]. 

The type of polymer influenced the pH of the formulation. Gels that contained carbomer 

as the gelling polymer had lower pH values than gels that contained HPMC.  Results for 

carbomer based formulations (A, C, E, G) were statistically different from HPMC based 

formulations (B, D, F, H) (two-way ANOVA, Bonferroni Post-hoc test, p<0.05). These results 

can be explained by the acidic nature of carbomers which are polymers formed from repeating 

units of acrylic acid crosslinked with allyl sucrose or allyl pentaerythritol, while HPMC is a non-

 Direct pH at room 
temperature 25 ºC 

± 0.5  
 

pH of formulations 
diluted in VSF at 

37º C ± 0.5 
 

Direct 
osmolality 

 

Osmolality of 
formulations 

diluted in VSF 

pH ± S.D. pH ± S.D. Osmolality ± 
S.D. 

(mΩ/Kg) 

Osmolality ± S.D. 
(mΩ/Kg) 

A 7.10 ± 0.03 6.25 ± 0.07  δ 55 ± 2 85 ± 3ᵟ 

B 8.83 ± 0.08 8.80 ± 0.04 6 ± 2 41 ± 1ᵟ 

B1 7.06 ± 0.07 ND ND ND 

C 8.55 ± 0.03 8.41 ± 0.06 ᵟ 845 ± 7 761 ± 6ᵟ 

D 9.20 ± 0.05 9.08 ± 0.02 ᵟ 1016 ± 1 917 ± 7ᵟ 

E 7.27 ± 0.07 6.19 ± 0.04 ᵟ 47 ± 2 84 ± 3ᵟ 

F 8.90 ± 0.08 8.08 ± 0.05 ᵟ 13 ± 3 48 ± 1ᵟ 

G 8.95 ± 0.05 8.81 ± 0.02 ᵟ 861 ± 7 784 ± 2ᵟ 

H 9.32 ± 0.04 9.24 ± 0.04 1069 ± 2 949 ± 7ᵟ 

Carbomer 
placebo 

2.81 ± 0.06 ND ND ND 

HPMC placebo 7.42 ± 0.02 ND ND ND 
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ionic cellulose derived polymer. The colloidal acidic  dispersion of the polymer was neutralized 

by the addition of sodium bicarbonate  [268–270].  

The addition of castor oil to gels resulted in increased values of pH, which were 

significant different between gels A and E and between gels C and G (two-way ANOVA, 

Bonferroni Post-hoc test, p<0.05).   

After diluting formulations in mVFS the pH decreased slightly. Machado et al 

determined the pH of some commercial antifungal vaginal products directly on the product and 

after dilution with mVFS (5g of gel + 0.75mL mVFS), prepared as described by Owen and Katz 

[239]. The pH values of commercial antifungals were significantly lower compared to the 

formulations herein prepared (Dermofix® pH=2.70, Gino-Canesten® pH=5.89, Gino 

Travogen® pH=3.56, Gyno-Pevaryl® pH=2.74, Lomexin® pH=3.57 and Sertopic® pH=2.71). 

After dilution in mVFS the pH values became closer to physiological vaginal pH, ranging from 

4.02 to 4.22 [240]. The pH of the sodium bicarbonate formulations was higher than those of 

most commercially available products, due to the basic nature of the active substance.  

Ideally, the pH of vaginal formulations should be within the vaginal pH range. This is 

normally considered to be 3.5–4.5, but may vary according to hormonal stimulation, menstrual 

cycle phase, presence or absence of infections. [1–3,17,104,271,272]. In menopausal women pH 

values up to 6.7 have been reported [273].  Furthermore, vaginal pH and flora differ significantly 

by ethnicity. Ravel et al reported that pH was higher in Hispanic women (pH 5.0 ± 0.59), 

followed by black women (pH 4.7 ± 1.04), Asian women (pH 4.4 ± 0.59) and white women (pH 

4.2 ± 0.3). These values are related to the composition profile of the vaginal microbiome 

associated with these different groups [1]. It is well known that increased vaginal pH is 

associated with the growth of potential pathogenic bacteria [3,17,101,109,113,274]. 

Although sodium bicarbonate confers a basic pH to preparations, which is higher than 

healthy vaginal pH, it has been used for vaginal administration, particularly as an alkalizing 

agent in vaginal douching for the treatment of cytolytic vaginosis, an underdiagnosed pathology 

that mimics VVC  [222–224,275,276].  Baths with sodium bicarbonate solutions (30 to 60 g of 

sodium bicarbonate to approximately 1L of water) two to three times per week and then once or 

twice a week) and vaginal irrigations (15 to 30 to 0.5L of water) two to three times per week and 

then once or twice a week have traditionally been used to treat cytolytic vaginosis [222,224]. 

These preparations contain 3-6% sodium bicarbonate, similar concentrations to the prepared 

gels here. The pH of 3% sodium bicarbonate solution was 8.18 and the pH of 6% sodium 

bicarbonate solution was 8.51. Therefore, the use of preparations based on sodium bicarbonate 

with this pH range is currently used in gynaecology. 

We also note that in the testing here the reference amount of product was the 

recommended dose of benchmark products (sold with 5g product applicators). However, the 

application of 5g of product in the vaginal cavity is known to be excessive and can promote 

leakage [277]. Therefore, smaller applied amounts of bicarbonate gel can be envisaged (for 

example 1g as used for hormonal replacement and up to 3g which have been proposed for 

lubricants). These would experience higher dilution in vaginal fluids and the resultant pH would 

be decreased. For gel C pH measurements were also performed for the proportion 1g of 
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gel+0.825 mL of mVFS and for 3g of gel + 0.825 mL of mVFS. The pH of mixtures decreased to 

8.08 and 8.36, respectively. Further, unlike use of lubricants, which are not recommended if 

product pH exceeds 7, our products are not intended for chronic or recurrent use. They are for a  

time-limited treatment (marketed products are generally used as daily administration, for 7 

days). [278].  

Clearly, the evaluation of high pH effects on vaginal milieu in prolonged treatments 

shall not be underestimated and further studies shall be designed if this purpose is considered, 

for example for prevention of relapses. 

  

2.3.3. Osmolality  

As expected, gels with higher concentration of sodium bicarbonate (higher amount of 

solute) present higher values of osmolality: formulation C presented higher osmolality than 

formulation A and formulation D presented higher osmolality than formulation B (table 7). The 

addition of castor oil to the base formulations did not significantly affect osmolality values, as 

expected. 

As described by Machado et al, a complete osmolality assessment should not only 

comprise the direct measurement but also the dilution in the mVFS, since this methodology has 

the capacity to early predict the in vivo formulation behaviour [240]. The dilution of 

formulations in mVFS resulted in a decrease of osmolality of hyperosmotic formulations and in 

an increase of osmolality of hypoosmotic formulations, since mVFS is isosmolar (262 

mOsmol/kg). As described for pH determinations the amount of formulation applied in the 

vagina obviously impacts the final osmolality after dilution with the vaginal fluids. Therefore, for 

gel C we also performed osmolality measurements considering the proportion of 3f of gel + 

0.825mL of mVFS and 1f of gel + 0.825mL of mVFS. In this case the osmolality of the mixtures 

decreased to 707 and 580 mOsm/Kg respectively, becoming closer to the physiologic values. 

The osmolality of the mVFS (262 mOsmol/Kg) was similar to that described in the 

literature for mVFS prepared as originally described by Owen and Katz without mucin 

[240,245]. This value was in accordance with those reported to the biological female vaginal 

secretions (260–290 mOsmol/Kg) [278]. Ayehunie et al reported a slightly higher osmolality 

value for vaginal fluids obtained from healthy women of reproductive age when collected with a 

menstrual cup (370 ± 40 mOsm/Kg) [279]. 

In this study, the osmolality of all formulations was lower than 1200 mOsmol/Kg – the 

limit value considered in the advisory note about lubricants for male and female condoms of 

The World Health Organization (WHO in collaboration with the United Nations Population 

Fund and Family Health International. In the same advisory note, it was reported that values of 

380 mOsmol/kg or lower as desirable (hypo and isosmolal), [278]. Osmolality has been used as 

safety parameter for vaginal semi-solids (especially lubricants), since hyperosmolar lubricants 

have been associated to vaginal toxicity [247,279–281]. Machado et al evaluated the osmolality 

of vaginal antifungal products. The osmolality of the products tested was very different, ranging 

from 43 ± 2  mOsmol/Kg (Gino Travogen) to 1446 ± 20 mOsmol/Kg (Lomexin) [240].  
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Only formulations A, B, E and F had osmolality lower than the desirable value referred 

by the advisory note (380 mOsm/kg). Formulations A, B, E and F were hypoosmotic and 

formulations C, D, G and H were hyperosmotic with osmolality results below 900 mOsm/Kg 

(table 7). The impact of these hyperosmotic formulations on the vaginal epithelium, even if the 

treatment is time-limited, must be evaluated. 

The osmolality of sodium bicarbonate solutions 3 and 6% currently used to treat 

cytolytic vaginosis was 616 and 1191 mOsmol/kg, respectively.  

 

2.3.4. Viscosity 

The viscosity of formulations was determined on plain formulations at 25 ºC and after 

dilution in mVFS at 37 ºC.  Product viscosity may change after its application due to the effect of 

dilution in vaginal fluids, and environmental temperature, self-cleansing action of the vagina 

and even women's movements [240,243,245,282]. All gels exhibited shear thinning behaviour, 

in which the viscosity decreased with increasing applied shear rate (rotational speed in the 

rheometer, data not shown).   Neutralization of the carbomer polymer (with alkaline agents such 

as sodium bicarbonate) produces different viscosities depending on the final pH of the 

preparation. Gel C had a higher pH than gel A, and a resulting lower viscosity [268]. 

Leakage out from the vaginal canal is one of the disadvantages of semi-solid drug-

dosage forms [103,198].  The rheological properties influence the efficacy of semi-solid 

products. [240,244,249,282–284]  More viscous formulations are less likely to leak through the 

vaginal canal, presenting longer retention time in the vagina. However, less viscous 

formulations flow better through the applicator, spread more easily and better coat the 

epithelium.  Formulations A and E were the most viscous and are the most likely to have longer 

retention times in the vagina (figure 2 – part 2). In contrast, formulations F and G were the less 

viscous and therefore more likely to leak out from the vaginal canal (figure 2 – part 1). 

 

Figure 2. Determination of viscosity directly at room temperature and after diluting in mVFS at 37 ºC. 
Part 1: Formulations A and E, determined using shear rates of 0.4 1/s; Part 2: Formulations B, C, D, F, G, 
H, determined using shear rates of 500 1/s. Individual columns and vertical bars represent mean and SD 
values, respectively (n=3).ᵟ represents statistically difference between dilutions with mVFS and the 
undiluted formulation (two-way ANOVA, Bonferroni post-test, p < 0.05). 
 

 



 

 45 

2.3.5. Texture: firmness and adhesiveness 

The textural properties (firmness and adhesiveness) were determined by mechanical 

measurements (figure 3).  

 

Figure 3. Determination of firmness (N) adhesiveness (N.mm) directly at room temperature and after 
diluting in mVFS at 37 ºC. Individual columns and vertical bars represent mean and SD values, 
respectively (n=3) 
ᵟ represents statistically difference between dilutions with mVFS and the undiluted formulation (two-way 
ANOVA, Bonferroni post-test, p < 0.05).  
 

Formulations A and E exhibited the highest values of firmness and adhesiveness. 

After dilution in mVFS the adhesiveness of formulations A and E decreased (p<0.05). 

For other formulations there were only slight variations in adhesiveness and the firmness 

decreased (statistically significant for A, D, E, F, H, p <0.05) except for G where it was 

unchanged. 

These measurements of firmness complement the rheological measurements, in that 

firmness also relates to the ability to spread over the epithelium. Less firm products spread 

faster and more easily on a surface [240]. 

Firmness results were compared with those for viscosity. There was a strong correlation 

at 25 ºC in plain formulations (Spearman nonparametric test, CI95%, r=0.8251), as well as at 37 

ºC after diluting formulations in mVFS (Spearman nonparametric test, CI95%, r=0.7618). 

Formulations A and E exhibited the highest values of firmness and viscosity, indicating these 

formulations are more likely to be retained in the vagina, but have diminished and/or delayed 

ability to spread and cover the entire epithelium over time. Machado et al studied the textural 

behaviour of vaginal of a set of vaginal antifungal products, reporting that they have medium 

adhesiveness (0.400–0.600 N.mm, approximately) and medium to high firmness (0.070–0.300 

N, approximately) [240]. The formulations developed in our study exhibited lower firmness and 

adhesiveness values than those for commercial antifungal products. Only the textural profile of 

formulations A and E was comparable to those of commercial products. Those products contain 

a number of excipients such as, liquid paraffin, cetyl palmitate, propylene glycol and cetostearyl 

alcohol, that influenced their textural profiles [240]. Unlike commercial products, the prepared 

formulations here are very simple with few added excipients. 
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2.3.6. Bioadhesion 

We tested bioadhesion as the ability of a formulation to adhere to the porcine vaginal 

tissue. The test principle is based on applying a force that allows the formulation to create initial 

contact with vaginal tissue and then determine the force required to break the adhesive stresses 

(such as chemical bonds) resulting from that contact. The determination of a mucoadhesive 

profile using texture analyser could be influenced by instrument parameters (such as the probe 

and the base selected) and test conditions (contact time, contact force, test speed, post-test 

speed) and experimental design (biological surface). Such variations in the method make it 

difficult to directly compare studies [240,244,249,285]. Due to ethical and practical problems of 

using human tissues, the use of ex vivo vaginal tissues has been proposed. The porcine vaginal 

tissue is particularly similar to the human in terms of anatomy, physiology and histology 

[240,243,249,286]. 

The peak force (adhesiveness), the work of adhesion and the debonding distance were 

measured to determine the bioadhesive profile of formulations (table 8).  

 

Table 8. Bioadhesive parameters (work of adhesion (N.mm), peak force-adhesiveness (N) and 
debounding distance (mm)) determined for the formulations. S.D. =Standard deviation (n = 3). α 

represents statistically difference from the control, One-way ANOVA, Dunnett’s Multiple Comparison Test, 
p<0.05. 
 

 

 

 

 

 

 

 

It has been suggested that the work of adhesion is the most appropriate metric for 

evaluating the mucoadhesive ability of formulations [285]. Furthermore, in our study, there was 

a strong positive correlation between peak positive force-adhesiveness and work of adhesion 

(Pearson, IC95%, r=0.8248, p<0.05), indicating that both parameters change in the same way 

to represent the bioadhesive profile. So, herein, work of adhesion will be considered as 

bioadhesion. 

The bioadhesion in formulations C, D and H was different from the control, performed 

without any formulation (One-way ANOVA Dunnett’s Multiple Comparison Test, p < 0.05). 

 Peak Force 
(Adhesiveness) 

± S.D. 
Work of 

Adhesion ± S.D. 
Debonding 

Distance ± S.D. 

N N.mm mm 

A 0.053 ± 0.024 0.049 ± 0.020 2.522 ± 0.424 

B 0.093 ± 0.044 α 0.056 ± 0.018 2.588 ± 0.420 α 

C 0.095 ± 0.040 α 0.079 ± 0.026 α 2.352 ± 0.271 

D 0.115 ± 0.032 α 0.089 ± 0.027 α 2.505 ± 0.220 

E 0.088 ± 0.054 0.057 ± 0.035 2.367 ± 0.373 

F 0.072 ± 0.056 0.036 ± 0.016 2.168 ± 0.642 

G 0.065 ± 0.053 0.047 ± 0.037 2.480 ± 0.120 

H 0.093 ± 0.034 α 0.065 ± 0.017 α 2.177 ± 0.350 

Control 0.025 ± 0.008 0.020 ± 0.006 1.930 ± 0.456 
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Formulations C and D were the most bioadhesive, while formulations F and G were the 

least bioadhesive. 

There was no statistically significant difference in bioadhesion profile regarding the 

bioadhesive polymer used (two-way ANOVA Bonferroni post-test (IC95%). It has been 

previously reported that carbomer alone shows better bioadhesive properties than cellulose 

derivatives (such as HPMC), since carbomer has higher concentration of carboxylic groups, 

making it able to adhere strongly to mucosal surface [287]. 

The bioadhesion of formulations offers the possibility of creating an intimate and 

prolonged contact with the vaginal epithelium, promoting efficacy and improving patient 

compliance by reducing the frequency of administration [17,242,243,249].   

Bioadhesive properties of formulations can be promoted by the use of bioadhesive 

polymeric excipients, such as polyacrylic acid derivatives (carbomer and polycarbophil), 

cellulose derivatives, chitosan, hyaluronic acid, alginate and carrageenan 

[242,244,249,265,288,289]. The rational design of formulations requires an adequate selection 

of mucoadhesive polymers. Carbomer is a safe and stable polymer, widely used in 

pharmaceutical industry, including vaginal products. [240,265,268,288–290]. Carbomer has a 

high ability to strongly adhere to the vaginal epithelium since it has a high density of carboxylic 

groups on the surface of the polymer, which are able to form hydrogen bonds with mucin 

[287,291]. HPMC is a nonionic bioadhesive polymer, presenting high swellability 

characteristics. It is nontoxic, non-irritant and stable at vaginal pH. The bioadhesive properties 

are related to the long chain structure, with large number of hydroxyl groups able to form 

hydrogen bonds with mucins [268,289,292].  

Machado et al compared the bioadhesion with the pure textural parameters of vaginal 

commercial products. They found a moderate to strong uphill positive linear correlation with 

adhesiveness (Pearson, CI95%, r = 0.6233), suggesting that, in practice, bioadhesion could be 

predicted by adhesiveness in earlier stages of product development [240]. However, in the study 

here, the bioadhesion was compared to adhesiveness (at 37 ºC after diluting in mVFS) and the 

results did not have significant correlation (Pearson, CI95%, r=-0.2482).  

 

2.3.7. Anti-Candida activity 

2.3.7.1. Potential to inhibit the Candida albicans’ growth  

Using the micromethod protocol of the standard guideline CLSI M27 “Reference 

Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts”, we concluded that 

formulation C had the most potent anti-Candida activity, since it exhibited the lowest MIC value 

(MIC=2.50%) (figure 4) [252]. Formulations B, B1, F and H were the less effective in inhibiting 

C. albicans’ growth. 
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Figure 4. Viability of Candida albicans at different concentration of formulations evaluated with the 
micromethod protocol of the standard guideline CLSI M27 “Reference Method for Broth Dilution 
Antifungal Susceptibility Testing of Yeasts” (mean and SD values). 
# Represents statistically difference from the control Carbomer Placebo (two-way ANOVA, Bonferroni 
Post-test, p < 0.05) 
* Represents statistically different from the control HPMC Placebo (two-way ANOVA, Bonferroni Post-test, 
p < 0.05)  
 

MIC determination is subject to possible operator visualization errors and to possible 

interference with turbidity generated by the formulation. In order to avoid these errors turbidity 

was compared with the negative control (formulation base and pure medium).  To confirm the 

visual MIC results, the viability of the microorganism was determined after 24 h of incubation 

with the formulations by reading the absorbance at 600nm (figure 4). 

According to the micro method protocol of the standard guideline CLSI M27, which 

considers the cut-off for susceptibility of the standard fluconazole as 50% viability, B and B1 

were the less potent formulations (figure 4). For formulations F and H (visual MIC determined 

for concentrations >20%, figure 4), viability results were below 50% when the gel was tested at 

5% concentration. This difference may be due to the opacity of these formulations related to 

their composition in castor oil.  

Results from the protocol adapted from the Challenge Test of European Pharmacopoeia 

10.0 showed that all formulations were resistant to contamination with Candida albicans since 
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they inhibited its growth (figure 5) [293]. The effect was more evident after 48 h of incubation, 

except for formulation G which had lower ability to inhibit growth at 48 h than at 24 h 

incubation. 

 

Figure 5. Variation of the Log (CFU/mL) with the time of incubation of formulation and C. albicans 
evaluated with a protocol based on the Challenge Test of European Farmacopoeia. 
 

The international protocol M27 – A2 of CLSI is a reference method for testing 

antifungal susceptibility. On the other hand, the protocol adapted from the Challenge Test of 

European Pharmacopoeia 10.0 evaluates the capacity of a formulation to resist contamination. 

Both protocols were used to evaluate anti-Candida effects of our formulations. Results of both 

methods were globally concordant. Formulation C (5% sodium bicarbonate gellified with 

carbomer) was the most potent among those evaluated.  

At both concentrations (1 and 5% sodium bicarbonate), gels inhibited the growth of 

Candida albicans, supporting the results of previous studies [84,85,218,219]. Gels containing 

5%  sodium bicarbonate inhibited Candida albicans growth more effectively than gels 

containing 1%  sodium bicarbonate, comparing formulations with the same polymer. A higher 

sodium bicarbonate concentration promotes the anti-Candida activity of the testing 

formulations. It is important to note that low concentrations of sodium bicarbonate can 

stimulate germination at least in some conditions [218]. 

The base formulations without oil showed higher anti-Candida activity than the 

formulations with oil, comparing formulations with the similar concentration of sodium 

bicarbonate and the same polymer. It seems like the addition of oil may hamper the release of 

sodium bicarbonate from the matrix. Although several studies reported the anti-Candida 
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potential of oral cleasers containing Ricinus communis aqueous extracts and  oil, in this study, 

the incorporation of castor oil in formulations did not improve the ability to inhibit Candida 

albicans growth. [232,234,237,238].  

Comparing the formulations with the same sodium bicarbonate concentration but 

different polymers, we found those with carbomer were more effective than those with HPMC. 

The higher anti-Candida activity of gels containing carbomer comparing to that of gels 

containing HPMC does not seem to be related with their lower pH. Formulation B1 had the 

same excipients as B, but the final pH was adjusted to the same pH as formulation A. 

Formulation A inhibited more effectively Candida albicans growth than B1, according to both 

methods, indicating that the effect was determined by the polymer and not by the pH. 

The anti-Candida activity of placebos was evaluated. According to the micromethod 

protocol of standard guideline CLSI M27, placebo HMPC promoted C. albicans’ growth, since 

the viability was higher than that of the positive control in all concentrations tested. However, 

according to the protocol adapted from the Challenge Test, after 24h incubation, placebo HMPC 

had no effect on C. albicans’ growth, although after 48 h of incubation there was a slight 

inhibition in growth.  

According to both methods, carbomer appeared to be a more suitable excipient for use 

in anti-Candida products, exhibiting an intrinsic anti-Candida activity. The properties of the 

molecule or even the structure of polymeric network may interfere with some cellular 

component of Candida albicans. Andersen et al used carbomer-containing liposomes loaded 

with metronidazole as control to evaluate the anti-Candida activity of Chitosan-containing 

liposomes with metronidazole. For the Carbopol-containing liposomes with MET no inhibition 

of C. albicans growth was observed [56]. Those data do not reinforce a possible anti-Candida 

activity of the polymer, as we found in our study. 

According to the protocol adapted from the Challenge Test, formulation E was the least 

potent inhibiting Candida albicans growth. On the other hand, the MIC for formulation E was 

5%, indicating that formulation E was one of the most potent formulations. Furthermore, when 

the viability of Candida albicans was measured formulation E seemed to have an intermediate 

potential. The high viscosity of the formulation may have contributed to these variations 

between methods, especially in the visual assessment of MIC.  

 

2.3.7.2. Anti-Candida activity of gel C against other etiological agents 

of VVC 

Since gel C was the most promising formulation in inhibiting Candida albicans’ growth 

its potential was also tested against other etiological agents of CVV. Gel C proved to have similar 

efficacy against all species tested, since the visual MIC was 2.5% for all species. Furthermore, the 

viability profiles per concentration of gel C were similar for all tested species (figure 6).  
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Figure 6. Viability of Candida albicans ATCC, Candida glabrata, Candida krusei, Candida parapsilosis 
and Candida tropicalis at different concentration of gel C evaluated with the micromethod protocol of the 
standard guideline CLSI M27 “Reference Method for Broth Dilution Antifungal Susceptibility Testing of 
Yeasts” (mean and SD values). 
 

2.3.8.Cellular toxicity 

Formulation C was biocompatible with the tested cell line (figure 7). The rational design 

of all formulations here selected with their excipients and active substances are predictably 

biocompatible with vaginal epithelium.  
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Figure 7. Cellular viability profile (MTT assay) for formulation C at dilutions ranging from 0.78% to 50% 
(w/v). Cell viability is represented as percentage of the control treated only with culture media. Results are 
presented as the mean and bars represent standard deviations from 3 independent experiments. α 
represents statistical difference from negative control. 
 

Only at the concentration 50%, did formulation C exhibit toxic effect on the cells, 

representing a viability of 30% compared to the negative control. For concentrations equal or 

less than 25% there was no toxic effect. At the concentrations 0.78%, 1.56%, 3.15% e 6.25%, 

formulation C slightly increased growth of cervical epithelial cells. Importantly, at the minimum 

concentration demonstrating anti-Candida effect (MIC = 2.5%), formulation C was not toxic for 

the Hela Cell line. As expected, solvent control presented some viability reduction, since the 

culture medium was diluted at 50%. The viability of solvent control was significantly higher than 

the viability of the concentration 50% (p<0.05, one-way ANOVA (Dunnett’s Multiple 

Comparisons Test) indicating that at the formulation concentration 50% there was some toxicity 

associated with the formulation. 

 

2.3.9. Vaginal irritation - Hen’s Egg Test-Chorioallantoic Membrane 

Assay (HET-CAM) 

Gel C was defined as a non-severe irritant according to this methodology (table 9). The 

only endpoint observed was lysis (slight and limited) (figure 8).  

 

Table 9. Irritation Score and classification of samples. Results are presented as mean values ± standard 
deviation (SD), n = 3   
 

 IS 
(mean ± standard 

deviation) 

Classification 

Controls   NaCl 0.9% (w/v) 0 ± 0 Non-severe irritant 
NaOH (0.1N) 20 ± 1 Severe irritant 
SDS 1% (w/v) 10 ± 0 Severe irritant 

Tested product Gel C 4 ± 1 Non-severe irritant 
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Figure 8. Irritation potential. Representative photographs for observation of the different endpoints at 
certain timepoints for negative control, positive controls and gel C. PC1: Positive control (NaOH 0.1N) at 
timepoint 5min with observations of lysis, haemorrhage and coagulation (egg 2). PC2: Positive control 
(SDS 1%) at 5 min with observations of lysis and hemorrhage (egg 1). NC: Negative control (NaCl 0,9%) at 
5 min with none of the endpoints being observed (egg 3). Gel C at 2min. Lysis can be observed at this 
timepoint (egg 1).   
 

For eggs 1 and 3, lysis was observed at timepoint 2 min and for egg 2 it was observed 

lysis at timepoint 0.5 min. Thus, the irritation score was 4 ± 1. This result shows that the pH and 

osmolality deviations from the ideal ranges considering vaginal application of gel C did not 

produce a severe irritation potential. The result can be explained by the selection of components 

with low irritating potential. Gel C contains carbomer 940 as polymer which is widely used and 

considered safe for vaginal administration and sodium bicarbonate, which is very 

biocompatible, being a physiologic component of the pH buffer solution in the body.  

Palmeira-de-Oliveira et al, evaluated the vaginal irritation potential of commercial vaginal 

semisolids intended either as therapeutics for different pathological conditions or as lubricants 

for sexual or postmenopausal discomfort. Among the studied products, Ginix® exhibited the 

highest irritation score (3.7), followed by Ginix plus ®, KY Jelly®, Vidermina® and Geliofil® 

(irritation score of 3). Among the antifungals tested, Gyno Pevaryl® presented the higher value 

of irritation score (2.3) [257]. Thus, we can conclude that gel C, when tested using the same 

methodology, exhibited a potential for vaginal irritation similar to that of some commercial 

vaginal products.  
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2.3.10. Screening stability tests 

Gel C maintained the same appearance after the centrifugation test. Further, no visible 

changes in the gel structure were observed: there was no syneresis. 

In the temperature cycling test, no changes in appearance, color, odor and texture were 

detected. For the gel characteristics pH, osmolality and viscosity only small increases were 

detected, compared to the initial determinations (table 10).  

 

Table 10. Evaluation of sensorial characteristics, pH, osmolality and viscosity after 4 weeks of cycling test 
(t4), comparing to the initial evaluation (t0)  
 
 t0 t4 
Sensorial Characteristics Homogeneous fluid gel, slightly 

whitish, transparent, odorless, 
soft, not particulated 

All characteristics were 
maintained 

pH  8.62 ± 0.02 8.80 ± 0.01 
Osmolality (mΩ/kg) 838 ± 2 849 ± 1 
Viscosity (mPa.s) 
Shear rate 500 1/s 

129.26 ± 0.09 130.29 ± 0.09 

 
Overall, Gel C appeared to be stable in the context of the multiple characteristics evaluated here. 

 

2.4. Conclusion 

The results of this study showed that sodium bicarbonate gels are a possible and 

promising alternative strategy for treating VVC. Amongst a set of prototypes with differing 

compositions, formulation C (5% sodium bicarbonate, 1% carbomer and 94% water) was the 

most effective in inhibiting C. albicans’ growth and it was also effective against other species of 

Candida. Additionally, formulation C exhibited sensorial characteristics that are in accordance 

with current knowledge of users’ preferences. Formulation C exhibited low viscosity and low 

firmness, suggesting good spreading and coating of the epithelium.  Reduced volume would help 

mitigate leakage. The mucoadhesive characteristics of the formulation contribute to its efficacy 

by promoting an intimate and prolonged contact with the epithelium Although the pH of 

formulation C was significantly higher than the healthy physiologic vaginal pH, we do not expect 

gel application to significantly alter vaginal pH since gel use is proposed as treatment for a short 

period of time. Additionally, gel C was hyperosmolar, which results from the dissociation of 

sodium bicarbonate, but its osmolality is still within that measured for marketed products for 

antifungal vaginal short-course treatment. The high pH and osmolality values of gel C compared 

to the reference values in standard guidelines for lubricant safety (which are products of 

recurrent use, continuous and not limited in time), are explained by the dissociation of the 

therapeutic agent that is essential for inhibition of Candida’s growth. However, based on the 

potent anti-Candida activity of the gel. we can propose application of a relatively low amount of 

product. The dilution of a lower amount of gel C (1 g, for example) in vaginal fluid results in pH 

and osmolality values closer to the physiologic ones. Despite not having an ideal pH and 

osmolality values for vaginal administration, we found that, gel C appears to be biocompatible. 

In fact, it demonstrated low potential for damage or irritation of vaginal epithelium in the tests 

performed thus far. Overall, although further safety studies are clearly needed, gel C is 
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promising as an alternative or complementary treatment to standard antifungal therapies for 

VVC.  

 

 

 

 

 
 
 
 
 
 
 
 
 

 
 
 
 

 

Figure 9. Graphical summary of chapter 2   
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Chapter 3 

 

Vaginal sheets with Thymbra capitata 

essential oil designed for the treatment of 

bacterial vaginosis 
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3.1. Introduction  

Alternative treatments for BV have been studied in view of reducing  recurrences after 

standard antimicrobial treatments [102,294]. Natural compounds with antimicrobial activity 

against BV-related bacteria and substances that aim to re-establish natural saprophytic flora 

(probiotics, prebiotics and acidifying agents) have been proposed as alternative strategies to 

treat BV. Thymbra capitata EO and its main component carvacrol exhibited potent 

antibacterial activity against G. vaginalis planktonic cells. Additionally, T. capitata EO 

presented significant antibiofilm activity (more evident than the one found with isolated 

carvacrol), suggesting that this effect is not only dependent on the major component carvacrol 

but also on a synergic action of major and minor components. This antimicrobial effect is 

attributed to the hydrophobicity caused damage on cellular membrane leading to cell 

destruction. Importantly, T. capitata EO presented a selective antibacterial action, since it is 

significant less effective against lactobacilli, presenting MIC (1.25–2.50 μL/mL) and MLC values 

(1.25–2.50 μL/mL) near tenfold higher than those of G. vaginalis [147].  

BV is caused by a replacement of saprophytic flora by anaerobe bacteria which act 

together in synergistic mechanism to form dense and structured biofilms. Polymicrobial 

biofilms, mainly constituted by G. vaginalis clusters that strongly adhere to vaginal epithelium 

associated with other bacteria such as Atopobium vaginae, Mobiluncus spp. and Prevotella 

spp., allow to organize a sophisticated internal architecture that avoid drug to penetrate them 

and to be effective [3,104,106,107,147,295,296]. The interaction between G. vaginalis that 

dominates the polymicrobial biofilms and other co-infecting bacteria (namely Atopobium 

vaginae and Prevotella bivia) is extremely complex and may involves the modulation of 

virulence factors and other biological processes which allow for an intimate cooperation and 

exceptional organization that represents a challenge for treatment [297–300]. Although 

Gardnerella species have been detected as the most common bacteria present in cases of BV, 

the role of this pathogen in the infection is still controversial, since Gardnerella colonization 

does not always cause clinical episodes of infection [301]. Recently, a study suggested that what 

has been previously referred to as Gardnerella vaginalis, in fact, includes 13 different species of 

the genus Gardnerella, of which 4 have been described: G. vaginalis, G. piotii, G. leopoldii, and 

G. swidsinskii [302]. Actually, it is not totally clear what the role of each species of Gardnerella 

in the initialization of infection and if a specific Gardnerella species has higher virulence 

potential [302]. 

In previous studies, our research group has proposed a formulation approach 

specifically designed for bacterial vaginosis in view of absorbing the excessive amount of vaginal 

fluid that characterizes this pathology as a swelling-hygroscopic formulation, immediately 

contributing to the relief of one of the symptoms that causes discomfort. The vaginal sheet is a 

variation of vaginal films but unlike vaginal films it is supposed not to dissolve immediately to 

release the drug. Furthermore, the sheet is bigger and thicker and must present the ability to 

absorb vaginal fluids without losing the essential structure at short time. 

In this study we aimed to further explore and optimize this vehicle to promote the 

efficacy of incorporation of Thymbra capitata EO, while preventing its volatilization, providing 
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a suitable vaginal product for the treatment of BV. We aimed to develop and characterize vaginal 

sheets with Thymbra capitata EO regarding technological characterization, predictable in vivo 

performance, in vitro efficacy against Gardnerella spp. and safety.  

 

3.2. Methods and materials  

3.2.1. Materials 

For the preparation of vaginal sheets the following excipients were used: glycerin 

(Acofarma, Spain); gelatin (Acofarma, Spain); lactic acid 90% (VWR, France); sodium lactate 

50% (VWR, France); sodium sulphate anhydrous (Labchem, United States of America); lactose 

(Fagron, Spain); chitosan low molecular weight with 50-190 KDa (Sigma-Aldrich, Germany); 

Hydroxypropyl Methylcellulose (Methocel K100, viscosity 100000 cP, 2% aqueous solution) 

(Dow, United States of America); propylene glycol (Labchem, USA); Polyvinyl alcohol (PVA) 

115000 (VWR, France) and MilliQ water (obtained in house through a Merck Milli-Q® 

Reference equipment).  

Aerial parts of T. capitata plant were collected at the flowering stage in Lagoa, Algarve ( 

south of Portugal). The oils were isolated by hydro distillation for 3 h, using a Clevenger-type 

apparatus according to the European Pharmacopoeia [303]. The oils were preserved in a sealed 

vial at 4 ºC.  

For the preparation of the vaginal simulant the following excipients were used: sodium 

chloride (JT Baker, United States of America); potassium hydroxide (VWR, France); calcium 

hydroxide (Acros Organics, United States of America); Bovine Serum Albumin (Sigma, 

Germany); lactic acid (Sigma, Germany); acetic acid (Fischer Scientific, United States of 

America); glycerol (Acofarma, Spain); urea (VWR, France); glucose (VWR, France) and porcine 

gastric mucin type II (Sigma, Germany).   

For the preparation of universal placebo hydroxyethylcellulose (Ashland, United States 

of America), sodium chloride (Honeywell fluka, United States of America) and sorbic acid 99% 

(Alfa Aesar, United States of America) were used.  

Other reagents included: Dulbecco's Modified Eagle Medium F12 (DMEM F12) (Gibco, 

United States of America); RPMI medium (Biowest, United States of America); sodium 

bicarbonate (Sigma, Germany); 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide 

(MTT) (Alfa Aesar, Germany ); Fetal bovine serum (FBS) (Sigma, Germany); penicillin and 

streptomycin (Sigma, Germany); phosphate buffer solution (PBS) (VWR, France); sodium 

dodecyl sulfate (SDS) (VWR, France); dimethyl sulfoxide (DMSO) (Fisher Chemical, United 

Kingdom); trypsin (Fischer Scientific, United States of America); 2-propanol (Honeywell, 

United States of America); sodium chloride (JT Baker, United States of America) and sodium 

hydroxide (VWR, France), carvacrol (Sigma-Aldrich, United States of America), ρ-cymene 

(Sigma-Aldrich, United States of America) and linalool (Sigma-Aldrich, United States of 

America).  
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3.2.2. Rational design of vaginal sheets with T. capitata essential oil 

Basic formulations of vaginal sheets, presented as a variation of vaginal films, with 

potential to incorporate actives for the treatment of vaginal infections, were previously 

developed by our research group [304]. The study developed in this thesis represents the 

continuation of this line of investigation by improving the ability of vaginal sheets to target 

specific pathological changes of BV (excessive fluids, pH changes), while delivering T. capitata 

EO as active substance. The outcomes of the initial stage of development of basic formulations 

were applied in the rational design of vaginal sheets with Thymbra capitata oil [304]. The 

proportion of polymer:plasticizer was maintained, although the concentration of gelatin was 

reduced to incorporate bioadhesive polymers that were selected for this work. The previously 

optimized method of production was applied. This is based on freezing vaginal sheets at -80 ºC 

overnight before the freeze-drying process, of 24 h duration, using a Scanvac CoolSafe™ freeze 

drier (temperature reached -110 ºC; pressure 0.019hPa) after which the obtained vaginal sheets 

were further coated with a rigorous amount of T. capitata EO. Throughout the development 

process, petri dishes were used as molds (4.5 cm diameter), for practical reasons although the 

envisaged final dimension of the product could be adapted to the physiological cavity (we 

previously proposed 7x2.4 cm, as desired dimension for that purpose). The rational design of 

formulations considered the selection of excipients approved for vaginal administration and the 

previous experience of the research group in the development of vaginal sheets. For the 

development of these vaginal sheets, PVA and HPMC were further added to chitosan and gelatin 

as bioadhesive polymers and a pH buffer solution was used to promote restoration of vaginal pH 

upon administration. As already stated, the T. capitata EO was added as active agent after the 

freeze-drying process, using a coating procedure.  

Gelatin was used as the main macromolecule in all formulations since it is 

biocompatible, non-toxic, widely used in a variety of pharmaceutical formulations. It presents 

hygroscopic properties which allow to absorb the abundant vaginal fluid [265,268,304].  

Chitosan was specifically selected to promote efficacy. Chitosan is a cationic polyamine 

with a high charge density at pH<6.5, that adheres to negatively charged surfaces, which can 

explain the excellent bioadhesive properties of this polysaccharide [249,265,268,305]. This 

biocompatible polymer can interact with epithelial tight junctions decreasing the epithelial 

barrier (in a reversible and mild process) but without causing epithelial damage [17,242]. The 

antimicrobial activity of chitosan, namely against agents that cause vaginal infections, has been 

studied. This antimicrobial activity can be explained by the interaction between positively 

charged chitosan molecules and negatively charged microbial cell membranes that causes the 

disruption of microbial membrane and lead to leakage of intracellular constituents. 

Furthermore, chitosan can contribute to the disruption of BV-related biofilms, and also improve 

the treatment with metronidazole when used as excipient to formulate liposomes 

[17,56,58,199,200,202,294,306,307].  

Polyvinyl alcohol (PVA) was also selected as a polymer to be included in these vaginal 

sheets. It is derived from polyvinyl acetate and is commonly used in rapidly dissolving vaginal 

films [268,308–314]. This polymer is biocompatible and it is particular suitable for vaginal 
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administration, due to its pH and osmolarity in solution, that are similar to those of the vaginal 

fluid [268,313]. 

Hydroxypropylmethylcellulose (HPMC) is a non-ionic, semi-synthetic cellulose derived 

polymer. It is water soluble and presents high swelling properties, while being non-irritant and 

stable at vaginal pH. HPMC also presents bioadhesive properties due to the long chain structure 

with hydroxyl groups which can interact with mucins, forming hydrogen bonds [268,289,292]. 

HPMC is commonly used as polymeric excipient in vaginal films and it allows to obtain flexible 

films [212,292,318,309–311,313–317].  

Powdered active substances can also be included in vaginal sheets. Lactose (inert 

powder) was added as a placebo powder to study changes that a powder can induce in vaginal 

sheets physical properties. Anhydrous sodium sulphate (ASS) was studied due to its hygroscopic 

properties which can potentiate the ability to absorb vaginal fluid, if needed.  

Glycerine and propylene glycol were used as plasticizers. Both are commonly used in 

vaginal products, including films, and are considered safe, although at high concentrations they 

can confer high osmolality to formulations which leads to toxicity [240,247,268,290,319–321]. 

Preliminary studies in the development of vaginal sheets as dosage form showed that glycerine 

may promote a better buffer capacity than propylene glycol. Moreover, propylene glycol showed  

higher potential to cause toxicity [322]. So, glycerine was preferentially used as plasticizer.    

Lactic acid/sodium lactate (LA) pH buffer solution was the main solvent in gel 

preparation. LA was selected since lactic acid is the physiologic component produced by 

lactobacilli which allows the low pH that is the typical indicator of healthy vaginal fluid. BV is 

characterized by an increase of the vaginal fluid pH for values above 4.5  [17,104–106,109,110]. 

So, acidifying agents can be considered an alternative strategy to treat BV, because most BV-

causing bacteria cannot grow at a pH below 4.5 and the acidic environment facilitates the 

growth of Lactobacillus species [109,121,150,294]. Some studies suggest that lactic acid, used as 

acidifying agent, can normalize vaginal dysbiosis, promoting the lactobacilli colonization and 

simultaneous inhibiting pathogenic bacteria’s growth [5,159,160,294]. We incorporated in 

formulations the LA buffer solution, to further promote the reestablishment of physiologic 

vaginal pH after administration. The buffer solution is expected to be more effective in 

normalizing the pH than lactic acid alone. Two different strengths of buffer were tested. 

We developed 7 prototypes of base formulations of vaginal sheets including variations of 

these excipients that were submitted to the following characterization assays.  

 

3.2.3. Preparation of vaginal sheets with Thymbra capitata essential 

oil  

To prepare vaginal sheets, homogeneous gels containing buffer solution, gelatin, 

polymers (HPMC, PA and chitosan) and plasticizers (glycerine and propylene glycol) were 

prepared according to table 11. For the preparation of gels, lactic acid/sodium lactate buffer was 

first heated to 50ºC (in a water bath) and then the plasticizers were added. Gelatin was 

dissolved in the mixture, and all the remaining constituents were incorporated. To prepare 
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formulation D, chitosan was first dissolved in lactic acid/sodium lactate buffer, that is, before 

the addition of plasticizer and gelatin. To prepare formulations E and F, PVA was first dissolved 

in buffer by heating in a water bath at 90 ºC, for 60 min. Mechanical stirring with a helical 

stirrer (Heidolph RZR 2041) at low speeds of rotation was performed to obtain homogeneous 

gels. Gels were centrifugated at 800rpm, for 5 min, to remove entrapped air bubbles. After 

centrifugation, 5 g of each gel were poured into standard small plastic Petri dishes (5.5 cm 

diameter). Formulations were allowed to cool down and were frozen at -80 ºC, overnight. The 

plates were then freeze-dried, during 24 h, using a Scanvac CoolSafe™ freeze drier (temperature 

reached -110 ºC; pressure 0.019 hPa). 

T. capitata EO was added to one surface of the vaginal sheet as a coating to a final 

concentration of 1% w/w (weight of T. capitata EO/weight of vaginal sheet). For this purpose, T. 

capitata EO was spread with a spatula on the upper surface of base formulations. Thymbra 

capitata EO was mainly composed by carvacrol (73.9-80%).  

The dimension of 7x2.4 cm was previously proposed for vaginal sheets, corresponding 

to the mean dimension of the human vagina [304]. Throughout this study, formulations were 

prepared and tested using the shape of the mold selected for freeze-drying (circular shape, 5.5 

cm diameter), resulting in smaller portions of vaginal sheets (for laboratorial scale purposes).  

 

Table 11. Qualitative and quantitative composition (% w/w) of gels used for vaginal sheets preparation.  
 
  Water LA 

(90% 
v/v) 

Sodium 
lactate 
(50% 
v/v) 

Gelatin HPMC PVA Glycerine Propylene 
glycol 

ASS Lactose Chitosan 

A 70.42 0.81 2.52 15.0 
  

11.25 
    

B 67.54 0.79 2.42 15.0 
  

11.25 
 

3.0 
  

C 67.54 0.79 2.42 15.0 
  

11.25 
  

3.0 
 

D 63.65 1.56 4.79 13.5 
  

15.0 
   

1.5 

E 81.82 0.95 2.93 4.0 1.0 2.4 6.0 0.9 
   

F 70.45 0.82 2.53 10.0  1.2 15.0     

G 70.65 0.82 2.53 10.0 1.0  15.0     

LA – lactic acid/sodium lactate buffer solution; HPMC  Hydroxypropylmethylcellulose; PVA - Polyvinyl 
alcohol; ASS -  Anhydrous sodium sulphate  
 

3.2.4. Freeze drying efficiency  

Conversion of gels into vaginal sheets was achieved through freeze dying. This process 

aims to eliminate water from the formulation. Freeze drying efficiency was calculated according 

to the follow expression, assuming that all weight loss was due to water removal:  

 Freeze drying efficiency (%) =  × 100 
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3.2.5. Preparation of mVFS 

The Modified Vaginal Fluid Simulant (mVFS) was prepared as described by Owen and 

Katz with the addition of mucin, as follows: sodium chloride 3.51 g; potassium hydroxide (KOH) 

1.4 g; calcium hydroxide (Ca(OH)2) 0.22 g; Bovine Serum Albumin 0.018 g; lactic acid 2.00 g; 

acetic acid 1.00 g; glycerol 0.16 g; urea 0.4 g; glucose 5.00 g and 15.00 g porcine gastric mucin 

type II were added to a milliQ water slightly volume less than 1L and stirred mechanically until 

complete dissolution [239]. The pH of the mixture was then adjusted to 5 using sodium 

hydroxide, to mimic the pH characteristic of BV (pathological condition), and the final volume 

was adjusted to 1 L. 

Mucin was added to this preparation to simulate the bioadhesion properties of vaginal 

fluid [17,241,242]. 

 

3.2.6. Sensorial characteristics  

The sensorial characteristics studied were colour, transparency (transparent, opaque, 

translucent); odour (odourless, characteristic odour, intensity of odour) and feel to touch (soft, 

hard, flexible, very flexible). The visual and sensory analysis was always performed by the same 

operator, 24 h after preparation of the formulation. Observations were recorded and 

photographs were taken. 

 

3.2.7. Thickness 

Thickness was measured using a digital micrometer IP54 (Vogel, VWR) on three 

different points (one at the center and two at side edges locations) of two independent vaginal 

sheets of each formulation.  

 

3.2.8. Folding endurance 

Folding endurance was measured by repeatedly folding the vaginal sheet at the same 

place (by horizontal and longitudinal folding), until broken. If the vaginal sheet was folded for 

300 times without breaking, it was considered to pass this test [250,323].  

 

3.2.9. Absorption efficiency of vaginal fluid simulant  

The evaluation of the absorption efficiency of vaginal fluid simulant was performed 

using portions of vaginal sheets 1.75x0.6 cm (25% reduction of the proposed final size, 

maintaining the same proportion). For contact with vaginal fluid simulant not only the pH of the 

solution was adapted to the characteristics of this infection (see section 3.2.5) but also the 

volume of solution was increased in relation to physiologic conditions. It is generally considered 

that 0.75 mL are present in the vagina, in each moment, in normal (physiologic) conditions 

[239]. For BV, excessive amounts of vaginal fluids are present as a typical symptom, but the 

exact volume of these fluids is not specifically described in the literature. For the purpose of this 

work, it was considered that an excess of 50% of fluid characterizes BV. Therefore, 1.125mL of 
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fluid with pH 5.0 was considered to reproduce BV vaginal fluid. For contact purposes with the 

vaginal sheet, the volume of fluid was reduced to 25% to keep the proportion determined by the 

reduction of the size of vaginal sheet. So, 0.281mL of mVFS (25% of the vaginal fluid present in 

the vagina, at each moment, in BV), corresponding to 0.2834 g, based on density, was added to 

the upper side of the sheets (corresponding to 25% of the standard size). At certain timepoints 

(10 min, 30 min, 1 h, 3 h, 5 h, 7 h, 11 h, 24 h), the vaginal sheet portions were cleaned to remove 

the unabsorbed mVFS that remained on the surface and were weighed (n=3). Independent 

samples were tested for each timepoint. 

The absorption efficiency of vaginal fluid simulant was calculated according to the 

follow equation: 

Absorption efficiency (%) =  × 100 

 

3.2.10. pH and buffer capacity 

The vaginal sheet was dissolved at 37ºC in a 1:20 ratio (sheet weight:solvent volume). 

The solvents used were 0.9% w/v NaCl (since it exhibits low buffering capacity) and mVFS pH5 

(pH of BV vaginal fluids).  

The initial pH of the obtained dilutions was measured, then, 20 μL of 1N NaOH aqueous 

solution (corresponding to 0.02 meq NaOH) were added until the pH was equal to or greater 

than 9. Control assays were performed only with dissolution media (0.9% w/v NaCl or mVFS pH 

5). The Absolute Buffering Capacity (ABC), NaOH meq necessary to rise the pH one unit, and 

the Relevant Buffer Capacity (RBC), NaOH meq necessary to obtain pH higher than 5, were 

calculated [247].  

 

3.2.11. Texture analysis: Hardness and resilience  

The evaluation of hardness and resilience was performed using a TA.XT Plus Texture 

Analyser (Stable Micro Systems, United Kingdom), as described by Rita Machado et al [304]. 

Both tests were performed on return to start mode. 

Hardness was determined by the Fmax exerted by the 2 mm needle shape probe (P2N, 

Stable Micro Systems, United Kingdom) on the formulation sample placed on a heavy duty 

platform using the following test conditions: a test speed of 3 mm/s, a penetration distance of 

0.2 mm and a trigger force of 0.05 N. Resilience, which is the ability of a sample to return to its 

shape after a force has been exerted on it, was measured using a P2 (2 mm) flat probe and a ring 

platform to avoid movements of the formulation. Test speed was 3 mm/s, distance was 2 mm 

and trigger force was 0.05 N. 

For each formulation, hardness and resilience were measured at three different points 

in two independent vaginal sheets (n=6), and the mean and standard deviation of these six 

measurements were calculated.  
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3.2.12. Bioadhesion  

The bioadhesion of vaginal sheets to the porcine vaginal tissue was measured using 

texturometer TAXT Plus (Stable Micro Systems, United Kingdom). 

The tissue was excised from vaginal tubes from approximately 6 months' old animals, 

kindly provided from a local slaughterhouse. The vaginal tubes were cut longitudinally, washed 

with a sodium chloride solution (0.9% w/w) wrapped in aluminium foil, and preserved at −20 

°C (figure 10).  

Immediately before the experiment, vaginal tissue was thawed at room temperature and 

washed with sodium chloride solution. 

The vaginal sheets were cut into circular portions with 10 mm diameter (corresponding 

to the diameter of the probe base). On the upper side of each circular portion 53 μL of mVFS 

were added and were left in contact for 20 min immediately before the test. The volume of 53 μL 

was defined proportionally, considering the area of the vaginal sheet circular portions  and the 

increased volume of vaginal fluid present in the vagina at every moment in this pathology (see 

section 3.2.9 for details on the rational) [17,239,304]. A double-sided adhesive tape was used to 

attach the hydrated sheet portions to the probe. The vaginal epithelium samples were fixed on 

the equipment base using a mucoadhesion rig (A-MUC) and were hydrated with 20 μL of mVFS 

immediately before the beginning of the determination. The whole system was kept at 37 ± 1 °C 

by means of an oven (Stable Micro Systems, United Kingdom). Figure 10 illustrates the general 

steps for the procedure preparation. 
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Figure 10. Illustration of the method for evaluation of bioadhesive profile of vaginal sheets on a 
texturometer using ex-vivo porcine vaginal tissue. 1- Preparation of vaginal porcine epithelium; 2- A 
double sided adhesive tape allowed for circular portions of vaginal sheets attachment; 3- The whole system 
was maintained at 37ºC by means of an oven; 4- Porcine vaginal tissue was fixed using a mucoadhesion rig 
(A-MUC), avoiding its movement when the probe moves and allowing intimate contact between the 
formulation and the epithelium.  
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The software was used in bioadhesion mode. The pre-test speed was 0.5 mm/s with a 

trigger force of 0.02942 N. The test speed and the post-test speed were 0.1 mm/s. The 

contact/hold time was 180 seconds, and the force applied was 2.5 N [304].  

In total, 12 porcine vaginal tubes were used. Each vaginal tube was divided into small 

portions. Each formulation was tested on 6 portions of different vaginal tubes (n=6).  

Bioadhesive profiles of vaginal sheets were expressed as work of adhesion (N.mm) and 

were compared to the control, consisting of a cellulose acetate membrane fixed in the double-

sided adhesive tape and treated with the same procedure as samples. 

 

3.2.13. Stability studies   

Vaginal sheets were wrapped in aluminium foil and stored at room temperature (20-25 

ºC), under refrigerated conditions (5 ±3 ºC) and accelerated conditions (40±2 ºC) during 3 

months. The storage temperatures were selected based on International Council for 

Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH Q1A 

(R2)). Humidity was not controlled. We studied the changes in sensorial characteristics, 

gravimetry (variation of weight), pH after the dilution on mVFS and textural properties. 

Observations were recorded and photographs were taken. Results were compared to the initial 

characterization (t0).  

 

3.2.13.1. Quantification of Thymbra capitata EO components when 

incorporated in vaginal sheets 

The quantification of carvacrol in vaginal sheet D.O was performed immediately (t0) 

after the incorporation of T. capitata EO 1% w EO/w of sheet and after storage for 3 months (t3) 

at room temperature (20-25 ºC), 5 ºC (±3 ºC) and 40 ºC (±2 ºC). Furthermore, sheets were 

prepared incorporating a mixture of pure compounds, carvacrol and linalool (80:20) at 1% w/w 

of sheet. These sheets, stored in the same conditions, were used to support the validation of the 

quantification procedures of carvacrol and linalool in the vaginal sheets. The incorporation rate 

of T. capitata EO into vaginal sheets was calculated immediately after the incorporation (t0) of 

T. capitata EO 1% w/w considering two independent batches (n=1 for batch 1 and n=3 for batch 

2). Carvacrol content was used for assessment of the incorporation rate of the T. capitata EO in 

the formulation and for assessment of its stability during storage. Carvacrol in the vaginal sheets 

was quantified by gas chromatography equipped with a flame ionization detector (GC-FID) after 

a suitable liquid-liquid extraction. 

Briefly, vaginal sheets (unitary samples of 2 g) were roughly divided and submitted to 

extraction with 3 x 20 mL of a mixture of n-pentane / diethyl oxide (93:7) during 2 h, under 

continuous shaking. The extractive solutions were decanted and combined. The vaginal sheet 

remaining’s were then added of 20 mL deionized water and 20 mL of n-pentane / diethyl oxide 

(93:7) and kept under continuous shaking with during 2 h. After centrifugation (6000 rpm x 3 

min) the organic liquid phase was recovered and joined to the previous solution. The volume of 

the extractive solution was reduced to less of 18 mL by distillation under reduced pressure (640 
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mbar) at room temperature; 10 mg of camphor were added as internal standard [1.0 mL of a 

camphor solution at 10.0 mg.mL-1 in n-pentane : diethyl oxide (93:7)] and the final volume 

adjusted to 20 mL with the solvent mixture. 

Each sample was analyzed by gas chromatography in a Hewlett-Packard 6890 gas 

chromatograph equipped with a flame ionization detector (FID) and a SPB-1 

(polydimethylsiloxane 30 m × 0.20 mm i.d., film thickness 0.20 µm) column. Oven temperature 

was programmed to raise from 70 °C to 190 °C (at a rate of 12°C.min-1); injector temperature 

was set 250 °C; helium was used as mobile phase with a flow adjusted to maintain a linear 

velocity of 30 cm.s-1; volume sample was 1µL injected in splitless mode; FID temperature was 

set at 250 °C. 

Quantification of carvacrol was made by the internal standard method referring to the 

GC peaks’ raw areas (carvacrol and camphor peaks) in samples and in an standard solution 

containing carvacrol at 0.7 mg.ml-1 and camphor at 0.5 mg.mL-1 (as internal standard).  

Limit of Quantification for carvacrol was estimated as 7000 μg per gram of sample. 

 

3.2.14. Cellular Toxicity 

3.2.14.1. Epithelial Cells 

The HeLa cell line and the HEC-1A cell line were obtained from the American Type 

Culture Collection (ATCC-LGC Promochem, Teddington, United Kingdom). HeLa cell line is 

derived from human uterine cervical adenocarcinoma and HEC-1A cell line is derived from 

human endometrial adenocarcinoma. HeLa cell line was cultured in DMEM-F12 medium 

supplemented with penicillin (100 U/mL), streptomycin (100 mg/mL), and 10% FBS and is 

further referred to as DMEM complete medium (passages 39-49). The uterine HEC-1A cells 

were cultured in RPMI 1640 supplemented with 100 U/mL penicillin, 100 mg/mL 

streptomycin, and 10% FBS, further referred to as RPMI complete medium (Passages 50-55). 

 

3.2.14.2. Samples tested 

Cytotoxicity testing was performed for base formulation D, formulation D with 

Thymbra capitata EO, Thymbra capitata EO and mixtures of isolated components of Thymbra 

capitata EO which presented potent antimicrobial activity against G. vaginalis biofilms (A - 

0.08 μL/mL Carvacrol + 0.32 μL/mL Linalool; B - 0.02 μL/mL Carvacrol + 1.25 μL/mL Linalool 

and C- 0.04 μL/mL Carvacrol + 2.5 μL/mLp-cymeno + 1.25 μL/mL Linalool [324]), in order to 

study the biocompatibility of products. Sheets were diluted to 10%, 5%, 2.5%, 1.25%, 0.63%, 

0.31% (w/v) in complete culture medium containing 0.5% (v/v) of DMSO to ensure proper 

solubility of formulations. The dissolution of sheets at the higher concentration (10% w/v) was 

performed during 4 h at 37 ºC and the solutions were then vortexed during 3 min, then serial 

dilutions were performed. Thymbra capitata EO was diluted to 0.25%, 0.125%, 0.063%, 

0.031%, 0.015%, 0.007% (v/v) in complete culture medium containing 0.125% (v/v) of DMSO 

and vortexed during 3 min. The mixtures of isolated components of T. capitata EO were 
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prepared in culture medium. The resulted emulsion was homogeneous, stable and was visually 

inspected for phase separation (that did not occur throughout the study timeframe).  

 

3.2.14.3. Evaluation of MTT conversion due to non-cellular 

mechanisms  

Chemicals absorbing light in the same range as MTT formazan and compounds able to 

directly reduce MTT may interfere with the cell viability measurements [325]. Some 

components of plant extracts have reducing activity that converts MTT [326,327].  

Before performing cytotoxicity tests, we checked for possible interference due to the 

conversion of MTT by components of Thymbra capitata EO, adapting the proposed 

methodology referred in Test Guideline No. 439 In vitro skin irritation [325]. To identify direct 

MTT reducers, Thymbra capitata EO was added to a freshly prepared MTT solution (1 mg/mL 

in incomplete culture medium) at several concentrations. To further eliminate this interference, 

we prepared one plate containing dead fixed cells (killed by absolute ethanol in contact with 

cells during 7 min at -20 ºC) for each independent test. These plates containing dead fixed cells 

were submitted to the same procedure of cytotoxicity test (contact with tested samples at the 

same concentrations during the 24 h, washing step, incubation with MTT solution and 

extraction).   

 

3.2.14.4. Cytotoxicity test (MTT Assay) 

The MTT reduction assay was performed as previously described and according to 

ISO/EN 10993-5 for in vitro evaluation of medical devices [256]. Cells were seeded onto 96-well 

plates (100,000 cells/mL) with complete culture media. Cells were left to adhere for 24 h at 37 

ºC, under 5% CO2 atmosphere. After obtaining a half-confluent culture, 100 μL of tested 

samples were added and left in contact for 24 h. After this period, cells were washed with PBS 

and incubated for 3 h with 50 µL a 1 mg/mL solution of MTT reagent prepared in incomplete 

culture medium. Subsequently to formazan crystals formation, extraction was accomplished 

with 100 μL of 2-propanol for 15 min, through mild agitation on an orbital shaker, protected 

from light. Absorbances were then measured at 570 nm, using a microplate spectrophotometer 

(Biorad xMark, EUA). The negative control consisted of cells without any treatment (only 

culture media in assay), which was considered as the 100% viability reference for products 

toxicity calculation. Positive control (SDS 2%), which causes extreme decrease in viability, was 

included. Solvent controls (SC): 0.5% DMSO in culture media for the assays of D and D.O 

cytotoxicity evaluation and 0.125% DMSO in culture media for the assays of EO cytotoxicity 

evaluation were also included to evaluate the contribution of solvents used in the extraction to 

the global effect in viability.  
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3.2.15. Vaginal irritation – SkinEthicTM Reconstructed Human 

Vaginal Epithelium model 

For safety characterization, vagina irritation was further studied in a commercial 3D 

model (SkinEthicTM HVE / Human Vaginal Epithelium, provided by Episkin France), using the 

MTT test. This model is based on the ability of the cell line A431 (derived from vulvar 

epidermoid carcinoma) to form a pluri-stratified epithelium with strong histologic resemblance 

to the in vivo vaginal mucosa, after cultivation on an inert polycarbonate filter at the air liquid 

interface in a chemically defined medium. 

 

3.2.15.1. Pre incubation  

Upon reception, the inserts containing the tissues were visually inspected for integrity 

and individually transferred (using sterile forceps, under aseptic conditions) to a well of 6-well 

plates (VWR, Portugal) pre-filled with 1 mL of Maintenance Medium (provided by the Episkin 

together with the tissues). The tissues were then, pre-incubated overnight, at 37°C, ≥ 90% 

humidity, 5% CO2 (Binder APT.lineTM C150E2, USA). 

 

3.2.15.2. Samples  

We tested the vaginal irritation caused by Thymbra capitata oil at 0.32 µL/mL, diluted 

on sesame oil), mix-A (0.08 μL/mL Carvacrol + 0.32 μL/mL Linalool diluted on sesame oil) 

which we previously showed to have antimicrobial potential against several species of 

Gardnerella spp [324]; sesame oil (as solvent control); vaginal sheet D diluted on PBS 10% w/v; 

vaginal sheet D.O diluted on PBS 10% w/v; vaginal sheet D.O (undiluted, tested in direct contact 

with tissue) and universal placebo, used as comparator/reference. Universal Placebo was 

prepared according to Tien et al. by dissolving of 2.7 g of hydroxyethyl-cellulose (2000cP) in 

96.3 g of water containing 0.85 g of sodium chloride and 0.1g of sorbic acid. The final pH was 

adjusted to 4.4 by adding sodium hydroxide, and the gel was stored at 2–8 ºC [328]. 

Sesame oil (Ph Eur. Grade, Sigma) was used as solvent for oily components, since this is 

the oily vehicle recommended for skin irritation testing according to ISO 10993-23:2021. 

phosphate buffer saline without Ca2+ and Mg2+ (DPBS, VWR) and Sodium Lauryl Sulfate 1% 

w/v, were used as negative and positive controls, respectively.   

  

3.2.15.3. Sample application 

After pre-incubation, tissues were then transferred to new 24-well plates (one plate per 

condition) containing 300 µL of Maintenance Medium, and then 30 µL of the liquid/semi solid 

test substances or controls were gently dispersed over the entire tissue surface. Vaginal sheet 

D.O was further tested as solid sample, undiluted, and in this case the application procedure 

was different. Circular portions of vaginal sheet D.O with the same diameter of tissues was cut 

and 10 µL of PBS was applied on the surface of tissue to hydrate it immediately before the 

application of vaginal sheet’s portions over the surface. After the application of samples, tissues 

were incubated for 24 h at 37 °C, ≥90% humidity, 5% CO2.  
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3.2.15.4. MTT assay 

After 24 h of incubation at 37°C, ≥ 90% humidity, 5% CO2, tissue integrity was assessed 

by the MTT assay, as previously described [253,279]. Briefly, the tissues were washed with PBS 

and gently dried. Then, the tissues were transferred to a 24-well plate containing 300 µL per 

well of a 0.5 mg/mL MTT (Alfa Aeser) solution (in PBS, VWR) and incubated for 3 h, at 37 °C, ≥ 

90% humidity, 5% CO2, protected from light. After this period, the tissues were transferred to a 

single 24-well plate containing 750 µL of isopropyl alcohol and more 750 µL were further added 

at the top of each tissue to allow for full extraction of formazan for ≥2 h, in a sealed plastic bag, 

under agitation in a plate stirrer Absorbances were then measured at 570 nm, using a 

microplate spectrophotometer (Promega GloMax® Explorer System, USA). The negative 

control consisted of tissues treated with PBS which was considered as the 100% viability 

reference for products toxicity calculation. Wells with isopropyl alcohol were used for 

background deduction applied to all absorbance values.  

 

 

3.2.16. Vaginal irritation - Hen’s Egg Test-Chorioallantoic Membrane 

Assay (HET-CAM) 

3.2.16.1. Eggs and incubation conditions 

The HET-CAM assay was performed on fresh fertile White Leghorn chicken eggs that 

were clean and weighed (45-65 g). Upon arrival at the lab, eggs were checked for damage. 

Damaged eggs were discarded, and undamaged eggs were incubated at 37.8 ± 0.3 ºC in a 

relative humidity of 58 ± 2% and under automatic rotation for 8 days (Corti AF-50 and Copele 

30652, Spain). On the eighth day, eggs were observed using a LED light to confirm embryo 

formation. Non-embryonated and non-viable (dead) eggs were discarded. Viable eggs were 

incubated for one further day under the same conditions of temperature and humidity, but 

without rotation. 

 

3.2.16.2. Samples tested 

Base formulation D and formulation D with oil have been ground to fine particles, as 

suggested on ICCVAM-Recommended Test Method Protocol: Hen’s Egg Test – Chorioallantoic 

Membrane (HET-CAM) Test Method for solid test substances: 0.3g were directly applied onto 

the CAM, ensuring that at least 50% of the CAM surface area is covered. Additionally, the same 

formulations were diluted on NaCl 0.9% (w/v) to a final concentration of 10% (w/v). Saline 

solution was selected to dissolve vaginal sheets since it was considered as non-severe irritant. 

The resultant viscous gels were thermostated at 37 ºC before being applied.  
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3.2.16.3. HET-CAM assay 

Previous studies performed by our research group reported the potential of the HET-

CAM assay for vaginal irritation testing of medicines, cosmetics, hygiene products or medical 

devices in preclinical safety assessments [257].  

The HET-CAM assay (according to the ICCVAM – Recommended Test Method (NIH 

Publication No. 10-7553 – 2010) was used to test the potential vaginal severe irritation of 

samples, since it allows the identification of severe irritants as an in vitro alternative to the in 

vivo Draize rabbit eye test [258]. At day 9, eggs were taken out of the incubator and placed on 

an appropriate support. The shell was carefully opened using a scalpel and tweezers and the 

internal membrane was exposed and then hydrated with NaCl 0.9% (w/v) for a maximum of 30 

min. The solution was aspirated, and the membrane was carefully peeled off, without damaging 

the blood vessels. 0.3 mL of base formulation D and formulation D with oil diluted on saline 

solution (10% w/v) and control solvents and 0.3g of base formulation D and formulation D with 

oil finely divided were applied to the CAM (n=3 eggs per sample). NaCl 0.9% (w/v) was used as 

negative control and NaOH 0.1N and SDS 1% were used as positive controls. 

The irritant effects of samples and controls were evaluated by observation of three 

endpoints: haemorrhage (vessel bleeding), lysis (vessels disintegration) and coagulation (intra 

and extra-vascular protein denaturation) at predetermined time intervals (0.5, 2, and 5 min). 

These observations allowed calculation of the irritation score (IS (A)) as the sum of the scores 

obtained at each time point (table 5). The irritancy classification is defined as non-severe irritant 

(IS 0-9) or severe irritant (>9 to 21). This score does not provide differentiation amongst mild 

irritants and non-irritants. Photographs were taken at each time points (1 egg per sample). 

 

3.2.17. Evaluation of vaginal sheet D.O efficacy against Gardnerella 

species biofilms  

3.2.17.1. Bacterial growth conditions 

Gardnerella vaginalis UM137, G. piotii UM035, G. leopoldii UGent 09.48 and G. 

swidsinskii GS 9838-1 were grown on Columbia Base Agar medium (Liofilchem, Roseto degli 

Abruzz, Italy) supplemented with 5% (v/v) of defibrinated horse blood (Oxoid Ltd, Hampshire, 

UK) for 48 h [296]. For each experiment, the bacterial species were grown in Brain Heart 

Infusion (BHI, Liofilchem) supplemented (sBHI) with 2% (w/v) gelatin (Liofilchem), 0.1% (w/v) 

starch (Panreac, Barcelona, Spain) and 0.5% (w/v) yeast extract (Liofilchem) and incubated for 

24 h at 37 °C and 10% CO2 (Panasonic MCO-18AC, Bracknell, UK). 

 

3.2.17.2. Activity of dissolved vaginal sheets on Gardnerella species 

biofilm 

For biofilm formation, 24 h bacterial inoculums of Gardnerella vaginalis UM137, G. 

piotii UM035, G. leopoldii UGent 09.48 and G. swidsinskii GS 9838-1 were adjusted to a 

concentration of 107 CFU/mL, determined by flow cytometry, as previously described [299]. 
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Then, 1 mL of each suspension was dispensed on 24 well-plates (Orange Scientific, Braine-

l’Alleud, Belgium) and incubated for 24 h at 37°C and 10% CO2. 

The vaginal sheet D.O was dissolved (at 10% w/v concentration), using sBHI medium 

containing 0.5% (v/v) of DMSO to ensure proper solubility of formulations. Required 

concentrations of the dissolved vaginal sheets were prepared in sBHI medium. After 24 h, the 

medium from the biofilms was removed and 1 ml of the correspondent vaginal sheet suspension 

was added to the biofilm and the plates were incubated for further 24 h at the same conditions. 

A negative control was performed where the medium was replaced by fresh sBHI. Another 

control was included where the effect of DMSO was verified by replacing the medium at 24 h by 

sBHI with 0.5% of DMSO. The effect of the vaginal sheet D without EO was also assessed using 

the same method applied to the EO containing vaginal sheet. Vaginal sheet D was tested at 

concentration 0.03 g/mL that corresponds to the concentration of base formulation at the 

higher concentration of D.O tested (Thymbra capitata EO 0.32 µL/mL). 

At 48 h of biofilm formation, the medium was removed and the biofilm was washed 

once with NaCl 0.9% (w/v). Then, 1 mL of sBHI was added to each well and the biofilm was 

detached from the plates. 100 µL of each condition was diluted in NaCl 0.9% (w/v) and serial 

dilutions were performed. Lastly, 10 μL of each dilution were plated on CBA plates and 

incubated for 72 h at 37 °C and 10% CO2. Colony Forming Units (CFU) counts were performed 

and results expressed as log CFU/mL. The experiments were repeated at least three times with 

technical duplicates. 

 

3.3. Results and discussion  

3.3.1. Freeze drying efficiency 

Results shown in table 12 show that the freeze-drying process is efficient at removing 

water from formulations, with freeze drying efficiency ranging from 93.8% ± 3.0 (D) to 98.5% ± 

0.5 (A). As a result, vaginal sheets contain only residual amounts of water so preventing 

microbial contamination.  

Table 12. Freeze drying efficiency of vaginal sheets 
Base formulation Freeze drying efficiency 

(%) 
A 98.5 ± 0.8 
B 94.7 ± 1.9 
C 97.9 ± 0.6 
D 93.8 ± 3.0 
E 96.4 ± 0.4 
F 94.4 ± 1.2 
G 96.5 ± 3.0 

 

3.3.2. Sensorial characteristics  

Sensorial characteristics of vaginal sheets are presented in table 13 and figure 11. 

Physical characteristics and sensorial perception of vaginal products influence the acceptability 

and the adherence of users [103]. In general, women prefer vaginal products to be colorless (or 

light-colored) and odorless. Natural ingredients tend to be valued by some [103,329,330].  
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Table 13. Sensorial characteristics of vaginal sheets  
Formulation  Colour Transparency Odour Feel to touch 

A Very light yellow Transparent Odourless Hard, flexible, 
surface smooth 

A.O Light yellow Transparent Thymbra capitata 
essential oil odour 

Flexible, surface 
smooth 

B Yellowish white Translucent Odourless Flexible, surface 
smooth 

B.O Very light yellow Translucent Thymbra capitata 
essential oil odour 

Hard, flexible, 
surface smooth 

C Very light yellow Transparent Odourless Flexible, surface 
smooth 

C.O Light yellow Transparent Thymbra capitata 
essential oil odour 

Hard, flexible, 
surface smooth 

D Light yellow Transparent Slight shellfish 
odour 

Flexible, surface 
smooth 

D.O Light yellow Transparent Thymbra capitata 
essential oil odour; 

slight shellfish 
odour 

Very flexible, surface 
smooth 

E White Opaque Odourless Soft, flexible, surface 
smooth 

E.O White Opaque Thymbra capitata 
essential oil odour 

Soft, Very flexible, 
surface smooth 

F Very light yellow Translucent Odourless Soft, flexible, surface 
smooth 

F.O Very light yellow Translucent Thymbra capitata 
essential oil odour 

Soft, Very flexible, 
surface smooth 

G Pearl White Opaque Odourless Soft, flexible, surface 
smooth 

G.O Pearl White Opaque Thymbra capitata 
essential oil odour 

Soft, very flexible, 
surface smooth 
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Figure 11. General aspect of vaginal sheets and how to handle and apply. Legend: 1 – vaginal sheet A; 2 – 
vaginal sheet B; 3 – vaginal sheet C; 4 – vaginal sheet D; 5 – vaginal sheet E; 6 – vaginal sheet F; 7 – 
vaginal sheet G; 8 – Method of application of T. capitata essential oil on the surface of vaginal sheets after 
the freeze-drying process using a spatula; 9 – Application of vaginal sheet to be inserted into the vagina 
wrapped around the finger.   
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Previous studies reported the acceptability of vaginal films for the prevention of HIV 

transmission. Fan et al reported that women most frequently preferred vaginal films to be 

smooth and thin, translucent and square size (5.08 cm x 5.08 cm). The majority of women 

preferred odorless, colorless and flavorless films, maintaining the natural characteristics of 

fluid. Women also preferred translucent or opaque films, since transparent films are associated 

with a low level of visual discernibility [329]. Guthrie el al reported that 33.3% of women within 

their study preferred the size of film 7.62 x 2.54 cm and women related the size with the ease of 

insertion, efficacy and leakage. Films with texture could improve insertion by providing better 

grip on the film. On the other hand, approximately 50% of participants preferred the film with 

one smooth and one textured side, indicating that the texture could improve insertion by 

providing better grip [330].  

The optimal final size of vaginal sheets (7x2.4 cm) was defined considering the mean 

dimension of the human vagina to allow a complete coverage. The light colors of vaginal sheets 

do not predicable promote significative changes in the natural color of vaginal fluid. The odor of 

vaginal sheets of Thymbra capitata EO can be an advantage for the product, since it can 

attenuate the characteristic unpleasant odor of BV vaginal fluid. Furthermore, the fact that the 

EO is a natural active substance may even improve acceptability among women that are more 

prone to use natural products  [198,331,332]. 

 

3.3.3. Thickness 

The thickness of vaginal sheets ranged from 0.813 ± 0.046 mm (base formulation D) to 

1.111 ± 0.176 mm (base formulation B) – table 14. This variation between formulations can be 

explained by the polymers used and respective concentrations. Vaginal sheets are thicker than 

vaginal films, since the freeze-drying process allows to maintain the poured thickness originated 

in the network structure of gels. Vaginal sheets presented homogeneous thickness. The addition 

of oil to the base formulations did not change the structure of vaginal sheets (thickness was 

similar).  

 

Table 14. Thickness (mm), folding endurance and pH after diluting vaginal sheets on mVFS pH 5 (1:10 
w/w) 
 

 Thickness (mm) 
(n=6) 

Folding endurance 
(n=2) 

pH 
dilution with mVFS 

pH5 1:10 w/w 
pH + S.D 

(n=3) 
A 0.935 ± 0.081 ✓ 4.72 ± 0.01 

A.O 0.925 ± 0.025 ✓ 4.48 ± 0.02 
B 1.111 ± 0.176  (287 times) 4.63 ± 0.03 

B.O 1.086 ± 0.072 ✓ 4.47 ± 0.03 
C 0.815 ± 0.039 ✓ 4.61 ± 0.01 

C.O 0.821 ± 0.018 ✓ 4.45 ± 0.01 
D 0.813 ± 0.046 ✓ 4.67 ± 0.01 

D.O 0.820 ± 0.023 ✓ 4.52 ± 0.01 
E 0.921 ± 0.041  (174 times) 4.43 ± 0.01 

E.O 0.906 ± 0.012  (144 times) 4.38 ± 0.01 
F 1.027 ± 0.023 ✓ 4.52 ± 0.01 

F.O 1.005 ± 0.009 ✓ 4.40 ± 0.01 
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3.3.4. Folding endurance 

Vaginal sheets are designed to be inserted rolled around the finger, so it must have 

flexibility and simultaneously resistance to allow this application. We evaluated these 

characteristics using folding endurance test (table 14). Formulation B was hard and not very 

flexible, so it was broken at the final stage of the test. After the incorporation of the oil, it 

became more flexible and already passed the test. Although formulation E and formulation E.O 

were very flexible, they were very soft, not having enough resistance to pass this test. Similarly, 

G.O was very soft, being fragile to pass this test. The other formulations presented adequate 

characteristics for the intended use. This flexibility and low thickness are advantageous 

characteristics of the formulation when compared with classic solid dosage forms such as ovules 

(vaginal suppositories), since they are able to adapt to the vaginal cavity, causing less discomfort 

[316]. 

 

3.3.5. Absorption efficiency of mVFS 

BV is characterized by an abundant creamy, grey-white vaginal discharge with rotten 

fish odor [17,104–106,109,110].  Vaginal sheets can gradually absorb mVFS and dissolve on it, 

ultimately becoming a bioadhesive gel that adheres to the epithelium (table 15).  

 

Table 15. Absorption efficiency (%) of mVFS of vaginal sheets during 24 h. Results are presented as mean 
values ± standard deviation (SD), n = 3. Bold values represent the maximum absorption (swelling) 
timepoint from which preparations start to lose their structure.   
 

 10 min 30 min 1 h 3 h 5 h 7 h 11 h 24 h 

A 21 ± 3 35 ± 1 54 ± 0 55 ± 2 59 ± 3 63 ± 0 59 ± 8 57 ± 1 

A.O 29 ± 2 42 ± 2 42 ± 2 53 ± 6 46 ± 3 47 ± 5 47 ± 2 33 ± 1 

B 29 ± 4 44 ± 4 54 ± 0 62 ± 3 66 ± 0 67 ± 7 84 ± 14 55 ± 1 

B.O 28 ± 4 39 ± 3 45 ± 2 53 ± 2 60 ± 2 54 ± 4 45 ± 1 32 ± 0 

C 22 ± 3 42 ± 7 39 ± 1 56 ± 3 53 ± 0 55 ± 7 59 ± 14 50 ± 1 

C.O 29 ± 0 41 ± 2 44 ± 0 50 ± 6 50 ± 2 53 ± 4 52 ± 4 34 ± 1 

D 25 ± 5 45 ± 5 47 ± 2 59 ± 12 63 ± 5 69 ± 2 70 ± 1 61 ± 0 

D.O 40 ± 4 42 ± 8 49 ± 5 48 ± 1 56 ± 3 63 ± 0 45 ± 6 32 ± 0 

E 42 ± 9 39 ± 5 32 ± 3 29 ± 10 10 ± 0 - - - 

E.O 46 ± 7 47 ± 2 42 ± 5 35 ± 8 6 ± 2 - - - 

F 20 ± 15 37 ± 7 40 ± 11 49 ± 4 58 ± 0 47 ± 1 47 ± 6 23 ± 0 

F.O 36 ± 4 41 ± 3 53 ± 1 56 ± 2 55 ± 2 55 ± 3 55 ± 3 37 ± 5 

G 31 ± 1 40 ± 11 44 ± 6 47 ± 2 47 ± 4 46 ± 10 47 ± 5 26 ± 11 

G.O 38 ± 3 48 ± 2 48 ± 8 52 ± 5 51 ± 8 51 ± 4 47 ± 3 38 ± 3 

G 0.920 ± 0.024 ✓ 4.55 ± 0.01 
G.O 0.924 ± 0.010  (295 times) 4.40 ± 0.02 
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This dosage form is particularly interesting for the treatment of BV, since it can 

contribute to relieve one of the most important symptom which is associated with a significant 

negative impact on self-esteem, sexual relationships, and quality of life [304]. Comparing with 

gels, vaginal sheets (similarly to films) avoid leakage and messiness [212,304,313]. Initially, 

vaginal sheets presented a swelling behaviour, absorbing the mVFS (with pH and volume 

adapted to the pathological condition). After that, and depending on their composition, vaginal 

sheets begin to present a viscous gel, resulting from the dissolution of some components into 

mVFS, that is, they begin to lose their structure. Among base formulations, formulation B 

presented the higher absorption ability (84% ± 14 after 11 h). Among sheets with oil, D.O 

exhibited the higher absorption ability (63% ± 0 after 7 h). Vaginal sheet D.O exhibited a typical 

swelling behaviour until 7h, and only after this timepoint, it begins to dissolve on mVFS and 

gradually forms a gel. The fluid absorption profile of vaginal sheet D.O can be particularly 

relevant in the context of a possible clinical use, since, similarly to almost all vaginal products, it 

is intend to be applied at bedtime. Therefore, it could absorb the excess of vaginal fluid during 

the night and then be partially expelled and partially becoming a bioadhesive gel during the 

daytime (avoiding leakage). After 24h, vaginal sheet D.O did not totally lose its structure. On the 

other hand, formulation E.O presented the lower absorption efficiency of mVFS (47% ± 2 after 

30 min) and the entire sheet was dissolved in mVFS, with total loss of the initial structure and 

formation of a gel, after 7 h.   

 

3.3.6. pH and buffer capacity 

We used the mVFS with pH 5 to simulate this pathologic fluid. After the dilution of 

vaginal sheets in mVFS (1:10 w/w), the resultant pH is closer to the healthy vaginal fluid pH 

(table 17), suggesting that vaginal sheets with LA buffer solution can normalize the mVFS pH 

presenting a complementary action against BV-related bacteria. 

The addition of T. capitata EO to the base formulations caused a slight decrease of pH 

(significantly different for all formulations, p<0.05, Tukey’s Multiple Comparison Test). We 

studied the buffer capacity of formulations (figure 12).  

We included two solvents for the dilution of vaginal sheets: mVFS and saline solution 

(since it has lower buffer capacity) [240,247,304]. The mean value of RBC and ABC for each 

vaginal sheet considering the solvent (mVFS or saline solution) was significantly different (Two-

way ANOVA, p<0.05), highlighting some contributions from the solvent to the final buffering 

capacity. 

However, the ABC of all vaginal sheets with the exception of B.O and F.O was 

significantly different from controls (Dunnett's multiple comparisons test, p<0.05).  We can 

conclude that the acid-buffering capacity was attributed to vaginal sheets, although there were 

small contributions of the solvents in which they were dissolved.  

D.O exhibited the higher ABC and RBC, which was in line with our expectations since 

this formulation contains the highest strength buffer. This ability to reduce the vaginal pH 

represents a therapeutic advantage for the treatment of BV.   
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Figure 12. Determination of absolute buffer capacity (part 1) and relevant buffer capacity (part 2) of base 
formulations and sheets with oil. Bars represent the mean of 3 determinations and lines the standard 
deviation. NS = Normal saline; mVFS  = vaginal fluid simulant; 
 

3.3.7. Texture analysis: Hardness and resilience  

As demonstrated in the preliminary study of development of vaginal sheets, hardness 

and resilience of formulations were dependent on the concentration of polymer and plasticizer 

and/or their respective proportion. Vaginal sheet C is harder than B and both formulations 

differ only on the powder included, so the inclusion of lactose gives greater hardness than SSA 

(figure 13). Furthermore, no significant differences were observed between formulation A and B 

meaning that the inclusion of the powder in B did not significantly influence the hardness of the 

formulation (Dunnetts multiple comparisons test, p<0.05) 

 

Figure 13. Study of textural properties of vaginal sheets: hardness (N) – part 1 and resilience (%) – part 2 
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The addition of oil to the hardest base formulations (A, B, C) results in a decrease of 

hardness (statistically significant p<0.05, Tukey’s multiple comparisons test). On the other 

hand, formulations E, F and G were the less hard. These are the compositions with the lowest 

content of gelatin, despite containing other polymers such as HPMC (1%w/w gel) for E and G 

and PVA (2.4% and 1.2% w/v gel for E and F, respectively).  The incorporation of T. capitata EO 

in base formulations caused an increase in resilience (statistically significative for A, D, E, F and 

G, p<0.05, Tukey’s multiple comparison test). Among vaginal sheets with oil, G.O was the most 

resilient, followed by vaginal sheets D.O, E.O and F.O. This analysis of textural properties was in 

accordance with the results of folding endurance and the subjective evaluation of sensorial 

properties. As previously described, the resistance and the flexibility of vaginal sheets influence 

ease of insertion and the perception of users [304]. 

 

3.3.8. Bioadhesion 

The assessment of bioadhesion was based on applying a force that allows the vaginal 

sheet to create initial contact with porcine vaginal tissue and then the force required to break the 

adhesive stresses (such as chemical bonds) resulting from that contact. Bioadhesive polymers, 

such as polyacrylic acid derivatives (carbomer and polycarbophil), cellulose derivatives 

(hydroxypropyl methylcellulose, carbomers and polycarbophil), chitosan, hyaluronic acid, 

alginate and others can be included in vaginal formulations in order to improve their 

bioadhesive properties, prolonging the residence time and avoiding leakage associated mainly to 

semi-solid products [242,244,249,265,268,288].    

The rational design of vaginal sheets included the selection of bioadhesive polymers that 

promote an intimate and prolonged contact of sheets with epithelium, while absorbing and 

gradually dissolving on vaginal fluid. The resultant gel, after dilution of vaginal sheets in vaginal 

fluid will also present these bioadhesive properties. 

Among base formulations, D was the most bioadhesive (figure 14) and among vaginal 

sheets with oil, formulation E.O was the most bioadhesive, followed by D.O. These results are in 

accordance with the rational design of these formulations, since D and E include bioadhesive 

polymers: chitosan and HPMC. The addition of T. capitata EO to base formulations promoted 

changes in the interactions between the vaginal sheets and the vaginal epithelium, so the 

bioadhesive profile was altered (increased or decreased).  
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Figure 14. Evaluation of bioadesive profiles of vaginal sheets (work of adhesion (N.mm)). Individual 
columns and vertical bars represent mean and SD values, respectively (n=6) 

 

3.3.9. Stability studies  

At room temperature there was no significant change regarding vaginal sheets weight 

indicating that no significant gain (absorption) of water was observed throughout the study 

(table 16).  

Table 16. Gravimetry (weight variation %) after storage for 3 months comparing to t0 
 

 
Formulation 

Variation of weight (%) 

TA 5 ºC 40 ºC 

A -1.60 6.16 -1.12 

A.O -1.90 3.90 -5.88 

B 1.35 5.88 -4.92 

B.O -1.18 4.19 -3.26 

C 1.37 6.08 -3.51 
C.O -0.51 3.24 -7.97 

D 1.29 8.12 -4.88 
D.O 0.30 4.28 -7.81 

E 2.98 7.83 -1.35 

E.O -0.86 5.93 -5.09 

F 2.55 8.15 -2.07 

F.O 0.60 5.97 -6.56 

G 0.24 9.96 -4.66 

G.O 0.47 6.23 -9.26 

 

 
 

At 5 ºC, vaginal sheets slightly increased in weight, which can be explained by the fact 

that they are freeze-dried and can therefore absorb some moisture from the cabinet. At 40 ºC, 

vaginal sheets decreased in weight, which can be explained by the evaporation of residual water 

and eventually of Thymbra capitata EO.  

For vaginal sheets stored at room temperature and 5 °C, no changes in color, odor, 

texture, hardness or malleability were detected, with the exception of vaginal sheet E.O which 



 

 82 

presented yellow spots after storage under both conditions. Vaginal sheet E.O is the only 

composition containing propyleneglycol together with glycerin as plasticizer and additionally 

contains a mixture of gelatin, HPMC and PVA as polymers so its composition is very different 

from the other vaginal sheets. It presented high and fast absorption capacity and completely 

disintegrated into a gel in that test. It is possible that some absorption of the EO occurs during 

the coating procedure which can impair a homogeneous distribution of this active substance on 

the surface, leading to areas that have a greater amount of Thymbra capitata EO (this fact is 

only noticeable after storage). 

Base formulations stored at 40 ºC were slightly yellow, harder and less flexible, 

comparing to t0 (after production). Vaginal sheets with EO were found to be more yellow (dark 

yellow) after storage indicating that some oxidation may occur and vaginal sheets C and C.O 

turned brown possible due to the degradation (caramelization) of lactose. So, the addition of 

antioxidant to these formulations might be considered in the future. Nevertheless, oxidation of 

essential oils has been shown to be highly dependent on temperature and to vary with the 

specific composition of the essential oil [333]. So, although accelerated stability was performed 

at 40 ºC in view of predicting longer term storage stability at room temperature (according to 

Arrhenius equation), it is possible that the extent of oxidation observed at 40 ºC do not correlate 

to oxidation at room temperature.  

Vaginal sheets with Thymbra capitata EO stored at 40 ºC during 3 months, still 

presented the Thymbra capitata EO typical odor but less intense comparing to t0, possibly 

because some of the volatile components of oil may have volatilized [334]. Furthermore, in D 

and D.O sheets the characteristic chitosan odor was altered. Moreover, vaginal sheets with oil 

were harder and less flexible, making it difficult to separate from the aluminium foil.  

There was no significant variation in pH after dilution in mVFS for vaginal sheets stored 

at room temperature (table 17). At this condition, all formulations presented pH variations from 

timepoint 0 below 0.2 pH units (that is a variation accepted for duplicate measurements).  

Similar observations were obtained for vaginal sheets stored at 5 ºC (variation values were 

below 0.24). On the contrary, vaginal sheets stored at 40 ºC exhibited an overall pH increase 

(more than 0.2 pH units) for all formulations except for base formulations A and D. 

Formulation D.O exhibited an increase of 0.27 in pH from t0 (much lower than those observed 

for other vaginal sheets that ranged from 0.34-0.57). These results show that formulation D.O is 

the most stable regarding pH at accelerated conditions that may predict a more stable behaviour 

for prolonged periods of storage at room temperature. However, this parameter shall be closely 

monitored throughout long-term (confirmation) stability studies.  

In short, all vaginal sheets were stable at room temperature for three months and this 

packaging was adequate. These results highlight the importance of choosing a sealed package for 

the vaginal sheets (since they are produced though freeze-drying process and they have been 

coated with EO) and the temperature conditions, being greatly affected by higher temperatures. 

Data from accelerated conditions point to higher stability of formulation D and D.O compared 

to other formulations, despite the occurrence of oxidation reactions in essential oil that is 
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probably associated with the higher temperature (40 ºC) that makes it difficult to extrapolate for 

long term stability periods at room temperature.   
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Table 17. pH after diluting vaginal sheets on mVFS pH 5 (1:10 w/w) after storage for 3 months. Results 
are presented as mean values ± standard deviation (SD), n = 3   
 

 

 

 

3.3.9.1. Quantification of Thymbra capitata EO components when 

incorporated in vaginal sheets 

Since vaginal sheet D.O presented the most promising technological characteristics 

(higher buffer capacity, higher absorption capacity, adequate textural properties) and one of the 

most favorable bioadhesive profiles, it was the prototype selected for the following 

characterization steps: quantification of active, safety and efficacy studies. 

The incorporation rate of the Thymbra capitata EO into vaginal sheet D.O was 96.4% ± 

2.9 (mean value of 4 quantifications) considering the vaginal sheet as an unitary dosage form 

(i.e. considering the vaginal sheet as a whole).  In the optimization process of the incorporation 

rate determination, we also tested the quantification using portions of vaginal sheet. However, 

results were not reproductible, indicating existent variations between different portions of the 

preparation. These preliminary results highlighted the importance of considering the vaginal 

sheet as an unitary dosage form, since the methodology of adding T. capitata EO to vaginal 

sheets, despite having the aim to allow an homogeneous distribution over the entire surface, 

only guarantees that each unit presents the final concentration of 1% wEO/w sheet. 

Carvacrol concentration significantly decayed in the vaginal sheet D prepared by 

incorporation of the artificial mixture of carvacrol + linalool, independently of the storage 

conditions. Vaginal sheets prepared by incorporation of the Thymbra capitata EO are 

apparently more stable during storage (regarding carvacrol concentration decay) than those 

prepared by incorporation of the artificial mixture of carvacrol + linalool through coating. These 

 pH 
dilution with 

mVFS pH5 1:10 
w/w 

pH + S.D 
(n=3) 

to 

pH 
dilution with 

mVFS pH5 1:10 
w/w 

pH + S.D 
(n=3) 

t3 
TA 

pH 
dilution with 

mVFS pH5 1:10 
w/w 

pH + S.D 
(n=3) 

t3 
40 ºC 

pH 
dilution with 

mVFS pH5 1:10 
w/w 

pH + S.D 
(n=3) 

t3 
5 ºC 

 
A 4.72 ± 0.01 4.78 ± 0.03 4.91 ± 0.02 4.79 ± 0.02 

A.O 4.48 ± 0.02 4.62 ± 0.02 4.98 ± 0.01 4.64 ± 0.03 
B 4.63 ± 0.03 4.69 ± 0.03 4.97 ± 0.03 4.71 ± 0.01 

B.O 4.47 ± 0.03 4.53 ± 0.03 4.89 ± 0.02 4.60 ± 0.01 

C 4.61 ± 0.01 4.64 ± 0.01 5.04 ± 0.02 4.69 ± 0.03 
C.O 4.45 ± 0.01 4.51 ± 0.01 4.99 ± 0.03 4.61 ± 0.02 

D 4.67 ± 0.01 4.71 ± 0.01 4.81 ± 0.02 4.72 ± 0.02 
D.O 4.52 ± 0.01 4.69 ± 0.02 4.79 ± 0.03 4.72 ± 0.01 

E 4.43 ± 0.01 4.54 ± 0.01 4.97 ± 0.01 4.64 ± 0.01 

E.O 4.38 ± 0.01 4.49 ± 0.01 4.91 ± 0.01 4.56 ± 0.02 
F 4.52 ± 0.01 4.61 ± 0.02 5.02 ± 0.02 4.64 ± 0.02 

F.O 4.40 ± 0.01 4.52 ± 0.01 4.92 ± 0.03 4.58 ± 0.01 

G 4.55 ± 0.01 4.61 ± 0.01 5.01 ± 0.01 4.65 ± 0.02 
G.O 4.40 ± 0.02 4.58 ± 0.02 4.97 ± 0.03 4.64 ± 0.02 
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results may indicate that other components (minor components) of Thymbra capitata EO can 

contribute to increasing stability, preventing volatilization.  

In vaginal sheet D.O prepared by incorporating Thymbra capitata EO through coating 

(% w/w) the decrease of carvacrol concentration after storage at 5 °C for 3 months is negligible 

(-1.91%). On the other hand, the storage at 40 ºC significantly caused the decrease of carvacrol 

concentration, proving that high temperature caused the degradation or volatilization of volatile 

compounds as observed through loss of weight in previously shown stability data. Therefore, we 

propose that for this prototype a sealed primary package shall be selected, and the products 

shall be stored at room temperature or 5 °C, since the decrease of carvacrol after 3 months of 

storage is low. These results indicate that this vaginal sheet with T. capitata EO is stable over 

time and that the three-dimensional network conferred by the freeze-drying of gel effectively 

helped retaining the volatile compounds of EO, preventing their volatilization. 

Incorporation of the EO before the freeze-drying process was not considered since it 

would be expected that extensive volatilization of this active would occur throughout the 

process.    

 
Table 18. Evaluation of Thymbra capitata EO content (represented by carvacrol component) after 3 
months of stability at 40 ˚C, 5 ˚C and room temperature (20-25 ˚C) in vaginal sheet D (preferred 
composition). 
 Conditions of 

storage during 3 
months   

Decrease of 
concentration of 
carvacrol after 
storage (%) 

Vaginal sheet D 
Mixture Carvacrol + Linalool (0.8+0.2% w/w) 

5 °C -41,44% 

Vaginal sheet D 
Mixture Carvacrol + Linalool (0.8+0.2% w/w) 

Room temperature 
(20-25 ºC) 

-82,72% 

Vaginal sheet D  
Mixture Carvacrol + Linalool (0.8+0.2% w/w) 

40 °C -93,45% 

D.O 
Thymbra capitata EO (1% w/w) 

5 °C -1,91% 

D.O 
Thymbra capitata EO (1% w/w) 

Room temperature 
(20-25 ºC) 

-16,83% 

D.O 
Thymbra capitata EO (1% w/w) 

40 °C -56,26% 

 

3.3.10. Cellular Toxicity 

Due to its most promising characteristics, vaginal sheet D was selected for toxicity 

testing. Before performing cytotoxicity tests, we confirmed that there were no interferences due 

to the conversion of MTT by Thymbra capitata essential at tested concentrations. The 

absorbance determined in assays using killed cells was close to zero, indicating there were no 

conversion of MTT due to non-cellular mechanisms. Furthermore, these pre-tests highlighted 

the importance of the washing-step with PBS to totally remove the test samples before adding 

MMT solution. It is vital to confirm by microscopy monitoring that cell detachment after 

washing steps did not occur. Positive control (SDS 2%) presented viability lower than 5%. 

Results for viability of solvent controls indicate that solvents used on the sample’s extraction 

and to prevent phase separation do not cause a significant reduction of cell viability. We tested 
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the cytotoxicity of the active substance (Thymbra capitata EO – figure 15), the matrix of 

excipients (base formulation D) and the vaginal sheet with essential oil D.O (figure 17).  

In all samples, we verified a decrease of cellular viability with increasing concentration 

of products, as expected (figure 15, figure 17).  
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Figure 15. Cellular viability profile (MTT assay) of Thymbra capitata essential oil (0.25% to 0.008% v/v, 
corresponding to 2.5 µL/mL to 0.08 µL/mL). Cell viability is represented as percentage of the control 
treated only with culture media. Results are presented as the mean and standard deviations from 3 
independent experiments. Horizontal bars represent statistical difference from negative control (p<0.05). 
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Figure 16. Cellular viability profile (MTT assay) of Mixture A (0.08 μL/mL Carvacrol + 0.32 μL/mL 
Linalool), Mixture B (0.02 μL/mL Carvacrol + 1.25μL/mL Linalool), Mixture-C (0.04 μL/mL Carvacrol + 
2.5 μL/mLp-cymeno + 1.25 μL/mL Linalool) and solvent control (SC). Cell viability is represented as 
percentage of the control treated only with culture media. Results are presented as the mean and standard 
deviations from 3 independent experiments. Horizontal bars represent statistical difference from negative 
control (p<0.05). 
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Figure 17. Cellular viability profile (MTT assay) of base formulation D tested in HeLa cell line and HEC-
1A cell line and formulation D with oil tested in HeLa cell line and HEC-1A cell line. Cell viability is 
represented as percentage of the control treated only with culture media. Results are presented as the 
mean and standard deviations from 3 independent experiments. Horizontal bars represent statistical 
difference from negative control (p<0.05). 
 

At all tested concentrations, T. capitata EO caused significant decrease on cellular 

viability (figure 15), possibly due to its potent activity and high hydrophobicity which can 

disintegrate the cellular membrane. Previous studies report that T. capitata EO exhibited a 

potent antibacterial activity against Gardnerella vaginalis planktonic cells isolated from women 

diagnosed with BV (MIC 0.16 μL/mL, corresponding to 0.016% v/v) [147]. MIC values for 

Gardnerella sp. UM241 biofilms of Thymbra capitata EO have been reported in the range 0.04 

to 0.08 µL/mL and MLC values in the range 0.08 to 0.16 µL/mL [324]. At the concentration 

0.32 µL/mL, T. capitata EO was cytotoxic for both cell lines.  

We also evaluated the cytotoxicity of mixtures of components of Thymbra capitata EO 

which presented potent antimicrobial effect on G. vaginalis biofilms [324]. All mixtures caused 

a decrease of cellular viability and mixture A (0.08 μL/mL Carvacrol + 0.32 μL/mL Linalool) 

was the less toxic (figure 16).   

The base formulation D was non-toxic for HeLa cell line at concentrations 0.31%, 0.63% 

and 1.25% w/v (corresponding to 0.031%, 0.0063 and 0.0125% of Thymbra capitata EO) and 

also non-toxic at 0.31% to 5% for HEC-1A cell line but revealed significant toxicity at higher 

concentrations for both cell lines. Considering the vaginal sheet with T. capitata EO (1% w/w), it 
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was non-toxic for HEC-1A at concentrations 0.31%, 0.63% and 1.25% (corresponding to 0.031%, 

0.0063 and 0.0125% of Thymbra capitata EO).  

The cytotoxicity of vaginal sheet D.O can be compared to the cytotoxicity using the same 

cell lines of Dalacin V® (a commercial semi-solid product also used for the treatment of BV) 

reported by Machado et al [253]. Dalacin V® was toxic, presenting lower viability than vaginal 

sheet D.O in both cell lines, including at lower concentrations of formulation. Moreover, Dalacin 

V® was also toxic when tested in ex-vivo model, exhibiting viabilities about 20% at product 

concentrations 5% and 20% w/v [253]. Thus, although this product was not biocompatible at 

some concentrations considering these models, it is available for the treatment of BV, since the 

benefits of its use for patients outweigh the possible risks. This relationship must be carefully 

evaluated also for the prototype here presented.   

The cell lines included in this cytotoxicity study represent two different epithelia of the 

female genital reproductive tract. Comparing cell lines, we can observe that the assays 

performed upon HEC-1A cell lines conducted to higher viabilities than those performed on HeLa 

cells. HeLa cells were shown to be more sensitive to both the formulation and the EO contact, 

comparing to HEC-1A. Similar results were already reported in previous studies [253].  Gali et al 

studied the toxicity of some excipients and active pharmaceutical excipients using various cell 

lines and only slight differences in sensitivity among cell lines were observed. They reported that 

HEC-1A formed a stratified epithelia with a thickness of 4 to 5 cell layers (representative of 

intermediate between the endo- and ectocervical epithelia) and it could lead to a lower toxicity 

comparing to monolayer epithelia [322].  Therefore, it is vital to include different cell lines or 

models in the toxicity study of pharmaceutical products to achieve a more complete safety study. 

 

3.3.11. Vaginal irritation – SkinEthicTM Reconstructed Human 

Vaginal Epithelium model 

Due to the higher sensitivity of the cellular model, further cytotoxicity testing was 

performed in a three-dimensional model with histological resemblance to the vaginal epithelium 

(figure 18). In fact, tissue model is more robust and complete, although more expensive so less 

used in academic research. 

The solvent used to dilute T. capitata EO and the mixture, sesame oil, do not cause a 

significative reduction of cellular viability, as expected.  

Thymbra capitata essential oil at 0.32 µL/mL diluted in sesame oil was non-toxic when 

tested in tissue model, although it provided viabilities less than 10% when tested in monolayer 

cellular models, in both cell lines.  

Moreover, mix-A was biocompatible in tissue model.  

In both models (cellular or tissue), D (10% w/v) presented higher viability than D.O. 

(10% w/v) indicating that the Thymbra capitata EO contributes to the overall toxicity of the 

product at this concentration. 
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Figure 18. Cellular viability evaluated on Reconstructed Human Vaginal Epithelium model (MTT assay) 
of Thymbra capitata essential oil 0.32 µL/mL (diluted in sesame oil), sesame oil (solvent control), Mixture 
A (0.08 μL/mL Carvacrol + 0.32 μL/mL Linalool diluted in sesame oil), vaginal sheet D (10% w/v), vaginal 
sheet D with Thymbra capitata essential oil (10% w/v), vaginal sheet D with Thymbra capitata essential 
oil directly tested and universal placebo.  Results are presented as the mean and bars represent standard 
deviations from 3 independent experiments. * represent statistical difference from negative control 
(p<0.05). 
 

Vaginal sheet D (10% w/v) and D.O (10% w/v, corresponding to 0.1% w/v of Thymbra 

capitata EO) were biocompatible according to this model. Comparing to the universal placebo, 

vaginal sheet D.O was significantly more toxic. This direct application over the tissue 

corresponds to an extreme testing procedure assumed as a worst scenario. However, in vivo, 

vaginal sheet will not be in contact with vaginal epithelium during 24 h, since it gradually 

absorbs the vaginal simulant (that was not applied proportionally in this test), becoming diluted 

on it. So, in vivo, this toxicity may not occur since vaginal sheet will not be in contact with 

epithelium undiluted over this extended period. Intermediate toxicity may be expected when 

considering that only part of the formulation may swell through this contact. It should be 

considered that this formulation is not designed for chronic use and that the overall 

environment of the vaginal cavity is altered in BV.  

 

3.3.12. Vaginal irritation - Hen’s Egg Test-Chorioallantoic Membrane 

Assay (HET-CAM) 

Vaginal sheets D and D.O were also tested in fine particles and diluted in saline solution 

(NaCl 0.9%). Vaginal sheets D and D.O tested in fine particles were defined as severe irritants. 

The hard nature and irregular and pointed shape of the particles may have influenced these 

results. Thus, the irritation potential obtained may result not only from the irritation caused by 
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the constituents of the formulation (such as the hygroscopic nature of glycerin and gelatin), but 

also from a mechanical effect of damage to the vessels when the sample is removed for viewing 

the endpoints, since there was adherence of the fine particles to the CAM [268]. Moreover, when 

vaginal sheets were divided into fine particles, the superficial area was obviously significantly 

higher than the entire sheet and then the hygroscopic characteristics of formulations (conferred 

mainly by gelatin and glycerine) became more evident, and it can lead to higher irritant 

potential.  To confirm this influence on the results, the sheets D and D.O were diluted in saline 

solution, which is a negative control considered to be a non-severe irritant. Therefore, the 

irritant potential obtained in these samples may result only from the effect of the sheets’ 

components at the tested final concentration. Vaginal sheets D and D.O diluted on saline 

solution were considered as non-severe irritants (IS 5 ± 0 for D and 8 ± 0 for D.O) (table 19). 

Concordant results were found to vaginal sheet D and D.O (10% w/v) using the tissue model. 

 

Table 19. Irritation Score and classification of samples. Results are presented as mean values ± standard 
deviation (SD), n = 3   
 
 IS 

(mean ± standard 
deviation) 

Classification 

Controls   NaCl 0.9% (w/v) 0 ± 0 Non-severe irritant 
NaOH (0.1N) 20 ± 1 Severe irritant 
SDS 1% (w/v) 10 ± 0 Severe irritant 

Tested product D (fine particles) 11 ± 1 Severe irritant 
D.O (fine particles) 11 ± 1 Severe irritant 
D 10% w/v in saline solution 5 ± 0 Non-severe irritant 
D.O 10% w/v in saline 
solution 

8 ± 0 Non-severe irritant 

 
For vaginal sheet D diluted on saline solution, it was observed lysis (slight and limited) 

at timepoint 0.5 min. For vaginal sheet D with oil it was observed lysis at timepoint 0.5 min and 

haemorrhage at timepoint 5 min (figure 19). The addition of Thymbra capitata oil to the base 

formulation increased the irritant potential. 
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Figure 19. Irritation potential. Representative photographs (from n=3) for observation of the different 
endpoints at 5 min. PC1: Positive control (NaOH 0.1N) - observation of lysis, haemorrhage and coagulation 
(egg 2). PC2: Positive control (SDS 1%) - observation of lysis and haemorrhage (egg 1). NC: Negative 
control (NaCl 0,9%) - none of the endpoints being observed (egg 3). D: base formulation D finely divided – 
observation of lysis and haemorrhage (egg 3). D diluted: base formulation D diluted on mVFS (10% w/v) – 
observation of lysis (egg 2). D.O: formulation D with oil finely divided – observation of lysis and 
haemorrhage (egg 3). D.O. diluted: formulation D with oil diluted on mVFS (10% w/v) – observation of 
lysis and haemorrhage (egg 2).  
 

3.3.13. Evaluation of the vaginal sheet D.O efficacy against 

Gardnerella species biofilms  

Machado et al reported the potent bactericidal effect of Thymbra capitata EO against 

several clinical isolates of Gardnerella spp. planktonic cells (MIC and MLC values 0.16 µL/mL). 

The ability of Thymbra capitata EO to disrupt biofilms of several Gardnerella spp. strains was 

also reported, being effective in the biofilm biomass reduction at the range 0.16 to 0.64 µL/mL. 

[147]. Although recent advances in the genetic classification of Gardnerella spp. brought 

changes to the classification of bacteria formerly known as Gardnerella vaginalis, these results 

support the overall interest of this essential oil for bacteria involved in BV in concentrations up 

to 0.64 µL/mL [302].  

Furthermore, recent results from our research group showed the potent antimicrobial 

activity of two EO from Thymbra capitata against a clinical isolate of Gardnerella sp.  recovered 
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from cases of BV (MIC value of 0.04 and 0.08 µL/mL and MLC 0.08 and 0.16 µL/mL). Both 

Thymbra capitata EO, at 0.16 µL/mL caused a biofilm mass reduction of 20-30% on a 48 h 

biofilm of Gardnerella sp. UM241. Thymbra capitata EO (batch collected in Carvoeiro, 

Portugal) at 0.16 µL/mL exhibited a biomass reduction of 20-30% in G. vaginalis UM137, G. 

piotii UM035 and G. swisinskii GS 9838-1, being less effective against G. leopoldii UGent 09.48 

(40% biomass reduction) [324]. 

We tested the efficacy of vaginal sheet D.O against Gardnerella spp. biofilms, to 

simulate a closer to in vivo scenario, since the polymicrobial dense and structured biofilms 

associated with BV are known to protect bacterial cells from the activity of antimicrobials, 

contributing to therapeutic failure. BV polymicrobial biofilms are primarily constituted by 

Gardnerella vaginalis clusters that initially adhere to vaginal epithelium and then facilitate the 

association and growth of other bacteria including Atopobium vaginae, Mobiluncus spp. and 

Prevotella spp. with a synergic effect in the reestablishment of infection 

[3,104,106,107,147,295,296]. Since, to date, the role of each species of Gardnerella in the 

reestablishment of infection is not totally clarified, (mostly due to the recent classification of 

species previously referred to as Gardnerella vaginalis) we included 4 species of Gardnerella 

for a more complete study considering several possible preponderant BV caused bacteria [302]. 

So, we evaluated the efficacy of the vaginal sheet containing Thymbra capitata EO upon 

Gardnerella spp. cells organized in biofilms. The tested concentrations considering the EO 

component were 0.32 µL/mL and 0.08 µL/mL, selected considering previous studies and the 

cytotoxicity results upon 3D models obtained in this study.  

Our results showed that vaginal sheet D.O at 0.32 µL/mL of T. capitata EO was able to 

significantly reduce bacterial load of all tested Gardnerella species, being less efficient in G. 

piotti (figure 20). For all strains except G. piotti vaginal sheet D.O at 0.32 µL/mL of T. capitata 

EO was able to reduce the number of CFU below the limit of detection/quantification of the 

method. Our results from the vaginal irritation study using SkinEthicTM Reconstructed Human 

Vaginal Epithelium model indicated that this concentration (0.32 µL/mL of T. capitata EO) was 

biocompatible. For G. leopoldi 0.08 µL/mL were still able to reduce bacterial load. The goal of 

this study was not specifically to define the MLC of the formulation but to assess its ability to 

reduce the viability of the cells below the limit of quantification with the defined dose of oil that 

was not toxic to the 3D model. We can conclude that the formulation did not impair the effect of 

Thymbra capitata EO against cells of Gardnerella spp. vaginalis organized in biofilms. For 

most of the tested strains a dose-response curve is clearly observed. The Gardnerella species 

tested showed different sensibilities for vaginal sheet D.O. This fact should be considered in the 

rational design of new products being particularly relevant in the context of BV etiology, since 

the BV-related biofilms are polymicrobial. Thus, the concentration of Thymbra capitata EO to 

be incorporated in the drug delivery system should be effective against several BV related 

bacteria, to guarantee the success of the treatment.    
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Figure 20. Activity of vaginal sheet D.O with T. capitata EO on 48h biofilm of four different species of 
Gardnerella at 0.32 µL/mLand 0.08 µL/mL, assessed as biofilm cells culturability. Limit of detection of the 
method corresponds to 3 Log (CFU/mL). Results from 3 independent assays (n=2 technical replicates) 
 

In the absence of EO (base formulation tested at the same concentration that 

corresponds to the dilution of DO needed to achieve 0.32 µL/mL of EO) there was no direct 

inhibition on G. vaginalis, G. piotti or G. swidsinskii cells culturability from biofilms. However, 

for G. leopoldi, the base formulation D was able to reduce around 4 Logs CFUs detected. These 

results show that the strategies of including chitosan and the buffer solution in the formulation 

did not improve the efficacy profile of the overall formulation, for this specific outcome, upon 

most of the tested species but, indeed, some species may be sensitive to these effects. This is 

especially important since the polymicrobial biofilm of BV is envisaged. Also, it is important to 

highlight that the composition defined for the base intends to target the disease and not only the 

pathogen. For example, decreasing the pH of the vagina may be important to promote the 

reestablishment of the vaginal flora through beneficial growth of the protective microbiota. Also 

absorption of fluids may enhance the effect of the EO delivered through the formulation. The 

concentration of formulation that corresponds to 0.32 µL/mL of T. capitata EO is 0.03 g/mL. 

This is much lower than the concentration assessed for compatibility with the 3D model (0.1 
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g/mL of base formulation corresponding to 1.07 µL/mL). Furthermore, the dose showed as 

biocompatible corresponds to a 10% dispersion of the final product. These results may indicate 

that the concentration of T. capitata EO in the vaginal sheet is too high. Therefore, it would be 

interesting to optimize the proportion of excipients: T. capitata EO, decreasing the 

concentration of T. capitata EO in vaginal sheets, allowing to maintain the effect of active 

substance and simultaneously promoting the synergic effect of excipients. This may be achieved 

by diluting the EO in sesame oil before coating of vaginal sheets.   

 

3.4. Conclusion 

The rational design of vaginal sheets with Thymbra capitata EO involved strategies in 

the field of pharmaceutical technology to potentiate the treatment of BV through 

complementary and synergic action of therapeutic agent and excipients. The inclusion of LA 

buffer in formulations represents an additional mechanism to re-establish the healthy 

saprophytic flora, contributing for treatment efficacy and preventing recurrence. Besides, the 

inclusion of bioadhesive excipients will allow an intimate and prolonged contact of formulations 

with epithelium, promoting the efficacy of treatment. Furthermore, the excipient chitosan was 

included due to its bioadhesive properties and also due to its antimicrobial effect against agents 

that cause vaginal infection, so it can improve therapeutic success, although it can be species 

dependent.  

All vaginal sheets developed in this study exhibited sensorial characteristics that 

anticipate a simple and comfortable application for women, allowing them to be easily wrapped 

around a finger and inserted, with limited expected leakage after application, promoting the 

user’s compliance.  

Vaginal sheet D, composed by water, lactic acid, sodium lactate, gelatin, glycerin, 

chitosan coated with Thymbra capitata EO presented promising technological characteristics 

and the best predictable in vivo performance. D.O presented the higher buffer capacity and 

ability to absorb mVFS among all vaginal sheets with EO and one of the bests bioadhesive 

profiles. Moreover, vaginal sheet D.O exhibited flexibility that allow it to be easily rolled and 

handled without breaking and structure (hardness and thickness) that allows the insertion.  

This formulation was also able to hinder biofilm cells culturability of BV pathogens. 

These results show that this product acts simultaneously and immediately in relieving the 

preponderant symptom (abundant vaginal discharge with unpleasant odor) and in inhibiting the 

pathogen. Effective concentrations were much lower than the concentration tested as 

biocompatible in the toxicity studies (0.03g/mL for efficacy and 0.1 g/mL tested as 

biocompatible). Dose dependent toxicity was observed for this vaginal sheet that indicate that 

the concentration of EO may be reduced.  Nevertheless, this product was not developed for a 

chronic use, but for a short time period of treatment, so controlled risk of minor irritation may 

be accepted if it is limited and completely reversed at the end of the short treatment. 
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4. Concluding remarks and future 

perspectives  

The aims proposed in the beginning of this thesis were achieved. New therapeutic 

strategies to treat topically the two commonest vaginal infections were explored and scientific 

knowledge which allows to better manage these two clinical conditions with high prevalence and 

impact was generated. Therefore, this work further opened pathways of research that can 

continue to be studied in the academia to be applied in the pharmaceutical industry to improve 

the performance of the developed formulations. Through this pathway new effective and safe 

therapeutic options for the treatment of vaginal infections and for preventing recurrence may 

reach the market substantially improving women’s health.  

Although these formulations presented promising results in assays performed which 

simulate “close-to-use” in vivo conditions, in pre-clinical phase more complete and exhaustive 

characterization shall be conducted in the future.   

The prototype gel C (5% sodium bicarbonate, 1% carbomer and 94% water) was shown 

effective in inhibiting C. albicans’ growth and it was also effective against other species of 

Candida. The low viscosity and low firmness, predicts good spreading and coating of the 

epithelium and, in the other hand, the mucoadhesive characteristics and the reduced volume of 

administration may promote leakage and prolong the residence time. Despite presenting high 

pH and being hyperosmolar, the in vivo dilution in vaginal fluid can correct these parameters to 

values closer to physiologic ranges, and these characteristics seem not to affect the safety of the 

product. Furthermore, it shall be considered that the product was designed for treatment 

purposes and not for chronic use. 

The prototype vaginal sheet D with T. capitata EO presented sensorial characteristics 

that allow to fold it around one finger and predict comfortable insertion. Importantly, D.O 

exhibited an excellent capacity to absorb vaginal fluid simulant, providing an effect that may 

immediate relief excessive vaginal discharge with unpleasant odor, which will give comfort and 

promote the compliance of treatment. Besides, it brings together additional mechanisms that 

may potentiate the treatment, such as the buffer capacity, the antimicrobial activity of chitosan 

and the bioadhesive profile.  

Vaginal sheet D.O is now being characterized for antimicrobial activity against BV-

related bacteria planktonic cells. As future perspective, it will be interesting to evaluate the 

efficacy and safety of vaginal sheet D.O containing lower concentrations of T. capitata EO (such 

as 0.50 and 0.25% w/w) to decrease the proportion EO:Base formulation for a better 

understanding of the formulation’s contribution to antimicrobial activity.  

Moreover, the stability of vaginal sheet D.O shall continue to be monitored over time 

considering the quantification of T. capitata EO using gas chromatography with flame 

ionization detection (GC/FID) to assure that the product might be labelled with an expiration 

period of at least 3 years (important for commercial purposes). 
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Soon, a multilayer vaginal sheet strategy with a sequential dispersion profile will be 

explored, in which one of the layers will be the prototype presented here and the other layer will 

contain inorganic clays, which are excipients with a high capacity to absorb odor. So, besides 

treating the infection with T. capitata essential oil the multilayer sheet will immediately provide 

comfort to users by effectively eliminate the rotten fish odor of the fluid. This multilayer vaginal 

sheet will combine the function of treatment and simultaneously alleviate symptoms.   
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