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RESUMO 

 

A periodontite é uma condição inflamatória crônica que afeta a saúde oral e sistêmica, 

gerando impactos sociais e econômicos significativos. Embora o tratamento mecânico remova 

o biofilme e o cálculo dentário, ele pode não eliminar completamente as bactérias 

patogênicas, tornando as terapias adjuvantes antimicrobianas e anti-inflamatórias uma 

estratégia valiosa no manejo da periodontite. No presente estudo, foi avaliado o efeito da 

aplicação tópica de uma formulação em gel bucal contendo tetracarboxiftalocianina de ferro 

(FeTcPc) como adjuvante ao tratamento periodontal não cirúrgico. Para a realização do 

estudo, quarenta e sete indivíduos com diagnóstico clínico de periodontite foram submetidos 

ao tratamento periodontal padrão, incluindo raspagem e alisamento radicular, seguido de 

tratamento adjuvante conforme a distribuição dos grupos: Grupo Veículo (n=15), com 

aplicação local do veículo do gel FeTcPc; Grupo clorexidina (n=16), com aplicação local de 

gel de clorexidina a 0,12%; e Grupo FeTcPc (n=16), com aplicação local de gel bucal 

contendo FeTcPc a 1% (PHTALOX®). As avaliações clínicas foram realizadas em duas 

etapas no início do estudo e após 45 dias. Na análise intragrupo, a profundidade de sondagem 

(PS) média e a porcentagem de sítios com PS ≤3 mm e PS entre 4–5 mm apresentaram 

redução estatisticamente significativa após 45 dias nos grupos veículo e FeTcPc. A 

porcentagem de sítios com sangramento à sondagem e o índice de placa demonstraram 

redução estatisticamente significativa em todos os grupos após 45 dias. De acordo com os 

resultados, não foram observadas diferenças estatisticamente significativas entre os grupos em 

relação a nenhum dos parâmetros clínicos periodontais, tanto no início quanto após 45 dias de 

tratamento. Os resultados demonstraram que a aplicação do gel a base de FeTcPc como 

adjuvante ao tratamento periodontal não cirúrgica não promoveu melhora dos parâmetros 

clínicos periodontais em comparação com o gel de clorexidina ou o veículo, dentro das 

condições deste estudo. 

 

Palavras – Chaves: Ftalocianina; Periodontite; Agentes anti-inflamatórios; Clorexidina. 

 

 
 



 
 

ABSTRACT 

 

Periodontitis is a chronic inflammatory condition that affects both oral and systemic health, 

leading to significant social and economic impacts. Although mechanical treatment removes 

biofilm and dental calculus, it may not completely eliminate pathogenic bacteria, making 

antimicrobial and anti-inflammatory adjunctive therapies a valuable strategy for periodontitis 

management. In the present study, the effect of the topical application of an oral gel 

formulation containing iron tetracarboxyphthalocyanine (FeTcPc) as an adjunct to 

non-surgical periodontal treatment was evaluated. Forty-seven individuals with periodontitis 

underwent standard periodontal treatment, including scaling and root planing, followed by 

adjuvant therapy according to group distribution: Vehicle Group (n=15), receiving local 

application of the FeTcPc gel vehicle; Chlorhexidine Group (n=16), receiving local 

application of 0.12% chlorhexidine gel; and FeTcPc Group (n=16), receiving local application 

of 1% FeTcPc-containing gel (PHTALOX®). Clinical evaluations were performed at baseline 

and after 45 days. According to the results, no statistically significant differences were 

observed between the groups for any periodontal clinical parameters, either at baseline or 

after 45 days of treatment. In the intragroup analysis, the mean probing depth (PD) and the 

percentage of sites with PD ≤3 mm and PD between 4–5 mm showed a statistically significant 

reduction after 45 days in the Vehicle and FeTcPc groups. The percentage of sites with 

bleeding on probing and the plaque index demonstrated a statistically significant reduction in 

all groups after 45 days. These findings indicate that the application of FeTcPc-based gel as 

an adjunct to non-surgical periodontal therapy did not improve clinical periodontal parameters 

compared to chlorhexidine gel or the vehicle under the conditions of this study. 

 

Keywords: Periodontitis; Phthalocyanine; Anti-Inflammatory Agents; Chlorhexidine. 
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1 INTRODUÇÃO  
 

As ftalocianinas são compostos aromáticos formados por quatro anéis de isoindóis 

ligados por átomos de nitrogênio na posição aza, conferindo-lhes uma alta estabilidade 

química e térmica  (Oliveira et al., 2015). Sua estrutura permite a complexação com íons 

metálicos, o que proporciona geometria plana e propriedades distintas, como por exemplo, a 

solubilidade (Poleti et al., 2020). Inicialmente, o uso das ftalocianinas estava associado à sua 

intensa coloração verde-azulada, que lhes confere propriedades fotofísicas e fotoquímicas 

interessantes, como a excelente capacidade de absorver luz em determinados comprimentos 

de onda do espectro eletromagnético (Mori, Shibata, 2017). 

Em um contexto clínico, essas características tornam as ftalocianinas potenciais 

fotossensibilizadores na terapia fotodinâmica, uma vez que sua ativação pela luz é capaz de 

produzir oxigênio reativo, desestruturando a membrana celular bacteriana, reduzindo a carga 

de patógenos e, consequentemente, seus efeitos (Oliveira et al., 2015). Além disso, Viola 

(2023) aponta que as ftalocianinas apresentam efeito anti-inflamatório, ao modularem as 

isoenzimas da ciclooxigenase-2 (COX-2), minimizando a inflamação e acelerando o reparo 

tecidual. Em termos de citotoxicidade, estudos conduzidos por Teodoro (2020) consideram 

esses compostos seguros e menos citotóxicos quando comparados a outros, como os 

derivados de flúor. 

A versatilidade das ftalocianinas em diversas aplicações deve-se, principalmente, à 

possibilidade de substituição dos hidrogênios centrais do anel macrocíclico por diferentes íons 

metálicos, originando as metaloftalocianinas (Bilgiçli et al., 2021). Uma dessas formas 

complexas é a ferroftalocianina, resultante da coordenação do íon ferro (II) à cavidade central 

da molécula, cujo macrociclo é formado por quatro anéis de isoindol conectados por átomos 

de nitrogênio em posição aza (Poleti et al., 2020). Além disso, diversas modificações 

estruturais podem ser realizadas nas ftalocianinas, como a substituição dos hidrogênios 

benzênicos por diferentes grupos funcionais. Por exemplo, a introdução de grupos 

carboxílicos altera propriedades físico-químicas, incluindo a solubilidade, como ocorre na 

tetracarboxiftalocianina de ferro (FeTcPc) (Figura 1). Uma característica particularmente 

interessante da FeTcPc é sua capacidade de autoativação na presença de oxigênio molecular, 

permitindo a produção contínua de espécies reativas de oxigênio. Essa propriedade elimina a 

necessidade de fotoativação externa, tornando-a eficaz na destruição seletiva de células-alvo, 

como bactérias patogênicas (Santos et al., 2021). 
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Figura 1 - Estrutura química da tetracarboxiftalocianina de ferro (FeTcPc), C₃₂H₁₆N₈O₈Fe, 

peso molecular: 744.42 g/mol.  

 

 
Fonte: Bresehgello et al. (2023). 

 

Nesse contexto, recentemente Bresehgello et al. (2024) demonstraram que a FeTcPc 

apresentou um promissor efeito anti-inflamatório, ao modular citocinas inflamatórias e o fator 

de transcrição NF-κB em culturas de macrófagos ativados. Além disso, em modelos animais 

com periodontite induzida por ligadura, os resultados elucidaram que a FeTcPc reduziu 

significativamente a expressão de Tnfα, p65 (NF-κB) e Rankl no tecido gengival, bem como a 

perda óssea alveolar. Esses achados trazem à luz de discussão seu uso  na doença periodontal, 

uma vez que a diminuição desses biomarcadores no tecido gengival e a prevenção da perda 

óssea alveolar são preditores para a preservação dos tecidos de manutenção e suporte do 

dente.  

A doença periodontal é um grupo de condições inflamatórias crônicas que destroem os 

tecidos de suporte do dente, progredindo em diferentes fases (Caton, 2018). O processo se 

inicia com o acúmulo de restos alimentares devido a déficits na higienização oral, resultando 

na formação de uma placa sobre a superfície dentária, conhecida como biofilme dental 

(Kinane, 2017). Esse biofilme, de coloração esbranquiçada e consistência amolecida, pode se 

acumular ao longo do sulco gengival. No entanto, também pode ser mineralizado pelos íons 

cálcio presentes na saliva e no exsudato gengival, adquirindo uma coloração enegrecida e 

sendo conhecido como cálculo dental. Esses depósitos servem como locais de retenção para 

bactérias periodontopatogênicas, como Porphyromonas gingivalis, capazes de desencadear 

um processo inflamatório reversível no tecido gengival, denominado gengivite (Van Dyke, 
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2020). Contudo, se o estímulo inflamatório persistir, os microrganismos presentes podem 

produzir metaloproteinases, que degradam os tecidos de sustentação, como gengiva, fibras 

periodontais e osso alveolar adjacente. Nesse estágio, as perdas causadas pelo processo 

inflamatório tornam-se irreversíveis, caracterizando a periodontite (Natto et al., 2018). 

As principais células envolvidas na patogênese da doença periodontal são neutrófilos e 

macrófagos, que atuam na produção de IL-1 e TNF-α, além de espécies reativas de oxigênio 

(ROS), iniciando assim o processo inflamatório e os primeiros sinais da gengivite (Allali, 

Lionnet, Mattioni et al., 2019). Com a exacerbação da inflamação, outras células de defesa 

são recrutadas, liberando proteinases e elastases, que degradam fibras colágenas e aumentam 

a permeabilidade do tecido, como as metaloproteinases de matriz (MMPs) (Hajishengallis, 

2015). Esse processo leva à reabsorção óssea alveolar e à deterioração do tecido periodontal, 

resultando em recessões gengivais e perda dos níveis de inserção (Kumar, 2019). 

A periodontite é a segunda doença mais prevalente que afeta a cavidade bucal (Natto 

et al., 2018) e, muitas vezes, trata-se de uma condição silenciosa e subclínica, pois o paciente 

frequentemente não percebe sua progressão inicial, especialmente por não apresentar 

sintomatologia dolorosa. Clinicamente, a periodontite manifesta-se pela destruição dos 

tecidos periodontais, sendo possível observar gengiva avermelhada, textura lisa, pontos de 

sangramento, presença de bolsas periodontais, recessões gengivais, aumento da profundidade 

de sondagem, mobilidade dentária acentuada e, em estágios avançados, perda de elementos 

dentários. Radiograficamente, identifica-se perda óssea ao longo da crista alveolar (Kinane, 

2017; Cardoso et al., 2018). Em 2018, foi instituída uma nova classificação das doenças 

periodontais a fim de sistematizar o diagnóstico, e toma como princípios sua gravidade, 

complexidade e progressão (Papanou et al. 2018). O quadro 1 elucida a nova classificação. 

Quadro 1 - Classificação da Periodontite 

Estágio Condição Clínica 

Estágio I Perda de Inserção Clínica (PIC) de 1-2 mm, perda óssea <15% da 
raiz, sem perda dentária por periodontite.  

Estágio II PIC de 3-4 mm, perda óssea entre 15 - 33% da raiz, sem perda 
dentária por periodontite.  

Estágio III PIC >5 mm, perda óssea entre >33% da raiz, perda de até 4 dentes por 
periodontite, defeitos ósseos verticais. 

Estágio IV Critérios do Estágio III + perda de >4 dentes, colapso da mordida 
Fonte: Adaptado de Papapanou et al. (2018). 
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Devido a essas alterações, os pacientes frequentemente relatam queixas estéticas, 

dificuldades mastigatórias, episódios ocasionais de dor e impactos psicossociais, 

comprometendo sua qualidade de vida (Llanoos et al., 2018). Além disso, condições 

sistêmicas, como diabetes, e hábitos de vida, como o tabagismo, são fatores que contribuem 

significativamente para a severidade e a progressão da doença periodontal (Pal et al., 2018). 

O tratamento da periodontite nos estágios I a III segue um protocolo com etapas 

essenciais para restaurar a saúde periodontal e prevenir sua recorrência (Gugnani e Gugnani, 

2020). O plano de tratamento depende da gravidade e extensão da doença. Primordialmente, 

consiste na remoção mecânica da placa bacteriana, tanto subgengival quanto supragengival, 

com o objetivo de promover superfícies lisas e livres de biofilme, controlando a inflamação e 

interrompendo a progressão da doença (Carranza et al., 2016). O uso de instrumentos 

ultrassônicos é preconizado pontualmente para cálculos supragengivais. Curetas com lâminas 

cortantes bilaterais, como as de McCall, são indicadas para raspagens supragengivais, 

enquanto curetas de Gracey, com apenas um lado cortante, são recomendadas para remoção 

de cálculos subgengivais (Türktekin et al., 2018). 

Além disso, é essencial motivar o paciente a adotar hábitos adequados de controle do 

biofilme e a manter uma boa higiene oral (Kinane, 2017). Herrera, Kebschull e Sanz (2022) 

reforçam a importância das terapias adjuvantes, consideradas estratégias para maximizar os 

resultados do tratamento periodontal. Essas terapias incluem o uso de agentes físicos ou 

químicos, moduladores do hospedeiro e antimicrobianos administrados local ou 

sistemicamente. No entanto, muitos desses recursos apresentam limitações, como o 

desenvolvimento de resistência antimicrobiana e eficácia variável entre os indivíduos. Dessa 

forma, torna-se fundamental o desenvolvimento de novas abordagens terapêuticas que sejam 

mais eficazes e minimizem efeitos adversos. 

Nesse contexto, com base na atividade anti-inflamatória demonstrada pela FeTcPc e na 

evolução preocupante da periodontite com impacto na qualidade de vida dos pacientes, 

destaca-se o potencial desse composto para avanços terapêuticos na odontologia. Assim, o 

presente estudo tem como objetivo avaliar o tratamento adjuvante com um gel bucal à base de 

FeTcPc em pacientes com doença periodontal. Espera-se, dessa forma, contribuir 

significativamente para o desenvolvimento de um produto farmacêutico aplicável à prática 

clínica odontológica, promovendo o bem-estar dos pacientes. 
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2 OBJETIVO  

 

Avaliar o efeito da aplicação tópica do gel bucal contendo FeTcPc como uma nova 

abordagem terapêutica adjuvante no tratamento não cirúrgico da periodontite:  

a) avaliar a eficácia da aplicação tópica do gel bucal contendo FeTcPc a 1% (PHTALOX®) 

como terapia adjuvante no tratamento periodontal não cirúrgico; 

b) analisar a evolução dos parâmetros clínicos periodontais, incluindo profundidade de 

sondagem (PD), percentual de sítios com diferentes profundidades, índice de placa e 

sangramento à sondagem, ao longo de 45 dias de acompanhamento, após o tratamento 

tópico com gel bucal à base de FeTcPc. 

c) comparar os efeitos clínicos do gel bucal de FeTcPc com o gel bucal contendo apenas o 

veículo ou clorexidina a 0,12% na redução dos parâmetros periodontais avaliados. 
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Abstract 
 
Periodontitis, a chronic inflammatory condition, affects oral and systemic health with notable 

social and economic impacts. While mechanical treatment removes biofilm and calculus, it 

may not fully eliminate pathogenic bacteria, making adjuvant antimicrobial and 

anti-inflammatory therapies a valuable strategy for periodontitis management. This study 

aimed to evaluate the effect of the topical application of a oral gel formulation containing iron 

tetracarboxyphthalocyanine (FeTcPc) in the non-surgical periodontal treatment. Forty-seven 

individuals with periodontitis underwent a standard periodontal treatment (scaling and root 

planing), followed by adjuvant therapy according to the = groups: Vehicle Group (n=15), 

receiving local application of the FeTcPc gel vehicle; Chlorhexidine (CLX) Group (n=16), 

receiving local application of 0.12% chlorhexidine gel; and FeTcPc Group (n=16), receiving 

local application of 1% FeTcPc-containing gel (PHTALOX®). Clinical evaluations were 

performed at baseline and after 45 days. In the intragroup analysis, the mean probing depth 

(PD) and the percentage of sites with PD ≤3 mm and PD between 4–5 mm showed a 

statistically significant reduction at 45 days in both the vehicle and FeTcPc groups (p < 0.05). 

The percentage of sites with bleeding on probing and the plaque index demonstrated a 

statistically significant reduction after 45 days in all groups (p < 0.05). No statistically 

significant differences were observed between the study groups in any periodontal clinical 

parameters at baseline or 45 days after treatment. In conclusion, the use of FeTcPc mouth gel 

as an adjunct to non-surgical periodontal therapy did not improve the clinical periodontal 

parameters compared to CLX or the vehicle group in this study.  

Keywords: Periodontitis; Anti-Inflammatory Agents; Chlorhexidine.  
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Introduction 
  

Periodontitis is a chronic inflammatory condition characterized by the progressive 

destruction of periodontal tissues, significantly impacting both oral and systemic health [1]. 

This condition is associated with complications such as tooth loss and malnutrition, and it also 

serves as an aggravating factor for comorbid disorders, including type 2 diabetes, driven by 

the low-grade systemic inflammation associated with periodontitis [2]. Beyond its health 

implications, periodontitis also imposes a substantial global economic burden, with costs 

related to treatment and productivity losses estimated at nearly $79 billion annually [3]  

Addressing the multifactorial nature of periodontitis requires a combination of 

strategies to halt disease progression. These include reducing bacterial biofilms through 

surgical or non-surgical therapy, providing oral hygiene instruction with patient motivation, 

and managing modulating factors such as systemic diseases [4]. Scaling and root planing 

(SRP) remain the gold standard in non-surgical periodontal therapy. However, mechanical 

therapy alone may fail to eliminate pathogenic bacteria located in soft tissues and areas 

inaccessible to periodontal instruments, such as furcation areas, root concavities, 

interproximal areas, and sites with deeper pockets [5, 6]. 

To address these challenges and improve treatment outcomes, adjuvant therapies have 

emerged as promising complementary approaches, reducing the need for invasive procedures 

[7]. These therapies involve the use of physical or chemical agents, host modulators, and 

antimicrobials, which can be administered locally or systemically  [8]. Adjuvant agents offer 

several benefits, including enhanced control of bacterial biofilms, modulation of the 

inflammatory response, and promotion of healing and regeneration of periodontal tissues [9]. 

Iron tetracarboxyphthalocyanine (FeTcPc) is a synthetic phthalocyanine derivative that 

has demonstrated promising activity in modulating inflammatory processes and exhibits low 

toxicity [10]. A previous study demonstrated that the pure phthalocyanine compound 

effectively reduced tumor necrosis factor-alpha (TNF-α) production in activated macrophage 

cultures by inhibiting the activation of the transcription factor nuclear factor kappa B (NF-κB) 

[10]. In the same study, the researchers developed a mouth gel containing FeTcPc and found 

that its topical application significantly reduced alveolar bone loss in mice with 

ligature-induced periodontitis. This effect was attributed to the downregulation of 

inflammatory genes (e.g., Tnfα, p65 signaling) in gingival tissue. In this context, the 

FeTcPc-containing mouth gel presents itself as a promising alternative for use in adjunctive 
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periodontal therapy. 

Thus, this study proposes investigating the effects of a mouth gel containing FeTcPc 

as a novel adjuvant therapeutic approach in non-surgical periodontitis treatment. The 

development of this mouth gel enables the topical application of the therapeutic agent, aiming 

to maximize its efficacy while minimizing undesirable systemic effects. Comprehensive 

studies evaluating this new treatment not only contribute to enriching the available 

therapeutic arsenal but also provide new perspectives for managing periodontitis, which 

represents a significant global health challenge. 

 

Materials and methods 

 

Trial design  

 

This double-blind, parallel design randomized controlled study was conducted from 

March 2022 to November 2024. The study was approved by the Research Ethics Committee 

of the Alfenas Federal University (CAAE: 39624820.6.0000.5142) and was carried out in 

compliance with the Helsinki Declaration of 1975, as revised in 2013 [11]. The complete 

study protocol was registered at ClinicalTrials.gov (NCT06731777), and the study was 

reported following the CONSORT 2010 statement [12]. 

The selected individuals (n=47) were randomly divided into three groups: Vehicle 

group (n=15): toothbrushing with toothpaste and the local application of the FeTcPc mouth 

gel vehicle (without the active ingredients); Chlorhexidine (CLX) group (n=16): 

toothbrushing with toothpaste and local application of 0.12% CLX mouth gel and FeTcPc 

group (n=16): toothbrushing with toothpaste and local application of 1% FeTcPc 

(C₃₂H₁₆N₈O₈Fe, molecular weight: 744.42 g/mol, purity >90%) gel (PHTALOX®, TRIALS – 

Oral Health & Technologies, Bauru, Brazil). Clinical evaluations (plaque index, probing 

depth, bleeding on probing, clinical attachment level, and mobility test) were made at baseline 

(day 0) and post-treatment (day 45). 

  

Participants  

 

At the Periodontics clinic of the Federal University of Alfenas, 172 patients were 

screened, of which only 47 were included and randomized due to inclusion criteria and 
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consent to participate. The study inclusion criteria were as follows: adult individuals (≥18 

years old) of both sexes diagnosed with periodontitis stages II to IV (moderate to severe) and 

grades A and B, presenting at least two non-adjacent interproximal sites with a probing depth 

≥5 mm, clinical attachment level ≥3 mm, and bleeding on probing. Participants were required 

to have a minimum of 15 teeth, excluding third molars.  

Exclusion criteria included medical conditions requiring antibiotic prophylaxis or 

those potentially impacting treatment outcomes, history of periodontal treatment in the last 6 

months, use of medications affecting periodontal tissues within the last 3 months (e.g., 

antibiotics, anti-inflammatory drugs, anticonvulsants, immunosuppressants, or calcium 

channel blockers), diabetes, smoking or recent smoking (within 12 months), pregnancy, 

extensive prosthetic rehabilitation, orthodontic treatment, blood dyscrasias, alcoholism, and 

illicit drug use. 

 

Interventions 

 

After the inclusion in the study, all individuals received detailed information about the 

etiology of periodontal disease and instructions on oral hygiene, including the use of 

toothbrushes, dental floss, and interdental brushes, as needed. A baseline standard scaling and 

root planing (SRP) were made following the one-stage full-mouth disinfection protocol 

without the use of CLX as reported by [13]. After administering anesthesia using the regional 

block technique [2% lidocaine solution with epinephrine 1:100,000 (Nova DFL)], the SRP 

was carried out by an experienced professional (different from the examiner conducting the 

clinical assessments) using an ulttrasound (Dabi Atlante, Ribeirão Preto, SP, Brazil) and 

periodontal curettes (Millenium™ Curettes, Golgran, São Paulo, Brazil). The time spent per 

quadrant was approximately 1 hour. Polishing was then performed using a rubber cup and 

prophylactic paste (Herjos prophylactic paste, Vigodent, Rio de Janeiro, Brazil). No 

subgingival instrumentation was conducted for the following 45 days.  

After the SRP, each individual received a leaflet summarizing the relevant instructions 

for gel application. Participants were instructed to brush their teeth three times a day using the 

toothpaste provided by the researchers (Figure 1A). Following the final brushing of the day, 

they were directed to apply the designated mouth gel to all dental surfaces using a cotton 

swab, once daily (Figure 1B-1D). The gel was left in contact with the teeth for five minutes, 

after which the subjects were instructed to expel the excess gel without rinsing their mouths. 
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The composition of the products used is detailed in Table 1. Furthermore, they were 

instructed not to use any other toothpaste, mouth rinses, or gels during their participation in 

the study. Participants were also asked to report any signs of irritation, pain, or other adverse 

effects to the research team for evaluation. To ensure compliance with the use of the 

formulations, patients were instructed to complete a calendar marking the days and times they 

used the gels and dental floss. Additionally, daily reminders were sent through a digital 

communication platform to reinforce adherence.​  

 

 

Figure 1: Mouth gel used. (A) The oral hygiene kit includes toothpaste, dental gel, 
dental floss, and toothbrush. (B, C, D) The application of mouth gel is on the tooth 
surface for 5 minutes. 
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Table 1: Description of the product composition, product manufacturers and application protocols.  

Product Group  Composition  Manufacturer  Application 
protocol  

Toothpaste Vehicle, 
CLX and 
FeTcPc 

 

1450 ppm Fluoride in the form 
of Sodium Fluoride, Glycerol, 

Silicon Dioxide, Sorbitol, 
Water, Sodium Lauryl Sulfate, 
Flavoring, Macrogol, Sodium 

Carboxymethylcellulose, 
Tetrasodium Pyrophosphate, 

Xylitol, Menthol, Sodium 
Saccharin Dihydrate, Mica, 

and Sodium Benzoate 

Rabbit, 
Brazil 

 

 Brush your teeth 
at least 3 times a 

day for 3 minutes, 
cleaning your 
teeth, mucous 

membranes and 
tongue.  

Mouth gel 
 
 
 
 

Vehicle  Water, glycerin, sorbitol, 
hydrated silica, PVP, cellulose 

gum, flavoring, sodium 
benzoate, sucralose, 

phosphoric acid, and sodium 
hydroxide. 

Rabbit, 
Brazil 

 

Apply once daily 
after the last 

brushing to all 
dental surfaces 
and allow it to 
remain for 5 

minutes. 

Mouth gel CLX  Water, glycerin, sorbitol, 
hydrated silica, PVP, cellulose 

gum, flavoring, sodium 
benzoate, sucralose, 

phosphoric acid, sodium 
hydroxide and 0.12% 

chlorhexidine digluconate. 

Rabbit, 
Brazil 

 

Apply once daily 
after the last 

brushing to all 
dental surfaces 
and allow it to 
remain for 5 

minutes. 

Mouth gel FeTcPc 
 

Water, glycerin, sorbitol, 
hydrated silica, PVP, cellulose 

gum, flavoring, sodium 
benzoate, sucralose, 

phosphoric acid, sodium 
hydroxide, and 1% iron 

tetracarboxyphthalocyanine. 

Rabbit, 
Brazil 

 

Apply once daily 
after the last 

brushing to all 
dental surfaces 
and allow it to 
remain for 5 

minutes. 

 

Outcomes 

 

Periodontal clinical parameters were assessed using a Williams millimeter-marked 

periodontal probe (Hu-Friedy, Chicago, IL, USA) at baseline and at 45 days post-treatment. 

The parameters evaluated included: probing depth (PD), defined as the distance from the 

gingival margin to the bottom of the sulcus at six sites per tooth (mesio-buccal, buccal, 

disto-buccal, mesio-lingual, lingual, disto-lingual); gingival margin level (GML), defined as 

the distance from the gingival margin to the cementoenamel junction (CEJ) at six sites per 
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tooth, similar to PD; clinical attachment level (CAL), defined as the distance from the CEJ to 

the bottom of the pocket at six sites per tooth, similar to PD; bleeding on probing (BOP), 

assessed 30 seconds after probing and recorded as present or absent at six sites per tooth; and 

plaque index (PI), defined as the presence or absence of biofilm on the tooth surface, 

evaluated at six sites per tooth, similar to PD; tooth mobility, assessed using Miller's index 

[14]; and furcation involvement, evaluated using Hamp’s classification [15]. The percentages 

of sites with PD and CAL were categorized as follows: PD ≤3 mm, PD = 4–5 mm, and PD ≥6 

mm; and CAL ≤2 mm, CAL = 3–4 mm, and CAL ≥5 mm.  

 

Sample size  

 

The sample size calculation was based on the study by Putt, Mallatt (16), which 

evaluated the effect of a doxycycline gel on periodontal disease treatment in healthy patients. 

Considering a clinically relevant difference of a 1 mm reduction in probing depth between 

groups after treatment and assuming a mean standard deviation of 0.45 mm for this outcome, 

with a type I error fixed at 0.05 and a beta power of 80%, the minimum sample size required 

to detect similar outcomes to the aforementioned study was determined to be 15 individuals 

per group. 

 

Randomization and allocation concealment mechanism 

 

For randomization, the 47 participants were allocated into the three groups using a 

computer-generated randomization table with a 1:1:1 allocation ratio. Allocation concealment 

was ensured by using sealed opaque envelopes containing the treatment assignment from the 

randomization table for each participant. The envelopes were opened by the operator 

immediately after the completion of SRP, and the designated gels were provided to the 

participants.  

 

Blinding and examiner calibration 

 

All SRP procedures were executed by the same experienced professional (A. L. M. 

R.). An investigator masked to the treatment (S.O.P.N.) made the clinical measurements. The 

examiner did not execute the treatment procedures and was unaware of the treatment 
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assignment. Additionally, patients were also blinded to the treatment, as the gels were placed 

in packets that did not allow identification of their contents by the patients. 

 

Statistical methods 

 

The Shapiro-Wilk test demonstrated that the numerical clinical data in this study 

(number of teeth, PD, GML, CAL, BOP and PI) followed a normal distribution. Data on 

mobility and furcation involvement were expressed as event frequencies. A two-way ANOVA 

test, complemented by Tukey’s post hoc test, was used to evaluate the effects of treatment and 

evaluation periods on clinical parameters (number of teeth, PD, GML, CAL, BOP and PI). 

The chi-square test was applied to assess the effects of time and treatment on mobility and 

furcation involvement. Statistical analyses were performed using SPSS version 37. All 

statistical tests were conducted at a 95% confidence level. 

 

Results 

 

Characteristics of the population 

 

Forty-seven individuals were initially enrolled in the study. At the 45-day follow-up, 

four participants were lost: one from the Vehicle and CLX group and two from the FeTcPc 

group (Figure 2). A total of 43 individuals (30 females and 13 males), with a mean age of 51 

years (±11.4), completed the follow-up. No statistically significant differences were observed 

between the groups regarding demographic data (age and gender) (Table 2), and no adverse 

effects were reported by patients following the treatment. 
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Figure 2: Flowchart of the study.  
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Table 2: Demographic characteristics of the population included at baseline. 
 

Variables  Vehicle 
(n=14) 

CLX  
(n=15) 

FeTcPc 
 (n=14) 

Demographic characteristics 
Age, mean (±SD) 53.6 ± 7.91 50.0 ± 15.4 45.9 ± 8.50 
Gender, n (%) 
Men 4 (28,5) 7 (46,7) 2 (14,3) 
Women 10 (71,5) 8 (53,3) 12 (85,7) 

 

 
Clinical outcomes 

 

No statistically significant differences were observed between the study groups in any 

periodontal clinical parameters at baseline or 45 days after treatment (Table 3). In the 

intragroup analysis, the mean PD and the percentage of sites with PD ≤3 mm and PD = 4–5 

mm showed a statistically significant reduction at 45 days in both the vehicle and FeTcPc 

groups (p < 0.05) (Table 3). Additionally, the percentage of sites with BOP and the PI 

demonstrated a statistically significant reduction after 45 days of treatment in all analyzed 

groups (p < 0.05) (Table 3).​  
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Table 3: Means ±SD of periodontal clinical parameters in each evaluation period and treatment group. 
  

Groups  Vehicle (n=15) CLX (n=14) FeTcPc (n=14) 
Periods  Baseline 45 d Baseline 45 d Baseline 45 d 

Number of 
teeth 

 
24.0 ± 3.3 24.0 ± 3.3 25.3 ± 4.4 25.3 ± 4.4 24.0 ± 4.3 24.0 ± 4.3 

PD Total (mm) 3.14 ± 0.53 2.84 ± 0.36* 3.24 ± 0.80 3.12 ± 0.51 3.19 ± 0.37 2.88 ± 0.38* 

 ≤ 3mm (% of 
sites) 68.8 ± 15.8 83.2 ± 10.3* 66.4 ± 20.3 73.9 ± 16.2 67.6 ± 8.0 80.9 ± 7.8* 

 entre 4-5mm 
(% of sites) 23.4 ± 11.0 13.2 ± 8.8* 20.5 ± 8.7 15.9 ± 8.5 24.4 ± 7.2 12.7 ± 6.2* 

 ≥ 6mm (% of 
sites) 5.9 ± 6.5 2.5 ± 4.0 8.4 ± 8.5 6.6 ± 5.7 5.9 ± 6.8 4.0 ± 5.2 

CAL Total (mm) 3.93 ± 0.86 3.59 ± 0.71 3.91 ± 1.50 3.85 ± 1.32 3.81 ± 0.98 3.57 ± 1.18 

 ≤ 2 mm (% of 
sites) 25.7±17.3 27.9±11.7 31.5±19.6 26.7±15.2 27.9±16.0 33.9±20.0 

 entre 3-4 mm 
(% of sites) 46.1±13.5 49.1±13.6 42.6±13.0 44.6±18.4 46.1±12.5 43.4±13.6 

 ≥ 5 mm (% of 
sites) 28.1 ± 15.3 23.6 ± 15.3 29.3 ± 22.8 27.4 ± 22.8 28.2 ± 21.2 22.6 ± 23.6 

GML (mm)  0.79 ± 0.45 0.73 ± 0.51 0.69 ± 0.84 0.72 ± 0.92 0.64 ± 0.70 0.70 ± 0.88 

BOP 
(% of sites) 

 
82.9 ± 14.7 33.6 ± 21.1* 82.1 ± 11.5 34.8 ± 22.6* 71.6 ± 19.0 29.6 ± 17.6* 

PI 
(% of sites) 

 
82.4 ± 9.6 58.8 ± 24.5* 82.3 ± 11.1 58.4 ± 22.6* 78.1 ± 13.2 59.9 ± 15.8* 

Tooth 
mobility 
(number of 
teeth) I 8.36 ± 4.63 5.43 ± 2.71 6.40 ± 4.42 3.93 ± 4.08 6.36 ± 3.46 4.29 ± 2.79 

 II 0.78 ± 1.05 0.71 ± 1.20 0.80 ± 1.32 0.73 ± 1.16 0.35 ± 0.63 0.42 ± 0.64 

 III 0.00 ± 0.00 0.00 ± 0.00 0.13 ± 0.51 0.20 ± 0.56 0.00 ± 0.00 0.00 ± 0.00 

Furcation 
involvemen
t (number 
of sites) I 0.71 ± 0.72 0.71 ± 0.99 1.00 ± 1.13 0.60 ± 0.98 1.07 ± 1.21 0.71 ± 0.99 

 II 0.14 ± 0.53 0.21 ± 0.57 0.40 ± 0.63 0.33 ± 0.61 0.35 ± 0.74 0.28 ± 0.61 

 III 0.00 ± 0.00 0.00 ± 0.00 0.13 ± 0.35 0.13 ± 0.35 0.07 ± 0.26 0.07 ± 0.26 

PD: probing depth; CAL: clinical attachment level; GML: gingival marginal level; BOP: bleeding on probing; PI: 
plaque index; *p<0.05: differences between each follow-up period. 
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In this study, we propose a new mouth gel formulation based on FeTcPc 

(PHTALOX®), a phthalocyanine derivative with anti-inflammatory activity, for use as an 

adjuvant treatment in patients with periodontal disease. This formulation was previously 

evaluated in experimental periodontitis, where the topical application of a mouth gel 

containing 1% FeTcPc was shown to block alveolar bone loss. Additionally, 1% FeTcPc 

reduced the expression of Tnfα, p65 (NF-κB), and Rankl in gingival tissue. However, the 

results of this clinical trial demonstrated that the use of FeTcPc-based mouth gel as an adjunct 

to non-surgical periodontal therapy did not result in statistically significant differences in 

clinical periodontal parameters compared to the vehicle group 45 days after treatment, similar 

to other clinical trials that also found no clinical benefits from the adjunctive use of 

phthalocyanines [17-19]. 

No significant differences were observed between the sex and age of patients between 

groups, so that the results presented were not influenced by hormonal or metabolic issues, 

offering robustness regarding these variables [20-21]. One of the distinguishing features of 

FeTcPc is its self-activation capability [20] which was explored in this study in the absence of 

photoactivation. However, preclinical studies have demonstrated the potential of 

phthalocyanines combined with photoinduction as an innovative strategy for medical 

applications given their ability to modulate the inflammatory process [21]. In line with this, 

Ayaz, Ugur (22) observed, in an in vitro macrophage culture, that photoinduced 

subphthalocyanines with chloro substitution were able to modulate the production of 

inflammatory cytokines, reducing TNF-α and Interleukin (IL)-6 levels. In another study, zinc 

phthalocyanines subjected to photoinduction (10 minutes) demonstrated a high capacity to 

reduce cytokine production, with this activity being associated with modulation of the p38 

pathway [23]. Finally, encapsulated chloroaluminum phthalocyanine combined with 

photodynamic therapy was able to reduce the inflammatory response (TNF-α reduction) and 

tissue destruction in rats with ligature-induced periodontitis [24].  

All these studies share the common approach of using a single application of 

phthalocyanine directly into the periodontal pocket. However, an increased number of 

photodynamic therapy applications with other photosensitizers has been associated with 

greater periodontal benefits, including reductions in probing depth and bleeding on probing 

[26-28] clinical attachment gain [26, 28], decreased residual pockets [27], and lower levels of 

periodontal pathogens [26, 28, 29]. In our study, the FeTcPc-containing mouth gel aimed to 
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provide patients with a single, daily, non-invasive application that would not cause 

discomfort. Additionally, it enables at-home applications, thereby minimizing the need for 

clinical visits for product application and increasing patient adherence by offering a more 

practical and cost-effective solution. However, the single daily application and the limited 

exposure time to the FeTcPc mouth gel may have reduced its effectiveness in fully addressing 

the inflammatory process. Furthermore, no in-office applications were performed directly 

within periodontal pockets, which may have further restricted the gel’s efficacy in reaching 

deeper areas in this study. Additionally, the 1% concentration of FeTcPc may not have been 

sufficient to produce clinical benefits, suggesting that higher concentrations of the bioactive 

compound could be explored in future studies. Preclinical toxicity assessments in an 

alternative model showed no signs of systemic toxicity within 72 hours of FeTcPc 

administration [10].  

In this study, the efficacy evaluation of the FeTcPc-based mouth gel was conducted in 

patients with mild to moderate periodontal disease, which may have also limited the 

pharmacological effects of the tested product on the inflammatory process. Patients with less 

severe disease generally respond well to basic non-surgical periodontal treatment [30], 

potentially masking any additional benefits provided by the adjunctive gel containing FeTcPc. 

Supporting this, a previous study combining scaling and root planing (SRP) with 

photoinduced chloro-aluminum phthalocyanine demonstrated significant improvements in 

clinical parameters, cytokine levels, and oral health-related quality of life in individuals with 

stage III periodontitis associated with Parkinson’s disease [31]. This could also explain why 

the 0.12% CLX mouth gel did not exhibit significant pharmacological benefits compared to 

the vehicle and FeTcPc groups in the present study.  

CLX is a bisbiguanide with antiplaque activity used in dentistry, both therapeutically 

and prophylactically, remaining active for several hours due to its high affinity for oral 

surfaces  [32]. Studies have shown that using a mouthwash containing 0.12% CLX as an 

adjunct to scaling and root planing therapy can provide additional gains in reducing 

periodontal disease compared to conventional treatment alone [33-36]. However, in all these 

studies, patients used CLX in the form of a mouth rinse twice daily, whereas in our study, it 

was applied only once per day directly onto the tooth surface. The use of CLX as a mouth 

rinse ensures the disruption of periodontal pathogen reservoirs that are not reached by scaling 

and root planing, such as the tonsils, tongue, saliva, and oral mucous membranes, which may 

positively influence the recolonization of recently scaled pockets [36]. This broader 
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antimicrobial effect was not achievable with the single daily application restricted to the tooth 

surface in our study, potentially contributing to the lack of significant clinical benefits 

observed.  

​ It is important to highlight that patients with systemic conditions or smokers could 

benefit more from the anti-inflammatory effects of the FeTcPc-based mouth gel, as their 

immune response is often more compromised compared to generally healthy patients included 

in this study [37-39]. These populations typically exhibit higher levels of inflammation and a 

reduced capacity for periodontal disease recovery [37], making the gel’s adjunctive 

anti-inflammatory properties particularly valuable. Supporting this, a study by Al-Kheraif, 

Alshahrani (40) investigating photodynamic therapy with chloro-aluminum phthalocyanine in 

combination with SRP in patients with stage II chronic periodontitis found that smokers in the 

combined therapy group experienced a significant reduction in bleeding on probing at 6 

months. While probing depth and clinical attachment levels improved across all groups, only 

smokers in the combined therapy group exhibited a significant decrease in Porphyromonas 

gingivalis and Tannerella forsythia levels at both 3- and 6-month follow-ups. Additionally, 

TNF-α levels significantly decreased in smokers in both treatment groups, whereas IL-1β 

reduction was only observed in non-smokers at 6 months in the combined therapy group. 

These findings highlight the need for further research focusing on these specific patient 

groups to determine whether the FeTcPc-based mouth gel could provide therapeutic benefits 

in more challenging clinical conditions 

Several limitations should be considered when interpreting the results of this study. 

First, the single application of the gel, restricted to home use without direct application in the 

office, may have limited its overall therapeutic potential. The inclusion of patients with mild 

to moderate periodontal disease, who typically respond well to basic periodontal therapy, may 

have further masked any adjunctive benefits of the FeTcPc gel. Another limitation was the 

lack of a longer follow-up period, such as three months, which prevents the assessment of the 

long-term maintenance of clinical improvements. It is also suggested that weekly follow-ups 

are more interesting from the point of view of oral hygiene instruction and guidance, as a way 

of reinforcing home care. 

 

Conclusion 

 

The findings of this study indicate that the the groups had a clinical improvement in 
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periodontal parameters, reinforcing that traditional therapy associated with adjuvant therapy is 

resolutive, despite FeTcPc-based mouth gel, when used as an adjunct to non-surgical 

periodontal therapy, did not significantly improve clinical periodontal parameters compared to 

CLX or the vehicle group. However, these investigations provide valuable insights into the 

potential role of FeTcPc in periodontal disease management, highlighting the need for further 

research to optimize its formulation and therapeutic application.  
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4 CONSIDERAÇÕES FINAIS 
 

Os resultados deste estudo indicam que os grupos apresentaram melhora clínica nos 

parâmetros periodontais, reforçando a eficácia da terapia tradicional associada à terapia 

adjuvante, apesar de o gel bucal à base de FeTcPc, quando utilizado como adjuvante à terapia 

periodontal não cirúrgica, não ter apresentado melhora significativa nos parâmetros 

periodontais clínicos em comparação ao CLX ou ao grupo veículo. No entanto, essas 

investigações fornecem insights valiosos sobre o papel potencial do FeTcPc no manejo da 

doença periodontal, destacando a necessidade de mais pesquisas para otimizar sua formulação 

e aplicação terapêutica. 
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ANEXO D - Termo de Consentimento Livre e Esclarecido 
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ANEXO D - Prontuários 
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