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Abstract: Introduction: Chronic gingival diseases are primarily caused by 

microorganisms present in dentobacterial plaque, which can be controlled 

through mechanical methods like brushing or chemically using mouthwashes. 

The Autonomous University of Baja California has developed a chitosan-based 

molecule enriched with colloidal silver nanoparticles (EPX® Biomolecule), 

which acts as an antiseptic and is administered topically. Objective: This study 

aims to evaluate the efficacy and safety of EPX® Biomolecule mouthwash in the 

treatment of chronic gingivitis. Methods: An experimental study, phase I clinical 

trial, was conducted involving a randomized sample of 50 adult patients 

diagnosed with chronic gingivitis, treated at the Santé Dental Clinic from 

January to December 2022, following the acquisition of informed consent. The 

study comprised a case group of 25 patients treated with EPX® Biomolecule 

mouthwash, compared against a control group of 25 patients receiving 2% 

chlorhexidine oral rinse. Statistical analysis was performed using Student's t-test, 

with a significance level set at p<0.05. Results: The majority of participants were 

women (54%), under 30 years of age (92%), students (58%), and had completed 

high school (82%). At 15 days, both treatments exhibited similar effects; 

however, chlorhexidine showed a marginally better response at 30 days, which 

was statistically significant for the Gingival Index (p = 0.01) and the 

Hemorrhagic Index (p = 0.01). No significant differences were observed in 

dentobacterial plaque levels, although adverse reactions were noted with 

chlorhexidine. Conclusions: Both treatments effectively reduced bleeding and 

gingival edema, with chlorhexidine demonstrating improved outcomes at 30 

days. There were no differences in plaque control, and an isolated adverse 

reaction was associated with chlorhexidine.  

Keywords: Gingivitis, Nanotechnology, Mouthwashes, Chlorhexidine, Oral 

Hygiene Index, Clinical Trial, Phase I. 
Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Gingivitis is a common and mild form of 

periodontal disease characterized by irritation, redness, 

swelling and bleeding of the gum tissue. It is crucial to 

take gingivitis seriously and treat it promptly, as while it 

does not cause bone loss, untreated gingivitis can 

progress to more severe gum disease, known as 

periodontitis, potentially leading to tooth loss. 

Epidemiological studies indicate that gingivitis is nearly 

universal, affecting both children and adults, and ranks 

https://www.easpublisher.com/
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as the second most prevalent oral disease worldwide, 

with its prevalence and severity increasing with age [1, 

2]. 

 

The primary cause of gingivitis is poor oral 

hygiene. Good oral health practices, including regular 

tooth brushing, flossing, dental checkups, and the use of 

antiseptic mouthwashes, are essential for preventing and 

reversing this condition. Gingivitis is initiated by a dental 

biofilm of bacteria that inflames the gingiva, making 

plaque control critical for both preventive and 

therapeutic success. While brushing is emphasized, 

mouthwashes can effectively complement mechanical 

cleaning methods [3-7]. 

 

Mouthwashes should possess several key 

characteristics: the ability to eliminate plaque in hard-to-

reach areas, rapid action, safety, efficacy against both 

gram-positive and gram-negative bacteria, be user-

friendly, pleasant taste and penetrate the bacterial 

biofilm. Throughout history, various substances have 

been used as mouthwashes, with chlorhexidine gluconate 

emerging as the most widely used in the past decade. 

This synthetic compound has multiple antibacterial 

properties and is utilized in a range of medical, surgical, 

and dental procedures. In dentistry, it serves as an 

antimicrobial agent that controls bacterial biofilm and 

inhibits the adhesion of plaque. However, chlorhexidine 

is not without drawbacks, as it can cause brown 

pigmentation on teeth, produce a metallic taste, and alter 

taste sensations, prompting the search for alternative oral 

rinses [8-10]. 

 

In exploring new agents for plaque control, 

mouthwashes containing chitosan— a natural cationic 

biopolymer derived from chitin—have gained attention 

due to their diverse biomedical applications. As one of 

the most abundant polysaccharides in nature, chitosan 

offers significant benefits in medicine, including 

hemostatic, antifungal, antibacterial, antioxidant, and 

antitumor effects, while also promoting defense 

mechanisms. It also promotes bioadhesion to oral 

surfaces and accelerates bone formation by enhancing 

osteoblast activity in bone tissue. Importantly, chitosan 

is non-toxic and biocompatible, offering an economical 

option for oral health [9-13]. 

 

The primary biological activities of chitosan in 

dentistry include osteoconduction, stimulation of soft 

tissue repair, drug release, and its use in oral hygiene 

products such as mouthwashes. Chitosan facilitates bone 

formation by promoting the migration of 

polymorphonuclear and progenitor cells, thereby 

accelerating wound healing [14]. 

 

Consequently, chitosan effectively addresses 

the needs associated with inflammatory processes in 

gingivitis, ensuring safety while minimizing the risks 

associated with other mouthwashes [15]. While the oral 

cavity is never completely sterile, mouthwashes can help 

reduce the microbial load on the oral mucosa. When 

selecting an antiseptic, it is essential to assess the benefits 

against the potential for undesirable side effects [16, 17].  

 

Dentists play a crucial role in educating patients 

on proper brushing techniques, but achieving optimal 

gingival health free from bacterial plaque often requires 

additional strategies, such as the incorporation of 

chemical agents (oral rinses) to reduce and delay plaque 

formation [18]. 

 

Chlorhexidine remains the leading adjunct for 

maintaining periodontal health, but it does carry adverse 

reactions. Consequently, there is a growing interest in 

exploring alternative agents that mitigate these side 

effects. Mouthwashes containing biomaterials such as 

chitosan offer promising therapeutic solutions for 

periodontal conditions due to their broad-spectrum 

antimicrobial and antifungal properties, as well as 

adhesion, analgesic, and hemostatic capabilities that 

inhibit bacterial cell function [8-24]. 

 

Over the past decade, the Autonomous 

University of Baja California in Mexico has developed 

innovative medications utilizing nanotechnology, 

expanding its applications to dentistry for the diagnosis, 

treatment, and prevention of periodontal diseases. This 

research has led to the creation of a chitosan-derived 

nanomolecule enriched with silver nanoparticles, which 

has demonstrated in vitro bactericidal activity, low 

cytotoxicity, and minimal adverse effects in animal 

models. This molecule, named EPX® Biomolecule, 

shows considerable potential against pathogenic 

microorganisms found in periodontal disease biofilms. 

 

With patients diagnosed with gingivitis daily in 

both our country and globally, there is a pressing need 

for research and development of alternative techniques 

based on chitosan enriched with nanoparticles. It is 

critical to evaluate the absence of complications or 

adverse effects associated with the application of 

chitosan as an oral mouthwash. This research aims to 

assess the pharmacological properties of EPX® 

Biomolecule, providing a pertinent approach to 

addressing the prevalent health issue of gingivitis and 

offering a promising alternative for maintaining 

periodontal health in affected patients. 

 

Objectives 

General Objective 

To evaluate the efficacy and safety of EPX® 

Biomolecule, in its pharmaceutical form as a 

mouthwash, for the treatment of gingivitis in adult 

patients. 

 

Specific Objectives 

1. Determine the periodontal clinical 

characteristics of the studied population. 

2. Describe the changes in periodontal indices 

following the application of both mouthwashes. 
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3. Analyze the clinical periodontal results after the 

use of the mouthwashes under investigation. 

4. Identify any adverse reactions associated with 

the application of both mouthwashes. 

 

MATERIALS AND METHODS 
Study design 

An experimental phase I clinical trial was 

conducted to evaluate the efficacy and safety of EPX® 

Biomolecule in its pharmaceutical form of as a 

mouthwash for the treatment of gingivitis in adult 

patients. From a population of 116 patients clinically 

diagnosed with gingivitis, a random sample of 50 

patients was selected from the Santé Clinic, located in 

downtown Mexicali, Baja California, Mexico. All 

treatments were administered between January and 

December 2022, with comprehensive medical records 

maintained for each participant. Diagnoses were 

performed by a Master in Health Sciences, and the 

treatment plan involving antiseptics was confirmed by 

two specialists in the dental surgical field, both holding 

Doctorates in Dental Sciences. 

 

During the controlled clinical trial, the sample 

of 50 patients represented 43.1% of the overall study 

population. Throughout the investigation, two parallel 

randomized groups were established: one case group of 

25 patients treated with EPX® Biomolecule and one 

control group of 25 patients. 

 

Inclusion Criteria 

1. Adult patients diagnosed with gingivitis who 

attended the dental office at the Santé Clinic, 

with no significant personal and pathological 

medical history impacting the progression of 

the disease. 

2. Patients exhibiting probing depths of less than 

3 mm, without attachment loss, possessing a 

minimum of 20 teeth, and who have not 

received periodontal therapy within the six 

months preceding the consultation.  

3. Patients demonstrating suitable mental and 

emotional conditions for participation in an 

experimental study of this nature.  

4. Patients who provided valid informed consent 

and agreed to participate in the clinical trial. 

 

Exclusion Criteria 

1. Adult patients diagnosed with gingivitis who 

attended the dental office at the Santé Clinic, 

but have significant personal and pathological 

medical history impacting the disease 

progression, or pregnant women. 

2. Patients with pocket depths greater than 3 mm, 

with attachment loss, having fewer than 20 

teeth, and/or who have received periodontal 

therapy within the six months prior to 

consultation.  

3. Patients currently undergoing orthodontic 

treatment with fixed or removable appliances. 

4. Patients lacking the mental and emotional 

conditions necessary for participation in an 

experimental study of this nature.  

5. Patients who declined to participate in the 

clinical trial. 

 

Exit Criteria 

1. Patients who expressed a decision to withdraw 

from the experimental study.  

2. Patients who opted to use antiseptics other than 

those specified in the study.  

3. Patients who failed to attend follow-up visits for 

monitoring their periodontal condition. 

 

Data Collection 

Objectivity of Observation 

The independent variable in this study was the 

type of mouthwash used for treatment. The case group 

comprised 25 patients treated with EPX® Biomolecule 

mouthwash, while the control group consisted of 25 

patients receiving chlorhexidine rinse. The dependent 

variables were measured before treatment and at 15 and 

30 days post-application, using standardized periodontal 

indices. Measurements were consistent in terms of 

method, location, and timing. 

 

Concurrent Comparison: 

Clinical observations were conducted to assess 

the changes induced by the antiseptics during treatment. 

This was supplemented with clinical examinations and 

systematic comparisons of gingival health at the 15-day 

and 30-day intervals. 

 

Random Assignment of Treatments: 

Patients with gingivitis were randomly assigned 

to either the case or control group to balance known and 

unknown confounding factors. This randomization 

ensured that the groups were comparable across all 

characteristics throughout the study's progression. 

 

Masking: 

The level of masking adhered to the trial's 

design, aimed at minimizing subjectivity in the 

evaluation of results. Both antiseptics were presented 

with coherent explanations, ensuring that neither patients 

nor operators could make comparisons between the 

treatments. 

 

Use of Epidemiological Indices: 

Several indices were employed to measure 

gingival health and hygiene status before, during, and 

after treatment with both mouth rinses: 

 

1. Löe and Silness Gingival Index: 

This tool was utilized to assess the severity of 

gingival inflammation by observing the gingiva around 

the teeth for signs of gingivitis, including redness, 

swelling, and bleeding upon probing. 
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2. Löe and Silness Bleeding Index: 

This clinical tool evaluated the presence of 

gingival bleeding, a key indicator of inflammation and 

an early sign of periodontal disease. The index measured 

the tendency for gingival bleeding when pressure was 

applied with a WHO-type periodontal probe in the 

gingival sulcus, noting the absence or presence of 

bleeding 30 seconds post-probing, classified into four 

grades. 

 

3. Löe and Silness Plaque Index: 

This important tool assessed the amount of 

bacterial plaque present on the tooth surfaces, as plaque 

accumulation is a critical factor in the development of 

gingivitis. 

 

Biostatistical Data Analysis 

Data analysis was performed using SPSS for 

Windows version 29.0, with all data also backed up in 

Microsoft Excel 2016. Descriptive statistics were 

initially employed to summarize the data collected at 

baseline and during patient follow-up. Subsequently, 

post hoc tests were conducted to identify differences 

between the treatment groups. The Student's t-test was 

utilized as a parametric statistical tool to determine 

whether significant differences existed between the 

means of the two groups, with a significance threshold 

set at p<0.05. 

 

Bioethics Considerations 

The study protocol was conducted in 

accordance with the principles outlined in the 

Declaration of Helsinki by the World Medical 

Association, the CIOMS Guidelines, and Resolution 

008430 of October 4, 1993. Compliance was also 

ensured with the Mexican Official Standard NOM-059-

SSA1-2013 regarding good manufacturing practices for 

medicines, as well as the legal frameworks established 

by National Health Sector agencies and the General 

Health Law. The protocol was reviewed and approved by 

the Research and Postgraduate Ethics and Evaluation 

Committee of the School of Dentistry, Mexicali, UABC. 

Ethical compliance was maintained throughout the 

study, considering the objectives, procedures, associated 

risks, and benefits. Confidentiality was preserved 

through the use of codes, ensuring that personal identities 

were not disclosed during data analysis. 

 

RESULTS AND DISCUSSION 
In the initial stage of the study, key social, 

demographic, and clinical variables of the participating 

patients were analyzed, including sex, age, marital status, 

and level of education, as well as clinical indicators of 

initial gingivitis and oral hygiene prior to the use of 

mouth rinses. Table 1 presents the distribution of 

patients according to these social and demographic 

variables, along with their initial clinical status. 

 

These data provide insight into the sample's 

social determinants of health, indicating that this 

population had access to healthcare services and 

education. However, despite this access, their perception 

of oral health risk appeared inadequate, as evidenced by 

the prevalence of suboptimal oral hygiene practices. 

 

Table 1: Distribution of Patients According to Social and Demographic Variables and Initial Clinical Status. 

Variable Number of Patients (n=50) Percentage (%) 

Age groups   

30 years old or younger 46 92 

31 years old or older 4 8 

Sex   

Female 27 54 

Male 23 46 

Marital status   

Single 41 82 

Married 9 18 

Education level   

Pre-university 41 82 

University 9 18 

Occupation   

Student 29 58 

Employee 11 22 

Professional 8 16 

Housewife 2 4 

Clinical aspects of gingivitis   

Bleeding 42 84 

Pain 1 2 

Edema 42 84 

Initial oral hygiene   

Good 2 4 
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Regular 27 54 

Poor 21 42 

Source: Study database 

 

In this study, female patients predominated, 

comprising 54% of the total number of participants, 

while male patients accounted for 46%. The majority of 

patients (92%) were 30 years of age or younger, with 

only 8% being 31 years old or older. Single patients 

represented 82% of the sample, compared to 18% who 

were married. Most patients had completed their pre-

university education, aligning with their occupations: 

58% were students, 22% were employees, and 16% were 

professionals. 

 

Regarding the initial clinical characteristics of 

the patients, all were diagnosed with chronic gingivitis. 

Bleeding was observed in 84% of the patients, and 

chronic edema affected 84% as well, with only 2% 

reporting any type of pain. An assessment of oral hygiene 

revealed that regular oral hygiene practices 

predominated in 54% of patients, followed by poor oral 

hygiene in 42%, while only 4% demonstrated good oral 

hygiene. 

 

In the second stage of the research, the 

effectiveness of daily use of the mouthwash containing 

EPX® Biomolecule was evaluated in comparison to the 

daily application of chlorhexidine rinse. Following the 

initial evaluation, patients were monitored at 15-day and 

30-day intervals, allowing for a comparison of clinical 

parameters between both groups based on the observed 

variables. 

 

Table 2 presents the differences in the Löe and 

Silness Gingival Index corresponding to the progression 

of patients undergoing the studied treatments. The 

analysis revealed that, at the conclusion of the 15-day 

treatment period, no significant differences were 

observed in the gingival index between the two groups. 

This finding suggests that both treatments effectively 

contribute to the reduction of the gingival index. 

However, at the 15-day follow-up after the treatment 

concluded, the group receiving chlorhexidine treatment 

exhibited a lower gingival index compared to the group 

using the EPX® Biomolecule. 

 

Table 2: Differences in the Löe and Silness Gingival Index According to Treatment Evolution. 

Mouthwash Type 

 

Löe and Silness Gingival Index 

Prior to treatment 

Severe gingivitis 

15 days 

Mild gingivitis 

30 days 

Moderate gingivitis 

Chlorhexidine 2.2775(.3890) .8375(.2393) 1.0550(.2475) 

EPX® Biomolecule 2.4675(.2254) .9575(.3022) 1.2650(.2927) 

Difference -.19 -.12 -.21 

p .040 .126 .009 

Note: Student's t-test for difference of two independent groups. 

Source: Identification Card/ Medical History of Sante Dental Clinic, Mexicali, BC 

 

Table 3 presents the differences in the Löe and 

Silness Bleeding Index reflecting the progression of 

patients under the studied treatments. At the conclusion 

of the treatment, no significant differences were 

identified; both treatments demonstrated effectiveness in 

reducing the bleeding index. However, at the 15-day 

follow-up, the group treated with EPX® Biomolecule 

exhibited a greater increase in the hemorrhagic index. 

This suggests that the chlorhexidine group had a more 

pronounced effect on controlling the hemorrhagic index 

in a statistically significant manner. 

 

Table 3: Differences in the Löe and Silness Bleeding Index According to Treatment Evolution. 

Mouthwash Type 

 

Löe and Silness Bleeding Index 

Prior to treatment 

Bleeding and swelling 

15 days 

Bleeding and swelling 

30 days 

Bleeding and swelling 

Chlorhexidine 1.76(.43) .12(.33) .12(.33) 

EPX® Biomolecule 2.00(.28) .08(.27) .48(.51) 

Difference -.24 .04 -.36 

p .026 .646 .005 

Note: Student's t-test for difference of two independent groups. 

Source: Identification Card/ Medical History of Sante Dental Clinic, Mexicali, BC 

 

Table 4 illustrates the changes observed in the 

plaque index. Both treatments proved effective in 

reducing the plaque index by the end of the treatment 

period and at the 15-day follow-up. Notably, no 

significant differences were found between the two 

treatment groups. 
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Table 4: Löe and Silness plaque index differences according to Treatment Evolution 

Mouthwash Type 

 

Löe and Silness Plaque Index 

Prior to treatment 

Regular 

15 días 

Excelente control 

30 días después 

Excelente control 

Chlorhexidine 1.76(.52) .48(.51) .64(.49) 

EPX® Biomolecule 1.92(.57) .64(.49) .64(.49) 

Difference -.16 -.16 .000 

p .307 .264 1.0 

Note: Student's t-test for difference of two independent groups. 

Source: Identification Card/ Medical History of Sante Dental Clinic, Mexicali, BC 

 

Rinses formulated with chitosan, such as EPX® 

Biomolecule, exhibited therapeutic effectiveness 

comparable to that of chlorhexidine, indicating that both 

rinses possess a strong antimicrobial effect against 

periodontal diseases. However, chlorhexidine 

demonstrated a longer-lasting effect than the chitosan 

rinses, maintaining favorable results even 15 days after 

discontinuation. Conversely, chlorhexidine was 

associated with a minimal percentage of adverse 

reactions, while no patients treated with chitosan 

reported any allergic reactions, highlighting its potential 

for treating and preventing gingivitis. 

 

This research evaluated the efficacy of EPX® 

Biomolecule in the treatment of gingivitis, comparing it 

with the conventional treatment of chlorhexidine. The 

findings suggest that EPX® Biomolecule is an effective 

alternative for reducing the clinical signs of gingivitis, 

presenting therapeutic effectiveness similar to 

chlorhexidine, with both rinses maintaining a sustained 

antimicrobial effect throughout the study. 

 

In conclusion, while chlorhexidine showed 

greater reductions in inflammation and bacterial plaque, 

the EPX® Biomolecule—comprised of chitosan enriched 

with nanoparticles—emerges as a viable alternative with 

a superior safety profile. This may enhance patient 

adherence to treatment and minimize unwanted side 

effects. Long-term studies are recommended to further 

assess its prolonged clinical effectiveness and its impact 

on overall oral health. 

 

CONCLUSION 
1. The studied population exhibited a 

predominance of poor periodontal health, with 

all cases showing signs of gingival 

inflammation, hemorrhage, and bacterial plaque 

in the majority of patients. 

2. Significant improvements were noted with the 

application of the mouthwash containing EPX® 

Biomolecule, indicating its effectiveness in 

reducing gingival inflammation, gingival 

bleeding, and bacterial plaque, particularly in 

comparison to the conventional chlorhexidine 

mouthwash. 

3. In terms of adverse reactions associated with 

both mouthwashes, no adverse reactions were 

reported in patients using EPX® Biomolecule. 

In contrast, adverse reactions were observed in 

some patients treated with chlorhexidine. 
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