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ABSTRACT: Periodontitis is a multifactorial 
chronic inflammatory disease that causes the loss 
of dental organs and also contributes to the 
activation of factors that can induce genetic 
damage in relation to the periodontal state. Among 
the most used chemical treatments for periodontal 
disease is the application of chlorhexidine as the 
antiseptic agent of choice due to its antimicrobial 
effects and extracts from medicinal plants have also 
been used. Recently, the use of rosemary essential 
oils as anti-inflammatory and antibacterial agents 
has been considered, but their possible genotoxic 
effects are unknown. The objective of this study 
was to determine the genotoxic effect of an oral 
solution based on Rosmarinus officinalis essential 
oils in patients with periodontitis. For this, 10 
subjects with a diagnosis of periodontitis in a range 
of 18 - 60 years old were included. At the 
beginning and end of treatment with 0.14% 
rosemary solution (for 14 days), a sample of 
epithelial cells was taken from the oral cavity and a 
smear was performed to evaluate the frequency of 
cellular abnormalities. The results indicate that 
there are no significant changes in the frequency of 
cellular abnormalities after treatment with 
rosemary solution for 14 days of use. This study 
provides evidence for the safe use of Rosmarinus 
officinalis essential oils as an alternative herbal 
therapeutic for periodontitis.
KEYWORDS:Rosmary, periodontitis, 
genotoxicity.

I. INTRODUCTION
Periodontitis is a multifactorial 

inflammatory disease affects individuals of all 
ages, is associated with accumulation of dental 
plaque resulting in the progressive destruction of 
dental tissues [1,2]. Some distinctive features of 

periodontitis include gingival inflammation, 
alveolar bone loss, mobility and bleeding [2]. The 
advanced stage of this disease causes loss of dental 
organs and can have a negative impact on systemic 
health [3]. Also, periodontitis contributes to the 
formation of reactive oxygen species (ROS) and 
with this, the activation of nuclear transcription 
factors is generated that can induce genetic damage 
in relation to the periodontal state. Some studies 
report genotoxic damage in patients with 
periodontitis [4]. For example, there is an increase 
in the frequency of micronuclei in patients with 
periodontitis compared to healthy subjects [5-7].

The most commonly used treatments for 
periodontitis are focused on limiting plaque 
accumulation and soft tissue inflammation and 
generally use mechanical and chemical techniques. 
In mechanical techniques, scaling and root planing 
are used, while in chemical techniques, 
chlorhexidine is generally applied as the antiseptic 
agent of choice due to its antimicrobial effects [8]. 
But, chemical treatments can cause side effects on 
oral tissues such as allergies, erosion of the oral 
mucosa and discoloration of teeth when these 
products are used for a long period of time [9]. 
Given this situation, the effect of medicinal plant 
extracts on different oral diseases and infections 
has been evaluated, obtaining benefits in terms of 
reducing dental plaque and inhibiting oral 
pathogens [10]. For example, to treat periodontal 
disease, herbal alternatives have been explored that 
include Curcuma longa [11,12], Camellia sinensis, 
Cinnamomum zeylanicum, Aloe barbadensis, 
Allium sativum, among others, whose antimicrobial 
properties are effective and safe [12].

Rosmarinus officinalis (rosemary) is an 
aromatic plant of the Lamiaceae Family whose 
chemical components have multiple biological 
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properties such as antioxidant, antifungal, 
anticancer, analgesic, antimicrobial and anti-
inflammatory [13,14]. Its therapeutic efficacy has 
been shown to eliminate mono- and polymicrobial 
oral biofilms [15,16]. The anti-inflammatory 
properties of rosemary essential oil have been 
demonstrated in strains of Gram-positive and 
Gram-negative pathogenic bacteria, suggesting that 
it could be used as an antimicrobial and anti-
inflammatory agent in topical creams, gels, 
disinfectants and mouthwashes aimed at oral 
pathologies [17]. Regarding toxicity, it has only 
been shown in mice and rabbits that the essential 
oil of Rosmarinus officinalis applied cutaneously 
and orally is not toxic for a period of 14 days nor 
does it produce adverse effects [18] and its 
bioactive components they do not generate 
mutagenicity [19]. 

These studies provide relevant information 
to consider the potential use of Rosmarinus 
officinalis as a safe and effective herbal therapeutic 
alternative to alleviate the inflammatory process of 
periodontitis in humans [12,17). Therefore, the 
objective of this study was to determine the 
genotoxic effect of Rosmarinus officinalis in 
patients with periodontal disease.

II. MATERIAL AND METHOD
Subjects of study 

The present study was carried out at the 
Facultad de Odontología of the Universidad 
Autónoma de Tlaxcala, Mexico, in which 13 
subjects with a diagnosis of periodontitis in an age 
range of 18 - 60 years old were included. The 
participants signed an informed consent. The 
procedure of this research adhered to the ethical 
standards of the General Health Law on Research 
and the standards of the Declaration of Helsinki. 
This study was approved by the bioethics and 
research committee of the Facultad de Odontología 
of the Universidad Autónoma de Tlaxcala, Mexico 
(Of. No.:FO-027-2003).

Study criteria for sample selection
Inclusion criteria: Adult between 18 and 

60 years old, have a diagnosis of periodontitis, 
voluntary participation, indistinct sex, without 
systemic involvement, without consumption of 
medications or oral antiseptics. Exclusion criteria: 
Patients with orthodontic treatment. Elimination 
criteria: do not attend the post-treatment sample 
collection.

Procedure

At the first appointment, the clinical 
history of the study subjects was taken and a 
gingival diagnosis was performed. In addition, the 
study subject was instructed on the modified Bass 
technique and the rosemary-based oral solution was 
given with the following instructions: after 
brushing teeth, rinse with 10 ml of the solution for 
1 minute, twice a day (after breakfast and dinner) 
for 14 continuous days without stopping [20].

Preparation of oral solution with Rosemary 
(0.14%)

To prepare 500 ml of herbal solution, 500 
ml of distilled water was used and 700 µl of 
rosemary essential oil was added. The rosemary 
essential oil was obtained in Rancho San Martin 
Shop, Puebla, Mexico. 

Sampling of bucal epithelial cells, fixation and 
staining

Before (Day 1) and after (Day 15) 
treatment, a cell sample was obtained from the oral 
mucosa to evaluate the frequency of cellular 
abnormalities. To do this, the patients were asked 
to rinse their mouth with water and saline solution 
in order to remove some bacteria, after which a 
gentle scraping of the inside of each cheek was 
performed with a microbrush. Subsequently, a 
smear was made, fixed with methanol acetic acid 
3:1 and stored at room temperature until processing 
for staining. Fixed slides were treated for 1 min 
each in 50 and 20% ethanol and washed with 
deionized water for 2 min prior to staining. The 
slides were then treated with 5.0 M hydrochloric 
acid for 30 min followed by washing for 3 min in 
running tap water. Moist slides were treated with 
Schiff’s reagent at room temperature in the dark for 
60 min, washed in running tap water for 5 min and 
rinsed in deionized water. Slides were stained in 
0.2% Light green for 30 s, rinsed indeionized water 
and allowed to air-dry at room temperature prior to 
being mounted with Entellan resin.

Microscopic analysis of cellular abnormalities
For each slide (two per patient), 1500 cells 

were examined and cellular abnormalities (MN, 
binucleate cells, karyorrhexis, karyolysis, 
condensed chromatin, lobed cells, pyknotic nuclei) 
were recorded at 400x magnification using a 
bright-field microscope (VELAB VE-B15 ®).

Statistical analysis of the data
Comparison of different cell types before 

and after using rosemary herbal solution was 
performed using Wilcoxon tests for dependent data. 
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The statistical analyzes were carried out in 
GraphPad version 6.0 considering a significance 
level of p ≤ 0.05.

III. RESULTS
The initial oral examination indicated that 

all patients showed generalized gingival diagnosis. 
Table 1 shows the data on the characteristics of the 
patients who underwent treatment with rosemary 
herbal solution for 14 days.

The comparison of the frequency of the 
different cellular abnormalities analyzed did not 
show significant changes after treatment with the 
rosemary-based solution for 14 days of use (table 
2).

Table 1. Description of factors in patients with periodontal disease exposed to treatment with rosemary oral 
solution.

Characteristic

n 10
Sex M/F 3/7
Age (years; mean, SD) 39.6 ± 17.7
Cigaretteconsumption
Smoker n (%) 1 (10)
Non smoker n (%) 9 (90)
Alcohol consumption
Yes n (%) 3 (30)
No n (%) 7 (70)
Consumption of non-bottled 
water
Yes n (%) 3 (30)
No n (%) 7 (70)
Fishconsumption
Yes n (%) 6 (60)
No n (%) 4 (40)
Orthodontics
Yes n (%) 0 (0)
No n (%) 10 (100)
Gingival Dx (mean, SD) 2 ± 0

Table 2. Comparison of the frequency of normal and abnormal cells in patients with periodontal disease before 
and after treatment with rosemary oral solution.

Cell type Before After P value
Normal cells 95.8±1.4 93.0±5.2 0.37
Binucleated 2.3±1.5 3.7±2.5 0.27
Kariorrhexis 0.9±0.7 1.3±1.5 0.76
Chromatins 0.5±0.4 1.3±1.9 0.35
Karyolysis 0.3±0.3 0.3±0.5 0.76
Lobulated 0.03±0.07 0.1±0.4 0.87
Pyknosis 0.11±0.1 0.09±0.2 0.62
Micronucleus 0.1±0.2 0.06±0.09 0.90

Mean ± SD/1500 cells
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IV.
V. DISCUSION

The findings of this research show that in 
patients with periodontitis the use of rosemary 
essential oil for a short period of exposure does not 
generate an increase in the cellular abnormalities 
evaluated after its application.

In periodontitis, it has been reported that 
non-beneficial microorganisms in the oral cavity 
cause cellular inflammation, thus producing ROS 
that, on the one hand, damage chromosomes and 
cause the loss of genetic material, generating 
cellular abnormalities such as micronuclei and 
nuclear budding.

On the other hand, ROS also damages the 
cell membrane and causes lipid peroxidation and 
multipolar mitosis, resulting in binucleation and 
multinucleation [4]. Thus, to evaluate the genotoxic 
effects, biomarkers such as micronuclei and 
binucleation of epithelial cells of the oral mucosa 
are used. This technique, in addition to monitoring 
genetic damage in humans, provides a clinically 
useful tool in the prognosis of patients with 
periodontitis [4].

Other studies on genotoxicity have 
included lifestyle factors such as smoking, alcohol 
intake, radiotherapy and chemotherapy treatments, 
occupational exposure to radiation, potentially 
carcinogenic chemicals, the consumption of 
xenobiotics and chemicals derived from medicinal 
plants [4,5,7,21]. 

Rosemary is an aromatic plant that 
contains various bioactive molecules such as 
phenolic acids, flavonoids, saponins, tannins and 
essential oils, among others, whose antibacterial, 
cytoprotective and anti-inflammatory properties 
have been demonstrated in previous research [13-
17,22,24]. But in some cases, these chemicals can 
also cause genotoxicity and mutagenicity. For 
example, rosemary essential oil has been reported 
to have effects on the increase of micronucleated 
cells and chromosomal aberrations at a high dose in 
mice [24] and its chronic use can cause adverse 
effects on the liver, kidneys and reproductive 
system [23], while cutaneous and oral cavity 
application in rabbits and mice does not indicate 
toxicity or mutagenicity [18,19]. 

Another study mentions that rosemary 
essential oil has cytoprotective effects at the cell 
membrane level, which protects them from 
oxidative damage and the generation of ROS [22]. 
This information is relevant in periodontitis 
because it would prevent the increase in cellular 

abnormalities caused by inflammation and the 
intracellular process that it causes. This could 
explain why in our results there was no increase in 
cellular abnormalities after using the rosemary 
solution for 14 days at a low concentration 
(0.14%). However, it is important to consider the 
possible side effects of rosemary essential oil for 
therapeutic applications, particularly in people 
sensitive to the different active components of the 
plant and to take into account the dosage to be 
used.

With the information obtained, further 
studies could be carried out to evaluate, in the 
medium and long term, the effect of rosemary 
essential oil on periodontal disease. Likewise, it 
could be considered as an active substance to 
generate products such as toothpastes, gels and 
mouthwashes. 

VI. CONCLUSION
This research indicates that Rosmarinus 

officinalis is an herbal alternative that can be safely 
used as an adjuvant treatment plan in patients with 
periodontitis without generating genotoxicity.
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