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Abstract
Introduction  Oral lesions are a common clinical symptom arising from various etiologies and disrupt the patient’s 
quality of life. However, no definite treatment is not yet possible, due to the constantly changing environment 
of the mouth. In recent years, herbal treatments have gained popularity among patients and physicians due to 
their availability, safety, affordability, and antimicrobial properties. This research aims to investigate the therapeutic 
effects of a nano-emulsion of Plantago major standardized extract (PMSE) on oral ulcers in a Wistar rat model using 
histomorphometry and stereological parameters.

Materials and Methods  The study involved 72 Wistar rats divided randomly into 24 groups of 3 each: groups A1 to 
A4 received one dose to 4 doses of 5% PMSE nano emulsion, groups B1 to B4 received one dose to 4 doses of 10% 
PMSE nano emulsion, and groups C1 to C4 received one dose to 4 doses of 20% PMSE nano emulsion, groups D1 to 
D4 received one dose to 4 doses of nano-emulsion without PMSE, groups E1 to E4 received one dose to 4 doses of 
PMSE, and group F served as the control group. An incision measuring 2 mm in diameter was made in the animals’ 
hard palate using a biopsy punch. A swab containing the necessary material was used to administer the medication 
orally to the wound. Histological samples were collected on days 2, 4, 6, and 8 and sent to the pathology laboratory 
for examination. Data analysis was performed using SPSS 26 and setting statistical significance at p < 0.05.

Results  Group A showed a high rate of complete and normal re-epithelialization of the wound at 66.7%, compared 
to the other groups. Group D had a re-epithelialization rate of 50%, while groups C, E, and F had rates of 7.41% and 
group B had 7.16%. In terms of inflammation reduction, 23.88% of group A had no inflammation, a higher percentage 
compared to the other groups. Group B and D had no inflammation in 3.33% of cases, lower than the other groups. 
The study evaluated frequency of re-epithelialization and inflammation levels in different groups on days 2, 4, 6, and 8 
after four doses of the drug with no significant differences found among the groups.

Conclusion  None of the nano emulsions or PMSE enhanced the healing rate of oral ulcers. However, a 5% PMSE 
nano emulsion displayed an increase in lesion re-epithelialization.
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Introduction
A common reason for a dental visit is oral ulcers, which 
appear as slightly depressed lesions with well-defined 
borders, with or without intact epithelium. These lesions 
usually have a yellowish-white appearance, are acute or 
chronic, and are caused by various factors [1].

Oral ulcers can occur in any age group or population. 
Diseases, stress, and anxiety are common causes of oral 
wounds. In addition, factors such as consuming acidic 
or spicy foods, using stimulants, chemicals in toothpaste 
or mouthwash, chewing inside the cheek or biting the 
tongue, wearing braces, inappropriate prostheses, and 
certain genetic factors can also contribute to these issues 
[2].

Symptoms of oral ulcers vary depending on the type 
and size. Small ulcers, known as minor ulcers, heal within 
one to two weeks without scarring. Oral ulcers that are 
large in size and depth take longer to heal, up to six weeks 
for rough edges to heal [3].

The wound healing process is complex and involves 
several cellular and biochemical events to restore skin 
and mucosal integrity. This process includes three stages: 
inflammation, proliferation (including neoangiogenesis, 
granulation, and epithelial regeneration), and matura-
tion (including extracellular matrix regeneration) [4–6]. 
The healing process of a wound, which may appear as a 
necrotic spot in the oral cavity, depends on the rate of 
epithelial proliferation, inflammation control, and pre-
vention of microbial infection. This process typically lasts 
between twelve- and 16-days [7].

According to a new global trend, there is an increas-
ing demand for improved patient compliance. This trend 
has led people to turn to nature-based treatments, spe-
cifically medicinal plants. With a wide range of medicinal 
properties, and diverse biological studies [8–11], medici-
nal plants have become an important consideration for 
advancing global health care.

Extensive studies have reported the use of herbal 
preparations for treating oral lesions [12–16]. On the 
other hand, despite the potential advantages of medici-
nal plants that can act through multiple mechanisms and 
have fewer side effects than chemical drugs, various chal-
lenges such as low stability, poor absorption, and limited 
bioavailability still exist for them.

The use of new drug delivery systems such as 
nano emulsions, niosomes, phytosomes has become 

increasingly important in improving drug release and 
concentration in tissues or blood, increasing the bioavail-
ability of drugs, and controlling the drug delivery process 
[17–19].

Nano emulsions are transparent or semi-transparent, 
thermodynamically unstable systems with droplet sizes 
below 200  nm. They offer good optical clarity, ease of 
preparation, increased surface area, and faster drug 
release [20]. Due to their small particle size, nano emul-
sions are less prone to destabilizing mechanisms such 
as sedimentation, flocculation, creaming, and coagula-
tion [21]. These delivery systems have been used for the 
local and systemic applications of many synthetic and 
herbal drugs. For example, a study by Hajiliani et al., 
showed that the nano formulation of plant extracts and 
natural compounds, while more effective in wound heal-
ing, requires a lower dose for complete treatment [22]. 
Another example is a topical nano emulsion containing 
vitamins C and E and propolis in oral surgery, which pro-
motes rapid wound healing in the first three days of treat-
ment through anti-inflammatory effects after surgery 
[23].

The leaves of plantain (Plantago major L.) from the 
Plantaginaceae family have traditionally been used to 
heal wounds. In addition to treating various skin diseases, 
this plant has analgesic and anti-inflammatory effects 
[24, 25]. Many studies in the literature have reported the 
wound-healing effect of this plant. For example, the use 
of a 10% topical gel made from plantain leaves accelerates 
the healing of diabetic foot ulcers and improves pressure 
ulcers in patients. This treatment reduces erythema and 
wound size [26].

In a clinical study, plantain significantly reduced the 
severity of mucositis, pain intensity, and dry mouth 
compared to placebo [27]. In another study, the wound-
healing effect of the plant in pigs has been reported and 
attributed to its polyphenol content [28]. In hyperglyce-
mic rats, plantain has been shown to accelerate wound 
closure. This is attributed to the presence of ursolic acid 
[29]. Additionally, a gel containing 5% plantain and Aloe 
vera has been found to accelerate wound closure in rats 
[30].

Extensive toxicology studies have not been conducted 
following the topical use of the plant, but it is generally 
considered to be relatively safe [27]. In terms of oral con-
sumption, the plant’s LC50 and LD50 are reported as 4.74 
(µg/mL) and 182.54 (mg/kg) respectively. The average 
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effective dose (ED50)of the plant was determined to be 
7.507 mg/kg [31].

In a study involving topical use, a 10% P. major oint-
ment was applied to the dorsal neck of mice after an 
injury. Monitoring the recovery for up to 21 days post-
treatment, exhibited no significant complications or 
mutations reported in histological studies and mutagen-
icity tests [32].

Therefore, the main goal of the current study was to 
evaluate the impact of different concentrations of PMSE 
nano-emulsions on the re-epithelialization and inflam-
mation of intraoral lesions. The secondary objective was 
to assess the effectiveness of the most optimal concentra-
tion and formulation for PMSE nano-emulsion. The null 
hypothesis was that different concentrations of PMSE 
nano-emulsion would not have significant effect on the 
re-epithelialization and inflammation of intraoral lesions.

Materials and methods
This study was an animal study that utilized histomor-
phometric and serologic parameters to evaluate the ther-
apeutic impacts of PMSE nano-emulsions on intraoral 
ulcers in a Wistar rat model.

Preparing the extract and phytochemical tests
Plantain leaves were gathered from Kerman province in 
July 2022 and authenticated in the Department of Phar-
macognosy, Faculty of Pharmacy. A voucher specimen 
of the plant was kept in the Herbarium Center of the 
Department (KF1251). The leaves were dried, ground, 
and sieved through a sieve (35 mesh). The plant’s leaves 
were evaluated concerning secondary herbal metabolites, 
including alkaloids, flavonoids, tannins, saponin, and ter-
penoids [33].

Quality control of the plant
To assess the quality of the collected plantain leaves, 
experiments were conducted to determine the amount of 
water, total ash, ash insoluble in acid, and the amount of 
plant extractable materials. These assessments were per-
formed using the methods outlined previously [34].

Standardization of plantain leaves
After conducting phytochemical tests and confirming the 
presence of significant amounts of phenolic compounds 
in the plant, the total content of phenolic compounds 
was determined and used for standardizing purposes.

The content of phenolic compounds was determined 
using the Folin-Ciocalteu method. Initially, a gallic acid 
stock solution (1000 ppm) was prepared. A mixture of 
0.1 ml of gallic acid, 0.4 mL of sodium carbonate, 0.5 mL 
of Folin reagent, and 3 mL of distilled water was incu-
bated at room temperature for 40 min.

The absorbance spectrum was then recorded at 200–
800 nm, revealing the maximum absorbance wavelength 
of gallic acid (ℷ max = 765 nm). Various dilutions (50, 100, 
200, 300, 400, 500, and 1000 ppm) were prepared to cre-
ate a calibration curve based on absorbance at ℷ max.

Additionally, different concentrations of the plant 
extract (250, 500, and 1000 ppm) were analyzed for their 
absorbance. By referring the calibration curve, the con-
tent of the phenolic compounds was quantified in terms 
of gallic acid equivalents. Each sample was measured 
three times, and the results were reported as mean ± stan-
dard errors [35].

Formulation
The plantain leaves extract was prepared using the 
sonication method with ethanol 80%. To create the 
nano-emulsion, surfactants were first prepared using var-
ious solutions with weight percentages below the critical 
micelle concentration (CMC) range.

Once the solutions were ready, they were heated to 
50ºC for 15  min to initiate the nucleation process and 
dissolve the raw materials completely.

Ultrasonic waves were then applied to form micelles 
with micrometer dimensions, while the mixture was 
placed in a reflex system. Any unreacted materials were 
removed by heating the mixture on a stirrer for 72 h.

Next specific concentrations of plantain extract were 
prepared using liquid-liquid extraction methods. The 
extract was then loaded into surfactant vectors at 1%, 5% 
and 10% w/w.

The extract was prepared in 20-ml volumes of micro-
surfactants at a 2:1 ratio, heated for 30  min at (Elma-
Ultrasonic, Germany) and simultaneously placed in a 
reflex system (Kimia Aghigh, Iran). To remove the unre-
acted materials from the surfactant, they were placed on 
a heater stirrer (Heidolph Co., Germany) for 72 h.

In the next stage, specific concentrations of plantain 
extract were prepared using the chemical methods of 
liquid-liquid extraction. Then a synchronized method 
was used to load plantain extract in surfactant vectors at 
1, 5, and 10 w/w% as a default. First, specific concentra-
tions of plantain extract were prepared in 20-mL volumes 
of micro-surfactants at a 2:1 ratio. The resulting mix-
ture was heated for 30 min at 40ºC, and then cooled to 
remove the organic solvent phase.

The pH of the solution was monitored using a digital 
pH meter. Coprecipitation and nucleation conditions 
were then achieved under alkaline conditions.

Finally, the plantain extract was placed in a sonicator 
(Samsung, Japan) to offer an extract-containing nano-
emulsion. The resulting product was evaluated for its 
physicochemical properties.
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Animal preparation
The study involved 72 Wistar rats divided randomly into 
24 groups of 3 each: groups A1 to A4 received one dose 
to 4 doses of 5% PMSE nano-emulsions), groups B1to 
B4 received one dose to 4 doses of 10% PMSE nano-
emulsions, and groups C1 to C4 received one dose to 4 
doses of 20% PMSE, groups D1 to D4 received one dose 
to 4 doses of nano-emulsion without PMSE, groups E1 to 
E4 received one dose to 4 doses of PMSE, and group F 
served as the control group.

The animals were housed separately in cages, with 12 
rats per cage, at the Animal Laboratory of the Oral and 
Dental Research Center at Kerman University of Medical 
Sciences.

The randomization and data collection processes were 
carried out blindly by a dental student and a veterinar-
ian in charge of the laboratory. The veterinarian provided 
training to the dental student on the necessary care for 
the animals. A pharmaceutical specialist assigned num-
bers to the medications and the researcher was blinded 
to the numbering system. The pathologist and statistical 
consultant involved in the study were also blinded.

All study processes adhered to international guidelines 
on animal care and were conducted under the supervi-
sion of the Ethics Committee of Kerman University of 
Medical Sciences, with the code IR.KMU.REC.1400.202.

The animal house maintained a temperature range 
of 23 ± 2 ºC, provided all animals with a soft diet, and 
ensured proper ventilation, temperature, and moisture 
control., and a standard light-dark cycle of 12 h each.

Each animal was secured on a dissection table, with 
a tweezer attached to a lower incisor tooth, to keep the 
mouth open. General anesthesia was administered on the 
first day using 10% ketamine (Bremer Pharma, Germany) 
at a dose of 50 mg/kg and 2% xylazine (Rompun) (Kelay, 
Belgium) as a dose of 10 mg/kg as a muscle relaxant via 
intraperitoneal injection [36]. An incision measuring 

2 mm in diameter was made in the animals’ hard palate 
using a biopsy punch. After clot formation, approximately 
two drops or the equivalent of 0.1 cc of medication were 
used for each lesion of 60 animals daily at a specific hour 
using a swab. The remaining 12 rats (group F) served as 
control. Ulcers were clinically examined for 8 days before 
reapplying the medication. The animals were sedated 
throughout the study. On days 2, 4, 6, and 8, three ani-
mals from each group of 12 were euthanized with an 
overdose of 10% ketamine and 2% xylazine following 
ethical guidelines. Ulcers were excised with surround-
ing tissues (Fig. 1) and fixed in 10% formalin. Specimens 
were processed. Embedded in paraffin, stained with 
H&E, and evaluated by a blinded pathologist under a 
light microscope at ×40 (Nikon, Japan). Histopathologi-
cal criteria for ulcers included tissue inflammation, and 
samples were scored from 1 to 5 based on epithelializa-
tion (Tables  1 and 2) [37]. A CONSORT Flow Diagram 
illustrating the study protocol is shown in Fig. 2.

Since the data were not normally distributed, the 
non-parametric tests including Fisher’s exact test, Krus-
kal-Wallis test, and Mann-Whitney test were used to 
compare animals and epithelialization scores between 
the groups. The data were analyzed using PSS 26 at a sig-
nificance level of p < 0.05.

Table 1  Histopathological scores to evaluate inflammation
0 No acute inflammation
1 Perivascular scattered acute inflammatory cells
2 Perivascular and submucosal scattered acute inflammatory cells
3 Submucosal band-like inflammatory infiltrate, less than

¼ of one power field
4 Submucosal band-like inflammatory infiltrate, between ¼

and ½ of one power field without tissue necrosis
5 Submucosal band-like inflammatory infiltrate, more than

½ of one power field with tissue necrosis

Fig. 1  (A) Forming an injury in the hard palate area measuring 2 mm in diameter using a biopsy punch (B) Procedure for applying medication to the 
wound that was formed. (C) Excise the wound tissue using a scalpel blade to forward to the pathologist
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Results
Extraction, quality control and standardization of P. major
The plant extraction procedures yielded an extract of 
11.3% w/w. Phytochemical analyses confirmed the pres-
ence of alkaloids, flavonoids, tannins, and terpenoids in 
the plant.

Based on the results of plant quality control tests, the 
plant moisture content, total ash, acid-insoluble ash, and 

the percentage of extractable materials were determined 
to be 4.61%, 8.67%, 1.96% and 9.53% respectively.

The total phenolic compounds in the plant were quan-
tified using a gallic acid calibration curve, resulting in a 
measurement of 6.14 ± 0.86  mg gallic acid equivalent 
/100 mg dried leaves.

The results of re-epithelialization activity
According to the results of the present study, the rate of 
complete, normal re-epithelialization of ulcers in group 
A was 66.7%, which was higher compared to the other 
study groups. Group D had a rate of 50%, while groups C, 
E, and F had rates of 41.7%. group B had the lowest rate 
of 16.7%. Furthermore, groups B, D, and F exhibited a 
complete re-epithelialization rate of 41.7%, while groups 
A and C had a rate of 33.3% with irregular ulcer borders.

Group A demonstrated a higher re-epithelialization 
than other groups (Table 3; Fig. 3). The application of a 

Table 2  Histopathological grading to evaluate 
re-epithelialization
1 Re-epithelialization at the edge of the wound
2 Re-epithelialization covering less than half of the wound
3 Re-epithelialization covering more than half of the wound
4 Re-epithelialization covering the entire wound, irregular

thickness
5 Re-epithelialization covering the entire wound, normal

Fig. 2  The consort diagram shows the study protocol
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PMSE nano-emulsion did not show a statistically signifi-
cant effect on re-epithelialization score compared to the 
control group (P = 0.178).

Moreover, inflammation compression between the 
study groups showed no inflammation in 88.3% of the 

cases, which was higher than in other groups. In addi-
tion, in groups B and E, no inflammation was observed 
in 33.3% of the cases, which was lower than in the other 
groups (Table 4; Fig. 4). The application of a PMSE nano-
emulsions did not show a statistically significant effect on 
inflammation score and compared to the control group 
(P = 0.862).

According to Fisher’s exact test, no significant differ-
ence was observed in epithelialization and inflammation 
between the groups on days 2, 4, 6, and 8. Figures 5 and 
6 present the histopathologic views of ulcers treated with 
5% and 10% PMSE nano-emulsions.

Discussion
The results of the present study indicated that a 5% PMSE 
nano emulsion increased the rate of complete re-epithe-
lialization in 66.7% of cases and reduced inflammation in 
88.3% of intraoral wound cases more than other groups. 
The 10% and 20% nano emulsions showed less effect on 
re-epithelialization and inflammation.

The wound-healing effect of plantain has been reported 
in various sources [26, 28, 30, 38]. However, in this study, 

Table 3  Comparison of re-epithelialization rate between different study groups
Group Grade 0

N (%)
Grade 1
N (%)

Grade 2
N (%)

Grade 3
N (%)

Grade 4
N (%)

Grade 5
N (%)

A 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (33.3) 8 (66.7)
B 0 (0.0) 2 (16.7) 0 (0.0) 3 (25.0) 5 (41.7) 2 (16.7)
C 0 (0.0) 0 (0.0) 0 (0.0) 3 (25.0) 4 (33.3) 5 (41.7)
D 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.0) 5 (41.7) 6 (50.0)
E 4 (33.3) 0 (0.0) 0 (0.0) 3 (25.0) 0 (0.0) 5 (41.7)
F 0 (0.0) 0 (0.0) 1 (8.3) 1 (8.3) 5 (41.7) 5 (41.7)
Grade 0: No re-epithelialization - Grade 1: Re-epithelialization at the edge of the wound – Grade 2: Re-epithelialization covering less than half of the wound 
– Grade 3: Re-epithelialization covering more than half of the wound – Grade 4: Re-epithelialization covering the entire wound, irregular thickness – Grade 5: 
Re-epithelialization covering the entire wound, normal, PMSE: Plantago major standardized extract-Group A: 5% PMSE nano emulsion-Group B:10% PMSE nano 
emulsion-Group C: 20% PMSE nano emulsion-Group D: nano emulsion without any PMSE- Group E: 5%PMSE - Group F: control

Table 4  Comparison of the level of inflammation between 
different study groups
Group Grade 0

N (%)
Grade 1
N (%)

Grade 2
N (%)

Grade 3
N (%)

Grade 4
N (%)

A 10 (88.3) 2 (16.7) 0 (0.0) 0 (0.0) 0 (0.0)
B 4 (33.3) 7 (58.3 1 (8.3) 0 (0.0) 0 (0.0)
C 7 (58.3) 5 (41.7) 0 (0.0) 0 (0.0) 0 (0.0)
D 8 (66.7) 2 (16.7) 0 (0.0) 2 (16.7) 0 (0.0)
E 4 (33.3) 1 (8.3) 3 (25.0) 2 (16.7) 2 (16.7)
F 8 (66.7) 1 (8.3) 3 (25.0) 0 (0.0) 0 (0.0)
Grade 0: No acute inflammation – Grade 1: Perivascular scattered acute 
inflammatory cells – Grade 2: Perivascular and submucosal scattered acute 
inflammatory cells – Grade 3: Submucosal band-like inflammatory infiltrate, 
less than 1/4 of one lower field – Grade 4: Submucosal band-like inflammatory 
infiltrate, between 1/4 and 1/2 of one lower area without tissue necrosis, PMSE: 
Plantago major standardized extract-Group A: 5% PMSE nano emulsion-Group 
B:10% PMSE nano emulsion-Group C: 20% PMSE nano emulsion-Group D: nano 
emulsion without any PMSE -Group E: 5%PMSE - Group F: control

Fig. 3  A comparison of re-epithelialization rate between the study groups. A: 5% PMSE nano emulsion, B; 10% PMSE nano emulsion, C: 20% PMSE nano 
emulsion, D: nano emulsion without any PMSE, E: 5% PMSE, E: control group; PMSE: Plantago major standardized extract
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the group E that received plantain extract alone did not 
show significant improvement in terms of re-epitheli-
alization and reduction of inflammation. This lack of 
improvement may be due to technical errors in sampling, 
such as sampling from an area with inflammation or a 
diagonal cut.

On the other hand, climate is one of the factors that 
affects the active ingredients of plants and their biologi-
cal effects [39]. Therefore, the plantain sample used in the 
current study, collected from Kerman, may differ from 
other research samples in terms of active ingredients due 

of different climate conditions. This necessitates more 
comprehensive phytochemical studies.

Several mechanisms are involved in promoting wound-
healing. Natural remedies can aid in this process by 
reducing scar formation. Metabolites with antimicrobial 
and antioxidant effects help prevent infection at the scar 
site, accelerate blood coagulation, and promote wound 
healing [40]. Reactive oxygen species (ROS) cause cell 
damage and play a crucial role in initiating the natural 
wound-healing response. To stimulate effective wound 
healing, it is important to protect tissues from infection 
and activate cell survival signals [41, 42].

Antioxidants prevent damage caused by free radicals 
to other vital molecules such as proteins or DNA. They 
activate a cascade of reactions that convert ROS into 

Fig. 6  Histopathological evaluation of wound healing of 10% PMSE by H 
& E (at × 40). Blue arrow: no formation of epithelium. Dark arrow: severe in-
filtration of inflammatory cells. PMSE: Plantago major standardized extract

 

Fig. 5  Histopathological evaluation of wound healing of 5% PMSE by H & 
E (at × 40). Blue arrow: complete epithelialization. Dark arrow: normal con-
nective tissue. Red arrow: vascular cross-sections. PMSE: Plantago major 
standardized extract

 

Fig. 4  A comparison of inflammation between the study groups. A: 5% PMSE nano emulsion, B; 10% PMSE nano emulsion, C: 20% PMSE nano emulsion, 
D: nano emulsion without any PMSE, E: 5% PMSE, E: control group; PMSE: Plantago major standardized extract
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more stable molecules, and reduce the non-toxic levels of 
ROS to protect tissues [43]. Antioxidants are kept in the 
wound tissues and help improve the healing process.

On the other hand, inflammation is important for pre-
venting microbial infection and removing dead cells. 
However, increasing the intensity and duration of inflam-
mation can lead to scars, fibrosis and slow down wound 
healing duction of anti-inflammatory mediators becomes 
more crucial in the later stages of wound- healing.

Anti-inflammatory agents could help accelerate this 
stage [44]. In the natural process of wound healing, the 
immune system responds rapidly to eliminate invading 
pathogens. This includes gram-positive microbes in the 
early stages of wound development and gram-negative 
organisms in the later stages of infection, thus preventing 
infection.

Without a proper immune response, the destruction 
of granulation tissue, growth factors, and extracellular 
matrix components can occur, disrupting the natural 
healing process. The use of antimicrobial compounds can 
help reduce the challenges of wound- healing [45].

Plantain is rich in antioxidant compounds, especially 
phenolic ones, which are believed to be a key factor in its 
wound-healing properties [46]. Additionally, antimicro-
bial activity of this plant has been reported. Apart from 
its antioxidant and antibacterial activity, plantain also 
possesses the ability to shield cells from damage caused 
by inflammatory mediators [47].

Ghanadian et al. reported that plantain extract has 
anti-inflammatory, antioxidative, and antibacterial prop-
erties due to its ingredients, including flavonoids such as 
hispidin and baicalin. The plantain prevents the release of 
prostaglandins and histamine to avoid their destructive 
impacts on tissues and increases nitric oxide production 
[26], inducing cell proliferation in vitro, which might be a 
crucial stage in the wound healing procedure [48].

Various compounds in the leaves of the plant may help 
in healing wounds. For example, the antibacterial activity 
of plantamajoside and acteoside [49] or the anti-inflam-
matory effect of its iridoides and terpenoids such as plan-
tamajoside, baicalein, aucubin, and ursolic acid [50] can 
be observed. The pectic polysaccharides of the plant have 
immune-stimulating activity [25], and many of the phe-
nolic compounds of the plant, especially its flavonoids 
and caffeic acid derivatives (plantamajoside and acte-
oside), are associated with antioxidant activity and inhi-
bition of free radicals in wound closure and rapid healing 
[51].

Plant leaf wax, which contains long-chain saturated 
primary alcohols, has the ability to heal surface wounds 
[25]. The high concentration of mucilaginous carbohy-
drates in the plant acts as an immunostimulant and anti-
oxidant and promotes wound closure [52].

The exact activity of these known substances in com-
bination with many unknown compounds of the plant is 
not definitively known, and the healing effect of the plant 
may be more complex than the mechanism mentioned.

The comparison between nano emulsion with and 
without extract shows that the increased effectiveness 
of herbal nano emulsion is probably due to the optimal 
delivery of plantain by nano emulsions. It appears that 5% 
PMSE nano emulsion penetrates into the wound prop-
erly. The lower effectiveness of 10% and 20% of the nano 
emulsions might be due to less drug release and penetra-
tion into the wound.

On the other hand, perhaps one of the reasons we could 
not observe a significant difference between experimen-
tal groups is due to the location of oral lesions compared 
to skin ulcers, which have less controlled conditions. In 
oral lesions, the drug may be washed away by saliva and 
the duration of medicine contact will be reduced.

Sucweenadhi et al. (2021) reported that in the prepa-
ration of plantain nanoparticles at concentrations of 
2% and 3%, agglutination occurs in plant particles and 
prevents the formation of nanoparticles, but not at the 
concentration of 0.25%, where no agglutination occurs. 
Therefore, the nano emulsion exhibits superior effects at 
lower concentrations [53]. This may be due to improved 
drug delivery to the target tissue.

Fidoski et al., reported that a combination of vitamin 
C-containing nano-emulsion and propolis helps the 
direct absorption of the medication due to its nanostruc-
ture and creates a protective bioactive wall on the ulcer, 
which prevents the oral environment moisture from 
reaching the ulcer, positively affecting wound healing 
[23].

On the other hand, the hermetic phenomenon is a 
common occurrence in the dose-response of herbal 
medicines. In this phenomenon, there is no logical rela-
tionship between drug dose and response. One con-
tributing factor to this phenomenon is the activation of 
plant components at high doses, resulting in unpredict-
able responses due to pharmacodynamic interactions (or 
pharmacokinetics in living organisms). This phenomenon 
plays a positive or negative role in inducing the desired 
effect in the plant [54].

In the current study, it was challenging to measure 
the size of the wound during the study period due to 
the small size and rapid healing in the palate of the rats. 
Therefore, it is recommended to create larger wounds in 
more prominent anatomical points or utilize larger ani-
mals in future studies. Additionally, conducting more 
studies with higher concentrations of this medicinal 
extract, larger sample sizes, and human studies with lon-
ger follow-up periods are necessary to more accurately 
evaluate the effect of this extract on wound healing.
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Limitations
In order to draw better and more accurate conclusions 
from this study, it is necessary to perform biochemical 
analysis of inflammation, and collagen, as well as mea-
sure anti-inflammatory and pro-inflammatory cytokines, 
and immunohistochemical markers. These studies will 
surely be conducted in future studies.

One of the challenges in investigating the wound-heal-
ing effects on oral lesions is the location of the lesions 
created and the high likelihood of the drug being washed 
away immediately. Despite the strategies employed, this 
risk is significant and remains a major factor in achieving 
the desired result.

Conclusion
Many studies have been conducted on the wound-heal-
ing effect of the plant, but it has not been investigated in 
the treatment of oral ulcers. Based on the results of the 
present study, it is recommended that the 5% plant nano 
emulsion be considered as a suitable alternative to tradi-
tional medicaments for oral ulcers. This recommendation 
is supported by its cost-effectiveness, ease of preparation, 
and positive impact on the wounds in animal models. 
Clinical trials are needed to confirm these findings and 
establish the product’s efficacy for routine use.
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