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A B S T R A C T   

Oral ulcers are highly common painful conditions that harmfully affect the quality of life and require long-term 
therapy. Muco-adhesive preparations provide efficient and convenient delivery systems that prolong the drug 
retention time necessary for the different stages of ulcer healing. Therefore, the study aimed to evaluate the 
healing activity of Teucrium polium in a muco-adhesive formula against acetic acid-induced oral ulcers in rats. 
Acetic acid was applied to the inner cheeks of the rats and the muco-adhesive formula was applied once daily for 
14 days. Acetic acid was found to disrupt the oral tissue histological features, increase collagen deposition, 
induce oxidative stress through increasing malondialdehyde (MDA) levels and decreasing superoxide dismutase 
and catalase activities, increase the expression of the inflammatory biomarkers, tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), cyclooxygenase-2 (COX-2), and decreased hydroxyproline content and the expression of the 
factors that contribute in wound healing including transforming growth factor-beta1 (TGF-β1), vascular endo
thelial growth factor receptor 1 (VEGFR1), and platelet-derived growth factor receptor beta (PDGFRβ). However, 
the daily application of a mucoadhesive formula impregnated with T. polium, significantly restored the regular 
histological features of the oral tissue, decreased the concentration of MDA, TNF-α, IL-6, and COX-2, increased 
superoxide dismutase and catalase activities, and restored the expression of TGF-β1, VEGFR1, and PDGFRβ. 
Therefore, T. polium extract muco-adhesive formula can be considered a potential therapy for chronic oral ulcers.   

1. Introduction 

Oral ulcers are highly common painful conditions that may range 
from shallow sores affecting the epithelium to open lesions extending to 
the underlying connective tissues and can affect the lips, floor of the 
mouth, soft palate, tongue, pharynges, and uvula (Muñoz-Corcuera 
et al., 2009). Oral ulcers may develop due to different causes such as 
immune disease, trauma, and infection, and sometimes are drug- 
induced (Liu 2016). 

Oral lesions can lower patients’ quality of life as they interfere with 
chewing, swallowing, and speaking (Yan et al., 2020). Current man
agement of oral ulcers includes the use of corticosteroids (Fantozzi et al., 
2019), anti-infectives (Barrons, 2001), anti-inflammatory agents 
(Altenburg et al., 2014), and multi-ingredient mouthwash preparations 
(Zegarelli, 1991). However, the healing effect is not satisfactory and 
may pose lower risks of systemic adverse effects (Baccaglini et al., 2011, 
Philipone and Peters, 2023). In addition, the drug therapy within the 
oral cavity suffers rapid removal (Mizrahi et al., 2008). Therefore, using 
an effective and safe natural medication, preferably as a topical 

preparation, will have a great advantage. Topical preparations are 
preferred for the management of oral ulcers as target tissues are easily 
accessible and the incidence of adverse effects is lower, as compared to 
systemic administration (Xu et al., 2015). In particular, muco-adhesive 
preparations provide efficient and convenient delivery systems that 
prolong the drug retention time, which is necessary for the different 
phases of ulcer recovery (Shao et al., 2021). 

Because of their efficacy and relative safety, natural products have 
gained wide acceptance (Bauer 2000) and are recommended for the 
management of oral ulcers (Aghamohamamdi and Hosseinimehr, 2016). 
Teucrium polium L. (syn Teucrium capitatum L.) belongs to the genus 
Teucrium, family Lamiaceae (El Oualidi et al., 1999). T. polium is 
endogenous to Southwestern Asia, North Africa, Mediterranean coun
tries and Europe, and (Bahramikia and Yazdanparast 2012). Phyto
chemical analysis of T. polium indicated a variety of secondary 
metabolites as flavonoids, iridoids, terpenoids, fatty acid esters and 
phytosterols (Hachicha et al., 2009). Fatty acid, sterol and tocopherol, 
matter of three Tunisian Teucrium species (Hachicha et al., 2009). 
Traditionally, the plant has been used in many diseases such as diabetes, 
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common cold, abdominal pain, indigestion, anorexia, hypertension, 
rheumatic diseases, and peptic ulcer (Asadi-Samani et al., 2017, Rah
mouni et al., 2021, Sadeghi et al., 2022). Experimentally, it has been 
shown to possess antioxidant (Noumi et al., 2020), anti-inflammatory, 
anti-proliferative (Menichini et al., 2009), anti-nociceptive properties 
(Parsaee and Shafiee-Nick 2006). Further, the plant has proven hep
atoprotective (Rahmouni et al., 2022), antidiabetic (Albadr et al., 2022), 
hypolipidemic (Shahraki et al., 2007), antibacterial (Essawi and Srour 
2000), anti-ulcer (Mehrabani et al., 2009), and wound-healing (Fallah 
Huseini et al., 2020) activities. The current work aimed to evaluate the 
preventive effects of a muco-adhesive formula containing T. polium 
extract on acetic acid-induced oral ulcer in rats. 

2. Materials and methods 

2.1. Plant material and the methanolic extract 

Areal parts of T. polium, obtained from Al-Taif region, KSA, were 
recognized by Dr. Faraj Al-Ghamdi (Biological Sciences Department, 
King Abdulaziz University). A sample was kept in the herbarium of 
Faculty of Science, King Abdulaziz University under the number 
(873563). High-resolution HPLC-ESI-QTOF-MS-MS analysis and identi
fication of plant metabolites were previously published by our labora
tory (Algandaby et al., 2023). 

2.2. Chemicals 

Acetic acid (Cat #, 1603051000) was purchased from Sigma Aldrich 
(St. Louis, MO, USA). All chemicals used in different experiments were 
of the finest grades. 

2.3. Animals 

Thirty male Wistar rats (7-week old, ̃200 g each) were taken from the 
Faculty of Pharmacy, King Abdulaziz University Animal Facility. Rats 
were adapted to the laboratory conditions for a week before the initia
tion of the study. During the study, animals were maintained under a 
standard condition at 24 ̊C room temperature, 50 % relative humidity, 
and 12 h dark/12 h light cycles. Animals freely accessed regular chow 
and water. The experimental procedure was approved by the Committee 
of Research Ethics, KAU (Reference # PH-1443-57). 

2.4. Preparation of T. Polium in a muco-adhesive formula 

For preparing an adhesive sponge formulation, CMC (2 % w/v) was 
added to double distilled water and mixed till uniform gel formation. 
The extract was dispersed in water to a final strength of 10 % (w/v) and 
stirred until a uniform dispersion was obtained. Then, the previously 
prepared CMC was added until a consistent gel was obtained (final 
concentration of the plant extract was 5 %). The mucoadhesive char
acteristic was evaluated by the assessing the mucoadhesive time of the 
formula (Ossama et al., 2021). 

2.5. Design of the experiment 

Rats were haphazardly distributed into five groups (six each). With 
the exclusion of the negative control, ketamine (80 mg/kg) and xylazine 
(8 mg/kg) were used to anesthetize the rats. Filter papers (5.0 mm 
diameter) were immersed in 20 mL of acetic acid (50 %) then pressed 
onto the inner cheeks for 60 s (Miao et al., 2019). The animals were 
divided as follows: group one, represented the negative control with no 
treatments applied; group two, animals were only challenged with acetic 
acid; group three, animals were challenged with acetic acid and treated 
with the plain muco-adhesive formula once daily on the ulcer area; 
group four, animals were challenged with acetic acid and treated with 
the 5 % T. polium in the muco-adhesive formula once daily; group five, 

represented the positive control and animals were challenged with 
acetic acid and treated with the Jogel® (Sedico, Giza, Egypt). 

All treatments were repeated for 14 consecutive days. On day 14, all 
rats were euthanized by decapitation, and the oral tissues were dissected 
and preserved in 10 % neutral formaldehyde or instantly frozen using 
liquid nitrogen and then preserved at − 80 ◦C for the biochemical 
analyses. 

2.6. Histopathological assessment 

The formalin- fixed oral tissues were dehydrated in ethyl alcohol 
serial dilutions, immersed in xylene, and then molded into paraffin 
blocks. 5-µm-thick sections were taken on glass slides. This was followed 
by dewaxing, rehydration and stained with either hematoxylin and eosin 
(H and E) or Masson’s trichrome (MTC). 

2.7. Immunohistochemical assessments 

Sections of oral tissues were deparaffinized, rehydrated, and then 
boiled in 0.1 M citrate buffer (pH 6.0) for 12 min. Afterwards, sections 
were retained in bovine serum albumin (5 %) and Tris-buffered saline 
for two hours, then incubated with the primary antibodies (ABCAM, 
Cambridge, UK) tumor necrosis factor- α (anti-TNF-α, ab220210), 
interleukin-6 (anti-IL-6, ab9324), cyclooxygenase-2 (anti-COX-2, 
ab179800), transforming growth factor − beta1 (anti-TGF-β1, 
ab215715), vascular endothelial growth factor receptor 1 (anti-VEGFR1, 
ab32152), and platelet-derived growth factor receptor beta (anti- 
PDGFRβ, ab51046) at 4 ◦C for 12 h. Next to rinsing with TBS, according 
to the primary antibody reactivity, the tissue sections were incubated 
with either anti-mouse or anti-rabbit biotinylated secondary antibody 
(ab47827, and ab288151, respectively, ABCAM, Cambridge, UK). For 
target antigen staining, the mouse and rabbit specific HRP/DAB detec
tion IHC kit was used (ab64264, ABCAM, Cambridge, UK). Image as
sessments were performed using Image J (1.52a, NIH, USA). 

2.8. Assessment of lipid peroxidation, reduced glutathione, superoxide 
dismutase and hydroxyproline 

Oral tissues were homogenized in a pH 7.4 phosphate-buffered saline 
to prepare a 10 % homogenate to be centrifuged for 15 min (8,000 × g 
and 4 ◦C), then the supernatants were collected to perform the different 
analyses. Commercial kits were utilized to assay the tissue levels of the 
malondialdehyde (MDA, Cat. No. MD 2529; Biodiagnostic, Giza, Egypt), 
and reduced glutathione (GSH; Cat. No. GR 2511; Biodiagnostic, Giza, 
Egypt). The activities of the enzymes superoxide dismutase (SOD) and 
catalase (CAT) were assessed using assay kit (Cat. No. SD 2521 & CA 
2516 respectively, Biodiagnostic, Giza, Egypt). Concentrations of hy
droxyproline were assessed using a commercial kit (Cat. No. Ab22294, 
ABCAM, Cambridge, UK). All procedures were performed in adherence 
to the manufacturer’s guides. 

2.9. Statistical analyses 

Data are shown as means ± SD after being analyzed by one-way 
ANOVA followed by the Tukey test (Ali and Bhaskar, 2016). The soft
ware GraphPad Prism, version 8.00 (GraphPad Software, La Jolla, CA, 
USA) was used for analyzing the data. Obtaining p-value of less than 
0.05 was counted as statistically significant. 

3. Results 

3.1. The effect of T. polium on acetic acid-induced oral ulcer in rats 

Staining with H and E revealed that the oral tissues obtained from the 
control rats exhibited normal histological features with no signs of ul
ceration. However, sections taken from the ulcerated tissues from acetic 
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acid only and acetic acid and plain formula treated rats showed granu
lation tissue filling the ulcer gap with intense inflammatory cells infil
tration and retarded re-epithelization. Nevertheless, application of 
T. polium was shown to induce improvement with less inflammatory cell 
infiltration and the surface of the ulcer showed re-epithelization in a 
manner comparable to that induced by the commercially available 
treatment, Jogel® that served as a positive control. To assess collagen 
deposition, tissue sections were stained with MTC. The control tissues 
showed minimal collagen deposition. Tissue sections from the acetic 
acid only and acetic acid and plain formula showed significantly 
increased collagen deposition, especially around the blood vessels. 
Interestingly, tissues from animals treated with the muco-adhesive for
mula impregnated with T. polium showed lower extents of collagen 
deposition like that induced by Jogel®. (Fig. 1). 

3.2. The effect of t. Polium muco-adhesive formula on oxidative status in 
oral tissues 

Acetic acid application significantly increased MDA levels, indi
cating lipid peroxidation. In contrast, the application of the muco- 
adhesive formula impregnated with T. polium significantly reduced 
MDA concentration as compared to the tissues obtained from the acetic 
acid only or the acetic acid and plain formula-treated rats (Fig. 2A). 
Acetic acid application also compromised the antioxidant capacity in the 
oral tissues as presented by a reduction in the activities of the enzymes 
SOD and CAT (Fig. 2B and 2C). However, treating the animals with 
T. polium muco-adhesive formula significantly restored the activities of 
SOD and CAT compared to both acetic acid only and acetic acid plus 
plain formula-treated rats. The antioxidant effect induced by T. polium 
was similar to that induced by the positive control. 

3.3. The effects of t. Polium muco-adhesive formula on 
immunohistochemical reactivity of the inflammatory markers in oral tissue 
of the rats treated with acetic acid 

As shown in Fig. 3, acetic acid application on the inner cheeks of the 
rats induced inflammation as reflected by increased immunohisto
chemical reactivity of the inflammatory markers, TNF-α, IL-6, and COX- 
2, in comparison to the control group. Application of the plain muco- 
adhesive formula did not induce any decline in the levels of the in
flammatory biomarkers in the oral tissues. On the contrary, the appli
cation of the formula impregnated with T. polium significantly 
attenuated the elevated tissue expression of TNF-α, IL-6, and COX-2 
compared to both acetic acid only and acetic acid plus plain formula- 

treated groups. Treatment with the commercially available formula, 
positive control, showed results similar to that induced by T. polium. 

3.4. The effects of t. Polium muco-adhesive formula on the 
hydroxyproline content in oral tissue of the rats treated with acetic acid 

As illustrated by Fig. 4, acetic acid or acetic acid and plain formula 
application significantly decreased the hydroxyproline content in the 
oral tissues of rats in comparison to the control. Contrastly, the appli
cation of the muco-adhesive formula impregnated with the T. polium 
significantly increased the hydroxyproline content compared to both 
acetic acid only and acetic acid plus plain formula-treated animals, in a 
manner comparable to that of the commercially available treatment. 

3.5. The effect of t. Polium muco-adhesive formula on the 
immunohistochemical reactivity of the ulcer-healing markers in oral tissue 

As illustrated in Fig. 5, use of acetic acid on the inner cheeks of the 
rats, either alone or together with the plain formula, significantly 
reduced the immunohistochemical reactivity of TGF-β1, VEGFR1, and 
PDGFR-β compared to the control. However, the application of the 
muco-adhesive formula impregnated with T. polium significantly 
increased the immunohistochemical reactivity of TGF-β1, VEGFR1, and 
PDGFR-β in comparison to both the acetic acid only and the acetic acid 
plus plain formula-treated groups. The effect of the T. polium formula 
was comparable to that induced by the positive control and the degree of 
immunohistochemical reactivity of TGF-β1, and PDGFR-β upon treat
ment with T. polium formula was comparable to that of the control un
treated animals. 

4. Discussion 

Many conditions result in oral ulceration that in most cases become 
chronic or recurrent and adversely affect quality of life of the patient. 
This requires long-term administration of medications that may, in turn, 
induce side effects contributing to the reduced patient quality of life 
(Riordain and Hodgson, 2014). Commonly affected areas in the oral 
cavity include the buccal mucosa followed by the tongue, and finally the 
lower lip (Muñoz-Corcuera et al., 2009). The current study focused on 
testing the effect of applying a muco-adhesive formula impregnated 
with the extract of T. polium on the inner cheeks of rats for 14 days 
together with the application of acetic acid that induces buccal ulcera
tion. The results of treating rats with T. polium were compared to that 
induced by a positive control which is a commercially available formula 

Fig. 1. Photomicrographs of the oral tissues of rats from the control, acetic acid (AA) only, AA and plain muco-adhesive formula, AA and T. polium (TP), and AA and 
positive control groups. Sections were stained with either H and E, or MTC. AA-induced increased inflammatory cell infiltration (black arrow) and necrosis (star). 
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that was approved for treating oral ulcers, Jogel®. 
Acetic acid is used as it reproducibly induces the histopathological 

features associated with the oral ulcer (Okabe and Amagase, 2005; 
Ayoub et al., 2021). In this study, upon staining the oral tissues with H 
and E after 14 days from acetic acid application, tissues from rats treated 
with acetic acid alone or those treated with acetic acid and plain formula 
showed signs of necrosis and tissue inflammation. On the contrary, the 
application of the muco-adhesive formula impregnated with the 
T. polium extract prominently improved the ulcer condition, reduced 

necrosis, and inflammation, and induced re-epithelialization in a 
manner greatly comparable to the positive control. T. polium extract was 
formerly proven to improve the histopathological features of skin 
wounds improving their healing (Alizadeh et al., 2011), (Chabane, et al., 
2021). 

Oxidative stress and inflammation are recognized to remarkably 
participate in the pathogenesis of oral ulcers (Cimen et al., 2003). 
Oxidative stress together with a compromised cellular antioxidant ca
pacity in the oral cavity result in disrupted cellular metabolism 

Fig. 2. The effect of T. polium (TP), Jogel® (positive control), and acetic acid (AA) on MDA levels, and SOD and CAT activities in the oral tissues. n = 6. *, #, and $ 
are considered statistically significant from the control, AA only, and AA and plain formula-treated group, respectively, at p < 0.05. 

Fig. 3. The effect of the muco-adhesive T. polium on the immunohistochemical reactivity of IL-6, TNF-α, and COX-2 in oral tissues of rats from the control, acetic acid 
(AA) only, AA and plain muco-adhesive formula, AA and T. polium (TP), and AA and Jogel® (positive control) groups. n = 6. *, #, and $ are considered statistically 
significant from the control, AA only, and AA and plain formula-treated group, respectively, at p < 0.05. 
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(Lushchak, 2014) and damage to the cellular components of protein, 
lipids, and nucleic acid underlying the pathogenesis of the majority of 
the oral diseases (Zalewska et al., 2014). Moreover, the overproduction 
of ROS is known to induce the production of proinflammatory mediators 
(Chapple, 1996) (Momen-Beitollahi et al., 2010). Mononuclear cell 
infiltration and release of inflammatory mediators have been given the 
most attention in oral diseases (Natah et al., 2000). 

Acetic acid is well known for inducing mucosal ulceration through 
inducing oxidative stress and inflammation (da Silva et al., 2013) 
(Ansari et al., 2021) (Ayoub et al., 2021). In the current study, acetic 
acid application to the buccal mucosa was found to increase lipid per
oxidation; compromise the antioxidant defense mechanisms through 
decreasing the enzymatic activities of CAT and SOD; induced the 

expression of the proinflammatory mediators, IL-6, TNF-α, and COX-2. 
On the other hand, the application of a muco-adhesive formula 
impregnated with T. polium extract was found to considerably lower 
lipid peroxidation and induce the catalytic activities of CAT and SOD 
enzymes restoring the cellular antioxidant defense mechanisms. More
over, the application of T. polium formula also reduced the oral tissue 
inflammation as evidenced by decreased immunohistochemical re
activities of the proinflammatory markers, IL-6, TNF-α, and COX-2. 
Interestingly, T. polium extract has well-proven antioxidant and anti- 
inflammatory activities in many pathological conditions including dia
betes (Asghari et al., 2020), hypercholesterolemia (Amraei et al., 2018), 
cardiovascular diseases (Mahmoudabady et al., 2018), and many other 
diseases. 

Fig. 4. The effect of T. polium (TP), Jogel® (positive control), and acetic acid (AA) on hydroxyproline content in the oral tissues. n = 6. *, #, and $ are considered 
statistically significant from the control, AA only, and AA and plain formula-treated group, respectively, at p < 0.05. 

Fig. 5. The effect of the muco-adhesive T. polium on the immunohistochemical reactivity of TGF-β1, VEGFR1, and PDGFR-β in oral tissues of rats from the control, 
acetic acid (AA) only, AA and plain muco-adhesive formula, AA and T. polium (TP), and AA and Jogel® (positive control) groups. n = 6. *, #, and $ are considered 
statistically significant from the control, AA only, and AA and plain formula-treated group, respectively, at P < 0.05. 
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Hydroxyproline is a nonessential, nonproteinogenic amino acid 
(Ananthanarayanan, 1983) that acts as a key constituent in the pro
duction and steadiness of the major structural protein, collagen 
(Némethy and Scheraga, 1986) (Srivastava et al., 2016). During wound 
healing, protein deficiency is known to negatively affect the speed of 
healing due to the subsequent diminished fibroblast proliferation, 
capillary development, and the synthesis and remodeling of collagen 
and proteoglycans (Chhabra et al., 2017). Collagen breakdown is known 
to release free hydroxyproline, therefore hydroxyproline can be used as 
a wound healing marker that reflects the tissue content of collagen that 
indicates collagen turnover after healing (Kumar et al., 2006). An 
increased level of hydroxyproline means better collagen maturation and 
proliferation throughout wound healing (Veis and Anesey, 1965), (Sri
vastava et al., 2016). Acetic acid was previously proven to reduce the 
hydroxyproline content in the tongue tissue, therefore, slowing down 
the ulcer healing (Ayoub et al., 2021). Similarly, in the current study, 
acetic acid was found to significantly lower the hydroxyproline content 
in the oral tissue. In contrast, the application of the T. polium extract 
restored the hydroxyproline levels and expedited wound healing. Our 
laboratory has shown that T. polium is rich with phenolic compounds, 
particularly flavonoids and kaempferol was found to be 7.85 ± 0.02 
mg/g. In the same study, T. polium extract was proven to increase the 
hydroxyproline content speeding healing of wound in diabetic animals 
(Algandaby et al., 2023). The extract content of flavonoids as kaemp
ferol lends additional support to the pro-collagen activities of the extract 
(Özay et al., 2019). 

Early after induction of ulcer the inflammatory cells are recruited 
and stimulated to release proteolytic enzymes. Such proteolytic enzymes 
catalyze the breakdown of extracellular matrix proteins including 
collagen-producing protein fragments that recruit more inflammatory 
cells including macrophages that produce TNF-α, increasing the number 
of fibroblasts. Fibroblasts promote the secretion of growth factors, 
including TGF-β, VEGF, and PDGF that induce the proliferation of 
epithelial and vascular endothelial cell at the injured site so promoting 
wound healing (Schultz and Mast, 1999; Brett, 2008). In the current 
study, acetic acid application significantly reduced the immunohisto
chemical reactivity of TGF-β1, VEGFR1, and PDGFR-β. Interestingly 
application of the extract of T. polium significantly restored the control 
levels of the three markers, explaining its wound healing activities that 
were demonstrated upon the histological examination. The current 
study results come in line with previous studies that proved that 
T. polium extract promoted wound healing by inducing fibroblasts pro
liferation and increasing the expression of fibroblast-secreted growth 
factors including the VEGF and PDGF (Gharaboghaz et al., 2020) 
(Algandaby et al., 2023). The current study highlights the healing ac
tivities of T. polium in a subacute model of experimentally-induced oral 
ulcer. However, additional studies are suggested to explore the useful
ness of the prepared muco-adhesive formula in sub-chronic and chromic 
models. Also, a comprehensive toxicity study of the formula is 
recommended. 

5. Conclusion 

Application of muco-adhesive formula impregnated with T. polium 
remarkedly promotes healing of oral ulcers provoked by acetic acid on 
the inner cheeks of the rats as evidenced by restoring the histopatho
logical features of the oral tissues in a manner comparable to that was 
induced by the oral ulcer commercially available formula. This outcome 
can be ascribed to its antioxidant, anti-inflammatory, pro-collagen and 
angiogenic effects. These data provide an opening for exploring the 
potential benefits of the prepared T. polium muco-adhesive formula in 
patient with acute and subacute oral ulcers. 
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