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Abstract

Background: Oral mucositis (OM) is a common debilitating side effect induced by methotrexate (MTX).
Quercetin (QRC) is a natural flavonoid with anti-inflammatory and antioxidant properties. Formulating QRC
in nanoemulsion (QRC-NE) may enhance its biological effects and therapeutic potential. Aim: This study
evaluated the histopathological and immunohistochemical effects of QRC-NE on MTX-induced lingual
mucositis in albino rats. Material and Methods: Fifty animals were randomly divided into five groups:
Negative control (healthy), MTX-treated (a single i.p. 20 mg/kg on day 11), QRC-treated (50 mg/kg orally,
16 days), QRC+MTX and QRC-NE+MTX (QRC 50 mg/kg and QRC-NE 12.5 mg/kg, respectively, orally as
a prophylactic to OM, 16 days + MTX a single i.p. 20 mg/kg on day 11). Rats were euthanized on day 17.
The anterior two-thirds of tongue specimens were processed for histological assessment by H&E and
Masson Trichrome staining, and Caspase-3 IHC expression. Data were analyzed using the one-way
ANOVA and Bonferroni post-hoc tests. Results: MTX group revealed marked histological destruction in the
lingual mucosa with reduced collagen density and strong caspase-3 expression compared to the negative
control (p<0.05). QRC-NE treatment showed significantly preserved mucosal architecture, increased
collagen density, and exhibited mild caspase-3 expression compared to MTX (p<0.05). Conclusions: QRC-
NE has a modulatory effect on MTX-induced lingual mucositis, suggesting a potential role for nano-based
QRC administration in alleviating oral mucosal injury.
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1. INTRODUCTION

Methotrexate (MTX) is an antimetabolite drug and chemotherapeutic agent that has been
widely used in the treatment of several malignant conditions, as well as other diseases
such as rheumatoid arthritis, and ulcerative colitis [1]. MTX is considered a dihydrofolate
reductase enzyme inhibitor (DHFR) that stops cell division and promotes apoptosis as it
blocks DNA synthesis [2]. Common side effects associated with MTX treatment involve
multi-organ toxicities, immunosuppression, inflammatory or lymphoproliferative disorders,
and maijor adverse effects on the salivary glands [3].

Oral mucositis (OM) is a disabling adverse effect associated with MTX treatment that
causes feeding challenges, raises the risk of infection, and postpones therapy [4]. The
pathophysiology of OM consists of five phases: initiation, upregulation with messenger
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generation, signalling and amplification, ulceration and inflammation, and finally, healing
[5]. Quercetin (QRC) is a naturally occurring flavonoid found in tea, apples, red wine,
onions, broccoli, kale, oranges, and blueberries [6]. QRC has been proven to have
antioxidant, cardiovascular protective, anticancer, antitumor, anti-inflammatory, anti-
diabetic, and immunomodulatory activities [7]. Despite its advantages, QRC is highly
lipophilic with low water solubility and bioavailability, limiting its potential therapeutic
application due to poor intestinal absorption [8].

Drug delivery through nanoformulation, such as nanoemulsion (NE), improves the drug’s
solubility, absorption, and intestinal bioavailability. Moreover, it stops the drug molecules
from premature breaking down before it reaches the lesion, increases the drug's
bioavailability and extends its circulation time [9].

The process of apoptosis is extremely complicated and involves a series of molecular
reactions. Two major general pathways regulate apoptosis: the intrinsic (mitochondrial)
and extrinsic (death receptor) pathways [10]. Both pathways converge at the execution
pathway to start the apoptotic process. Execution caspases such as caspases -3, -6,
and -7 activate cytoplasmic endonuclease and degrade the cytoskeleton proteins, cell
cycle, and signalling pathways, which together contribute to the morphological changes
in the programmed cell death [11].

This study was designed to study the possible protective effect of QRC-NE
supplementation through evaluation of the histopathological changes and
immunohistochemical expression of caspase-3 in MTX-induced lingual mucositis in
albino rats.

2. MATERIAL AND METHODS
2.1 Materials:

Methotrexate (MTX) 50 mg / 2 ml of solution was purchased from Hikma Specialized
Pharmaceuticals, Egypt. QRC was purchased from Sigma Chemical Company, USA. Cat.
No. 6151253]. QRC powder (3.20 g) was dissolved in distilled water (320 ml) to ensure
that each milli-Liter of the solution had 10 mg of QRC [12].

2.2 Preparation for Quercetin nanoemulsion (QRC-NE):

The QRC-NE was prepared using the ultrasonication method [13]. 800 mg of pure QRC
was dissolved in Tween 80 and caprylic triglyceride using a magnetic stirrer for 1 hour at
65 °C. Then, the mixture was subjected to a high-speed homogenizer (Ultra-Turrax T-25,
Janhke & Kunkel Gmbh and Co KG, Staufen, Germany) for 4 minutes at 12,000 rpm. The
primary emulsion mixture was mixed with pure water and gently stirred for 3 hours to
prepare the NE.

2.3 Characterization of QRC-NE:

The synthesis of QRC-NE was studied using Fourier transform infrared spectroscopy
(FTIR) (Bruker Corp., Massachusetts, USA). To characterize the morphology of the
prepared particles, transmission electron microscope (TEM) was used (JEOL JEM-2100
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Electron Microscope). The Dynamic light scattering (DLS) was used to study the
hydrodynamic particle size, polydispersity index (PDI), and zeta potential measurements
at room temperature by Malvern Zeta sizer Nano ZS90.

2.4 Sample size calculation:

The sample size for this study was calculated according to Charan and Biswas (2013)
[14] using the following equation:

— (za)2 x (SD)2

N (d)2

N = Total sample size
Zo= |s Standard normal variate and its equal 1.96 at P< 0.05
SD = Standard diversion of variable

d = Absolute error or precision

Za SD D
1.96 7.20 2

(1.96)2 x (7.20)2
(2)2

The total sample size calculations revealed that a sample size should be 50

Total sample size N= = 49.787=50 samples

2.5 Experimental design:

Fifty male albino rats (6 to 8 weeks), 150-200 grams, were kept in the Animal House,
Faculty of Dentistry, Suez Canal University (Ismailia, Egypt). They were housed in a well-
ventilated room with controlled temperature, 50-70% humidity, and a 12-hour day/night
cycle. They were given a standard diet & tap water. This study was approved by the
Research Ethical Committee (REC), Faculty of Dentistry, Suez Canal University, with
approval No. (874/2024) and all procedures were performed in accordance with the
ARRIVE guidelines.

Animals were randomly assigned to five experimental groups (n= 10 per group) using a
computer- generated sequence as follows: Group 1 (negative control) are healthy
received no treatment. Group 2 (MTX-treated group) served as a positive control and
received MTX (20 mg/kg) as a single intraperitoneal injection (I.P.) on day 11 [15]. Group
3 (QRC-treated group) served as a self-control group that received only QRC (50 mg/kg)
daily by oral gavage from day 1 to day 16 [15].

Group 4 (MTX+QRC) and Group 5 (QRC-NE+MTX) received QRC (50 mg/kg) and QRC-
NE 12.5 mg/kg [16], respectively. The drugs were given as prophylaxis to OM daily by
oral gavage from day 1 to day 16, and MTX (20 mg/kg) was administered as a single |.P.
on day 11. The animals were euthanized by Carbon dioxide (COZ2) inhalation on day 17.

The anterior two-thirds of the tongue tissues were dissected and preserved for 24 hours
in a 10% neutral buffered formalin solution. Histological and immunohistochemical
evaluations were conducted blinded to group allocation to ensure unbiased assessment.
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2.6 Clinical assessment

All rats were weighed at the beginning and end of the experiment. The animals were
regularly examined for any clinically evident hair loss. According to the OM scoring system
scale, which includes the following levels [17].

Grade 0: normal, Grade 1: slight red, Grade 2: severe redness, Grade 3: focal
desquamation, Grade 4: exudation covering half of the mucosa, Grade 5: complete
ulceration.

2.7 Histological and immunohistochemical analysis:

The samples were subsequently processed, paraffin-embedded, sectioned into 5 um
pieces, mounted, and stained with hematoxylin and eosin for light microscopic analysis
to assess the overall histopathological alterations in the filiform papillae’s length & width,
the fungiform papillae’s width, the epithelial thickness of the ventral surface, the width of
blood vessels, the cystic degeneration of the Weber salivary gland (WG), and Von Ebner
gland (VG).

Masson Trichrome stain was used to study the density of collagen. Organized collagen
fibres had a deep blue colour, while disorganized collagen fibres had a light blue colour.

Five um-thick sections were cut and mounted on positively charged slides for caspase-3
staining using a rabbit polyclonal antibody to Caspase-3 (R&D Systems, Cat. No. AF-835)
according to the manufacturer’s instructions. Positive results were indicated by
cytoplasmic brown staining with different intensities [18]. The slides were examined and
photographed by E-330 Olympus digital camera.

2.8 Morphometric analysis:

Quantitative analysis was performed using an image analyser computer system (ImageJ
/ Fiji 1.46) to measure the different histological criteria. Digitizing the slides under 400X
objective magnification enabled the measurement of the mean collagen density stained
by Masson trichrome and counting the number of immune-positive cells (Caspase-3), as
well as the number of remaining unstained ones. So, the fraction in five photograph fields
was calculated.

2.9 Statistical Analysis:

The SPSS software for Windows version 26.0, GraphPad Prism, and Excel Microsoft was
used to conduct statistical analysis of the data collected. Data were presented as mean
1 standard deviation. One-way ANOVA and Tukey's post hoc tests were used for multiple
comparisons. Different letters meant significant difference between groups at P value <
0.05.
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3. RESULTS:

3.1 Characterization of QRC-NE:
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Fig. 1: (a-d) Results of QRC-NE characterization (a) FTIR spectra . (b) TEM image.
(c) Zeta potential. (d) Particle size distribution curve. (e-j) Photographs of lingual
mucosa (e) Normal mucosa in the negative control and QRC groups. (f-h) In MTX
group (f) Severe redness. (g) Focal desquamation. (h) Ulcer (black circle). (i)
Slight to severe redness in QRC+MTX group (j) Near normal to slight redness in

QRC-NE+MTX
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The FTIR spectrum confirmed the formation of QRC-NE, where its characteristic bonds
(Fig. 1a). The peak at 3355.26 cm—-1 corresponded to the O-H stretch. The peaks at
2966.99, 2923.88, and 2867.23 cm-1 corresponded to the C-H stretch. The peaks at
1775.56 and 1723.97 cm-1 indicated C=0 stretch, while the peaks at 1460 and 1373.44
cm-1 revealed C-H bending. The peaks at 1298.90 and 1252.81 cm-1 were C-O stretch,
confirming the presence of tween. The TEM images of the prepared QRC-NE showed
spherical particles with an average diameter of 46.16+20.19 nm, indicating a uniform
stable NE (Fig. 1b).

The mean zeta potential for QRC-NE was found to be 13.7+4.54mV, indicating a
moderate surface charge with limited stability (Fig. 1c). DLS showed the mean
hydrodynamic particle size was 123.5+5.234 nm, and the polydispersity index (Pdl) was
found to be 0.599, indicating a heterogeneous size distribution (Fig. 1d).

The prepared QRC-NE formulation was used immediately in the present study, and
therefore, no stability issues were observed during the experiments. Nevertheless, the
relatively high PDI and moderate zeta potential suggest that further optimization may be
needed to improve long-term uniformity and stability. Additionally, encapsulation
efficiency, drug loading, and release kinetics were not evaluated, which should be
addressed in future studies to fully confirm the formulation’s reliability and efficacy.

3.2 Clinical findings:

There was a significant loss of body weight in MTX-treated group (165.4+£3.0) in
comparison to the negative control group and QRC group (211+7.3a & 202.216.5),
respectively. There was a slight improvement in the general health of albino rats in
QRC+MTX group (179.61£8.3), while a marked improvement was noticed in QRC-
NE+MTX group (195.845.9) in comparison to the positive control group (165.4+3.0). All
animals exhibited normal hair distribution, except for G2, which displayed moderate to
severe hair loss, and G4 (QRC+MTX), which showed mild to moderate hair loss.

According to the OM scoring system scale, negative control and QRC groups showed
normal lingual mucosa (grade 0). In MTX group, severe redness was observed in 50%
(grade 2), focal desquamation in 10% (grade 3), exudation in 20% (grade 4), and
complete ulceration in 20% of animals (grade 5).

Animals in G4 (QRC+MTX) showed slight red mucosa in 30 % (grade 1), while severe
redness in 40% (grade 2), and focal desquamation in 30% (grade 3). Rats of G5 (QRC-
NE+MTX) showed normal mucosa in 30% (grade 0), slightly red mucosa in 50% (grade
1), and severe redness in 20% (grade 2) (Fig.1e—j).

3.3 Histopathological assessment:

The negative control and QRC groups showed normal keratinized stratified squamous
epithelium with sharp, conical filiform papillae with pointed tips. Their length ranged from
1093.30+47.32& 1036.93+18.88, and their width was 181.63+12.86 & 183.80+13.08 in
both groups, respectively (Fig. 2a & 29).
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-ve control group

QRC+ MTX group

QRC-NE + MTX group

Fig. 2: Photomicrographs of lingual mucosa showing: (a-c) Negative control
group (a) Sharp conical projections of filiform papillae with keratinized stratified
squamous epithelium, and the underlying lamina propria and muscle bundiles. (b)
Normal taste bud of fungiform papillae. (c) Multiple taste buds of circumvallate
papilla. (d-f) MTX group (d) Atrophic filiform papillae. (e) degenerated taste bud
with marked inflammation. (f) degenerated taste buds of circumvallate papillae.
(g-i) Normal histological features in QRC group. (j-I) QRC+MTX group (j) Atrophic
filiform papillae. (k) Cytoplasmic vacuolization of taste bud. (I) some normal
(green arrows) and degenerated buds (black arrows) of circumvallate papillae. (m-
0) QRC-NE+MTX group (m) Normal filiform papillae. (n) Normal taste bud. (o)
multiple taste buds. {lamina propria (green arrow), muscles (red arrow), and Taste
bud (black arrows) [H&E-stained sections. Magnifications: a, ¢, d, g, i, j, |, & m:
X20 /b, e, f, h,k, n, & 0: X 40]

Fungiform papillae were few, with one taste bud on their upper surface. Their width was
468.53+9.52 and 511.69+10.90, respectively (Fig. 2b & 2h). Multiple taste buds of the
circumvallate papillae were seen (Fig. 2c & 2i). The ventral surface showed normal
epithelial thickness (490.64+14.35 & 490.32+11.10) (Fig. 3a & 3g). The underlying
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connective tissue (c.t.) appeared normal with minimal infiltration of inflammatory cells and
no dilated blood vessels (102.03+9.29 & 113.09+14.12). Normal architecture of WG
without any cystic degeneration (58.71+5.84 & 67.821+6.78) (Fig. 3b & 3h), and normal
microscopic features of VG were observed (Fig. 3c & 3i). (Table 1).

Table 1: illustrating statistical significance of histomorphometrically data in
different groups

G1 G2 G3 G4 G5
(-ve control) (MTX group) | (QRC group) (QRC+MTX) | (QRC-NE+MTX)

Animal weight 211+7.3a 165.4+3.0b 202.2+6.5a 179.6%8.3b 195.8+5.9a
Filiform length _ |1093.30+47.32a| 551.66+29.62c |1036.9318.88a| 797.99+13.35b | 1054.8710.38a
Filiform width 181.63£12.86c | 289.63+8.99a | 183.80+13.08c | 221.92+10.45b | 179.99+14.09¢
Fungiform width | 468.539.52a | 336.22+11.29¢c | 511.69+10.90a | 380.75:13.70b | 461.81%8.69a
vC\/i)ésitr:c space 58.7145.84c | 386.37+11.53a | 67.82+¢6.78c | 137.74+9.52b | 67.42+5.75¢
Ventral thickness | 490.64+14.35a | 127.40+10.86c | 490.32+11.10a | 243.96+13.76b | 474.31+12.72a
\I?vliz?r? vessel 102.03£9.29¢ | 783.43+22.83a | 113.09+14.12c | 571.35:10.85b | 137.33+8.99¢
Collagen density | 62.12+5.86a | 25.16+6.06c | 58.00+4.64a | 37.92+4.92b 57.43+8 11a

Caspase-3 12.59+0.77c | 51.83x1.56a | 13.32+0.97c | 39.21%3.24b 23.77+1.45¢

** a,b,c; mean significant difference between groups using an independent T-test at P value < 0.05

In MTX group, filiform papillae revealed loss of their conical shape and separation of the
keratin layer from the underlying epithelium. The length and width of filiform papillae were
(551.66+£29.62 & 289.63+8.99) (Fig. 2d). There were disfigured fungiform papillae with
degenerated taste buds (336.22+11.29) (Fig. 2e). The circumvallate papillae had multiple
degenerated taste buds (Fig. 2f). Atrophic epithelium in the ventral surface was seen
(127.40£10.86) (Fig. 3d). The underlying c.t. showed severe infiltration of inflammatory
cells and widening of blood vessels engorged with RBCs (783.43122.83). There was
progressive cystic degeneration (386.37+11.53) of the WG (Fig. 3e) and marked
cytoplasmic vacuolization of the serous acini with obliterated ducts in VG (Fig. 3f) (Table
1). In the QRC+MTX group, there was little improvement of the lingual mucosa in
comparison with the MTX group. There was a mild restoring of the conical shape of filiform
papillae (797.99+13.35 & 221.92+10.45) (Fig. 2j). The width of fungiform papillae was
(380.75+£13.70), with degenerated taste buds (Fig. 2k). Within circumvallate papilla, there
were mixed appearance of normal and degenerated taste buds (Fig. 2I). Mild increase in
ventral surface thickness was evident (243.96+£13.76) (Fig. 3j). The underlying c.t.
showed moderate inflammation, congested blood vessels with minimal dilatation
(571.35£10.85). The average cystic space was (137.74+9.52) of WG (Fig. 3k) and
moderate vacuolization of serous acini in VG (Fig. 3l) (Table 1).

In the QRC-NE+MTX group, there was marked improvement of the lingual mucosa in
comparison to the MTX group. Normal conical shape of filiform papillae with pointed tips
was restored through measuring their length and width (1054.87+£10.38&179.99+14.09)
(Fig. 2m). Well-formed taste buds within both normal appearing fungiform papillae
(461.81+£8.69) and circumvallate papillae (Fig. 2n & 20). The thickness of the ventral
surface was within normal range (474.31£12.72) (Fig. 3m). The underlying c.t. showed
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mild inflammation with minimal dilatation of blood vessels (137.3318.99). No cystic
degeneration (67.42+5.75) within WG (Fig. 3n) and mild vacuolization of the serous acini
in VG were noticed (Fig. 30) (Table 1).

QRC group

QRC + MTX group

QRC-NE + MTX group

Fig. 3: Photomicrographs of lingual mucosa showing: (a-c) Negative control
group (a) Normal epithelium of the ventral surface. (b)Normal microscopic picture
of Weber gland. (c) Normal microscopic picture of Von Ebner gland. (d-f) MTX
group (d) Atrophic epithelium with dilated blood vessel and marked inflammation.
(e) Cystic transformation of mucous acini. (f) marked cytoplasmic vacuolization in
the gland. (g-i) Normal histological features in QRC group. (j-) QRC+MTX group
(j) Arophic epithelium with dilated blood vessel and moderate inflammation. (k)
Some cystic transformation in the mucous acini. (I) Moderate cytoplasmic
vacuolization in the serous acini. (m-0) QRC-NE+MTX group (m) Normal ventral
surface. (n) Normal mucous acini. (0) normal serous acini {blood vessel (red
arrows), cystic formation (black arrows)} [H& E-stained sections. Magnifications:

X20]
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3.4 Masson Trichrome-stained assessment:
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Fig. 4: (a-f) Masson Trichrome sections showing the ventral surface of the
tongues (a) negative control group with normal appearance and distribution of
collagen fibers in the lamina propria. (b) MTX group with loose and disorganized
collagen fibers and dilated blood vessels. (c) QRC group with a normal
distribution of collagen fibers. (d) QRC+MTX group with weak staining intensity of
collagen fibers with a dilated blood vessel. (e) QRC-NE+MTX group with strong
positive staining affinity. (f) Histogram showing the mean of collagen density and
pairwise comparison between groups. {Collagen distribution (blue star), dilated
blood vessels (black arrows)}. (g-I) Photomicrographs of Caspase-3
immunoexpression of lingual mucosae (g) Negative cytoplasmic reaction in the
negative control group. (h) Strong expression in MTX group. (i) Mild expression in
QRC group. (j) Moderate expression in QRC+MTX group. (k) Mild expression in
QRC-NE+MTX group. (I) Histogram shows the mean of caspase-3 expression and
pairwise comparison between the five groups. ( magnifications: X20)
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Collagen fibres in the lamina propria of the negative control and QRC groups were
condensed and well-organized. The mean collagen density was 62.12+5.86 and
58.00+4.64, respectively. In MTX-treated group, collagen fibres were disorganized and
loose (25.16+6.06). In QRC+MTX group, the collagen fibres began to increase in its
density slightly in comparison with the positive control group (37.92+4.92). While in QRC-
NE+MTX group, the collagen fibres revealed more organization and density (57.43+8.11).
The pairwise comparisons showed significant differences between groups, while no
significant difference was detected between the negative control, QRC, and QRC-
NE+MTX groups (p<0.05) (Fig. 4a—f) (Table 1).

3.5 Caspase-3 immunohistochemical assessment:

Negative to mild caspase-3 immunostaining was observed in the negative control and
QRC groups, 12.59+0.77 & 13.32+0.97, respectively. Strong expression was observed in
MTX-treated group (51.83%£1.56), while moderate expression was noticed in QRC+MTX
(39.21£3.24). Mild immunostaining was seen in QRC-NE+MTX (23.77+1.45). Pairwise
comparison showed a significant difference between groups with no significant difference
between negative control, QRC, and QRC-NE+MTX groups (p<0.05) (Fig. 4g-l) (Table

1),

4. DISCUSSION

Oral mucositis (OM) is one of the debilitating side effects following MTX treatment, which
may worsen the patient’s quality of life due to poor nutrition, pain, bleeding, and ulceration
associated with it [19]. Phytochemicals are used as effective adjuvants with
chemotherapies or mitigate the side effects associated with chemotherapies [20]. QRC
can manage oxidative stress and inflammation-related conditions due to its antioxidant
and anti-inflammatory properties [7]. To improve its low bioavailability, QRC-NE has been
synthesized by the ultrasonication method, which allowed the production of a small
droplet size with enhanced stability [13]. Consistent with our clinical data, weight loss is
an indicator of discomfort and pain while eating. It might be attributed to diarrhoea or an
acquired aversion to food that developed as a side effect of the anticancer drug [21].
Severe hair loss could be regarded to the fact that MTX targets the rapidly proliferating
cells, leading to dystrophy of hair follicles [22]. The anti-inflammatory effects of QRC might
partially attenuate OM induced by MTX. These findings were in accordance with
Sukhotnik et al. (2018), who reported the ameliorative effect of QRC against intestinal
mucositis induced by MTX [23].

Oral epithelial cells are characterized by their high metabolic activity with a higher
turnover rate [19]. The degenerative changes associated with MTX in G2 could be due to
the inhibition of cellular proliferation and enhancing apoptosis in rapidly dividing cells due
to the deleterious damaging effect of DNA in the basal layer [24]. MTX inhibits protein
synthesis and induces the production of ROS, which leads to the destruction of ductal
and acinar cells [2]. The cytoplasmic vacuolization might be due to the disruption of the
cytoplasmic membrane or the accumulation of lipid droplets [25]. The dilatation could be
caused by an inflammatory reaction associated with MTX treatment, which elevated
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trans-endothelial permeability [26]. The decrease in collagen density might be due to
inhibition of fibroblast activity that effect on collagen synthesis [27]. The expression of
Caspase-3 protein increased, compared to the other groups. This could be explained by
the fact that MTX induced apoptosis by either caspase activation or blocking purine and
pyrimidine synthesis, leading to DNA breakdown [15].

In QRC-treated animals, the mild improvement in the histological picture of lingual
mucosa could be attributed to the beneficial effects of QRC in modifying gene expression,
leading to suppression of ROS production and exerting an antiapoptotic activity [28]. The
potential protective role of QRC in counteracting the degenerative effects caused by MTX
could be explained by the ability of QRC to promote the growth of human oral
keratinocytes and improve the re-epithelialization of the oral mucosa by inhibiting
oxidative stress, downregulating proinflammatory cytokines, and upregulating integrin-
a6p34 expression as well as protein levels of transforming growth factor beta 3 (TGF(3)
[29]. These findings agreed with a study by Sukhotnik et al. (2018), who reported a
significant decrease in the mucosal inflammation, newly formed intestinal crypts, less
significant villous epithelial atrophy, and reversed intestinal mucosal damage in animals
treated with MTX & QRC [23]. Lokman et al. (2023) exhibited no to mild immunopositive
staining of caspase-3 in the following groups: control, QRC, and QRC (50 mg/kg) +5-FU,
while moderate immunopositive staining in the QRC (25mg/kg) +5-FU group, which
indicated that QRC could suppress cardiotoxicity induced by 5-FU through their potent
antioxidant, antiapoptotic, and anti-inflammatory activities [30].

The marked improvement was associated with G5 (QRC-NE+MTX) resulted in improved
tissue penetration and increasing the ability of collagen synthesis, with a mild cytoplasmic
reaction of Caspase-3. It might be attributed to the enhancing effect of nanoparticles on
the bioavailability of QRC, allowing it to counteract the inflammation, scavenging of ROS,
and regulation of apoptotic signalling pathways, such as NF-kB [31]. In the present study,
the dose of QRC-NE had been reduced to 12.5mg/kg in comparison with the
concentration of QRC only (50 mg/kg) to avoid the toxicity induced by the nano-sized
particles with a larger surface area of NE. it might be attributed to increasing the cellular
uptake and changing the biological fate of bioactive components within the
gastrointestinal tract (GIT) [32]. Mahadev et al. (2022) demonstrated that the formed
QRC-NE, administered at a dose of 12.5 mg/kg, played a better role in controlling blood
glucose levels and body weight, inhibiting oxidative stress, and reducing diabetic
complications [16].

5. CONCLUSIONS

Methotrexate (MTX) has significant cytotoxic effects on the lingual mucosa, presenting a
clinical challenge. Pretreatment with QRC-NE improved MTX- induced lingual mucositis
compared to free QRC. Caspase-3 played a prominent role in detecting the early signs
of apoptosis. These results suggest that QRC delivered in nanoemulsion form may
enhance protective effects, although further mechanistic and pharmacokinetic studies are
needed to confirm its efficacy.
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