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KEYWORDS ABSTRACT

High fat diet, Aim: This work aimed to evaluate the effects of Curcumin versus Chitosan as
Curcumin, a natural product on the dorsal surface of tongue mucosa of albino rats fed on
Chitosan, Tongue. high fat diet.

Materials and Methods: 40 rats were equally divided into 2 main groups (1-
control group: received normal diet and distilled water , 2- experimental
groups: divided into 3 subgroups: 2-A received high fat diet, 2-B: received
High Fat diet + Curcumin, 2-C: received High Fat diet + Chitosan (curcumin
and chitosan were administered to rats via gastric tube). Cholesterol level in
blood was measured at day 0, 90 and 120. Rats euthanized at the end of 4
months and tongue specimens were processed for histological and
immunohistochemical evaluation. All data were statistically analysed using
one-way ANOVA (F) test with post hoc test (Tukey).

Results: A high-fat diet caused significant alterations to the tongue's dorsal
surface, treatment with curcumin showed a slight improvement. On the other
hand, chitosan demonstrated notable improvements to the tongue mucosa.

Conclusions: A high-fat diet has a significant cytotoxic effect on the dorsal
surface of the tongue. Curcumin and chitosan may have a protective impact on
hypercholesterolemia-induced tongue cytotoxicity.

Introduction:

A high fat diet means consuming an excessive amount of fat, particularly saturated fat. Consuming
too much saturated fat can raise the harmful cholesterol levels in the body, which lead in increasing
the chance of developing heart disease and other health problems. Furthermore, HFDs are
frequently associated with an excessive consumption of calories, which can contribute to weight
gain and obesity.!
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Chronic exposure to a high-fat diet might cause cholesterol precipitation in the blood
(hypercholesterolaemia). Elevated plasma total cholesterol (TC) levels are associated with
coronary heart disease, atherosclerosis, and strokes.>

Hypercholesterolemia is a condition characterized by elevated cholesterol levels that can be
managed with a variety of medications, including 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-COA) reductase inhibitors, bile acid sequestrants, activated lipoprotein lipase inhibitors,
and cholesterol absorption inhibitors.>

The most common treatment for hypercholesterolemia is to reduce the use of pharmaceuticals such
as statins and fibrates, which can have a variety of side effects. As a result, investigating alternative
medicine, such as natural products, for managing hypercholesterolemia has recently become an
acceptable plane against hypercholesterolemia.*

The majority of lipid-lowering variables are accompanied with significant treatment problems and
serious adverse effects. In contrast, dietary fibers provide a safer option for lipid-lowering
medication. Chitosan (CS), a dietary fiber, is biodegradable, biocompatible, and has numerous
health benefits. These advantages include wound healing, anti-inflammatory and anti-cancer
qualities, immunological modulation, haemostatic effects, lipid-lowering capacities, and
antioxidant activity.’

The addition of chitosan to an animal feed reduces low density lipoprotein (LDL) cholesterol
levels. In general, high-density lipoprotein (HDL) cholesterol may help prevent cardiovascular
disease by converting cholesterol precipitated on peripheral tissues or blood vessel walls into an
ester molecule. The ester molecule is subsequently carried to the liver, expelled via bile salt, and
the blood cholesterol level is reduced. In contrast, LDL-cholesterol, the most common kind of
blood cholesterol, precipitates easily on arterial walls, leading to arteriosclerosis. As a result, it is
recognized as the primary risk factor for arteriosclerosis and cardiovascular disease.®

Curcuma longa, a traditional medicinal plant, is widely distributed in China and other Asian
nations. Turmeric, the rhizome of Curcuma longa, is used as a spice to increase flavor and as
medicine because of its therapeutic effects.’

Curcuminoids, the principal bioactive compounds derived from the rhizome of Curcuma longa L,
are responsible for the major biological effects of turmeric.®

Experimental and clinical investigations have discussed the positive effects of curcumin
supplementation on lipid profile and glycemic status.’

Curcumin, the most common form of curcuminoids, has numerous pharmacological actions,
including antioxidant, anti-inflammatory, antibacterial, antiviral, antifungal, and anticancer
activities.

Statins and fibrates are common pharmacological treatments for hypercholesterolemia, but they
can cause a variety of side effects. As a result, discovering an alternative drug, such as curcumin
and chitosan, to manage hypercholesterolemia has proven to be an effective strategy.'!
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Materials and Methods

40 adult male albino rats with body weight 160- 180 gm each at the beginning of the experiment.
Rats were acclimated 7 days before the experimentation. Rats were housed under good ventilation
in separate cage (5 rats each) at the animal house of Faculty of Dentistry, Suez Canal University.
The present research was conducted after the approval of the Research Ethics Committee (REC)
of the Faculty of Dentistry, Suez Canal University in approval number 420/2021.

Grouping:

Rats were equally divided into two main groups as follows:

1-Control group (- ve control):

This group consisted of 10 rats received normal diet and distilled water through a gastric tube for
4 months and they served as control for other groups.

2- Experimental Groups:

Were subdivided into 3 subgroups as follows:

2- A High Fat Diet Group (+ve control):

This group consisted of 10 rats that received 1% cholesterol in their diet for 4 months. Cholesterol
rich diet was prepared by a mixture of , cholesterol (10gr) (Fig.1), casein (120gr), salt mixture
(50gr), vitamin mixture (10gr), soybean oil (250gr), choline (0.4gr), cellulose (130gr) and corn
starch (429.6gr), bile salt mixture (2.5gr) necessary for intestinal absorption of cholesterol.'?

2- B High Fat diet + Curcumin group:

This group consisted of 10 rats and fed a high fat diet for 4 months. Curcumin was delivered via
gastric tube at the beginning of the fourth month in a daily dose of 1.5 mg/ Kg. BW. Dried powder
was obtained from (Harraz) local market in Cairo for herbs.!?

2- C High Fat diet + Chitosan group:

This group consisted of 10 rats and fed a high fat diet for 4 months. Chitosan tablets were crushed
by mortar and pistol and dissolved in distilled water in a concentration of 10% and delivered by
gastric tube at the beginning of the fourth month in a daily dose of 500 mg/ Kg. BW .'*
Evaluation Methods:

1- Biochemical Analysis:

Cholesterol level was measured before induction of hypercholesterolemia (day 0), after induction
of hypercholesterolemia (day 90) and at the end of the experimental period (day 120) after rat’s
treatment with Chitosan, and Curcumin.'® Blood samples were collected from the orbital sinus of
the rat.

2- Histological and immunohistochemical Evaluation

Rats euthanized at the end of 4 months. They euthanized by overdose inhalation of ether. After
euthanization tongue specimens were collected to accommodate histological and
immunohistochemical evaluation.

Samples preparation for H&E examination:

At the end of four months, each group's tongue was collected, and the samples were immediately
fixed in a 10% buffered formalin solution for at least 48 hours. The specimens were prepared and
stained with haematoxylin and eosin. The cover slipping technique began by bonding the cover
slip glass to the tissue portion of the microscope slide glass. The mounting media is typically not
soluble in water. As a result, the tissue should be dehydrated again using solutions with increasing
percentages of alcohol and xylene.'®

Samples preparation for immunohistochemical Examination:

All tongue specimens retrieved for immunohistochemistry were fixed in freshly prepared 4% (w/v)
paraformaldehyde in 0.1 mol PBS 1-1 and processed overnight in paraffin wax. Formalin-fixed
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paraffin-embedded sections were dewaxed in xylene and rehydrated through graded alcohol to
distilled water. The sections were subjected to antigen retrieval by boiling in a microwave for 20
min in 0.01 M sodium citrate buffer (pH 6.0). The primary antibody to caspase-3 (Transduction
Laboratories, Lexington, KY) was applied at a dilution of 1:1000 and incubated overnight at 4°C.
After incubation, the slides were treated with biotinylated rabbit ant mouse immunoglobulin (1:600
for 30 min; Dako Ltd., Ely, UK) washed as before, and then treated with streptavidin and
biotinylated alkaline phosphatase according to the manufacturer’s instructions (Dako). Caspase 111
expression appeared as brownish nuclear and cytoplasmic staining in tongue surface epithelium
and underlying lamina propria. Additional tissue sections were stained in parallel, but with
omission of the primary antibody as negative controls.!”

Statistical Analysis:

Statistical analysis was done by statistical package for the social sciences (SPSS) version 28 (IBM
Co., Armonk, NY, USA) commercially available software program for windows. Quantitative data
and numerical data were presented as the mean, standard deviation (SD) and range, analysed across
time-points using repeated measures ANOVA while analysed across different groups using one-
way ANOVA (F) test with post hoc test (Tukey). A two-tailed P value < 0.05 was considered
statistically significant. Mean lipid profile level (biochemical analysis) comparison between all
groups were statistically examined.

Results

I- Histological Results (H&E): Histological sections of control group rats showed the filiform
papillae were distributed evenly over the dorsal surface of the anterior two thirds of the tongue
(Fig. 1A) Single fungiform papilla was seen scattered between the numerous filiform papillae with
broader surface and highly vascular connective tissue core (Fig. 1B). lingual salivary gland
between the muscles of the tongue (Fig. 1C). well organized muscle bundles (Fig. 1 D). High Fat
Diet Group revealed atrophic and degenerative alterations. The filiform papillae appeared atrophic
with signs of hyperkeratosis and a lot of cytoplasmic vacuolization in the epithelial cells (Fig. 1
E). The fungiform papillae showed degenerated taste bud with cytoplasmic vacuolization and a
keratin layer on the surface of the papilla (Fig. 1 F). Lingual glands appeared with marked
degenerative changes in the form of cytoplasmic vacuolization (Fig. 1 G). Lingual muscles showed
disorganized and degenerated muscle fibers with multiple spaces in between and inflammatory
cells infiltrations. Blood vessel engorged with blood was noticed (Fig. 1 H). Hyperlipidemic rats
treated with Curcumin showed little improvement in their histological picture. Filiform papillae
showed partial regain of their shape and architecture (Fig. 2 A). Fungiform papillae with
vacuolated taste bud (Fig. 2 B). Lingual glands showed little improvement with cytoplasmic
vacuolization. The mucous acinar cells showed cystic transformation of some cells (Fig. 2 C),
Widened blood vessel engorged with blood and the connective tissue in between muscle bundles
with some vacuoles were noticed (Fig. 2 D). Hyperlipidemic rats treated with Chitosan showed
obvious improvement in their histological picture. The filiform and fungiform papillae showed
almost normal histological appearance unless for some vacuolization (Fig 2 E, F). Lingual glands
showed almost normal histological picture unless for some cytoplasmic vacuolization (Fig. 2 G).
The muscles of the tongue were partially regenerated with some vacuoles in between muscle fibers.
Blood vessels engorged with blood. Fat droplets spaces were also recognized (Fig. 2 H).

II- Scanning Electron Microscope Results: Scanning electron microscopic examination of the
dorsal surface of the tongue from the control group showed filiform papillae covering the apex
and body of the tongue, they were elongated, conical in shape with tapering end, had an intact
covering and regularly arranged in one direction (Fig. 3 A). The fungiform papillae were scattered
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in between filiform one (Fig. 3 B). Rats fed with high fat diet showed marked changes
represented in the filiform papillae which appeared shortened, thinned and arranged in different
orientation with a desquamation of the covering epithelium (Fig. 3 C). Fungiform papillae
appeared wrinkled and keratinized with degenerated taste bud with elevated irregular and ill-
defined taste pore. Fungal infection was noticed scattered on the surface of the papillae (Fig. 3 D).
Rats treated with curcumin revealed almost normal filiform papillae while other areas appeared
shortened and disorganized with rough keratin accumulation on its surface (Fig. 3 E). The
fungiform papillae were normal and showed characteristic taste pore on their upper flat surface
(Fig. 3 F). The chitosan treated group exhibited restoration of almost regular shape and
arrangement of tongue papillae. Filiform papillae appeared slender regularly arranged with
scattered fungiform papillae in between (Fig. 3 G). The fungiform papillae: appeared with its
characteristic mushroom shape and regular surface with obvious taste pore (Fig. 3 H).
BEA—L o & . [AENE
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Control group

High Fat Diet group
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Figure (1): Photomicrograph showing: control group: A, B, C, D. High fat diet group: E, F, G, H.
A: Sharp conical projections of filiform papillae with keratinized stratified squamous epithelial
coverage. B: a Fungiform papilla (arrow) between filiform papillae. C: Pure mucous acini of
Weber salivary glands (black arrow) and pure serous acini of Von Ebner salivary gland (red arrow)
in between muscle bundles. D: Normal distribution of muscles bundles. E: Atrophied filiform
papillae with cytoplasmic vacuolization of epithelium (arrows) and hyperkeratenization. F:
fungiform papilla with degenerated taste bud (Arrow) and dissociation of collagen fibers (Star).
G: Serous acinar cells with cytoplasmic vacuolations (black arrows). H: Blood vessel engorged
with blood (Star) disorganized and degenerated muscle fibers with multiple spaces in between and
inflammatory cells infiltrations (Arrow) (H&E. C, D: x160. G:x 200. A, B, E, F: x400.)

Curcumin group

Chitosan group

e . ek L e Treated

Figure (2): Lo iide s R — o
group: E, F, G, H. A: Filiform papilla with decrease in epithelial thickness. B: a Fungiform papilla
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with vaculed taste bud (Arrow). C: Mucous acini with cystic transformation (Arrow). D: Almost
organized muscle bundles with widened blood vessel engorged with blood (Star) and connective
tissue in between the muscle bundle with some vacuoles (Arrow). E: Filiform papillae with nearly
normal keratinization and underlying lamina propria. F: Almost normal fungiform papillaec with
well-organized taste bud (arrow) G: Von Ebner and Weber salivary of the tongue of the high fat
diet rats treated with chitosan showing almost normal histological architecture of epithelial lining
and lumen of ducts. H: well organized muscle bundles (H&E. C, G: x160. A, B, D, E, F, H:
x400.).

Control group

High Fat Diet

Curcumin group

Chitosan group

Figure (3): Photomicrograph showing: Control group: A, B. High fat diet group: C, D. Curcumin
treated group E, F. Chitosan Treated group: G, H. A: filiform papillae elongated, conical in shape
and regularly arranged in one direction. B: Fungiform papillae with mushroom shaped outline and
regular surface with apparent taste pore on its upper surface (arrow) and surrounded by regular
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filiform papillae C: filiform papillac with irregular orientations, keratin aggregations (black
arrows) and conical tips distortion (red arrow). D: fungiform papillae with wrinkled irregular
dorsal surface (arrows) and fungal infection (Circle). E: Disorganized filiform papillae with rough
keratin base. Fungiform papillae noticed between filiform papillae (arrow). F: Fungiform papillae
in between filiform papillac with characteristic taste pore on its upper surface (arrow). G:
Regularly oriented filiform papillae and fungiform papillae found in between (arrow). H:
Fungiform papillae with apparently regular surface (SEM. A, B, D, F, H: x1000. C: x500. E: x
400. G: x 200).

III- Statistical results

Biochemical Analysis

Comparison of blood cholesterol levels among the studied groups

At day 0, there was no statistically significant difference among the groups studied in terms of
cholesterol level. At day 90, a statistically significant difference was detected among groups
(P<0.001), as cholesterol level was significantly increased in all experimental groups compared to
the control group. On day 120, there was a statistically significant difference among groups
(P<0.001) as cholesterol level was significantly lower in chitosan treated group than curcumin
treated group, significantly lower in both groups compared to high fat diet group, and in
comparison, to control group, it was significantly higher in high fat diet and curcumin groups but
insignificantly different in chitosan treated group Table (1), (Fig. 4 A).

Comparison of blood LDL levels among the studied groups

At day 0, there was no statistically significant difference among the studied groups in terms of
LDL level. At day 90, a statistically significant difference was detected among groups (P<0.001),
as LDL level was significantly increased in treatment groups compared to the control group, but
the curcumin group was the higher. At day 120, there was a statistically significant difference
among groups (P<0.001) as LDL level was significantly lower in chitosan group than curcumin
group. Also, it was significantly higher in chitosan group and curcumin group than in control group
Table (1), (Fig. 4 B).

Comparison of blood HDL levels among the studied groups

At day 0, there was no statistically significant difference among the groups studied in terms of
HDL level. At day 90, a statistically significant difference was detected among groups (P<0.001),
as HDL level was significantly increased in treatment groups in compared to the control group and
high fat diet group, but chitosan group was the higher. At day 120, there was a statistically
significant difference among groups (P<0.001) as HDL level was significantly lower in control
group and high fat diet group in compared with other groups. Also, chitosan group showed
significant increase in HDL level in compared with curcumin group Table (1), (Fig. 4 C).
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Table (1): Comparison of blood cholesterol levels, blood LDL levels and blood HDL levels among

the studied groups

Blood Control High Fat Curcumin Chitosan P value
Cholesterol (n=10) Diet (n=10) (n=10)
Level (n=10)
Day Mean+SD 65.3+9.8 63.4 £9.86 61.6 +£10.84 65.6 + 12.53 0.828
0 Range 55-89 55-88 50-88 54 -89
Day Mean + SD 69.3 + 183.4 +£11.22 181.5+9.57° 179.3+99° <0.001"
90 10.072 b
Range 55 -87 169 - 198 169 - 195 169 - 195
Day Mean + SD 64.2 + 235+32.91° 1142 +11.48°¢ 67.6 £9.182 <0.001"
120 5732
Range 55-75 195 - 270 100 - 130 55 - 80
Blood LDL Control High Fat Diet Curcumin Chitosan P value
Level (n=10) (n=10) (n=10) (n=10)
Day Mean+SD 653+9.8 63.4 +£9.86 61.6 +10.84 65.6 £12.53 0.828
0 Range 55-89 55-88 50 - 88 54 -89
Day Mean + SD 69.3 = 183.4 +£11.22 181.5+9.57° 179.3+99° <0.001"
90 10.07 @ b
Range 55-87 169 - 198 169 - 195 169 - 195
Day Mean + SD 64.2 = 235+32.91° 1142 +£11.48°¢ 67.6£9.18% <0.001"
120 5732
Range 55-75 195 - 270 100 - 130 55-80
Blood Control High Fat Curcumin Chitosan P value
HDL Level (n=10) Diet (n=10) (n=10)
(n=10)
Day Mean+SD 55+3.2  57.40+4.43a 54.6 +3.2 54.8 +3.5 0.888
0 Range 50 -60 52-65 50 - 60 50-60
Day Mean+SD 55+3.2 664045103 1187 +10.8" 94.8 +8.22° <0.001"
90 a
Range 50 - 60 60-78 106 - 140 80-105
Day Mean+SD 56.7% 140.80+7.036 114.0 £ 6.0° 87.2+8.22% <0.001"
120 2.4 b
Range 53 -60 130 - 154 107 - 125 80-95
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*: Statistically significant as P value<0.05, Different lower-case letters indicate significant difference
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Figure (4): A histogram showing: Comparison between groups in A: Cholesterol blood level, B:
blood LDL level, C: blood HDL level.

Discussion
High fat diet (HFD) is a type of diet that is characterized by higher intake of fat, particularly

saturated fat. taking too much saturated fat can increase the levels of bad cholesterol in the body,
which result in an increased risk of developing heart disease and other health problems.?

Using naturally derived additives to maintain resolving promotion has been increasing rapidly in
various destructive effects on different tissues.*®
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Dietary supplements have been established as an alternative method for the prevention and/or
treatment of dyslipidaemia and related cardiovascular events, with lesser side effects and
toxicity.?

Curcumin, a natural dietary supplement, was supplied to albino rats' diets due to its cost-
effectiveness, convenience. Curcumin affects cholesterol absorption, accumulation, and transport,
and can decrease cholesterol precipitation in the aorta, absorption in the small intestine, and
atherosclerosis in mice fed a high-fat diet. It may in a direct way controls blood lipids through anti-
inflammatory and antioxidant pathways.*’

In the present study we used chitosan as it related to dietary fibers which can aid in manipulate
hypolipidemia according to the previous research which assumed that chitosan improves liver lipid
metabolism and save the liver from oxidized trauma, potentially resolving hyperlipidaemia.
chitosan has better water-solubility, making them tolerated to digest and absorb by the
gastrointestinal tract.*

The study used albino rats as a model for tongue stirring by high fat diet research, as rats represent
an advance in terms of cost and ease of performance (housed, bred and handled), also, they have
long life span.*®

So, the present study was designed to compare the effect of Curcumin and Chitosan (natural
products) on the dorsal surface of tongue mucosa of high fat diet albino rats,

In the present study, using light microscope supported with SEM revealed obvious degenerative
histological changes of the dorsal tongue mucosa after high fat diet addition to albino rats for 4
months. Epithelium of the dorsal surface showed vacuolization, atrophy, fungal infection and
hyperkeratinisation.

The current results were in parallel with facts introduced by several research that observed the
negative impact of high fat diet on the oral cavity and concluded that hypercholesterolemia was
associated with increased hazards of periodontal diseases and dental caries and accompanied with
impaired immune function which as a result lead to increased susceptibility to infection.?
Scanning electron microscopic examination of the dorsal surface of the tongue mucosa of high fat
diet group showed fungal infection. This finding agreed with previous research which concluded
that Hypercholesterolemia could affect the immune responses through disturbance in cytokine
production and immune cell function.?

The destructive effects of high fat diet on the dorsal surface of the tongue could be explained
according to Huang et al., 2015 22 who illustrated that oxidative stress is the main principle factor
in obesity-related diseases. This obesity-related oxidative stress can result in sever cellular damage
and dysfunction.

Our histological findings that supported by SEM results revealed the filiform papillae with
flattening in their structure, hyperkeratosis with cracks, distortion and discontinuity.

These results agreed with a study was conducted by Yasuda et al., 20112 investigated the effect
of obesity on the mucosal epithelium of the palatal gingiva of the maxillary first molar in a rat
model. The research showed a significant difference in the mucosal epithelium between high
weight rats and normal rats. The high weight rats showed thicker mucosal epithelium, with more
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cells in keratinized granular and prickle layers produce epithelial cells more prone to detachment.
The height of epithelial papillae was also reduced in the high weight group. Basal cells lacked their
normal architecture, causing basement membrane disruption and inflammatory cell infiltration.

In the current research high fat diet group showed irregular architecture of the fungiform papillae
on the tongue dorsal surface.

These results come in agreement with Proserpio et al., 20162 who declared that obese individuals
showing a significantly lower in in number of fungiform papillae and changing in its structure on
their tongues and had fewer taste sensitivity for all tastes (sweet, salty, sour and bitter). This
decreased fat sensitivity might be a principal factor in the pathogenesis of obesity since this could
lead to the consumption of excess dietary energy and weight gain.

Hyperkeratosis in current study was noticed as there was an increase in keratin layer which may
be a response to inflammation caused by high fat consumption. This increase in keratinization is a
barrier against fat intake, and this is consistent with previous studies that found high-fat diets can
affect the epithelial keratin layer of the skin, leading to elevate trans epidermal water loss and
elevated susceptibility to external irritants.?

Dilatation of blood vessels and its engorgement with blood cells were observed in HFD group in
lamina propria of fungiform papillae which may be due to the inflammatory consequence of the
high fat diet cause propagation of blood flow to conduct inflammatory cells at the site of the
inflammation. This explanation come in agreement with Pisiriciler, 200826 who stated that in rats
fed with a diet rich with fats showed cellular infiltration and dilated blood vessels congested with
red blood cells. these findings might be a part of inflammatory affection to bring more blood to
the area of degeneration.

HFD group experienced significant degenerative changes in the lingual glands. These results come
in consistent with Pisiriciler, 2008%° that found high fat diet cause colossal changes in salivary
gland and the accumulation of lipids in parenchymal cells of the salivary gland causes multiple
inflammatory modifications which may restrict the diffusion of nutrients and oxygen and thus
adversely affect the capability and survival of the parenchymal cells. Also, intracellular lipids
cause numerous degenerative changes within the secretory cells greatly of fatty nature (fatty
degeneration) which explained the present findings.

Degeneration of muscles cells also was recorded. These results were in one line with previous
findings showed that High cholesterol levels can assist in atherosclerosis, which involves the
buildup of plaque in the arteries. This can limit the blood flow to various parts of the body,
including muscles which explain the destructive muscular changes in high fat diet group.?’
Biochemical analysis of high fat diet group showed significant increase in cholesterol and LDL
level and significant decrease of HDL when compared with other groups and this was in parallel
way with previous finding reported by Munshi et al., 2014 who used albino rats fed on different
amounts and types of fats and found increase in plasma lipid profile.?8

In addition, Daskala and Tesseromatis, 2011%° also found that the hyperlipidaemic diet led to
significant increase of total cholesterol level, LDL with insignificant increase in rats’ weight and
a significant decrease HDL which proof our statistical results.
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These destructive changes to the surface of the tongue, which appeared clearly in the present study,
were attempted to be treated using natural materials to compare the improving effect of both. Rats
fed with a high-fat diet were treated with curcumin at a daily dose (1.5 g curcumin/kg) powder for
a month revealed some improving effect.

Histological examination supported by ultrastructural evaluation showed some improvement and
regeneration in the epithelium of filiform and fungiform papillae although there were some
vacuoles found between the muscle fibers of the tongue and infiltration of the inflammatory cells.
These improvement results were coincident with previous research which revealed that adding
treatment with daily diet can improve the tongue manifestations.*

Feeding rats with high fat diet which cause hypercholesterolemia and its treatment with curcumin
showed that curcumin might lower the absorption of cholesterol and increase the activity of
cholesterol-7a-hydroxylase which has an important role in cholesterol catabolism.3!

This hypocholesterolaemic effect of curcumin may be due to its stimulatory effect on hepatic
cholesterol-7a-hydroxylase enzyme, an enzyme that control cholesterol catabolism. its modulation
(decreasing) of 3-hydroxy-3-methylglutarylcoenzyme A (HMG-CoA) reductase enzyme activity
decreases the serum and liver cholesterol, triglycerides and free fatty acid levels in rats fed on high
fat diet for 45 days.?

Curcumin also showed a proficiency in lingual gland with multiple cytoplasmic vacuoles which
were in parallel with previous study showed that curcumin-enriched diet exhibited a notable
hypolipidemic effect, as evidenced by its regulating effects on the serum lipid profile of rats.
Curcumin lowered serum cholesterol by about 21% which decrease fats accumulations in tissues.’
The decrease in the keratin layer over the filiform papillae is a result of curcumin's anti-
inflammatory effect, which prevents the body from originating more keratin in response to
inflammation. This explanation is supported by curcumin’s anti-inflammatory and cardioprotective
properties, which are linked to the lowering of total plasma lipids and peroxidized lipids.*
Histological findings in curcumin treated group showed dilated blood vessel engorged with blood
these results were explained as dilation was consistent with the response to curcumin observed for
coronary arteries in previous research applied on patient treated with curcumin while adding with
high fat diet.

Biochemical results showed significant decrease in blood cholesterol and LDL level and
significant increase in HDL in curcumin treated group these results agreed with previous study
proved that curcumin in rats fed high cholesterol diet resulted in decrease of lipid profile.3*
Previous research also showed that cholesterol and LDL level was significantly decreased in
curcumin treated group. This was explained as curcumin regulate hyperlipidaemia through
lowering blood cholesterol and triglyceride levels and increase the levels of lipid removing
cholesterol.®®

In chitosan treated group rats fed on high fat diet for three months and treated by 500 mg/ Kg.
BW Chitosan at the beginning of the fourth month. Histological results supported with
ultrastructural evaluation showed well enhancement to the dorsal mucosa of the tongue, the
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filiform and fungiform papillae showed almost normal histological appearance unless for some
vacuolization.

These results were gone parallel with investigations about the possible hypolipidemic and
hypocholesterolaemic cause of chitosan which cleared that chitosan had efficacious ability to
increase lipid excrement into the faeces when individuals were eaten high fat diet.%

Lingual glands showed almost normal histological picture and muscles of the tongue were more
or less organized and partially regenerated with inflammatory cells infiltrations and some vacuoles
between muscle Fibers. these results agreed with previous explanation to the chitosan
improvement effect as chitosan's mechanisms in preventing lipid precipitation involve accelerating
lipid breakdown and forming emulsified micelles with cholesterol and lipids, interrupt their
absorption and promoting excretion.®’

Enhancement effect of chitosan on lingual glands in this group explained by Chiu et al., 202038
that had suggested that a soluble form of chitosan would be capable of interfering with intraluminal
lipid absorption through the interaction with micelle formation or emulsification of lipids.

In chitosan treated group histological findings showed that blood vessels were almost normal, and
these results agreed with previous research conducted that Chitosan has been shown to play a
significant role in promoting blood vessel construction, also known as angiogenesis, which is
crucial for transporting oxygen and nutrients to injured areas.*

Chitosan stimulates the production of growth factors such as vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF), which are important for promoting the growth
of new blood vessels.*

Biochemical results showed that there is a significant decrease in blood cholesterol and LDL level
comparing with high fat diet group and insignificant difference between this group and control
group and these results agreed with previous studies exclaimed that chitosan administration to
HFD-fed rats significantly alter the significant weight gain observed compared to untreated HFD-
fed rats. Aligning with previous studies indicating that chitosan is necessary to regulate body
weight and appetite in HFD-induced obesity which was clearly noticed in significant decrease in
serum lipid profile.*°

Accordingly, the present study revealed that curcumin and chitosan could introduce alternative
treatment for decreasing hypercholesterolemia complications. however, Chitosan representing
more promising effect than Curcumin.

Conclusion

The research concluded that a high-fat diet has significant cytotoxic effects on the dorsal surface
of the tongue. Both curcumin and chitosan may may hypercholesterolemia-induced tongue
cytotoxicity, where chitosan showing a better preventive effect than curcumin.
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