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ABSTRACT

Background: Ethanol is the most commonly used and abused xenobiotic in the world. Royal jelly (RJ) has been considered as
an antioxidant that protects against different agents.

Aim of the work: This study aimed to investigate the effect of ethanol on the rat tongue and the possible protective role of
royal jelly.

Material and methods: Twenty five adult male rats were used in this study and were divided into 4 groups. Group I: 10 rats
were divided equally into negative and positive controls. Group II: 5 rats received RJ at a dose of 100 mg/kg body weight
by gastric tube daily for 30 days. Group III: 5 rats received ethanol at a dose of 10 ml/kg body weight from 30% v/v ethanol
solution in distilled water by a gastric tube daily for 30 days. Group IV: 5 rats received both RJ and ethanol as the same
previous doses by gastric tube for 30 days. Tongue sections were histologically prepared and examined.

Results: The results revealed that group II was nearly as group 1. Group III revealed by LM dorsal surface of the tongue was
covered by irregularly arranged, short and long lingual papillac. Some papillae were thin, with blunted tips and others were
completely absent. The epithelial lining of the ventral surface also showed an apparent reduction in thickness. The keratin
layer of the ventral surfaces of the tongue appeared in some regions discontinuous and detached. Some skeletal muscle fibers
revealed separations and vacuolations.

Scanning electron microscope (SEM) examination revealed a noticeable atrophy of lingual papillae from being short to being
absent in focal areas. They were irregularly arranged in different directions. Group IV revealed amelioration of these changes.
Conclusion: Ethanol has damaging effects on the lingual papillae and muscles and royal jelly has a protective role for these
effects.
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INTRODUCTION

Ethyl alcohol (ethanol) is the most commonly
abused xenobiotic in the world. It is widely used among
adolescents and adults of all socioeconomic groups, and
represents a massive financial and social cost!!). In addition
to beverages, ethanol is present in hundreds of medicinal
preparations used as a solvent or diluent in concentrations
ranging from 0.3% to 75%. Mouthwashes may contain up
to 75% ethanol, and colognes typically contain 40% to 60%
ethanol. These products occasionally cause intoxication,
especially when accidentally ingested by children!?..

Alcoholism is the leading cause of morbidity and
mortality all over the world. For example, the prevalence
of ethanol dependence in the United States has been
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relatively stable, at around 6% for men and 2% for women.
The overall estimated cost of US health expenses related
to ethanol is about 185 billion dollars per year. More than
200,000 Americans die yearly of alcoholism, far more
than those who die of all illegal drugs of abuse combined.
Ethanol is the leading cause of mortality in people aged 15
to 45 years!?l.

Itis well known that ethanol is a harmful agent which can
damage many organs and cause serious health problems?!.
Long-term high consumption of ethanol causes behavioral
changes, hyperactivity, mental retardation, depression,
addiction, and cognitive dysfunctiont*-l.

The tongue is one of the anatomic sites with the
highest risk for the evolution of oral cancer®. Alcohol is
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considered as a risk factor for oral malignancies. Some
studies revealed that there is a relation with dose and/or
duration of alcohol ingestion, but the exact mechanism for
its carcinogenesis remains obscure!”.

On the other hand, royal jelly (RJ) is a complex
substance comprises a wonderful mixture of
vitamins, minerals, amino acids, proteins (12-15%),
sugars (10-12%) and lipids (3-7%)®. RJ has many
beneficial biological functions in experimental animals such
as antioxidant’® ', antibacterial''), antiinflammatory!'?,
antiallergic™, antiaging!'¥, antihypertensive!””], and
anticancerous properties!'®). Also, RJ contains steroids,
phenols, acetylcholine and other unknown substances
thus it is used in cosmetics for its alleged tonic and bio-
stimulating effects!!”..

Recently, many investigators have reported that the
antioxidant effect is an important ideal agent for healing
of the wounds!"®2%. Inoue et al.”! reported the ameliorative
role of dietary RJ on DNA oxidative damage in mice. RJ
has health promoting properties, studies have indicated that
many major RJ proteins are major contributors for various
physiological functions?! 22,

Therefore, this study aimed to investigate the effect of
ethanol on the rat tongue and the possible protective role of
royal jelly by evaluating the histological changes by both
LM and scanning EM.

MATERIALS AND METHODS:

Drugs:

Royal jelly: RJ 1000 mg capsules were obtained from
Pharco Pharmaceuticals, Alexandria, Egypt.

Ethanol: Pure ethyl alcohol was obtained as a bottle
contains | litre from El-Nasr Company for pharmaceutical
industries, Egypt.

Animals:

The present study was carried out on 25 normal
adult male albino rats, aged three months and their body
weight ranged between 180 and 200 gms. They were
obtained from the Animal House of Moshtohor Faculty of
Veterinary Medicine, Benha University and acclimatized
to the laboratory conditions. They were housed in plastic
suitable cages with mesh wire covers under the prevailing
atmospheric conditions and were given food and water ad
libitum. Strict care and good hygiene were taken to maintain
normal and healthy environment. The rats were sacrificed
according to the Ethics Committee Recommendations of
Benha University.

The animals were randomized divided into 4 groups.

Group I (Control group): 10 rats were divided into two
subgroups each containing five animals:

Subgroup IA: kept as a negative control, they were left
without intervention.

Subgroup IB: kept as a positive control, each animal
was given 0.5 ml of distilled water (the vehicle of RJ) by
gastric tube for 30 consecutive days.

Group II: rats received RJ at a dose of 100 mg/kg body
weight dissolved in 0.5 ml distilled water by gastric tube
for 30 consecutive days.

Group III: rats received ethanol at a dose of 10 ml/kg
body weight from 30% v/v ethanol solution in distilled
water daily by gastric tube for 30 consecutive days.

Group IV: rats received both RJ at a dose of 100 mg/kg
body weight dissolved in 0.5 ml distilled water and after 1
hour, received ethanol at a dose of 10 ml/kg body weight
from 30% v/v ethanol solution in distilled water by gastric
tube for 30 consecutive days. Twenty four hours after the
end of experiment, animals in all groups were sacrificed by
an overdose of intramuscular injection of sodium pentothal
and their tongues were removed and the anterior 23/ of
the tongues were dissected. After that, all specimens were
longitudinally cut into two halves.

Histological study:

The tongues were prepared for light and scanning
electron microscopic studies. The first halves of the tongues
were fixed in 10% formal saline, dehydrated, cleared and
embedded in paraffin wax. Sections of 5 pm thick were cut
and stained with haematoxylin and eosin (H&E) to verify
histological details(?].

The second halves of the tongues were prepared for
scanning electron microscopy. They were fixed in 5%
glutraldehyde. The specimens were then washed in 0.1
M cacodylate buffer and post-fixed in a solution of 1%
osmium tetroxide at 37 °C for 2 hours. Subsequently, the
specimens were treated with 3 N hydrochloric acid at 60
¢C for 30 minutes to remove any extracellular mucus from
lingual surface. This process was followed by dehydration,
drying, and platinum-palladium ion-sputtering. Thereafter,
all specimens were studied by SEM.

The SEM study was performed with a Jeol
1010-JSM - 5500 LV scanning electron microscope (Japan)
at the Regional Center for Mycology and Biotechnology,
Al-Azhar University.

RESULTS

Group [:

Histological examination of H&E stained sections
revealed that both subgroups IA and IB showed the same
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histological findings. The dorsal and ventral surfaces
of the tongue were covered by keratinized stratified
squamous epithelium setting on a basement membrane
and a lamina propria formed of connective tissue. The
dorsal surface of the anterior 23/ of the tongue had
lingual papillae that revealed a thick epithelial covering
with a thick keratin layer. The filiform papillac were
conical in shape with tapering tips. They were the most
numerous (Fig. 1), however, the fungiform papillae were
few, short, with broad apices and distributed between
the filiform ones. Taste buds were present on the upper
surface of the fungiform papillae (Fig. 2).

The mucous membrane of the ventral surface had thin
regular keratin layer without lingual papillae (Fig. 3).
Underlying the covering epithelium of both the lingual
dorsal and ventral surfaces, there was a connective tissue
corium continuous with the connective tissue of the
lingual muscles (Figs 1, 2 & 3).

The skeletal muscle fibers constituted the main
component of the tongue. They were composed of
intermingled fascicles that directed in various directions
to allow flexibility and free movements of the tongue
(Figs 1, 2, 3 & 4). The connective tissue between muscle
bundles contained few adipocytes (Fig. 4).

SEM SEM examination of control group showed that
the dorsal surface was covered by elongated, numerous,
conical shaped-filiform papillae with intact, slightly
curved, tapering tips that pointed into one direction. (Fig.
5). Some fungiform papillae were appeared sporadically
between the filiform papillae. They were short, broad in
shape and had flattened smooth upper surface that was
traversed by taste pores in the center (Figs 6, 7 & 8). The
epithelial cells on the surface of fungiform papillae had
microfolds (Fig. 8).

Group II:

Examination of wvarious sections in this group
revealed that they were very similar to those of group I
in their histological features.

Group III:

Sections of this group revealed patchy and variable
histological changes. The dorsal surface of the tongue
was covered by irregularly arranged short and long
lingual papillae (Fig. 9). Some papillaec appeared with
blunted ends (Figs 9 &10), with partial thinning and loss
of keratin (Fig. 11). Few areas appeared without their
normal covering epithelium (Fig. 12). Keratin layer
showed separation (Figs 9, 10, 12 &13).

The epithelial lining of the ventral lingual surface
revealed a noticeable decrease in its thickness. The
keratin layer of the lingual ventral surface seemed in

some regions thin, discontinuous and detached, with
lack of its integrity (Fig. 14).

The skeletal muscle fibers were directed in various
directions and revealed separation and vacuolation
between fibers (Figs 10, 13 &16), an apparent increased
number of adipocytes (Figs 14 &16). There were also
congested blood vessels (Figs 11, 15&16).

SEM examination of this group revealed damages
in the filiform papillae which appeared thin atrophied,
blunted edge or disfigured (Fig. 17). They appeared
damaged and disrupted and irregularly arranged in
different directions and the fungiform papillae appeared
nearly normal (Figs 18, 19, 20 &21). Filiform papillae
were apparently absent in some few areas (Fig. 20).

Group IV:

Sections of this group showed good improvement
of the histological picture in comparison to group III;
most of filiform papillae appeared regularly arranged
with intact tapering tips (Fig. 22). The ventral surface
revealed normal thickness with normal covering keratin
(Fig. 23). Most of the skeletal muscle fibers and bundles
appeared comparable to those of the control group (Fig.
24).

SEM examination of this group revealed nearly
normal appearance of lingual papillae compared to
control group. They appeared as long, conical shaped,
regularly arranged and directed nearly to one direction
and mostly with intact tapering tips (Fig. 25). The
fungiform papillae appeared apparently normal with
intact smooth upper surface and visible taste pores
(Fig. 26).

Fig. 1: A photomicrograph of the dorsal surface of a tongue of
a rat from group I showing regular orientation of the filiform
papillac which are covered by keratinized epithelium (arrow
head). The underlaying lamina propria is formed of connective
tissue (7). The lingual muscle fibers run in different directions

(bent arrow). (H&E X 200).
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1cr0graph of dorsal surface of a tongue of a
rat from group I showing sharp conical projections of filiform
papillae (black 1), a fungiform papilla showing intraepithelial
taste bud on the upper surface (1), lamina propria (arrow head)
and skeletal muscle fibers run in different directions (bent
(H&E X 200).

Fig. 3: A photomicrograph of ventral surface of a tongue of a
rat from group I showing no lingual papillae and presence of
thin regular keratin layer (arrow head). The under laying lamina
propria is formed of connective tissue (7). The lingual muscle
fibers run in different directions (bent arrows) and black arrow
(H&E X 100).

denotes a blood Vessel

"%&- %JV | Y

Fig. 4: A photomlcrograph of a tongue of a rat from group [
showing adipocytes (arrow head) between muscle fibers which run
in various directions (bent arrows). (H&E X 100).
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Fig. 5: A scanning electron mlcrograph ofa tongue of arat from
group I showing regular orientation in one direction of long
conical filiform papillae with tapering keratinized ends. X 170

<

Fig. 6: A scanning electron micrograph of a tongue of a rat
from group I showing multiple filiform papillae and a fungiform

papilla (arrow head) and its taste pore (1). X 450.

Fig. 7: A scanning electron micrograph of a tongue of a rat from

group I showing a fungiform papilla with taste pores (1) and a

filiform papilla (arrow head). X750
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Fig. 8: A magnification of the previous figure showing the
epithelial cells on the surface of a fungiform papilla with

microfolds (arrow heads) and taste pores (7). X 4000

¢ QT
Fig. 9: A photomicrograph of dorsal surface of a tongue of a rat
from group III showing short (arrow head), thin (black arrow
head) and long filiform papillae with blunted ends (1), with
separated keratin covering (bent arrow). Black arrow denotes flat
stratified epithelial cells.

(H&E X 200).
Rl Lp >'f
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Fig. 10: A photomicrograph
rat from group III showing the keratin cover is disfigured and
separated in some areas (arrow head), some papillaec have blunt
ends (7). Note separation between muscle fibers (bent arrows).
(H&E X 100).
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Fig. 11: A photomicrograph of dorsal surface of a tongue of a
rat from group III showing filiform papillae, a fungiform papilla
showing intraepithelial taste bud on the upper surface (1), an
area with partial thinning and loss of keratin (arrow head) and a
congested blood vessel (bent arrow). (H&E X 200).
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Fig. 12: A photomicrograph of dorsal surface of a tongue of a rat
from group III showing a fungiform papilla with broad apex (1)
and an area that has lost its normal covering epithelium (arrow

head). (H&E X 100).

% N/ b L e k
Fig. 13: A photomicrograph of dorsal surface of a tongue
of a rat from group III showing focal area of flattening of
the dorsal surface of the tongue with apparent short filiform
papillaec (7). Keratin layer is separated (black arrow head)
there are separation and vacuolations between muscle fibers
(black bent arrow). (H&E X 200).
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A
a tongue

Fig. 14: A photomicrograph of ventral surface of
of a rat from group III showing an irregular contour with thin
epithelium (1), thin keratin (black arrow head) and keratin layer
separated in some area (white arrow head). The lingual muscle
fibers run in different directions with accumulation of adipocytes

(bent arrow). (H&E X 100)..

Fig. 15: A photomicrograph of ventral surface of a tongue of a

rat from group III showing an irregular contour with thin keratin
layer (arrow head). The under laying lamina propria is formed of
connective tissue (7). The lingual muscle fibers run in different
directions (bent arrow) and contain congested blood vessel (thick
(H&E X 100).
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Fig. 16: A photomicrograph of a tongue of a rat from group III
showing some vacuolations and separation in muscle bundles
(black?), adipocytes (arrow head), an artery (white 1) and
congested venule (bent arrow). (H&E X 100)

Fig. 17: A scanning electron micrograph of a tongue of a rat from
group III showing damages in the filiform papillae; thin (thick
arrow), blunted edge (1) and disfigured papillae (arrow heads).

X 370.

Fig. 18: A scanning electron micrograph of a tongue of a rat
from group III showing damages and disruptions in the filiform
X 450.
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papillae (1) and a nearly normal fungiform papilla.

Fig. 19: A scanning electron micrograph of a tongue of a rat

from group III showing a fungiform papilla with taste pore on
top surface (7). Filiform papillae appear destructed, short and
irregular (bent arrow). X 600
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Fig. 20: A scanning electron micrograph of a tongue of a rat
from group III showing a fungiform papilla (arrow head) has
a hemispherical upper portion with a taste pore and irregular
disorganized filiform papillae (7). Note an area with apparent
absence of papillae (star). X 200

® .4 s, A . g 5 - B3
Fig. 21: A high magnification of the previous figure showing a
fungiform papilla (arrow head) has a hemispherical upper portion
with a taste pore (1) and irregular disorganized filiform papillae
(bent arrow).

X 500
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Fig. 22: A photomicrograph of the dorsal surface of a tongue
of a rat from group IV showing nearly normal orientation of the
filiform lingual papillae (1). The underlaying lamina propria is
formed of connective tissue. (H&E X 200).

[ Tl A g 0. S P SRR
Fig. 23: A photomicrograph of ventral surface of a tongue of a
rat from group IV showing presence of normal thin keratin layer
(arrow head). The under laying lamina propria is formed of
connective tissue (). The lingual muscle fibers run in different
(H&E X 100).
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Fig. 24: A photomicrograph of a tongue of a rat from group IV
showing adipocytes ((arrow head) between muscle fibers which
run in various directions (bent arrows).

(H&E X 100).
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Fig. 25: A scanning electron micrograph of a tongue of a rat from
group IV showing the filiform papillae (1) nearly normal and
their ends are directed in one direction. X 400

271



EFFECT OF ETHANOL ON RAT TONGUE

Fig. 26: A scanning electron micrograph of a tongue of a rat from

group IV showing a fungiform papilla with a taste pore (1). X
4500

DISCUSSION

Ethanol is widely used all over the world and its
problems impose a disturbing personal, social, and
economic burden on society. Household violence, child
abuse, falls, fires, sexual assault and dispossession, as
well as medical sequels such as cancer, heart disease
and liver disease have all been associated with ethanol
misusel®!

The lifetime risk for repetitive ethanol problems is
almost 11% for women and 20% for men, regardless of
a person’s education or income. High doses of ethanol
increase the risk for vascular diseases and cancers. It
is obvious that ethanol use disorders decrease the life
span by about ten years*.

The tongue is considered as a mirror of the general
personal health, especially the filiform papillae. Cells
of these papillae have a high metabolic activity and
so any nutritional deficiency, vascular changes or
enzymatic disturbance lead to their atrophy. They
undergo atrophic changes and damage faster and earlier
before any other papillae!®’l. Lingual atrophy may be a
side-effect of a number of medications as antibiotics,
or may be due to diabetes, cancer, anticancer drugs,
chemical or metal toxicity®®. Subsequently tongue
had chosen in this study.

The present study revealed two types of lingual
papillae, filiform and fungiform, in the anterior 2/3 of
the dorsal lingual surface. The vallate papillae were
not observed in the current study owing to there is

only one vallate papilla in rat’s tongue that is present
posteriorly in the midline. Also, foliate papillae are
limited to the dorsolateral borders of the tongue, near
the base so not observed in this study!*”..

The results of the group III revealed histological
changes in the tongues of the rats in this group. An
obvious shortening, thinning and atrophy of the lingual
papillac were seen most probably due to decrease in
the size and number of the epithelial cells covering
the tongue. The epithelial covering of the dorsal and
the ventral surfaces revealed an obvious decrease in
their thickness. The covering keratin layer appeared
thin and discontinuous with loss of its integrity. These
changes are most probably attributed to oxidative
stress exerted by ethanol. Oxidative stress has been
proposed as playing a major role in many pathways of
alcohol-induced damage in a variety of organs, such
as liver!®®] testes® and central nervous system!*,
Ethanol metabolism produces reactive oxygen species
(ROS), which may injure several macromolecules in
the cell such as proteins, DNA and lipidsP'l.

It has been determined that ethanol consumption
decreases antioxidant defenses and increases ROS
production leading to oxidative stress in liver.
Antioxidant enzymes exhibit diminished activity in
addition to reduction in the cellular and extracellular
content of non-enzymatic antioxidants. These
antioxidants should be obtained by diet but they are
not well absorbed by the digestive system because
ethanol consuming?.

Bruckner et al.?*! stated that ethanol is shown to
induce an enzyme called cytochrome CYP2E1, which
generates ROS that damage DNA, proteins and lipids.
CYP2EI also converts procarcinogens to carcinogens.
Also, acetaldehyde which is a metabolite of ethanol
has a carcinogenic effect to humans. It reacts with
DNA forming adducts. Ethanol may also stimulate
carcinogenesis by inhibiting DNA methylation and
interfering with retinoic acid metabolism. Both
smoking and ethanol act synergistically to cause oral,
pharyngeal, and laryngeal malignances. It is generally
accepted that ethanol induces liver carcinoma by
causing cirrhosis or other chronic liver damage and/or
by enhancing the bioactivation of other carcinogens.

The present study revealed that there were small
accumulations of rounded adipocytes in between the
muscle fibers. The results of a previous study showed
that there was deterioration in oxidative capacity of
mitochondria in ethanol consumption. This could
reduce the ability of muscle to oxidize fat, leading to
accumulation of lipid and adipocytes®¥.

Carrard et al.** suggested that short-term alcohol
consuming modifies the cellular lipid metabolism.
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Long period of alcohol administration should be
achieved in order to determine the chronic effects on
rat tongue mucosa.

The present study revealed some wvacuolations
and muscle separation between muscle fibers; these
findings are in consistent with other investigatorst¢-3]
who stated that chronic alcoholic consumption
leads to muscular damage. For example, myopathy
occurs in 40-60% of patients who intake alcohol, and
is associated by decreased muscular efficiency and
skeletal muscle atrophy. The changes in alcoholic
muscle disease are most probably due to the direct effect
of ethanol or its metabolites. Acetaldehyde decreases
muscular protein synthesis in vivo and increases the
formation of acetaldehyde protein adducts in alcoholic
myopathy.

The mechanisms by which ethanol affects the muscle
include; gene dysregulation, disturbances of energy
cell turnover and initiation of apoptosis. Pathologic
abnormalities include degeneration and necrosis of
individual muscle fibers, particularly type II fibers>l.

The The results of group IV revealed amelioration
of the deleterious effect of ethanol on the lingual
papillae and lingual muscles. This amelioration can
be attributed to the antioxidant properties of RJ. It
includes major proteins with high contents of essential
amino acids and peptides having high antioxidant and
scavenging properties against free radicals™*’l. Also, the
antioxidant activity and biological benefits are due to
polyphenols and phenols as flavonoids in major protein
structurest*!- 421,

Moreover, Watanabe et al.*¥ reported that RJ is a
potent scavenger for superoxide radicals, 1, 1-diphenyl-
2-picrylhydrazyl radicals, and hydroxyl radicals. Thus,
in the healing effect of RJ on mucositis, free radical
scavenging activity is an important factor. Moreover,
some authors stated that RJ has antiinflammatory actions
through inhibiting proinflammatory cytokine production
from activated macrophages!* 1,

CONCLUSION

Chronic ethanol consumption has damaging effects on
the lingual papillae and lingual muscles. On the other hand,
royal jelly has a protective role towards these effects.
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