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ABSTRACT

Background: Furan is a compound of food pollutants widely dispersed in air, water, soil, and sediments throughout the world.
It is present in processed food exposed to heat as canning and pasteurization. It is also found in cigarette smoke and as an
intermediate compound in the processing of several chemical and pharmaceutical products. In folk medicine, food flavoring,
fragrance and pharmaceuticals, cloves are employed. There are many health benefits of Clove and it sometimes used as an
antibacterial, antifungal, antiseptic and antioxidant agent.

Aim: The current research examines the impact of furan on the histological structure of adult male albino rats' submandibular
salivary glands and tests the feasible protective effect of clove extract.

Materials and Methods: Current study has used 48 male albino rats. The rats were randomly divided into four groups: control
group, Clove-treated group received 500 mg / kg / day, 5 days / week, Furan-treated group received 8 mg / kg, 5 days / week,
and Furan and Clove group, anesthetized and sacrificed at the end of the study (8 weeks). Both animal submandibular glands
were excised for histological, histochemical, immunohistochemical and electron microscopy tests. Morphometric study and
statistics were conducted.

Results: In addition to periductal and perivascular excessive collagen fibers accumulation, Furan treated submandibular
glands showed disorganization, degeneration and vacuolation of acinar and ductal cells. Ultrastructural changes in the range of
pyknotic nuclei, dilated rough endoplasmic reticulum, degenerated mitochondria followed by loss of infolded basal membrane.
Furan increased apoptosis and decreased cytoplasmic CYP2E]. It lowered antioxidant enzymes, superoxide dismutase (SOD)
and Catalase (CAT) significantly and simultaneously elevated malondialdehyde (MDA) level. Clove extract administration
ameliorated these changes, showing major improvements in submandibular structure.

Conclusion: It can well be concluded that cloves can exert a protective effect and reduce toxicity of Furan on submandibular
gland.
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INTRODUCTION

Furan is a lucent, flammable evaporative and
lipotropic composite used as a transitional component in
the manufacture of many chemical and pharmaceutical
products, solvents and coatings!'.

In most components of the ecosystem, such as
air, water, sediments, and soil, Furan may be a food
contaminant compound widely distributed throughout the
environment. It is transmitted to animals and preserved
for years in adipose tissues, then streams into circulating
blood as a result of stress or hunger, and tends to have a
noxious effect??. In addition, furan is a food pollutant that
incidentally develops in the preservation of food subjected
to heat as canning and pasteurization, being developed as
key industrial derivatives. It is also present in cigarette
smokel*!.

An extremely large range of furan containing foods, in
particular coffee, baby food and canned food items with
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levels exceeding 100 ppb, has been found. Furan is also
found in an incredibly broad variety of consumed foods,
such as wheat, bread, roasted coffee, and cooked meat. The
majority of people exposed to furan are taken into account
in order to be dietary. There is a higher content of furan in
meat, milk products and fish than in fruit, vegetables, and
grains¥.

During thermal degradation of food constituents through
multiple pathways, furan compounds [polychlorinated
dibenzofurans] are formed. Thermal degradation of certain
amino acids by cysteine or serine alone causes the formation
of furan. While other amino acids need to reduce sugar in
order to generate furan, such as aspartic acid, alanine and
threonine. Furan may also be produced in the absence of
amino acids as a byproduct of sugar degradation®.

Furan is highly toxic and is connected to significant
health problems such as cancer, failure of immunity,
hormonal disparity, and knockout of the system, growth rate
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and behavioral disruption. In addition to those deleterious
postnatal consequences, furan-related developmental
disabilities within the fetus are another major concern!®.
Experimental animal research has shown that furan is
still highly toxic at very low concentrations. Furan and
its derivatives are cytotoxic and cause necrosis and death,
most commonly in the liver”), lungs and kidneys!®.They
induce skin disorders, damage of the endocrine system ,
reproductive functions®™ and pancreas!!?. Furan has been
identified as carcinogenic and genotoxic in rats at higher
doses. Furan carcinogenicity and toxicity may also be
intervening by initiation and acceleration of cytochrome
P45001,

Cloves are the dried flower buds of Syzygium
aromaticum, which is part of the Myrtaceae family.It is
harvested primarily for the unopened flower buds borne
in clusters, that are dried to obtain whole clove buds!'?,
Cloves are used as folk medicine, food flavourings, food
preservatives, fragrances and pharmaceuticals, but scientists
have only recently begun to research their possible health
benefits!"¥. Other clove products include ground clove,
volatile oils derived from clove buds, stem or leaf, and
oleoresin. Cloves, commonly associated with periodontal
diseases and caries, are known to be effective sources of
anti-microbial agents against oral bacterial'y. It contains:
eugenol (up to 95%), acetyl eugenol, B-caryophyllene,
methyl salicylate, pinene, volatile oil. Clove and clove oil
can also be used as an antiseptic, antifungal and antiseptic
agent, and the use of clove and oil is expected to extend
in line with 'the return to nature. Various animal studies
have shown that compounds in cloves have many health
benefits, including promoting the health of the liver and
helping to regulate the level of glucose!'3). Furthermore, the
antioxidant activity of cloves, which enhances food safety,
was shown in a recent study!'.

Data on the impact of furan toxicity on the structure
of the submandibular gland was very limited. Therefore,
the current research was planned to investigate furan’
impact on the histological structure of the submandibular
salivary glands of male albino rats and, using histological,
histochemical and immunohistochemical methods. Also, to
determine the potential protective effect of cloves extract
against furan-induced submandibular toxicity.

MATERIALS AND METHODS

Chemicals

At a dose of 8 mg / kg dissolved in 4 ml / kg corn
oil, Furan (CAS no. 110-00-9, 99 percent pure) was
administered 5 days / week for 8 weeks by oral gavage!'”.
As a solvent for furan, corn oil, which is available in
the form of an oily solution, was used (Sigma-Aldrich
Chemical Company, Saint Louis, Missouri, USA)!8!,

Preparation for Clove Extract

Cloves were harvested (Eugenia caryophylata) and then
dried. The arid stuff of the plant was dusted by a grinder.
The extraction was carried out at room temperature. In

each solvent, approximately 100 g of dried plant stuff was
immersed separately in ethanol, water, and acetone (1 L)for
5-7 days. The immersed material was mixed every 18 hrs
with a sterilized glass rod. Through Whatman document
No.1, the ultimate extract was filtered. By vacuum
evaporation at 400C, the acquired filtrate was concentrated,
and then stored for further use at 4°C. This procedure
has been eliminated by the Department of Biochemistry,
Faculty of Agriculture, Menoufia University.

Animals

Forty-eight adult male albino (3-4 months old) rats
were employed in this study, each weighing 180-220gm.
They were housed in clean stainless-steel cages at average
temperature. They had free access to ad-libitum food and
water. Strict hygiene and care has been taken to maintain
them in a healthy and normal environment. The animals'
overall conditions and behavior were noticed. Animal
therapy was in line with the ethical protocol approved by
the Menoufia Faculty of Medicine Ethical Committee.

Experimental procedure

The rats were randomly divided into four groups, each
of which included 12 animals.

Group I (control group): split into two similar
subgroups: subgroup la (negative control): no treatment
obtained and subgroup Ib: Vegetable oil received
(4 ml/ kg, 5 days / week for 8 weeks).

Group II (Clove treated group): clove extract
obtained at a dose of 500 mg / kg / day, 5 days / week for 8
weeks by gastric tube!™”,

Group III (Furan treated group): rats received a dose
of 8 mg / kg of Furan, orally dissolved in 4 ml / kg of
vegetable oil, 5 days per week for 8 weeks!'7..

Group IV (Group of Furan and Clove extracts):
obtained Furan at 8 mg / kg gavage dose concurrently
with Clove extract at 500 mg / kg gastric tube dose, 5
days / week for 8 weeks. Animals from all groups were
anaesthetized and sacrificed at the end of the study
(8 weeks). Both animals’ submandibular glands were both
excised and processed for histological, histochemical,
immunohistochemical and transmission microscopy
examination.

I-Histological study

In 10% of formal saline washed and processed for
paraffin sections, tissue samples have been fixed. Sections
of about 5-6 pm thickness were obtained and stained by
Hematoxylin and eosin (HX&E) to show the histological
structure and Mallory trichrome stain of to detect collagen
fibers!2%l.

1I-Histochemical study

Periodic Acid Schiff-Alcian Blue (PAS-AB) stain for
glycogen and mucopolysaccharideinspection.Dewaxed
parts in xylene, then rehydrated and stained for 30 minutes
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with Alcian-blue solution, followed by periodic acid
oxidation. Sections were then coated with Schiff's reagent
for 15 minutes and sections were finally dehydrated,
washed and mounted with Canadian balsam".

HII-Immunohistochemical study

The peroxidase-labelled technique for Streptavidin-
Biotin was used®. Anti-Caspase-3 (Dilution 1/50 rabbit
polyclonal antibody, Thermo Scientific, Fermont, CA
94539, USA) and anti-cytochrome P450 2E1 (Dilution
1:500 rabbit polyclonal antibody, CYP2El, Abcam,
Cairo , Egypt, Catalog No ab53945) were used. With
the diluted primary antibody using PBS, the slides were
incubated. Consequently, drops of streptavidin peroxidase
were added to the slide. Then slides were stained with
chromogenediaminobenzidine (DAB), counterstained with
hematoxylin then dehydrated and placed. Negative controls
were processed in identical steps except for primary
antibody use®). Tonsil tissue for Caspase-3 and hepatic
Carcinoma for CYP2EIwere used as positive control.

IV-Transmission Electron microscopic analysis

Submandibular gland specimens were cut and left
in 3% glutaraldehyde for twenty-four h with 0.1 mol / 1
PBS at 4 ° C for transmission electron microscope (TEM)
processing. The sections are dehydrated in an incredibly
large series of ethanol rinses, then washed with propylene
oxide and inserted in the epon. Semi-thin sections were
cut and stained with toluidine blue. Ultrathin sections with
uranyl acetate and lead citrate were cut and stained. Under
the Jeol electron microscope, the ultra-structure of the
tissues was studied®. At the Electron Microscopy Facility,
Faculty of Medicine, Tanta University, TEM processing
and analysis were performed.

V-Biochemical analysis

Submandibular salivary gland tissues were extracted,
homogenized in 1 ml PBS, pH 7.4 and centrifuged at
4500 rpm for 15 min at 4 °C for the determination of
the antioxidant enzymes, after which the supernatant
was collected for the assessment of malondialdehyde
(MDA)®2%, Catalase (CAT)?% and superoxide dismutase
(SOD)E7 using a spectrophotometer.

VI-Study of histomorphometrics and statistical
analysis

The "Leica Qwin 500 C" image analyzer automated data
processing system Ltd. (Cambridge, England) was used to
collect all the quantitative data. At magnification of 400,
10- non-overlapping fields taken from 10 slides of each
rat were randomly used to determine the area percentage
(percent) of collagen fibers in Mallory trichrome stained
sections within the groups studied. Histomorphometric
measurement data and biochemical results were analysed
and contrasted using the student t-test. In contrast to the
control group, the P-value was used to evaluate the various
changes in and parameter within the experimental animals.
The data collected was tabulated as mean + variance (SD)

and analyzed using the Science Discipline Software (SPSS)
statistical package (version 17.0 on an IBM compatible
computer; SPSS Inc., Chicago, Illinois, USA). P was non-
significant at 0.05, P > 0.05; P < 0.05 was significant,
while P < 0.001 was extremely significant®,

RESULTS

Light microscopic results

In H& E sections, the submandibular salivary gland
of control albino rats (groups I & II) showed the general
normal histological architecture of the foremost salivary
glands without any difference between them. The gland
consisted of serous, mucous and mixed acini with excretory
ducts. The mixed acini formed of mucous acini and serous
demilunes (Figures 1,2). The mucous acini had narrow lumen
and lined by pyramidal cells with faint foamy cytoplasm
and basal flat to oval nuclei. The serous acini had darkly
stained cytoplasm and central rounded basophilic nuclei.
Serous demilunes appeared as crescent on some mucous
acini. The intercalated duct lined by cuboidal epithelium
with central round nuclei and eosinophilic cytoplasm
(Figure 2). However, Furan- treated (group III) rats
‘submandibular salivary glands displayed disorganized
degenerated acini, vacuolations of cells of the interlobular
ducts, periductal cellular infiltration and congested blood
vessel (Figure 3).Many distorted serous acini and mucous
acini with degenerated cells were seen(Figures 4,5). The
cells of some mucous acini had no nuclei and others had
desquamated nuclei in their lumen (Figure 4). Apparent
decrease in mucous acini was observed (Figure 5).The
distorted acini contained several cytoplasmic vacuolations,
swollen hyperchromatic nuclei and hemorrhagic spots
(Figure 6).

On the other hand, analysis of the rat treated with furan
+ Clove extract (group IV) showed a marked decrease in the
pathological changes of the gland. H&E stained sections
showed that the gland restored its general architecture,
which was quite as in control animals. Regular acinar
patterns with normal acini and duct system were evidently
present (Figures 7,8). However, few desquamated nuclei in
lumen of some mucous acini were still present (Figure 7)

Mallory Trichrome stained submandibular salivary
gland sections of control groups (group I & II) displayed
thin connective tissue capsule and small amount of
collagen fibres around the acini and even the ducts
(Figure 9). Excessive periductal and perivascular
accumulation of collagen fibers was revealed in rats of
the Furan-treated group (group III) (Figure 10). Furan +
Clove extract treated rats (group IV) showed moderate
deposition of collagen fibers around the ducts and the acini
(Figure 11).

Alcian blue-PAS staining of the control group
submandibular salivary gland demonstrated a clear PAS
+ ve reaction of the serous acini and duct cells,while the
mucous acini had a strong blue Alcian reaction (Figure 12).
The serous acini’s weak PAS + ve reaction was shown by
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the Furan treated group. Moderate Alcian blue + ve mucus
acini reaction and weak Alcian blue + ve duct reaction
were seen (Figure 13). Furthermore, the Furan & Clove
extract group showed moderate to strong PAS + ve serous
acini and duct reaction, while the mucous acini showed
moderate Alcian blue + ve reaction (Figure 14 ).

Anti-Caspase -3 immunohistochemical staining:Control
group revealed negative anti-Caspase immunoreactivity in
acinar cells (Figure 15). Sections of the Furan treated group
revealed strong positive nuclear anti-Caspase immune
reaction in most acinar cells (Figure 16), while sections of
the Furan & clove extract group exhibited negative anti-
Caspase immune reaction more or less as in control group
(Figure 17).

Anti-CYP2E1:In sections of the control group,
expression revealed strong positive cytoplasmic anti-
CYP2E1 expression in acini (Figure 18). The group treated
with furan showed mild positive expression of cytoplasmic
anti-CYP2EI in acini (Figure 19). However, a moderate
positive cytoplasmic anti-CYP2EI acini immune response
was seen in the Furan & clove extract sections (Figure 20).

Electron microscopic results

Serous secretingacinar cells having regular euchromatic
nuclei, basal and perinuclear cisterns of rough endoplasmic
reticulum and supranuclear homogenous electron-dense
secretory granules were revealed by electron microscopic
analysis of rat submandibular glands of control groups
(Groups I & II) (Figure 21). Regarding the mucous acinus
cell, there was basal oval nucleus, basal cisternae of rough
endoplasmic reticulum and apical secretory granules. Their
secretory granules were electron-lucent and having variable
sizes and filling most of the cytoplasm (Figure 22).The
basal part of the striated duct cell had rounded euchromatic
nucleus, basal membrane infoldings and mitochondria in
between (Figure 23).

Regarding  furan-treated animals (group III),
ultrastructural changes were observed in the secretory
cells and ductal cells. Serous acinar cells showed more
condensed nuclear chromatin, dilated perinuclear space,
dilated cisternae of rough endoplasmic reticulum and
degenerated mitochondria. The secretory granules were
morphologically heterogenous and showed apparent
decrease in many sections. Some contents appeared dense
while others were lucent (Figures 24,25). Mucous acinar
cell had vacuolated cytoplasm, irregular indented nucleus,
and dilated cisternae of rough endoplasmic reticulum
(Figure 26). Basal migration of the secretory granules was
a prominent feature in most of secretory cells (Figure 27).
The striated duct cells showed loss of normal architecture.
Multiple cytoplasmic vacuoles, apical pinocytotic vesicles
with loss of basal membrane infoldings in the striated duct
cells were observed (Figure 28).

Examination of ultrathin sections of Furan +Clove
extract treated rat (group IV) was nearly the same as that
of the control group.Serous acinar cells with euchromatic
regular nuclei, and apical dense secretory granules with
intact intercellular junctions were seen. However, rough
endoplasmic reticulum in few cells showed mild dilatation
(Figure 29). The mucous acinar cells showed nearly regular
nuclei with perinuclear and basal rough endoplasmic
reticulum cisternae, and electron lucent supranuclear
secretory granules. Some cisternae of rough endoplasmic
reticulum still dilated (Figure 30). The striated duct cell
had an euchromatic nucleus, almost regular infoldings with
presence of mitochondria in between (Figure 31).

Biochemical results

The data in table (1) showed a non-significant (P>0.05)
difference between group I&II within the normal tissue
level of MDA (the marker of lipid peroxidation). However,
the treatment with Furan showed a highly significant
increase (p <0.001) in the MDA level relative to the control
group animals. In Furan treated rats (group III), however,
a highly significant (p < 0.001) decrease in the activity of
antioxidant enzymes was observed; catalase (CAT) and
enzyme (SOD) were observed. In contrast, treated rats
with Furan and Clove extract (group 1V) showed a highly
significant (p < 0.001) reduction in MDA and a highly
significant increase (P<0.05) in antioxidant status (SOD,
CAT) compared to treated rats with Furan (group III)
(Histograms 1,2,3 and Table 1).

Histomorphometric and statistical analysis

In contrast to the control group (group I), Furan-treated
rats (group III) showed a highly significant increase
(P<0.001) in the mean area percentage (percent) of
collagen fibers content. On the other hand, Furan + Clove
extract treated rats (group IV) showed a highly significant
decrease (P<0.001) compared to Furan-treated rats (group
III) (Histogram 4 and Table 2).

Fig. 1: A photomicrograph of a section of submandibular gland from a
control rat (group I) showing serous acini (S), large pale staining mucous
acini (M). Serous demilunes (arrows) and excretory ducts (D) are present.
(H&E x 200).
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Fig. 2: A photomicrograph of a section of submandibular gland from a
control rat (group I) showing mucous acini having narrow lumen and
lined by pyramidal cells with faint foamy cytoplasm (M) and basal flat to
oval nuclei (arrow head). The serous acini have darkly stained cytoplasm
(S) and central rounded basophilic nuclei (white arrow). Serous
demilunes appeared as crescent on some mucous acini [black arrow]. The
intercalated duct lined by cuboidal epithelium with central round nuclei
and eosinophilic cytoplasm (D). (H&E x 400).
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Fig. 3: A photomicrograph of a section of submandibular gland from
a furan treated rat (group III) showing disorganized degenerated acini
(arrows), interlobular duct cell vacuolations (V), periductal cell infiltration
(star) and congested blood vessels (BV). (H&E x 200).
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Fig. 4: A photomicrograph of a section of submandibular gland from
a furan treated rat (group III) showing distorted serous acini (S) and
mucous acini with degenerated cells (M) were seen. Notice some cells of
mucous acini have no nuclei (arrow head) and others have desquamated

nuclei (arrow) in the lumen. (H&E x 200).

Fig. 5: A photomicrograph of a section of submandibular gland
from a furan treated rat [group III] showing distorted serous acini
[S] and mucous acini with apparent decrease in mucous acini.
[H&E x 400]
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Fig. 6: A photomicrograph of a section of submandibular gland
from a furan treated rat (group III) showing distorted serous acini
containing multiple intracytoplasmic vacuoles (V) and enlarged
hyperchromatic nuclei (arrow). Note hemorrhagic spots (H) are present.
(H&E x 400).

Fig. 7: A photomicrograph of a section of submandibular gland from
a furan +Clove extract treated rat (group IV) showing regular acinar
patterns with normal serous acini (S), mucous acini (M) and duct system
(D). However, few desquamated nuclei (arrow head) in lumen of some
mucous acini are still present. (H&E x 200).
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Fig. 8: A photomicrograph of a section of submandibular gland from
a furan +Clove extract treated rat (group IV) showing that the gland
restores its general normal architecture, having large pale staining
mucous acini with foamy cytoplasm (M), serous acini with darkly stained
cytoplasm (S), serous demilunes (arrow) and normal duct system (D).
(H&E x 400).
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Fig. 9: A photomicrograph of a section of submandibular gland from
a control rat[group I] showing thin connective tissue capsule [C] and
minimal amount of collagen fibers around the acini and the ducts [arrows].
[Mallory trichrome x 200]

Fig. 10: A photomicrograph of a section of submandibular gland from a
furan treated rat (group III) showing excessive periductal and perivascular
accumulation of collagen fibers (arrows). (Mallory trichrome x 200).

Fig. 11: A photomicrograph of a section of submandibular gland from a
furan +Clove extract treated rat (group IV) displaying moderate amount
of collagen fibers around the ducts and acini (arrows). (Mallory trichrome
x 200).
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Fig. 12: A photomicrograph of a section of submandibular gland from a
control rat (group I) showing strong PAS + ve response of the serous acini
(thin arrows) and duct cells (D). The mucous acini display a clear blue
reaction of Alcian blue (thick arrows). (Alcian blue — PAS x 200).
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Fig. 13: A photomicrograph of a section of submandibular gland
from a furan treated rat (group III) showing weak serous acini PAS +
ve reaction (thin arrows), moderate Alcian blue + ve mucus acini

(thick arrows (reaction and weak Alcian blue + ve duct reaction (D).
(Alcian blue — PAS x 200(.
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Fig. 14: A photomicrograph of a section of submandibular gland from a
furan +Clove extract treated rat (group IV) showing moderate to heavy
PAS + ve reaction of the serous acini (thin arrows) and ducts (D) whereas
mucous acini shows moderate Alcian blue + ve reaction (thick arrows).
(Alcian blue — PAS x 200).

m

Fig. 17: A photomicrograph of a section of submandibular gland from a
furan +Clove extract treated rat (group IV) showing negative Caspase-3
immune reactions of acinar cells. (Caspase -3 immunohistochemistry x
400).

e

Fig. 15: A photomicrograph of a section of submandibular gland from

a control rat (group I) showing negative acinar cell immunoreactivity of

Caspase-3. (Caspase -3 immunohistochemistry x 400).

from a furan treated rat (group III) showing strong positive nuclear
immunoreaction of Caspase-3 in acinar cells (arrows) and weak
cytoplasmic reaction. (Caspase -3 immunohistochemistry x 400).

Fig. 18: A photomicrograph of a section of submandibular gland from
a control rat (group 1) showing strong positive cytoplasmic CYP2E1
expression in the acini (arrows). (CYP2E1 immunohistochemistry x 400).

furan treated rat (group III) showing mild positive cytoplasmic CYP2E1
expression in the acini (arrows). (CYP2E1 immunohistochemistry x 400).
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Fig. 20: A photomicrograph of a section of submandibular gland from a
furan +Clove extract treated rat (group IV) showing moderate positive
cytoplasmic CYP2El immunereaction of the acini (arrows). (CYP2El
immunohistochemistry x 400).

Fig. 21: An electron micrograph of submandibular gland from a control rat
(group I) showing serous secreting acinar cells having regular euchromatic
nuclei (N), basal and perinuclear cisterns of rough endoplasmic reticulum
(rER) and supranuclear homogenous electron-dense secretory granules
(SG). (TEM x 8000).

Fig. 22: An electron micrograph of submandibular gland from a control
rat (group I) showing mucous acinus cell with basal oval nucleus (N),

basal cisternac of rough endoplasmic reticulum (rER) and apical
electron-lucent secretory granules (SG) of variable sizes and filling most
of the cytoplasm. (TEM x 14000).

Fig. 23: An electron micrograph of submandibular gland from a control
rat (group I) showingthe basal part of a striated duct cell with rounded
euchromatic nucleus (N), infolding of the basal membrane (arrows) and
mitochondria (M) in between. (TEM x 14000).

Fig. 24: An electron micrograph of the submandibular gland of a Furan
treated rat (group III) showing serous acinar cells having electron dense
granules (SG), dilated cisternae of rough endoplasmic reticulum (rER)
and degenerated mitochondria (M). Note the lumen of the acinus (L).
(TEM x 8000).

Fig. 25: An electron micrograph of the submandibular gland of a Furan
treated rat (group III) showing serous acinar cells with more condensed
nuclear chromatin (N), dilated perinuclear space (arrow) and rough
endoplasmic reticulum (rER). The secretory granules are heterogenous
and showed apparent decrease. Some contents appeared dense (SG) while
others were lucent (star). (TEM x 8000).
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Fig. 26: An electron micrograph of the submandibular gland of a Furan
treated rat (group III) showing mucous acinar cell having vacuolated
cytoplasm (V), irregular indented nucleus (N) and dilated cisternae of
rough endoplasmic reticulum (rER). (TEM x 8000).

Fig. 28: An electron micrograph of the submandibular gland of a Furan
treated rat (group III) showing striated duct cells having loss of normal
architecture. Multiple cytoplasmic vacuoles (V), apical pinocytotic
vesicles (P) with loss of basal membrane infoldings are observed.
(TEM x 8000).

Fig. 27: An electron micrograph of the submandibular gland of a Furan
treated rat (group III) showing mucous acinar cell showed secretory
granules (SG) with basal migration of some of them (arrows). Notice the
nucleus (N) and slightly dilated cisternae of rough endoplasmic reticulum
(rER). (TEM x 8000).

Fig. 29: An electron micrograph of the submandibular gland of a Furan
+Clove extract treated rat (group IV) showing serous acinar cells with
euchromatic regular nuclei (N), apical dense secretory granules (SG) with
intact intercellular junctions (J). However, rough endoplasmic reticulum
showed mild dilatation (rER). (TEM x 8000).
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Fig. 30: An electron micrograph of the submandibular gland of a Furan
+Clove extract treated rat (group IV) showing mucous acinar cells having
nearly regular nuclei (N). with perinuclear and basal rough endoplasmic
reticulum cisternae, (tfER), and electron lucent supranuclear secretory
granules (SG) Some cisternac of rough endoplasmic reticulum still
dilated (arrow). (TEM x 8000).

Fig. 31: An electron micrograph of the submandibular gland of a Furan
+Clove extract treated rat (group IV) showing striated duct cell having
an euchromatic nucleus (N), almost regular infoldings (arrows) with

presence of mitochondria in between (M). (TEM x14000).

Table 1: Effect of different treatments on tissue levels of MDA,
SOD and CAT of all groups of rats

Grou MDA (nmol/mg  SOD (U/mg CAT (U/mg
P protein) x £SD  protein)x =SD  protein) X +SD
Control group 2.24+0.3 2.8+0.5 1374+29
Clove extract 24503 3.0+ 04 1403+ 4.0
group
Furan treated 5 5, 5 5o 04+0.1"  313+28"
group
+
Furan+Clove 8.3+ 1.3% 1.240.2% 103.3 3.8

extract group

x"= the mean value. SD= the standard deviation.

* Significant at P<0.05 compared with control group

** highly significant from the control group (p<0.001).

¢ Significant from the Furan treated group (p<0.05)

44 highly significant from Furan treated group (p <0.001)

Table 2: Mean surface area percentage (%) of collagen fiber
deposition in different experimental groups

Collagen-fiber mean

Experimental groups area percentage (%)

x £SD
Control group(group I) 122+0.3
Clove extract group (group II) 11.9+0.6
Furan —treated group (group III) 39.1+0.9™
+
Furan +Clove extract 2231170

group (Group (IV)

x = the mean value. SD= the standard deviation.
** Highly significant from the control group (p<0.001).
¢ Significant from Furan —treated group (P<0.05)

44 highly significant from Furan treated group (p <0.001)
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Histogram 1: Effect of different treatments on tissue levels of MDA,
SOD and CAT of all groups of rats
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SOD(U/mg protein) x"+SD
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Histogram 2: Effect of different treatments on tissue levels of MDA,
SOD and CAT of all groups of rats

CAT(U/mg protein) x"+SD
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Histogram 3: Effect of different treatments on tissue levels of MDA,
SOD and CAT of all groups of rats

Collagen-fiber mean
area percentage (%)
X"SD

Gl Gll Glll GIV

Histogram 4: Collagen fibers mean area percentage

DISCUSSION

Furan is a food pollutant which affects the health of
the community harmfully. However, the effects of furan
on the liver!”, pancreas and endocrine system have been
documented in a number of several studies?.. Few studies
have examined its effect on the salivary glands. So, the
noxious effect of furan on submandibular rat salivary
glands has been explained in the current report.

In the current research, animals treated with Furan
revealed a distortion of the gland's histological architecture.
Disorganized degenerated acini with vacuolations and
enlarged hyperchromatic nuclei in acinar cells and
interlobular duct cell have been observed. Loss of the
typical parenchymal architecture could be explained by Ali
et al®' who mentioned that degeneration is a disturbance
in the metabolism of the cell resulting in morphologic
abnormalities. Thus, the cells could lose their normal
architectural pattern of arrangement. These changes were
in agreement with™ who reported that furan induced
degeneration, and distortion of the pancreatic exocrine
acinar cells.In this work, these glandular damage and
dysfunction caused by administration of Furan; the dioxin-
like compounds (2, 3, 4, 7, 8-Pentachlorodibenzofuran)©°!,
In accordance with Kiukkonen et a/*'! who demonstrated
that Dioxin toxicity increased epithelial apoptosis
indeveloping salivary gland.Furan and its derivatives are
cytotoxic and cause pathological changes as in previous
study on liver and kidney’*?!.

Periductal cellular infiltration and congested blood
vessels were observed in the current research. These results
were consistent with El Habiby et al.'” who stated that
furan induced cell invasion, blood vessel obstruction, and
cytoplasmic vacuolation of rat pancreatic acinar cells.
Karacaoglu et a/** also reported that in furan- administered
rats, acinar cell necrosis and vascular congestion were
detected in the exocrine part of the pancreas. It was
clarified as follow; Furan induces nitric oxide. The induced
toxic effect of nitric oxide on submandibular acinar cells
may be increased and vascular obstruction may increaset*.
In addition, blood vessel dilatation and congestion could
be due to microcirculatory disruptions occurring as a
side effect of Furan toxicity®™®. The lipid peroxidation
and accumulation of oxygen dependent free radicals may
explain the cellular infiltration observed after treatment
with furan®®. Furthermore, Wu et /" stated that by
increasing cytokine expression and macrophage activation,
Furan could induce cellular infiltration and inflammatory
response.

As regards the occurrence of acinar and duct cell
cytoplasmic vacuolations.Robbins et all*® explained that
vacuoles represent a cellular reaction against the noxious
agents in which these materials have been accumulated
in the vacuoles, thereby blocking their cellular metabolic
process intervention.Irregular indented nuclei, degenerated
mitochondria, dilatation of rER cisterns and loss of basal
membrane infolding were suggested as signs of toxicity*’!.
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Overproduction of ROS in relation with furan toxicity leads
to oxidative stress, cellular damage, and necrosis caused by
several mechanisms including peroxidation of membrane
lipids, protein denaturation, and DNA damagel®.

The reduction in secretory granules with basal migration
in some cells in this work are explained by El-Agamy
et al, as follow!"); RER dilatation may resulting from cell
injury due to disorganization of integral membrane protein
and cytoskeleton or a result of deficiency of the protective
enzymes, superoxide dimutase and glutathione peroxidase.
As the rERis the main site of protein synthesis, so, any
disruption in rER leads to an altered producing mechanism
with subsequent degranulation or reduction of secretory
granules. Reduction of secretory granules was preceded by
their basal migration due to arrest of exocytosis enhancing
basolateral release of granules.

A large increase in periductal and perivascular collagen
fibers was observed in our research. This was in agreement
with Menezes et al*¥, who stated that, irrespective of
its cause, excessive increases in collagen fibers can
repair extended tissue harm. Therefore, the increase in
deposition of collagen fibers in our sample was caused by
the subsequent injury after administration of Furan. The
excessive fibrosis around the ducts and blood vessels may
therefore be due to Furan's toxic effect.

Caspase-3 expression was increased in most acinar
cells after furan treatment in the current study. Hickling
et al™ suggested that during the time of treatment with
furan, apoptosis increased in the liver. Soliman ef all*¥
explained that apoptosis may be caused by activation of
the procaspase-12 initiator, which is activated by cleavage
under endoplasmic reticulum stress conditions, caused
by oxidative stress, and can then activate caspases-9 and
caspases-3, which induce apoptosis.

CYP2EI, primarily located in the liver, is involved in
the metabolizing and activation of many important toxic
substances such as furan. It is also expressed in rabbit,
mouse, rat and human submandibular acinar and ductal
cells®!. The toxicity of furan is mediated by catalysis of
cytochrome P450 (CYP2EL), which is responsible for
furan oxidation™®. Cis-2-butene-1,4-dial BDA; BDA is
the primary product of CYP-catalyzed oxidation of furan
and is responsible for the toxic effects of furan causing
cytotoxicity and oxidative stress!'!l. Furan treatment was
found to decrease CYP2E1 expression in submandibular
acini in our study. This was in accordance with Hickling
et al®, who showed that hepatocyte expression of
CYP2E1 was decreased during furan therapy. The decrease
in CYP2EI expression may be due to the ubiquitin-
dependent proteasomal degradation mechanism UPSH
post-translational degradation of CYP2EIL. It can be
concluded that in our sample, the furan-induced oxidative
stress was due to activation of CYP2EI that could be
extensively consumed during the bio-activation phase of
furan and underwent proper post-translational degradation
by UPS.

Biochemical results showed a substantial increase in
the MDA submandibular gland and a decrease in the levels
of SOD and CAT in the in furan-treated groups compared
with the control groups, indicating that furan-induced
oxidative stress. These results were coincided with Wang
et al™ who reported decrease in the emission of SOD and
GSH and an increase in the level of MDA in the liver and
kidney of furan-treated mice.

Co-administration of Clove extract to furan-treated
rats, however, showed a marked decrease in submandibular
gland pathological changes, and the gland ‘architecture,
structure of acinar cells and duct system were apparently
as in control animals. The previous data were in line with
Shukri et al*”! who stated that dietary cloves in diabetic rats
had decreased oxidant activities (Superoxide dismutase
- Glutathione peroxidase - Catalase activity). Cloves are
rich in antioxidant components that can relieve oxidative
stress, including eugenol and vitamin C. Clove extract's
active ingredient, like eugenol, reduces inflammation and
oxidative stress. Eugenol has been reported to stimulate
the activity of antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx), gluthatione-S-transferase (GST) and polyphenol
oxidase (PPO), which, by reducing oxidative stress, also
preserves cell organelles!"”. The protective effects of clove
extract on the hepatotoxicity of H,O,-induced rats appear
to be linked to lipid peroxidation suppression and the
removal of free radicalst?.

Similarly, Palanivel et al®' explained that the
antioxidant and hepato-protective activities are the
responsibility of polyphenolic compounds and flavanoids
present in clove extract.

Similar findings by Yadav and Bhatnagar®™, who
showed in rat liver homogenate, cloves bud extract showed
the highest radical scavenging activity due to its major
aroma components, eugenol andeugenol acetate, induced
substantial elevation in the magnitude of SOD and CAT
with a concomitant reduction in MDA levels.

The antioxidant potential of cloves could benefit from
a higher content of organic phenol compounds such as
eugenol and eugenyl acetate and their ability to donate
hydrogen, which are known to be strong free radical
scavengers>,

It is concluded that administration of Clove extract
to Furan treated rats could improve the histological,
biochemical and
of the submandibular gland from all the data and results
reported. Considering these findings, Cloves mediated
the protective effect to Furan' toxicity and could have a
potential health benefit and consequently improvement in
the quality of life. However, advanced investigations are
needed to understand potential usefulness of this plant
as a source of protective agent against Furan induced
submandibular damage in clinical trials.

immunohistochemical abnormalities
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