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ABSTRACT

Introduction : Nutrition is a very important environmental factor that plays a crucial role in
short and long-term health outcomes. Findings of acrylamide in many starchy foods have increased
the interest in understanding its toxic mechanisms and risks upon human.

Objective : This study aimed to clarify the biological effects of acrylamide intake on parotid
salivary gland in albino rats structurally and ultra-structurally.

Methodology: Twenty male Wistar albino rats were randomly allocated into test and control
groups. Group I (control group), were taking saline vehicle (4 rats). Group II (test group), were
taking acrylamide in dose of 15 mg/kg and divided into two subgroups (8 rats for each). The
parotid salivary gland biopsy was taken according to the experimental periods (A: 15 days; B:
30 days). At the respective monitoring periods, the parotid gland was dissected and prepared for
histological examination and evaluated by morphometry to record the histologic changes and

electron microscopic analysis.

Results: Light microscopic studies revealed degeneration, fusion and loss of acinar cells outlines,
scattered cellular remnants throughout the gland, pyknotic nuclei, varying sizes of cytoplasmic
vacuoles in the acinar cells and destruction in the duct outlines with loss of its cell lining which
increased by time. Electron microscopic analysis showed pyknotic nuclei with abnormal dilatation
and degeneration of cytoplasmic organelles (golgi complex, rough endoplasmic reticulum and
mitochondria), many clearly evident cytoplasmic vacuoles and considerable numbers of immature
electron-lucent granules of different shapes and size were detected which decreased with prolonged
acrylamide intake. Differences in normal nuclear count, circulatory factor of serous acini and
inter-connective tissue space in between the acini in both test and control groups were statistically
calculated and were found to be significant. Group comparison at different time periods revealed,
significant differences between I & IIA, I & IIB and IIA & 1IB for the tested parameters (P < 0.001).

Conclusions : On the basis of the obtained results, we concluded that acrylamide intake yielded
structural / ultra-structural changes of parotid salivary gland and the effects were pronounced with
prolonged intake. This might indicate risk of gland damage due to acrylamide intake.
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INTRODUCTION

Evidence exists that some ingredients of foods
can induce epigenetic phenomena in genotoxic
and non-genotoxic ways, with long-term effects on
human health. The short-term effects of harmful
food components can cause structural damage and
functional failure to various systems and organs
resulting from the direct toxic tissue effects.”

Acrylamide (AA) is not present naturally, it was
found in various deep-fried and oven-baked foods.
It is related to foods that are regularly consumed
throughout the years, as chips, bread, biscuits,
crackers and breakfast cereals. @ It became of
concern when it was discovered in heated food,
formed by Maillard reaction which occurs between
some amino acids and sugar during high temperature
cooking processes.® AA is an unsaturated carbonyl
compound with a high chemical activity. It is used
in many fields from industrial manufacturing to
laboratory personnel work; found to be absorbed
during occupational exposure.

The International Agency for Research on
Cancer and the US Environmental Protection
Agency classified acrylamide as a probable human
carcinogen.” According to Dybing et al., 6 of
10 000 people will develop cancer as a result of
ingesting acrylamide in food stuffs.® Regarding
humans, its consumption increased risks of renal,
ovarian, endometrial, breast and oral cavity
cancers.” Oral administration of AA initiates
sebaceous glands adenoma and squamous cell
carcinoma in the skin and increases the incidence of

adenomas and carcinoma of the lungs.®

The secretions of salivary glands are rich in
fluids, ions and proteins important for the integrity
of the teeth and oral health.® Diet composition,
taste and consistence causes alteration in the activity
of salivary glands which can change salivary flow
and composition. (%12

The activity and integrity of salivary glands
should be evaluated according to effects of diet
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and nutrition. The findings in humans are markedly
similar to the results of animal studies. Information
from the animal model study is helpful for the
understanding of the cellular gland alterations. The
goal of the present study was to clarify the biological
effect of acrylamide intake on parotid salivary gland
in rats structurally and ultra-structurally.

MATERIALS AND METHODS

Animal model

All procedures were done according to the
institutional standards for the use and care of
experimental animals at the Medical Experimental
Research Center (MERC), Mansoura University.
Twenty male Wistar albino rats (200-250 g) were
used for the study. Before the experiment, animals
had been fed standard water, libitum and rat chow
and housed in cages with temperature22°® C and 12-
hour light/dark cycle for 1 week.

Drug administration

Acrylamide (99.9 purity) was obtained from
sigma chemical Co. Its molecular formula is C3
H5 NO. The applied dose of 15 mg/kg body weight
(Lopachin et al., 2003) was dissolved in 0.2 ml
saline solution and given orally by gastric tube.®

Experimental groups

Rats were randomly allocated regarding to
treatment received into : Group I (control group);
were taking saline vehicle (4 rats). Group II (test
group); were taking acrylamide (15 mg/kg) and
were divided into two subgroups (8 rats for each).
The parotid salivary gland biopsy were taken
regarding to the experimental time periods [A: 15
days; B: 30 days].

Dissection of the salivary gland

At the monitoring periods, animals were chosen
from each group and the rats were anesthetized then
killed with over dosage of thiopental (5 ml/100 g)
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1.p. injection. Tissues were examined grossly and
the parotid salivary gland of the right side was
dissected into two halves, then samples were cut
and prepared for fixation. Half of specimens were
fixed using 10% formalin for 48 hours at 4 °C, then
embedded in paraffin and prepared for histological
examination was done by light microscopy after
sections were stained with haematoxylin and eosin.

Transmission electron microscope preparations

The other half of the specimens were dissected
and cut into small pieces approximately 1 mm*each,
then immediately fixed in 1% glutaraldehyde for 2
hours, and processed to obtain Epon capsules. Semi
thin sections approximately 1um thickness were
cut, stained with toluidine blue, and then examined
using light microscope. Ultrathin sections (50-60
nm thick) were cut using a LKB ultramicrotome,
then stained with uranyl acetate and lead citrate,
and finally examined by Joel Transmission Electron
Microscope in the Electron Microscopic Unit,
Faculty of Medicine, Tanta University.¥

Computer assisted digital image analysis (Digital
morphometric study)

Slides were photographed by Olympus® digital
camera installed on Olympus® microscope with
1/2 X photo adaptor, using 40 X objective . The
resulting images were analyzed on Intel® Core I3®
computer by Video Test Morphology® software
(Russia) with a specific routine for:

A. Object counting and analysis, nuclei were evalu-
ated according to HSB ranges excluding abnor-
mal ones depending on color intensity, circular-
ity and size measurements.

B. Geometrical shape analysis, serous acini were
manually selected and extracted using Genius
G-Pen F509 digital tablet, the circularity factor
of the selection was measured.

C. Area measurement, inter-connective tissue space
in between serous acini was evaluated according
to HSB ranges then, its area was measured.

(39)

Five slides from each case were prepared and 5
fields from each slides were checked randomly.

Statistical Analysis

Data were tabulated, coded and finally analyzed
using the computer program SPSS 17. Descriptive
statistics were calculated in the form of mean and
standard deviation. The significance of difference
was tested using ANOVA (analysis of variance)
to compare between more than two groups of
numerical (parametric) data. Statistically significant
difference was considered at P value <0.05.

RESULTS

Light microscopic findings

Group I, showed acinar cells with narrow lumen
and large basally located nuclei (Fig. 1A). While,
group IIA showed degeneration of the acini with
loss of cellular outlines with scattered cellular
remnants throughout the gland, destruction in
the duct outlines, pyknotic nuclei in addition to
many acinar cells showing numerous cytoplasmic
vacuoles of varying sizes (Fig. 1B). Group IIB
showed homogenous fusion between acinar cells
with absence of the lobular structure and extensive
coarse vacuolization in the acinar cells which
in some acinar cells displaced the nuclei from its
original position.Loss of cell lining in the duct
structure was noted (Fig.1C).

Transmission electron microscope findings

Group I showed serous cells of parotid gland
containing euchromatic nuclei with homogenous
secretory granules and narrow lumen (Fig. 2A).
The mitochondria appeared with different shapes,
condensed rough endoplasmic reticulum and golgi
complex were clearly evident (Fig. 2B).

Group IIA, showed the nuclei with irregular
margins, large immature electron-lucent granules
predominated over the mature electron-dense
granules and clear dilation in the cytoplasmic
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organelles clearly appeared (Fig.2C). Many
cytoplasmic vacuoles were clearly seen, the
the
parallelism of its crests and the golgi complex

showed dilatation (Fig.2D).

mitochondria presented discontinuity in

Meanwhile group IIB, showed shirnked nuclei
with loss of cytoplasmic organelles and decrease
in the secretory granules both immature electron-
lucent granules and mature electron-dense granules
(Fig.2E). Increase in the cytoplasmic vacuoles,
widening and ballooning of the cisterns of the rough
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endoplasmic reticulum and swollen degenerated
mitochondria (Fig.2F).

Statistical results

The results of the current study showed a
statistically significant decrease in histological
parameters of normal nuclei count, circulatory
factor of serous acini and inter-connective tissue
space in between those acini in test group than the
control group. This decrease was significantly more
in group 1IB than group IIA (Table 1).

TABLE (1) Histological parameters in test and control groups:

ANOVA
Histological parameters Normal nuclei count Circularity factor of acini Intercellular space P val

value
Groups Mean +SD Mean +SD Mean +SD
Group I 187.3% 17.8 184.6* 11.7 12.85° 3.6

<0.001
Group ITIA 136.4° 11.3 164.06* 9.7 7.03° 1.6
Group IIB 113.6¢ 9.84 1413¢ 123 1.039¢ 0.34

P: Probability test used: ANOVA (P<0.05)

Different letters indicate significant difference: a) Significance between group I and group IIA. b) Significance between
group I and group IIB. c) Significance between group IIA and group IIB.
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Fig. (1) Photomicrographs of the parotid gland showing: Fig. (A) Group I, showing acinar cells (AC) with narrow lumen and large

basally located nuclei. Fig. (B) Group IIA, showing degeneration of the acini with loss of cells outlines (black arrow) and

cellular remnants scattered throughout the gland (black asterisk). Pyknotic nuclei (curved black arrow) and numerous

cytoplasmic vacuoles of varying sizes are seen in many acinar cells (V) .Note destruction in the duct outlines (arrow head).

Fig. (C) Group 1IB, showing homogenous fusion between acinar cells with absence of the lobular structure (black arrow).

Cellular remnants scattered throughout the gland (black asterisk). Pyknotic nuclei (curved black arrow) and extensive

coarse vacuolization in the acinar cells (V) which in some acini displaced the nuclei from its original position (crossed
arrow).Note, loss of cell lining in the duct structure (arrow head). (H& E X 400)
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Fig. (2) Electron micrographs of the parotid gland showing: Fig. (A) Group I showing serous cells of parotid gland containing

euchromatic nuclei (N) with homogenous secretory granules (SG) and narrow lumen (L) (X500). (B)Higher magnification
of the pervious one showing mitochondria (M) with different shapes, condensed rough endoplasmic reticulum (RER)and
the golgi complex (G) (x4000) (C) Group IIA, showing nuclei (N) with irregular margins. Secretory granules clearly appears
with large immature electronlucent granules (IG) predominant over the mature electrondense granules (SG). Dilation in
the cytoplasmic organelles clearly appeared (squared area) (X1500) (D) Higher magnification of the pervious one showing
many cytoplasmic vacuoles (V). The mitochondria presenting discontinuity in the parallelism of its crests (M). The golgi
complex showing dilatation (G). (X4000) (E) Group IIB, showing shirnked nuclei (N) and loss of cytoplasmic organelles.
Decrease in the secretory granules both immature electronlucent granules (IG) and mature electrondense granules (SG).
(X1500) (F)Higher magnification of the pervious one showing many cytoplasmic vacuoles (V). Widening and ballooning
of the cisterns of the rough endoplasmic reticulum (RER) and swollen degenerated mitochondria (M). (X4000)
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DISCUSSION

Nutrition is the most important environmental
factor that has a crucial role in short and long-term
health consequences. Findings of acrylamide
in many common starchy foods have elicited the
interest in evaluating its toxic mechanism and
recognize its risks on humans. ¢

When acrylamide is taken orally, it passes the
gastrointestinal barrier by passive diffusion, so a
high bioavailability can be present in the circulatory
system.1” Acrylamide can reach each organ and all
tissues in the body because its molecule is small
and hydrophilic."® Consequently, all tissues may be
susceptible targets for its toxicity.

Depending upon the above concepts, the present
work aimed to elucidate the biological effect of
acrylamide intake along different durations on
parotid salivary gland in Wistar albino rats. Light
and electron microscopic examinations of the parotid
salivary glands were performed and evaluated by
morphometry to record the histologic changes.

There are limited studies in the literature
concerning the structural and ultrastructural effects
of acrylamide on salivary glands, thus the findings
of this study can only be compared to acrylamide

effect upon other different tissues.

In the current study light microscopic and
electron microscopic findings of group I (control
group) revealed large extent to its corresponding on
parotid salivary gland structure which was done in
researches on rodents and other mammals. %2

After acrylamide ingestion for 15 days, group
ITA showed pyknotic nuclei, vacuolization in the
acinar cells and loss of acinar cells outlines with
cellular remnants scattered throughout the gland. In
an attempt to find an explanation for the histological
changes at the light microscopic level; normal nuclei
count, circulatory factor of the serous acini and
intercellular space were measured in tissue sample
of the parotid salivary glands. The above mentioned
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histological — parameters showed statistically
significant decrease in rats exposed to acrylamide
for 15 days versus the control group. This result is
analogous in many respects to pervious research
done on the liver and kidneys in albino rats treated

with acrylamide. @V

The ultrastructural findings of group A
showed clear signs of degeneration; dilation in the
cytoplasmic organelles and irregular margins of
nuclei. These degenerated or irregular shaped nuclei
might also explain the decrease in the normal nuclear
count in the statistical outcomes. Nunes et al. studied
morphological, histological, and ultrastructural
characterization of degenerating salivary glands
found out the same histologic features as has been
show in the result of this study.®?

Similarly, Sahai et al. in his research carried on
mice which were treated at a dose of 10 mg \ kg
of acrylamide for 10 days in drinking water found
a histopathological changes in liver hepatocytes
and disorganization of lobules. There were also
significant changes and decrease in the number of
hepatocytes.® In the present study, the significant
decrease in the circulatory factor of the acini and
the inter connective tissue space in between them
might be considered as histopathological changes
and disorganization in these acini.

The results of the present study were in contrast
with the findings of Khan et al., who did not
found any effect of acrylamide on the histology of
thyroid gland morphology after acute acrylamide
exposure.?® The reported differences may be
attributed to different tissue reaction.® In another
study done by Abd El-Mottaleb who done some
studies on acrylamide intoxication in male albino
rats proved that the most affected organs were
brain, glands and testes beside the parenchymatous
organs.?®

Acrylamide intake for 30 days (group IIB),
Homogenous fusion between acinar cells with
absence of the lobular structure and extensive coarse
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vacuolization. Such pathologic features were seen
in the hepatic parenchyma in rats received 30mg/ kg
of acrylamide.®” Cheville added that these vacuoles
are responsible for collecting the injurious elements
and preventing them from interfering with the
biological activities of these cells.®

Moreover, the normal nuclear count, circulatory
factor of the serous acini and intercellular space
were significantly decreased more in rats exposed
to acrylamide treated for 30 days than those treated
for 15 days. These findings which might be due
to the toxicity of long-term acrylamide has been
well documented researches on experimental

animals. ®%:30

Ultrastructural analysis of group IIB showed
shirnked nuclei with loss of cytoplasmic organelles,
cytoplasmic vacuoles, widening and ballooning of
the cisterns of the rough endoplasmic reticulum
in addition to swollen degenerated mitochondria.
As appeared in the present study the exposure to
acrylamide turned the degenerative changes into
necrotic damage, and tissue lysis.

This coincide with the findings of other study,
hypertrophy of the cytoplasmic organelles and
pyknotic nuclei were seen in acrylamide treated
chick.®V Stadleretal.,also suggested that acrylamide
increases the cellular destructed lysosomes that
facilitate the process of autolysis which was
confirmed this current work®*? The nuclear damage
as a sequence of cytoplasmic damage in work done
by Abdel Hameed was also detected in the present

(33)

study.

The acrylamide toxicity was explained by
Odland et al. through its metabolic pathway, so
conjugation of glutathione catalyzed by glutathione-
S-transferase(GSH) results in the formation of
mercapturic acid which is the major pathway for
acrylamide metabolism. The marcapturic acid
is toxic and usually excreted in the human’s and

animal’s urine .43

(43)

In the present study, toxic marcapturic acid and
the depletion in GSH mentioned by Wu YQ et al.
might be the causes of reduced protection of cell
membrane to oxidative stress study ©® which might
explain the signs of salivary gland degeneration and
Necrosis.

On the basis of the present study, we concluded
that acrylamide intake yielded structural/ ultra-
structural changes of parotid salivary glands and
the effects were aggravated with prolonged intake.
This would indicate risk of the gland damage due to
acrylamide intake.

RECOMMENDATION

It is recommended that food safety authorities
apply practical measures to reduce acrylamide
formation in susceptible foods in order to decrease
human exposure to it.
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