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Effects of Acute Oral Exposure to Acrylamide on
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Efectos de la Exposicion Oral Aguda a la Acrilamida sobre
las Estructuras Histologicas del Estdbmago en Ratas Wistar

Sabo, I. J. R}, Tanja Z. Lakic 23 Ivan D. Capo’; Bojana M. Andrejic-Visnjic *; Milica Matavulj * & Matilda A. Djolai 2

SABO, I. J. R.; LAKIC, T. Z.; CAPO, I. D.; ANDREJIC-VISNJIC, B. M.; MATAVULJ, M. & DJOLAI, M. A. Effects of acute
oral exposure to acrylamide on histological structures of the stomach in WistértratsMorphol., 39(4p63-968, 2021.

SUMMARY: Acrylamide is a toxic chemical substance with wide implementation in chemical industry. In 2002 the presence of
acrylamide was discovered in foods rich in starch which are prepared at high temperatures. The aim of this study wagat tineesti
histopathological changes in the gastric tissue in Wistar rats induced with injection of oral acrylamide. The researcadias €arr
groups of 5 animals (Wistar rats), two control groups and four experimental groups. Histological changes in the stonohdtisissue
rats are seen as a direct slight damage of the surface epithelium, accompanynig inflammatory reaction and renewal lifithe epithe
Examined inflammatory and degenerative parameters show a positive correlation with respect to dose and time of expgkiticidéo ac
Knowing the mechanism of action of these toxic substances, allows to apply adequate prevention in nutrition and makeadia appropr
choice of therapeutic methods.
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INTRODUCTION

The first knowledge about acrylamide comes fronaim of the study was to determine whether acute acrylamide
Moure in 1893, when he produced it in Germany. Since 195featment causes qualitative and quantitative changes in the
itis in commercial use in the chemical industry (Aguilar &histological structure of the stomach in Wistar rats.

San Roman, 2019). In 2002, the accidental discovery of

certain amounts of acrylamide are found in starch-rich foods

such as: French fries, chips, bread, biscuits, as well as MATERIAL AND METHOD

foods prepared at very high temperatures by baking and

frying (Dutra Caldas & Oliveira Jardim, 2012). The harmful

effects of acrylamide are numerous: it causes axon damagsrylamide Preparation. The experimental study has been
(Ewaleifohet al, 2012), itis classified as proven carcinogempplied a solution of acrylamide in distilled water (99 %
in experimental animals (Seat al, 2012), it leads to pure, Sigma Chemical Co., St. Louis, MO, USA). The
pathological embryogenesis (Marchedtial, 2009) and preparation was administered in a dose of 25 mg/kg and 50
reduction in the body weight of newborns (Takahashl, = mg/kg of animal body weight.

2008). There are just few proven effects of acrylamide on

gastric tissue. Cases of accidental oral poisoning with larg&perimental Animals. The experiment, which was
amounts of acrylamide have been reported, when one of {&rformed at the Department of Biology and Ecology of the
most visible effects was marked damage gastrointestirdculty of Science in Novi Sad, included 30 male Wistar
mucosa with extensive bleeding (Sadlal, 2012). The rats. The study was carried out with the approval of the Ethics
specific way of life nowadays with frequent use of "fasCommittee to safeguard the welfare of experimental animals,
food", which is rich in acrylamide, represents great risk. Thgniversity of Novi Sad (number 1-2011-03), as well as
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respecting the recommendations of the NIH (Nationand density of lymphocytes/granulocytes in the gastric mu-
Institutes of Health, USA) "Guide for the Care and Use afosa: 0-Absence of lymphocytes/granulocytes in the gastric
Laboratory Animals”. The animals were separated from tlmeucosa; 1-presence of lymphocytes/granulocytes in the la-
mother on the 22nd day after birth, measured and equalizatha propria of the gastric mucosa in the form of a mild
in body weight. The individuals were divided into six groupdnfiltrate; 2-presence of lymphocytes/granulocytes in the
two control (treated with distilled water in the amount of 5€amina propria gastric mucosa in the form of a medium-
pl for 24 and 72 h) and four experimental groups (treatetense infiltrate; 3-presence of lymphocytes in the lamina
with acrylamide dose of 25 and 50 mg/kg body weight fgsropria of the gastric mucosa in the form of a dense infiltrate/
24 and 72h) with five individuals in each group. During th@resence of granulocytes in the glands.
experiment, the individuals were kept in plastic cages, under
controlled conditions, for 12 h of light, 12 h of darknessStereological Analysis.Stereological measurements were
room temperature 222°C. Palletized food and water wereperformed using a multi-purpose network Weibel test system
available to the animals ad libitum. In all study groups, thié42 built into the ocular of the microscope. The stereological
solutions were administered orally, via a one-day applicati@uantities that were determined were the volume density of
in a total volume of 5@, on the day of application at 8 andindividual phases of gastric tissue. Appropriate magnification
30 hin the morning. On the day of sacrifice, neither distilleLOx ocular and 40x lens) was selected and then analysis
water nor acrylamide solution was administered to th@as performed on six visual fields, on two non-adjacent
animals. The animals were killed at 9:00 a.m., after diethijistological sections. The first field on the cut was chosen
ether vapor anesthesia was administered. by the method of random selection, and the adjacent five
fields, respecting the principles of orientation in stereology
Sampling and histological processing of material#\fter ~ towards free lines. The obtained values are then included in
killing the animals, all samples were fixed in 10 % formalinthe formula: Vdf=Pf/Pt for calculating the volume density
pH 7.2. After fixation, three sections were taken from th@/df-phases volume density, Pf-number of phases points,
stomachs of all examined groups, so that all three anatomiBainumber of test system points) .
and histological regions were included: | segment-cardia, Il
segment-corpus, lll segment-pylorus. After fixation, whictstatistical data processingStatistical data processing was
lasted 24 h, the sections were first kept in 70 % ethyl alcperformed using IBM SPSS Statistics 21. The mean values,
hol for 32 days at 4 °C, then 24 h in 95 % and 23 h in 100 $tandard deviation (standard error SE), statistical significance
ethyl alcohol. After the blocks were formed, all sections weref the obtained parameters (T test) and Spearman's
cut with a Reichert microtome into 5 mm thick sectionscorrelation of all quantitative parameters were calculated.
The sections were then stained with standard hematoxyldiven the sample size and distribution of values within
and eosin staining. Standard histochemical staining with tlyeoups, nonparametric tests were used to assess differences
PAS-AB method was used to visualize intracytoplasmicetween groups: the Mann-Whitney U test to compare the
mucins. After laboratory processing of the materialtwo groups and the Kruskal-Wallis test to compare the results
gualitative and quantitative analysis of samples wasf three or more groups.
performed. Quantification of the given parameters was done:
by semi quantitative measurements and quantitative
stereological measurements. By qualitative, histologic®ESULTS
analysis, all samples were examined under a BIO OPTICA-
ITALY light microscope, using magnifications of 4, 10, 20
and 40x and 10x magnification of the lens and analyzed aSémi quantitative histological analysis Experimental
sought changes in histological parameters "under eye cameups treated with acrylamide in all doses, as well as in all
trol". Photomicrographs were taken using a Leica DM 20Q@me periods show AB positivity (the highest results was in
LED microscope and a Leica DFC 420 camera. AA50/72 group) (Fig. 1). Rare and sporadic lymphocytes
were present in the experimental groups AA25/72 and AA50/
Semi quantitative analysis. Semi quantitative 24. Granulocytes in the control groups and experimental
measurements were used to analyze: mucin type, presegoaup AA25/24 are present in the lamina propria and rated
and density of lymphocytes and granulocytes in the gastficwhile in the experimental groups AA25/72, AA50/24 and
mucosa. Semi quantitative assessment of mucin type: AA50/72 the semi quantitative assessment of the presence
present PAS positivity; 1-present AB positivity in 0-33 % obf granulocytes in the lamina propria increases and ranges
preparation; 2-present AB positivity in 34-66 % offrom 1, 8 to 2. Statistical analysis of semi quantitatively
preparation; 3-present AB positivity in 67-100 % ofobtained parameters and comparison by individual groups
preparation. Semi quantitative assessment of the presedaenot show a statistically significant difference.
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Fig. 1. PAS-AB histochemical staining. A: K24-control group killed after 24 hours. B: K72-control group killed after 7Zha42a5/

24- experimental group exposed to acrylamide in dose of 25 mg/kg for 24 hours. D: AA25/72- experimental group exposedde acryla
in dose of 25 mg/kg for 72 hours. E: AA50/24- experimental group exposed to acrylamide in dose of 50 mg/kg for 24 ho& Z: AAS
experimental group exposed to acrylamide in dose of 50 mg/kg for 72 hours.

Results of stereological measurementShe values of in the groups treated with acrylamide shows a decrease. In
mucosal volume density in the acrylamide-treated groupdl groups treated with acrylamide, an increase in glandular
compared to the values in the control groups show a sliglilume density was observed in comparison to the control
increase. The volume density of the superficial epitheliugroups (Fig. 2), which was statistically significant for group
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Fig. 2. Volume density values. A: Vd gl-volume density of glands. B: Vd LamPr-volume density of lamina propria. C: Vd Lam
Musc-volume density of muscular lamina. D:Vd Submuc-volume density of submucosis. E: Vd Tun Musc-volume density of
muscular tunica. F: Vd Mitosis-volume density of cells in mitosis.
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AA 50/24 in relation to the K24 control group (p = 0.05; Whe muscular tunica was registered between groups AA25/
= 2,000). Among the mean values of glandular volum24 and AA 25/72 (p = 0.047; U = 3,000), as well as between
density, there is a statistically significant decrease in tlggoups AA 50/24 and AA 50/72 (p = 0.028; U = 2,000),
group AA50/72 in relation to the group AA50/24 (p = 0.028associated with a longer period of exposure to acrylamide.
U = 1,000). The volume density of lamina propria in th&he volume density of mitosis (Fig. 3) shows a statistically
acrylamide-treated groups show a decrease compared todlgmificant increase between the following groups: K24 and
values in the control groups (Fig. 2), which is statisticallAA 25/24 (p = 0.017; U = 0.500), K24 and AA 50/24 (p =
significant in the group AA 50/24 in relation to K24 (p =0.011; U =0.000), K72 and AA 25/72 p = 0.005; U = 0.000),
0.025; U = 1.000). There is a decrease in the volume dendfty2 and AA50 / 72 (p = 0.006; U = 0.000), AA 25/24 and
of the muscular lamina in the groups treated with acrylamid&A 50/24 (p = 0.039; U = 3,000), AA 25/72 and AA50/ 72
Submucosal volume density values in the acrylamide-treatgal= 0.006; U = 0.000), AA 50/24 and AA 50/72 (p = 0.010;
groups show a decrease. Among the mean values of the= 0.500), increasing with the dose and time of exposure
volume density of the submucosa, a statistically significatd acrylamide.

decrease was found in the experimental group AA 50/24 in

relation to the control group K24 (p = 0.014; U = 1,000). Aorrelations. Statistically significant correlations between
statistically significant difference in the volume density oéxamined parameters have been noted (Tables | and ).

D S 2 €t e E AN N

Fig. 3. Cells in mitosis, mucosa of stomach wall, HE, 200x. A: K24 B: K72C: AA25/24 D: AA25/72 E: AA50/24 F: AA50/72.

Table I. Correlations between the parameters obtained by semiquantitative analysis and the volume density of cellsnd prtsis a
of the gastric mucosa.

VdMitosis VdTunMuc VdEp Vdal VdLamPr VdLamMusc PAS-AB Ly Gr
PAS-AB 536 -.193 021 -.170 -.305 -.391 1.000 273 A71
.003* 316 913 377 .108 .036* - 152 .010*
Ly .096 -.020 -.115 014 -.068 -.277 273 1.000 .352
.620 917 552 944 .726 146 152 - .061
Gr 749 -.008 -.169 .165 -.564 -110 A71 .352 1.000
.000* .966 .380 392 .001* 571 .010* .061 -

*-p-statistical significance between listed parameters. PAS-AB-value of semi quantitative measurement of histologicaf {AB#A®. Ly- value of
semi quantitative measurement of lymphocytes in lamina propria mucosis. Gr- value of semi quantitative measurement dégrariatogya propria
mucosis. Vd Mitosis-volume density of cells in mitosis. Vd TunMuc-volume density of mucosis. Vd Ep-volume density of duggstfielaim. VdGI-
volume density of glands. Vd LamPr-volume density of lamina propria. Vd LamMusc-volume density of muscular lamina
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Table Il. Correlations between parameter values obtained Y., 2015). A study conducted on Wistar rats at the University

stereological measurements. of Novi Sad, which examined the effect of acrylamide on
vd vd vd vd vd heart muscle, reported an increase in both cardiomyocyte
TunMuc Ep Gl LanPr LamMusc  surface density and an increase in interstitial volume density
vd 1.000 -.054 914 -212 236 in treated animals (Injac, 2012). Mansetral present the
TunMuc - 782 000+ 270 217 results according to which the muscular layer of the gastric
VdEp -054  1.000 -.277 -057 107 wall is rich in the present inflammatory cellular infiltrate,
782 - 146 768 579 which may be a contributing factor in increasing the volume
VdGl o1 -277 1000 -.292 112 of the muscular compartment of the wall. However, the data
000" .146 - 124 562 of the study, Dobrolowslkt al., which examined the changes
vdLampr  -212  -.057 -.292 1000  -.004 in the small intestine tissue under the action of acrylamide,
270 768 124 - 082

indicate that there is a reduction in the muscle layer, which is

vd 236 107112 -004 1.000 again in contradiction with the results of our study (Furmaga-
LamMusc 217 579 562 982 - Jab?onskat al. 2012). The thickening of th lar |
vd _352  -033 -413 161 158 ab?on’skat al, ). The thickening of the muscu ar layer
Submuc 061 865 026 404 412 could be the cause of the appearance of stomach pain and at
vd .587 -125 -.432 -108 -.049 the same time a contributing factor to the appearance of
TunMusc .001* 519 019 577 801 discomfort on the part of the digestive tract. We determined
Vd Mitosis .086 063 174 -674 -.108 the type of mucin in gastric epithelial cells. Control groups
657 746 366  .000* 576 show the presence of neutral mucins, while in all experimen-

*- p-statistical significance between listed parameters. Vd TunMuc- volunt@l groups the presence of acidic mucins were confirmed. The
density of mucqsis. Vd Ep- volume density of superfitial epithelium. Wncrease in the presence of acidic mucins in superficial
Gl- volume density of glands. Vd LamPr- volume density of lamina pmpnaepithelial cells is a sign of insufficient maturity of mucus cells
VdLamMusc- volume density of muscular lamina. Vd Submuc- vqumZ . .
density of submucosis. Vd TunMusc- volume density of muscular tunic .SUZUky_etal-v 1981)-_The existence of an area Of Immature
Vd Mit- volume density of cells in mitosis. mucosa is one of the risks that increase the possibility of cancer
in that region (Tsiftsi®t al, 1980). The volume density of
mitosis in the gastric mucosa shows the reaction of the mu-
cosa to the damage in order to maintain homeostasis and
restore the damaged mucosa. A positive correlation was found

between the values of mitotic volume density and PAS-AB

f t'ﬁ‘[_mOd; mi fi\ﬁt-ﬁacletﬂ I'I?ﬁty:? with :jr?ade':_quate Ctarrgositivity, as well as the presence of granulocytes in the mu-
ornutrition affects the health otine human digestive systeiflyg, This correlation speaks in favor of the appearance of

Itis not uncommon for_rggular meals to be replaced by OI([)/amaged mucosa accompanied by inflammatory reaction, as
and fast food. In addition, large amounts of coffee are Il as the self-renew the damaged mucosa. &ajli(2011)
consumed, with the increasingly popular use of instant coff

. ®Bnducted a study on F344 rats following histopathological
('I_'areke_et al, 2000). So far, t_he effects of acrylamide on thghanges in the intestinal mucosa, where the results indicate
digestive system, especially the stomach, has be

) . 4 ) . t there is no statistically significant increase in proliferation.
insufficiently investigated and tested (Mottram & FrledmanA ysl9 P

2008). Histological VSiS | wud ided a bett study conducted in 2012 at Indiana University
). Histo ogical analysis In our study provided a betie Indianapolis), where male F344 rats were exposed to oral
more comprehensive insight into changes in gastric tiss

We noted increase of volume density of the gastric mucogafes of 15 mg/kg for 14 days, showed tissue proliferation,
what correlates with the research of Dobrowadskil (2012). In other organs: liver, thyroid and adrenal glands (Klaunig

Altinoz et al (2015) examined the effect of acrylamide 0r§Et al, 2008).
the small and large intestine of rats and found damage to the

superficial epithelium, which confirms our result of reduce ONCLUSION
volume density of the superficial epithelium. Researc
conducted in 2012 shows that the action of acrylamide on the
intestinal mucosa also leads to damage to the superficial
epithelium (Dobrowolsket al). Glandular volume density
in our sample shows an increase in acrylamide-treated gro

(increasing with dose and exposure time) confirming tr\%action with renewal of the epithelium. The effect of acutely

rDesbuIts ?fkf[hte lmw}la_r ﬂstud|e? (Mansoet ?I" 20|08;'d administered acrylamide on the stomach of Wistar rats,
obrowoiskieta ). The inflammatory reSponse 10 acrylamidegy, i, s 5 positive correlation with dose and length of exposure
were confirmed sporadically (Nagi al, 2014; Maronpogt

to acrylamide.

DISCUSSION

Acute treatment with acrylamide in the stomach
structures of Wistar rats caused mild direct damage of the
erficial epithelium accompanying acute inflammatory
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