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ABSTRACT

Sudies of the pathophysiological effects of suspected compounds are conducted in rodent species, especially rats
and mice, to determine the potential toxic effects of a particular compound. In the assessment of acrylamide (ACR)
which is available as a dietary compound in daily food stuffs, the potential toxicity was determined following the
method described earlier. In this study, Albino Wister rats were used and were observed for clinical abnormalities,
changes in food consumption, and symptoms of toxicity over a period of two months following the oral
administration of ACR. Among the parameters used to assess the effect of ACR were include ovarian
histopathology, blood sugar, haemogram and lipid profile. The most notable clinical abnormalities observed in a
few rats were a rough coat and decreased activity. None of the rats died or showedbehavioural change resulting
from treatment with ACR. The concentration of serum biochemical parameters and haemogram showed significant
differences between normal and treated rats. Histological examination of the ovaries of the treated rats showed
great abnormalities as well. In fact, oral ACR doses are practically toxic with regard to rats after exposure for two
months at a dose rate of 30 mg/kg, suggesting the compound is quite non-innocuous.
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INTRODUCTION

Determination of ovarian toxicity is very importdiet the evaluation of the safety of drugs and cicats, because
any abnormities in the ovaries indicates an impairmof the female reproductive capacity. Resultmir
morphological analysis of the ovaries, reported #ray deviation in the morphology of the folliclasd corpus
luteum resulting from a synchronized combinatiogtmirepresent a first indicator of ovarian toxidity.

Acrylamide (ACR) is a very small, hydrophilic molde. This means that it is easily transported thhmut the
body by passive diffusion [2]. Therefore, all tisstand organs are theoretically a target for AGEluding ovaries.
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Until 2002 it was believed that ACR exposure waly @ccupational and, to some extent, due to ciganoking,
water and cosmetics. In 2002 however, the Swedafohal Food Agency reported the presence of ACRidely

consumed food items such as biscuits, cerealsgdppesato chips, and any foodstuffs involving Mai#id reaction
asparagines and sugar heated to more than 200°C [3]

The cellular toxicity of ACR is initiated when & bio-transformed into a more potent and highlgtiga molecule.
Furthermore, the oxidative biotransformation of AGR cytochrome P450 2E1 (CYP2EL) is the most imgydrt
pathogenic pathway, resulting in glycidamide melisdownhich is more reactive towards proteins, imidhg
hemoglobin and DNA, than ACR itself [4, 5].

Studies have shown positive dose-response relatgdetween acrylamide exposure and cancer inraeve
hormone-sensitive organs such as mammary glandshandterus [6-9].Some data suggests that the expas
females may contribute to reproductive toxicitycidmses in fertility, as well as changes in pred aost-
implantation losses. This has been recorded in fmte and rats, at doses 15 mg/kg/day or greaterd[1].

Since ACR is present in a wide range of food itetitms,general population is at a high risk of expesbrough their
diet. Usually, toxicity tests are first done onraal models, typically rodents. These tests proinf@mation with

regard to the onset of toxic signs and the recowéthie survivors. This information is extremelytical because of
the potential of humans and animals to be expasedmpounds claiming to be therapeutic, but in felsich have
inherent toxic effects [12, 13].

Many studies have been conducted on the effect AGRhe male reproductive system, but little is knosbout
their effect on females. Accordingly, this studyshmen performed to evaluate the effect of varanses of ACR
on the ovary histopathology in female albino ratsaddition to testing some of the hematologicalpeeters and
lipid profiles of the experimental groups.

MATERIALS AND METHODS

Animals: The study was performed in the Faculty of Educat®chool of Science, Biology Department animal
house under standard laboratory conditions, 14dt®/tlark photoperiod at 23 + 2°C. Twenty four AlbiWister
rats weighing 280-300 g and aged6-8 weeks wereikgmilystyrene plastic cages. They were acclim&edbout
one week prior to the start of the experiment. dhienals had ad libitum access to water and dieutin the study.

Experimental Design: ACR was purchased from Sigma Aldrich and prepameddiO, pH 7.0, at room
temperature.

The animals were randomly divided into four grouges;h with 6 rats. These were group 1: contralgroats were
given distilled water only; group 2: low dose AQRts were given 2 mg/kg body weight; group 3: ndittse ACR,
rats were given 10 mg/kg body weight; group 4: hiljise ACR, rats were given 30 mg/kg of body weigthte

applied dose was selected according to the eatliely performed by Tyl and Friedman[14].

ACR and distilled water were given orally once & daing a force-feeding needle for exactly eightekse After
that period, the animals were anesthetized anddbias collected. Serum from non-heparinized bload wsed for
blood sugar and lipid profile tests (cholesternglyceride, HDL and LDL) using standard kit and asared using
an auto-analyzer (LISA 200, France). On the otleerdh heparinized blood was prepared in order tosareasome
hematological parameters such as RBC, MCV, HCT%BH®/BC, PLT, MCH, MCHC using an automated
hematocoulter (Beckman Coulter, Germany).

In addition, the ovaries were collected, fixed 8% formalin; routinely processed and sectioned -&t mm
thickness. The obtained tissue sections were mduwrieglass slides, deparaffinized and stained W#matoxylin
and Eosin stain(Thermo Fisher Scientific, USA)fallog the standard method. The sections were thamimed
and observed under a light microscope at 100X &dK4magnifications (Leica, Germany).

43



Kawa Amin et al Int J Med Res Health Sci. 2016, 5(7):42-48

Statistical Analysis

Statistical analysis of the obtained data was peréd using SPSS (Version 16) (SPSS Inc., ChicagA)UThe
results were expressed as mean + SD using an indepepaired t-test. The probability values of l#smn alpha
0.05 <0.05) were considered to be statistically significant.

RESULTS

Hematological Analysis: Results from the RBC count showed no significaffedénces between the control and
tested groups. Similarly, there were no significdifterences between the control and low dose glioupICV,
whereas, MCV in the mild dose group was signifibalttwer than in the control. Likely, no significadifferences
were recorded between the control and low dosepgrdn terms of HCT%, but the mild dose group was
significantly lower than the control (Table 1).

Table 1:Mean values and standard errors for some hmatological parameters in control, low and mild doe groups with significant
differences*p<0.05

Parameters | Control Low dose (2mg) Mild dose (10mg)
RBC*10"/I | 6.1886+0.09041 6.0429+0.12478 6.3886+0. 07392
MCV*fl 61.2143 £2.99559| 55.0571 +0.37152 53.942944P84 |
HCT % 39.7286+0.61556)  40.4000+0.95668 37.8571+®273
HGB g/dI 13.750+0.27295 14.3500+0.14083 13.56673824
WBC*10% | 7.4000 +0.20702 | 11.0000 +0.3618F 1 8.8429+0.164541
PLT*107/ 5.3814 +2.00510 | 4.3829 +2.35750 * | 5.2414 +1.33503 }*
MCHpg 20.2429+0.38101]  19.7000+0.14639 19.1286+034]
MCHC g/dl | 34.7714+0.22008  34.8714+0.23575 36.14224#191

There was no significant difference in terms of Hi@Rels when comparing the control with the low amittl dose
groups. On the other hand, the WBC count was s$ggmifly higher in both low and mild dose groups pamed
with the control group. Different from WBC, the PIcbunts in both low and mild groups were signifitafower

than in the control group. However, there wasnit significant difference between the control and liose groups
in regarding MCH, but there were significant dese=ain the mild dose group compared with the cbgtaup. No

significant differences were recorded in MCHC witemparing the control group with both the low anitirdose

groups.

Blood Sugar and Lipid Profiling: With regard to blood sugar levels, there were $iggmt increases in the low,
mild and high dose groups compared with the corgroup. Similarly, cholesterol levels were sigrafitly higher
in both the low and mild groups compared with tbatool group, but there were significant decreaseholesterol
levels in the high dose group compared with thetrobigroup. In spite of significant increases ir tiniglyceride
level of the low dose group compared to the corgroup, there were significant decreases in bothntiid and
high dose groups compared with the control groupth@ other hand, HDL levels in each of the lowldnaind high
dose groups were significantly lower as compareti thie control group. However, LDL levels in bottetiow and
mild dose groups were recorded as showing sigmifisgecreases when compared with the control groupthere
were no significant differences between the corgrml the high dose group in LDL levels (Table 2).

Table 2:Mean values and standard errors for bloodsgar and some lipid profile in control, low and mid dose groups with significant
differences*p<0.05

Parameters Control Low dose (2 mg) Mild dose (10mg) | High dose (30mg)
Blood sugar 157.67+4.51418 300.67+4.68093 1 200.67 +1.40633F | 212.00 +2.63312¢
Cholesterol mg/dl| 81.6667 +1.40633  121.33 +1.05409F 104.00+3.46410¢ 61.6667+1.05409 [
Triglyceride 74.8333+1.57938  92.1667+1.833B37 40.5000+2.26201 [ | 45.6667+0.21082
HDL 52.1667+0.83333| 44.5000+1.05672 1 46.1667+0.47726[* | 34.6667+0.55777 [
LDL 19.1667+1.35195| 36.0000+0.77460*%| 43.3333+1.28236"* | 19.3333+1.11555

Histopathology: The histopathological section of ovaries from tbatool negative group showed a normal texture
that contained follicles at different stages of elepment. Ovaries treated with low doses of ACRws the
apparent regression of follicles with fluid fillezvities (black arrows), whereas ovaries treatdtl wild doses of
ACR showed an obvious reduction in the number titfes (yellow arrow). On the other hand, ovariesated with
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high doses of ACR displayed a marked reductionthadegression of ovarian follicles, together wite atrophy of
the ovary and atretic follicle (red arrow) (Figure

Figure 1: Histopathological section of ovaries fromAlbino Wister rat stained with H & E illustrate: (A) Control neg ative showing normal
texture that contains follicles at different stage®f development, (B) Ovaries treated with low dosesf ACR, showing apparent regression
of follicles with fluid filled cavities (black arrows), (C) Ovaries treated with mild doses of ACR shwing obvious reduction in the number
of follicles (yellow arrow), and (D) Ovaries treate with high doses of ACR displaying a marked redudbn and the regression of ovarian
follicles, together with the atrophy of the ovary,n the given section showing only one atretic follle (red arrow). Scale bars; 100 um

DISCUSSION

The experimental screening method is essentialdardo establish the assessment toxicity andaffiof ACR. In
the current study, ACR causes significant increasabe levels of total cholesterol, LDL in bothwicand mild
doses, and similar effects on the triglyceride léndow doses of ACR as compared with the congr@up. Since
lipid metabolism, such as production of triglyceriand cholesterol synthesis, takes place partiallye liver and it
has been documented that ACR causes liver dam&gel§l], this leads to an increase in the synthesgasma
lipoproteins and high mobilization of lipids frorhet liver. Consequently, the results can be exptaimethe ACR
involvement in lipid peroxidation [17]. Low triglgride at mild and high ACR doses seems to be dutheo
inhibition of the production of cAMP, resulting frolow levels of insulin caused by ACR intake, felled by the
inhibition of both cAMP dependent protein kinaséiwaty and triglycerol decomposition [18]. Similaesults have
been recorded by Hammad [15] using 10mg and 30mB A 6weeks and El —Shafey [19]using 50mg/kg for 5
days. Data from a humber of investigators agrehb thié results of the present work [15, 20, 21]. &bwer, Teodor
with co-workers[17] reported similar results fotabcholesterol, LDL and triglyceride using 50 mg/ance a day
for 10 days.
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Most of the hematological parameters showed ndfignt changes in the groups treated with ACR caragd with
the control group. However, at mild doses of AQk, tevels of MCH, MCV, platelets, and HCT were digantly
lower than that found in the control group. Thulkd be described as microcytic hypochromic anej28.
Anemia is mediated by cytokines produced by inflaatory cells, which lead to decreases in iron abdits.
Microcytic hypochromic anemia mainly results frorar deficiency [23]and, to some degree, resultsnfahronic
disease[24]. Microcytic hypochromic anemia resfiltsn a depressed response to erythropoietin. Homyehies
mechanism may be important in chronic renal fajlurghich might happen as a consequence of ACR
administration[16]. On the other hand, inflammatzauses a change in the dynamics of iron reciiiomatron is
retained in the reticuloendothelial system (thecalbed reticuloendothelial block) rather than benejeased to
developing red cells in the marrow [24]. TarskiR9Q6) reported that ACR intake leads to decreasesythrocyte
membrane acid resistance and activate lipid peatixid[25]. Consistent with the current results,efRl. (2014)
and Osmaret al. (2016) reported significant decreases in HCT EA),

Total WBC were significantly higher than in the tmh group, indicating immune system activatiorflagting the
incidence of inflammation. Similar results haveheeported by Ghorbet al.[27], and there have been statistically
non-significant increases in WBC count recordedibywith co-workers[28].

Totankt al. (2007) and Galet al. (2010) reported low serum insulin levels in rasich had taken ACR, which
could be the reason for the high blood sugar leirelthe low, mild and high ACR dose groups of therent
study[29, 30].

Histopathological study of ovaries from AlbiViister rats stained with H & E illustrated that there aceobvious
changes in the normal texture of the control negatjroup and ovaries containing follicles at difierr stages of
development. At the same time, in the mild ACR dgseup, the ovaries showed an obvious reductioth@
number of follicles. The high ACR dose group reedah marked reduction and regression of ovaridiclfs,
together with the atrophy of the ovary and atrfdilicles. On the other hand, ovaries treated Wth doses of ACR
showed an apparent regression of follicles witldente of fluid-filled cavities.

Recently Saleh et al. [31]revealed that the testemcrylamide-fed rats showed decreased numbeeminsferous
tubules containing mature sperms and degeneratizages in sperm germ cell layers. Some spermsidérpal
cauda showed head deformity. Additionally, samesasshers demonstrated that in female, acrylamideced
cystic ovarian changes, degenerative changes @ geliuida, granulosa cells and oocytes. Post intgleon loss
and decrease in the number of full term fetuses ddtected. They also found that resorption sitesved necrotic
fetal tissue with vacuolation of amniotic cells.

CONCLUSION

In conclusion, the overall results of this studgegly demonstrate that the oral administration 6RAof various and
chronic doses (over 2 months’ duration) induced esérahavioral alterations, changes in lipid profilkyod sugar
and haemogram, with the regression of active osaia a significant adverse effect on the experiahemimals,
indicating that ACR offers a potential toxicity fite and health threatening features that indi¢ht# ACR should
be inhibited for consumption in humans.
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