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Abstract:

Aimed of this study was to determine the ameliorative effect of Mel, Vit.C and/or
it combination on acrylamide toxicities of Wistar rats (that ACR induced adrenal
disfunctions) by biochemical and histological changes. This study was designed
contain sixty male rats were divided into two periods, two groups in first period GA
(control group): 20 male rats given 5ml of distal water and GII (ACR group): fourty
male rats given ACR (0.5ug/kg BW/day) for 45 days. After 45 days the groups in the
first period divided into six group: GA (normal control): give distal water orally, GB
(positive control) give melatonin orally (5mg/kg BW/day), GC: ACR rats given distal
water orally, GD: ACR rats given Mel (5mg/kg BW/day), GE: rats of ACR given
Vit.C (200 mg/kg BW/day), GF: ACR rats given Mel+Vit.C (5+200 mg/kg BW/day)
for 21 days. The result of this study revealed that significant differences in serum
adernocorticosteroid hormone levels were recorded in all treated groups compared
with ACR-non treated group and still significantly higher compared with control. The
adrenal histological section in group treated with Mel showing the normal adrenal
gland with normal cells of zona glomerulosa, zona fasculuta and zona reticularus with
vacuolation and the adrenal gland of ACR-Vit.C group shows clear enlargement of its
cells with the clear vacuolation and enlarged nuclei that compared these results with
section of ACR treated group which still showing destructed cortex with destorted
cells of large pyknotic nuclei and vacuolation. The adrenal gland of GF treated by
doses of melatonin combination with vitamin C appeared clear capsule and normal
cellular nuclei with the enlarged and vacuolated glomeruloza cells in adrenal
histological section.
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Introduction:

Acrylamide defined as polyacrylamide of vinyl monomer for o, B-unsaturated and
have a chemical formula (CH,CH-CONHy,), it is a water soluble substance (Asha et
al., 2008 and Schwend et al., 2009). In foods, it is formed when cooked in high
temperature, the acrylamide levels have been reported as 3500 pg/kg in potato chips
and French fries. In April of 2002, it was detected firstly in foods and the results of
toxicity studies on animals indicate that carcinogenicity of acrylamide, toxic effects in
rodent caused on the nervous systems and reproductive while in the human causes
only neurotoxicity, for metabolism, two ways of acrylamide occurs either by

1



conjugation with glutathione or oxidation to glycidamide ( Arvanitoyannis and
Dionisopoulou, 2014).

Melatonin hormone is secretion in all types of bodily fluid (such as: saliva,
cerebrospinal fluid, aqueous humor of the anterior chamber, breast milk and in
follicular fluid) and in blood. Receptors for the melatonin are distributed in all organs,
tissues and in the brain (including the SCN): also present in the retina, spinal cord,
thymus, adrenal gland, pituitary gland, spleen, lungs, liver, kidney, testes, ovaries,
heart, blood vessel, and lymphocytes osteoblasts (Ishii et al., 2009 and Ikegami et al.,
2009). The most effective lipophilic antioxidant of melatonin has been proven to be
twice as active as vitamin C and E (it differs from other classic antioxidants), it has
proved to be better protected against mitochondrial oxidative stress and amphiphilic
properties (Lowes et al., 2013). Melatonin have stimulator actions on the another
important antioxidant intracellular synthesis such as glutathione (Winiarska et al.,
2006) and also its protection against oxidative damage of antioxidative enzyme
(Mayo et al., 2005).

Materials and Methods:

Animals housing: sixty adult male rats were used in this study. They were kept in animal
house under constant environmental condition for 2 weeks to acclimatization before
beginning of the experiment. Food and drinking water were provided ad libitum throughout
the experiment.

Design of experimental: In the first period, 60 adult male rats were divided into two groups

as follows:
1-Cont G (n=20): adult male rats administered distilled water daily by gavage for 45 days.

2- ACR G (n=40): adult male rats administrated ACR (5mg/kg BW/day) for 45 days by

gavage.

At the end of experimental period the animals of each group were divided into the
following subgroups: The control group was divided into two equal groups:

1- GA (-ve cont.): mature male rats (n=10) orally administrated distal water by gavage
for 21 days.

2- GB (+ve cont.): Mature male rats (n=10) orally administrated (5 mg/kg BW/day)
orally for 21 days by gavage.

The ACR group (n=40) divided into four equal subgroups:

3- GC (DW): Male rats (n=10) orally administrated distal water 2 ml by gavage for 21
days.

4- GD (Mel): Male rats (n=10) orally administrated Mel 5mg/kg BW/day dissolved in
2ml distal water by gavage for 21 days.



5- GE (Vit.C): Male rats (n=10) orally administrated Vit.C (200 mg/kg BW/day)
dissolved in 2ml distal water by gavage for 21 days.

6- GF (Mel &Vit.C): Male rats (n=10) orally administrated both Mel and Vit.C (5
mg/kg BW/day) dissolved in 2ml distal water by gavage for 21 days.

Anesthized the animals at the end of treated period (by using diethyl ether) and sacrificed.
By cardiac puncture the blood samples were collected directly into disposable test tube to
separated serum and stored at (-20°C). Excised the adrenal glands directly and fixed in 10%
of neutral buffered formalin for histological study (Luna, 1968).

Biochemical Measurements: these measurements were done on the separation serum by the
following:
Serum Corticosterone Concentration Estimation (ng/ml):

By use the corticosterone rat/mouse ELISA Kit, the principle of this kit consists from a
solid phase enzyme-linked immunosorbent assay (ELISA) depend on competitive binding
principle (Garrido et al., 2010).

The Procedure: Sufficient number of microplate wells prepared to calibrators and also
duplicates the samples. 10ul Dispensed of each control, calibrator and samples into
microplate wells. Incubation buffer (100ul) dispensed into each well. Then enzyme conjugate
(50 pl) added into each well. Incubated microplate for 2 hours on microplate mixer at room
temperature. Discarded the content of the wells and 4 times rinse the wells with diluted wash
solution and remove the wash solution as possible by microplate heating on absorbent paper.
Added 200ul substrate solution to each well. The microplate was incubated without shaking
for 3 min. in dark place at room temperature. 50ul of stop solution adding for the reaction
stopped. Last step the absorbance of wells read at 450 nm. within 15 min.

Results:

1- Acrylamide, Melatonin, Vitamin C and their combination effect on concentrations of

serum corticosterone in adult male rats:

Twenty one days after treatment for serum corticosterone concentrations revealed no
significant differences between ACR-Mel and ACR-Mel+Vit.C treated groups compared with
control while a significant (p<0.05) increased in serum corticosterone concentrations were
recorded in control+Mel treated, ACR-DW and ACR-Vit.C treated groups compared with
control and other treated groups and the high significant (p<0.05) value of corticosterone was

recorded in ACR-non treated group compared with control and other treated groups.



Table (1) Acrylamide, Melatonin, Vitamin C and its combination effect on serum

corticosterone concentrations in adult male rats (M+SD):

Parameters Corticosterone
Groups no/mi
GA(Cont.) 74.12+5.32°
G B (Cont +Mel) 77.90+5.91°
GC (DW) 103.98+ 4.78°
GD (Mel) 70.33+5.67°
GE (Vit.C) 85.39+5.32°"
GF (Mel+Vit.C) 77.96 +5.11°
LSD 6.03

2-Histological study of adrenal gland:

Figure (1) of adrenal gland section in the control group showed normal architecture
with normal layers. In figure (2) showed section of adrenal gland in the group treated with
ACR were destructed of cortex and destroyed cells of large pyknotic nuclei and vacuolation.
Figure (3) section of the normal adrenal gland in group treated with Mel showing normal cells
of zona glomerulosa, zona fasculuta and zona reticularus with vacuolation. Adrenal gland of
ACR-DW group appears destructed zona glomerulosa cells with large pyknotic nuclei and
vacuolation in figure (4). While in figure (5) the adrenal gland of Mel treated group showing
thick capsule, enlarged of cellular nuclei and vacuolation of zona glomerulosa cells and figure
(6) section of the adrenal gland in Vit.C group clear enlargement of its cells shows with the
enlarge nuclei and clear vacuolation. The adrenal gland of Mel+Vit.C appeared clear normal
capsule and cellular nuclei with the enlarged cells and vacuolated glomeruloza cells (Figure
7).



Figure (1): Section of adrenal gland in control group showed normal
capsule (C) with normal zona glomerulosa cells (ZG) which arranged
in irregular groups and cords like structures (H&E stain 400X).

Figure (2): Adrenal gland of ACR group showing destructed cortex
(C) with destorted cells (ZG) of large pyknotic nuclei and vacuolation
(H&E stain  400X).
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Figure (3): Adrenal gland of control+Mel male rats showing normal cells of ZG, ZF
and ZR with vacuolation (V), (stain H&E 100X).

i
Figure (4): Adrenal gland of DW group showing destructed ZG cells with large
pyknotic nuclei and vacuolation, (H&E stain ~ 400X).



Figure (5): Adrenal gland of Mel treated group showing thick capsule (cp) and enlarged
cellular nuclei and vacuolation of ZG cells, (H&E stain  400X).

Figure (6): Adrenal gland of Vit.C group shows clear enlargement of its cells with the
clear vacuolation (V) and enlarged nuclei (n), (H&E stain 400X)



Figure (7): section of adrenal gland in Mel+Vit.C, clear capsule (C) and normal cellular
nuclei (n) with the enlarged and vacuolated glomeruloza cells (v) (H&E stain 100X)

Discussion:

In the recent years, Acr is widely formation in the foods especially in food badly
preservative, and also in smaller doses the Acr uses in pharmaceutical and cosmetics
industries as additive synthetically. Acr have many disadvantages effects as chemical
products formation in foods by causes many damages for cells that healthy threating
human and animal. the results revealed a significant increase in corticosterone in
group 2 treated with (5 mg/kg BW) of ACR showed in table 1, this result
disagreement with study of Manna et al. (2006) who indicated that ACR
administration causes significant decrement in serum corticosterone, which
suggesting that the adrenal cortex undergoes sever effects and the ACR causes
disturbances in hypothalamus-pituitary-adrenal relationships.

Acrylamide causes stress factors after 45 day for male rats which can reveres by
melatonin treatment which causes decrease in all stress factors. ACR increase the
serum corticosterone concentrations in rats with respect to farm animals. The
physiological stress response results in release of glucocorticoid hormones such as
corticosterone. Whereas short-term activation of this response helps animals cope
with environmental stressors. However, sustained high levels of corticosterone due to
frequent or prolonged stressors can result in a number of stress-related pathologies
including suppression of reproduction and the immune system, metabolic
dysregulation and cognitive impairment (de Kloet et al., 2005 and Martin, 2009).

Direct scavenger roles of melatonin for free radical oxygen and nitrogen species
(OH, O, and NO) (Pohanka, 2011) and therefore uses Mel as anti-stressor for Acr
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disadvantage effects. These result agreed with Yamada (1990) who study the effect of
melatonin treatment for 10 days on function of adrenal gland in male rats, showed
decreased in the weight of adrenal gland treatments with melatonin in the highest dose
(30 mg/kg, s.c once daily for 10 days) and also significantly decreased in
corticosterone levels in serum while the lower doses (1, 5 and 15 mg/kg) had no
effect. Successive treatments with ACTH that increase of corticosterone levels in
adrenal gland were suppressed by simultaneous injections of melatonin. On the other
hand, melatonin treatment suppressed the increase in corticosterone levels induced by
ACTH. Stress led to involution of the thymus and hypertrophy of the adrenal glands
in active and especially in passive animals receiving physiological saline. Melatonin
partially or completely prevented involution of the thymus under stress conditions.
Stress had effect on the histological section of the adrenal glands in ACR-treated rats.
The rats receiving melatonin in doses of 0.5mg/kg decreased corticosteroid level and
enhance tissue of adrenal gland after stress exposure. Our results suggest that
melatonin modulates the hemodynamics and function of stress marker organs. These
results agreed with the results of Pertsov (2006) studied the effects of acute stress and
exogenous melatonin on stress marker organs when melatonin administration under
normal conditions for male rats that increased the relative weights of the thymus
(active rats) and adrenal glands (active and passive rats) receiving melatonin in doses
of 0.5 and 1 mg/kg decreased after stress exposure. And results suggest that melatonin
modulates the hemodynamics and function of stress marker organs and repair the
changes in the histology of adrenal tissues.

Vitamin C (ascorbic acid) storage in large amounts in the adrenal cortex by an
active transport mechanism which is concentrated in the adrenal cortex to 100-1000
times than concentration it in the serum. About 1% of the total body stores of the
vitamin C contains in the adrenal. The reason for these stores in the adrenal cortex is
not known; it is perhaps relevant that the one of the adrenal medulla enzymes
(dopamine Bhydroxylase) involved in catecholamine synthesis requires Vit.C. Vit.C is
released from the adrenal cortex to response for ACTH (Brandt and Shibberu, 2013).

A histological examination of the adrenal gland section of male rats treated with
ACR showed different pathological changes as show in figure (2) these results are
accorded with study by Karacaoglu et al. (2012) showed that furan administration
(substance that form in diet similar to the acrylamide formation) caused some
histopathological changes in the adrenal cortex such as infiltration of mononuclear
cell, hyperplasia and fibrosis. Influence of Adrenal injury may on the activity of
adrenal cortex hormones such as changes in level of serum corticosterone. In study of
both sexes of mice ( administered 2, 4, and 8 mg kg/day of furan for 2 years, that
reported furan caused elevation benign pheochromocytomas of the adrenal gland and
this was evidence of the carcinogenic activity of furan.

In the present study, the result revealed that melatonin significantly restores the
morphology of adrenal cortex distorted by ACR which induced stress and oxidative
damage in male rats. Therefore, it can play a promising role in reducing stress-
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induced damage (Stress is the one basic factor in the etiology of many diseases). It
can stimulate numerous pathways leading to an increased production of the oxidants
adding to the oxidant burden associated with normal aerobic metabolism and its
consequent damage to protein, DNA and lipid. For helping an organism to preserve its
stability during stress are hypothalamic-pituitary-adrenocortical (HPA) and
sympathoadrenomedullary system, both having adrenal glands as terminal effectors
(Petrovic-Kosanovic et al., 2012 ). In our study, melatonin could not restore the body
weight of the Streptozotocin (STZ) administered rats. Similar findings have been
observed by some of the previous studies performed (Anisimov et al., 2001 and
Bartness et al., 2002). It is believed that the sympathetic nervous system is
responsible for this mechanism by enhancing its effects on both the brown and white
adipose tissues, leading to their mobilization and dissipation of energy (Mahar et al.,
2012). It was also observed that melatonin could not restore the levels of serum
glucose in group C, but it was able to restore the morphology and reduce hypertrophy
of the cells of adrenal cortex. Enlargement of the adrenal cortex has been reported
after several types of chronic stress. Both adrenal hypertrophy and hyperplasia have
been reported during STZ induced diabetes (Mahar et al., 2012). Repeated exposure
to elevated plasma ACTH during chemical stress may stimulate zona fasciculata
growth and cause zona glomerulosa atrophy (Mansouri et al., 2001). Melatonin
significantly reduced the levels of serum ACTH in group C which were markedly
elevated by STZ in group B. This could be because melatonin reduces nitric oxide
generation within mitochondria, leading to decreased corticosteroid biosynthesis in rat
adrenal cells (Mahar et al., 2015).

Ascorbic acid (Vitamin C) is a powerful antioxidant, it is water-soluble substances.
Which are having a biological antioxidant, lowering the oxidative properties of lethal
substances. Vit.C has the ability to scavenge free radicals and form a strong defense
line in contradiction of the reactive oxygen species (ROS) that induce cellular
damage. These histopathological and ultrastructure changes in zona fasciculata cells
due to nicotine exposure, were reduced by vitamin C supplementation. In conclusion,
this study provided evidence that the harmful histological and ultrastructure changes
of nicotine on zona fasciculata in rats were ameliorated by vitamin C intake (Abdel-
Hamid, 2018).

In conclusion, Acr consumed for long-period (45 days) has a adverse effect
represented by inducing toxicity damage that affecting adrenal gland. Therefore, Acr
formation by processed food irregular consuming should be deeper studies and the
effect of the Mel and Vit.C uses in the treated the effect of Acr attempted alone each
or its combination to find safer and/or natural food additive for maintaining human
and animal’s health status.
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