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Abstract: Aluminium (Al) is a nonessential metal that exists widely throughout the
environment, and acute and chronic diseases are associated to it increased biological
availability. Melatonin (Mel) has been shown to be an effective antioxidant with
antitumor, anti-inflammatory, anti-excitatory, immunomodulatory, neuroprotective and
vasomotor effects. The aim of the present study was to examine the effect of Al exposure
on liver tissue, and the potential protective effects of Mel on the Al exposed liver tissue.
Wistar albino rats utilised were grouped as follows; Group I: control group given normal
saline intraperitoneally, group 1I: Mel control (injected 2% ethanol in normal saline
subcutaneously), group I1I: rats injected 10 mg/kg Mel subcutaneously, group 1V: rats
administered 5 mg/kg Alx(SQO4)s intraperitoneally, group V: rats concurrently injected
both Alx(SO4)3 and Mel. In the Al group, lipid peroxidation and protein carbonyl levels,
myeloperoxidase, lactate dehydrogenase, thromboplastic activities, glucose-6-phosphate
dehydrogenase activities increased, while liver glutathione level, superoxide dismutase,
glutathione peroxidase and glutathione-S-transferase activities decreased. From
histological analysis, the control rat tissues exhibited normal histological appearances. In
the group given solely Al, degenerative changes such as picnotic nuclei, lymphoid
infiltrate, hyperemia, necrotic areas, vacuolization and sinusoidal dilatations were
observed. These effects were reversed upon Mel administration. These findings indicate
that Mel is a likely useful agent against hepatotoxicity in Al induced liver damage.
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Ozet: Aliiminyum (Al), dogada yaygin olarak bulunan esansiyel olmayan bir metaldir ve
akut ve kronik hastaliklar bu elementin biyolojik olarak varligina bagl olarak artis
gostermektedir. Melatoninin  (Mel) antitiimér, antienflamatuar, anti uyarict,
immiinomodiilator, ndroprotektif ve vazomotor etkileri olan etkili bir antioksidan madde
oldugu gosterilmistir. Bu ¢alismanin amacit Al’nin karaciger dokusu iizerindeki etkilerini
ve Mel'in, Al verilen karaciger dokusu fizerindeki potansiyel koruyucu etkilerini
incelemektir. Calismada Wistar Albino ki siganlar bes gruba ayrilmigtir: Grup I:
intraperitoneal olarak fizyolojik su ¢ozeltisi verilen kontrol grubu, grup II: Mel kontrol
(deri altina fizyolojik su ¢ozeltisi iginde % 2 etanol enjekte edilen), grup III: subkutan 10
mg / kg Mel enjekte edilen siganlar, grup IV: intraperitoneal 5 mg / kg Alo(SO.); verilen
sicanlar, grup V: hem Al(SO4)3 hem de Mel enjekte edilen siganlar. Al grubu verilen
si¢anlarda lipit peroksidasyonu ve protein karbonil seviyeleri ile miyeloperoksidaz, laktat
dehidrojenaz, tromboplastik aktivite ve glukoz-6-fosfat dehidrojenaz aktivitelerinde artis
gozlenirken, karaciger glutatyon seviyesi, sliperoksit dismutaz, glutatyon peroksidaz ve
glutatyon-S-transferaz aktivitelerinde azalma gozlendi. Histolojik analiz sonuglarindan
kontrol grubu sigan dokularinin normal histolojik goriiniim sergiledikleri gézlenmistir.
Sadece Al verilen grupta piknotik ¢ekirdekler, lenfoid infiltrat, hiperemi, nekrotik alanlar,
vakuolizasyon ve siniizoidal dilatasyonlar gibi dejeneratif degisiklikler gézlenmistir. Bu
etkiler Mel uygulamasi ile tersine ¢evrilmistir. Elde edilen sonuglar Mel'in Al kaynakli
karaciger hasarinda hepatotoksisiteye kargt muhtemel bir ajan oldugunu gostermektedir.
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1. INTRODUCTION

Aluminium (Al) is widely found as
oxide, fluoride or silicate in soil, water and air.
It is the most widely used metals by humans. It
applicability cut across medicines (as antacids,
tablet coating or as adjuvant), food processing,
antiperspirants, additive in cosmetics among
others (Esparza et al., 2019). In animal, the most
common route of Al exposure is via food and
water. The prominent sources of this element are
corn, salt, yellow cheese, spices, tea, cosmetics,
ware, herbs and containers. Al is reported to
accumulate in all mammalian tissues such as
liver, bones, brain, muscles, heart, erythrocytes,
ovary, immune system and lungs. It has been
shown that aluminium sulfate [(Al2(SOa)s]
causes toxicity of the liver, kidneys and nervous
system of laboratory animals (Schetinger et al.,
1999; Gawish, 2005; Sun et al., 2015; Yu et al.,
2019). Liver is the major organ responsible for
metabolism, detoxification and secretory
functions of the body. However, the ease of Al
absorption by gastrointestinal tract result to its
rapid accumulates in the liver cells and
organelles. Gonzales et al. (2009) demonstrated
that the accumulation of Al in liver results to
harmful effects (Gonzalez et al., 2009). More so,
Al and its compounds may bind to DNA and
RNA, distort enzyme activities and function of
other biomolecules. In addition, Al has been
implicated to precipitate oxidative via lipid
peroxidation and increased generation of free
radical (Reiter, 2000; Karabulut-Bulan et al.,
2015;).

Antioxidants attenuate and prevent free
radical induced lipid peroxidation and chain
reaction. Melatonin (N-acetyl-5-
methoxytryptainine; Mel) is a highly lipophilic
small molecular size pineal gland hormone. It
crosses biologic membranes easily and can
reach all cellular compartments. Previous
studies suggest that Mel function as an
antioxidant and reduce oxidative damage in vivo
(Reiter and Maestroni, 1999; Reiter, 2003).
More so, several studies indicate that it
attenuated tissue injury (Esparza, 2003; Farias,
2012).
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The present study was aimed at
investigating the protective effect of Mel against
Al induced oxidative stress in rat liver, and to
determine the possible use of Mel in alleviating
Al induced damage, biochemically and
histologically.

2. MATERIAL AND METHODS
2.1. Experimental Design

Forty adult male Wistar albino rats of
230-250 g were acquired from the Experimental
Medical Research Institute of Istanbul
University (DETAE). The Animal Care and Use
Committee of Istanbul University reviewed and
approved the experimental protocols (Ethical
committee: 102/27.08.2009). All the rats were
confirmed to be clinically healthy and allowed
access to water and pelleted laboratory chow ad
libitum.

Randomly, the animals were divided
into five groups (n=8 per group). Group I:
control animals that received physiological
saline intraperitoneally; group Il: Mel control
group which were administered 2% ethanol in
normal saline subcutaneously; group IlI:
animals  administered 10 mg/kg Mel
subcutaneously; group IV: animals given 5
mg/kg Al2(SO4)s intraperitoneally; group V:
animals simultaneously dosed with Al2(SOa)3
and Mel (Salido, 2013). The dosages were
administered to the animals three times per
week for one month according to the protocol of
our previous study Bulan et al., (2015). The
animals were anaesthetised with ketamine
hydrochloride (Ketalar, Pfizer, Istanbul,
Turkey) after the experimental period, and liver
tissues collected. All chemicals and reagents
used in the experiment are of analytical grade.

2.2. Biochemical Assays

Liver samples collected were stored at -
80 °C until needed for use. The frozen tissues
were allowed to gradually defrost, followed by
10% (w/v) homogenization in ice-cold saline
using a glass homogenizer. The homogenate
was thereafter centrifuged at 10,000g for 20
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min, and the clear supernatant was used for
estimation of protein, glutathione (GSH), lipid
peroxidation (LPO), protein carbonyl (PC)
levels, in addition to enzyme activities. The liver
tissue GSH, LPO and PC levels were
determined according to the method of Beutler
(1975), Ledwozyw et al. (1986) and Levine et al.
(1990) respectively. Myeloperoxidase (MPO)
was determined according to the method of Weli
and Frenke (1991), lactate dehydrogenase
(LDH) according to the method of Wroblewski
(1957), tissue factor (TF) according to the
Quick’s one-stage method (Ingram and Hills M,
1976), glutathione peroxidase (GPx) according
to the method of Paglia and Valentine (1967)
and modified by Wendel (1981), glutathione-S-
transferase (GST) according to the Habig and
Jacoby (1981), glucose-6-phosphate
dehydrogenase (G6PDH) according to the Betke
et al. (1967) and superoxide dismutase (SOD)
according to the Mylorie et al. (1981). Protein
levels were assayed by the method of Lowry et
al. (1957) using serum albumin as standard.

2.3. Histopathology

For light microscopic investigations, the
collected liver samples were fixed in Bouin’s
fixative, followed by dehydration with alcohol,
before  being embedded in  paraffin.
Histopathological scoring was done following
the staining of 5 um section of liver tissue with
haematoxylin and eosin (H&E). By examining
five randomly selected areas at x400
magnification, the semi-quantitative
histological assessment of liver damage was
done using modified histological criteria
described by Belaid-Nouira et al. (2013). Using
a scale 0 to 4 (0: none; 1: mild; 2: moderate; 3:
severe and 4: very severe) for the criteria, liver
injury was assessed based on disrupted
arrangement  of  hepatocytes,  sinusoidal
dilatation, hyperemia, vacuolisation, lymphoid
infiltrate, pyknotic nuclei, and disruption of the
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hepatic cords. The observed sections were
photographed with Olympus DP71 digital
camera fitted to Olympus CX41 microscope.

2.3. Statistical Analysis

The data of this study are expressed as
mean + standard deviation (SD). Results from
histological study were analysed by one-way
analysis of variance (ANOVA) using Graph-
Pad Prism 3.0 program (GraphPad Software,
San Diego, CA, USA). Tukey’s multiple
comparisons test was used to determine
difference between groups. The NCSS statistical
package was employed for unpaired t test and
analysis of variance of biochemical data.
Significant differences considered/taken at p <
0.05.

3. RESULTS
3.1. Biochemical Results

The liver GSH, LPO and PC levels are
presented in Table 1. Compared to the control
group, the GSH level of Al group decreased
significantly (p < 0.005). Administration of Mel
to the Al group reversed this effect, and brought
about significant elevation GSH (p < 0.001).
More so, the tissue levels of LPO and PC were
significantly elevated in Al administered group
in comparison to control (p < 0.05, p < 0.05).
However, treatment with Mel resulted to
statistically insignificant decrease of LPO, while
PC levels were significantly decreased (p <
0.05).

The MPO, LDH and TF activity of liver
samples are given in Table 2. In comparison to
the control group, a significantly higher activity
of MPO and LDH was observed in the Al
administered group (p < 0.05, p < 0.05). The
administration of Mel to the Al group resulted to
a significant decrease of both MPO and LDH
activity (p < 0.05, p <0.0001).
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Table 1. Liver glutathione (GSH), lipid peroxidation (LPO) and protein carbonyl (PC) levels for all

groups.

Groups GSH LPO PC
(U/mg prot)* (U/mg prot)* (nmol/mg prot)*
Control 7.92 +£3.50 1.41 +0.80 0.12£0.06
Control + Mel 4.68 £3.25 2.33+1.04 0.11 £0.03
Mel 7.28 £1.89 2.54+1.29 0.12+0.11
Al 1.66 +0.932 2.54 £0.48¢ 0.76 £ 0.15°
Al + Mel 9.51 +1.48° 2.05+0.73 0.19+0.11¢
Panova 0.001 0.227 0.0001
*Mean =+ SD

8P < 0.005 versus control group
bP < 0.001 versus Al group

°P < 0.05 versus control group
9P < 0.0001 versus Al group

Table 2. Liver myeloperoxidase (MPO), lactate dehydrogenase (LDH) and tissue factors (TF)

activities for all groups.

Groups M_PO LDH TF

(U/g tissue)* (U/mg prot)* (sec)*
Control 1.09 +0.58 4.22+1.84 199.00 £ 40.99
Control + Mel 2.87+1.63 22.72 £31.27 234.15+31.93
Mel 1.99 +0.44 11.90 + 8.67 255.44 +51.00
Al 5.06 +2.00% 13.89 £3.47° 167.29 + 29.492
Al + Mel 1.49+0.31° 7.53 +£3.01°¢ 205.43 +27.39°
Panova 0.001 0.447 0.001

*Mean = SD

4P < 0.05 versus control group
bP < 0.05 versus Al group

°P < 0.0001 versus control group

Table 3. Liver glucose-6-phpsphate dehydrogenase (G6PDH), superoxide dismutase activities
(SOD), glutathione peroxidase (GPx) and glutathione-S-transferase (GST) activities for all groups.

Groups G6PDH SOD GPx

(mU/mg prot)* (U/mg prot)* (U/mg prot)*
Control 17.19 £ 6.67 8.06 +2.49 17.95 £+ 5.69
Control + Mel 26.34 +£12.50 4.58+2.77 17.14+£1.22
Mel 20.96 +9.00 4.74+£2.42 23.70+11.14
Al 23.54 + 4.162 3.20+£1.922 9.67 £2.452
Al + Mel 16.88 + 0.89° 13.91 +5.30° 16.06 + 3.88°
Panova 0.232 0.0001 0.080

*Mean + SD

P < 0.05 versus control group

bp < 0.05 versus Al group
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Furthermore, the significantly
diminished TF activity of Al group (p < 0.05)
was restored in Al+Mel group to a level
significantly higher than that of control animals
(p <0.05).

The activities of G6PDH, SOD, GPx and
GST are presented in Table 3. The
administration of Al resulted to significantly
elevated liver GGBPDH activity (p < 0.05), which
was significantly decreased in the Mel treated
Al group (p < 0.05). On the other hand,
significantly reduced SOD, GPx and GST
activity in Al given group was observed
compared to control (p < 0.05). Nevertheless,
Mel dosing significantly increased the activity
of these enzymes (p < 0.05).

3.2. Histopathological Results

Normal lobular  architect  and
hepatocytes arranged in cords encircling the
central canal, which is a depiction normal
histology was observed in both control and Mel

AL oy

control rats (Fig. 1A, 1B). The group injected
solely Mel showed no histological variation
from the control groups (Fig. 1C). In
comparison to control groups, degenerative
changes such as dilated and distorted sinusoids,
pycnotic nuclei, lymphoid infiltrate, hyperemia,
necrotic  areas, = moderate  cytoplasmic
vacuolization and disruption of the hepatic cords
histo-architecture were observed in animals
solely administered Al (Fig. 1D, 1E).
Microscopic analysis of tissue sections from
Al+Mel treated group demonstrated ameliorated
effect of Mel on liver damage (Fig.1F). The Al
administered group exhibited significantly
higher histological damage scores when
compared to control (P <0.05). Though the
damage scores of the Al+Mel group were
significantly lower than that of Al group (°P
<0.01) (Fig. 2), the scores of the Mel treated Al
group (Group V) was still significantly higher
than that of the control and Mel control group
(P<0.05). This demonstrates that Mel has
potentials in  attenuating Al  induced

hepatotoxicity.

Fig 1. Normal histological appearance of the liver in control (A), control of melatonin (B) and
melatonin (C) groups. The histological appearanceof the liver of aluminium-administered group (D,
E). Sinusoidal dilatations (%), pycnotic nuclei (=), vacuolization (»), necrotic areas (»), lymphoid
infiltrate ( ~), hyperemia (H). Histological appearance of the liver of rats given aluminium and

melatonin (F). Hematoxilen-Eosin, Bar: 100 pm.
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4. DISCUSSION

Al and Al salts accumulate in the liver
following an intravenous or oral administration;
this is despite being the main organ involved in
the detoxification and excretion exogenous and
endogenous xenobiotics (Spencer et al., 1995).
Thus, Al is associated with toxicity leading to
anaemia, impaired bone metabolism, neurologic
defects, hepatic disease etc.

GSH is a non-enzymatic biological
antioxidant in animals, whose reduced form
essential for cleansing of toxic substances. The
cellular damage and other detrimental effects
caused by free radicals generated via reactivate
oxygen species (ROS), peroxide or metal ions is
prevented by this peptide. The decreased liver
GSH levels observed in Al administered rats of
this study is suggested to be consequence of
GSH reserve depletion due to increased
oxidative stress. Mel supplementation helped
retain the levels of reduced GSH.

Among the critical manifestations of
metal induced oxidative damage is the increase
level of LPO. Al acts as a pro-oxidant and
significantly hastens iron-mediated LPO (Exley
et al., 2002 ). These result to distortion of
structure and function DNA and primarily
membrane proteins (Zatta et al., 2002). Thus,
elevated LPO levels ultimately leads to altered
cellular function (Béachli, 2000). In the present
study, an elevation in TF activity attributed to
inflamed hepatocytes membrane was observed
in the Al group when compared to the control.
But this effect was revered upon treatment with
Mel. Mel and its metabolites are reported to
display anti-inflammatory effects (Ma et al.,
2014). Therefore, reversal of TF activity by Mel
in the Al group may be due to it anti-
inflammatory ~ potency.  Yousef  (2004)
demonstrated that LPO in liver, kidney, brain
and testes increased when Al was administered
to rabbits. Similarly, Karabulut-Bulan et al.
(2015) and Bulan et al. (2015) stated that LPO
levels were amplified in small intestine and
kidney of Al treated rats. These reports are in
accordance with the findings of the present
study which indicated a significantly increased
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LPO in rats’ liver. The administration of Mel
curtailed these changes.

Among the primary targets of ROS are
cellular proteins components. ROS precipitate
the formation and accumulation of oxidized
protein products which might exhibits impaired
cellular function. The administration of Al in the
present study triggered substantial increase of
tissue PC levels. This is an indication that Al
administration potentiates oxidative stress and
PC generation in the liver. Conversely, Mel
halted the progression of PC levels, and as well
restored the normal functionality of hepatocytes.
Since the PC level correlates with the severity of
pathogenesis, the results of this work indicate
that Mel may serve as an antidote to Al toxicity
(Chevion et al., 2000).

Cell necrosis leads to a rise in
concentration of the LDH enzyme in tissues
such as liver, brain, kidney etc. It elevated
activity suggests cellular leakage or loss of cell
membranes functionality and integrity (Rajesh
and Latha, 2004). Therefore, assessment of this
enzyme serves as markers of hepatotoxicity
induced by endogenous or exogenous toxicants.
Some researcher reported that LDH activities
were increased during Al treatment (Bulan et al.,
2015). These reports are in agreement with the
present finding, where administration of Al
triggered a substantial upsurge in LDH activity.
Mel treatment decreased the increased LDH
activity in the Al group. Thereby, suggesting the
protective effect of Mel in maintaining of
hepatocyte  functionality and membrane
integrity.

Neutrophils are major effector cells
found in vast inflammatory diseases, and they
are also prospective sources of ROS. The
azurophilic granule enzyme called MPO is
principally found in  polymorphonuclear
leukocytes and is associated with inflammatory
processes (Kettle and Winterbourn, 1997). From
the finding of this study, it can be proposed that
Al induced neutrophil-dependent oxidative
damage to hepatocytes, since MPO activity was
observed to increase. Conversely, Mel treatment



TUNALI, KARABULUT BULAN, SARIKAYA UNAL & YANARDAG

obstructed neutrophil proliferation, ameliorated
the hepatocytes and decreased MPO activity.

The liver has a vital role in blood
coagulation and haemostasis. Distortion of
hepatocytes integrity is associated with distorted
TF;, a membrane glycoprotein that aid
coagulation in damaged vessels and tissues. The
increased TF levels are associated with lowered
blood clothing time as well as tissue injury.
Similar to the present finding, Al is reported to
activate in mice liver (Hammad et al., 2013;
Hacihasanoglu and Yanardag, 2015).

NADPH is produced in the first step of
HMP shunt from NADP™ by the action of G6PD,
which is the regulatory enzyme of this pathway.
The NADPH generated serves as a reducing
equivalent in some anabolic reactions and as a
donor of H atom in antioxidant defence system.
In the present study, Al administration induced
increased activity of liver G6PD. This indicates
an increased generation of NADPH + H* via
HMP shunt, so as to mitigate excessive
accumulation ROS and rather hasten
detoxification processes. Studies by Bulan et al.
(2015) showed that Al induced the elevation of
intestinal tissue G6PD level. Similarly, Martins
et al. (1986) reported an increased G6PD
activity in brain of rats receiving Al dosage. Just
like in the present study, the administration of
Mel reversed this effect by tangibly diminishing
G6PD activity of the Al administered group.

It is established that human have an
established antioxidant system which mop up
free radicals and ROS from the biological
system. The antioxidant enzymes which are
integral part of the antioxidant system play
integral role in the detoxification of peroxides
among other radicals. The results of this study
are in agreement with earlier report showing
decreased antioxidant enzyme activities
subsequent to Al treated. In our previous study,
a significant decrease of small intestinal CAT,
SOD and GPx activities in Al administered
group was reported, but the administration of
Mel prevented these changes (Bulan et al.,
2015). Other studies also found that Mel dosing
attenuated oxidative stress by increasing the
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activity of antioxidant enzymes (Rajesh and
Latha, 2004; Karabulut-Bulan, 2015).

Exposure to Al has been shown to
primarily affect the liver of experimental
animals and can possibility accumulate in the
liver (Bogdanovic et al., 2008; Zhu et al., 2013).
Its accumulation in the liver leads to cholestasis
(Sinska, 2004). More so, prolonged
intake/exposure is demonstrated to accelerate
senescence in adult mice liver (Buraimoh,
2012). This is likely due to the ability of Al to
disrupt hepatic cords and increase vacuolisation
of the liver, thus altering histoarchitecture
(Bhasin, 2014). Kutlubay et al. (2007) indicated
that Al administration resulted in the dilatation
and bleeding around sinusoids of liver, in
addition to spaces and impaired radial
arrangement of the hepatocytes of rats. These
findings agree with the histopathological
observations of the present study, in which
dilated and distorted sinusoids, picnotic nuclei,
lymphoid infiltrate, hyperemia, necrotic areas,
moderate  cytoplasmic  vacuolisation and
disruption of the hepatic cords were observed.
The liver of rats simultaneously exposed to Al
and vitamin E appeared to have normal
histological structure (Kutlubay et al., 2007).
Just like vitamin E, Mel which is small
lipophilic molecule acting as an antioxidant in
several oxidants related toxicological models
(Lietal., 2008). In one study, Mel was shown to
hinder Al induced oxidative alterations on the
liver and kidney of intact and ovariectomized
female rats (Contini et al., 2011). These findings
were similar to our observations. As a result, we
suggest that Mel is a potentially beneficial agent
for reducing Al induced hepatotoxicity.
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