Journal of American Science 2016;12(4)

http://www.jofamericanscience.org

Melatonin Versus N-Acetylcysteine In Acetaminophen Induced Hepatotoxicity & Nephrotoxicity and in
Metabolic Syndrome (Experimental Study)
Samah B. Ebaed, Sherif A. Shaltoot, Mary Boutros, Ahmed S. Mohamed, Mohanad M. Shehab.
Department of Pharmacology & Therapeutics, Benha Faculty of Medicine, Benha University, Egypt.
samahbahi2005@yahoo.com
Abstract: Acetaminophen is a widely used over-the-counter analgesic and antipyretic drug. Although considered
safe at therapeutic doses, at higher doses, acetaminophen produces hepatotoxicity and nephrotoxicity. The present
study is divided into two main parts: part I is devoted to investigate the contribution of free radical formation in
pathogenesis of the main pathological conditions associated with acute overdose of single dose of acetaminophen
(900 mg IP) in mice namely hepatotoxicity and nephrotoxicity after 4 and 24 hours of acetaminophen administration
and the possible protective effect of single dose of melatonin 10 mg/kg i.p or single dose of Nacetylcysteine150mg/kg i.p or in combination. Metabolic syndrome (MetS) is a cluster of pathophysiological
abnormalities including obesity, insulin resistance, impaired glucose tolerance, dyslipidemia and high blood
pressure. Part II of the present study was designed to investigate the implication of free radical formation in
pathogenesis of experimentally fructose induced metabolic syndrome in rats as well as the possible protective effect
of melatonin (25ug/ml/ day) versus N-acetylcystein (2g/kg/day). The obtained results in the current work in part I
revealed that induction of hepatoxicity and nephrotocity by acetaminophen resulted in significant increase of the
oxidative stress with increase in the hepatic and renal functions while administration of single dose of melatonin or
N-acetylsysteine decrease the oxidative stress parameters and decrease both hepatic and renal function while
combination between both drugs give significant improvement rather than each drug alone. Result of part II revealed
that induction of metabolic syndrome by 10% fructose for 8 weeks resulted in significant increase body weight,
arterial blood pressure, insulin level, fasting blood glucose, HOMA-IR index and lipid profiles at the end of the
study, while administration of melatoninor N-acetylcysteine significantly decrease all metabolic parameters with the
upper hand to melatonin.
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Renal insufficiency occurs in approximately 1–
2% of patients with APAP overdose. Data in a
retrospective case series of pediatric patients with
acetaminophen poisoning suggests that associated
nephrotoxicity may be more common in children and
adolescents (Boutis and Shannon, 2005).
Glutathione (GSH) is one of the most important
molecules in the cellular defense against chemically
reactive toxic compounds or oxidative stress. At
sufficiently high doses of AA, GSH becomes
depleted, leaving NAPQI free to bind to possibly
critical cellular proteins and to cause hepatic
necrosis. The toxicity of AA is, therefore, a function
of the amount of NAPQI formed and the availability
of hepatic GSH for detotixification of this toxic
metabolite (Dimova et al., 2007).
APAP may also cause hepatotoxicity by
mechanisms leading to the formation of reactive
oxygen species (ROS), such as superoxide anion (O2), hydrogen peroxide (H2O2) and hydroxyl radical
(HO), reactive nitrogen species (RNS), such as nitric

1. Introduction:
Acetaminophen
(paracetamol,
N-acetyl-paminophenol; APAP) (AA) is an analgesic and
antipyretic effects similar to those of aspirin and
ibuprofen. Unlike these other drugs, acetaminophen
has only weak anti-inflammatory properties
(Jaeschke and Bajt, 2006). According to the US
Food and Drug Administration, each week
approximately 50million adults in the United States
take acetaminophen-containing products (Litovitz et
al., 2005).
Although considered safe at therapeutic doses,
at higher doses, acetaminophen produces a
centrilobular hepatic necrosis that can be fatal.
Acetaminophen
poisoning
accounts
for
approximately one-half of all cases of acute liver
failure in the United States and Great Britain today.
The direct costs of acetaminophen overdose have
been estimated to be as high as US$87 million
annually (Larson et al., 2005).

88

Journal of American Science 2016;12(4)

http://www.jofamericanscience.org

oxide and peroxynitrite (ONOO-), and eroxidation
reaction products (Reid et al., 2006).
Eventually, oxidative damage causes an
increase in tissue levels of malondialdehyde (MDA)
which are the end products of lipid peroxidation
(Erdemir et al., 2011). Current evidence suggests
that oxidative stress with increased generation of
reactive oxygen species, depletion of reduced
glutathione (GSH) and lipid peroxidation play a
crucial role in the development of acetaminopheninduced renal damage (Liu et al., 2011).
Metabolic syndrome(MetS) is a cluster of
pathophysiological abnormalities including obesity,
insulin resistance, impaired glucose tolerance,
dyslipidemia and high blood pressure (Cai and Liu,
2012). Among adults, the prevalence of MetS was
recently estimated at 30% in the US, whereas a recent
study using National Health and Nutrition
Examination Survey (NHANES) 2001–2006 data
collected on adolescents estimated MetS prevalence
at 6.9% among boys and 3.9% among girls based on
National Cholesterol Education Program Adult
Treatment Panel III criteria (Ganji et al., 2011).
Although it is generally accepted that the main
pathogenic mechanism underlying the first level of
metabolic changes in patients with the metabolic
syndrome relies on insulin resistance, an abundance
of evidence demonstrating a close link among the
metabolic syndrome, a state of chronic low-level
inflammation and oxidative stress as second-level
abnormalities had emerged (Bonomini et al.,2015).
Melatonin is synthesized in the pineal gland
(Reiter, 1991c). After entering circulation melatonin
acts as endocrine factor and a chemical messenger of
light and darkness (circadian and circannual
pacemaker) (Reiter et al., 2001). Melatonin
receptors, MT1 (Mel1A) and MT2 (Mel1B), were
cloned from humans (Dubocovich et al., 1998,
2010). In vertebrates, the roles of melatonin are
numerous and include: regulating circadian rhythm
and acting as a neuromodulator, hormone, cytokine
and biological response modifier (Man et al., 2011).
It also affects brain, immune, gastrointestinal,
cardiovascular, renal, bone and endocrine functions,
and acts as an oncostatic and anti-aging molecule
(Leja-Szpak et al., 2010; Celinski et al., 2011).In
the gut it seems that melatonin plays significant roles
in regulating intestinal motility, the immune system,
GI secretion, and the release of peptides involved in
energy balance such as peptide YY (Aydin et al.,
2008). Melatonin was also shown to protect the colon
in different pathophysiological conditions; frequently
these protective effects involve activation of
antioxidative mechanisms.
Melatonin also acts through non-receptor
mediated mechanisms, for example serving as a

scavenger for reactive oxygen species and reactive
nitrogen species (Gomez-Moreno et al., 2010).
Melatonin, in addition to being a broad-spectrum
antioxidant, can also activate cytoprotective enzymes
(Rodriguez et al., 2004). At both physiological and
pharmacological concentrations melatonin attenuates
or counteracts oxidative stress, and regulates cellular
metabolism (Korkmaz et al., 2009). In addition to
these direct interactions with ROS, melatonin may
induce up regulation of the activity of antioxidants
and antioxidant enzymes, such as superoxide
dismutase (SOD), glutathione (GSH), glutathione
peroxidase (GPx) and glutathione reductase (GSR),
in the environment of oxidative stress (TomásZapico and Coto-Montes, 2005).
N-acetylcysteine (NAC) is a low molecular
weight compound (163.2 g/mol) administered to
neutralize the deleterious effects of free radicals.
NAC raises the intracellular concentration of cysteine
and hence of reduced glutathione (GSH), which acts
as an important endogenous antioxidant. Moreover,
NAC has direct scavenging properties in vitro against
hydroxyl radicals and hypochlorous acid (Brunet et
al., 2006).
N-acetylcysteine has an anti-inflammatory and
antioxidant properties already used in the clinical
setting, for example in acetaminophen intoxication,
idiopathic pulmonary fibrosis, bronchitis, ischemiareperfusion injury, cardiac injury and doxorubicin
cardiotoxicity (Samuni et al., 2013).
Animals and Experimental Design
Mice: 42 male, adult locally breading mice,
weighing between 25-30g at the beginning of the
study were used. Rats: 30 male adult albino rats,
weighing 180-250g at the beginning of the study
were used. They were obtained from animal house of
college of veterinary medicine, Benha University.
Before starting the experiment all animals were left
for 1 week to acclimatize. They were caged (6 per
cage) in fully ventilated room at room temperature in
pharmacology department, Benha faculty of
Medicine. They were allowed free access to food
(balanced diet) and water. They were used for vivo
experiments.
Part I:
Animal groups: each group contained 6 rats.
Group (I): The control group receive distilled
water intraperitoneal in comparative volume to the
tested drugs (n=6). Group (II): (acetaminophen-4h):
In this group, acetaminophen toxicity was induced in
mice by single dose of acetaminophen 900mg/kg
intraperitoneal
(i.p)
(n=6).
Group
(III):
(acetaminophen+melatonin-4 h): In this group
melatonin (10 mg/kg i.p) was administrated 30
minutes before induction of acetaminophen toxicity.
Group (IV): (acetaminophen+N-acetylcysteine-4h):
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In this group N-acetylcysteine (150mg/kg i.p) was
administrated 30 minutes before induction of
acetaminophen
toxicity.
Group
(V):
(acetaminophen+ melatonin +N-acetylcysteine-4h):
Both were administrated 30 minutes before induction
of acetaminophen toxicity. After 4 hours of
acetaminophen administration, all animals were
sacrificed by decapitation 1 ml blood sample was
collected from the site of decapitation and from
puncture of the retrobulbar sinus in glass test tubes.
All animals were dissected for liver and kidney. The
dissected organs were washed by saline. One kidney
and 1 g piece of liver were preserved in 10%
formalin to be used for histopathology. 0.2 g pieces
of liver and kidney were mixed with 5 ml of
phosphate buffer; they were used for formation of
tissue homogenates for determination of tissue GSH,
MDA. Group VI: (acetaminophen-24h): Animals
will be given the same drug as group II. Group VII:
(Acetaminophin+ melatonin-24h): Animals will be
given the same drugs as group III. Group VIII:
(Acetaminophen+N-acetylcysteine-24h):
Animals
will be given the same drugs as group IV. Group IX:
(Acetaminophen+ melatonin +N-acetylcysteine-24h):
Animals will be given the same drugs as group V.
Animals of groups VI &VII & VIII&IX were
subjected to the same treatments as previously
described in groups II&III &IV &V except that the
obtaining of blood samples and scarification were
performed after 24 hours of acetaminophin
administration.
2. Parameters of the experiment: Serum aspartate
aminotransferase (AST)(U/L), serum alanine
aminotransferase (ALT)(U/L), Blood urea nitrogen
(BUN) (mg/dl), creatinine concentrations(mg/dl),
Measurement of hepatic & renal tissue homogenate
content of malondialdehyde (MDA) (nmol/g.tissue)
&glutathione(GSH)(mmol/g.tissue),
histopathological examination of the liver, kidney
sections.
Part II:
Group (I): Normal control group: rats were allowed
free access to standard animal chow and tap water for
8 weeks. Group (II): (Fructose-induced metabolic
syndrome): This group received 10% fructose in
drinking solution for 8 weeks. Group (III):
(melatonin- treated group): This group received
melatonin (25 ug/ml/ day) with 10% fructose in the
drinking solution for 8 weeks. Group (IV): (Nacetylcysteine-treated group): This group received Nacetylcysteine (2g/kg/day in drinking solution) with
10% fructose in the drinking solution for 8 weeks.
The body weight of the rats was measured at the start
and at the end of the experiment (8 weeks), at the end
of the 8 weeks blood pressure was measured for all
rats. In the following morning, rats were over night

fasted for12-hours all animals were anesthetized with
diethyl ether inhalation and 5 ml blood sample was
obtained from retroorbital plexus.
Parameters of the experiment: Measurement of
body weight (g), systolic & diastolic arterial blood
pressure (mmHg), fasting serum insulin (µIU/mL),
fasting blood glucose levels (F.B.G) (mg/dl),
Calculation of HOMA IR index, cholesterol level
(mg/dL), triglyceride level (mg/dL), high density
lipoprotein (HDL) (mg/dL), low density lipoprotein
(LDL) (mg/dL), in the pancreatic tissue homogenate
of malondialdehyde& reduced glutathione.
Statistical analysis:
Data are presented as Mean
SE and
analyzed by one way ANOVA followed by Tuckey
Kramer post –test using Graph Pad prism software.
The p value of less than 0.05 was considered to be
statistically significant.
3.Results:
Result of part I:
Data in table (1,2): Showed that intraperitoneal
injection of single dose acetaminophen (900 mg/kg)
resulted in deterioration of the liver functions
evidenced by significant increase in the serum
concentration of AST & ALT at 4h, 24h from
acetaminophen administration concomitant with a
significant rise of the oxidative stress evidenced by
significant elevation in the malondialdehyde (MDA)
hepatic tissue homogenate with deterioration of the
level of natural antioxidant activity in the liver as
evidenced by significant decrease in the reduced
glutathione (GSH) in comparison to control group.
Administration of single dose of melatonin (10 mg/kg
i.p) or N-acetylcystein (150 mg/kg i.p) 30min before
induction of acetaminophen hepatoxicity partially
improved acetaminophen hepatotoxicity as evidenced
by significant reduction of AST, ALT
with
significant reduction of
the oxidative activity
evidenced by
significant reduction in
MDA
concentration and significant elevation of the GSH at
4h &24h from acetaminophen administration in
comparison to acetaminophen non- treated group but
without significance difference between both drugs.
Pretreatment of acetaminophen non treated group
with combination of both drugs melatonin (10
mg/kg i.p) +N-acetylcysteine (150 mg/kg i.p) 30 min
before giving them a single injection of AA
significantly reduced AST, ALT,
MDA
concentration with significant elevation of the GSH
in comparison to treatment with each drug alone.
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Data in table (3): Showed the effect of single
intraperitoneal injection of acetaminophen (900
mg/kg) on average concentration of serum
concentration (AST, ALT), (MDA& GSH) in the
hepatic tissue homogenate in normal adult mice at 4h,
24h of acetaminophen administration which revealed
that acetaminophen induced hepatotoxicity is more
prominent after 4 hours and relatively ameliorated
after 24 hours in untreated acetaminophen
administrated mice.

administration which revealed that on the contrary to
acetaminophen induced hepatotoxicity nephrotoxicity
was more prominent after 24h than 4h of drug
administration.
Result of part II:
There were insignificant changes in the body weight
during acclimatization period among all animals
participating in this experiment. The average total
body weight of the normal control animals was
203.3±25.8g. This value was not changed
significantly neither by induction of metabolic
syndrome by administration of 10% fructose in
drinking water for 8 weeks nor by administration of
the tested drugs(figure 17).

Data in table (4,5): Showed that intraperitoneal
injection of single dose acetaminophen (900 mg/kg)
resulted in deterioration of the kidney functions
evidenced by significant increase in the serum
concentration of urea & creatnine at 4h, 24h from
acetaminophen administration concomitant with a
significant rise of the oxidative stress evidenced by
significant elevation in the malondialdehyde (MDA)
renal tissue homogenate with deterioration of the
level of natural antioxidant activity in the kidney as
evidenced by significant decrease in the reduced
glutathione (GSH) renal tissue homogenate in
comparison to control group. Administration of
single dose of melatonin (10 mg/kg i.p) or Nacetylcystein (150 mg/kg i.p) 30min before induction
of acetaminophen nephrotoxicity partially improved
acetaminophen nephrotoxicity as evidenced by
significant reduction of urea, creatnine concentrations
with significant reduction of the oxidative activity
evidenced by
significant reduction in
MDA
concentration and significant elevation of the GSH
concentration at 4h &24h from acetaminophen
administration in comparison to acetaminophen nontreated group but without significance difference
between both drugs. Pretreatment of acetaminophen
non treated group with combination of both drugs
melatonin (10 mg/kg i.p) + N-acetylcysteine (150
mg/kg i.p) 30 min before giving them a single
injection of AA significantly reduced urea, creatnine,
MDA concentration with significant elevation of the
GSH in comparison to treatment with each drug
alone.

Data in table (7): Induction of metabolic syndrome
significantly elevated SBP, DBP.
Treatment with
melatonin (25ug/ml/day) normalized the blood pressure;
On the other hand, N-acetylcysteine treatment (2g/kg/day)
partially improved the hypertension induced by fructose
administration. Comparing the effect of melatonin and Nacetylcysteine on fructose induced hypertension revealed
that the former is more potent in ameliorating fructose
induced systolic hypertension by significant value of 6.4%

Data in table (8):showed that administration of (10%
L-fructose solution in drinking water for 8 weeks
resulted in significant increase in serum insulin level,
fasting blood glucose with consequence increase in
the HOMA-IR index which significantly decreased
after administration of melatonin (25ug/ml/day) or Nacetylcysteine (2g/kg/day). This indicate that either
melatonin or N-acetylcysteine partially ameliorated
the hyperinsulimeia and hyperglycemia induced by
fructose administration without significant difference
between them.
Data in table (9): showed that administration of
(10% L-fructose solution in drinking water for 8
weeks resulted in significant increase in the lipid
profiles. Either melatonin or N-acetylcysteine
treatment partially improved lipid profile without
significant difference between them.
Data in table (10): showed that administration of
(10% L-fructose solution in drinking water for 8
weeks resulted in significant rise of pancreatic tissue
homogenate (MDA) with decrease in pancreatic
tissue (GSH). Melatonin or N-acetylcysteine
administration decrease the pancreatic concentration
of MDA significantly while they increase glutathione
significantly in compared to non-treated fructose
group without significance difference to the normal
values
or
between
both
drugs.

Data in table (6): Showed the effect of single
intraperitoneal
injection
of
acetaminophen
(900mg/kg) on average concentration of serum (urea
&creatnine),(MDA&GSH)in renal tissue homogenate
in normal adult
mice at 4h, 24h after AA
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Table (1): Effect of prophylactic single dose of melatonin (10 mg/kg i.p) and N-acetylcysteine (150mg/kg i.p)
either singly or in combination on serum concentration of (aspartate & alanine transaminase), hepatic tissue
homogenate (malondialdehyde& reduced glutathione) 30 min before induction of hepatotoxicity by single
dose of acetaminophen (900 mg/kg i.p) in normal adult mice at 4h after acetaminophen administration (n=6):
Parameter
Group

Control group
Acetaminophen non-treated group.
% Change to control group.
Melatonin treated group.
% Change to control group
% Change to acetaminophen non- treated
group.
N-acetylcysteine treated group.
% Change to control group.
% Change to acetaminophen non- treated
group.
% Change to melatonin treated group.
Melatonin+ N-acetylcysteine treated group.
% Change to control group.
% Change to acetaminophen non- treated
group.
% Change to melatonin treated group.
% Change to N-acetylcysteine treated group.

AST(U/L)

ALT (U/L)

(Mean ± SE)

(Mean± SE)

MDA in the
hepatic tissue
homogenate
(nmol/g.tissue)
(Mean ± SE)

GSH in the
hepatic tissue
homogenate
(mmol/g.tissue)
(Mean ± SE)

109.2±3.5
388.8±29.4*
↑256.1%
259.7±4.1* +
↑137.8%
↓33.2%

47.3±3.2
130.5±18.3*
↑175.9%
81.7±4.9* +
↑72.7%
↓37.4%

1.4±0.07
8.7±0.8*
↑521.4%
5.1±0.7*+
↑264.3%
↓41.4%

37.8±1.2
13.8±1.2*
↓63.5%
20.7±1.4* +
↓45.2%
↑50%

264.7±12.6*+
↑142.4%
↓31.9%

82.7±4.3* +
↑74.8%
↓36.6%

6.1±0.6* +
↑335.7%
↓29.9%

24.3±0.8*+
↓35.7%
↑76.1%

↑1.9%
232.2±6.9*+ ¥£
↑112.6%
↓40.3%

↑1.2%
59.8±3.9*+ ¥£
↑26.4%
↓54.2%

↑19.6%
3.1±0.5*+ ¥ £
↑121.4%
↓64.4%

↑17.4%
29.5±1.1* + ¥ £
↓22%
↑113.8%

↓10.6%
↓12.3%

↓26.8%
↓27.7%

↓39.2%
↓49.2%

↑42.5%
↑21.4%

Data represented as Mean ± SE (n = 6):
* Significant difference with control group at p<0.05.
+ Significant difference with acetaminophen non-treated group at p<0.05.
¥ Significant difference with melatonin treated group at p<0.05.
£ Significant difference with N-acetylcysteine treated group at p<0.05.

Table (2): Effect of prophylactic single dose of melatonin (10mg/kg i.p) and N-acetylcysteine (150mg/kg i.p)
either singly or in combination on serum concentration of (aspartate & alanine transaminase), on hepatic
tissue homogenate (MDA& GSH) 30 min before induction of hepatotoxicity by single dose of acetaminophen
(900 mg/kg i.p) in normal adult mice at 24h after acetaminophen administration (n=6):
Parameter

AST(U/L)

ALT (U/L)

(Mean±SE)

(Mean±SE)

Group

Control group
Acetaminophen non-treated group.
% Change to control group.
Melatonin treated group.
% Change to control group
% Change to acetaminophen non- treated group.
N-acetylcysteinetreated group.
% Change to control group.
% Change to acetaminophen non- treated group.
% Change to melatonin treated group.

109.2±3.5
285.3±39.7*
↑161.3%
133.8±4.02* +
↑22.5%
↓53.1%
135.7±3.9* +
↑24.3%
↓52.4%
↑1.4%

47.3±3.2
106.8±5.2*
↑125.8%
67±4.3* +
↑41.7%
↓37.3%
68.8±4* +
↑45.5%
↓35.6%
↑2.7%

Melatonin+ N-acetylcysteinetreated group.
% Change to control group.
% Change to acetaminophen non- treated group.
% Change to melatonin treated group.
% Change to N-acetylcysteinetreated group.

117.2±6.8+ ¥ £
↑7.3%
↓58.9%
↓12.4%
↓13.6%

54±3.9+ ¥ £
↑14.2%
↓49.4%
↓19.4%
↓21.5%

Data represented as Mean ± SEM (n = 6)
* Significant difference with control group at p<0.05.
+ Significant difference with acetaminophen administrated group at p<0.05.
¥ Significant difference with melatonin treated group at p<0.05.
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MDA in the
hepatic tissue
homogenate
(nmol/g.tissue)
(Mean±SE)

GSH in the
hepatic tissue
homogenate
(mmol/g.tissue)
(Mean±SE)

1.4±0.07
3.9±0.15*
↑178.6%
2.3±0.13*+
↑64.3%
↓41.1%
2.7±0.14* +
↑92.9%
↓30.8%

37.8±1.2
20.3±1.6*
↓46.3%
29.3±1.2* +
↓22.5%
↑44.3%
33.3±2.2* +
↓11.9%
↑64%

↑17.4%
1.5±0.15+ ¥ £
↑7.1%
↓61.5%
↓34.8%
↓44.4%

↑13.7%
36±1.4+ ¥ £
↓4.8%
↑77.3%
↑22.9%
↑8.1%
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£ Significant difference with N-acetylcysteine treated group at p<0.05.

Table (3): Effect of single intraperitoneal injection of acetaminophen (900 mg/kg) on average (Mean ± SE)
concentration of serum concentration of (AST& ALT), (MDA & GSH) in the hepatic tissue homogenate in
normal adult mice at 4h, 24h of acetaminophen administration:
Parameter

Group/Time

Control group
Acetaminophen non-treated group
at 4h of acetaminophen
administration.
% Change to control group
Acetaminophen non -treated group
at 24h of acetaminophen
administration.
% Change to control group.
% Change to acetaminophen non-treated
group at 4h of acetaminophen
administration

AST
(U/L)
(Mean ± SE)

ALT
(U/L)
(Mean ± SE)

109.2±3.5

47.3±3.2

MDA in the
hepatic tissue
homogenate
(nmol/g.tissue)
(Mean ± SE)
1.4±0.07

GSH in the
hepatic tissue
homogenate
(mmol/g.tissue)
(Mean ± SE)
37.8±1.2

388.8±29.4*

130.5±7.3*

8.7±0.8*

13.8±1.2*

↑256.1%
285.3±19.7*$

↑175.9%
106.8±5.2*$

↑521.4%
3.9±0.15*$

↓63.5 %
20.3±1.6*$

↑161.3%
↓26.6%

↑125.8%
↓18.2%

↑178.6%
↓55.2%

↓46.3%
↑47.1%

Data represented as Mean ± SE (n = 6)
* Significant difference with control group at p<0.05.
$ Significant difference with acetaminophen non- treated group in which parameters measured after 4h from acetaminophen
administration at p<0.05.
Figure (2): A photomicrograph of a section in the liver of
acetamenophin toxicity group after 4h from acetaminophen
administration in a dose of (900mg/kg/i.p) showing extensive
central vein dilation and congestion, inflammatory foci,
hemorrhage (H&E X20).

Histological examination of the hepatic tissue of
different groups:

Figure (1): A photomicrograph of asection in the liver of a
control mice showing central veins with columns of normal
hepatocytes having abundant esinophilic cytoplasm, central
rounded nuclei separated by blood sinusoids) (H&Ex40)

Figure (3): A photomicrograph of a section in the liver of
melatonin treated group after 4h from acetaminophen
administration in a dose of (900mg/kg/i.p) showing decreased
in the central vein congestion, no hemorrhage, decreased
degeneration of hepatocytes, no inflammatory foci (H&E
X20).
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Figure (4): A photomicrograph of a section in the liver of Nacetylcystein treated group after 4h from acetaminophen
administration in a dose of (900mg/kg/i.p) showing moderate
central vein congestion, no hemorrhage, decreased
degeneration of hepatocytes &minimal inflammatory foci
(H&E X20).

Figure (7): A photomicrograph of a section in the liver of
melatonin treated group after 24h from acetaminophen
administration in a dose of (900mg/kg/i.p) showing decreased
central vein congestion, decreased hemorrhage), decreased
degeneration of hepatocytes, no inflammatory foci(H&E
X20).

Figure (5): A photomicrograph of a cut section in the liver of
melatonin + N-acetylcystein treated group after 4h from
acetaminophen administration in a dose of (900mg/kg/i.p)
showing mild central vein congestion, no hemorrhage,
minimal degeneration of hepatocytes & minimal
inflammatory foci (H&E X20).

Figure (8): A photomicrograph of a section in the liver of Nacetylcystein treated group after 24h from acetaminophen
administration in a dose of (900mg/kg/i.p)showing showing
portal tract with decreased portal vein congestion, decreased
hemorrhage, decreased degeneration of hepatocytes (H&E
X40).

Figure (9): A photomicrograph of a section in the liver of
melatonin +N-acetylcystein treated group after 24h from
acetaminophen administration in a dose of (900mg/kg/i.p)
showing minimal central vein congestion, no hemorrhage,
minimal vacculation of hepatocytes & no inflammatory foci
(H&E X20)

Figure (6): A photomicrograph of a section in the liver of
acetamenophin toxicity group after 24h from acetaminophen
administration in a dose of (900mg/kg/i.p) showing moderate
central vein dilation and congestion, moderate amount of
inflammatory foci, hemorrhage, degeneration of hepatocytes
(H&E X20).

Histological examination of the renal tissue of different
groups:
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showing mild decreased tubal vacculation & tubular necrosis
(H&E X40).

Figure (14): A photomicrograph of a tranverse section in the
kidney of melatonin + N-acteylcystein treated group after 4h
from acetaminophen administration in a dose of
(900mg/kg/i.p) showing moderate decrease tubular
vacculation (H&E X40).

Figure (10): A photomicrograph of a transverse section in
the kidney of a normal mice showing central glomeruli
surrounded by Bowman's space, normal renal tubules lined
by one layer of cuboidal epithelial cells (H&E X40).

Figure (15): A photomicrograph of atransverse section in the
kidney of acetaminophen toxicity group after 24h from
acetaminophen administration in a dose of (900mg/kg/i.p)
showing kidney with marked tubular necrosis &interstitial
congestion & inflammation (H&E X40)

Figure (11): A photomicrograph of a transverses section in
the kidney of acetaminophen toxicity group after 4h from
acetaminophen administration in a dose of (900mg/kg/i.p)
showing marked tubular vacculation (H&E X40).

Figure (16): A photomicrograph of a transverse section in
the kidney of melatonin treated group after 24h from
acetaminophen administration in a dose of (900mg/kg/i.p)
showing mild decreased tubal vacculation, tubular sloughing
necrosis (B)(H&E X40)

Figure (12): A photomicrograph of a transverse section in
the kidney of melatonin treated group- after 4h from
acetaminophen administration in a dose of (900mg/kg/i.p),
showing decreased tubal vacculation (H&E X40).

Figure (17): A photomicrograph of a transverse
section in the kidney of N-acteylcystein treated group
after 24h from acetaminophen administration in a dose
of (900mg/kg/i.p) showing mild decreased tubal
vacculation (A) (H&E X40)

Figure (13): A photomicrograph of a transverse section in
the kidney of N-acteylcystein treated group after 4h from
acetaminophen administration in a dose of (900mg/kg/i.p)
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Figure (18): A photomicrograph of a transverse
section in the kidney of melatonin + N-acteylcystein
treated group after 24h from acetaminophen
administration in a dose of (900mg/kg/i.p) showing
marked decreased tubular vacculation, no congestion or
inflammation (H&E X40)

Table (4): Effect of prophylactic single dose of melatonin (10 mg/kg i.p) and N-acetylcysteine (150mg/kg i.p)
either singly or in combination on renal tissue homogenate (malondialdehyde& reduced glutathione), serum
concentration of (urea &creatinine) 30min before induction of hepatotoxicity by single dose of acetaminophen
(900 mg/kg i.p) in normal adult albino mice at 4h after acetaminophen administration (n=6):
Parameter

Urea
(mg/dl)
(Mean ± SE)

Creatinine (mg/dl)
(Mean ± SE)

MDA in the
renal tissue
homogenate
(nmol/g.tissue)
(Mean ± SE)

GSH in the
renal tissue
homogenate
(mmol/g.tissue)
(Mean ± SE)

37.5±2.9
71.2±3.5*
↑89.9%
55.2±4.5*+
↑47.2%
↓22.5%
59.3±5.5* +
↑58.1%
↓16.7%
↑7.4%
39.7±3.1+ ¥ £
↑5.9%
↓44.2%
↓28.1%
↓33.1%

0.43±0.02
0.9±0.03*
↑109.3%
0.55±0.03*+
↑27.9%
↓38.9%
0.58±0.02*+
↑34.9%
↓35.6%
↑5.5%
0.45±0.01+ ¥ £
↑4.7%
↓50%
↓18.2%
↓22.4%

0.99±0.09
2.9±0.11*
↑192.9%
1.9±0.07* +
↑92%
↓34.5%
2.1±0.05* +
↑112.1%
↓27.6%
↑10.5%
1.2±0.08+ ¥ £
↑21.2%
↓58.6%
↓36.8%
↓42.9%

17.5±1.1
9.8±1.2*
↓44%
12.2±0.6*+
↓30.3%
↑24.5%
14±0.9* +
↓20%
↑42.8%
↑14.8%
17.2±0.98+ ¥ £
↓1.7%
↑75.5%
↑41%
↑7.5%

Group
Control group
Acetaminophen non-treated group.
% Change to control group.
Melatonin treated group.
% Change to control group
% Change to acetaminophen non- treated group.
N-acetylcysteine treated group.
% Change to control group.
% Change to acetaminophen non- treated group.
% Change to melatonin treated group.
Melatonin+ N-acetylcysteine treated group.
% Change to control group.
% Change to acetaminophen non- treated group.
% Change to melatonin treated group.
% Change to N-acetylcysteine treated group.

Data represented as Mean ± SEM (n = 6)
* Significant difference with control group at p<0.05.
+ Significant difference with acetaminophen administrated group at p<0.05.
¥ Significant difference with melatonin treated group at p<0.05.
£ Significant difference with N-acetylcysteine treated group at p<0.05.

Table (5): Effect of prophylactic single dose of melatonin (10 mg/kg i.p) and N-acetylcysteine (150mg/kg i.p)
either singly or in combination on renal tissue homogenate (malondialdehyde& reduced glutathione), serum
concentration of (urea &creatinine) 30min before induction of hepatotoxicity by single dose of acetaminophen
(900 mg/kg i.p) in normal adult albino mice at 24h after acetaminophen administration (n=6):
Parameter
Group
Control group
Acetaminophen non-treated group.
% Change to control group.
Melatonin treated group.
% Change to control group
% Change to acetaminophen non- treated group.
N-acetylcysteinetreated group.
% Change to control group.
% Change to acetaminophen non- treated group.
% Change to melatonin treated group.
Melatonin+ N-acetylcysteinetreated group.
% Change to control group.
% Change to acetaminophen non- treated group.

Urea
(mg/dl)
(Mean ± SE)

Creatnine (mg/dl)
(Mean ± SE)

MDA in the
renal tissue
homogenate
(nmol/g.tissue)
(Mean ± SE)

GSH in the
renal tissue
homogenate
(mmol/g.tissue)
(Mean ± SE)

37.5±2.9
95.7±13.5*

0.43±0.02
1.2±0.07*

0.99±0.09
3.8±0.12*

17.5±1.1
6±1.1*

↑155.2%
64.2±3.9* +
↑71.2%
↓32.9%
66.5±5.7* +
↑77.3%
↓30.5%
↑3.6%
47.1±3.3*+ ¥ £
↑25.6%
↓50.8%

↑179.1%
0.64±0.01*+
↑48.8%
↓46.7%
0.68±0.03* +
↑58.1%
↓43.3%
↑6.3%
0.56±0.02*+ ¥ £
↑30.2%
↓53.3%

↑283.8%
2.5±0.19* +
↑152.5%
↓34.2%
2.8±0.13* +
↑182.8%
↓26.3%
↑12%
1.6±0.1*+ ¥ £
↑61.6%
↓57.9%

↓65.7%
11.7±1.2* +
↓ 33.1%
↑95%
13.5±0.15* +
↓22.9%
↑125%
↑15.4%
15.3±0.88* + ¥ £
↓12.6%
↑155%

96

Journal of American Science 2016;12(4)

http://www.jofamericanscience.org

↓26.6%
↓29.2%

% Change to melatonin treated group.
% Change to N-acetylcysteinetreated group.

↓12.5%
↓17.6%

↓36%
↓42.9%

↑30.8%
↑13.3%

Data represented as Mean ± SEM (n = 6)
* Significant difference with control group at p<0.05.
+ Significant difference with acetaminophen administrated group at p<0.05.
¥ Significant difference with melatonin treated group at p<0.05.
£ Significant difference with N-acetylcysteine treated group at p<0.05.

Table (6): Effect of single intraperitoneal injection of acetaminophen (900 mg/kg) on average (Mean ± SE)
concentration of malondialdehyde & reduced glutathione in renal tissue homogenate, serum concentration of
urea &creatnin in normal adult albino mice at 4h, 24h after acetaminophen administration:
Parameter

Urea
(mg/dL)
(Mean ± SE)

Creatinine
(mg/dL)
(Mean ± SE)

MDA in the
renal tissue
homogenate
(nmol/g.tissue)
(Mean ± SE)

GSH in the
renal tissue
homogenate
(mmol/g.tissue)
(Mean ± SE)

Control group
Measured at 4h from the acetaminophen
injection
% Change to control group
Measured at 24h from the acetaminophen
injection
% Change to control group.
%Change to acetaminophen
administrated group after 4h.

0.99±0.09
2.9±0.11*

17.5±1.1
9.8±1.2*

37.5±2.9
71.2±3.5*

0.43±0.02
0.9±0.03*

↑193%
3.8±0.12*+
↑283.8%

↓44%
6±1.1*+
↓65.7%

↑90%
95.7±23.5*+
↑155.2%

↑110%
1.2±0.07*+
↑179%

↑31.1%

↓38.8%

↑34.5%

↑33.4%

Group/Time

Data represented as Mean ± SE (n = 6)
* Significant difference with control group at p<0.05.
$ Significant difference with acetaminophen non-treated group in which parameters measured after 4h from acetaminophen administration at
p<0.05.

Result of Part II:
1- The effect on body weight:

Figure (19): Showing the average (body weight /g) of the control group, metabolic syndrome induced group,
melatonin treated group, N-acetylcysteine-treated group at the start and at the end of the experiment (after 8 weeks)
Table (7): Effect of melatonin (25ug/ml/day) and N-acetylcysteine (2g/kg/day) administration for 8 weeks on arterial
blood pressure in fructose induced metabolic syndrome in rats by administration of (10%L-fructose solution in drinking
water for 8 weeks).
Parameter
Groups

Systolic blood pressure (mmHg)
(Mean ± SE)

Diastolic blood pressure
(mmHg) (Mean ± SE)

116.2±5.4
151.8±6.2*
↑30.6%
125.8±2.3+
↑8.3 %
↓17.1%
133.8±2.04*+ ¥
↑15.1%
↓11.9%
↑6.4%

78.3±5.7
108.7±9.5*
↑38.8%
88.2±5.1+
↑12.6%
↓18.9%
89.7±4.5*+
↑14.6%
↓17.5%
↑1.7%

Control group
Metabolic syndrome -non treated group
% Change to control group
Melatonin treated group
% Change to control group
% Change to Metabolic syndrome non-treated group
N-acetycysteine treated group
% Change to control group
% Change to Metabolic syndrome non- treated group
% Change to melatonin treated group

Data represented as Mean ± SE (n = 6)
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* Significant difference with control group at p<0.05
+ Significant difference with metabolic syndrome non treated group at p<0.05
¥ Significant difference with melatonin treated group p<0.05 Table (8): Effect of melatonin (25ug/ml/day) and N-acetylcysteine (2g/kg/day) administration for 8 weeks on
hyperinsulinemia parameters in fructose-induced metabolic syndrome in rats by administration of (10%L-fructose
solution in drinking water for 8 weeks).
Parameter
Group

Serum insulin level (µIU/ml)
(Mean ± SE)

Fasting blood glucose (mg/dl)
(Mean ± SE)

HOMA-IR Index
(Mean ± SE)

37.7±0.8
79±2.5*
↑ 109.5%
41.7±1.8* +
↑10.6%
↓ 47.2%

77±2.1
152.2±4.7*
↑ 97.7%
126.7±5.8*+
↑64.5%
↓16.8 %

7.2±0.4
29.7±1.6*
↑ 312.5%
13.1±0.9*+
↑81.9%
↓55.9%

44±2* +
↑16.7%
↓ 44.3%

136±4.8*+
↑76.6%
↓10.6%

14.8±0.4*+
↑105.6%
↓50.2%

↑5.5%

↑7.3%

↑13%

Control group
Metabolic syndrome non- treated group
% Change to control group
Melatonin treated group
% Change to control group
% Change to Metabolic syndrome non -treated
group
N-acetycysteine treated group
% Change to control group
% Change to Metabolic syndrome non- treated
group
% Change to melatonin treated group

Data represented as Mean ± SEM (n = 6)
* Significant difference with control group at p<0.05
+ Significant difference with metabolic syndrome non treated group at p<0.05
¥ Significant difference with melatonin treated group p<0.05 -

Table (9): Effect of melatonin (25ug/ml/day) and N-acetylcysteine (2g/kg/day) administration for 8 weeks on
lipid profiles parameters in fructose- induced metabolic syndrome in rats by administration of (10% Lfructose solution in drinking water for 8 weeks).
Parameter

Total cholesterol(mg/dl)
(Mean±SE)

Group
Control group
Metabolic syndrome -non treated
group
% Change to control group
Melatonin treated -fructose
administrated group
% Change to control group
% Change to Metabolic syndrome
non- treated group
N-acetycysteine treated -fructose
administrated group
% Change to control group
% Change to Metabolic syndrome non
-treated group
% Change to melatonin treated fructose administrated group

Triglyceride (mg/dl)
(Mean±SE)

106.8±2.1
229±3.2*

86.2±2.1
162.3±4.7*

LDL (mg/dl)
(Mean±SE)

HDL (mg/dl)
(Mean±SE)

47.6±2.9
147.4±3.9*

42±1.4
22.2±2.04*

↑114.4%
132.3±3.3*+

↑ 88.3%
103.7±1.8* +

↑ 209.7%
79.2±2.5* +

↓ 47.1%
26.7±1.4* +

↑23.9%
↓42.2%

↑20.3
↓36.1%

↑66.4%
↓46.3%

↓36.4%
↑20.3%

126.7±1.9*+

111.7±4.1* +

84.9±3.6*+

25.2±1.2*+

↑18.6%
↓44.7%

↑29.6%
↓31.2%

↑78.4
↓42.4%

↓40%
↑13.5%

↓4.2

↑7.7%

↑7.2%

↓5.6%

Data represented as Mean ± SEM (n = 6)
* Significant difference with control group at p<0.05
+ Significant difference with metabolic syndrome non treated group at p<0.05
¥ Significant difference with melatonin treated group p<0.05 -

Table (10): Effect of melatonin (25ug/ml/day) and N-acetylcysteine (2g/kg/day) administration for 8 weeks on
pancreatic tissue homogenate content of malondialdehyde and reduced glutathione in fructose- induced
metabolic syndrome in rats by administration of (10%L-fructose solution in drinking water for 8 weeks).
Parameter
Groups
Control group
Metabolic syndrome non- treated group
% Change to control group
Melatonin treated group
% Change to control group
% Change to Metabolic syndrome -non
treated group

MDA in the pancreatic tissue homogenate
(nmol/g.tissue) (Mean±SE)
7.8±1.2
14.7±1.03*
↑88.5%
8.3±1.2+
↑ 6.4%
↓43.5%
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GSH in pancreatic tissue homogenate
(mmol/g.tissue) (Mean±SE)
1.4±0.2
0.8±0.1*
↓42.9%
1 ±0.2+
↓28.6%
↑25%
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10.3±1.27+
↑32.1%
↓29.9%

1.3±0.2+
↓7.1%
↑62.5%

↑24.1%

↑30%

Data represented as Mean ± SE (n = 6)
* Significant difference with control group at p<0.05
+ Significant difference with metabolic syndrome non treated group at p<0.05
¥ Significant difference with melatonin treated group p<0.05.

might induce oxidative injury, including tissue lipid
peroxidation, enzyme inactivation, and changes in
cellular non-enzymatic and enzymatic antioxidant
defense systems and glutathione (GSH) status (Gu et
al., 2006).

4. Discussion:
Excessive use of paracetamol can damage multiple
organs, especially the liver and the kidney because
the former is the site of formation of the toxic
metabolites and the latter is the site of clearance
(James et al., 2005).

The above mentioned changes in the hepatic
biochemical parameters in non treated acetaminophen
administrated mice were associated with significant
elevation of malondialdehyde and reduction of
reduced glutathione level in hepatic tissue
homogenate. Such changes clearly reflect a state of
oxidative stress in the context of reduction of natural
antioxidant and elevated reactive free radicals
(Negre-Salvayreet al., 2010).

In the first part of this work, the effect of melatonin
and N-acetylcysteine were investigated on
acetaminophen hepatotoxicity and nephrotoxicity in
male adult albino mice. Such experimental animal
model was chosen in this work because it is
available, cheap, easy to handle and more sensitive
for induction of hepato& renal toxicity by
acetaminophen than other animal models (Walker et
al., 1975). Furthermore, recent work has shown that
the mechanisms of AA toxicity in humans are similar
to mice with early data demonstrated that rats are
resistant to AA toxicity (McGill et al., 2012).

This result in line with Abd-Allah et al. (2002) and
Ayman et al. (2003) who demonstrated the elevated
level of MDA in paracetamol hepatotoxicity and Reid
et al. (2006) in which levels of lipid peroxidation
products were increased from 40 to 100% above the
basal values in the acetaminophen toxicity.

The result in the first part of this study showed that
the serum levels of the hepatic enzymes AST &ALT
significantly increased following administration of
toxic dose of acetaminophen (900 mg /kg i.p) as
single dose, which demonstrating deterioration of the
liver due to rupture of liver cells and release of such
enzymes in blood stream. These results support the
findings
of
several
experimental
studies
demonstrating
the
hepatotoxic
effect
of
acetaminophen on mice model (Carrasco et al.,
2000; Abd-Allah et al., 2002 and Ayman et al.,
2003; and on humans as (Mahadevan et al., 2008).

The deterioration of the liver is supported in this
work by the microscopic pictures which showed that
administration of toxic dose of acetaminophen
produced histological picture similar to that of acute
hepatitis. It caused profound hydropic degeneration
of hepatocytes with severe congestion in the central
vein with multiple areas of hemorrhage and
lymphocytic infiltration. This was in line with Moffit
et al. (2007); Arakawa et al. ( 2012); Zhang et
al.(2013); Naguib et al.( 2014).

Hepatoxicity is believed to involve reaction between
the unconjugated NAPQI and the critical cellular
components namely proteins, DNA, membrane lipids
after saturation of the glucuronide pathway and
depletion of the glutathione reserve (Kala et al.,
2015).

It is worthy to mention that acetaminophen induced
hepatotoxicity is more prominent after 4 hours and
relatively ameliorated after 24 hours in untreated
acetaminophen administrated mice. This may imply
that acetaminophen hepatotoxicity depends mainly on
dose of acetaminophen which is converted to its main
toxic metabolite NAPQI within short time after its
administration in toxic dose. It is spontaneously

APAP-induced liver damage might involve free
radicals. Several studies have indicated that APAP
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partially improved after 24 hours as a result of
disposition of toxic dose through renal excretion and
detoxification by reduced glutathione which showed
marked elevation after 24 hours compared with 4
hours of acetaminophen administration.

Pretreatment with either melatonin or Nacetylcysteine produced partial protection against
acetaminophen
induced
hepatotoxicity
and
nephrotoxicity represented by significant reduction of
serum level of hepatic enzymes aspartate and alanine
transaminases , urea & creatinine with significant
reduction in the hepatic , renal tissue concentration
malondialdehyde and increase in that of reduced
glutathione ,
compared with non treated
acetaminophen administrated group.

The first part of this work also revealed that toxic
dose of acetaminophen (900mg/kg/i.p) induced
nephrotoxicty which was reflected on renal function
tests as significant elevation of serum urea and
creatinine. These results are in line with Sener et al.
(2003); Ilbey et al. (2009) and Molinas et al. (2010).

Concomitant administration of both tested
antioxidant agents produced more marked protective
effect than either drug singly. This may be attributed
to the fact that either drugs acted by different
mechanisms. Melatonin acted by direct free radical
scavenging effect, indirect portion of glutathione
synthesis and activation of antioxidant enzymes. Nacetyl cysteine acted by anti-free radical effect
through neutralization of free radicals and increase
synthesis of reduced glutathione as well as
independent anti-inflammatory effect.

The mechanism of acetaminophen nephrotoxicity is a
point of much debate. Traditionally, it is attributed to
formation of toxic metabolites namely NAPQI by
extrahepatic metabolism of acetaminophen by renal
cytochrome p450 oxidase which is present in both
renal and hepatic tissues (Bessems and Vermeulen,
2001).
Another potential mechanism of acetaminophen
toxicity
is
related
to
prostaglandin endoperoxide synthase
(PGES),
although its effect may be more substantial in the
chronic rather than the acute setting. PGES is an
enzyme found in the kidney that activates APAP into
toxic metabolites, most likely NAPQI. This process is
more pronounced in the medulla of the kidney,
whereas the cytochrome P450 plays a more important
role in the cortex (Mazer and Perrone, 2008).

In the second part of this work, the possible
protective effects of the tested drugs were
investigated in fructose induced metabolic syndrome
in male albino adult rats.
10% fructose administration in drinking water for 8
weeks resulted in production of pathological
condition in the tested animals more or less similar to
metabolic syndrome. There were significant increase
in fasting blood glucose, fasting insulin levels which
is reflected as increase in HOMA- IR ratio, marked
hyperlipidemia manifested as increase serum total
cholesterol,
triglycerides,
LDL
cholesterol
concentration and lowering of HDL cholesterol
concentration but total body weight showed
insignificant increase.

Such assumption was confirmed in this part of this
study by the observed significant elevation of
malondialdehyde in the renal tissue homogenate
which is one of the end products of free radical chain
reaction and depletion of reduced glutathione which
is the master natural human antioxidant and this also
may explain the observed microscopic changes in the
form of hydropic degeneration of the tubular
epithelium, tubular necrosis, biochemical changes in
the form of elevated serum urea and creatinine.

High fructose intake in this study resulted in
significant increase in both systolic and diastolic
blood pressure suggested that fructose may raise BP
via several mechanisms inhibition of endothelial
nitric oxide synthase system (Steinberg et al., 1994),
including stimulation of uric acid (Johnson et al.,
2009), or by directly increasing sodium absorption in
the gut (Soleimani and Alborzi, 2011) or by
stimulation of the sympathetic nervous system (De et
al., 2012).

On the contrary to acetaminophen induced
hepatotoxicity nephrotoxicity was more prominent
after 24 hours than 4 hours of drug administration.
This confirmed the clinical case report of Von Mach
et al. (2005) and Şener et al. (2006) who showed that
acetaminophen induced nephrotoxicity had slower
course than hepatotoxicity.
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This study also highlighted an association of fructose
induced metabolic syndrome and oxidative stress.
This was evidenced by marked increase in pancreatic
concentration of the malondialdehyde which may
indicate increase oxidative free radical formation and
decrease in reduced glutathione concentration which
may represent consumption of natural antioxidants.

tested drug which augments the synthesis of
glutathione (master natural antioxidant).
Regarding the effect of melatonin on the lipid
profiles, the present study revealed that it markedly
decreased concentration of total cholesterol, LDL
cholesterol and triglycerides compared with non
treated metabolic syndrome animal model

This is in agreement with Punitha et al. (2005);
Kumar and Anandan(2007);Reddy et al. (2009);
Miller and Adeli, (2010) who demonstrated an
association between fructose catabolism and free
radical formation.

Melatonin may reverse the hyperinsulinemia which
up regulate sterol regulatory element binding protein.
The latter acts as transcription factor required for
synthesis of enzymes involved in sterol biosynthesis
(Yokoyama et al., 1993).

Regarding blood pressure tracing, pretreatment with
either melatonin or N-acetylsyteine partially
attenuated the hypertensive effect of fructose
administration compared with non treated animal
groups. Such values were significantly more than the
normal value. Melatonin was more effective in
decreasing the systolic hypertension than Nacetylcysteine

On the other hand, HDL-cholesterol increasing effect
of melatonin may be mediated by increase the
esterification of cholesterol inside HDL particle by
insulin dependent lecithin acyl coA reductase enzyme
(Fossati and Romon-Rousseaux, 1982).
Regarding the effects of N-acetylcystine on the
parameters of lipid profiles, they were similar to that
of melatonin both quantitatively and qualitatively.
This effect is strongly correlated with both
antioxidant and insulin resistance ameliorating effects
observed in this study. Similar results were obtained
by Korou et al. (2014) who showed that the
beneficial effects of N-acetylcysteine on the lipid
profiles was more pronounced in old and high fat fed
animals which may be explained by high oxidative
stress in such groups.

The central effect of melatonin may contribute in its
hypotensive through increase the release of GABA
from suprachiasmatic nucleus via stimulation of ML1
& ML2 receptors.
Regarding parameters of glycemic control, either
melatonin or N-acetylcysteine decreased fasting
serum concentration of insulin, blood glucose and
decrease HOMA -IR index compared with non
treated fructose administrated group. This may imply
that melatonin partially improved fructose induced
insulin resistance .This is in agreement with
(Claustrat et al., 2009) who suggests that the
melatonin signal is critical for glucose regulation in
blood and maintaining homeostasis.

The above mentioned hemodynamic and metabolic
changes under the effect of pretreatment of the tested
drugs were associated with marked improvement in
oxidative stress
The previously explained antioxidant effect of the
tested drug may explain the observed hypotensive,
hyoglygemic and hypolipidemic effects through
maintaining the integrity of vascular endothelium, B
islet cells and insulin receptors against free radicals
liberated from excessive fructose metabolism.

Regarding the effect of N-acetylcysteine on the tested
parameters of glycemic control, similar effect to that
of melatonin was elicited both quantitatively and
qualitatively. This effect may be attributed to
previously explained anti-free radical effect of the
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