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Abstract: It is becoming progressively more understandable that overdose of paracetamol in both humans and animals causes severe hepatotoxicity. Apomor-

phine is known as a neuroprotective agent. Due to the protective effect, apomorphine had been tested in experimental studies on different models. Findings obtai-
ned through series of expriments suggested that apomorphine may also be useful in liver toxicity. The aim of this study is to investigate the relationship among the
hepatoprotective mechanism of apomorphine and to determine the possible role of apomorphine on paracetamol-induced hepatotoxicity in rats. 30 Sprague Dawley
rats (adult male) were distributed into 5 groups. Group 1 was the control group and did not receive any medication. Group 2 received only paracetamol 2 g/kg by
intragastric gavage to induce hepatotoxicity. Groups 3 and 4 were given apomorphine 1 mg/kg and 2 mg/kg by intraperitoneal injection, respectively. Groups 3
and 4 were given 2g/kg of Paracetamol. In Group 5, rats were treated with 2 mg/kg of apomorphine. Drug-treated rats were given food for the next 24 h until they
were sacrified. Moreover, we also performed AST, ALT measurements in serum, MDA and SOD levels in liver tissues and histopathological analysis of the liver in
all groups. Apomorphine had positive effects on both liver enzymes, oxidative stress markers and histopathological results in paracetamol-induced hepatotoxicity.
Additionally, apomorphine at 2 mg/kg dose was significantly more protective as compared to 1 mg/kg as evidenced by the histopathological examination results. It
was thought that apomorphine was found hepatoprotective on paracetamol-induced hepatotoxicity, especially at higher doses such as 2 mg/kg.
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/
Introduction multidrug resistance protein 2 (Mrp2) proteins, the ad-
duct of GSH (6). NAPQI irreversibly binds with a num-
Paracetamol and NSAIDs, particularly ibuprofen ber of intracellular target protein that causes mitochon-
and acetylsalicylic acid are among the most frequently drial oxidative stress in circumstances of the reduction
used pharmaceutical drugs. of hepatic GSH levels occurring with paracetamol over-
Paracetamol is considered to be safe at therapeutic dose, chemotherapy, antiretroviral treatment or drug-in-
doses and is a widely used antipyretic and analgesic drug duced liver injury (7). The metabolic role of paraceta-
in clinical practice. However, overdose of paracetamol mol results in degradation of membranes, depletion of
in both humans and animals causes severe hepatotoxici- ATP, formation of DNA damage and the necrosis of li-
ty and necrosis (1). Paracetamol-induced hepatotoxicity ver cells (8). At the same time, the formation of various
is a toxic-metabolic damage that consequently results in reactive oxygen species (ROS) occurring as a result
death of hepatocytes as a result of activation of necrosis, of oxidative stress are associated with paracetamol-in-
apoptosis and inflammatory cytokines (2). duced hepatic necrosis. High malondialdehyde (MDA)
However, biochemical mechanisms of cell necrosis level is an indicator of oxidative stress dependent on
are still inscompletely explored and it is considered to lipid peroxidation in paracetamol toxicity. ROS occu-
be caused by simultaneous involvement of non-cova- ring in hepatocytes due to the overdosage of paraceta-
lent bonding, the lipid peroxidation and oxidative stress mol, are detoxified with specific enzymes such as gluta-
(3,4). Oxidative capacity-mediated oxidative stress of thione peroxidase (GSH-Px), catalase (CAT) and supe-
N-acetyl-p-benzoquinone (NAPQI), which is a product roxide dismutase that convert superoxide anion (O,’)
of xenobiotic metabolism of paracetamol, is regarded as to hydrogen peroxide (H,0,) (9). Investigation of these
the main cause of paracetamol hepatotoxicity (5). When enzyme systems in tissues is very important in order to
NAPQI is formed, it reacts with hepatic glutathione reduce the effects of ROS result in hepatotoxicity.
(GSH) easily. As a result it is excreted in the bile with Apomorphine, a potential antioxidant and powerful
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D1 and D2 dopamine receptor antagonist that reaches
to the brain quickly and accumulates in striatum, is pro-
posed as a neuroprotective agent in the treatment of Par-
kinson's disease (10-12). Due to the emetic properties
of apomorphine, in addition to the use in medicine it is
used as a therapeutic for excretion of toxic substances in
veterinary (13). Apomorphine has copper and iron che-
lating properties and is capable of readily penetrate from
biological membranes into cells (14, 15). It reduces the
risk of cell death depends on hydroxyl radicals and pre-
vents the formation of H,O, (16). Apomorphine, also
inhibits membrane lipid peroxidation as in vivo and in
vitro (11).

We investigated the relationship among the hepa-
toprotective mechanism of apomorphine, antioxidant
enzymes and oxidative stress parameters and to inves-
tigate the role of apomorphine in paracetamol-induced
hepatotoxicity in rats.

Materials and Methods

Chemicals

All chemicals were purchased from Sigma Chemi-
cal (Germany). Paracetamol was purchased from Dogal
Ilac Hammaddeleri Tic. Ltd. Sti. (Turkey). Thiopental
sodium was purchased from IE Ulagay A.S., Istanbul,
Turkey and apomorphine (D043-5mg) was purchased
from Sigma-Aldrich. Detection kits for superoxide dis-
mutase activity (SOD) and malondialdehyde (MDA)
were purchased from Cayman and CellBiolabs (USA).
Reagents for alanine amino transferase and aspartate
amino transferase were purchased from USCN Life
Science (China).

Animals

Thirty adult male Sprague Dawley rats weighing
about 250-275 g were obtained from Medicinal and
Experimental Application and Research Center (ATA-
DEM). Rat groups were given standard pellet based
feed and tap water. All animals were kept under stan-
dard laboratory conditions in stainless steel cages (light
period 07.00 a.m. to 8.00 p.m., 21£2 °C, and relative
humidity 55%) throughout the experimental procedure.
Experimental protocols and animal care had previous-
ly been approved by the Experimental Animal Ethics
Committee, Atatiirk University.

Experimental design

Animals fasted over night and were divided into five
equal groups (n=6). The first group (Group 1) served as
a control group and therefore did not receive any medi-
cation. Group 2 received only paracetamol, which was
suspended in 1% carboxymethyl cellulose (CMC) in
1 x phosphate buffer solution (PBS) 2 ml (per rat and
administered orally at a dosage of 2 g/kg by intragas-
tric gavage). Group 3 and 4 were given apomorphine 1
mg/kg and apomorphine 2 mg/kg by intraperitoneal (ip)
injection after 24 h fasted, respectively. One hour after
administration of pretreatment drugs, Group 3 and 4
were given paracetamol (2 g/kg). In Group 5, rats were
intraperitoneally injected with only apomorphine (2 mg/
kg). The rats were given food after drug administration
for the next 24 h until they were sacrified.

The experimental groups can be summarized as fol-

lows:

Group 1: No drug administration

Group 2: Paracetamol (2 g/kg)

Group 3: Apomorphine (1 mg/kg) + Paracetamol (2 g/
kg)

Group 4: Apomorphine (2 mg/kg) + Paracetamol (2 g/
kg)

Group 5: Apomorphine (2 mg/kg)

Following the experimental period, all rats were kil-
led on the 24th hour after the administration of parace-
tamol by an overdosage of a general anesthetic (50 mg/
kg thiopentalsodium). Blood samples were collected
into heparinized bottles by heart puncture. There was an
immediate removal of liver after sacrifice.

Biochemical analyses

ALT, AST and total protein measurements

Serum samples obtained from rats were separated
from blood by centrifugation at 4000 rpm for 10 min at
4 °C and analyzed, immediately. ALT and AST activi-
ties of each liver sample were measured by ELISA kits.
Concentration of proteins was determined by the Lowry
method.

Biochemical investigation of liver tissues

Rat tissues were kept at -80 °C. Tissues for biochemi-
cal analysis were homogenized in the appropriate buffer
on ice by Qiagen Tissue Lyser II after grinding in liquid
nitrogen for each method separately and supernatants
were removed. For biochemical investigation, SOD ac-
tivities and MDA levels were studied by use of ELISA
spectrophotometry (17, 18). Data was represented as the
mean + standard deviation per mg protein.

SOD activity

SOD activities of rat liver tissues were measured
based colorimetric method under 450 nm with SOD
assay kit (Biovision-K335-100; Milpitas, CA95035,
USA) spectrophotometrically. The data was presented
as the IC_ values and the data was represented as U/mL
SOD per milligram protein.

MDA levels

Malondialdehyde (MDA) reacts with thiobarbituric
acid (TBA) and forms a colorimetric product at 532
nm. We determined the MDA levels of rat liver tissues
by using the Lipid Peroxidation (MDA) Colorimetric/
Fluorometric Assay Kit. The results were expressed as
nmole MDA per milligram tissues (nmole/mg tissue).

Histopathological analysis

Liver tissue samples were fixed in 10% neutral buff-
ered formalin after an immediate removal, dehydrated
in graded concentrations of ethanol, cleared in xylol,
and embedded in paraffin. Sections of 5 pm thickness
were obtained and then stained with hematoxylin-eosin
(H&E). Slides were examined by an Olympus CX31
light microscope and photographed. The sections of
the liver were studied and scored, and the degree of ne-
crosis and inflammation was determined as previously
defined by Yaman et al. (19). Degree of necrosis was
represented as the mean of 20 high power fields (HPFs),

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 12

41



Muserref Hilal Sehitoglu et al.

Hepatoprotective effect of apomorphine on toxicity.

Table 1. Serum levels of ALT and AST in all groups (U/L).

Groups ALT (mean=SD) AST (mean=SD)
Group 1 51.00 +9.68 88.35+16.03
Group 2 185.13 £20.75* 249.00 £ 32.50?
Group 3 104.63 £29.40° 111.68 +=28.96"
Group 4 84.13 £25.19° 106.95 + 15.82°
Group 5 59.75+4.46 90.83 +24.02

ALT: alanine aminotransferase, AST: aspartate aminotransferase. *:
p<0.05 when compared to Group 1, *: p<0.05 when compared to
Group 2.
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Figure 1. ALT and AST levels of rat serum in all groups (U/L).

and categorized on a scale of 0-3.

Statistical analysis

Data was analysed using SPSS 19.0 statistical soft-
ware package for Windows (SPSS Inc, Chicago, USA).
The results were reported as the Mean + Standard De-
viation. Groups were compared using the Duncan's
multiple range test option and were considered to be
significant at p<0,05. p<0.001 was considered as statis-
tically significant and Rank—Sum test was used for the
histopathological scores.

Results

Effects of apomorphine on levels of serum ALT and
AST

Levels of Serum ALT and AST of the control and ex-
perimental groups were shown in Figure 1 and Table 1.
Statistically significant (p<0.05) increase in the serum
levels of AST and ALT was recorded in the paracetamol
treated group (Group 2) as compared with Group 1. Pre-
treatment with apomorphine 1 and 2 g in Groups 3 and
4, ALT and AST levels were significantly reduced when
compared to Group 2 (p<0.05).

Effects of apomorphine on liver antioxidant levels
The SOD activity and MDA levels of all groups were

Table 2. The SOD activity (U/mg protein) and MDA levels (nmol /
mg protein) of all groups.

Groups MDA (mean+SD)  SOD (mean+SD)
Group 1 1,43 £0,31 25,59 £ 5,26
Group 2 3,12+0,32* 10,94 £+ 2,40?
Group 3 1,73 £ 0,90° 17,15 £ 7,64°
Group 4 1,46 £0,32° 21,49 £ 7,010
Group 5 1,83 £ 0,49 23,97 £5,32

MDA: malondialdehyde, SOD: superoxide dismutase. *: p<0.05
when compared to Group 1, *: p<0.05 when compared to Group 2.
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Figure 2. The MDA (nmol/ mg protein) levels of rat livers of all
groups.

SOD

b
b T
20
15 a =SOD
10
1l
0

Group 1 Group 2 Group 3 Group 4 Group 5

nmol’ mg protein

Figure 3. The SOD activity (U/mg protein) of rat livers of all

groups.

shown in Figure 2, Figure 3 and Table 2. The hepatic
SOD activities were markedly (p<0.05) reduced in pa-
racetamol administration group (Group 2), whereas the
MDA levels were increased when compared to Group
1. MDA and SOD levels of Groups 3 and 4 were signi-
ficantly different in comparison with Group 2 (p<0.05).

Histological findings

The scoring of liver necrosis in all groups are shown
in Table 3. It is relevant to mention that In group 1 and
5, liver morphology was normal with radiating hepatic
cords and centralized veins that is 0 staging score. How-
ever, Paracetamol caused severe hepatic pathological
changes such as inflammation, significantly enhanced
hepatic necrosis and excessive deposition of collagen in
Group 2. The liver sections in Groups 3 and 4 showed
lesser hepatic necrosis, lesser deposition of collagen and
a markedly reduced staging score (grade 2) when com-
pared to Group 2. Moreover, the liver necrosis levels
were lower in Group 4 than that of Group 3 (Figure 4,
Table 3).

Discussion

Paracetamol is commonly used with analgesic and

Table 3. The scoring of liver necrosis in all groups.

Groups 0 Score 1of Tliver neczrosis

Group 1 20(100) 0(0) 0(0) 0(0)
Group 2 0(0) 1(5) 3(15) 16(80)
Group 3 0(0) 2(10) 8(40) 10(50)*
Group 4 0(0) 6(30) 11(55) 3(15)*
Group 5 20(100) 0(0) 0(0) 0(0)

data were expressed as number (%).*: p<0.001 when compared to
Group 2, ®: p<0.001 when compared to Group 3.
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Figure 4. Liver histological results of all groups. a. Group 1:
Normal hepatic parenchyma (H&E, 200x). b. Group 5: Normal
hepatic parenchyma (H&E, 200x). ¢. Group 2: Diffuse necrosis in
hepatic parenchyma (H&E, 100x). d and e. Paracetamol induced
histopathologic changes in rat liver reduced by apomorphine

treatment in Groups 3 and 4, respectively (H&E, 200x).

antipyretic properties for a long time. It has a safety pro-
file at therapeutic doses. At overdoses, paracetamol has
devastating effects on liver, kidney and other organs. It
is mostly metabolized in the liver by conjugation with
glucuronic acid and sulfates. However, smaller amounts
of paracetamol are also metabolized to NAPQI in the
liver, which leads to the formation of ROS, initiates
lipid peroxidation that consequently results in apopto-
sis or necrosis of hepatocytes in increased levels (20).
As known, SOD has protective effects against ROS and
MDA is an important marker of lipid peroxidation (21,
22). Paracetamol-induced hepatotoxicity causes oxida-
tive stress and increase the generation of ROS (23). In
the liver, paracetamol overdosage produced a centrilo-
bular hepatic necrosis that can prove to be lethal and
might result into fulminant liver failure (23). Paraceta-
mol-induced hepatotoxicity accounts for nearly 50% of
all cases of acute liver failure in North American and
European countries (24). Considering that rats deve-
loped only minor injuries in the liver even at higher
doses of 1 g/kg paracetamol, we decided to administrate
2 g/kg in this experimental study.

Apomorphine is a dopamine receptor agonist with
antioxidant properties proven by in vivo and in vitro
studies. Additionally, it has inhibitor effects on mem-
brane lipid peroxidation (25). Although its’ neuropro-
tective effects are reported in various studies, there is no
data about whether apomorphine has hepatoprotective
effects. Therefore, we decided to investigate apomor-
phine’s hepatoprotective effects in an experimental rat
model.

Decrease in SOD activity indicates oxidative stress
(26). In Groups 1 and 5, SOD activities were similar
as expected. In Group 2, paracetamol-induced hepato-
toxicity was occured and SOD levels in this group was
significantly lower than Groups 1 and 5. The SOD le-
vels of apomorphine treatment groups (Groups 3 and
4) revealed that apomorphine provided advantage in
SOD levels in paracetamol-induced hepatotoxicity. The
same situation was seen regarding to MDA levels in all
groups. So it was thought that apomorphine has antioxi-
dant properties in paracetamol-induced hepatotoxicity.

The level of ALT activity reflects hepatocyte damage
and is considered to be a highly sensitive biomarker of

hepatotoxicity. Damaged hepatocytes release ALT and
AST into the extracellularly located space and these
enzymes consequently entered into circulation (27).
In Group 2, ALT and AST levels were significantly
enhanced as compared to Group 1, due to the parace-
tamol-induced hepatotoxicity. However, apomorphine
significantly reduced of these enzymes in Groups 3 and
4 in comparison with Group 2. This was an evidence of
decreased hepatocyte damage with apomorphine treat-
ment.

Paracetamol overdose cause liver cell necrose and
induce apoptosis (28). In our study, liver necrose was
occured in Group 2 as expected. However, liver ne-
crose scores were significantly lower when compared
to Group 2 in both apomorphine administration groups.
Additionally, 2 mg/kg apomorphine was found as signi-
ficantly more protective on liver necrose than 1 mg/kg.
Histopathological investigation results revealed that
apomorphine, specially at higher dose had positive ef-
fects in paracetamol-induced hepatotoxicity.

Currently, in vivo and in vitro models of drug-in-
duced hepatotoxicity are crucial for identification of
novel drug targets and new pharmacolgically efficient
drugs. The most extensively studied experimental mo-
dels related to hepatotoxicity and acute liver failure
are the paracetamol-based models. Pathophysiology in
mice reflects very closely what is observed in humans
for various factors such as reactive metabolite forma-
tion, oxidative stress and necrosis. In comparison with
mice, rats had lower susceptibility to paracetamol-in-
duced damaging effects and developed minor injuries in
liver even at higher doses of 1 g/kg (24). Therefore, we
administrated 2 g/kg paracetamol to induce hepatotoxi-
city. We used Sprague Dawley rats in this experimental
study and this is a limitation for us.

In conclusion, it was found that apomorphine had
hepatoprotective effects on paracetamol-induced hepa-
totoxicity. Its” hepatoprotective property was increasing
especially when used at higher doses such as 2 mg/kg.
There is a need for further experimental studies to detect
useful and appropriate apomorphine dose in hepatotoxi-
city.
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