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Background: Paracetamol, is the most widely used over-the-counter analgesic and antipyretic
medication in the world, which has minimal adverse effects at therapeutic dosages. But in high
doses causes hepatic damage and oxidative stress. Objectives: The current study was designed
to investigate paracetamol toxic effects upon the liver and oxidative stress after repeated oral
dose and evaluate possible protective effect of alpha lipoic acid when co-administered with and
after paracetamol. Methods: forty eight white albino rats were divided equally into four groups.
Each group was subdivided into two sub groups A & B. Group | received gum acacia
suspension. Group Il received Alpha lipoic acid (50mg/kg) oraly. Group Il received
paracetamol (1 gm/ kg orally) for 4 weeks. Group 1V received paracetamol and alphalipoic acid
at the same doses. Sub groups A were euthanized after 4 weeks, while sub groups B were
euthanized after 8 weeks. Blood was collected for evaluation of liver functions and oxidative
stress marker. The livers were preserved for histopathological examinations. Results: The study
proved that repeated administration of paracetamol induced disturbed liver functions and
oxidative stress. But this toxic effects decline markedly when apha lipoic acid (ALA) was co-
administered with paracetamol. And more improvement occurs when ALA was administered for
another 4 weeks after stoppage of paracetamol. Conclusions. The present study concluded that
repeated paracetamol administration has hepatotoxic and oxidative stress effect and alpha lipoic
acid has a protective effect against such harmful effects especialy when ALA was administered
for another 4 weeks after stoppage of paracetamol.
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Introduction

drug in a wide manner; it is safe if used at the
recommended dosage (Kanno et al., 2006).

N-acetyl-p-aminophenol  (APAP) is the
chemical name of paracetamol (Swierkosz et al., 2002).

Paracetamol is metabolized mostly in the liver
by dglucuronidation, sulfation, oxidation and
hydroxylation with elimination of unconjugated
paracetamol in the urine (McGill and Jaeschke, 2013).

The metabolites of paracetamol excreted in the
urine within twenty four hours (Ji et sal., 2012).

Paracetamol oxidation occurs by a CYP 450 -
oxidase enzyme to form N-acetyl-p-benzoquinone
imine (NAPQI), which is rapidly conjugated with
glutathione intracellular to form 3-glutathione-S-yl-
paracetamol then it is eliminated in urine or bile with
lesser extent (Gelotte et al., 2007).

NAPQI causes hepatotoxicity after acute
overdose of paracetamol due to exhaustion of
glutathione stores (Hodgman and Garrard, 2012).

In toxicity, NAPQI which is not undergo
detoxification bind to cysteine groups on the proteins
forming what is called paracetamol—protein adducts in

Paracetamol is used as anagesic and antipyretic

hepatic tissues. Increase levels of adducts results in
hepatotoxicity (James et al., 2013).

Other mechanisms of paracetamol toxicity
consist of development of toxic free radicals, as
peroxynitrite, from the reaction of nitric oxide and
superoxide, consequently forming nitro-tyrosine
adducts inside the mitochondria leading to interruption
of adenosine tri phosphate (ATP) synthesis (Jaeschke
et al., 2012).

Chronic toxicity isadigtinctive clinical condition
involving multiple ingestions of paracetamol in a period
more than 8 hours leading to a cumulative dosage of
greater than 4 g\ 24 hours (Daly et al., 2004).

Alpha lipoic acid (ALA) is considered a natural
antioxidant, stated as a "universal antioxidant" (Koufaki
and Dets, 2010). ALA is made within animals and
plants, however its synthesis is very low in humans
(Wada et al., 1997).

ALA and its reduced form, which is
dihydrolipoic acid, are potent antioxidants behave as a
scavenger for both reactive nitrogen species (RNS) &
reactive oxygen species (ROS) (Karaardan et al., 2013).
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Aim of the Study

The present study aims to evaluate the protective
effects of ALA on liver toxicity and the oxidative stress
induced by paracetamol.

Materials and Methods

A- Animals:

The present study was set on 48 white, mae
albino rats weighing (180+40 gm). They were supplied
by the animal Facility Centre of Faculty of Medicine,
Assiut University. Animals were housed in the animal
house, Faculty of Medicine, Sohag University, in metal
cages under ambient temperature, 21+3°C. They were
adapted to laboratory condition for 7 days before the
beginning of the treatment protocol. The study was
performed in the period from October / 2017-
December/2017.

The ethics and husbandry conditions of animal
research were considered according to the protocol of
care and use of laboratory animals which is approved
by the ethical committee of Faculty of Medicine, Sohag
University. Animals were fed with standard pellet food
and water. The protocol was approved by the ethical
committee of Faculty of Medicine, Sohag University.
B- Material:

Chemicals

= Kits of Alanine amino-transferase (ALT) & Aspartate

amino-transferase (AST) and tota protein were
purchased from Beckman Coulter Inc. Company.

= Kits of catalase were purchased from Bio diagnostic

company.

= Paracetamol, GlaxoSmithKline (abimol) from a

commercia pharmacy.

= Alpha lipoic acid, Eva pharma (Thiotacid 300) from

acommercia pharmacy.

= Gum acacia from commercial market.

= Hematoxylin and eosin stains purchased from

ALPHACHEMIKA.

Apparatuses

a) Beckman Coulter AU480 Clinical Chemistry
System: Fully automated, analytical principles:
spectrophotometry and potentiometry. Present in
Clinical Pathology Department-Sohag University
Hospitals.

b) UV 2300 spectrophotometer (USA): Has 190-1100
nm wave length range of and adso has a
programmable 5-turret sample compartment.
Present in Faculty of Science, Sohag University.

c¢) Centrifuge, Hettich Zentifugen - model (EBAZ20),
4000 revolutions per minute (rpm).

d) Water deionizer: Human corporation - modd (human
power one).

€) Micropipettes: HTL-model: OP1000, OP100, serid
micropipette.

f)  Olympus CX 41 RF Light microscopy. At Pathology
Department - Faculty of Medicine - Sohag
University.

C- Methods:

Animals groups

Animals were divided in a random manner into
4 groups, 12 animals each; each group was subdivided
into 2 sub-groups A, B.

Group | (Gum acacia group): Gum acacia oraly
administered with a dosage of 2 ml/day of 2 %
suspension (Abdel-Zaher et al., 2008). Group |A was
sacrificed after 4 weeks & Group IB was sacrificed
after 8 weeks.

Group Il (ALA group): Alphalipoic acid (ALA)
was oraly administered (50 mg/kg/day) (Pradhan et
al., 2016) suspended in 2% gum acacia. Group I1A was
sacrificed after 4 weeks & Group 11B was sacrificed
after 8 weeks.

Group |1: Paracetamol was orally administered
(1g/kg /day) (Kiran et al., 2012 and Pachaiyappan et
al., 2014) suspended in 2% gum acacia for 4 weeks.
LD50 of oral paracetamol is 3 - 4.5 gm/kg in rats (Boyd
and Bereczky, 1966). The administered dose is about 1\
4 of LD50
Group IHIA (Paracetamol only group) was sacrificed
after 4 weeks & Group I1IB (Paracetamol withdrawal
group) was left without treatment for another 4weeks
then sacrificed.

Group IV: Group IVA (Paracetamol and ALA
group) paracetamol was orally administered at a dosage
of (1 g/kg /day) and ALA (50 mg /kg /day) for 4weeks
then sacrificed. Group 1VB (Treatment group)
Paracetamol was orally administered at a dosage of 1g/
kg /day and ALA at a dosage of 50 mg /kg /day oraly
for 4 weeks then treated with ALA only (50 mg
/kg/day) for another 4 weeks then sacrificed.

D- Collection of samples:
i- Blood samples:

Rats were anesthetized using light ether inhalation.
3 ml of blood were obtained from each anima from
cervical blood vessals during daughtering into clean dry
plain tubes for assessment of liver functions (ALT, AST
and total protein) and serum catdase.

The serum was obtained after sampling by
centrifugation (4000 rpm for 10 minutes), then divided
into two parts. 1% one transferred into sterile screw
capped polypropylene tubes and analyzed for liver
function. The remaining sera were placed in sterile
polypropylene tubes which is screw capped and it is
stored at -70 °C until analysis of serum catalase.

ii- Tissue samples

Autopsy was performed for al groups of
animal. Liver samples fixed in 10% formaldehyde and
paraffin embedding and cut at 5 um sections, (H&E)
stain was used. The sections were examined by the
light microscope then it was photographed.

Statistical analysis.

Statistical procedures were computed using
Statistical Program for Social Science (SPSS), V.16.0
computer software. SPSS inc. Chicago, USA. All data
were presented as mean + SD and compared to each
other by using Student’s t-test and one way ANOVA
test. P value < 0.05 was referred as significant. The
data was presented in the form of graphs and tables.

Results
I- Biochemical results:
1. 1.Results of liver functions tests:

As regard ALT, Non-significant statistical
difference in the mean values of serum ALT between
the following groups: 1A (50 1U/1), IB (51.17 TU/), TTIA
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(49.33 1U/1) and 1IB (50.33 1U/l) where p value was
0.854. As shown in table (1) & graph (1).

There was a significant statistical increase in the
mean values of serum ALT in group IIIA (80.2 TU/1) as
compared to group IA (50 IU/l) and in group IVA (60
IU/1) as compared to group ITA (49.33 IU/I) where p
values were < 0.001, 0.002 respectively. As shown in
table (1) & graph (1).

Also, a significant statistical increase in the
mean values of serum ALT in group IIIB (69.2 1U/1) as
compared to group IB 51.17 IU/l (p value < 0.001),
while there was no significant statistical difference in
group IVB (50 IU/l) as compared to group IIB 50.33
TU/1 (p value 0.669) (table (1) & graph (1)).

There was a significant statistical decrease in
the mean values of serum ALT in group IIIB (69.2 TU/I)
as compared to group IIIA [(80.2 IU/l) (p value
0.001)], and in group IVB (50 IU/l) as compared to
group IVA (60 IU/1) where p value was 0.004. As
shown in table (1) & table (4)

There was a significant statistical decrease in
the mean values of serum ALT in group IVA (60 IU/1)
as compared to group IITA (80.2 IU/l) where p value
was < 0.001, and in group IVB (50 IU/l) as compared
to group IIIB (69.2 1U/1) where p value was < 0.001.
As shown in table (1) & table (4).

As regard AST, there was non-significant
statistical difference in mean values of serum AST
between the groups IA (156 TU/), IB (155 TU/N), TTA
(150 TU/1) and IIB (152 TU/1) where p value was 0.22
as shown in table (2) & graph (2).

There was a significant statistical increase in the
mean values of AST serum level in group IIIA (220
1U/1) as compared to group IA (156 IU/1) and in group
IVA (165 TU/1) as compared to group IIA (150 TU/I)
where p values were < 0.001, 0.031 respectively. As
shown in table (2) & graph (2).

Also, there was a significant statistical increase
in the mean values of AST serum level in group IIIB
(180 IU/T) as compared to group IB 155 TU/1 (p value <
0.001), while there was no significant statistical
difference in group IVB (156 IU/l) as compared to
group IIB 152 TU/1 (p value 0.756). As shown in table
(2) & graph (2).

There was a significant statistical decrease in
the mean values of serum AST in group I1IB (180 [U/1)
as compared to group IIIA [(220 IU/l) (p value <
0.001)], and in group IVB (156 IU/l) as compared to
group IVA (165 1U/I) where p value was 0.031. As
shown in table (2) & table (4).

There was a significant statistical decrease in
the mean values of serum AST in group IVA (165 TU/I)
as compared to group IIIA (220 IU/l) where p value
was < 0.001, and in group IVB (156 1U/l) as compared
to group IIIB (180 IU/1) where p value was < 0.001. As
shown in table (2) & table (4).

As regard total protein, there was non
significant statistical difference in the mean values of
serum total protein between the groups IA (6.60 gm
/dl), IB (6.53 gm/dl), TIA (6.48 gm /dl) and IIB (6.52
gm/dl) where p value was 0.90. As shown in table (3)
& graph (3).

There was a significant statistical decrease in
the mean values of serum total protein in group IITA
(6.15 gm/dl) as compared to group IA 6.60 gm/dl (p
value <0.001). While, there was no significant
statistical difference in group IVA (6.5 gm/dl) as
compared to group ITA, 6.48 gm /dl (p value 0.554). As
shown in table (3) & graph (3).

There was no significant statistical difference in
the mean values of serum total protein in group IIIB
(6.5 gm /dl) as compared to group IB (6.53 gm /dl) and
in group IVB (6.45 gm/dl) as compared to group I1IB
(6.52 gm/dl) where p values were 0.811, 0.714
respectively. As shown in table (3) & graph (3).

There was a significant statistical increase in the
mean values of serum total protein in group IIIB (6.5
gm/dl) as compared to group IIIA, 6.15 gm/dl (p value
0.001). While, there was no significant statistical
difference in the mean values of serum total protein in
group IVB (6.45 gm/dl) as compared to group IVA, 6.5
gm/dl (p value 0.836) as shown in table (3) & table (4).

There was a significant statistical increase in the
mean values of serum total protein in group IVA (6.5
gm/dl) as compared to group IIIA, 6.15 gm/dl (p value
0.047). While, there was no significant statistical
difference in the mean values of serum total protein in
group IVB (6.45 gm/dl) as compared to group IIIB, 6.5
gm/dl (p value 0.801) as shown in table (3) & table (4).
L2.Results of oxidative stress marker (Catalase): there
was no significant statistical difference in the mean
values of serum catalase between groups IA (100.33
U/L), IB (101.67 U/L), IT1A (99.17 U/L) and IIB (99.83
U/L) where P value was 0.954. As shown in table (5)
& graph (4)

There was a significant statistical decrease in
the mean values of serum catalase in group IITA (53.67
U/L) as compared to group IA (100.33 U/L) and in
group IVA (70.17 U/L) as compared to group IIA
(99.17 U/L) where p values were < 0.001, < 0.001. As
shown in table (5) & graph (4).

Also, there was a significant statistical decrease
in the mean values of serum catalase in group IIIB
(65.33 U/L) as compared to group IB (101.67 U/L)
where p value was < 0.001, while there was non-
significant statistical decrease in group IVB (91.33
U/L) as compared to group IIB (99.83 U/L) where p
value was 0.068 as shown in table (5) & graph (4)

There was a significant statistical increase in the
mean values of serum catalase in group IIIB (65.33
U/L) as compared to group IIIA (53.67 U/L) where p
value was 0.008, and in group IVB (91.33 U/L) as
compared to group IVA (70.17 U/L) where p value was
0.002, as shown in table (5) & table (6).

There was a significant statistical increase in the
mean values of serum catalase in group IVA (70.17
U/L) as compared to group IITA (53.67 U/L) where p
value was 0.003, and in group IVB (91.33 U/L) as
compared to group IIIB (65.33U/L) where p value was
< 0.001, as shown in table (5) & table (6).

II. Histopathological results of Liver in the study
groups:

Group [: Haematoxylin and eosin (H&E)
examination of a section of a liver of group IA, 1B
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showed a normal histological appearance of the hepatic
architecture, normal central vein, blood sinusoids and
the surrounding portal triads. The hepatocytes were
within the normal structure. They are polygonal with
pink cytoplasm and centrally located vesicular nuclei
(figure 1).

Group II: H&E examination of a section of a
liver of group IIA, IIB showed normal histological
appearance of hepatic architecture, normal central vein
appearance, blood sinusoids and the surrounding portal
triads. The hepatocytes were within normal histological
appearance (figure 2).

Group IITA: Histopathological examination of a
section of a liver of group IIIA revealed marked
dilatation and congestion of central veins and portal
venules.

There was marked vacuolar degeneration of
hepatocytes (hydropic swelling of hepatocytes with

abundant pale cytoplasm, leads to lytic necrosis and
replacement by inflammatory cells) (figure 3).

Group IIIB: Examination of H&E stained slides
from liver of group IIIB revealed moderate congestion
and dilatation of central vein and the portal venules.
There was moderate vacuolar degeneration of
hepatocytes (figure 4).

Group IVA: Stained slides of section of liver of
group IVA revealed moderate congestion and dilatation of
central vein and the portal venules. Also, there was
moderate vacuolar degeneration of hepatocytes (figure 5).

Group IVB: Microscopic examination of a
section of a liver of group IVB revealed mild
congestion and dilatation of central vein and the portal
venules. Also, there was mild vacuolar degeneration of
hepatocytes (figure 6)

Table (1): Statistical analysisANOVA OneWay test & Student t- test of the ALT of the studied groups

Serum ALT (1U/1)
eroups Mean + SD P-value
Group 1A 50 + 3.41
Group 1B 51.17 + 4.88 .
Group 1A 49.33% 3.14 0.854
Group 11B 50.33+ 2.94
Group I11A 80.2 +2.86 HIA versusIA™
T <0.001
111B versusIB™
Group 111B 69.2 + 4.58 ybet
IVA versus 1A
Group IVA 60 +4.98 0,002
IVB versus 1B
Group IVB 50 + 4.29 0660

Sgnificant difference at p value < 0.05, SD: standard deviation, * ANOVA test, ** Student t- test,

*** Gatigtically significant difference

Table (2): Statistical analysis ANOVA One Way test & Student t- test of the AST of the studied groups

Serum AST (1U/)
Groups Mean = SD P-value
Group IA 156 +7.39
Group IB 155+ 7.08 02"
Group I1A 150+ 3.74 :
Group I1B 152 + 6.10
1A versus IA™
Group 1A 220 +154 <0001
1B versus IB”
Group I11B 180+ 8.13 <0001
IVA versus[IA™
Group IVA 165 £ 4.07 0,031
IVB versus 1B
Group IVB 156 +7.30 0.756

Sgnificant difference at p value < 0.05, SD: standard deviation, * ANOVA test, ** t- test,
*** Jatistically significant difference
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Table (3): Statistical analysisANOVA OneWay test & Student t- test of the total protein of the studied groups

Serum total protein (gm/dl)
Groups Mean + SD P-value
Group IA 6.60 + 0.18
Group IB 6.53 = 0.30 0.90%
Group 1A 6.48 + 0.29 '
Group 1B 6.52+0.31
1A versus IA”
Group I11A 6.15+0.12 <0001
[11B versus IB™
Group |11B 6.50+0.14 0.811
IVA versus I1A™
Group IVA 6.50 + 0.36 0554
IVB versusIB™
Group IVB 6.45+ 0.45 0714

Sgnificant difference at p value < 0.05, SD: standard deviation, * ANOVA test, ** Student t- test

*** Jatistically significant difference

Table (4): The statistical difference of serum ALT, AST and total protein in the different study groups using

Student t- test.
Serum ALT Serum AST Serum Total protein
Groups % = *
P value P value P value
1A Versus|11B 0.001” <0.001" 0.001"
IVA Versus VB 0.004” 0.031” 0.836
1A Versus IVA <0.001" <0.001" 0.047"
I11B Versus IVB <0.001” <0.001” 0.801

* Sgnificant difference at p value < 0.05, ** Statistically significant difference

Table (5): Statistical analysisANOVA OneWay test & Student t- test of the serum catalase of the studied groups

Catalase (U/L)
Groups Mean + SD P-value
Group 1A 100.33 + 7.76
Group I1B 101.67 £ 8.16 *
Group 1A 99.17 £ 8.11 0.954
Group 1B 99.83 £ 7.47
1A versus |IA™
Group 1A 53.67 £ 6.35 < 0,001
[11B versus IB”
Group 111B 65.33+ 5.85 <0001
IVA versus[IA™
Group IVA 70.17 + 8.26 <0001
Group IVB 91.33+9.31 VB A B

Sgnificant difference at p value < 0.05, SD: standard deviation, * ANOVA test, ** Student t- test

*** Jatistically significant difference

Table (6): Thedatistical difference of catalasein the studied groups using Student t- test.

Groups g?atalase

P value
I11A Versus!IIB 0.008"
IVA Versus|VB 0.002""
I11A Versus|VA 0.003"

I11B Versus|VB <0.001"

*Sgnificant difference at p value < 0.05, ** Statistically significant difference
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Figure (1): A photomicrograph of liver section of group | showing nor mal hepatic ar chitecture.
Normal hepatocytes. Normal portal areas (P). H& E staining x200.

Figure (2): A photomicrograph of liver section of group Il showing normal hepatic ar chitecture.
Normal central vein (CV) with nor mal hepatocytesradiating from it. H& E staining x200.
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Figure (3): A photomicrograph of a section in theliver of group I11A showing marked dilated and
congested central vein (CV) (horizontal arrow), marked vacuolar degeneration of hepatocytes
(vertical arrow). H& E staining x400.

Figure (4): A photomicrograph of a section in theliver of group I11B showing moderate dilated and
congested portal vein (PV) (horizontal arrow), moderate vacuolar degeneration of hepatocytes
(vertical arrow). H& E staining x400.
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Figure (5): A photomicrograph of a section in theliver of group VA showing moderate dilated and
congested portal vein (PV) (horizontal arrow), moderate vacuolar degeneration of hepatocytes
(vertical arrow). H& E staining x200.

Figure (6): A photomicrograph of a section in theliver of group 1'VB showing mild dilated and congested
portal vein (PV) and central vein (CV), mild vacuolar degeneration of hepatocytes (vertical arrows).
H& E staining x200.
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Graph (1): The mean values of serum ALT in the studied groups.
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Graph (2): Themean values of serum AST in the studied groups.
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Serum total protein
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Graph (3): The mean values of serum total protein in the studied groups.
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Graph (4: The mean values of serum catalase in the studied groups.
Discussion

Paracetamol is one of the commonest used
drugs and has the advantage of safety if it is used at
therapeutic level (Kanno et a., 2006).

Paracetamol over dosage leads to hepatic and
renal impairment in humans and animals (Pradhan et
al., 2016).

Prime toxicity of paracetamol results from
metabolism of the drug in the hepatic and extrahepatic
organs (Gu et al., 2005).

ALA is considered as an antioxidant which
occurs naturally and it is very important in the process
of metabolism (Packer et al., 2001).

The liver isthe main and the most important organ
for drug detoxification process (Sathish et al., 2012).

After over dosage of paracetamoal, it leads to
cytochrome p4so —dependent liver impairment in human
and animal's (Bessems and Vermeulen, 2001).

In the evaluation of hepatic injury, the rises of
hepatic enzymes (ALT & AST) commonly used as a
markers for hepatocellular necrosis. So, the serum
levels of these enzymes are used as quantitative
markers of the type and the degree of injury in hepatic
cells (Ferah et al., 2013).

In the current study, there was a significant
statistical increase in the mean values of serum ALT
and AST in group IHIA and group IVA as compared to
the control groups.
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This means that the serum levels of ALT and
AST in anima groups that ingested toxic dose of
paracetamol with or without ALA, was higher than
normal.

Co-administration of ALA with toxic dose of
paracetamol could not prevent the increase of serum
level of ALT and AST, but the rise was less severe.

Toxic dose of paracetamol leads to consumption
of the stored glutathione (GSH) and sulfate. This convert
excess level of paracetamol to the CYP-45 oxidase
system, which will lead to formation of more reactive
intermediate (NAPQI), that will make bonds to protein
macromolecules intracellularly leading to hepatic cells
injury (Bessems and Vermeulen, 2001).

This mechanism leads to initiation of
programmed cell death (apoptosis), which leads to
hepatic necrosis and dysfunction in the form of
elevation of ALT and AST (Lorzet al., 2005).

There were significant statistical decreases in
the mean values of serum ALT, AST in the group 111B
as compared to the group IlIIA. This means that
improvement in liver biochemistry occurred after a
period of recovery for 4 weeks following ingestion of
toxic dose of paracetamol, despite that it did not return
to normal values as control groups.

While in group 1VB, treatment with ALA for 4
weeks after stoppage of paracetamol showed
improvement of serum level of ALT and AST up to
return to normal level as control.

The results of present study were in accordance
with Kanchana and Sadiq (2011) who stated that oral
ingestion of 400 mg/kg paracetamol dose in abino rats
for aweek resulted in increase the serum level of AST,
ALT.

Additionally, Abdel-Azeem et al. (2013) recorded
that acute toxicity with paracetamol (600 mg/kg, intra-
peritoneally) produced noticeable increase in ALT, AST
plasma activitiesin rats.

Anaogous findings were recorded by Abdel-Zaher
et al. (2008) who mentioned that liver enzymes level
improved when paracetamol was oraly administered with
adose 750 mg\kg and ALA with a dose 25mg\kg for one
week.

The current findings were in harmony with
Pradhan et al. (2016), who noticed improvement in
hepatic enzymes with concurrent administration of
ALA at dose of 50, 100 mg\kg with a toxic dose of
paracetamol 500 mg\kg |.P for 20 days.

Those results were in agreement with Al-
Rasheed et al. (2017) who recorded that administration
of paracetamol (single ora dose 750 mg/kg) produce
rise of hepatic enzymes while treatment with ALA 200
mg/kg alleviate the disturbed enzyme levels.

Opposite results were recorded by Elshazly et
al. (2014) who recorded that co-ingestion of ALA in a
dose of 100 mg/kg did not improve the rise of ALT
serum level caused by overdose of paracetamol
(1.5g/kg i.p. single dose). They recorded that ingestion
of 100 mg/kg of ALA to albino rats lead to dight rise
of the ALT enzyme and it was associated with
histopathological abnormalities.

Moini et al. (2002b) reported that ALA
administration leads to increases glutathione only after
24 hours, which explain the results of Elshazly et al.
(2014) as he sacrificed rat after 12 hours of ALA
administration.

In the current study, there was a significant
statistical decrease in total protein serum level induced
by toxic dose of paracetamol which did not occur when
paracetamol was co-administered with ALA. The
decline in serum total protein improved after a weeks
recovery.

The present findings were in accordance with
Abdel-Azeem et al. (2013) who reported that acute
intoxication with paracetamol (600 mg/kg, i.p) induced
significant decrease in tota protein and albumin plasma
level.

In accordance with the current study, Lebda et
al. (2013) recorded that ingestion of paracetamol to rats
at dose of 1 gm/ kg for 21 days leads to significant
lowering of serum albumin and total protein levels.

The decrease of total protein serum level may
occurs due to decrease number of functiona
hepatocytes or due to nephrotoxicity which leads to
leakage of albumin in urine with decreasing of albumin
and total protein serum concentration (Sharma and
Rathore, 2011).

Oxidative stress is believed to have a great role
in hepatotoxicity. When the equilibrium between the
created reactive oxygen species (superoxide anions,
hydrogen peroxide and hydroxyl radicals) and
antioxidants is disturbed, the free radicals react with
macromolecules leading to disruption of cell functions
(Birben et al., 2012).

Lipid peroxidation and reduced antioxidant
enzymes are principle mechanisms in paracetamol-
induced hepatotoxicity (Hinson et al., 2004).

There are three mechanisms suggested to
explain elevated ROS level:

Uncoupling of CYP 2E1 or other enzymes,
activated NADPH oxidase, and mitochondrial uncoupling
(Di Meo et al., 2016).

It has been confirmed that superoxide anion and
hydrogen peroxide (H,O,) are formed during metabolic
paracetamol activation in the CY Py system and from
the mitochondria during toxicity with paracetamol
(Hamza and AL-Harbi, 2015).

The production of superoxide stimulates
peroxynitrite formation and protein nitration which
lead to oxidative injury to DNA, proteins and lipids
(Al-Harbi et al., 2014).

CAT is one of the most essential enzymes
which enhance oxygen metabolism (El-Sokkary et al.,
2003).

Catalase is suppressed by extra superoxide
radical and lipid peroxides (El- Megharbel et al., 2014)
and (AL-Harbi, 2015).

The current study has shown that toxicity of
paracetamol resulted in significant decline in catalase
(CAT) activity as compared to control group.

There was an ameliorative role of ALA when
co-administered with toxic dose of paracetamol (Group
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IVA). Better results were achieved when ALA was
administered after stoppage of paracetamol (Group
IVB).

ALA isdistinctive in its capability to behave as
an antioxidant in agueous phases of the cell and lipids
(Moini et al., 2002a).

There are four different antioxidant characters
of ALA and its reduced form (Palaniyappan and
Alphonse, 2011):

e It can bind to transition metals in a chelating
manner so inhibit the development of hydroxyl
radical.

e |t can scavenge ROS

e |ts can stimulate endogenous antioxidants as GSH
and vitaminC & E.

o Lastly, it can restore oxidatively injured proteins,
as apha-1 antiprotease.

The obtained findings are reinforced by Yousef
et al. (2010) who stated that administration of
paracetamol (650 mg/kg oraly for 15 days) produced
significant lowering of antioxidant enzyme; CAT in rat
plasma.

Similar results were obtained by Abdel-Zaher et
al. (2008). They reveded that ALA has a protective
effect by counteracting paracetamol-induced lipid
peroxidation and exhaustion of intracellular glutathione.

Our findings agree with those of Elshazly et al.
(2014) who stated that ALA at the low dose (20mg/kg)
with paracetamol toxic dose (1.5g/kg i.p. single dose)
exerted protective actions, where ALA significantly re-
established the alterations of GSH and MDA.

The current findings were in harmony with
Pradhan et al. (2016) who stated that paracetamol
overdose (500 mg\kg ip for ten days) led to a
significant decline in the CAT level in plasma. This
improved when ALA was co-administered at two
dissimilar doses (50-100 mg\kg),

Scott et al. (1994) and Cakatay (2006) recorded
that excess ALA and dihydro-lipoic acid (DHLA) may
display pro-oxidant effect by iron reducing and
producing reactive, sulfur-containing, radicals leading
to protein injury.

Cakatay (2006) stated that the pro-oxidant
effect is affected by the model of oxidant stress and the
body’s physiological status.

Also, the different findings could be explained that
when large amounts of ALA react with oxygen in the
mitochondria, forming superoxide anions which interact
with the double bonds in unsaturated lipids within
mitochondrial membranes, leading to lipid oxidation.

Thus, moderate doses intake of ALA has
protective effect, while larger doses or i.p ALA cause
oxidative stress (Shay et al., 2009).

The man organ for paracetamol toxicity
thought to be the liver asit is the primary site at which
the detoxification of the drug takes place (Hewawasam
et al., 2003).

In the current study, ALA induced no
pathological changes in liver architecture, while
paracetamol induced marked dilatation and central vein
congestion and congestion of the portal venules,

marked hepatocytic vacuolar degeneration. These

changes became less severe after period of recovery.

Co-administration of ALA with toxic dose of
paracetamol led to changes of central vein and portal
venules in the form of moderate dilatation and
congestion and moderate hepatocytic  vacuolar
degeneration. Less damage was observed when ALA
was administered as treatment for 4 weeks following
toxicity and stoppage of paracetamol, in the form of
mild congestion and dilatation of central vein and
portal venules, mild hepatocytic vacuolar degeneration.

There are two predominant theories for
paracetamol to cause cell death:

1. First one is the theory of oxidative stress where
paracetamol metabolites induce oxidative stress in
the target cell which leads to its death. Lipid
peroxidation which is generated by ROS is thought
to be a major cause of disruption to cell
membranes (Zhao et al., 2011).

2. The other one is the theory of covalent binding
where highly reactive metabolites of paracetamol
bound to cellular macromolecules causing death of
the cell (Anoush et al., 2009).

The main finding recorded in paracetamol
toxicity is liver centrilobular necrosis.

The explanation for that finding could be that
the central zone liver cells are rich in CY P2E1, so they
are most susceptible to injury by paracetamol toxicity
(Hodgman and Garrard, 2012).

These findings were in accordance with Abdel-
Zaher et al. (2008) results. Where there was marked
vacuolar degeneration and moderate centrilobular
necrosis in liver histopathological examination
following ingestion of paracetamol 750 mg\kg for one
week. While no abnormal finding was observed when
ALA was co-administered for the same duration.

The present study findings were agreed by
Mahmoud et al. (2015). They noticed centrilobular
necrosis, vacuolar degeneration in a moderate manner
and infiltration of inflammatory cell in liver
microscopic examination when paracetamol was
administered to the rats with a dose of 3 g/kg orally
(acute overdose). This effect improved partially when
ALA was administered as 100 mg/kg before toxic
dosage of paracetamol.

The current results were in a harmony with
Pradhan et al. (2016), who Stated that severe disturbance
of hepatocytes was detected when paracetamol given
parenteraly with a dose of 500 mg/kg for ten days.
After adminigtration of ALA with the dosage of 50 and
100 mg/kg /day for twenty days, there were normal liver
cels as wdl as mild affected cels with a minimal
disorganization.

Conclusion

Repeated oral administration of paracetamol affects
liver both functionally and pathologically. Also,
oxidative stress has occurred in the form of increased
catalase level. ALA has the ability to protect against
the above mentioned effects. The protective effects
increased when ALA was administered for another 4
weeks after stoppage of paracetamal.
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Recommendations

= It is advisable to restrict prolonged use of
paracetamol to avoid its hepatotoxic and oxidative
stress effects.

= It is recommended that physicians prescribe alpha
lipoic acid when prolonged use of paracetamol is
indicated as in cases of osteoarthritis or cancer pain
even after stoppage of paracetamol administration.
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