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Abstract The liver is affected by hazardous substances, exhibiting different degrees of toxicity. This study
aimed to investigate the toxicopathological changes on liver tissues and blood parameters induced by
ethanoic acid in rats. Female rats (n = 20) were divided randomly into two groups of 10: a group 1, control
group and group 2, treatment group which were oraly administered the ethanoic acid (EA) at a dose of 1
ml/kg/day (10 % EA). Following fourteen days of treatment. There were no significant changes in the mean
values of MCH, MCV and PLT, on the other hand, a significant lower in the mean values of RBC, HCT and
Hb. Whereas, a significant increase in WBC, MCHC, AST and ALT were found in treated group when
compared to control. Furthermore, the treated group showed bi-nucleated and apoptotic nuclei hepatocytes,
loss of hepatic architecture and dilated sinusoidal areas. In conclusion EA consumption was found to have
adverse effects on hepatic function in rats, hence the quantity of EA should be discouraged or reduced.
Key words: Toxicopathological, liver, Blood, Ethanoic Acid, Rat.
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Introduction:

The liver is a target organ for toxicity because of
its role in clearing and metabolizing chemicals
through the process called detoxification. Drug
and some chemicals induced liver disorders
occurred frequently can be life threatening and
mimic all forms of liver diseases [1]. In chronic
liver injury, the injured cells release a number of
cytokines and stimulate the kupffer cells to
release more inflammatory mediators and various
free radicals. Massive reactive oxygen species
(ROS) production in the hepatic tissue induce
oxidative stress, moreover, oxidative stress can
induce many kinds of negative effects including
membrane peroxidation, protein cleavage, and
deoxyribonucleic acid (DNA) strand breakages,
which could lead to cancer [2]. The precise
mechanisms underlying drugs or chemicals

induced hepatotoxicity and nephrotoxicity are
gradually elucidated. However, there is still lack of
effective  therapeutic strategies or specific
medicines for such diseases [3]. Moreover,
chemicals induced toxicity is reported to be
mediated by increased production of reactive
oxygen species and free radicals. These ROS could
interfere with the antioxidant defense system and
can cause extensive tissue damage and cell
dysfunction by reacting with macromolecules like
proteins, membrane lipids and nucleic acids.
However, oxidative stress could be a consequence
of increased ROS generation and/or decreased
antioxidant defense [4]. Superoxide dismutase
(SOD) and catalase (CAT) provide major cellular
defense against ROS and together they convert
superoxide radicals first to H202 and then to
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molecular oxygen and water. Another enzyme viz.
glutathione peroxidase (GSH-Px) wuses thiol
reducing power of glutathione reduced (GSH) to
reduce oxidized lipid and protein targets of
ROSJ5]. Ethanoic acid (EA) administered orally is
immediately absorbed, uptake then occurs in liver
and peripheral tissues. It is metabolized via
acetyl-CoA in the tricarboxylic acid cycle in liver
and skeletal muscle [6]. Hemolysis, disseminated
intravascular coagulation, and liver dysfunction
occurred after oral high concentration of EA
poisoning in human [7]. Moreover, chronic
ingestion of large amount of EA (7ml/kg/d (99%)
in diet) caused hepatocellular degeneration with
fibrous tissues, vascular congestion, necrosis,
hypokalemia, hyperreninemia, osteoporosis and
hepatocellular carcinoma [8,9]. The aim of the
present study was to assessment the
toxicopathological changes on liver tissues and
blood parameters induced by ethanoic acid in
female albino rats.
Material and Methods:
Chamicals:
Ethanoic acid (EA) (CHsCOOH) (99.8 %, Sigma-
Aldrich). EA was obtained from the Omar Al-
Mokhtar University.
Animals and experimental design:
The present study was conducted using 20
healthy female albino rats (Rattus norvegicus) with
an average weight of 180-225 g. Animals were
obtained from the Zoology Department, Faculty of
Science, University of Omar Al-Mokhtar, El-Beida,
Libya. All animals were allowed two weeks per-
experimentation period to acclimatize to
laboratory conditions in order to avoid any
complications along the course of the experiment.
The animals were acclimatized to standard
laboratory conditions, with a temperature of 22 °C
with standard light-darkness cycles of 12 hours.
Rats were fed with laboratory diet and water ad
libitum with fresh daily supplies. All rats were
weighted weekly and the weight were recorded
before the experimental procedures and at the end
of the experiment. All rats were randomized into
two groups 10 rats in each:

e Normal control group (NC): Rats were given
orally distilled water for 14 days.

e Treated group (TG): Rats were given orally EA
(10 %) by gavage at a dose of 1 ml/kg/b.w./day
according to Pastrelo et al., [10] for 14 days.

After the completion of treatment period, all rats

were fasted for 24 hours [11] and animals were

sacrificed and blood samples were collected from
cutting the jugular vein for complete blood count

(CBC) measurements, or liver functions tests then

the liver was removed.

Haematological investigation:

Blood was collected in EDTA-coated tubes. The

samples were kept at room temperature for

maximally five hours before they were run on
haemocytometer (Medical Electronic machine.

Scopus-micro, Medical Centre) in Al-Razi

Laboratory for Medical Analysis, El-Beida City.

Various haematological parameters were

performed including white blood cells (WBC), red

blood cells (RBC), haematocrit (HCT), haemoglobin

(Hb), the mean cell haemoglobin (MCH), the mean

cell haemoglobin concentration (MCHC), the mean
cell volume (MCV) and platelets count (PLT).
Determination of the liver function tests:

Blood samples were collected and left to clot, then
centrifuged at 3000 rpm for 10 minutes and
stored at -80 °C until biochemical analysis. Sera
were used for the determination of biochemical
analysis such as aspartate aminotransferase (AST)
and alanine aminotransferase (ALT), were
evaluated to determine of the liver function tests
by using spectrophotometer method according to
Bergmeyer et al, [12] in Al-Razi Laboratory for
Medical Analysis, El-Beida City.
Histopathological examinations:

Tissue specimens from liver were taken and
washed in normal saline, dried and placed in 10
%  buffered formalin for histopathological
examinations [13]. Dehydration of fixed tissues
was carried out using ascending grades of ethyl
alcohol (70 %, 90 % and 100 %), then cleared with
xylene. Infiltration with paraffin wax at 60 °C was
followed by embedding. Paraffin blocks were cut
at S5 microns from all specimens, using a
Cambridge Rocking Microtome, and affixed to
slides and stained with Haematoxylin and Eosin
for general histological examination [14].
Statistical analysis:

The data of results obtained were subjected to
statistical analysis and expressed as mean + SE.
The data were statically analyzed by Student's t-
test at P < 0.05. All statistical procedures were
performed with the Minitab statistical analysis
package program (Minitab version 17).

Results:

Haematological investigation:

From the inspection of the data recorded in table
(1) a significant increase (P < 0.05) in the mean
value of WBC in treated group (14.56 + 2.17) as
compared to control group (9.157 % 0.489).
Moreover, animals that reserved of (EA-10 %)
showed, a significant increase in the mean value
of MCHC (36.329 * 0.356) as compared with
control (34.50 + 0.127). Whereas, a significant
decline (P < 0.05) occurred in the mean value of
RBC in treated group (7.223 £ 0.260) when
compared with control group (8.131 = 0.052).
Also, a significant decrease in the mean value of
HCT and Hb in treated rats (43.29 = 1.15 and
14.829 + 0.358) as compared to control rats
(47.429 £ 0.975 and 16.357 * 0.290). However, a
non-significant change in the MCH, MCV and
platelets was recorded for treated group as
compared to control group.

Table 1: Averages of CBC parameters in control
and treated group.

Parameter Control (NG) EA-10% (TG)
WBC 9.157+0.489> 14.56+2.17=2
(103/mmb3)
RBC 8.131+£0.0522 7.223+0.260P
(106/mm3)
HCT % 47.429+0.9752 43.29 £1.15b
Hb 16.357+0.290= 14.829+0.358P
(g/dl)
MCH 20.114+0.2962 20.143+0.243=
(pg/cell)
MCHC 34.50+0.127° 36.329+0.3562
(g/dl)
MCV 58.31+1.04- 56.657+0.261=
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(1)
PLT 972.9%56.92
(103/p)

997.9+65.4a

Data are expressed as mean * SE of rat within each row,
means with different superscript (a & b) were
significantly different at P < 0.05, were means
superscripts with the same letters mean that there is no
significant difference (P < 0.05).

* EA-10% = ethanoic acid (10%). * NC = Normal control.
TG= Treated group.

Determination the enzymatic activities of
liver:

The mean values of aspartate transaminase (AST)
and alanine transaminase (ALT) activities of
control and treated group were presented in table
(2). In the mean values of AST showed, a
significant increase (P < 0.05) in TG (134.14 *
3.12) as compared to NG (73.86 = 1.42). In
addition, there was a significant increase (P <
0.05) in the mean value of ALT between treated
group (62.86 +£3.40) when compared with control
group (22.71 = 1.02).

Table 1: Averages of mean values of aspartate
transaminase (AST) and alanine transaminase
(ALT) activities in control and treated group.

Parameter Control (NG) EA-10% (TG)
AST (IU/L) 73.86%1.42b 134.1443.122
ALT(IU/L) 22.71+1.02b 98.14+2.732

Data are expressed as mean * SE of rat within each row,
means with different superscript (a & b) were
significantly different at P < 0.05, were means

superscripts with the same letters mean that there is no
significant difference (P < 0.05).

*EA-10% = ethanoic acid (10%). * NC = Normal control.
TG = Treated group.

Histopathological preparations:

Microscopically, in the control group the liver
showed normal histological structure; normal
central vein, sinusoidal capillary size with no
evidence of congestion or narrowing and normal
hepatocyte without any changes in their
cytoplasm and nucleus (Fig. 1). The portal areas
contained branches of the hepatic artery and bile
duct, embedded in connective tissue (Fig. 2).
Ethanoic acid treated group with EA-10 % showed
necrotic hepatocytes, vacuolated hepatocytes,
cytoplasm indicating hydropic degeneration and
congestion of central veins. Moreover,
vasodilatation and congestion of portal area,
hemorrhage and cellular infiltration were
appeared (figs. 3 and 4). Some hepatocytes were
bi-nucleated while others contained apoptotic
nuclei, loss of hepatic architecture with increased
signs of necrosis and dilated sinusoidal areas. In
addition, dilated blood vessels and increase of
kupffer cells, degenerating hepatocytes, hydropic
swelling, pale cytoplasm become vacuolated and
appeared moth-eaten, karyolytic and kariorrhxsis
nuclei in some cells, hypertrophied hepatocytes
with deeply stained shrunken nuclei (Fig. 5), and
corrugated central vein surrounded by fibrotic
area were also observed (Fig. 6).

Figure 1: Photomicrograph of the liver section of
control female rats showing, normal central vein (v),
sinusoidal capillary (s) and hepatocytes structures
(h) (H & E stain, X400).

Figure 2: Photomicrograph of the liver section of
control female rats showing, normal portal area (pt)
(H & E stain, X400).

Figure 3: Photomicrograph of the liver section of Figure 4: Photomicrograph of the liver section of
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female rats treated with ethanoic acid 10 % showing,
congestion (cg) in the central vein, inflammatory cell
infiltration (Inf), vasodilatation and congestion (VC)
of portal area and necrotic areas (N) (H & E stain,
X100).

P Ay Boadosr fe S
Figure 5: Photomicrograph of the liver section of
female rats treated with ethanoic acid 10 % showing,
bi-nucleated hepatocytes (circles), loss of hepatic
architecture with degenerating hepatocytes and
hydropic swelling, pale cytoplasm become vacuolated
(long arrows), dilated blood vessels (stars), necrosis
cells (short arrows), karyolytic nuclei (long head
arrows) and kariorrhxsis nuclei in some cells (short
head arrows) (H & E stain, X400).
Discussion:
The results of this study showed no a significant
difference was noted in the MCH, MCV, and PLT
between treated group and control. These results
were supported by [15,16] who reported that no
marked changes in the MCH and MCV parameters
between EA groups and control; this is in
agreement with the findings. Furthermore, a
significant increase in the mean value of WBC and
MCHC in treated group as compared to control
group. Additionally, the mean values of RBC,
HCT and Hb showed a significant decrease
occurred in treated rats when compared with
control group. These findings were supported by
the findings in [17], they revealed that ethanoic
acid caused decreasing of RBC and Hb with
increasing of WBC in rats when compared with
control. They supposed that, alteration in
hematological parameters due to tissue damage is
an important clinical manifestation of
inflammatory diseases. Also they suggested that
EA caused reduction in RBC with subsequent
decline in Hb concentration. The observed
decrease in the number of RBCs, accompanied by
a decreased Hb, seems to confirm that ulcers
probably caused excessive blood loss as a result of
serious gastrointestinal tract bleeding, hemolysis
of red blood cell and poor absorption of iron in the
intestine. Nevertheless, the increase in WBC may
be due to the inhibition of prostaglandin synthesis
through cyclooxygenase enzyme and enhances
haematopoisis, because of prostaglandin E2
(PGE2) increases intracellular cyclic adenosine
monophosphate (AMP) levels in target cells [18]. In
addition to, cyclic AMP and PGE2 block
neutrophils recruitment and ethanoic acid may be
enhanced by two fold neutrophils recruitment
[19]. The significant reduction in the red blood cell
and heamoglobin may have resulted from the
suppression of circulating hormone,

female rats treated with ethanoic acid 10 %
showing, dilated congested (cg) blood vessels,
haemorrhage (Hg) and necrotic areas (N) (H & E
stain, X100).

Figure 6: Photomicrograph of the liver section of
female rats treated with ethanoic acid 10 %
showing, congestion (cg) in the central vein
surrounded by fibrotic area (FS), dilated sinusoidal
areas (star), necrosis cells (N) and degenerating
hepatocytes (long arrows) (H & E stain, X400).

erythropoietin (a glycoprotein which stimulates
the process of erythropoiesis). Reduction in blood
concentration of erythropoietin may result in a
normochromic, normocytic anemia [20].

In the present study, there was the AST and ALT
activities showed a significant increase in treated
group as compared to normal control group. This
is accompanied with [9,21,22] they found that the
administration of ethanoic acid to rats caused of
increasing in AST and ALT activities. Moreover,
liver is the center of biotransformation and
detoxification of foreign compounds and is the
most vulnerable to the chemical assaults such as
ethanoic acid poisoning [21]. Raised activities of
these enzymes indicate cell damage which might
have resulted from several mechanisms. Peters et
al. [22] demonstrated that the increase activities
of AST and ALT are generally a result of liver
disease associated with some degree of hepatic
necrosis such as cirrhosis, carcinoma, viral or
toxic hepatitis, drugs and obstructive jaundice.
Previous studies have reported the serum AST
and ALT are considered to be among the most
sensitive markers employed in the diagnosis of
hepatotoxicity [23,24]. Liver injury indicated by
marked elevation in serum activities of AST and
ALT enzymes  associated with  markedly
histopathological changes. These changes may be
due to the diffuse vacuolar degeneration, fat
vacuoles and necrosis of hepatocytes and
markedly focal fibrosis which causes increases in
the permeability of cell for liver enzymes
[25,26,27].

The histopathological examination of liver tissues
of ethanoic acid at a dose of 10 % showed necrotic
hepatocytes, vacuolated hepatocytes, cytoplasm
indicating hydropic degeneration and congestion
of central veins. Moreover, vasodilatation and
congestion of portal area, hemorrhage, cellular
infiltration, loss of hepatic architecture with
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increased of necrosis and dilated sinusoidal areas.

In addition, dilated blood vessels, degenerating

hepatocytes, hydropic swelling, pale cytoplasm

become vacuolated and appeared moth-eaten,
karyolytic and kariorrhxsis nuclei in some cells.

These findings were supported by the findings in

[28,29], they revealed that changes in liver

sections such as small focal areas in hepatocyte,

infiltration of the lymphocytes in the portal
spaces, focal-type necrosis, and fibrosis focal area
in male and female guinea pigs. In addition,
hepatocellular degeneration with fibrous tissues,
vascular congestion, necrosis, infiltration of the
lymphocytes around the central vein, few
inflammatory cells infiltration with moderate
fibrosis and the presence of microvesicular
steatosis in rats treated groups with ethanoic acid
[9]. The damage in liver in the present study
appeared in the form of an inflammatory cells
infiltration, widening of the sinusoids, increasing
of Kupffer cells, loss of normal hepatic tissue
architecture and disappearance of normal
organization. Similar results were obtained by
Sakr et al. [30] who found that an inflammatory
response occurred when Kupffer cells were
activated by the free radicals and secretes
cytokines that attract and activate neutrophils
thereby enhancing the liver injury. The
degeneration of liver tissues and cellular
metabolism could be degenerative changes in the
cytoplasm, where integrity of cytoplasm is quite
important for maintenance of cellular vital
functions. Moreover, integrity of mitochondrial
membrane is important for maintanence of vital
functions and determination of apoptotic process.

So these degenerations in mitochondrial

membranes and crista structure could have

negatively affect oxidative metabolism and vital

balance limits of the cell [31].

In conclusion ethanoic acid (EA) consumption

have adverse effects on hepatic function in rats,

hence the quantity of EA should be discouraged or
reduced.
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