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At this moment, liver dysfunction is a major source of destruction, and its
widespreadity is accentuated in the developed republics. The liver is an imperative organ of the
body and is involved in metabolism and regulation. The large number of medications, toxins,
and plant-derived products has been claimed to cause liver dysfunction, which is potentially
life intimidating to humans. Currently, there is a shortfall in encouraging treatment for treating
patients with liver dysfunction due to the nonexistence of empathy for gesturing offenders
serviceable in the pathogenesis of liver toxicity. Hepatic dysfunction is manifested by hepatic
karyopyknotic, eosinophilic or acidophilic cell plasm, followed by excessive steatosis, liver
injury, and oxidative degradation of lipids that cause centrilobular necrosis in hepatocytes.
Different signaling mechanism, like activation of Kupffer cells, NK cells, inflammatory mediators,
and ROS are associated with the pathogenesis of liver dysfunction. A good empathy of chief
mechanisms is prerequisite for the scheming of novel curative medications. Consequently,
animal models are being developed to impressionist hepatic ailments. From the several decades,
researchers are using distinctive animal models for discovering and understanding pathogenesis
of hepatic ailments and associated abusiveness. This current review has been framed to discuss
numerous new and traditional experimental models for hepatotoxicity studies. Numerous animal
models have been evolved to evaluate the pathogenesis and develop drugs for hepatotoxicity.
Experimental modes of hepatotoxicity are influential for invention of novel molecular signaling
trails for the improvement of human health.
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The liver, an exuberant organ, Furthermore, it also serves to abruptly withdraw
acknowledged synchronizing gastrointestinal  of toxicants. Consequently, the commanding
homeostasis and body function in general. functioning of the liver is imperative for elegant

This is an Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY). @ ®
Published by Oriental Scientific Publishing Company © 2022




564 GUPTA et al., Biomed. & Pharmacol. J, Vol. 15(2), 563-578 (2022)

wellness. The inequality between the offensive
and shielding services results in disfiguration and
disservice to liver and miscellany mechanisms
that are responsible for causing hepatic toxicity
inclusive of environmental and chemical agents.
In acute hepatic dysfunction, fast deterioration of
liver occurs without apparent pre-existing continual
liver illness, many of them can be reversed when
defamatory agents are withdrawn; however, in
peculiar exceptional settings a liver transplant is
required.! Drug triggered hepatic impairment is
the predominant genesis of liver dysfunctioning
in American and European population, computing
for around 50% of acute liver dysfunctioning.?
The drug induced liver abrasion (DILA) is non-
conventional in Chinese population; however,
hepatitis B is the prominent source of chronic
hepatic malfunctioning.’ The year-end prevalence
amplitude of DILA permutated from 13.9 to 24.0
per 100,000 inhabitants.* Plenteous of medications
resulted in DILA, with distinctive levels of
lethalness like drug used against bacterial infection,
viral infection, fungal infection, drug against
inflammation, anti-gout drugs, drug against ulcer,
antidiabetic drugs, anti-tubercular drugs, and anti-
cancer agents.’ The overdose of paracetamol is the
intrinsic exposition for liver toxicity, far exceeding
the other motives, whereas traditional natural
remedy predominates as the purpose of DILA in
China and Korea.>¢. The liver has more than one
functions, so hepatic toxicity deviates from its
normal functioning and it additionally rely on the
nature of the medication or chemical exposure.’#-2¢
Hence, for understanding the pathogenesis of
DILA, several models are accessible to screen the
anti-hepatotoxic endeavor of any substance. Since
there are confines of the outcomes in every model,
it is important to select special techniques for
affirmation of the findings. This miniature review
article highlights the hepatopathy models that are
being used to observe the activities of liver injuries
under hepatotoxic agents with a strong emphasis on
examining whether or not the developed fashions
are suitable for hepatic fibrosis under quite a
number of conditions.
Experimental Animal Models of Hepatotoxicity
Animal models are important tools for
determining the pathogenesis or mechanisms
of toxicity in biomedical research. They have
complexity in both in vivo and in vitro. The

creatures as rodents, rabbits, mice, guinea pigs,
sheep and monkeys, are used globally conduct
an investigation into hepatotoxic footprints.
These animals could be utilized to understand
the fundamental mechanism of the xenobiotic.
However, the experimental animal model is a
promising prototype for the drug design and
discovery of novel hepatoprotective agents. The
summary of modes, pathological manifestation
and mechanism of liver hepatopathy has been
illustrated in (Table 1).
Drug-Induced Hepatotoxicity (Hepatic
Abrasion) Model
Non-steroidal anti-inflammatory drug-induced
liver abrasion model
Paracetamol (acetaminophen) induced liver
abrasion

The ideal therapeutic dose of paracetamol
(acetaminophen) is proposed to be safe at regular
intervals. However, its overabundance in the body
can be observed, leading to liver dysfunction. The
excessive dose of paracetamol is primary reason
of drug-induced hepatic dysfunctioning in the
Americans.”” The over/high dose of paracetamol
gave rise to noxiousness of the centrilobular
hepatocytes that were characterized by enormous
hepatic abrasions. The oxidative product of
paracetamol is N-acetyl-P-benzoquinoneimine,
which causes decadency of the glutathione level
and produces hepatic cellular destructiveness.
Administration of paracetamol at dose of 500 mg/
kg, for 2 weeks triggers liver abrasion in rats.?®
Diclofenac Induced hepatic abrasion

Hepatotoxicity induced by diclofenac
is a perfect specimen of idiosyncratic DILA.
Diclofenac predominantly associated with the
hepatocellular impression of hepatic malfunction.
Diclofenac undergoes metabolic conjugation with
glucuronidation to form highly unstable acyl
glucuronide and acyl glucuronide upon further
oxidation by the CYP2C8 enzyme produces
5-hydroxydiclofenac as a metabolic product. Both
of these metabolites of diclofenac bind covalently to
proteins and form adducts; that potentially expand
the threat of hepatotoxicity. Furthermore, reactive
metabolites resulted in high oxidative stress
producing liver cells abrasion. Animals treated
with diclofenac at dosage of 150 mg/kg, once daily
for 28 days will increase the hepatic enzymes like
AST, ALT, ALP and whole bilirubin as to positive
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control. Diclofenac also causes variations in
antioxidant and lipid peroxidation levels.*® The
increase in liver serum marker may be due to the
accumulation of reactive metabolites produced
during the diclofenac metabolism in the liver that
leads to a greater level of lipid peroxidation that
affects the bio membranes and liver serum markers.
Histopathological assessment direct towards the
severe peri-acinar necrosis, hydropic degeneration,
fatty changes, and degenerating hepatic cells.?**
Mefenamic acid-induced liver abrasion

A single dose of intraperitoneal (IP)
injection of mefenamic acid at 100 mg/kg or 200
mg/kg (in 10% DMSO / Vegetable oil), or treated
every day with IP mefenamic acid (at 50 mg/kg
or 100 mg/kg in 10% dimethyl sulfoxide/palm
oil) for 14 days in male Balb/C mice causes liver
dysfunction. Control animals dosed with equal
amount of vehicle (10% DMSO/vegetable oil).
Blood samples had been collected from the tail vein
of mice for subchronic study (50 uL) and placed in
0.3 ml heparinized vials. Blood samples subjected
to centrifugation at 4000 rpm for 15 minutes and
the plasma used to be transferred to eppendorf tubes
where they have been stored at (-20 °C) till analysis.
Hepatic serum markers level measured. Six hours
later, after the final dose (single and sub-chronic
doses), mice had been sacrificed via cervical
dislocation. The liver sample of mice dealt with an
excessive dose of mefenamic acid (100 mg/kg for
14 days) confirmed huge degeneration involving
the periportal, mid-zonal and centrilobular region.
Scattered areas of necrosis were mentioned
with some focal inflammatory reactions, many
hepatocytes with pyknotic nuclei had been seen
in liver sample. Hepatocyte degeneration was
detected in the periportal and midzonal regions
of the liver in mice treated with mefenamic acid
50 mg/kg. An Abundance of pyknotic nuclei
had been located (not shown). The liver of mice
dealt with a single dose of 100 mg/kg mefenamic
acid confirmed moderate focal degenerative
modifications at the periportal region. Midzonal
degeneration with hepatocytes pyknosis was found
in the liver as an end result of the high dose (200
mg/kg) mefenamic acid treatment. Liver sections of
the control mice confirmed normal histology at the
periportal, centrilobular and mid-zonal regions.*'*

Antibacterial agents triggered liver toxic animal
mode
Tetracycline prompted hepatic abrasion

Tetracycline is related with drug-triggered
hepatitis.* It is recognized to induce fatty liver and
has a high risk to liver cirrhosis.**** This model was
hooked up with a single tetracycline intra peritoneal
injection at 50 mg/kg, causes hepatic dysfunction
in rats.® Six hours later, histopathological analysis
confirmed apparent abnormal fat accumulation
within hepatocytes and elevation in hepatic,
serum triglyceride levels. Tetracycline effects lipid
metabolic pathways following the four uppermost
route way: (1) extended fatty acid uptake with
the aid of upregulation of CD36, (2) retarding
fatty acid oxidation process, (3) increasing the
cellular response of genes engaged in synthesis
of TG and cholesterol, and (4) by lowering the
generation of TG-rich VLDL due to inhibition of
microsomal triglyceride transfer protein.***¢37 It
has been reported that levels of triacylglycerol,
total cholesterol method, serum ALT and AST
were elevated in male Sprague-Dawley rats treated
with 200 mg/kg, body weight, tetracycline (i.p) in
saline.*®
Adriamycin (doxorubicin) caused liver abrasion

Doxorubicin (Adriamycin) is among
the most fascinating drugs in opposition to
interdisciplinary extent of malignancy. However,
it is scientific manageable due to extreme
leukemic adverse outcomes. It is investigated that
doxorubicin at (10 mg/kg, single dose) triggered
hepatic noxiousness in rats.*
Isoniazid, rifampicin and pyrazinamide
precipitated liver abrasion

Antitubercular therapeutic regimens can
potentially leads to serious liver toxicity during the
antitubercular therapy. Thus, isoniazid, rifampicin
and pyrazinamide are hepatotoxic; nevertheless,
on administration in combined dosage forms, their
harmful impact is increased. Monoacetyl hydrazine
is the primary metabolite of Isoniazid (INH) that
causes hepatosteatosis. The person accompanying
rifampicin treatment have fast tracked instances
of liver inflammation due to toxic metabolites
produced during rifampicin-induced CYP450
enzyme-induction. In an investigation in rodents,
pyrazinamide inhibited CYP450 isoenzymes
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(2B, 2C, 2El, 3A), however an examination of
individual person liver microsomes confirmed that
pyrazinamide has no inhibitory impact on CYP450
isoenzymes.** Hepatotoxicity was once induced
by the combination of three antitubercular tablets
namely rifampicin, isoniazid, and pyrazinamide
(10, 7.5, and 35 mg/kg, body weight) p.o. daily
once for a period of 35 days or administration of
isoniazid at 200 or 400 mg/kg/day weekly produced
liver toxicity.*' Anomalous expansion of hepatic
markers in the systemic circulation is a sign of
hepatocellular harm and a marker of necrosis.
Rifampicin at dose of 177 and 442.5 mg/kg, for 2
weeks used to estimate LD, and LD,,. Uprising
grades of hepatic serum AST, ALT, ALP, TBL and
LDH denote the presence of hepatocellular harm
and necrosis.”
Anti-Rheumatic Medications
Anti-rheumatic therapeutics are
resulted into troublesome liver dysfunctioning.
Hepatotoxicity have been observed in the patients
treated with sulfasalazine and azathioprine.*
Azathioprine (AZA) prompted hepatic abrasion
AZA is practiced in autoimmune
disease and in discontinuing graft rejection. AZA
leads to GSH depletion. Prior GSH depletion
enhanced toxicity while supplemental GSH
used to be protective. GSH in hepatocytes is
eaten up throughout uptake of Azathioprine
to 6-mercaptopurine. The lipid peroxidation
mechanism transformed in-vivo a proportion of
endogenous scavengers that are indices of oxidative
stress. It has been investigated that oral intake of
AZA at dose of 15 mg/kg for 28 days triggered
liver abrasion in rodents.**
Sulfasalazine outcomed hepatic abrasion
Sulfasalazine is used to treat arthritis
and psoriatic arthritis. It is reported to cause liver
toxicity in arthritic patients. Most case began in
the month of beginning of sulfasalazine therapy,
around 25% of sufferers are jaundiced followed
by rapidly developing liver failure.* Sulfasalazine
therapy also affects renal function. Both hepatic
and renal dysfunctioning analyzed by estimating
serum extent of creatinine, ALT, AST, LDH, and
ALP. Sulfasalazine-dosed animals were found
to have elevated magnitude oxidative stress and
lipid peroxidation profile. Furthermore, the intake
of sulfasalazine resulted in the depletion of the

glutathione level. The histopathology of kidney
and liver tissues additionally authenticated the
lesions. Sulfasalazine at 600 mg/kg/day, p/o. for 2
consecutive weeks caused kidney and liver damage
in rodents.*¢
Anti-ulcer drug tempted hepatopathy
Ranitidine induced liver abrasion

The metabolic side product of ranitidine
is responsible for liver abrasion and oxidative
damage. However, one of its metabolites
caused an allergic immune allergic response
by inducing infiltration of hepatocytes.
Histopathological observations confirmed
the hepatic inflammation with centrilobular
and bridging necrosis. Histopathological
analysis also answered focal necrosis of the
liver parenchyma with a few accumulations
of histiocytic elements and mild steatosis
and cholestasis. The study acknowledged
fibrosis, bile duct escalation, and hepatocyte
infiltration. Hepatic damage demonstrated the
upraised proportions of serum AST, plasma
bilirubin, and ALP. The intake of ranitidine
by intravenous injection for twenty four hours
at dosage of 30 mg/kg induce hepatopathy in
rodents.*748
Statin induced liver abrasion
Simvastatin induced liver abrasion

Liver toxicity of simvastatin occur due
to drug-drug interactions. There were several
cases that were reviews that describe the toxicity
of simvastatin with other medications such
as flutamide, and diltiazem.* Liver toxicity
was prompted by the ingestion of simvastatin
(20 mg/kg, p.o.) for 1 month. On the 31" day,
blood samples have been collected, and all
the animals were sacrificed by using cervical
disconnection and liver sample have been harvested,
rinsed in saline for in addition biochemical
analysis. The liver harm caused by simvastatin
represents changes in liver cell metabolism
that result in exclusive changes in liver serum
markers. The increased levels of liver serum
markers such as SGOT, SGPT, ALP, bilirubin, and
decreased inside albumin were found in simvastatin-
dosed animals. Simvastatin treated animals also
change the cell membrane permeability that
represents the severity of hepatocellular damage.*
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Dietary models for hepatic abrasion
A diet deficient in methionine and choline-
induced liver abrasion

Methionine is an obligatory amino
acid required in DNA methylation and
glutathione biosynthesis. Methionine Choline
deficient diet (MCD) is the most common
nutritional model for studying nonalcoholic fatty
liver. In this approach, the animals were classified
into three classes, each class with eight animals.
Class (I) rats serves as normal control and were
provided with pellet diet for 60 days, however
Class (II, IIT) were provided with MCD diet for
60 days. Class II served as a positive control and
Class III was provided with MLN (melatonin, 10
mg/ kg p.o.,) for the last two consecutive weeks.
Concomitantly animals in both group-II and I
were provided with water (5 mL/kg p.0).”' Class-
IT and IIT animals were provided with MCD diet
throughout the whole 14 days. MCD diet outcome
in proliferation of essential liver enzymes, total
and direct bilirubin in respect to the normal control
class. In addition to that, decreased level of albumin
was observed in animals fed MCD diet. The MCD
diet fed rats with MLN (10 mg/kg/day, orally) for
two successive weeks showed reconstruction of
serum levels of liver enzymes, total and direct
bilirubin. The process resulting in fatty liver due
to MCD diet is because methionine and choline
deficiency interfere with phosphatidylcholine
synthesis that causes oxidative stress, fibroblast
growth and increase in the interleukin 6 (IL-6)
levels. Furthermore, the MCD diet also triggers
nuclear factor-kd (NF-ka) resulting in oxidative
stress, cell death and liver abrasion.>>3
High-Fat diet induced liver abrasion

Rats dosed with excessive fats (20 mg/
rat/day for 13 week) significantly gain liver and
body weight.** Excess fat fed to rats extensively
increased serum levels such as GOT, GPT, ALP,
and bilirubin with reduced total protein levels.
However, the levels of all parameters were
considerably restored closer to normalization
by the sesame meal treatment. Highly rich fat
diet is extensively resulted in liver cells deaths,
infiltration of fats in cells, and inflammation. The
high fat diet model of hepatic harm promotes
oxidative disproportion, heart associated illness
that ultimately could provoke hepatic illness.>

Fructose induced hepatic abrasion

Fructose metabolism in the liver instigates
lipogenesis and consequently ensuing in lipid
accumulation.’ Increased degrees of fructose
utilization are related to nonalcoholic fatty liver
disease (NAFLD); however, rodents provided with
an excessive fructose food plan have been reported
to not strengthen fibrosis. Therefore, an accelerated
model was developed through the combination of
a high-fructose diet with a high-fat diet that could
result in fat accumulation in hepatocytes, critical
liver inflammation, and fibrosis.’” HFD had been
prepared by making an emulsion of 50 ml of
solution A prepared by dissolving 6 g of fructose
in 125 ml of tween 80 in water with solution B
prepared by dissolving 0.4 g of cholesterol in 50 ml
of oily solution, and this emulsion is administered
ata dose of 10 ml/kg. After intoxication with HFD,
to the animals orally for 6 weeks serum levels of
a number of enzymes have been recorded. Serum
levels of GOT, GPT, ALT, ALP, TB, complete
protein and cholesterol level have been assessed.™®
Anesthetics models for liver abrasion

These agents are responsible for an
adaptable loss of pain and sensitivity. The
anesthetic agents are classified as, local and general
anesthetics and are responsible for hepatocellular
harm, intervene with bilirubin metabolism, and
trigger cholestasis.”
Halothane prompted liver abrasion

Halothane is considered a general
inhalational anesthetic. The intake of halothane
at (30 mmol/kg, intra peritoneal injection form
dissolved in 2 ml of olive oil to female and male
rodents resulted in liver injury at 12 hours after
drug intake. Liver sample of halothane-dosed rat
indicates massive hepatocellular and centrilobular
necrosis with denaturation. In human beings, it
also altered the cerebral glucose-6-phosphate
dehydrogenase activities.”
Chloroform prompted liver abrasion

Chloroform was first used by Simpson
in 1847. Chloroform causes the hepatic, renal
and nasal toxicity by oxidative metabolized
with microsomal cytochrome P450. Through the
oxidative metabolism of chloroform form inorganic
chloride, CO,, phosgene, and some hepatic
covalently bound carbon. These carbon atoms bind
extensively to liver and kidney tissues and trigger
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Table 1. Summary of modes, pathological Manifestation and mechanism of liver hepatopathy.

Drug Dose and routes Pathological Molecular mechanism
of administration manifestation of hepatotoxicity

Acetaminophen Dose: 500 mg/kg, Centrilobular necrosis, a) Production of toxic
Routes of karyopyknotic, metabolite NAPQI.
administration: eosinophilic cytoplasm. b) Degradation of
oral for 2 weeks. Congestion in central GSH by NAPQIL

vein, large hepatic ¢) Lipid peroxidation,

lesion and steatosis. production of ROS.
d) Mitochondrial
dysfunction.

Diclofenac Dose: 150 mg/kg, Peri-acinar necrosis a) Toxic metabolites
Routes of and hydropic of diclofenac i.e.,
administration: degeneration. acyl glucuronide &

i.p., for 28 days. Fatty changes & benzoquinone imines.
degenerating hepatic b) Production of ROS.
cells. ¢) Oxidative stress

& lipid peroxidation.
d) Transition in
mitochondrial permeability.

Mefenamic Dose: single dose Degeneration in a) Mefenamic acid

acid of 100 mg/kg or periportal, mid-zonal producing protein
200 mg/kg Routes and centrilobular region. adducts.
of administration: i.p., Focal inflammatory b) Idiosyncratic
(or)Dose: 50 mg/kg reactions. Pyknotic hypersensitivity.
or 100 mg/kg Routes nuclei, mitochondrial ¢) Uncoupling of
of administration: i.p., swelling. oxidative phosphorylation.
for 14 days. d) Addition of oligomycin,

which blocks ATPase
that protected against
cell injury.

Tetracycline Dose: Single dose Micro vesicular steatosis a) Induced the lipid
50 mg/kg.Routes and has a high risk to metabolism.
of administration: strengthen steatohepatitis. b) Upregulation of CD36.
i.p., for 6 h. Reduced numbers of c) Inhibiting the fatty

mitochondria. acid oxidation.
d) Upregulation of genes
concerned in TG and
cholesterol synthesis.
e) Inhibiting the microsomal
triglyceride transfer proteins.
f) Inhibit the hepatic
lipoprotein synthesis and
secretion.
g) Tetracycline depresses
cell anabolism by interfering
with protein synthesis.

Adriamycin Dose: Single dose Pleomorphism in hepatocytes, a) Adriamycin undergo redox
10 mg/kg.Routes proliferation in bile duct. cycling between semiquinone
of administration: Eosinophilic cytoplasmic. and quinone radicals.
per-oral. Parenchymal necrosis, b) Affecting cellular lipid

congestion and thrombosis metabolism.
in central vein. Inflammation c¢) Oxidative stress.
in portal space. d) Apoptosis.

e) ER Stress.

Isoniazid 1. Dose: 200 or Multi-lobular necrosis a) Lupus autoimmune

400 mg/kg/day,

body weight,

Routes of

administration: per-oral
2. Dose: coadministration

and a mononuclear cell
infiltrate.Steatosis,

bile plug formation,
hepatocellular necrosis.
Congestion in central vein,

reaction with the presence
of anti-nuclear antibodies.
b) Toxicity due its toxic
Metabolites like N-acetyl
transferase and monoacetyl
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with Isoniazid
(7.5mg/kg, body weight,)
and Pyrazinamide
(35mg/kg, body weight)
for 35 days.Routes of
administration: per-oral

Dose: 177 and 442.5
mg/kg, body weight,
(LD,, and LD,,) for

14 days.Routes of
administration: per-oral

Dose: 1 ml/kg of 500
mg/kg, body weight,

in saline daily for

7 weeks.Routes of
administration: per-oral

Dose: 15 mg/kg,

body weight,Routes

of administration:
per-oral for four weeks

Dose: 600 mg/kg/day,
body weight,

Routes of administration:
per-oral for 14
successive days.

Dose: 30 mg/kg, body
weight, Routes of
administration: i.v.,
for twenty-four hrs.

Dose: 20 mg/kg.,
body weight,
Routes of
administration:
per-oral for 30 day

fatty changes and loss
of cellular boundaries.

Hepatocellular & cholestatic
injury. Fatty accumulation
in hepatocytes.

Congestion in central vein.

Necro and portal
inflammation.Fibrosis,
lobular and piecemeal
Necrosis.

Destruction in Hepatic
lobules. Swelling in
hepatocytes.
Coagulative necrosis.
In sinusoidal,
lymphocytic infiltration.

Pre-portal inflammation.
Aggregation of inflammatory
cells.Sinusoidal dilation,
hepatocellular vacuolization.
Hepatic necrosis.

Accumulations of histiocytic
elements. Mild steatosis

and cholestasis, Infiltration
of granulocytes and
agranulocytes.Hepatic
necrosis, cytoplasmic
eosinophilia, and nuclear
pyknosis.

Central vein congestion,
ballooning formation,
loss of cellular boundaries
Leucocyte infiltration.
Hepatic necrosis.
Sinusoidal dilation.

hydrazine.

¢) Metabolic idiosyncratic
reaction.

d) Mitochondrial dysfunction.
e) Apoptosis and Oxidative
stress.

f) Induced Lipid peroxidation
followed by free radical
generation.

a) Rifampicin-induced
cytochrome P, enzyme-
induction.

b) Increased the
production of the toxic
metabolites from

acetyl hydrazine.

¢) Rifampicin increases
the metabolism of
Isoniazid to iso-nicotinic
acid and hydrazine,

both causes hepatotoxicity.
a) Pyrazinamide inhibited
CYP450 enzymes.

b) Altered the level

of NAD.

¢) Induced the free radical
species

d) Oxidative stress.

a) Oxidative stress,

b) Generation of ROS.

c) It reduced the Hepatic
GSH by its during own
metabolism.

d) upsurge of hepatic
protein carbonyl levels.

e) diminution of hepatic
SOD activities.

a) Reactive oxygen
species (ROS) formation.
b) lipid peroxidation.

c) tissue glutathione
depletion.

d) Oxidative stress

a) Interruption of the
transport proteins that
leads to cholestasis.

b) Cytolytic T-cell
activation.

¢) Apoptosis.

d) Mitochondrial
disruption leading to
reduced ATP production.
e) Hepatic damage
prompted by toxic
metabolites of ranitidine
that may induced oxidative
damage.

a) Mitochondrial
dysfunction.

b) Cellular apoptosis.

¢) ROS production.

d) GSH depletion.

e) Lipid peroxidation.
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Dose: 860 mg/kg,
body weight, Routes
of administration:
per-oral once a day

for six weeks.

Dose: excessive fats

20 mg/rat/day,

body weight,

Routes of
administration: per-oral
for 13 weeks.

Dose; 10 mL/kg, body
weight.Routes of
administration: per-oral
for 6 weeks.

Dose: 30 mmol/kg,
body weight
(dissolved in 2 ml of
olive oil).Routes of
administration: i.p.,
for 12 h.

Doses: 150, 300 or 450
mg/kg/day, body weight
(99% dissolved in corn

oil).Routes of administration:

i.p., for 2 or 10 days.

Dose: Single dose at 20
mg/kg, body weight at
the fourth day of the
experiment.Routes of
administration: i.p.

Dose: 7.5 mg/ kg

(single dose). Routes
of administration: i.p.
for 5 successive days.

Dose: 1 mg/kg, body
weight.Routes of
administration:
per-oral for 15 days

Apoptosis, steatohepatitis,
inflammation, and fibrosis

Liver necrosis,
steatosis, inflammation,
or fibrosis.

Steatosis, severe hepatic
inflammation, and
outstanding fibrosis

Massive hepatocellular and
centrilobular necrosis.
Hepatic denaturation.
Central vein necrosis that
radiate to periphery.
Infiltration of lymphocytes.
Single large vacuole,
eccentric nuclei.
Centrilobular necrosis.
Hepatic denaturation.

Apoptosis in hepatic cells,
inflammation, Cloudy
swelling, hydropic
degeneration, focal
necrosis. Pyknosis,
karyorrhexis and
karyolysis.

Hepatic necrosis in hepatic
cells. Steatosis.
Neutrophil infiltration.
Ballooning degeneration.
Central vein congestion.

Congestion in hepatocytes,
ischemia and hypoxia.
Neutrophil infiltration,

KC stimulation, and

f) Immunologic mechanisms.
a) Oxidative stress.

b) Production of

reactive oxygen species.

¢) Mitochondrial DNA damage.

a) Promotes oxidative
imbalance.

b) ROS production.
¢). Lipid peroxidation.
d). Oxidative stress.

a) Fructose catabolism

in liver induces lipid
accumulation,

b) fructose diet increased
the basal expression of
Hsp70 that leads to
cellular stress.

¢) By forming protein
adducts that leads to

liver toxicity.

a) Halothane induce the
drug metabolizing
microsomal enzymes.

b) Halothane produce toxic
and reactive metabolites that
leads to hepatotoxicity.

c) Reduced the oxygen
supply in hepatic cells.

a) Depletion of GSH level.
b) Production of
superoxide anion.

c) decreased the levels

of Cytochrome c.

d) Oxidative stress.

¢) ROS production.

a) Methotrexate generation
of methionine from
homocysteine metabolites.
b) Impaired pyrimidine
and purine synthesis.

c) Excess homocysteine
can generate. oxidative
stress.

d) ROS Production.

e) cytotoxic effects.

f) Stress in Endoplasmic
reticulum.

a) Oxidative stress.

b) ROS production.

¢) Loss of mitochondrial
protein.

d) Inhibit the uptake

of calcium.

e) Reduced the potential
between mitochondrial
membrane.

f) Lipid peroxidation.

a) Production of ROS.

b) Oxidative stress.

¢) Lipid peroxidation.
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Dose: Mercuric chloride
at 5 mg/kg, body weight.
Routes of administration:

i.p., for 20 days (or)Dose:

Mercuric chloride at

2 mg/kg, body weight.
Routes of administration:
per oral. for 30 days

Dose: 45 mg/kg/day,
body weight Routes
of administration: i.p.,
for 6 days.

Dose: Single dose
at 50 ng/100g body
weight Routes of
administration: i.p.

Dose: Single dose
at 1 mg/kg, body
weight. Routes
of administration:
per-oral.

Dose: 200 mg/kg
, body weight.
Routes of
administration:
i.p., thrice weekly
for eight weeks.

Dose: Single dose
at 200 mg/kg,
body weight.
Routes of
administration: i.p.

Dose: 1 ml/kg., body
weight in 0.85% saline.
Routes of administration:
intra gastrically Or
Dose: 3 ml/kg, body
weight in olive oil
Routes of administration:
i.p., twice in a week

for four weeks.

inflammation.
Apoptosis and necrosis
in hepatic cells.
Apoptosis and necrosis
in hepatic cells.
Hydropic degeneration,
focal necrosis.
Neutrophil infiltration.
Centrilobular necrosis.

Central vein expanded,
hepatic cells in certain
areas swelled, pyknotic
and exhibited uneven
chromatin distribution,
Cholestasis. Vacuolar
degeneration.
Steatosis.

Marked cholestasis,
irreversible polymerization
of actin filaments.

Infiltration of inflammatory

cells. Bile duct proliferation,
congestion of hepatic

lobules, micro vesicular
degeneration. Central vein
congestion.

Centrilobular necrosis,

macro liver nodules. Liver cell
adenomas, cholangiomas,
hepatic carcinoma.

Vacuolation and focal nuclear
pyknosis. Cytoplasmic eosinophilia
and loss of cell membrane.
Hepatocellular necrosis, central
vein congestion. Ballooning
formation, pyknosis, cytoplasmic
eosinophilia. Neutrophils
infiltration, Steatosis,
inflammation, or fibrosis.

Necrosis, ballooning formation,
congestion in central vein,
Nuclear pyknosis, Steatosis.
Damage in hepatic cords.

a) Production of ROS.

b) Oxidative stress.

¢) Lipid peroxidation.

d) Mitochondrial dysfunction.
e) Production of hydroxyl
radicals.

f) Inhibition of antioxidant
enzymes like CAT, SOD,

and GSH peroxidase.

a) Induced the lipid
metabolism related gene
Srebfl, Srebf2 and Fasn.

b) Production of, inflammatory
cytokine like Tnf-?,

11-1? And II-6.

¢) Formation of toxic
metabolites and free radicals.
d) Oxidative stress.

e) Activation of the
hemostatic system.

f) Accumulation of Neutrophils.
a) It binds to F-actin and
prevents its depolymerization.
b) Specific transporter of
hepatic cells OATP1B1/
SLC21A6 uptake the Phalloidin
toxins.

c) Loss of Mrp2 from the
canalicular domain that leads
to liver toxicity.

a) Causes liver cancer by
inducing DNA adducts.

b) Leading to genetic
changes.

c) DNA strand breakage.

a) NF-?B and iNOS activation.
b) Increased in levels of TNF-?
and IL-6.

c¢) Oxidative stress.

d) Free radicals.

e) Its reactive metabolite
causes cellular necrosis.

a) Oxidative stress.

b) D-Galactosamine induced
the production of
lipopolysaccharide and

tumor necrosis factor.

¢) Depletion of UTP that
inhibit RNA synthesis.

a) Production of trichloromethyl
radical and peroxy-
trichloromethyl radicals that
leads to hepatic toxicity.

b) Oxidative stress.

c) lipid peroxidation.
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Dose: 460 mg/kg.,
body weight.
Routes of
administration:
per-oral for 7 days.
Dose: 6 mg/kg.,
body weight.

Routes of administration:

i.p., for 15 days.

Dose: 20 ng/kg

Routes of administration:

per-oral for 28 weeks.

Dose: Single dose at
pwimol/kg., body
weight. Routes

Centrilobular necrosis, massive
fatty changes. Ballooning
degeneration, and

lymphocytes infiltration.

Cell necrosis, vacuolation,
central vein congestion.
Chronic periportal
inflammatory cell, formation
of necrotic bodies.

Hemorrhage, ballooning
formation, congestion in
central vein, nuclear
pyknosis, steatosis,

and eosinophilia
neutrophils.

Cholestasis, swelling,
vacuolation, and karyolysis
and vacuolar degeneration.

a) Produced electrophilic
BB 3,4-epoxide, that
causes hepatic damage.

a) Produce free radicals.

b) Superoxide anions,
hydroxyl radicals, NO

and ONOO?.

¢) Hepatic cell damage

by apoptosis.

d) Oxidative stress-

mediated DNA damage.

a) Expression of organic
anion transporter polypeptides
OATP1BI1 and 1B3, which
are responsible for cellular
uptake of the toxin.

b) Depletion of GSH

¢) Lipid peroxidation.

d) Oxidative stress.

a) Reduced the intercellular
adhesion molecule-1 (ICAM-1)
expression. Inhibit the

of administration: i.v.

function of neutrophil.
b) Produced the interleukins
IL-1?, IL-6, and IL-10.

hepatic centrilobular and renal proximal tubular
necrosis.®” Rats were dosed with single dose of
CHCI, i.p., (99% dissolved in corn oil) at dosage
of 150, 300 or 450 mg/kg, daily. Control animals
were provided with the vehicle for 2 days (48 hour
group) or 10 consecutive days (10 days group).
Animals have been sacrificed 24 hours after the
last CHCI, dosing. Dosing solutions were prepared
immediately before administration and had been
administered in the amount of 1 ml/kg, body
weight. Variations in antioxidant and biochemical
markers reflect liver injury. However, the dose-
monitored and time-framed consequences of
chloroform had been tested on most of the reactive
oxygen species producing indices, including
GSH depletion. In mild subjection, chloroform
accelerated the activities of aminotransferase
enzyme and additionally declined the level of
mitochondrial proteins.®!
Hepatotoxic model of anticancer drug
Methotrexate temped liver abrasion

The mechanisms underlying methotrexate
hepatotoxicity are still not clear; however, the
cellular pathway of this drug could be the leading
cause of liver toxicity.®* Methotrexate take up

the folate transporter 1 and is eliminated through
the ATP-binding cassette (ABC) family of
transporters. Methotrexate is reserved in the cell as a
polyglutamate that inhibits dihydrofolate reductase,
thymidylate synthase, and 5-aminoimidazole-
4-carboxamide-ribonucleotide transformylase,
causing a decreased pathway for the RNA and
DNA synthesis.”® The remedy of methotrexate
in arthritis sufferers has been proven to increase
plasma homocysteine levels, however, it is based
on simultaneous intake of folate. Animals were
injected with a single dose of MTX (20 mg/kg, intra
peritoneal) at the 4™ of the procedure. Methotrexate
increased the level of GOT, GPT, ALP, and LDH
while reducing the total protein and albumin level.
Cisplatin temped hepatic abrasion

Cisplatin is anti-malignant agent used
globally, but its overdose could result into severe
adverse outcomes including liver toxicities. It has
been reported that, intake of cisplatin at 7.5 mg/ kg
single i.p., causes hepatic abrasion. Liver toxicity
was verified by the estimating elevated levels of
essential liver enzymes, along with nitric oxide,
albumin, calcium and reduced antioxidant activities
of SOD, GSHPx, and GSH.%
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Heavy metal precipitated liver abrasion model
Cadmium triggered liver abrasion

Cadmium metals and metalloids influence
various human body organs, including the liver.
Long-term disclosure to cadmium outcome into
hepatic abrasions.®® Cadmium induces oxidative
damage in distinct tissues. Cadmium toxicity
resulted in the production of reactive oxygen
species and later leads to lipid peroxidation,
congestive liver, which could result in significant
hepatocellular abrasion. Cadmium intensified the
serum level of urea, creatinine, glucose, AST, acid
phosphatase, ALP, AST, ALT, and serum bilirubin
while lowering the serum protein and tissue protein
concentration. It has been investigated that intake
of cadmium orally at dose of 1 mg/kg, for 15 days
in rodents confirmed elevation in hepatic serum
markers, acid phosphatase, that outcomes to hepatic
tissue abrasion.®
Mercury induced hepatic abrasion

Mercury belongs to the class of heavy
metals; it accelerates the production of reactive
oxygen species that elevates lipid peroxides
and hydroxyl radicals causing the biomembrane
injury followed by cell destruction. Mercury also
inhibits the enzymes such as CAT, SOD, and GSH
peroxidase. The excess production of ROS by
mercury can block the permeability of the transition
pore in mitochondria. It is cited that post intake
of mercuric chloride at dosage of (5 mg/kg, intra
peritoneal injection) for 20 days and oral dose of
(2 mg/kg) for 30 days triggered hepatopathy in
rodents.®®
Hormones precipitated liver abrasion
Tamoxifen prompted liver abrasion

However, the novel androgens are used
in the hormonal manipulation of breast carcinoma
and increase the chance of intrahepatic cholestasis
followed by hepatic malfunction. The persistent use
of any 17-alkyl androgen has outcome into hepatic
adenocarcinomas. Cholestatic hepatitis, probably
idiosyncratic, has been pronounced the use of the
anti-androgen like flutamide for prostate neoplasm,
megestrol acetate and tamoxifen remedy for breast
cell carcinoma.”®”? Rats dosed with tamoxifen at
the dose level of 45 mg/kg/day, i.p. in 0.1 mL of
dimethyl sulfoxide and isotonic saline solution for
6 days triggered hepatotoxicity.”

Toxins precipitated hepatopathy model
Phalloidin precipitated liver abrasion
The green death cap of the mushroom
(Amanita phalloides) produced phalloidin
toxins, which are cyclopeptide. The intravenous
administration of phalloidin in rat at the dose of
50 pg/100g, body weight, induces a cytolytic
lesion in liver. It causes severe hepatic damage
characterized by cholestasis, which is due in section
to irreversible polymerization of actin filaments.™
Aflatoxin B1 (AFB1) caused liver abrasion
Naturally occurring fungal toxin like
Aflatoxin B1 (AFB1) that motives both acute
hepatic dysfunction as well as hepatic carcinoma in
humans and animals. It produces the hepatopathy
by forming adducts with DNA, in rat liver.”” The
animal treated with single dose (1 mg/kg, orally)
of aflatoxin will increase hepatic serum markers
like GOT, GPT, ALP and bilirubin, while reduce
the serum cholesterol level. Hemorrhage, necrosis,
and huge accumulation of lipid were seen in liver
sample that confirmed the hepatotoxicity.”
Miscellaneous Drugs
Thioacetamide prompted hepatic abrasion
The metabolic product of thioacetamide
is accountable for hepatic abrasion by interfering
with the movement of RNA from the nucleus to the
cytoplasm. Thioacetamide decreases the number of
viable hepatocytes by reducing the rate of oxygen
consumption. In addition, it decreases the volume
of bile and its content, such as bile salts, cholic,
and deoxycholic acid. It also oxidized to ROS like
S-oxide that is answerable for the modification in
cell permeability, increases the intracellular Ca**
level, and obstructs mitochondrial endeavor that
clues to cell death.”” Rat dosed with thioacetamide
at 200 mg/kg, body weight, i.p thrice weekly for
eight weeks to prompted hepatopathy.”™
D-Galactosamine caused liver abrasion
D-Galactosamine is a well-known model
of hepatopathy that strictly resembles acute liver
failure. D-Galactosamine activates macrophages
and Kupffer cells to produce TNF-4, TNF-a triggers
caspases and transcription factors such as NF-éB
that leading to cell demise. On the other hand, it
selectively depletes liver uridine nucleotides and
inhibits RNA synthesis in liver cells.” A single dose
of D-Galactosamine can precipitate hepatocellular
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necrosis followed by fatty liver. Its toxic mechanism
motives to loss of the activity of various ion by
enhancing the cellular membrane permeability that
lead to the liberation of enzymes and extend the
intracellular Ca?" level, which is accountable for
hepatic cell death.®*#! Intraperitoneal single dose
injection of D-galactosamine at 200 mg/kg, body
weight, prompted the hepatotoxicity in rat.®
Carbon tetrachloride prompted hepatic
abrasion

CCl, is not a drug, but its excess dose
(e”1 mL/kg) motive reproducible acute liver
damage. CCl, is tempted hepatopathy model is the
most frequent model of acute liver injury.¥ CCl,
is tempted toxicity is depends on the metabolism
of CCl, by Cyp-P450 enzymes to trichloromethyl
radical (CCl,") and peroxy-trichloromethyl radicals
(‘OOCCI,) which is a reactive metabolite. Both
free radicals covalently bind to macromolecules
structure of hepatic cells such as proteins, lipids
and nucleic acids and induce the necrosis in
centrilobular region. Administration of CCl, at
1 ml/kg, body weight, of saline (0.85%) intra-
gastrically and olive oil (3 ml/kg, body weight)
intraperitoneally twice a week for four weeks
causes the alteration in hepatic serum markers
(GOT, GPT, ALT and ALP), antioxidant enzymes
(like GSH and MDA) and inflammatory mediator
like TNF-4. Alteration of these parameters indicates
liver damage. The biochemical observations were
supported by histological answers in rat liver in
CCl, dosed animals.**
Bromobenzene prompted hepatic abrasion

Bromobenzene is an industrial solvent
that causes necrosis in the liver cells. It hydrolyzed
by monooxygenases CYPs. CYPs mediated
epoxidation yields the enormously electrophilic
BB 3,4-epoxide that produce liver as well as
renal toxicity. Administration of bromobenzene
at 460 mg/kg, p.o., in mice for 7 days causes
hepatopathy. Mice were sacrificed, 24 hours after
the last administration of the test drug. Blood
samples were collected for the determination of
liver serum markers like AST, ALT, and ALP.
Hepatotoxicity in mice was confirmed due to an
increase in the level of liver serum marker. In
histological study, bromobenzene treated group
shows severe centrilobular necrosis, massive
fatty changes, ballooning degeneration, and
lymphocytes infiltration. In another model the

rat dosed with Bromobenzene at 0.5, 2.0 and 5.0
mmole/kg, body weight, dissolved in corn oil,
40% v/v) administered orally for 10-12 weeks is
accountable for hepatotoxicity in rats.*
Acrylamide (AA) triggered liver abrasion
Acrylamide is a vinyl monomer employed
in the manufacturing of polyacrylamides. It has
been reported to induce various noxious outcomes
in rodents. In the human body, it is metabolized to
epoxide glycidamide (2, 3-epoxypro-pionamide)
by oxidation through CYP4502E1. Acryl amide
undergoes biotransformation in conjugation with
GSH. Rats treated every day at dose of 6 mg/kg of
acrylamide, intra peritoneal injection for 15 days
were investigated to have liver abrasions.®
Microcystin precipitated hepatic abrasion
Microcystin is a potent hepatotoxin
produced by the blue-green algae Microcystis
aeruginosa. Pathological examination of livers
of mice and rats showed the severe, centrilobular
hepatocellular apoptosis, and hemorrhage. Mice
that received sublethal doses of microcystin at 20
g/kg for 28 weeks developed liver cirrohosis.®’
Lithocholic acid induced liver abrasion
Lithocholic acid continuation in the
dietary regimen develop hepatic cholestasis
and bile canalicular membrane infarction. It
is a water repelling bile acid produced by the
reduction of chenodeoxycholic acid in the
gastrointestinal tract. The assembling of lithocholic
acid caused its precipitation and obstruction of
bile network resulting into hepatocellular necrosis
and neutrophils aggregation. Therefore, these
alterations revealed liver toxicity. Lithocholic
acid intake as intravenous dosage of 4 imol/kg
developed hepatocellular necrosis in animals.®®
TNF inhibitors induced liver abrasion
Increase transaminases levels had been
reported after treatment with broadly studied
TNF inhibitors, namely adalimumab, etanercept,
and infliximab. In an investigation involving
6,861 arthritis patients over 14 thousand patients,
it was concluded that liver enzyme indices
increased to more than double in 0.6% of patients
on the anti-TNF regimen compared to normal
healthy individuals®. The etiology of liver injury
with anti-TNF agents may be correlated to the
promising fact that monoclonal antibodies form
immune complexes promptly to greater extent than
etanercept.”
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CONCLUSION

The catalogue of medications that cause
liver abrasion is enormous and total inclusion is
troublesome. Additionally, a numerous drugs are
the utilized for various restorative signs that are
harmful to the liver after continuous administration
with high dose for long term. Overall, significant
progress is being made in our understanding of
experimental animal models, but considerable work
in future, remains to be done.
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