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ABSTRACT

Background: Liver aging is an important risk factor for chronic liver
diseases. Oxidative stress is considered a common pathological mechanism
for liver aging. This study aims to investigate caffeic acid's effects against
liver injuries in a D-galactose-induced mouse aging model.

Methods. Forty male mice were randomly divided into 5 groups (n=8): 1)
control (Con); 2) Sham; 3) caffeic acid (CA), 4) aging (Ag), and 5) aging+
caffeic acid (Ag+CA). The aging model was induced through daily
intraperitoneal (i.p) injections of D-galactose (300 mg/kg) for 6 weeks.
Caffeic acid (60 mg/kg, i.p.) was injected daily for 6 weeks. One day after
the last injection, the mice were anesthetized, blood was withdrawn (for
liver enzymes evaluation) and the liver was removed. The histopathological
changes in the liver were examined using hematoxylin-eosin staining,.
Results: The results showed that D-galactose-induced aging significantly
increases the level of liver enzymes (AST, ALT and ALP) as well as liver
tissue destruction compared to the control and sham groups (p<0.05).
Treatment with caffeic acid in the Ag+CA group significantly decreased the
level of liver enzymes and tissue damage index (p<0.05).

Conclusion: The results indicated that caffeic acid can reduce the
destructive effects of D-galactose-induced aging in liver tissue.
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Extended Abstract

Background: The liver is a complex
metabolic organ that is essential for
maintaining whole-body homeostasis via
regulation of energy metabolism, endobiotic
and xenobiotic clearance, and molecular
biosynthesis. The course of aging affects to
gradual structural and functional modification
of the liver. Liver aging is a complex
biological process influenced by various
factors, including genetics, lifestyle, and
environmental exposures. As the liver ages,
its regenerative capacity and ability to
metabolize substances can decline, leading to
an increased risk of liver diseases such as
fatty liver disease, fibrosis, and cirrhosis. The
liver is particularly susceptible to oxidative
stress due to its central role in metabolism
and detoxification. Aging is associated with
mitochondrial dysfunction in liver cells,
leading to decreased energy production and
increased production of reactive oxygen
species (ROS). This contributes to further
oxidative stress. Oxidative stress occurs when
there is an imbalance between free radicals
and the body’s ability to detoxify these
harmful compounds or repair the resulting
damage. In current studies, the mimetic aging
model has been chosen over naturally aged
animals due to its easier use and more
survival degree of the animals. D-galactose is
an aldohexose, a decreasing sugar that occurs
obviously in the body and various foods
including dairy foods such as milk, cheese,
yogurt, and butter, the pectin of some fruits,
certain vegetables, chestnuts, and some herbs.
Usually, two enzymes, galactokinase and
uridylyl transferase, break down D galactose
into glucose, which moves in the glycolysis
pathway or is deposited as glycogen in the
liver, adipose and muscular tissue. However,
at a high level, it can react with free amines
of amino acids to form advanced glycation
end products (AGEs) which are known to be
involved in the development and progression
of various liver diseases. In addition, at high
doses, D-galactose can be oxidized into
hydrogen peroxide through the catalysis of
galactose oxidase, subsequent in the creation

of reactive oxygen species (ROS). D-
galactose can also be transformed to
galactitol through aldose reductase, whereby
galactitol cannot be more metabolized
resulting in raised accumulation in the cells
allowing free radicals build-up which then
may disturb normal osmotic pressure and
redox imbalance. The creation of ROS,
AGESs, osmotic stress, and redox imbalance
may finally lead to aging in an animal.
Antioxidants play a crucial role in mitigating
oxidative stress, which 1is a significant
contributor to cellular aging and liver
damage. In the context of liver aging,
antioxidants can help protect liver cells from
oxidative damage and support overall liver
health. Studies have shown that antioxidant
supplementation may help improve liver
function and reduce markers of oxidative
stress in individuals with liver diseases.
Specific compounds like resveratrol (found in
red wine), curcumin (found in turmeric), and
flavonoids (found in various fruits and
vegetables) have been studied for their
potential liver-protective effects. However,
results can vary, and more research is needed
to establish effective dosages and long-term
benefits. This study aims to investigate
caffeic acid's effects against liver injuries in a
D-galactose-induced aging model in mice.

Methods: In this experimental study, a total
of 40 balb/c male mice (8 weeks) were
obtained from the Royan Institute of Tehran.
All procedures of working with animals were
done based on the approval of the Ethics
Committee of Ardabil University of Medical
Sciences (IR.ARUMS.AEC.1401.036).
Animals had free access to water and food
during the study. The animals were kept in
the animal house of Ardabil University of
Medical  Sciences (under  controlled
conditions) for 1 week to adapt to the
environmental conditions. Then, animals
were randomly divided into 5 groups (n=8):
1) control (Con); 2) Sham; 3) caffeic acid
(CA), 4) aging (Ag), and 5) aging + caffeic
acid (Ag + CA). Aging was induced by daily
injection of D-galactose at a dose of 300
mg/kg body weight intraperitoneal (i.p) for 6
weeks. Caffeic acid (60 mg/kg body weight)
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was injected intraperitoneally daily for 6
weeks in the CA and Ag +CA groups. Caffeic
acid was dissolved in the minimum volume of
pure alcohol and then diluted in normal saline
(7% alcohol). The D-galactose solvent was
also normal saline. 24h after the last injection,
the mice were anesthetized, blood was
withdrawn (for liver enzymes evaluation) and
the liver was removed. The histopathological
changes in the liver were examined using
hematoxylin-eosin staining.

Results: The results of this study showed that
aging significantly increased the levels of
AST, ALT, and ALP enzymes compared to
the control and sham groups (p<0.05).
Administration of caffeic acid in the Ag + CA
group significantly decreased the levels of
ALP and ALT compared to the aging group
(»<0.05), but had no significant effect on the
levels of AST enzyme. A Comparison of the
caffeic acid group with the control and sham
groups did not show any significant changes
in the levels of liver enzymes. Also,
histopathological evaluation showed that the
liver tissue structure in the control, sham and
caffeic acid groups was normal and the
structure of liver cells, central vein, sinusoids

and Kupffer cells was normal. Aging led to
destruction of the central vein wall and
damage to hepatocytes, including pyknosis of
cell nuclei, cell vacuolation and lymphoid
infiltration in the liver tissue. In the caffeic
acid- treated group (Ag+CA), the amount of
damage to the liver tissue structure was less
than in the aging group. Also, a comparison
of the tissue damage index showed that aging
significantly increases the tissue damage
index compared to the control and sham
groups and treatment with caffeic acid in the
Ag+CA group significantly prevents this
damage (p<0.05). a Comparison of the caffeic
acid group with the control and sham groups
showed no significant change in the liver
tissue damage index.

Conclusion: The results of the present study
showed that aging induced by D-galactose
caused an increase in liver enzyme levels and
tissue damage. Treatment with caffeic acid
prevented liver tissue damage and increased
liver enzyme levels, possibly due to its
antioxidant properties by reducing oxidative
stress.
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