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Context: Public health issues are considered to provide safety for public consumption. The distribution
of mycotoxins in food is still a concern to be solved. Capsaicin is a property in chili that inhibits the
biotransformation of mycotoxins by modifying the activity of liver enzymes in phase I. Objectives: A total
of 20 mice were divided into 4 treatment groups, namely (T0) 0.5 ml of polyethylene glycol, (T1) 0.5 ml of
capsaicin + 0.5 ml of polyethylene glycol, (T2) 0.1 ml of aflatoxin B1 + 0.5 ml of polyethylene glycol, (T3)
0.1 ml of aflatoxin B1 + 0.5 ml of capsaicin, respectively. Methods: Liver histology was performed with
hematoxylin-eosin staining and then evaluated descriptively. Result: The T3 group showed significant
improvement in sublobular vein, interlobular vein, centralis vein, interlobular duct. Meanwhile, based on
scores of hepatocyte form, focal necrosis, hypertrophy, fibrosis, cholestasis, and steatosis were evaluated
for improvement in the T3 group. Conclusion: Capsaicin was revealed to improve the liver histology in
mice with aflatoxin B1 toxication.
Key words: Aflatoxin B1, Capsaicin, Liver, Public health.

INTRODUCTION
A mycotoxin generally has more than one type
of target organ, for example the target organs of
aflatoxin B1 (AFB1) are the liver, kidneys, heart, and
nervous system. Mycotoxins that are hepatotoxic
can cause damage to hepatocyte structures and
impaired liver function. Damage to the hepatocyte
structure can occur in hepatocytes found in the
liver lobules.1
Exposure to AFB1 into the body results in a toxic
response. The intensity of the toxic response
is influenced by the dose of exposure, route of
entry, length of time consuming, gender and type
of organism consuming. The higher the dose
of exposure to a toxic substance, the higher the
resulting toxic response.2 The concept of doseresponse relationship also suggests that there is
a relationship between the dose of exposure to a
toxicant and the resulting toxic response. The effects
of aflatoxicosis in animals can be acute, subacute
and chronic. Both acute and chronic effects mainly
occur in the liver, because the main target organ for
the toxicity effect is the liver3.
Capsaicin can reduce PI3K expression, indicating
that capsaicin blocks the PI3K/Akt/mTOR pathway.
However, p38 phosphorylation was not affected to
clarify the effects of capsaicin and cell proliferation
on the PI3K/Akt/mTOR, wortmannin (PI3K
inhibitor) and rapamycin (mTOR) pathways4. By
examining the phosphorylation of proteins in this
pathway. The data suggest that phosphorylation of
Akt, ERK, p-GSK3-β, and mTOR can be inhibited
by capsaicin through mediation by the PI3K/
Akt/mTOR pathway playing important roles in
regulating cell cycle, apoptosis, and autophagy 5.
Capsaicin's ability to inhibit the proliferation of
various cell lines, through apoptosis is associated
with the generation of reactive oxygen species
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(ROS), activation of the JNK pathway, decreased
mitochondrial depolarization and release of
cytochrome-c, thus leading to activation of the
caspase-3 cascade. Capsaicin-mediated ROS
generation leads to activation of the mitogendependent apoptotic signaling kinase-activated
protein kinase (MAPK3) pathway6. Capsaicin
modulates the phosphorylation of the MAPK cascade
signaling protein. Effects of capsaicin on the MAPK
signaling pathway, which is critical for cell survival
and growth. Capsaicin decreases the expression of
phosphorylated ERK 1. A two-molecule complex
consisting of a ligand with a target protein ligand
can be a chemical compound or a small molecule of
AFB1 while the target can be a macromolecule or a
major protein7. In this study, the efficacy of capsaicin
in mice liver with AFB1 toxication were evaluated
for the following variables: vascular diameter,
hepatocyte form, focal necrosis, hypertrophy,
fibrosis, cholestasis, and steatosis.

MATERIAL AND METHODS
Ethical approval
This research was approved by the Laboratory
Animal Ethics Committee, Faculty of Veterinary
Medicine, Airlangga University with certificate No.
. KE. 198. 12. 2019. This approval prevents animal
abuse and animal stress during treatment.

Experimental design
A total of 100 gram chili were extracted using rotary
evaporator then incubated prior the treatment. The
capsaicin was purified using highly performance
liquid chromatography8. Acclimatization in mice was
carried out for a week. A total of 20 mice were used as
sample, divided into four group i.e. (T0) administered
0,5 ml of polyethylene glycol, (T1) administered 0,5
ml of capsaicin + 0,5 ml of polyethylene glycol, (T2)
administered 0,1 ml of AFB1 + 0,5 ml of polyethylene
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glycol, (T3) administered 0,1 ml of AFB1 + 0,5 ml of capsaicin,
respectively. All treatments were carried out for one month and then
the mice were euthanized with cervical dislocation. Liver organs were
preserved and fixed for hematoxylin eosin staining.

Bcl-2 signaling pathway10. Capsaicin induces autophagy by enhancing
caspase-3 activity to induce apoptosis, indicating a correlation of
blocking the PI3K/Akt/mTOR pathway. Capsaicin administration can
decrease the expression level of phosphorylated ERK 1, p38 MAPK11.

Histological observations in the liver

Capsaicin can modulate the phosphorylation of the MAPK cascade
signaling protein. Effects of capsaicin on the MAPK signaling pathway,
which is critical for cell survival and growth during development
and carcinogenesis. Capsaicin treatment decreased the expression of
phosphorylated ERK 1, slightly decreased the phosphorylation of p38
and JNK. Total levels of ERK 1, JNK and p38 MAPK did not change
after treatment with capsaicin12.

Briefly, the liver was immersed in 10% neutral buffer formalin solution
and then dissected. Then the dehydration process was carried out in
graded alcohol concentrations, i.e. 70%, 80%, 90% alcohol, each for
2 hours. Then it was cleared with xylol then printed using paraffin so
that the preparations were printed in paraffin blocks and stored in the
refrigerator. The paraffin blocks were then cut into thin strips of 5-6 m
using a microtome. The pieces were floated in warm water at 60oC for
24 hours. The preparation was then removed and placed in an object
glass for hematoxylin eosin staining. Measurement of the diameter of
sublobular vein, interlobular vein, centralis vein, and interlobular duct
were examined under a trinocular microscope 9.

Data analysis
Data are represented as mean ± standard deviation. All variables
were analyzed using ANOVA followed by a post hoc Tukey multiple
comparison test (p<0.05).

RESULTS
Based on observations of vascular vessels and portal triad areas showed
significant improvement (p<0.05) in the T3 group. The diameters of the
sublobular vein, interlobular vein, centralis vein, and interlobular duct
were observed to be smaller than the T2 group, respectively (Table 1).
In addition, the histological findings of hepatocyte form, focal necrosis,
hypertrophy, fibrosis, cholestasis, and steatosis were improved in the T3
group (Table 2). This finding also suggests a positive correlation on the
regeneration of hepatocyte cells.

DISCUSSION
Capsaicin can modulate the level of expression of genes and enzymes
involved in cell proliferation, cell cycle, signal transduction, apoptosis,
therefore exhibiting hepatoprotective activity. The mechanism of
capsaicin exerts anti-proliferative effects, cell cycle arrest, autophagy
and apoptosis, inhibits cell growth and increases G1 cell cycle arrest.
Capsaicin-induced autophagy via involvement of the PI3K/Beclin-1/

These alkaloid compounds have been found to inhibit cancer growth
and development in vitro and in vivo and to induce apoptosis in various
types of cancer cells. (3-8). The molecular mechanisms underlying
capsaicin-induced apoptosis are cell type dependent13. Despite the
cumulative evidence for the tumor suppressive effect of capsaicin,
few studies have definitively carried out the effects of capsaicin on cell
signaling and the molecular pathways leading to apoptosis in gastric
cancer 14.
Hepatic injury can be categorized by a number of systems, some
systems based on the resulting histologic lesion (inflammation,
necrosis, cholestasis), others the type of injury (cytotoxic, cholestatic,
mixed), but the emergence of newer insights that provide insight into
injury at the molecular level has gave rise to a more focused schema for
understanding and categorizing hepatic injury15. In an overdose, highenergy reactive metabolites can form covalent bonds with proteins or
nucleic acids. Under conditions of acute toxicity, metabolites bind to
essential cellular enzymes that can cause injury or even cell death16.
The results of histopathological examination showed that the oral
administration of AFB1 in mice caused damage to the hepatocyte
structure. Damage to the hepatocyte structure is characterized by
degenerative changes and necrosis. Hepatic injury variables assessed
in this study were degeneration, congestion, and necrosis which are
markers of sensitive liver cell damage because they are located in the
cytoplasm and only appear after liver cell damage occurs. The average
liver histopathic changes before and after treatment are listed in Table 2.
Degeneration is damage to the hepatocyte structure which is
characterized by the following characteristics: swollen hepatocytes,
granular cytoplasm, and inhomogeneous appearance. This is due to the

Table 1: The vascular vessel evaluation in the liver during treatment.
Group
T0
T1
T2
T3

Sublobular vein
2,2 ± 0,84a,***
6,6 ± 0,89b,***
11,2 ± 1,30c
8,2 ± 1,48b,**

Interlobular vein
1,8 ± 0,45a,***
5,8 ± 0,45b,***
11,2 ± 1,64d
8,4 ± 0,89c,**

Centralis vein
1,6 ± 0,55a,***
6,6 ± 0,55b,***
11,0 ± 1,22c
7,4 ± 1,14b,***

Interlobular duct
1,0 ± 1,00a,***
3,4 ± 0,55b,***
9,8 ± 0,84d
6,8 ± 0,84c,***

Values are expressed in mean±standard deviation (n=5 animals for each four groups). One-way analysis of variance was carried out
followed by post hoc Tukey multiple comparisons test. Values are represented statistically when a,b,c in comparison with the T0 group; *
<0.05, ** <0.01, and *** <0.001, in comparison with the T2 group.
Table 2: The histological finding in the liver during treatment.
Variables
Hepatocyte form
Focal necrosis
Hypertrophy
Fibrosis
Cholestasis
Steatosis

T0
0,4 ± 0,55a,***
0,0 ± 0,00a,***
0,2 ± 0,45a,***
0,0 ± 0,00a,***
0,2 ± 0,45a,***
0,2 ± 0,45a,***

T1
1,0 ± 0,71a,***
0,6 ± 0,55a,***
1,0 ± 0,71a,***
1,0 ± 0,71b,***
1,0 ± 0,71a,***
0,8 ± 0,84a,***

T2
3,4 ± 0,55b
3,6 ± 0,55c
3,4 ± 0,55c
3,2 ± 0,45c
3,6 ± 0,55c
3,6 ± 0,55c

T3
2,4 ± 0,55b
2,2 ± 0,45b,**
2,0 ± 0,00b,**
1,8 ± 0,45b,**
2,0 ± 0,00b,**
2,0 ± 0,71b,**

Values are expressed in mean±standard deviation (n=5 animals for each four groups). One-way analysis of variance was carried out
followed by post hoc Tukey multiple comparisons test. Values are represented statistically when a,b,c in comparison with the T0 group; *
<0.05, ** <0.01, and *** <0.001, in comparison with the T2 group.
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T0

because they are lymphoid follicles as a defense in the hepatic portal
area in certain numbers, the presence of necrosis and apoptosis of
hepatocytes, and the presence of inflammatory cells such as neutrophils,
lymphocytes, and plasma cells which indicate the occurrence of acute
hepatitis23.

T1

c
a
d

T2

b

T3

Chili fruit is one of the plants that has a pharmacological effect, chili
has a pungent taste derived from capsaicinoid compounds8. Capsaicin
is the main compound capsaicinoid widely used in various therapies,
including migraine, neuralgia, chronic pain, arthritis, and diabetic
neuropathic, capsaicin also has antioxidant properties24.

CONCLUSION
It can be concluded that T3 group showed significant improvement
in sublobular vein, interlobular vein, centralis vein, interlobular duct.
In addition, the T3 group also represented significant improvement
the scores of hepatocyte form, focal necrosis, hypertrophy, fibrosis,
cholestasis, and steatosis.

CONFLICTS OF INTEREST
Figure 1. Histological findings in the liver. (a) Sublobular vein; (b)
Interlobular vein; (c) Centralis vein; (d) Interlobular duct;  Hepatocyte
form;  Focal necrosis;  Hypertrophy;  Fibrosis;  Cholestasis; 
Steatosis

entry of fluid into the hepatocytes, so that the cells swell. Cell organelles
also absorb fluid and swell, causing the cytoplasm to appear granular17.
Degeneration is also characterized by the following characteristics:
the cytoplasm undergoes vacuolization, the vacuoles appear clear and
occurs due to an increase in fluid entry into the cell and then enters
the vacuoles. characterized by the following characteristics: in the
cytoplasm of the hepatocyte a large vacuole filled with fat is formed, so
that the nucleus is pushed to the edge of the cell. In the administration
of Capsaicin alone and control there is degeneration of hepatocytes,
which is a normal program of hepatocytes, because cells that regenerate
quickly, such as hepatocytes and muscle cells18.
Necrosis or cell death is a continuation of degeneration, it can also
occur as a result of continued congestion. Congestion that gets worse
results in a buildup of deoxyhemoglobin. Static blood that does not
contain oxygen for a long time results in severe hypoxia which causes
cell death 19.
This hepatic impairment can be compensated for by plasma membrane
sodium, which relies on the Na+K+-ATPase pump to remove sodium
from the cell. Harmful agents can interfere with these membraneregulated processes by increasing plasma permeability to Na+ thereby
exceeding the pump's capacity to expel ions, damaging the pump
directly, or interfering with ATP synthesis. The accumulation of sodium
in the cell causes an increase in intracellular water to maintain an
isosmotic condition and then the cell swells20.
Fat degeneration is the accumulation of fat or triglycerides in the
cytoplasm of hepatocytes, fat in hepatocytes does not always indicate
pathological changes, the etiology of fat degeneration can come from
toxins, protein malnutrition, diabetes mellitus, obesity and anoxia21.
The inhibition of the activity of respiratory enzymes due to exposure to
AFB1 results in inhibition of metabolism in hepatocyte cells resulting
in a decrease in ATP which results in damage to the hepatocyte
structure. Damage to mitochondria also results in inhibition of
cellular respiration, because enzymes are released from the damaged
mitochondria, resulting in hepatocyte death 22.
Many inflammatory cells have a negative effect on liver function.
Inflammatory cells can normally be found in the hepatic vein area
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