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	 Liver fibrosis was regarded as result of wound healing process in chronic liver 
injury. The á-smooth muscle actin (á-SMA) and matrix metalloproteinase-1 (MMP1) are several 
indicators for extracellular matrik (ECM) production which relate in fibrosis process. This study 
aims to determine the effect of Ganoderma applanatum crude polysaccharide (GACP) extract 
on carbon tetrachloride (CCl4)-against á-smooth muscle actin and matrix metalloproteinase 
expressions. A total of 24 male mice strain BALB/C, 3-4 months were divided into 6 groups. 
control group (distilled water and olive oil), model group (distilled water and CCl4), low G. 
applanatum crude polysaccharide group (G. applanatum extract at the dose of 25 mg/kg BW and 
CCl4), middle G. applanatum crude polysaccharide group (G. applanatum extract at the dose 
of 50 mg/kg b.w and CCl4), high G. applanatum crude polysaccharide group (G. applanatum 
extract at the dose of 100 mg/kg BW and CCl4) and silymarin group (silymarin 100 mg/kg BW 
and CCl4). Expressions of á-SMA and MMP1 were examined by immunohistochemical methods. 
The observation of immunohistochemistry used an inverted microscope at 200× magnification. 
The results of the observation were analyzed using ImageJ software to measure the percentage 
of á-SMA and MMP1 expressions. All of the data were analyzed by GraphPad Prism Software. 
The results showed that G. applanatum extracts prevented a significant increase in á-SMA 
expression and decrease MMP1 expression (p < 0.05) in comparison with the model group. 
Therefore, G. applanatum extracts play as liver protector against chronic liver injury after 
successfully inhibit á-SMA expression and prevent reduction of MMP1 expression.

Keywords: α-Smooth Muscle Actin; Fibrosis; Ganoderma applanatum;
Healthy Life; Liver; Matrix Metalloproteinase.

	 Liver fibrosis is one of the most deadly 
diseases in the world. Many fibrosis patients 
rarely got aid which increases fibrosis cases. 

Liver fibrosis is regarded as result of wound 
healing process in chronic liver injury. Carbon 
tetrachloride (CCl4) is often regarded as a key 
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factor to stimulate fibrosis. This chemical was 
metabolized by the liver into radical carbon 
trichloromethyl (CCl3).

1 Furthermore, this radical 
is so reactive to the cell membrane, leading to 
impairment in the cell membrane. This pathway 
caused chaos in mitochondria, hence accelerating 
necrotic and apoptotic cells. Death signals trigger 
the mobilization of macrophages into the liver cell 
and produce numerous pro-inflammatory cytokines 
and growth factors.2 This pathway leads to the 
transformation from hepatic stellate cells (HSCs) 
into myofibroblasts. At this stage, myofibroblast 
display á-smooth muscle actin (á-SMA) marker 
to start producing extracellular matrix (ECM). 
Fibrosis is a type of disease which have excessive 
ECM. The body has its mechanism to decrease 
ECM from tissue.3 Matrix metalloproteinases 
(MMPs) is degradation enzyme that plays a vital 
role to decrease ECM. The role of MMP is to 
antagonize tissue inhibitor metalloproteinases 
(TIMPs) which increase ECM in tissue.4 
	 Recently, natural sources become a 
primary treatment to cure degenerative diseases 
such as cancer, fibrosis, diabetes, and Alzheimer’s. 
The low price, less toxicity, and no adverse 
side effect are several reasons for most people 
to use natural source treatment.5 Ganoderma 
applanatum is known as medicinal fungi from 
the Basidiomycota phylum. This mushroom has 
several pharmacology activities such as anti-
cancer, anti-diabetic, antioxidant, anti-fibrosis, anti-
inflammatory, and immunomodulatory.6-8 Mainly, 
G. applanatum polysaccharides are often used in 
cancer therapy such as lung cancer, breast cancer, 
liver cancer, and colon cancer. The polysaccharides 
of G. applanatum also act as immunomodulators 
and give potency to inhibit the transdifferentiation 
process towards myofibroblasts.9 Several studies 
have shown the effect of polysaccharides on liver 
fibrosis. However, a study with G. applanatum 
polysaccharides on liver fibrosis is still measly 
done. This study aimed to measure the effectiveness 
of G. applanatum crude extract polysaccharide on 
the production of á-SMA and MMP1 expressions 
in mice after induced by CCl4.

MATERIAL AND METHODS

Preparation of Extract
	 Firstly, the basidiocarp of G. applanatum 

was mashed until become powder. Hereafter, the 
powder was boiled with distilled water at 90°C 
(1:10) for 6 hours. After that, the boiling result was 
filtrated with Whatman Filter Paper. The filtrate was 
added with ethanol absolute (1:3) and incubated at 
4°C for 24 hours. The centrifugation process was 
done after incubation with 3000×g for 15 minutes 
and the process was repeated three times based on 
the above method. The supernatant was disposed 
from the microtube and the pellet was used for 
the next step preparation of extract. Finally, the 
pellet was lyophilized to get G. applanatum crude 
polysaccharide extract, then the extract was kept 
at 25°C.
Animals
	 Twenty-four healthy BALB/c male mice 
were obtained from the Faculty of Pharmacy, 
Universitas Airlangga, Indonesia. All mice were 
acclimatized for 2 weeks at the Animal Laboratory, 
Faculty of Science and Technology, Universitas 
Airlangga, Indonesia. All mice were also got fed 
and beverage with ad libitum which free access to 
consume. The day/night cycle was also watched 
for 12 h at 24°C. Ethical approval of animal care 
has been approved by the Ethical Committee of 
the Faculty of Veterinary Medicine, Universitas 
Airlangga, Indonesia (2.KE.168.10.2018).
Experimental Design
	 The study was held for 4 weeks. Inducing 
hepatic fibrosis, a dose of 2 mL/kg bodyweight 
CCl4 was injected intraperitoneally (i.p) twice a 
week for four weeks (dissolved in olive oil; 1:3). 
All mice were divided into six groups, namely the 
control group (only placebo), model group (only 
CCl4), low G.applanatum crude polysaccharide 
group (GACP 25 mg/kg BW and CCl4), middle G. 
applanatum crude polysaccharide group (GACP 50 
mg/kg BW and CCl4), high G. applanatum crude 
polysaccharide group (GACP 100 mg/kg BW and 
CCl4) and silymarin group (silymarin 100 mg/kg 
BW and CCl4). Moreover, GACP induction was 
conducted every day for 4 weeks orally. The day 
after 4 weeks, all of the mice were dissected to get 
whole blood via intracardiac and liver samples for 
immunohistochemistry measurement.
Immunohistochemistry Analysis
	 The immunohistochemistry method was 
used to measure á-SMA and MMP1 expression. 
Briefly, deparaffinization and rehydration by added 
xylene and gradation ethanol. After that, the antigen 



69Susilo et al., Biomed. & Pharmacol. J,  Vol. 16(1), 67-72 (2023)

unmasking procedure was held by rinsing in a 
citrate base. Blocking of endogenous peroxidase 
was performed by incubation and blocking solution 
(3% H202) for 10 minutes. Washing with PBS 
was done for 5 minutes. Furthermore, incubation 
with normal blocking serum for 20 minutes and 
with primary antibody (goat anti-mouse á-SMA/
MMP1) for 30 minutes. Hereafter, incubation with 
a secondary antibody (donkey anti-goat IgG) for 
30 minutes. Visualization immunoreaction with 
0.1% 3,3-diaminobenzidine (DAB) for 4 minutes. 
Counterstaining with hematoxylin. An inverted 
microscope was used to observe á-SMA and MMP1 
expression. All data from microscope was analyzed 
by Image J software to determine the expression 
of sample.

Statistical Analysis
	 All of the data were analyzed with 
GraphPad Prism Software (version 8). One-way 
ANOVA was used to determine the significance 
of the effect of the GACP extract. Meanwhile, 
the Tukey test was used to display the significant 
difference between the model group and treatment 
groups. P < 0.05 was set as statistical significance.

RESULTS

Effect of GACP extract on á-SMA expression
	 As shown in Figure 1A, there was measly 
á-SMA expression in normal control. However, 
another sight was found in the model control group 
which expresses á-SMA intensely. This expression 

Fig. 1. Effect of GACP on α-SMA expression in mice with immunohistochemistry analysis (magnification, ×200) 
(A). Black arrow showing the á-SMA expression. Semi-quantitative analysis of á-SMA expression (B). Data 

express the mean ± SD (n = 6). *P < 0.05 vs control group; #P < 0.05 vs model group
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Fig. 2. Effect of GACP on MMP1 expression in mice with immunohistochemistry analysis (magnification, ×200) 
(A). Black arrow showing the MMP1 expression. Semi-quantitative analysis of MMP1 expression (B). Data 

express the mean ± SD (n = 6). **P < 0.01 vs control group; ###P < 0.001 vs model group; ####P < 0.0001 vs model 
group

was evenly distributed not only centered around 
of central vein but almost in between hepatocytes. 
Furthermore, the silymarin group showed a mild 
á-SMA expression in liver fibrosis and a dose of 
25 mg/kg of GACP also exhibited slight á-SMA. 
GACP treatment in dose 50 mg/kg displayed 
slightly lower expression than dose 25 mg/kg. 
The dose of 100 mg/kg of the GACP group had 
a similar result to the dose of 50 mg/kg group in 
á-SMA expression. In a statistical evaluation from 
Figure 1B, CCl4 caused a significantly increased 
(P < 0.05) in á-SMA expression compared to the 
normal control group. Moreover, the model control 
group also produced the highest value than other 
groups (41.09 ± 14.07 %). The GACP and silymarin 

induction were significantly lower than the model 
control group (P < 0.05) in á-SMA expression. 
Especially, the silymarin group exhibited the lowest 
value (9.58 ± 1.31 %).
Effect of GACP extract on MMP1 expression
	 Figure 2A showed a bold expression of 
MMP1 obviously in the normal control group. 
This expression indicated normal expression in 
normal cells whereas no disturbance in MMP1 
protein synthesis. Furthermore, the model control 
group displayed conversely delicate MMP1 
expression. Silymarin and other GACP groups 
demonstrated the high expression of MMP1 as 
similar to with normal control group whereas the 
expression was spread out among hepatocytes. 
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Figure 2B revealed that the model control group 
was significantly lower than the (P < 0.05) normal 
control group and gave the lowest value too (8.77 
± 0.75 %). Silymarin and GACP group treatment 
demonstrated preventing effect in comparison 
with the model control group which keeps the 
MMP1 enzyme from declining expression (P < 
0.05). Moreover, the silymarin group showed the 
highest value in MMP1 expression (25.16 ± 3.78 
%). These results confirmed that the GACP effect 
indirectly prevents transdifferentiation as a primary 
mechanism of ECM production.

DISCUSSION

	 Pro-inflammatory cytokine and growth 
factors become key factors in the fibrosis process. 
Several studies about fibrosis treatment aim to 
decrease pro-inflammatory and growth factor 
levels. Natural source treatment, especially with 
medicinal fungi is regarded as having high efficacy 
to protect from fibrosis. One of the key points in 
fibrosis is the transdifferentiation of HSCs into 
myofibroblast.10 Moreover, this transdifferentiation 
produces high ECM such as collagen I, III, and V 
which are usually found in the portal stroma, liver 
capsule, and space of Disse. Moreover, other types 
of ECM such as collagen IV, XVIII, and laminin 
are constituents of the basal-like membrane of the 
sinusoid.11 
	 This study showed an increase in á-SMA 
levels in the model group compared to the normal 
group, this indicates a transdifferentiation process 
from HSCs to myofibroblasts. Induction of CCl4 
triggers injury to liver cells caused by lipid 
peroxidation in cell membranes.12 As a result of 
this injury, liver cells emit DAMP signals to attract 
immunomodulatory cells such as macrophages, 
NK cells, dendritic cells, and neutrophils. 
Furthermore, these immunomodulatory cells 
secrete pro-inflammatory cytokines and growth 
factors to accelerate the trans-differentiation 
process.13 Furthermore, the production of 
á-SMA is increasing as a marker of this process. 
Administration of silymarin and GACP affects 
protection against an increase in á-SMA marker 
which indicates low trans differentiation activity 
into myofibroblasts. The administration of GACP 
acts as an anti-inflammatory against the increase 
in pro-inflammatory cytokines derived from 

immunomodulatory cells. The anti-inflammatory 
process is derived from the failure of IKK 
phosphorylation which then causes the failure of 
NF-êB translocation.14 This failure is related to 
the unsuccessful pro-inflammatory cytokine gene 
transcription process, hence cytokines produced 
have low levels. Furthermore, at least pro-
inflammatory cytokines are not enough to carry 
out the transdifferentiation process so the á-SMA 
marker detected does not show a higher number 
than fibrotic mice.15 
	 This study also explored MMP1 in fibrotic 
mice where the enzyme plays a role in degrading 
excess ECM in liver cells. Along with the TIMP 
enzyme as an antagonist to MMP, the balance of 
these two enzymes plays a role in the production 
of the resulting ECM.16 This study discusses 
the GACP effect on the percentage of MMP1 in 
fibrotic mice. Based on the previous explanation, 
CCl4 induction can cause damage to the liver so 
the inflammatory process is needed as a response 
to the recovery of liver tissue. Furthermore, ECM 
is produced to patch the tissue with chronic liver 
injury. Increasing ECM levels, MMP1 is produced 
to degrade excess ECM.17 The model group showed 
a low percentage of MMP1 levels produced by liver 
tissue during the fibrosis process. This is due to high 
levels of MMP1 used to degrade ECM. Therefore, 
immunohistochemical analysis showed the least 
percentage of MMP1. Otherwise, GACP induction 
displayed a high percentage of MMP1 in liver 
fibrotic tissue. This allows the percentage of MMP1 
available in liver tissue. The high MMP1 also 
indicates that less ECM is available in the GACP 
treatment group. The anti-inflammatory bioactivity 
factor of GACP is thought to be the cause of low 
ECM production. The anti-inflammatory activity 
can slow down the trans-differentiation of HSCs, 
hence resulting in lower ECM production.18 As a 
result, the percentage of available MMP1 is still in 
the abundant category because it has not been used 
to degrade ECM. The overall results of this study 
indicate that GACP has a high potential to inhibit 
á-SMA expression and prevent reduction of MMP1 
expression.

CONCLUSION

	 Inducing with GACP extract inhibit 
elevation of á-SMA expression and prevent 
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reduction of MMP1 expression. This study proved 
that GACP could take a role as protector in liver 
from fibrosis.
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