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Abstract
BACKGROUND: Curcumin has been associated to reduce liver fibrosis damage.
AIM: For this purpose, transforming growth factor (TGF-B) and proportion of liver fibrosis were assessed.

METHODS: A total of 75 male Deutschland Denken Yoken mice models were included in 15 treatment groups. The
treatment and positive control groups were given curcumin, ursodeoxycholic acid (UDCA), and a combination of
curcumin and UDCA. Common bile duct ligation was performed 7 days after the treatment following the histopathology
examination of the liver on days 7, 14, and 21.

RESULTS: Curcumin decreased the expression of TGF-f compared to the positive control group (p < 0.001). It also
reduces the expression of TGF-f§ compared to UDCA but without any significant differences (p = 0.755; p = 0.701;
and p = 0.677), and combination group (p = 0.204; p = 0.549; and p = 0.276). Curcumin also reduces the proportion
of liver fibrosis compared to UDCA but without any significant differences (p = 0.825; p = 0.199; and p = 0.915), and
combination group (p = 0.859, p = 0.328, and p = 0.076).

CONCLUSIONS: Curcumin has the ability on reducing the expression of TGF-f and the proportion of liver fibrosis.
It can be suggested that curcumin almost has the same effectiveness as UDCA.
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Study highlights

° There is a lack of evidence about the
effectiveness of curcumin in managing liver
fibrosis based on transforming growth factor
(TGF)-p and proportion of liver fibrosis

° Curcumin  has similar effectiveness as
ursodeoxycholic acid (UDCA) in decreasing
TGF-p expression

° The proportion of fibrosis is lower in the
curcumin  group although no significant
differences compared to UDCA as the standard
treatment

° TGF-B has a sufficient correlation with the
proportion of liver fibrosis on day 14 and a
strong correlation with the proportion of fibrosis
on day 21.

Introduction

Liver fibrosis is a frequent and potentially life-
threatening complication associated with most chronic
liver diseases causing a high medical and economic
burden [1]. Based on numerous experimental and
clinical data showing the important role of reactive
oxygen species and cholestasis produced by a biliary
obstruction in the pathogenesis of liver damage [2].

The pivotal process of fibrogenesis is the
interaction of many different soluble mediators
(cytokines and chemokines) and various hepatic cellular
subsets and their infiltration which is further modulated
by the chemical and biological properties of the disease-
causing agents. Liver fibrosis is characterized by the
formation and deposition of excess fibrous connective
tissue, leading to progressive architectural tissue
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remodeling [1]. In response to hepatic damage, hepatic
stellate cells which take charge of hepatic extracellular
matrix secretion and deposition, are activated [3]. The
following process is myofibroblast differentiation and
stimulates the production of extracellular matrix, which
leads to fibrosis and ultimately to hepatic failure [4]. It
strongly suggests that this process has an association
with the transforming growth factor-f3 (TGF-f) signaling
pathway. The TGF-B/Smad signaling pathway is
activated by TGF-B binding to its receptors located on
the cell membrane [3], [5].

Antioxidant compounds have been used
to protect the liver and hepatocytes from reactive
oxygen and are currently being investigated as
therapeutic strategies in various liver pathologies.
Natural products provide a new lead that can be
used in treating different types of diseases including
liver diseases. Curcumin, a polyphenol is an active
compound found in the perennial plant Curcuma
longa [6]. It has been associated with the inhibition
of lipid peroxidation, free radical formation, and DNA
damage under the role of radical scavengers and/
or antioxidants [7]. It is also known that curcumin
reduces liver fibrosis damage through inhibition of the
TGF-B1/SMAD pathway [8].

Some previous studies have shown that
ursodeoxycholic acid (UDCA) is also effective for the
treatment of cholestasis, even representing as the
standard therapy for many types of cholestasis [9].
Many studies show that UDCA can activate anti-
apoptotic pathways and maintain cellular structures
such as plasma membranes and mitochondria, and
prevent hepatocyte damage from bile acids that result
in inflammation and damage mitochondrial function[10].
However, until now there has been no study comparing
the effectiveness of curcumin and UDCA by looking at
the expression of TGF-f.

Common bile duct ligation in rodents has been
carried out as the experimental procedure on many
researches for decades. This procedure induced a high
yield of fibrosis in mice with morphological changes.
During cholestasis, bile acids remain retained in the
liver parenchyma which causes damage to hepatocytes
and triggers inflammatory mechanisms [11]. This study
is designed to determine the effects of curcumin against
liver fibrosis induced by common biliary duct ligation.
For this purpose, TGF-f3 and proportion of liver fibrosis
were assessed.

Methods

Chemicals

The curcumin used in this study was purchased
from Sigma-Aldrich, St. Louis, MO. The UDCA was
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Figure 1: Expression of transforming growth factor-f in all groups,
data presented as mean + standard deviation

purchased from Novell Pharmaceutical

Bogor.

Company,

Animals and induction

10 weeks old male Deutschland Denken
Yoken mice (250 = 50 g) were kept under room
temperature 22 + 2°C. The procedure of animal care
was accepted by the Animal Care Ethics Committee of
Universitas Diponegoro. Cholestasis was induced by
performing common bile duct ligation until 7 days after
the treatment.

Experimental design

Mice were divided into 15 groups: Cholestasis-
induced mice receiving carboxymethylcellulose (0.5 ml/
day) for 7, 14, and 21 consecutive days; cholestasis-
induced mice receiving curcumin (200 mg/kg/day,
orally) for 7, 14, and 21 consecutive days; cholestasis-
induced mice receiving UDCA (80 mg/kg/day, orally);
cholestasis-induced mice receiving curcumin + UDCA
(200 and 80 mg/kg/day, orally, respectively) for 7, 14,
and 21 consecutive days. The expression of TGF-3 and
proportion of fibrosis was measured on days 7, 14, and
21 after the ligation procedure by obtaining the liver
sample.

Assessment of proportion of fibrosis in
hepatocytes

Masson trichrome staining technique was
used for the analysis of fibroblast accumulation
in hepatocytes. Briefly, paraffin-embedded tissue
sections were deparaffinized and hydrated, which were
then immersed with Bouin’s solution in a microwave for
30 s. Following rinsing with distilled water, the sections
were stained Weigert’s Iron Hematoxylin 1:1 for 10 min
and then washed with distilled water. The sections
were then stained with Biebrich Scarlet-Acid fuchsin
for 10 min. Clean again with distilled water for 30 s
then immersed with Phospho-tungstic acid for 5 min.
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Move the sections to Aniline Blue for 5—-10 min. Drop
1% Acetic acid for 1 min. Rinsed and mounted the
sections.

Immunohistochemistry staining

Formalin-fixed  paraffin-embedded tissue
sections were deparaffinized and rehydrated in ethanol
100%, 96%, and 70%. Tissue sections were immersed
in a peroxidase blocking solution for 10 min. Incubated
the sections in prediluted blocking serum 25°C for
10 min then immersed once more in TGF-p 25°C for
10 min. Washed gently the sections with phosphate
buffer saline for 5 min. Incubated the sections with
a secondary antibody (conjugated to horseradish
peroxidase) 25°C for 10 min. Rinsed again and added
peroxidase 25°C followed by incubation for 10 min.
A diaminobenzidine-substrate-chromogen 25°C was
added to the tissue sections following incubation for
10 min, washing and counterstaining with Masson
Trichrome for 3 min. Rinsed with distilled water and a
coverslip was placed. Positive immunohistochemistry
staining was observed as blue stains under a light
microscope.

Statistical analysis

Analysis was done using SPSS software and all
values were presented as means = SD. Normality test
was carried out in each group with the Shapiro—Wilk test
with a normal or abnormal result. A one-way ANOVA test
was used if the data is normal for comparison among
the group. P <0.05 was considered to be statistically
significant. Meanwhile, a non-parametric hypothesis
test such as Kruskal-Wallis was used in comparative
analysis. Post-hoc least significant difference test was
used on paired group comparative analysis (per group
at the time of sampling on 7", 14", and 21* days after
ligation). In addition, the correlation test between the
expression level of TGF-f and the proportion of fibrosis
was also carried out using the Pearson or Spearman
statistical test.

Results

The effects of curcumin on TGF- compared
to the positive control group on days 7, 14, and 21

In cholestasis-induced mice, the expression
of TGF-B remained high on the positive control group
(Table 1 and Figure 1). Meanwhile, the administration
of curcumin significantly decreased the expression of
TGF-B as determined by immunohistochemistry. As it is
shown in Figure 2, the blue stain indicates the amount
of fibroblast.

Table 1: Transforming growth factor-f level on days 7, 14 and
21 after common bile duct ligation procedure

Group Mean + SD Median (minimum-maximum)
Normal

Day 7 71.2738 +1.67982  70.3873 (70.20-74.20)

Day 14 53.1462 + 6.22818  50.4543 (46.00-60.52)

Day 21 53.4486 + 15.92295 50.4029 (36.79-71.98)
Positive control group

Day 7 77.0658 + 1.72411  77.2544 (74.41-79.23)

Day 14 75.4653 + 4.16340  75.5296 (70.38-79.91)

Day 21 76.2123 +3.13555  75.0753 (73.12-79.87)
UDCA treated group

Day 7 75.5154 + 4.81379  72.5471 (71.34-80.92)

Day 14 52.4700 +3.18040  52.0231 (49.02-57.69)

Day 21 38.3152 + 14.68189 36.4012 (22.93-58.35)
Curcumin treated group

Day 7 74.8924 +2.89393  75.5122 (70.26-78.02)

Day 14 51.0727 +6.43194  52.8618 (41.27-57.25)

Day 21 35.1579 + 13.41805 29.8706 (20.59-52.90)
Curcumin+UDCA treated group

Day 7 77.4729 +3.31776  79.0784 (71.61-79.44)

Day 14 48.8918 +7.26520  45.6472 (42.64-60.99)

Day 21 43.5191 +6.03412  40.9389 (39.65-54.22)

SD: Standard deviation, UDCA: Ursodeoxycholic acid.

The effects of curcumin on TGF-8
compared to UDCA on days 7, 14, and 21

The immunohistochemistry results showed that
TGF-p expression in curcumin was lower than UDCA
treatment group without any significant difference
(Table 1). The reduction of TGF-B expression was
observed in the curcumin group where the lowest level
was on day 21.

Figure 2: Transforming growth factor-f expression on necrosis area;
(a) normal (A1: Day 7, A2: Day 14, and A3: Day 21), (b) cholestasis-
induced (B1: Day 7, B2: Day 14, and B3: Day 21), (c) curcumin
treatment (C1: Day 7, C2: Day 14, and C3: Day 21), (d) UDCA
treatment (D1: Day 7, D2: Day 14, and D3: Day 21), (e) combination
of curcumin and UDCA (E1: Day 7, E2: Day 14, and E3: Day 21)
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The effects of curcumin on TGF-f3
compared to the combination of curcumin and
UDCA on TGF-B on days 7, 14, and 21

This study showed that co-administration
therapy, however, was found to have no better outcome,
as compared to curcumin alone. As it is shown in Tables
1 and 2, the combination of curcumin and UDCA had
a higher expression of TGF-f than curcumin alone on
days 7 and 21 (Table 3).

The effects of curcumin on the proportion
of fibrosis compared to the positive control group
on days 7, 14, and 21

As shown in Tables 4 and 5, in cholestasis-
induced mice, the proportion of fibrosis was lower in
the curcumin treatment group compared to the positive
control group without any significant difference as
shown in Figure 3.

Table 2: One-way analysis of variance of transforming growth
factor-8

Dependent variable
TGF-p day 7
Between groups 0.037
Within groups
Total
TGF-f day 14
Between groups
Within groups
Total
TGF-$ day 21
Between groups
Within groups
Total
TGF- f: Transforming growth factor-f.

Significant

<0.001

<0.001

The effects of curcumin on the proportion
of fibrosis compared to UDCA on days 7, 14, and 21

Histopathological results using Masson
trichrome staining showed that the proportion of fibrosis
in the curcumin treatment group was unexpectedly lower
than the UDCA without any significant difference on
days 7 and 14, respectively. Meanwhile, the proportion
of fibrosis on day 21 was higher in the curcumin group
compared to UDCA (Table 5 and Figure 4).

The effects of curcumin on the proportion
of fibrosis compared to the combination of
curcumin and UDCA on days 7, 14, and 21

Compared to the combination of curcumin
and UDCA treatment, the proportion of fibrosis in the
curcumin treatment group was lower. Meanwhile, on
day 21, in the curcumin and UDCA treatment group,
the proportion of fibrosis increased. The result was in
contrast to the proportion of fibrosis in the curcumin
group, which continued to decrease until the last day of
sampling (Table 5 and Figure 4).
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Figure 3: Proportions of fibrosis in all groups, data presented as
mean * standard deviation

The correlation between TGF-8 and
proportion of fibrosis on days 7, 14, and 21

Based on the results of the analysis, there
was no correlation between TGF-f expression and
the proportion of fibrosis on day 7 (p < 0.001), while
the correlation between TGF-B expression and the
proportion of fibrosis on day 14 was found (p = 0.336)
which indicates a sufficient correlation. A strong
correlation was found between TGF-f3 expression and
the proportion of fibrosis on day 21 (p = 0.513) (Table
6).

Discussion

Our study has shown a therapeutic effect
of curcumin for the reduction of cholestasis induced
by common bile duct ligation. The importance of
curcumin is highlighted in this research which
decreased the expression of TGF-3 and the proportion
of fibrosis due to the ligation procedure. It is seen
that the curcumin lowers the expression of TGF-f
compared to the positive control group significantly
(p < 0.001, respectively) through inhibition of the
TGF-p1/Smad signaling pathway [12]. Based on
molecular pathways, it has been demonstrated that
downregulation of the TGF-f1/Smad3 axis mediates
the antifibrotic effect [13].

This research also demonstrated that there
were differences between the administration of
curcumin compared to UDCA on days 7, 14, and 21
based on the level of TGF-f (p = 0.755; p = 0.701;
and p = 0.677, respectively) without any significant
difference statistically. It seems that curcumin has
similar effectiveness as UDCA in decreasing TGF-3
expression. Many studies show that UDCA can activate
anti-apoptotic pathways and maintain cellular structures
such as plasma membranes and mitochondria, and
prevent hepatocyte damage from bile acids that result in
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Figure 4: Cross-section from liver tissue with Masson trichrome
staining; (a) normal (A1: Day 7, A2: Day 14, and A3: Day 21),
(b) cholestasis-induced (B1: Day 7, B2: Day 14, and B3: Day 21),

(b) curcumin treatment (C1: Day 7, C2: Day 14, and
C3: Day 21), (d) UDCA treatment (D1: Day 7, D2: Day 14,
and D3: Day 21), and (e) combination of curcumin and UDCA (E1:
Day 7, E2: Day 14, and E3: Day 21)

Table 3: Post hoc least significant difference test on
transforming growth factor-f3 expression in each groups

Dependent variable Treatment group Study groups Significant
TGF-f day 7 Curcumin Normal 0.081
Positive control group 0.282
UDCA 0.755
Curcumin+UDCA 0.204
TGF-f day 14 Curcumin Normal 0.569
Positive control group <0.001
UDCA 0.701
Curcumin+UDCA 0.549
TGF-§ day 21 Curcumin Normal 0.024
Positive control group <0.001
UDCA 0.677
Curcumin+UDCA 0.276

*The mean difference was significant at<0.05. TGF- B: Transforming growth factor-f3, UDCA: Ursodeoxycholic
acid.

inflammation and damage mitochondrial function [10].
Meanwhile, it is believed that the mechanism of TGF-3
as one of most potential cytokines that contribute to
fibrogenesis by activating platelet-derived growth factor
receptor and induction of oxidative stress by TGF-f also
mediates the proliferative action of TGF-p in hepatic
stellate cells. TGF-B also downregulated microRNA-
30c (miR-30c) and microRNA-193 (miR-193) in hepatic
stellate cells resulting in modifications in extracellular
matrix remodeling [14].

The level of TGF-B in the curcumin group
compared to the combination group interestingly

Table 4: The proportion of fibrosis on day 7, 14 and 21 after
common bile duct ligation procedure

Group Mean + SD Median (minimum—maximum)
Normal 0.000 + 0.00 0.000 + 0.00
Positive control group
Day 7 0.3348 £ 0.03750  0.3370 (0.28-0.37)
Day 14 0.6962 +0.14610  0.6310 (0.59-0.94)
Day 21 0.8122 +0.45163  0.9380 (0.80-1.30)
UDCA treated group
Day 7 0.6172+0.29359  0.5580 (0.27-0.94)
Day 14 0.6048 + 0.25655  0.6560 (0.26-0.84)
Day 21 0.4448 +0.14724  0.4570 (0.27-0.66)

Curcumin treated group
Day 7

0.5890 + 0.24177

0.6060 (0.28-0.88)

Day 14 0.4624 + 0.11511 0.5220 (0.30-0.56)

Day 21 0.4610 £ 0.14724  0.4920 (0.28-0.57)
Curcumin+UDCA treated group

Day 7 0.6116 + 0.22828  0.7250 (0.28-0.84)

Day 14 0.5698 + 0.20746  0.5400 (0.36-0.88)

Day 21 0.7400 £ 0.19552  0.8530 (0.43-0.89)

UDCA: Ursodeoxycholic acid, SD: Standard deviation.

showed less TGF-B expression in the curcumin group
on days 7 and 21 (p = 0.204 and p = 0.276) without
any significant differences. As it is shown in Table 1,
the expression of TGF-§ increased on day 14. It is
believed that the effectiveness of curcumin against
TGF-B as fibrosis therapy is dose and time-dependent.
This is associated with alteration in oxidative stress
and antioxidant gene expression levels that lead to the
inhibition or promotion of cell death [13].

Table 5: One-way analysis of variance of proportion of fibrosis

Dependent variable
Proportion of fibrosis day 7
Between groups
Within groups
Total
Proportion of fibrosis day 14
Between groups
Within groups
Total
Proportion of fibrosis day 21
Between groups
Within groups
Total

Significant

<0.001

<0.001

<0.001

Based on histopathology examination, the
proportion of fibrosis between the curcumin group and
positive control group, the liver fibrosis proportion is
seen less in the curcumin group on days 14 and 21 (p
= 0.41 and p = 0.29) without any significant differences.
Curcumin inhibits extracellular matrix synthesis by
suppressing TGF-f to improve collagen synthesis and
cell migration during fibrogenesis [1].

Table 6: Post hoc least significant difference test on proportion
of fibrosis in each groups

Dependent variable Treatment group Study groups Significant
Proportion of fibrosis day 7 Curcumin Normal <0.001
Positive control 0.057
UDCA 0.825
Curcumin+UDCA 0.859
Proportion of fibrosis day 14 Curcumin Normal <0.001
Positive control 0.041
UDCA 0.199
Curcumin+UDCA 0.328
Proportion of fibrosis day 21 Curcumin Normal 0.006
Positive control 0.029
UDCA 0.915
Curcumin+UDCA 0.076

*The mean difference was significant at < 0.05. UDCA: Ursodeoxycholic acid.

Curcumin appears to have a contribution in reducing
the expression of TGF-B optimally in liver tissue after
administration for 2 weeks. Decreases of TGF-§
levels were correlated to the reduction of liver fibrosis
proportion in week 2 [12]. This result is similar to
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another research that recommends the optimal time
of curcumin administration were given 10-14 days to
achieve the maximal effect[15]. It inhibitory effects on
hepatic stellate cell proliferation also was concentration-
dependent|[3].

The effectiveness of the curcumin group
compared to UDCA based on the proportion of fibrosis
was surprisingly lower in the curcumin group (p = 0.825;
p = 0.199; and p = 0.915, respectively) without any
significant differences. Curcumin has antioxidant and
anti-inflammatory activity; meanwhile, UDCA is known
as a standard treatment for cholestatic liver diseases
that reduced fatty degeneration, cellular necrosis,
edema, and immune cell infiltration. Both have different
mechanisms in managing liver fibrosis [16].

This study showed the comparison between
curcumin and a combination of curcumin and
UDCA on days 7, 14, and 21 where the proportion
of fibrosis is lower in the curcumin group with no
significant difference (p = 0.859, p = 0.328, and p =
0.076). Nonetheless, it can be seen that long-term
administration of curcumin and UDCA resulted in
a higher proportion of fibrosis. This is thought to be
related to the failure of the regeneration process of liver
cells due to the cholestasis process. Various phases
occur in the chronic course of liver diseases, such as

initiation, regeneration, perpetuation, fibrogenesis,
tumorigenesis, and metastasis [12].
Correlation between TGF-f expression

and proportion of fibrosis in control group, curcumin
treatment group, UDCA treatment group, and
combination group showed there was no correlation on
days 7 (p < 0.001), but there was a sufficient correlation
on day 14 (p = 0.336) and strong correlation on day 21
(p = 0.513). However, there are some limitations of this
study due to the long period of study which is a very
high risk for the sample to drop out. The procedure and
examination are also relatively expensive.

Conclusion

Curcumin was shown to decrease TGF-§
expression compared to positive control group with
a significant difference. In comparison to UDCA and
combination of curcumin and UDCA, TGF-3 expression
was also lower in the curcumin group but no significant
differences.

The administration of curcumin was also shown
to reduce the proportion of fibrosis compared to the
positive control group, UDCA group, and combination
group with almost the same results. It can be suggested
that curcumin almost has the same effectiveness as
UDCA in decreasing TGF-3 expression.
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