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A B S T R A C T

Le Carbone (LC), a fiber-enriched activated charcoal dietary supplement, claimed to be effective against
inflammation associated with colitis, trimethylaminuria, and sclerosis. The study aimed to investigate the un-
derlying mechanisms of LC to protect liver damage and its progression in non-alcoholic steatohepatitis-hepato-
cellular carcinoma (NASH-HCC) mice. To induce this model, C57BL/6J male baby mice were injected with a low-
dose of streptozotocin and fed with a high-fat diet (HFD) 32 during 4 weeks–16 weeks of age. The LC suspension
was administered orally at a dose of 5 mg/mouse/day started at the age of 6 weeks and continued until 16 weeks
of age along with HFD32 feeding. At the end of the experiment, serum and liver tissues were collected for the
biochemical, histological, and molecular analysis. We found that LC suspension improved the histopathological
changes, serum aminotransferases in NASH mice. The hepatic expression of metabolic proteins, p-AMPKα and
sirtuin 1, and proteins responsible for β-oxidation of fatty acids, peroxisome proliferator-activated receptor
(PPAR) γ coactivator-α, PPARα were significantly repressed in NASH mice. LC treatment markedly restored these
expressions. LC treatment significantly reduced the hepatic proteins expressions of PPARγ, tissue inhibitor of
metalloproteinases 4, p47phox, p-JNK, p-ERK1/2, glypican-3, and prothrombin in NASH mice. Our findings
demonstrate that LC prevents the liver damage and progression of NASH, possibly by enhancing the AMPK-SIRT1
signaling pathway.
1. Introduction

The growth of non-alcoholic fatty liver diseases (NAFLD) becomes
alarming for leading sedentary and food-abundant lifestyle [1].
Non-alcoholic steatohepatitis (NASH) is an extended stage of NAFLD.
Necroinflammation, lipid accumulation, and fibrosis that appear in the
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NASH stage may progress to cirrhosis and hepatocellular carcinoma
(HCC) [2]. Although it is not still clear the transition mechanism from
simple fatty liver to the NASH, it might be due to the increased levels of
toxic lipids, which is occurred by the abnormal lipid metabolism where
both of the oxidative stress and pro-inflammatory cytokines may act as
stimulant [3, 4].
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The sirtuin 1 (SIRT1) and AMP-activated protein kinase (AMPK) axis
play a central role in the regulation of fat catabolism in the liver [5, 6, 7].
Impairment in the SIRT1/AMPK axis has been found in several animal
models with NAFLD [5]. It has been reported that the deacetylation of
SIRT1 regulates several proteins that participate in NAFLD progression
[8]. The level of protein expression of SIRT1 has been reported to be
lowered at different NAFLD models [9]. Similarly, the AMPK signaling
pathway helps to maintain metabolic homeostasis in cellular and
organismal levels at the time of stress [10].

It has been found that activation of the SIRT1-AMPK signaling
pathway enhances the β-oxidation of fatty acid in hepatocytes and other
metabolic tissues. Thus restrain lipid synthesis mostly via controlling the
activity of peroxisome proliferator-activated receptor gamma coac-
tivator-α (PGC-1α)/peroxisome proliferator-activated receptor alpha
(PPARα) or sterol regulatory element binding protein-1 (SREBP-1)
through deacetylation and phosphorylation, respectively [11, 12].

PPARγ, a ligand-activated transcription factor, acts as a master
regulator of fat storage and energy homeostasis [13]. Increased
expression of PPARγ is found in obese mice and associated with an
increase of lipogenesis. PPARα regulates β-oxidation and removes
cholesterol at the time of necessity. It is also noticed that the protein
expression of PPARα in the liver with NAFLD is lower due to lipo-
genesis, which can be recovered by following a proper diet and regular
exercise [14].

It was reported that vitamin E enriched dietary supplement improved
the NAFLD activity score in non-diabetic patients with biopsy-proven
NASH [15]. Le Carbone (LC), a commercial fiber-enriched activated
charcoal dietary supplement, was found to enhance the AMPK-SIRT1
expression in colon tissue of experimental colitis in a mouse model,
and to reduce the inflammation [16]. Activated charcoal also reported to
has wound healing and anti-aging properties [17]. It has been proved
that activated charcoal along with mitomycin-C reduced the develop-
ment of secondary cancer after stomach surgery, where only the
anti-cancer drug failed to do it [18]. Furthermore, in patients with tri-
methylaminuria (a metabolic disorder), activated charcoal supplements
improved the health condition of them [19]. Activated charcoal also used
to protect atherosclerosis by improving the lipid profile [20]. Due to
having the beneficial effects of the LC supplement, we assume that LC
might be able to protect liver damage in an experimental NASH-HCC
mouse by activating AMPK-SIRT1 expression.

2. Materials and methods

2.1. Drugs and chemicals

High-fat diet (HFD) 32 was purchased from CLEA, Japan. LC was
provided by Bloom Biotechnology Ltd, Japan. All other chemicals used
were purchased from Sigma, Japan unless mentioned otherwise.

2.2. Composition of normal diet, HFD32 and LC

The normal diet was contained (water 10.0%, protein 25.0%, fat
4.5%, ash 6.7%, carbohydrate 49.3% and fiber 4.5%), and provided
404 Kcal/100 g at the same time the HFD 32 was contained (water
6.2%, protein 25.5%, fat 32.0%, ash 4.0%, carbohydrate 29.4%, and
fiber 2.9%) and provided 507.6 Kcal/100 g. The LC was in capsule
form; composed of activated Carbone and a minor quantity of minerals.
Among the 100 g of LC, 2.2 mg of sodium, 77.6 mg of potassium, and
0.4 mg of manganese and other minerals such as non-phosphorous,
iron, calcium, magnesium, copper, zinc, and heavy metals (cadmium,
lead, arsenic, and total mercury) were absent. The nutritional content
of LC was tested by the Corporation Vision Bio-test where energy 4
Kcal, moisture 0.6 g, protein minimum, lipid minimum, carbohydrate
1.1 g, ash 0.2 g, water-soluble dietary fiber 0.6 g, insoluble dietary
fiber 97.5 g and the dietary fiber total amount 98.1 g were found in
100 g of LC.
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2.3. Animals and experimental protocol

All mice were handled followed by the guidelines for animal exper-
imentation of Niigata University of Pharmacy and Applied Life Sciences
(Approve No. H270313) [21]. Mice were placed in the animal house
maintained at 23 � 2 �C, with a 12h light/dark cycle and humidity 55 �
15%. They were provided with standard laboratory chow and tap water
ad libitum. C57BL/6Jmice were bred in our laboratory. For the induction
of NASH-HCC, at 2 days after birth, the male mice were injected with a
single subcutaneous dose of 200 μg streptozotocin (STZ) (Sigma, MO,
USA). After 4 weeks of injection, they were being started feeding with
HFD32 ad libitum, and continued up to 16 weeks age of mice. Mice were
divided into three groups and each group contained 6 mice, the first one,
(Normal group), where normal (STZ non-injected) mice were fed with
normal diet; the second one (NASH group), where STZ injected mice
were fed with HFD32, treated with 1%methyl cellulose (MC) (the vehicle
of LC); the third one (NASH þ LC group), where STZ injected mice were
fed with HFD32 and administered with LC suspension at (5 mg/mou-
se/day, suspended in 1% MC). The LC treatment was provided from the
age of 6 weeks–16 weeks via oral gavage (Figure 1). At the age of 16
weeks, the mice of all groups were sacrificed and then the serum and liver
tissues were collected for further analysis [22].

2.4. Estimation of biochemical parameters

The blood glucose level in the fasting condition was measured using
the G-checker (Sanko Junyaku, Tokyo, Japan). The serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), triglyceride (TG) and total cholesterol (TC) were
measured by FUJI DRI-CHEM 7000 (Fujifilm, Tokyo, Japan) as previ-
ously described [21].

2.5. Histological examination

Formalin-fixed 4 μm liver tissue sections were stained with hema-
toxylin and eosin (H&E). Histological analysis was done by the observer
who is blind to the study group using a computerized image analysis
system on ten microscopic fields per section examined in a 20-fold
magnification (CIA-102; Olympus, Tokyo, Japan) [21]. The scoring of
NAFLD was done using a method similar to that described previously
[23]. The NASHwas confirmedwhen the NAFLD activity score is equal to
or more than 5.

2.6. Determination of liver fibrosis content

To detect fibrosis the formalin-fixed, paraffin-embedded, liver tissue
sections (4 μm) were stained with Masson trichrome (MT) [24]. MT
staining was done according to the manufacturer's instructions (Accus-
tain HT15, Sigma-Aldrich, St. Louis, MO).

2.7. Western blot analysis

The liver tissue protein lysate was prepared using a method like that
described previously [25]. The total protein concentration in the liver
homogenate was estimated by the bicinchoninic acid (BCA) method. The
equal amounts of protein lysate of the liver (50 μg) were separated by
sodium dodecyl sulfate (SDS) polyacrylamide (7.5–15%) gel electro-
phoresis (Bio-Rad, CA, USA) and transferred to nitrocellulose membranes
to determine the protein levels. 5% bovine serum albumin (BSA) or
skim-milk in Tris-buffered saline Tween (20 mM Tris, pH 7.6, 137 mM
NaCl, and 0.1% Tween 20) were used to block the membranes. The
source of primary antibodies such as SIRT1, Heme-oxygenase-1 (HO-1),
p47phox, nuclear factor-erythroid 2-related factor (Nrf)-2, glucose
transporter type (GLUT) 4, phosphoenol pyruvate carboxykinase
(PEPCK)-C, PPARα, PPARγ, adipose differentiation-related protein
(ADRP), tissue inhibitor of metalloproteinases (TIMP) 4, and glypican-3



Figure 1. Experimental protocol. Experimental protocol used in the present study. Streptozotocin (STZ) was injected s. c.to the 2 days old pups and then allowed to
grow under breast milk. At 4 weeks of age the mice were given either normal diet or high-fat diet (HFD) 32. Le Carbone suspension (LC) treatment was given to the
NASH þ LC group mice from 6 weeks of age to16 weeks of age. All the mice were sacrificed at 16 weeks of age.
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was from Santa Cruz Biotechnology, Santa Cruz, CA, USA. And the
phospho-AMPKα, AMPKα, PGC1α, c-Jun-N-terminal kinases (JNK),
p-JNK, extracellular signal-regulated kinase (ERK) 1/2, p-ERK1/2,
β-actin and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) anti-
bodies were purchased from Cell Signaling Technology Inc., Beverly, MA,
USA. Prothrombin was obtained from Abcam, Cambridge, UK. The equal
loading of the sample was confirmed in every membrane by using
AMPKα (for p-AMPKα), JNK (for p-JNK), ERK1/2 (for p-ERK1/2), and
GAPDH or β-actin.

2.8. Immunohistochemistry

To do immune histochemical analysis formalin-fixed, paraffin-
embedded liver tissue sections were used to stain. For this purpose, the
hepatic tissue sections were at first deparaffinized and then hydrated. To
wash the slides Tris-buffered saline (TBS; 10 mM/L Tris-HCl, 0.85%
NaCl, pH 7.2) was used. To quench the endogenous peroxidase activity
the slides were incubated in methanol and 0.3% H2O2 in methanol. The
slides were incubated with the primary antibody, mouse monoclonal
anti-cluster of differentiation (CD)36 (diluted 1:100) (sc-59103; Santa
Cruz Biotechnology Inc. CA, USA) at 4 �C overnight, then the slides were
washed with TBS and the slides were further incubated at room tem-
perature for 1 h after adding the horseradish peroxidase (HRP) -conju-
gated goat anti-rabbit secondary antibody. Then the slides were again
washed with TBS and incubated with a substrate called dia-
minobenzidine tetra hydrochloride, after that hematoxylin was used to
counterstain the slides. To verify the antibody specificity a negative
control (lack of primary antibody) was included in the experiment. From
every group, 100 fields were analyzed to count the CD36 positive
Table 1. Changes in biochemical parameters after treatment with Le Carbone in NAS

Normal group
(n ¼ 6)

Food intake/day/mouse (g) 3.133 � 0.151

EC/day/mouse (Kcal) 12.66 � 0.611

Body weight (BW) (g) 24.23 � 0.75

Liver index (LW)/BW (g/Kg) 53.48 � 2.61

Blood glucose (mg/dL) 110.75 � 13.67

Serum TG (mg/dL) 47.33 � 13.8

Serum TC (mg/dL) 90.00 � 7.81

Serum ALT (IU/L) 62.00 � 3.46

Serum AST (IU/L) 145.67 � 46.29

Serum ALP (IU/L) 358.33 � 35.84

Normal, age matched normal mice; NASH, untreated NASH-HCC mice; NASH þ LC,
triglyceride; TC: total cholesterol, ALT: alanine aminotransferase, ALP: alkaline pho
expressed as means � SEM\. *p < 0.05, **p < 0.01, ***p < 0.001 vs normal, #p < 0.
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hepatocytes under 20-fold magnification, which are expressed as cells/
field [16].

2.9. Statistical analyses

Data were expressed as means � standard error of the mean (SEM)
andwere analyzed using one-way analysis of variance (ANOVA) followed
by Tukey's method. A value of p < 0.05 was considered statistically sig-
nificant, GraphPad Prism 5 software (San Diego, CA, USA) was used.

3. Results

3.1. Effect of LC on histopathology and biochemical parameters in NASH-
HCC mice

No significant difference was found for energy consumption and body
weight among the experimental groups during this experimental period
(Table 1). Macroscopically, the liver of the mice in the NASH group found
with abnormal shape and swelling, with tumor protrusion; on the other
hand, the liver of the LC group was moderately fatty, and no tumor was
found there (Figure 2A). The ratio of liver index (g/Kg) was markedly
higher in NASH group when compared to the mice of normal group (p <

0.01), but in the mice of LC treated group this elevated ratio were
significantly lesser (p < 0.05 vs. NASH) (Table 1, Figure 2B). The sig-
nificant elevation of fasting blood glucose level and TG, TC, ALT, AST,
and ALP levels in serum were also showed in the mice of the NASH group
in comparison to normal group (Table 1). The serum ALT and AST levels,
indicators of liver damage, were significantly prevented in LC treated
group (p < 0.05), and other lipid profile markers were also noticeably
H-HCC mice.

NASH group
(n ¼ 6)

NASH þ LC group
(n ¼ 6)

2.575 � 0.053 2.505 � 0.154

13.1 � 0.27 12.72 � 0.783

22.70 � 4.66 22.33 � 1.62

86.85 � 14.32** 63.33 � 11.29#

469.60 � 65.00*** 490.50 � 14.18***

59.00 � 18.33 30.50 � 13.53

202.00 � 29.02*** 148.50 � 19.94#*

367.00 � 173.53* 65.75 � 27.29#

799.25 � 353.26* 186.00 � 66.39#

646.25 � 215.13 334.25 � 89.20#

NASH-HCC mice treated with Le Carbone suspension at 5 mg/mouse/day. TG:
sphatase, AST: aspartate aminotransferase, EC: Energy consumption. Values are
05 vs NASH.



Figure 2. Le Carbone attenuates the clinicopathology in NASH-HCC mice. (A), Representative macroscopic appearance of livers (circles: liver tumors). (B), Histogram
for the ratio of liver weight (LW) and body weight (BW) in g/Kg. (C), H&E staining (yellow arrow: macro vesicular steatosis, black arrow: micro vesicular steatosis, red
arrow: hypertrophy, circles: inflammatory cells). Scale bars, 50 μm. (D), Histogram of non-alcoholic fatty liver disease (NAFLD) activity score. (E), Fibrosis deposition
by Masson trichrome staining (blue area, black arrow). Scale bars, 50 μm. (F), percentage of fibrosis in each group. Data are mean � SEM, (n ¼ 6/group). Normal, age
matched normal mice; NASH, untreated NASH-HCC mice; NASH þ LC, NASH-HCC mice treated with Le Carbone suspension at 5 mg/mouse/day. Statistical analysis
was carried out using One-way ANOVA followed by Tukey's test where **p < 0.01, ***p < 0.001vs Normal, and #p < 0.05, ##p < 0.01, ###p < 0.001vs NASH.
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lesser in the LC group than the NASH group (Table 1). But the adminis-
tration of LC did not show any effect on the increased blood glucose level
(Table 1). From the H&E stained slides of hepatic tissues, extreme stea-
tosis, cellular hypertrophy, and scattered lobular, inflammatory cells
were found in the mice of the NASH group, which indicate the NAFLD
activity score. Whereas all these changes and the NAFLD activity score
were significantly lesser in the mice of the NASH þ LC group in com-
parison to the NASH group (Fig. 2C-D).

3.2. Effect of LC on hepatic fibrosis in NASH-HCC mice

From the MT staining of hepatic tissues, we determined the hepatic
fibrosis among the three groups. MT staining showed pericellular fibrosis
4

around central veins. The percentage of fibrosis in the blue-stained
(positive) area was significantly increased in the NASH group in com-
parison to the normal group (p < 0.01). In contrast, this percentage was
significantly lesser in the NASHþ LC group (p< 0.01 vs. NASH) (Fig. 2E-
F).

3.3. LC administration stimulated hepatic p-AMPKα and SIRT1 expression
in NASH-HCC mice

Since AMPK and SIRT1 play a vital role in the lipid metabolism in the
hepatocyte, we investigated the protein expression levels in NASH livers
using Western blot. The protein expression of p-AMPKα (p < 0.01) and
SIRT1 (p < 0.05) were significantly lesser in the NASH group when
Figure 3. Effect of Le Carbone on hepatic
AMPKα, SIRT1, GLUT4, PGC1α and PEPCK-C
expression in NASH-HCC mice. Representa-
tive Western blots show specific bands for
hepatic (A), p-AMPKα (for AMPKα); (B),
SIRT1 (for β-actin); (C), GLUT4; (D), PGC1α;
and (E), PEPCK-C and the representative
histograms show the band densities with
relative to GAPDH. Each bar represents mean
� SEM. Normal, age matched normal mice;
NASH, untreated NASH-HCC mice; NASH þ
LC, NASH-HCC mice treated with Le Carbone
suspension at 5 mg/mouse/day. Statistical
analysis was carried out using One-way
ANOVA followed by Tukey's test where, *p
< 0.05, **p < 0.01 vs Normal, and #p <

0.05, ##p < 0.01 vs NASH.
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compared to that of the normal group. The hepatic protein expression of
p-AMPKα was higher in the LC treated group by 1.5-fold when compared
to the NASH group but did not reach a significant level (Figure 3A). The
hepatic protein levels of SIRT1 were markedly increased in the mice of
the NASH þ LC group when compared to the NASH group (p < 0.01)
(Figure 3B).

3.4. Effect of LC on hepatic GLUT4, PGC1α, and PEPCK-C expression in
NASH-HCC mice

The upregulation of AMPK and SIRT1, reduce the hepatic lipid
accumulation [5, 26]. To check this effect, we detected the downstream
proteins of AMPK using Western blot, including GLUT4, PGC1α, and
PEPCK-C, which are all associated with lipid metabolism. The protein
expression of GLUT4 was trended to lesser in the liver of the NASH group
by 0.84-fold, while PGC1α (p< 0.01) and PEPCK-C (p< 0.05) expression
were significantly lesser when compared to the normal mice. But, in the
NASH þ LC group, hepatic protein expression of GLUT4 was trended to
increase by 1.1-fold compared to NASH mice (Figure 3C). The protein
levels of PGC1α (p< 0.05) and PEPCK-C were about 1.4-fold higher in LC
treated liver than the liver of NASH group (Fig. 3D-E).

3.5. Effect of LC on hepatic expression of PPARα, PPARγ, ADRP and
TIMP4 protein levels in NASH-HCC mice

We examined the effect of LC on the central regulator of lipid meta-
bolism, PPARα, and steatosis-related protein expression such as PPARγ
and ADRP in the liver of NASH mice. We observed that the hepatic
expression of PPARα (p < 0.05) was significantly lesser in NASH mice
than the normal mice, whereas, in the mouse of the LC treated group, the
reduced PPARα level was significantly increased than the NASH mice (p
< 0.01). Interestingly, we found that the hepatic expression of PPARα in
the NASHþ LC group was also significantly higher than the normal mice
(p < 0.05) (Figure 4A). The expression of PPARγ (p < 0.05), ADRP (p <

0.01), and TIMP4 (p < 0.05) proteins were increased in the NASH liver
than the normal mice. In LC treated mice, the increased levels of PPARγ
5

and TIMP4 were significantly prevented (p < 0.01, p < 0.05), and the
level of ADRP was 0.77-fold lesser but did not reach in a significant level
when compared to the NASH mice (Fig. 4B-D).

3.6. Effect of LC on the expression of CD36 positive cells in NASH-HCC
liver

The immunohistochemistry data showed that the CD36 positive cells
were significantly lower in the hepatic tissue of NASH group than the
normal group (p < 0.01), but in LC treated group CD36 positive cells
were markedly higher than in the NASH hepatic tissue (p < 0.05)
(Figure 5A-B).

3.7. Effect of LC on hepatic oxidative and anti-oxidative marker expression
in NASH-HCC mice

Since oxidative stress plays an important role in the progression of
NASH, and activation of the AMPK-SIRT1 signaling pathway reduced
intracellular reactive oxygen species (ROS) levels [27], we checked some
protein expression levels by Western blot in all groups. These included
anti-oxidative marker proteins HO-1, Nrf2, and NAD(P)H oxidative
subunit p47phox. The hepatic protein expression of HO-1 (p < 0.05) and
Nrf2 (p < 0.05) were significantly lower, and p47phox was higher (p <

0.01) in NASH mice when compared to normal mice. But the protein
expression level of HO-1 (p< 0.05) and Nrf2 (p< 0.01) were significantly
higher in the NASH þ LC group than the NASH group (Figure 6 A& C).
Interestingly, the increased p47phox level was also markedly lesser in the
NASH þ LC group (p < 0.01) in comparison to the liver of NASH group
(Figure 6B).

3.8. Effect of LC on the protein expression levels of p-JNK and p-ERK1/2
in NASH-HCC liver

The hepatic protein expression of p-JNK and p-ERK1/2 was signifi-
cantly elevated in the mice of the NASH group (p < 0.01, p < 0.05),
respectively than the normal group. While in LC treated group, both
Figure 4. Le Carbone attenuates hepatic lipo-
genesis in NASH-HCC mice. Western blots show
specific bands for hepatic (A), PPARα (for
β-actin); (B), PPARγ; (C), ADRP; and (D), TIMP4
and the representative histograms show the band
densities with relative to GAPDH. Each bar rep-
resents mean � SEM. Normal, age matched
normal mice; NASH, untreated NASH-HCC mice;
NASH þ LC, NASH-HCC mice treated with Le
Carbone suspension at 5 mg/mouse/day. Statis-
tical analysis was carried out using One-way
ANOVA followed by Tukey's test where, *p <

0.05, **p < 0.01vs Normal, #p < 0.05, ##p <

0.01vs NASH.



Figure 5. Effect of LC on the expression of CD36
positive cells in NASH-HCC liver. (A–B), Immu-
nohistochemical staining of CD36 positive cells
and their quantitative data. Data are mean �
SEM, (n ¼ 6/group). Normal, age matched
normal mice; NASH, untreated NASH-HCC mice;
NASH þ LC, NASH-HCC mice treated with Le
Carbone suspension at 5 mg/mouse/day. Scale
bars, 50 μm. Statistical analysis was carried out
using One-way ANOVA followed by Tukey's test
where, **p < 0.01vs Normal, #p < 0.05 vs NASH.

Figure 6. Effect of Le Carbone on hepatic
HO-1, p47phox, Nrf2, p-JNK and p-ERK1/2
expression in NASH-HCC mice. Representa-
tive Western blots show specific bands for
(A), HO-1; (B), p47phox; (C), Nrf2; (D), p-
JNK (for JNK); (E), p-ERK1/2 (ERK1/2) and
the representative histograms show the band
densities with relative to GAPDH. Each bar
represents mean � SEM. Normal, age
matched normal mice; NASH, untreated
NASH-HCC mice; NASH þ LC, NASH-HCC
mice treated with Le Carbone suspension at
5 mg/mouse/day. Statistical analysis was
carried out using One-way ANOVA followed
by Tukey's test where, *p < 0.05, **p < 0.01
vs Normal, #p < 0.05, ##p < 0.01 and
###p < 0.001 vs NASH.

Figure 7. Effect of LC on glypican-3 and pro-
thrombin in NASH-HCC liver. Western blots show
specific bands for hepatic (A), Glypican-3; and
(B), prothrombin (for β-actin), and the represen-
tative histograms show the band densities with
relative to GAPDH. Each bar represents mean �
SEM. Normal, age matched normal mice; NASH,
untreated NASH-HCC mice; NASH þ LC, NASH-
HCC mice treated with Le Carbone suspension
at 5 mg/mouse/day. Statistical analysis was car-
ried out using One-way ANOVA followed by
Tukey's test where, *p < 0.05, **p < 0.01 vs
Normal, ##p < 0.01vs NASH.
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protein levels were markedly reduced than that of the NASH group (p <

0.05, p < 0.001) (Fig. 6D-E).

3.9. Effect of LC on glypican-3 and prothrombin in NASH-HCC liver

The expression of both hepatic proteins, glypican-3 (p < 0.05) and
prothrombin (p < 0.01), were significantly elevated in the NASH group
(Figure 7A-B) in comparison to that of the normal group. Whereas, the
expression of both hepatic proteins, glypican-3 and prothrombin, were
prevented in the LC treated group in comparison to that of the NASH
group (Figure 7A-B).

4. Discussion

To understand the pathogenesis and the effect of a treatment, mouse
models for NASH-HCC play an important role. There is a large pheno-
typical assortment in the accessible mouse models, anyway, models that
show the full range of histopathological and metabolic features related to
human NASH are rare. As NASH is considered as a hepatic sign of the
metabolic issue and exceedingly associated with diabetes, it is likewise
presumed that there is a relationship among diabetes and HCC with the
development of NASH [28]. Some reports suggested that charcoal has the
ability to detoxify the fatty liver in obese and alcoholic subjects and can
also capable of reducing the levels of total lipids, cholesterol, and tri-
glycerides both in serum and tissues like liver, heart and brain [20, 29].
In our previous experiment, it was found that LC reduced DSS-induced
colitis in mice with an oral dose of 5mg/mouse/day, this dose was
resembled with a dose of 8 g thrice a day (24 g) in patients with hy-
percholesterolemia [16, 20]. In this experiment, we researched the
effective mechanism of LC against the hepatoprotection in the
NASH-HCC mouse model using the same dose. This is the first study to
report the role of LC against the progression of NASH to HCC.

AMPK is the master regulator of energy homeostasis, plays a con-
cerning role in diabetes, metabolic syndrome, cardiovascular diseases,
and cancers [30, 31]. Reduced AMPK activity leads to lipid synthesis,
which may promote the steatosis and possible lipotoxicity; therefore,
hepatocellular injury and prolongation of liver inflammation may
appear, in the NASH-HCC mouse model. AMPK and SIRT1 are evolu-
tionarily conserved partners, and both play an important role in meta-
bolism and cellular survival [6]. And energy metabolism has a basic role
in malignancy advancement, AMPK/SIRT1 may be a promising focus for
HCC treatment. In a clinical study, it is also found that the protein con-
centration of phosphorylated AMPK is lesser in hepatocyte of HCC than
the normal [32]. The protein expression of p-AMPK and SIRT1 were
significantly lower in NASH liver than the normal liver. LC treatment
enhanced the p-AMPK and SIRT1 expressions in the NASH þ LC group
(Fig. 3A-B). Activation of the AMPK pathway prevents oxidative
stress-induced cellular damage by reducing intracellular ROS; triggered
by different insult; hyperglycemia, fatty acids [27, 33]. ROS also down-
regulates SIRT1 protein expressions [34]. There are several target pro-
teins of AMPK like SIRT1, PGC1α, HO-1, and FOXOs, called longevity
factors, that are responsible for increasing the resistance against stress, as
well as inhibit inflammatory response [35]. The nutrient sensor, SIRT1,
also exerts the critical control in gene expression of gluconeogenesis
through deacetylation of PGC-1α [36]. It is reported that the activation of
PGC-1α in hepatic tissue reduced the triglyceride synthesis and release
[37]. And in another study, it is also shown that in the hepatocyte of
PGC-1α deficient mice, the β-oxidation of fatty acid is reduced [38].
Accordingly, we also noticed that the hepatic protein level of PGC-1αwas
markedly reduced in the mice of the NASH group, whereas, at LC treated
group this expression wasmarkedly elevated (Figure 3D). In addition, the
expression of GLUT4 and PEPCK-C were trended to reduce in the NASH
group, but tended to restore in LC treated group, and play a role in
glucose utilization (Fig. 3C&E).

Moreover, suppression of AMPK levels reduces oxidation of the free
fatty acid in mitochondria of hepatocytes due to increasing lipid
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accumulation. It increases the ROS production that may lead to the
progression of NAFLD to NASH [39]. Here, we found the LC treatment
markedly enhanced the expression of PPARα in the liver of the NASH
group, which is a powerful fatty acid oxidation inducer involved in lipid
breakdown (Figure 4A). Activation of PPARγ is found in both alcoholic
and non-alcoholic fatty liver, which is related to fat accumulation [40,
41]. There are some reports that heterozygous PPARγ-deficient mice are
protected from HFD, aging-induced adipocyte hypertrophy, obesity, and
insulin resistance [42, 43]. Deletion of TIMP4 improves the obesity in
HFD-induced experimental mice through impairment of lipid absorption
[44]. Interestingly, our present study showed that the hepatic protein
expression of PPARγ, ADRP, and TIMP4, were markedly elevated in the
NASH mice group, but significantly reduced in the livers of LC treated
mice (Fig. 4B-D). These data might suggest that LC protects the liver from
steatosis other than non-adiponectin–mediated mechanisms. These
findings were related to the improvement of liver histopathology through
reduced macro-and micro-steatosis, and serum ALT, AST levels in LC
treated group (Figure 2C, Table 1).

Inflammation seems to play a leading role in NASH progression;
therefore, the accumulation of inflammatory macrophages occurs to
create inflammatory foci and to phagocyte lipid droplets [45]. At a later
phase, reduced phagocytosis of macrophage was seen in human NASH
[46], which indicates the altered function of macrophages. Macrophages
residing by activated fibroblasts and both participate in fibrotic foci in
the liver. On macrophages CD36 involves in phagocytosis. Studies
showed that deletion of CD36 in mice increased MCP-1 in hepatocytes,
promotes macrophage migration to the liver, and aggravates hepatic
inflammatory response and fibrosis [47]. In our study, we observed that
liver inflammation and fibrosis were substantially increased in the NASH
group. Here, we found that the administration of LC in NASH-HCC mice
displayed attenuation of inflammation and fibrosis in the liver by H&E
and MT staining (Fig. 2C-F), and elevation of CD36 positive cells in the
hepatic tissue (Fig. 5A&B).

Several studies have proved the contribution of oxidative stress and
pro-inflammatory cytokines to the advancement of steatosis to steato-
hepatitis. In our study, we found the expression of NAD(P)H oxidase
subunit p47phox was significantly lesser in LC treated mice (Figure 6B).
Activation of antioxidants and phase ІІ detoxifying enzymes provide
protection against ROS induced tissue damage. Nrf2 is a cytoprotective
transcriptional factor, increases the expression of several antioxidants
and phase ІІ detoxifying enzymes and plays a defense role in the devel-
opment of NASH [48, 49]. Besides directing the cellular antioxidant
guard, Nrf2s has anti-inflammatory capacities too [48]. Moreover, HO-1
acts as an antioxidant marker and can also inhibit the inflammatory
response; some studies reported that the expression of HO-1 is upregu-
lated in NASH [50]. In contrast, it is reported that the over-expression of
HO-1 suppresses HCC progression by inhibiting the proliferation and
metastasis of HepG2 [51]. In our experiment, it is found that hepatic
protein expression of HO-1, and Nrf2 were significantly higher in the LC
treated mice than the NASH-HCC mice (Fig. 6A, C). Oxidative stress and
phosphorylation of JNK and ERK1/2 become evident and enhance in-
flammatory cytokine accumulation [52]. It is reported that the JNK and
ERK also act as oncogenic mediators in HCC [53]. Phosphorylation of
JNK and ERK were enhanced by HFD feeding in HCC progenitor cells
derived tumors [53]. Consistent with these reports, in our study, we
found the tumors protrusion in NASH liver (Figure 2A) and the hepatic
expression of p-JNK, and p-ERK1/2 were also elevated in the mice of
NASH group (Fig. 6D-E). But the expressions of these increased protein
levels were markedly lower, and no tumor protrusion was found in LC
treated group (Fig. 6D-E, 2A).

Oxidative stress and inflammatory pathways may be responsible for
the transformation of a normal cell to a tumor cell and is associated with
its survival and proliferation. This tumor protruding may be malignant or
progress to HCC as it is shown that the hepatic expression of glypican-3
and des-γ-carboxy prothrombin or prothrombin are significantly elevated
in most HCCs compared to benign liver lesions and normal livers. Thus,
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these will serve as a useful prognostic tumor marker for HCC [54, 55]. In
this experiment, we noticed that the expression of glypican-3 and pro-
thrombin were higher in the NASH group compared to the normal group
(Fig. 7A-B). All these protein expressions were altered in the mice of the
LC treated group when compared to the NASH group.

5. Conclusion

In conclusion, our present study demonstrates the preventive action
of LC suspension against NASH-HCC mice, at least in part, by stimulating
the AMPK-SIRT1 signaling axis and consequently by reducing the lipo-
genesis, oxidative stress and inflammation in NASH liver. Thus, by
repressing the movement of NASH to HCC, LC may be a valuable option
in the management of NASH and may comprise a significant treatment
methodology for the novel NASH-HCC model.
5.1. Limitation of work

We used LC 5mg/mouse/day one dose only. We could not check dose-
dependent manner. Usually, mice were divided into three groups,
Normal, NASH, and NASH þ LC. We could not include another group,
Normal þ LC to investigate the toxicological effect of LC. In another
experiment, these limitations will be overcome.
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