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Curcumin prevents the non-alcoholic fatty hepatitis via
mitochondria protection and apoptosis reduction
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Abstract: Background: Non-alcoholic fatty hepatitis (NASH) is highly prevalent, mitochondria damage is the main
pathophysiological characteristic of NASH. However, treatment for mitochondria damage is rarely reported. Methods:
NASH model was established in rats, the protective effects of curcumin were evaluated by histological observation;
structure and function assessments of mitochondria; and apoptotic genes expression. Results: NASH rats treated
with curcumin displayed relatively slight liver damage when compared with NASH livers. The average mitochondrial
length and width of NASH (12.0 + 3.2 and 5.1 + 1.1 micrometers) were significantly longer than that of normal (6.2
+ 2.1 and 2.1 + 1.5 micrometers) and NASH treated with curcumin (7.4 + 1.2 and 3.2 + 1.5 micrometers) rats. The
average malondialdehyde (MDA) and 4-hydroxy nonyl alcohol (HNE) levels in liver homogenates of NASH rats (4.23 +
0.22 and 19.23 + 2.3 nmol/MlI) were significantly higher than these in normal (1.32 + 0.12 and 3.52 + 0.43 nmol/
mL) and NASH treated with curcumin (1.74 + 0.11 and 4.66 + 0.99 nmol/mL) rats. The expression levels of CytC,
Casp3 and Casp8 of the NASH livers were significantly higher than normal and NASH treated with curcumin rats liv-
ers. Conclusion: Our data demonstrated that curcumin prevents the NASH by mitochondria protection and apoptosis
reduction and provided a possible novel treatment for NASH.
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Introduction

Non-alcoholic fatty hepatitis (NASH), is a chron-
ic liver inflammatory disease developed from
nonalcoholic fatty liver disease (NAFLD), mani-
fested pathologically as hepatic steatosis;
hepatic cells ballooning; diffuse hepatic lobule
mild inflammation; and/or collagen deposition
around the central vein of liver and hepatic
sinusoidal [1]. Although the pathogenesis of
NASH is not very clear, the role of oxygen stress
in the pathogenesis of NASH has been recog-
nized by many scholars [2].

Oxidative stress is a state of dynamic imbal-
ance between peroxide and antioxidant, which
lead by molecular oxygen free radicals or reac-
tive oxygen species (ROS) and its metabolites
increasing or antioxidant mechanism weaken-
ing [3]. The short acting and local effects of
ROS include lipid peroxidation with membrane

phospholipids and membrane receptors related
to multivalent unsaturated fatty acids, promot-
ing fatty acid aggregation and trigger intracel-
lular lipid peroxidation [4]. The by-products
4-hydroxy nonyl alcohol (HNE) and malondialde-
hyde (MDA) will be produced during above pro-
cesses, the half-lives of HNE and MDA are much
longer than that of ROS, and they will spread
from the production site to intracellular and
extracellular sites, thereby, amplify oxygen
stress [5]. Compared with patients with simple
steatosis, more than 90% of NASH patients dis-
played increasing levels of HNE and MDA [6].
The lipid peroxidation products can also, induce
the synthesis and expression of transforming
growth factor beta (TGF-beta) and monocyte
chemoattractant protein-1 (MCP-1); promote
neutrophil chemotaxis and tumor necrosis
factor-alpha (TNF-alpha) generation; stimulate
hepatic stellate cell to secrete collagen fiber
[7]. In addition, the lipid peroxidation products
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may also induce cell apoptosis via the c-Jun
N-terminal kinase (JNK) and transcription fac-
tor activated protein-1 (AP-1) signaling [7]. ROS
induced TNF-alpha and lipid peroxides can also
damage the mitochondrial respiratory chain
and DNA, which leads to more ROS generation,
forming a vicious cycle of oxidative stress [7].

In mammals, ROS are mainly produced by mito-
chondria [8]. Mass ROS can lead to the disor-
ders of the membrane potential, penneability
transition pore (PTP) and energy metabolism
of mitochondria [9]. In recent years, studies
show that NASH is accompanied by the liver
mitochondria structure abnormal, including
huge mitochondria, mitochondrial swelling,
membrane crest grain decreased and mito-
chondrial matrix crystallization inclusion [10].
Study found that there is no significant differ-
ence of respiratory control rate (RCR) and phos-
phorus/oxygen (P/0) ratio between high-fat diet
rats and normal diet control rats in short-term
observation, however, the PCR and P/O ratio
decreased significantly in rats with high fat
diet after 8 to 12 weeks [11]. These evidences
showed that the disorders of the respiratory
function of mitochondria in the pathological
process of NASH. Thus, protection on mito-
chondrial structure and function damage is a
possible treatment for NASH. Curcumin is a
phenolic compound found in the dietary spice
turmeric, derived from the rhizome of Curcuma
longa [12]. Curcumin can play a variety of
mechanisms to play a role in antioxidant, these
including elimination of hydrogen peroxide,
hydroxyl radical, peroxynitrite, etc [13]. Curcu-
min can also enhance the body’s antioxidant
capacity, 100 mg/kg and 200 mg/kg curcumin
could remove the ROS induced by insecticide
and increase the glutathione content in the
Wistar rat and hence play a protective effect
over lindane-induced oxidative damage in rat
liver [14]. Although curcumin antioxidation
effect has been confirmed, whether curcumin
possesses any protective effect on NASH
remains unclear. Our primary study showed
that curcumin can prevent and amelio rate
NASH via lipid reduction, insulin resistance
and anti-inflammatory improvement [15]. How-
ever, the role of curcumin in the structure
and function changes of mitochondria had not
evaluated. In this study, the protective effects
of curcumin were evaluated by histological
observation; structure and function assess-
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ments of mitochondria; and apoptotic genes
expression.

Materials and methods
Animals and diets

This study was carried out in accordance
with the recommendations in the Guide for the
Care and Use of Laboratory Animals of the
National Institutes of Health. The animal study
was approved by the Committee on the Ethics
of Animal Experiments of The Sixth People’s
Hospital Affiliated to Shanghai Jiaotong Univer-
sity.

As we reported previously [15], male Sprague-
Dawley rats with an average body weight of
190-210 g were housed six per cage under con-
ditions of room temperature with free access to
food and water. All the rats were fed a standard
laboratory diet for a week. The rats were then
randomly divided into three groups of twelve
rats each: normal group, high fat diet group and
high fat diet treated with curcumin (6 weeks
later) group with twelve each. Rats in the nor-
mal group were fed a standard diet, while those
in the other two groups received a high-fat diet
composed of 18.0% protein, 45.0% fat, and
37.0% carbohydrates. Two rats from each group
were euthanized at the end of the 6th week to
detect pathological changes. Then, rats in the
treatment group were gavaged with 50 mg/kg
of curcumin (Sigma, St. Louis, MO) suspended
in 0.5% carboxymethyl cellulose (CMC) daily for
6 weeks. The normal group and NASH group
received an equal volume of 0.5% CMC (Sigma,
St. Louis, MO) as controls.

Histological analysis

As we reported previously [15], Liver pathology
was assessed using hematoxylin and eosin
(H&E) and Oil Red O staining by board-certified
pathologists in our hospital according following
criterions [16]: steatosis was graded SO-S3
based on the percentage of hepatocytes in the
biopsy involved, SO corresponded to none; S1
was < 33%; S2 was 33-66%; S3 was > 66%;
intra-acinar (lobular) inflammation was graded
LO-L3 based on inflammatory foci per 10x with
20x ocular, LO corresponded to none; L1 was
1-2/10x%; L2 was up to 4/10x%; L3 was > 4/10x;
and portal tract inflammation was graded as
none, mild, moderate, and severe (PO-P3).
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Electron microscopy

To observe the mitochondria structure of rat
liver, the rat livers were isolated. After rinsing in
0.9% cooled saline for three times, the liver tis-
sue were cut into 250-500 nm slices. Then, the
liver sections were fixed immediately by adding
primary fixative (2% paraformaldehyde and
2.5% glutaraldehyde in a 0.1 M sodium caco-
dylate, pH 7.4, buffer) at 4°C, followed by 1
hour of incubation on ice. After washing three
times in an ice-cold 0.1 M sodium cacodylate
buffer containing 3 yM calcium chloride for 3
min, the primary fixed liver tissues were then
incubated with 1% osmium tetroxide, 0.8%
potassium ferrocyanide, and 3 pM calcium
chloride in 0.1 M sodium cacodylate for 60 min
on ice. After washing with distilled water three
times for 3 min, the fixed liver tissues were
stained and stabilized in 2% uranyl acetate for
30 min on ice. Liver tissues were dehydrated in
an ice-cold ethanol series of 20%, 50%, 70%
and 90% successively, on ice for 3 min each.
The liver tissues were then dehydrated at room
temperature three times for 3 min each in
100% ethanol. Then, the liver tissues were infil-
trated in a mixture of 50% ethanol and 50%
Durcupan ACM resin (Sigma, St. Louis, MO) for
60 min with agitation at room temperature, fol-
lowed by 100% Durcupan ACM twice for 1 hour
with agitation, after which the samples were
placed in an oven to polymerize at 60 to 80° for
at least 48 hours.

The mitochondria structure was observed
following the methods reported by Sun et al
[16, 17]. Briefly, single-tilt series three-dimen-
sional reconstructions were obtained from
semi-thick samples in a tilt series every 2° from
-60° to +60° on a JOEL 4000EX electron
microscope (JOEL, Peabody, MA) operated at
400 kV. The IMOD software suite (an open-
source, cross-platform suite of modeling, dis-
play and image processing programs used for
3D reconstruction and modeling of microscopy
images) was used to process the images in
each tilt series (http://bio3d.colorado.edu/).
X-Voxtrace software enabled volume segmen-
tation of tomographic data using manual trac-
ing followed by rendering using Synu (National
Center for Microscopy and Imaging Resources,
University of California, San Diego, CA).
Tomograms were converted to Tiff stacks for
measurements of crista junction sizes using
Image J (http://rsb.info.nih.gov/ij/).
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ROS measures

To study the ROS level in normal, NASH and
NASH treated with curcumin rat livers, over-
night food-deprived rats were anesthetized
with ketamine (0.2 mL/100 g) at the end of the
12th week. Body weight was measured. The
liver was removed carefully and washed with
0.9% cooled saline. The livers were then homog-
enized, the homogenates were centrifuged at
1500 RPM for 10 minutes, the supernatants
were collected and used for HNE and MDA
measures. The liver contents of MDA was ana-
lyzed by MAD assay kits (BlueGene, Shanghai,
China) in accordance with the manufacturer’s
instructions as we reported previously [15]. The
HNE was measured using the approach estab-
lished by Spies-Martin et al [19].

Gene expression analysis

To study the apoptotic gene expression profile
in rat groups, real-time quantification reverse
transcript PCR (qRT-PCR) analysis was used.
Total RNA was extracted with TRIzol reagent
(Invitrogen, Carlsbad, CA) and reverse-tran-
scribed to cDNA using the Two-Step RT-PCR
Clone Kit (Biovisualab, Shanghai, China). Quan-
titative PCR was performed using a 7500 Real-
time PCR System (Applied Biosystems, Foster
City, CA) and the GREAT Real-Time SYBR PCR
Kit (Biovisualab, Shanghai, China). The relative
MRNA expression level was calculated using
the 222" method with the CT values normalized
using B-actin as an internal control [18].

The genes and their corresponding primers
were: CytC (forward: 5’ CACAGATGCCAACAAG-
AACAAAGG3’; reverse: 5’AGGGATGTACTTTTTG-
GGATTTTCC3’); Casp3 (forward: 5’ TGTATGCTT-
ACTCTACCGCACCCG3’; reverse: 5’GCGCAAAG-
TGACTGGATGAACC3’); Casp8 (forward: 5’ACG-
TCTGGGCAACGAAGAACTG3’; reverse: 5’'GCAC-
CAGGACATCATTGATGGAC3’); Casp9 (forward:
5’GCGACATGATCGAGGATATTCAGCS3’;  reverse:
5TGCCTCCCTCGAGTCTCAAGATC3").

Statistical analysis

All statistics were analyzed using SPSS17.0
(SPSS Inc., Chicago, IL). All results are shown as
the mean of three or more replicates. Data are
presented as mean * standard deviation. The
data of three groups were analyzed by one-way
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Figure 1. Histological observation. Upper half, H&E staining x200; lower half, Oil Red O staining x200.

ANOVA followed by Kruskal-Wallis test. P values
< 0.05 were considered significant.

Results

Histological observation showed that curcumin
could protect liver

As expected, rats feed with high fat diet devel-
oped into NASH after 6 weeks, as showed in
Figure 1, NASH livers displayed hepatic steato-
sis; hepatic cells ballooning; diffuse hepatic
lobule mild inflammation; and collagen deposi-
tion around the central vein. While, high fat diet
rats treated with curcumin displayed relatively
slight liver damage when compared with NASH
livers. Qil Red O staining further showed steato-
sis in NASH liver and curcumin treatment could
reduce the fat deposit in liver.

Curcumin could protect mitochondria structure
in NASH rats

To know if curcumin could prevent mitochon-
dria structure abnormal, the mitochondria
structure of normal, NASH and NASH treated
with curcuminrats livers were studied by elec-
tron microscope observation. At least two mito-
chondrias of each liver sample were randomly
selected to quantify the mitochondria struc-
ture. As showed in Table 1, the average length
of the mitochondria of the normal, NASH and
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NASH treated with curcumin livers were 6.2 +
2.1, 12.0 £+ 3.2 and 7.4 + 1.2 micrometers,
respectively. The average width of the mito-
chondria of the normal, NASH and NASH treat-
ed with curcumin ratswere 2.1+ 1.5,5.1+ 1.1
and 3.2 + 1.5 micrometers, respectively. The
average mitochondrial length and width of
NASH was significantly longer than that of
normal and NASH treated with curcumin
livers. The average mitochondrial length and
width of NASH treated with curcumin rats were
similar to normal rats. In conclusion, curcumin
could protect mitochondria structure in NASH
livers.

Curcumin could prevent the oxidative stress in
liver

Since above observation showed that curcumin
could protect mitochondria structure in NASH
rats, we then check if curcumin could ease the
oxidative stress in liver. As showed in Table 2,
the average MDA of the normal, NASH and
NASH treated with curcumin rats were 1.32 +
0.12, 4.23 + 0.22 and 1.74 £ 0.11 nmol/mL,
respectively, the MDA in NASH liver is signifi-
cantly higher than that in the livers of normal
and NASH treated with curcumin rats. The aver-
age HNF of the normal, NASH and NASH treat-
ed with curcumin rats were 3.52 + 0.43, 19.23
+ 2.3 and 4.66 £ 0.99 nmol/mL, respectively,
the HNF in NASH liver is also significantly higher
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Table 1. The structure changes of mitochondria

NASH treated

Measurements Normal NASH . .
with curcumin

Length (micrometers) 6.2+21 12.0+3.2" 74 +1.2™

Width (micrometers) 21+15 51+1.1" 3.2+15"

Data are presented as the means + standard deviation. “P < 0.05 when
compared with normal rats; “*P < 0.05 when compared with NASH rats.

Table 2. Contents of HNF and MDA in livers of each group

NASH treated

ROS Normal NASH ) )
with curcumin

MDA (nmol/mL) 1.32+0.12 4.23+0.22" 1.74+0.11"
HNF (nmol/mL) 3.52+0.43 19.23+2.3" 4.66+0.99"

Data are presented as the means + standard deviation. ROS, reactive
oxygen species; HNE, 4-hydroxy-2-nonenal; MDA, malondialdehyde. “P <
0.05 when compared with normal rats; “*P < 0.05 when compared with
NASH rats.

Table 3. Expression characteristics of apoptotic genes

NASH treated with

Genes Normal NASH )
curcumin

CytC  1.00(0.77~1.23) 3.44(2.99~5.77)" 1.67 (0.89~1.89)""
Casp3 1.00 (0.81~1.41) 7.83 (4.67~9.11)" 2.10 (1.09~3.11)""
Casp8 1.00(0.73~1.31) 5.72 (4.12~8.77)" 1.77 (1.01~3.33)""
Casp9 1.00 (0.85~1.29) 1.51(0.98~2.27) 1.11(0.99~2.12)

The genes expression levels were calculated by the 222" method. Data
were presented as 22T and range. “indicated significance (P < 0.05)
when compared with normal rats; ““indicated significance (P < 0.05) when
compared with NASH rats. CytC, Cytochrome C, Somatic; Casp, caspase.

the apopotic genes activation signi-
ficantly.

Discussion

Accumulating evidence suggest that
mitochondrial dysfunction plays a
key role in the physiopathology of
NASH [20, 21]. The NASH relative
mitochondrial dysfunction displayed
in respiratory chain deficiency and
textural anomaly [20, 21]. Although a
large number of researches have
revealed the damage of mitochon-
dria in NASH, rare studies have
focused on the strategy to protect
mitochondria from damage. In this
study, we demonstrated that: 1) cur-
cumin displayed protective effect on
liver injury histologically; 2) curcumin
could protect mitochondria structure
in NASH livers, the mitochondria
structure of NASH livers treated with
curcumin are similar to the normal
control livers, contrast with the for-
mer, NASH liver without treatment
displayed larger mitochondria, mito-
chondrial swelling, membrane crest
grain decreased and mitochondrial
matrix crystallization inclusion; 3)
curcumin could prevent the oxidative

than that in the livers of normal and NASH
treated with curcumin rats. In conclusion, NASH
liver showed higher level of ROS, curcumin
could ease the oxidative stress significantly.

Curcumin could prevent apoptotic genes ex-
pression

To evaluate if the curcumin could prevent
apoptotic genes expression, the transcription
level of CytC, Casp3, 8 and 9 were quantified
by real time qRT-PCR. The mRNA level of nor-
mal rats liver tissues were treated as 1, the
relative CytC, Casp3 and Casp8 of the NASH
livers were 3.44, 7.83 and 5.72, respectively,
which were significantly higher than normal
and NASH treated with curcumin rats livers
(Table 3). The relative CaspQ mRNA levels
were similar between normal, NASH and NASH
treated with curcumin rats livers (Table 3). In
conclusion, the apoptotic genes in NASH livers
were activated, while, curcumin could quell
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stress in liver, NASH liver showed

higher level of MDA and HNF, cur-
cumin could ease the oxidative stress signifi-
cantly; 4) curcumin could quell the apopotic
genes activation significantly.

In mammalians, mitochondria play a major role
in fuel oxidation and ATP formation [20-22].
Mitochondria dysfunction will not only lead to
the disorders of fuel oxidation and ATP forma-
tion but also might activate many pathophysio-
logical pathways [15]. These pathophysiologi-
cal pathways and molecules are nuclear factor-
erythroid 2-related factor-2 (Nrf2) and pro-
inflammatory cytokines [20-22].

Nrf2 could be activated by electrophilic agents
and play a central role in mediating a cytopro-
tective response against a wide variety of
stress and toxic insults [15]. In our previous
report, we demonstrated that curcumin could
attenuate liver injury in NASH animal model
possibly due to an Nrf2 activation-mediated
effect [15]. We also evaluated that the levels of
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TNF-alpha and IL-6 are significantly higher in
NASH animal body, and curcumin treatment
could reduce elevation of these inflammatory
cytokines [15]. Taken our data together, our
studies suggest that curcumin might be modi-
fied into a drug target NASH in the feature.

In this report, we omitted the morphological
and functional liver parameters and the data
for serum lipids and insulin resistance. In our
previous report, we showed that; alanine ami-
notransferase and aspartate aminotransferase
were elevated significantly in NASH rats; serum
triglyceride, total cholesterol, free fatty acids
and homeostasis model assessment of insulin
resistance were also significantly higher in
NASH rats than that of normal control rats. In
this study, we mainly focused on the structure
and function assessments of mitochondria and
apoptotic genes expression.

The NASH is developed from nonalcoholic fatty
liver disease (NAFLD), the latter is the most
common liver disease worldwide with preva-
lence estimates ranging from 25% to 45% [23].
Up to 25% of individuals with NAFLD also have
NASH [24]. Since NASH is risk factor for cirrho-
sis, many studies including our report had only
focused on NASH but ignored the NAFLD, this
should be one limitation of our study. We only
fixed one dose (50 mg/kg of curcumin) and had
not performed dose-effect experiment for cur-
cumin, this should be another deficiency of this
study.
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