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Abstract
AIM: To determine whether mitochondrial dysfunction 
resulting from high-fat diet is related to impairment of 
the phosphatidylinositol 3-kinase (PI3K)/protein kinase 
B (Akt, also known as PKB) pathway.

METHODS: Rat models of nonalcoholic fatty liver were 
established by high-fat diet feeding. The expression of 
total and phosphorylated P13K and Akt proteins in he-
patocytes was determined by Western blotting. Degree 
of fat accumulation in liver was measured by hepatic 
triglyceride. Mitochondrial number and size were deter-
mined using quantitative morphometric analysis under 
transmission electron microscope. The permeability of 
the outer mitochondrial membrane was assessed by de-
termining the potential gradient across this membrane.

RESULTS: After Wistar rats were fed with high-fat diet 
for 16 wk, their hepatocytes displayed an accumulation 
of fat (103.1 ± 12.6 vs  421.5 ± 19.7, P  < 0.01), de-
formed mitochondria (9.0% ± 4.3% vs 83.0% ± 10.9%, 
P < 0.05), and a reduction in the mitochondrial mem-
brane potential (389.385% ± 18.612% vs 249.121% ± 
13.526%, P < 0.05). In addition, the expression of the 
phosphorylated P13K and Akt proteins in hepatocytes 
was reduced, as was the expression of the anti-apoptotic 
protein Bcl-2, while expression of the pro-apoptotic 
protein caspase-3 was increased. When animals were 
treated with pharmacological inhibitors of P13K or Akt, 
instead of high-fat diet, a similar pattern of hepatocel-
lular fat accumulation, mitochondrial impairment, and 
change in the levels of PI3K, Akt, Bcl-2 was observed. 

CONCLUSION: High-fat diet appears to inhibit the 
PI3K/Akt signaling pathway, which may lead to hepa-
tocellular injury through activation of the mitochondrial 
membrane pathway of apoptosis. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is caused by 
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triglyceride (TG) accumulation within the liver and can 
either be a benign self-limiting state or a condition associ-
ated with steatohepatitis (NASH), which may develop to 
fibrosis, cirrhosis and liver failure[1,2]. Triacylglycerol for-
mation in the hepatocytes may also be cytotoxic to hepa-
tocytes[3,4]. Multiple lines of  evidence support the role of  
intrahepatic fat in causing hepatic insulin resistance. He-
patic insulin resistance is considered to be the fundamen-
tal mechanism in the prevalence and progression of  the 
disease. It is also a critical component in the development 
of  NAFLD, which is characterized by a marked reduction 
in the activity of  the insulin signaling pathway[5].

In the presence of  insulin, the insulin receptor nor-
mally phosphorylates insulin receptor substrate (IRS) pro-
teins, which are linked to the activation of  several signal-
ing pathways, including the metabolic phosphatidylinositol 
3-kinase (PI3K)/protein kinase B (Akt, also known as 
PKB) pathway. Phosphatidylinositol 3-kinase (PI3K) and 
its downstream effector Akt regulate a diverse array of  
cellular events, including survival and apoptosis of  a num-
ber of  cell types[6].

Hepatocyte apoptosis is a key histologic feature of  
NAFLD, and correlates with progressive inflamma-
tion and fibrosis[7]. The molecular pathways leading to 
hepatocyte apoptosis are not fully defined; however, mi-
tochondrial dysfunction is an important element in the 
pathogenesis of  NAFLD[8]. Recent evidence showed that 
mitochondria participate in the regulation of  both cell 
proliferation and death, including apoptosis[9], and are thus 
potential mediators of  the PI3K/Akt signaling pathway. 
Although multiple lines of  evidence have suggested a 
close linkage between insulin-induced signaling and mito-
chondrial functions[10], the potential relationship between 
the PI3K/Akt signaling pathway and the mitochondrial 
abnormalities that underlie NAFLD remain unclear.

The present study was undertaken to investigate the 
relationship between mitochondria impairment and the 
activity of  the PI3K/Akt signaling pathway during the 
development of  NAFLD. 

MATERIALS AND METHODS
Animal groups and diet 
Male Wistar rats, 12 wk old were obtained from Harbin 
Medical University.

Laboratories (stock No. 002207). All experiments and 
animal care complied with the guidelines for the humane 
treatment of  animals set by the Association of  Laboratory 
Animal Sciences and the Center for Laboratory Animal 
Sciences, Harbin Medical University. At 6 wk of  age, the 
60 mice were randomly divided into four groups: (1) Nor-
mal control (NC) group; (2) NC plus the PI3K inhibitor 
LY294002 (NC + LY, 15 μg/kg daily injected via the tail 
CA 440206, Calbiochem); (3) NC plus the AKT inhibi-
tor 1-L-6-hydroxymethyl-chiro-inositol2-(R)-2-O-methyl-
3-O-octadecylcarbonate (NC + AI, 20 μg/kg daily via tail 
injection CA124005, Calbiochem); and (4) High-fat diet 
(HFD). The normal control rats were fed a commercial 

rat diet (7%-10% fat, 68%-70% carbohydrates, 18%-20% 
protein, 1%-2% vitamins and minerals; 210 kcal/100 g 
per day) for 16 wk, while rats in the treatment group (HFD 
group) were fed a high-fat diet (40% fat, 38%-40% carbo-
hydrates, 18%-20% protein, 1%-2% vitamins and miner-
als; 210 kcal/100 g per day) for the same period of  time. 

Calculation of metabolic index and resistance index
Blood samples from the retro-orbital sinus were collected 
before and after the treatment. Rats were fasted overnight 
before the collection of  the blood samples. Plasma insu-
lin was determined using ELISA. Insulin resistance was 
evaluated using a homeostasis model assessment of  insu-
lin resistance (HOMA). Serum alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and gamma-
glutamyltransferase (GGT) levels were measured using 
spectrophotometric assay kits (Sigma-Aldrich, St. Louis, 
MO, USA) according to the manufacturer’s instructions. 
Insulin resistance was assessed by computing insulin resis-
tant index (HOMA-IR). The formula used was as follows: 
HOMA-IR = Insulin (μg/L) × glucose (mmol/L)/22.5.

Measurement of hepatic TG
The liver (100 mg wet tissue) was homogenized in an 
ice-cold 0.05% butylhydroxytoluene solution. After lipids 
were extracted from the liver according to the method 
of  Folch et al[11], TG content in each sample was mea-
sured with a commercial assay kit (Wako Pure Chemical 
Industries, Osaka, Japan CA 290-63701).

Isolation of hepatocytes 
Hepatocytes were isolated from the liver (20-25 mg) of  
each mouse by the collagenase perfusion method. Each 
liver was pre-perfused at 37℃ with buffer containing  
100 mmol/L HEPES (pH 7.4), 143 mmol/L NaCl, and 
7 mmol/L KCl, and then perfused with buffer containing 
0.05% collagenase and 5 mmol/L CaCl2. Following diges-
tion, the liver was dispersed in the perfusion solution and 
incubated in the perfusion buffer at 37℃ for an additional 
5 min. The dispersed cell suspension was then filtered 
through a nylon mesh and centrifuged at 100 × g for  
3 min at 25℃. The resulting cell pellets were resuspended 
in the hepatocyte medium, and cell viability was then de-
termined using a trypan-blue-exclusion test. 

Measurement of mitochondrial membrane potential of 
hepatocytes
The integrity of  the inner mitochondrial membrane was 
assessed by determining the potential gradient across this 
membrane. Rhodamine 123 (Rh123) powder was dissolved 
in methanol and stored at -20℃ as a 1 g/L solution, which 
was diluted to 5 mg/L with phosphate buffered solution 
(PBS) before each experiment. Hepatocytes (1 × 106) were 
washed three times with PBS that had been preheated to 4℃. 
They were then resuspended in 300 mL PBS, incubating 
with Rh123 (final concentration 2.5 mg/L) for 1 h at 37℃, 
and then filtered through a 200-mesh screen. Approximate-
ly 10 000 cells were measured using a FACS Calibur flow cy-
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tometer (BD Biosciences, San Diego, CA, USA) using Cell 
Quest software (a maximum absorbing wave length 590 nm,  
an excitation wave length 488 nm) (BD Biosciences). Rh123 
and tetramethylrhodamineethylester (TMRE) were pur-
chased from Invitrogen (Karlsruhe, Germany).

Electron microscopy 
For transmission electron microscopy, small liver fragments 
were fixed in 4% glutaraldehyde and then processed using 
standard methods. Sections were viewed under microscope 
by a pathologist (Dr. Chang H, Department of  Pathology, 
Harbin Medical University). Mitochondrial number and size 
were determined using quantitative morphometric analysis 
under transmission electron microscope (Model HB601UX, 
Vacuum Generators, Hastings, United Kingdom). 

Western blotting
Ten μg protein was subjected to SDS-PAGE (10% acryl-
amide gel) and then transferred to a PVDF membrane for 
2 h (120 V) using a Bio-Rad Mini Trans Blot electropho-
retic transfer unit (Bio-Rad, Marnes-la-Coquette, France). 
The membranes were blocked for nonspecific binding 
with 5% nonfat dry milk and then probed with the spe-
cific primary antibodies (Abcam, CA ab74136, ab63566, 
ab79360, ab8805, 1:1000 dilution) at 4℃ overnight. After 
3 washes with TBS-T, membranes were incubated with 
appropriate horseradish peroxidase-conjugated secondary 
antibodies (Santa Cruz, CA SC2030). Separated proteins 
were visualized by an ECL kit (GE Healthcare Life Sci-
ences, CA RPN2135) and light emission was captured on 
X-ray film (GE Healthcare). Intensities of  the respective 
bands were examined by densitometric analysis (Scion Im-
age Analyst program).

Statistical analysis
Results were presented as mean ± SE and were analyzed 
using one-way analysis of  variance followed by the Bon-
ferroni multiple comparisons test. All tests were 2-sided, 
and P < 0.05 was considered to be statistically significant. 
All statistical analyses were performed using INSTAT ver-
sion 3 (Graph Pad Software, San Diego, CA, USA).

RESULTS
Comparison of body and liver weight, biochemical 
parameters, insulin resistant index among  four groups 
Compared with normal control groups, the mean serum 
transaminase, hepatic TG content, body and liver weight, 
insulin resistant index were all increased in PI3K inhibitor, 
Akt inhibitor and  high-fat groups (P < 0.05, Table 1). He-
patocytes could be damaged after PI3K/Akt pathway signal 
transduction was blocked, but blocked PI3K/Akt pathway 
signal transduction could lead to TG accumulation in liver 
to liver weight gain and insulin resistance.

Expression of PI3K and Akt protein in hepatocytes in 
high-fat fed mice
To further investigate whether the PI3K/Akt pathway 

mediates injury of hepatocytes, we measured the protein 
expression levels of  total and phosphorylated PI3K and 
Akt in the four groups. The protein expression levels 
of  total PI3K and Akt showed no significant difference 
among the four groups (Figure 1). But compared with the 
normal control groups, the expression levels of  pPI3K 
and pAkt markedly decreased in the high-fat group. More-
over, in PI3K inhibitor groups, neither pPI3K nor pAkt  
was expressed. In Akt inhibitor groups, pAkt showed no 
expression, and pPI3K had no significant difference com-
pared with the normal control group (Figure 1). These re-
sults suggested that fat mass accumulation in the liver may 
lead to decreased expression of  pPI3K and pAkt in fatty 
liver induced by high fat. 

Fat accumulation in the liver and PI3K/Akt pathway
To investigate further whether the fat accumulation in the 
liver was involved in PI3K/Akt pathway, TG content in 
each sample was measured in the four groups. The results 
showed that TG content of  liver was elevated in high-fat 
diet, PI3K and Akt inhibitor groups.

Ultrastructure of hepatocellular mitochondria and PI3K/
Akt pathway
To determine whether the PI3K pathway has an anti-
apoptotic effect in liver cells, we compared the mito-
chondrial morphology in the four groups (Figure 2A). 
Electron microscopy revealed that the hepatocytes of  the 
control group rats were rich in mitochondria, the shape 
and size of  mitochondria were normal and had few lipid 
droplets. In contrast, many mitochondria from rats in the 
high-fat group were enlarged and showed morphological 
changes, including a rarefied matrix and large lipid drop-
let. In the high-fat group, 83.0% ± 10.9% of  mitochon-
dria had abnormal morphology, compared to 9.0% ± 4.3% 
in the control group (P < 0.05) (Figure 2B). The changes 

6113 December 28, 2010|Volume 16|Issue 48|WJG|www.wjgnet.com

Table 1  Weights of the liver and serum levels of biochemical 
parameters in high-fat fed rats

      NC  NC + LY    NC + AI       HFD

Tissue weight
Liver (g)   1.55 ± 0.14   1.99 ± 0.32a     1.89 ± 0.43a   3.98 ± 0.64a

Serum
TG (mg/dL)  183.8 ± 70.4 396.7 ± 72.3   376.7 ± 68.4    589 ± 98.4b

ALT (U/L)       34 ± 3.1      86 ± 5.58a        89 ± 5.2a    207 ± 35.5b

AST (U/L)       36 ± 3.4      88 ± 6.1        99 ± 5.2a    187 ± 35.5b

GGT (U/L)       52 ± 6.4      48 ± 3.9        62 ± 4.4     232 ± 67.8b

Glucose 
(mmol/L)

     5.1 ± 0.4     6.1 ± 0.5       5.7 ± 0.4     7.1 ± 71.3a

Insulin (mIu)      4.7 ± 0.7   14.9 ± 2.0b     15.0 ± 2.9b   21.0 ± 3.8b

Liver
IRI (HOMA-IR)     1.06     4.03a       3.8a 6.6b

TG (mg/g) 103. 1 ± 12.6 324.6 ± 13.4 2336.8 ± 11.6 421.5 ± 19.7b

Rats were fed and subjected to each measurement. Data are presented 
as the mean ± SD. aP < 0.05, bP < 0.01 vs rats fed with normal diets. NC: 
Normal control; NC + LY: NC plus the PI3K blocker LY294002; NC + AI: 
NC plus the AKT blocker; HFD: High-fat diets for 16 wk (n = 10-12); ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase. GGT: g-gluta-
myltransferase; TG: Triglycerides; IRI (HOMA-IR): Insulin resistant index. 
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of  mitochondria in the PI3K-inhibitor and Akt- inhibi-
tor groups were similar to those of  the high- fat group, 
although they differed significantly from the high-fat 
group in the PI3K and Akt inhibitor groups (Figure 2C  
and D). This indicated that PI3K/Akt pathway blocking 
could affect ultrastructural changes of  hepatocellular mi-
tochondria. The change was similar to that resulting from 
a high-fat diet.

Hepatocellular mitochondria function and PI3K/Akt 
pathway
To investigate whether PI3K/Akt signaling is associ-
ated with an increase in the permeability of  the outer 

mitochondrial membrane, we measured the mean fluo-
rescence intensity (MFI) of  Rh123 on the mitochondrial 
membrane in animals of  the four groups. The MFI 
was 249.121% ± 13.526% in the high-fat group, and 
389.385% ± 18.612% in the control group, indicating 
that there was a significant decrease in the mitochondrial 
membrane potential in the high-fat group. The PI3K and 
Akt inhibitor groups showed similar decreases in the mi-
tochondrial membrane potential (211.326% ± 12.114% 
and 214.326% ± 13.321%, respectively) compared with 
the control group (Figure 3). These results suggested that 
mitochondrial function was impaired to the same degree 
in the high-fat and both inhibitor groups, strongly sug-
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Figure 2  Ultrastructural changes in hepatocellular mitochondria. A: Mitochondria (a) in normal diet group; B: Enlarged mitochondria (b) and lipid droplet (c) in 
high-fat diet group; C and D: Animals treated with either phosphatidylinositol 3-kinase blocker (C) or protein kinase B blocker (D) showed similar changes in mitochon-
drial shape, size (d, f) and lipid droplet (e, g) to those of the high-fat group. Magnification × 18 000.
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Figure 1  Western blotting analysis of phosphatidylinositol 3-kinase and protein kinase B in hepatocytes. A: Western blotting analysis of total phosphatidylinositol 
3-kinase (PI3K) and protein kinase B (Akt). The protein expression levels of total PI3K and Akt showed no significant difference among the  four groups; B: Western blotting 
analysis of phosphorylated PI3K and Akt. Left: In high-fat fed groups (HFD), the protein expression levels of both phosphorylated PI3K and Akt decreased compared with 
the normal control (NC) group. In PI3K blocker groups (NC + LY), pPI3K and pAkt showed no expression. In AKT blocker groups (NC + AI), pPI3K was normally expressed 
and pAkt showed no expression. Right: Band density values are compared with those of the β-actin loading control. a,cP < 0.05 vs NC group.
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gesting that the PI3K/Akt signal transduction pathway is 
associated with permeabilization of  the outer mitochon-
drial membrane.

Apoptotic genes and PI3K/Akt pathway
One way in which changes in the PI3K/Akt signaling 
pathway might have induced mitochondrial apoptosis 
was through the effects of  the apoptosis-related proteins 
Bcl-2 and caspase-3. To test this theory, we measured the 
expression level of  these two proteins using Western blot-
tings (Figure 4). We found that Bcl-2 expression showed 
a similar decrease in the high-fat, P13K-inhibitor, and 
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Figure 3  Changes in the membrane potential of hepatocyte mitochon-
dria. Fluorescence intensity (MFI) of Rh123 was 389.385% ± 18.612% in the 
normal control (NC) group, but decreased to 268.326% ± 13.526% in the high-
fat group (HFD); and in PI3K and Akt blocker groups, MFI had a very similar 
change (211.326% ± 12.114%, 214.326% ± 13.321%, respectively), indicating 
a decrease in the mitochondrial membrane potential (Dym) in high-fat, PI3K 
and Akt blocker groups. aP < 0.05 vs NC group.
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Figure 4  Western blotting analysis of caspase-3 and Bcl-2 in hepatocytes. A: 
Compared with control values [normal control (NC) group, lane 1], the expression 
levels of Bcl-2 protein decreased in the phosphatidylinositol 3-kinase (PI3K), pro-
tein kinase B (Akt)-blocker and high-fat groups (lanes 2-4). In contrast, caspase-3 
expression was equally elevated in each of the three treatment groups compared 
with the control value; B, C: Band density values are compared with those of the 
β-actin loading control. aP < 0.05 vs NC group.
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Akt-inhibitor groups (by 64%, 61% and 62%, respec-
tively) compared to the control group, Conversely, the 
level of  caspase-3 increased by a similar margin in the 3 
experimental groups (42%, 31% and 29.5%, respectively) 
compared to the control group. This result demonstrated 
that there may be a link between the PI3K/Akt signaling 
pathway and the mitochondrial pathway of  apoptosis in 
rats treated with high-fat, P13K inhibitor, or Akt inhibitor. 

DISCUSSION
In this study, we attempted to investigate whether the 
PI3K/Akt pathway could mediate mitochondrial impair-
ment during the development of  NAFLD, and whether 
this might explain why hepatic insulin resistance is critical 
to the development of  this disease. We found that hepato-
cytes of  rats fed a high-fat diet accumulated fat and devel-
oped deformed mitochondria, a decreased mitochondrial 
membrane potential, and decreased expression of  PI3K 
and Akt proteins. Unexpectedly, we found that blocking 
the PI3K/Akt pathway with either a PI3K or Akt inhibi-
tor led to hepatocellular fat accumulation and mitochon-
drial impairment indistinguishable from that of  high-fat 
fed rats. These findings suggest that signals transduced by 
the PI3K/Akt pathway are involved in the pathogenesis 
of  NAFLD. 

The phosphatidylinositol 3-kinase (PI3K)/Akt signal-
ing cascade is an important component of  insulin signal-
ing in normal tissues, where it mediates glucose uptake 
and homeostasis, as well as being an important regulator 
of  cell survival in numerous cell types[12]. In this study, 
we found that both the insulin resistance index (HOMA-
IR) and serum levels of  hepatocellular enzymes were 
significantly increased in response to a high-fat diet, sug-
gesting that insulin resistance and hepatocyte damage 
may coexist in our high-fat experimental model. 

Mitochondrial dysfunction is known to play a central 
role in the hepatocyte damage of  NAFLD[13]. Although 
our current experiment confirmed that mitochondrial 
dysfunction is associated with progression of  liver patho-
logical changes, the mechanisms initiating mitochondrial 
dysfunction in this disease are unknown. Specifically, it 
is not clear whether mitochondrial damage and changes 
in insulin signal transduction are directly related to the 
pathophysiology of  nonalcoholic fatty liver induced by 
high fat. A number of  studies have indicated that insulin 
can stimulate mitochondrial biogenesis[14] and alter mito-
chondrial morphology in obese, insulin-resistant and type 
2 diabetic individuals[15]. In the current study, we found 
that a high-fat diet led to an increase in the proportion 
of  morphologically abnormal mitochondria as well as 
an increase in the insulin resistance index. Similarly, less 
marked results were seen with treatment of  the P13K- or 
Akt inhibitors, suggesting that changes in the PI3K/Akt 
signal transduction pathway may mediate these changes in 
mitochondria morphology.

The transmembrane potential (Dym) of  mitochondria 
is known to play a crucial role in their normal function[16]. 
We found that the mitochondrial transmembrane potential 

in the high-fat group, as well as those treated with either 
the PI3K- or AKT inhibitor, was significantly lower than 
control values, further implicating the P13K/Akt pathway 
in mitochondrial dysfunction. 

Our results have confirmed some previous findings 
by Mehta et al[17], who reported that hepatic steatosis is 
frequently associated with obesity, type 2 diabetes, and 
hyperlipidemia, with insulin resistance being a key patho-
genic factor in NAFLD and mitochondrial damage being 
characteristic of  the disease. However, the current study 
is the first to implicate the PI3K/Akt signal transduction 
pathway in the morphological and functional changes in 
hepatocyte mitochondria, as well as insulin resistance in-
duced by high fat. 

Recent evidence suggests that hepatocellular injury in 
a number of  liver diseases is accompanied by activation 
of  the apoptotic pathways[18]. We found morphological 
(deformed mitochondria), and functional abnormalities 
(a reduction in the mitochondrial membrane potential) 
in hepatocyte mitochondria consistent with apoptosis in 
high-fat, PI3K and Akt inhibitor groups. We also exam-
ined the expression of  two proteins in the Bcl-2 family 
of  anti-apoptotic proteins. Proteins in this family are 
known to regulate apoptosis at peri-mitochondrial sites. 
The PI3K/Akt signaling pathway has been shown to have 
an anti-apoptotic effect by activating Bcl-2 to inhibit the 
apoptotic mediator caspase-3[19]. We found that, in rats 
fed a high-fat diet, expression of  PI3K, phosphorylated 
Akt, and Bcl-2 decreased, but the expression of  caspase-3 
increased, suggesting a mechanism by which apoptosis 
may be triggered in NAFLD. To further support a role for 
the P13K pathway in mediating apoptosis in NAFLD, we 
found that the P13K- and Akt inhibitors led to a similar 
decrease in Bcl-2 expression and a significant increase in 
caspase-3 expression (Figure 5).

Apoptosis is a process of  active cellular self-destruc-

6116 December 28, 2010|Volume 16|Issue 48|WJG|www.wjgnet.com

Insulin
receptor

Hepatocyte

Actin fragment

Caspase-9 APAF

Caspase-3

?

MEK
clAP-1

Akt

PI3K

BAD
P

P BAD

Bcl-2

Bcl-2

Cyt C

Cyt C

Cytosolic
sequestration

Mitochondria

Figure 5  Simulation diagram of the relationship between insulin signaling 
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Protein kinase B; BAD: Bcl2-associated agonist of cell death; MEK: Mitogen-
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tion that requires the expression of  specific genes includ-
ing those of  the Bcl-2 gene family[20]. Of  these, Bax, Bad 
and Bak promote cell death, whereas Bcl-2 and Bcl-xL 
inhibit apoptosis and promote cell survival[21]. The results 
of  a recent study suggest that caspase-3 can cause perme-
abilization of  cells, with the help of  pro-apoptotic Bcl-2 
proteins. Until recently, the prevailing view has been that 
caspase-3 activation represents the apex of  the caspase 
cascade within the mitochondrial apoptotic pathway.

Some Bcl-2 family members located on the mitochon-
drial membrane have been shown to be able to alter the 
permeability of  the mitochondrial membrane and trig-
ger the activation of  caspases[22]. Programmed cell death 
might thus be activated via a membrane bound pathway, in 
which the signal is initiated at the mitochondrion[23]. Pro-
apoptotic compounds are normally sequestered in the in-
termembrane space[24]. When the permeability of  the outer 
mitochondrial membrane increases, these proteins are re-
leased into the cytosol, forming the apoptosome and sub-
sequently activating caspase-3[25]. The results of  the current 
study indicate that not only high fat, but also blockage of  
the PI3K/Akt pathway signal, lead to an increase in the 
permeability of  the hepatic mitochondrial membrane, 
implicating this pathway in the apoptotic mechanisms trig-
gered by a high-fat diet. All these results lead us to propose 
a disease model in which the PI3K/Akt signal transduc-
tion pathway induces apoptosis via a Bcl-2/caspase-3 mi-
tochondrial-dependent pathway, in which phosphorylation 
of  Bad results in targeting of  Bcl-xL to the mitochondrial 
membrane, where Bcl-2 interacts with and inactivates anti-
apoptotic Bcl-2 proteins, thereby inducing apoptosis[26].

In conclusion, the present study suggests that fat accu-
mulation in the liver may impair PI3K/Akt pathway signal 
transduction and thereby activate the mitochondrial mem-
brane pathway of  apoptosis, leading to hepatocyte damage. 

COMMENTS
Background
Nonalcoholic fatty liver disease (NAFLD) is caused by triglyceride (TG) accumu-
lation within the liver, which may progress to fibrosis, cirrhosis and liver failure. 
Mitochondrial dysfunction which caused hepatocyte apoptosis is an important 
element in the pathogenesis of NAFLD. Hepatic insulin resistance is also a 
critical component in the development of NAFLD, which is characterized by a 
marked reduction in the activity of the insulin signaling pathway, including the 
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt, also known as PKB) 
pathway. But the potential relationship between the PI3K/Akt signaling pathway 
and the mitochondrial abnormalities that underlie NAFLD remain unclear.
Research frontiers
Recent reports have highlighted the insulin-induced signaling pathways in vari-
ous cells. In the presence of insulin, the insulin receptor normally phosphory-
lates insulin receptor substrate (IRS) proteins, which are linked to the activation 
of several signaling pathways, including the PI3K/Akt pathway. PI3K and its 
downstream effector Akt regulate a diverse array of cellular events, including 
survival and apoptosis of a number of cell types. The mitochondrial impairment 
during the development of NAFLD is also an area of intense research. Mitochon-
drial dysfunction is an important element in the pathogenesis of NAFLD, mainly 
hepatocyte apoptosis. Recent evidence showed that mitochondria participates 
in the regulation of both cell proliferation and death, including apoptosis, and 
are thus potential mediators of the PI3K/Akt signaling pathway.
Innovations and breakthroughs
This is the first study to report the relationship between mitochondria impairment 

and the activity of the PI3K/Akt signaling pathway during the development of 
NAFLD, which suggests that fat accumulation in the liver may impair PI3K/Akt 
pathway signal transduction and thereby activate the mitochondrial membrane 
pathway of apoptosis, leading to hepatocyte damage. 
Applications 
The results of this study indicated that the PI3K/Akt pathway may mediate mito-
chondrial impairment during the development of NAFLD, and this might explain 
why hepatic insulin resistance is critical to the development of this disease.
Terminology
Insulin signaling pathways, including the metabolic PI3K/Akt pathway. PI3K and 
its downstream effector Akt regulate a diverse array of cellular events, including 
survival and apoptosis of a number of cell types. Mitochondrial impairment, an 
important element in the pathogenesis of NAFLD. Mitochondria participates in the 
regulation of both cell proliferation and death, including apoptosis, and are thus 
potential mediators of the PI3K/Akt signaling pathway.
Peer review
This is a well written paper with well thought out, well-controlled data. The pa-
per evaluates the effect of a high-fat diet and correlates it with similar findings 
seen with blocking the P13K or Akt inhibitors, and thereby implicated this path-
way as the mechanism for high-fat diet hepatic injury.
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