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Abstract

AIM: To explore the therapeutic role of globular adi-
ponectin (gAd) in high-fat diet/streptozotocin (STZ)-
induced type 2 diabetic rats with nonalcoholic fatty liver
disease (NAFLD).

METHODS: Seven rats were fed a basic diet (normal
control group; NC) during the experiment. Experimental
rats (14 rats) were given a high-fat diet for 4 wk and
were then injected with STZ to induce type 2 diabetes
mellitus (T2DM) and NAFLD. Half of the T2DM/NAFLD
rats were randomly injected intraperitoneally with gAd
for 7 d (gAd-treated group), while the other 7 rats
(T2DM/NAFLD group) received 0.9% saline. Plasma
biochemical parameters and insulin concentrations
were measured. Liver histopathology was examined
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by hematoxylin-eosin staining. Insulin receptor expres-
sion in the liver was analyzed by immunohistochemical
staining, Western blot and quantitative real-time re-
verse transcription polymerase chain reaction analysis.

RESULTS: Compared to the control group, the T2DM/
NAFLD group had increased levels of glucolipid and de-
creased levels of insulin. Plasma glucose and lipid levels
were decreased in the gAd-treated group, while serum
insulin levels increased. The expression of insulin re-
ceptor in the T2DM/NAFLD group increased compared
with the NC group, and gAd downregulated insulin
receptor expression in the livers of T2DM/NAFLD rats.
Steatosis of the liver was alleviated in the gAd-treated
group compared to the T2DM/NAFLD group (NAS 1.39
+ 0.51 v5 1.92 + 0.51, P < 0.05).

CONCLUSION: Globular adiponectin exerts beneficial
effects in T2DM rats with NAFLD by promoting insulin
secretion, mediating glucolipid metabolism, regulating
insulin receptor expression and alleviating hepatic ste-
atosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
the most common cause of chronic liver disease and
is closely associated with obesity and type 2 diabetes
mellitus (T2DM). Adiponectin is a fat-derived hormone
with anti-diabetic properties, and evidence indicates
that adiponectin plays a protective role in NAFLD. Our
study focused on the beneficial roles of adiponectin in
T2DM rats with NAFLD as a potential therapeutic tar-
get. The findings demonstrated that adiponectin exerts
its beneficial effects in T2DM rats with NAFLD by pro-
moting insulin secretion, mediating glucolipid metabo-
lism, regulating insulin receptor expression and alleviat-
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ing hepatic steatosis.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a common
cause of chronic liver disease and is strongly associated
with type 2 diabetes mellitus (12DM)". The prevalence
of NAFLD has been estimated at approximately 70%
in people with T2DM by ultrasound techniques, which
have a low sensitivity for detecting NAFLD at steatosis
levels below 33%>7. NAFLD has been recognized as a
common complication in patients with T2DM". Tradi-
tionally, patients with NAFLD were treated by hepatolo-
gists; however, NAFLD has become a medical concern
for endocrinologists because most T2DM patients have
NAFLD. Therefore, NAFLD may be a new target for
T2DM prevention and treatment'.

Both T2DM and NAFLD are closely associated with
obesity™®”. Adiponectin secreted from adipose tissue acts
as an anti-diabetic adipocytokine[s], exerting its biological
effects by binding to its receptors. Additionally, a recent
study showed that plasma adiponectin was significantly
lower in NAFLD patients than in controls, which dem-
onstrated a role for low circulating adiponectin in the
pathogenesis of NAFLD". Moreover, increased levels
of adiponectin are observed when patients are treated
for NAFLD through diet interventions and pharmaco-
therapy[w’“]. These data suggest that adiponectin may
contribute to the maintenance of liver integrity and may
be a potential therapeutic target in NAFLD.

To explore the therapeutic role of globular adiponec-
tin (¢Ad) in HFD/STZ-induced type 2 diabetic rats with
NAFLD, we examined the biochemical parameters of
glucolipid metabolism in the plasma, plasma insulin levels
and the expression of insulin receptor in the liver, and we
further analyzed liver histopathology upon replenishment
of gAd.

MATERIALS AND METHODS

Animals

All the procedures involving animals were conducted
in accordance with the ethical principles adopted by the
Animal Experimental Center of Xiamen University and
were approved by the Ethics Committee on Animal Ex-
periments at Xiamen University. Twenty-one adult male
Wistar rats (6-wk-old, body weight 160-210 g) (Shanghai
Slac Laboratory Animal Co. Ltd) were transferred to
the Animal Experimental Center of Xiamen University,
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where they were housed in individual cages maintained
under ambient temperature (25 'C + 2 C) with a 12/12
h light/dark cycle and ad libitum access to water and
food. The rats were randomly assigned to three groups:
an NC group, comprising normal control rats (n = 7); a
T2DM/NAFLD group, comprising type 2 diabetic rats
with NAFLD (» = 7); and a gAd-treated group, compris-
ing type 2 diabetic rats with NAFLD that were treated
with gAd (7 = 7).

After a week of acclimation, the T2DM rats were ad-
ministered a high-fat diet (containing 10% fat, 10% car-
bohydrate, 5% cholesterol and 75% basic diet) for 4 wk
combined with a single intraperitoneal injection of low-
dose STZ (STZ 28 mg/kg; Sigma, St. Louis, MO, United
States) in 0.1 mol/L citrate buffer (pH 4.2), while the
normal control rats were fed the basic diet and received
citrate buffer alone. Seventy-two hours post-injection,
random non-fasting blood glucose was measured from
tail snips using a portable glucometer. Diabetes was
determined by the presence of hyperglycemia (random
non-fasting glucose level > 16.7 mmol/L). Low-dose
STZ has been known to induce mild impairment in insu-
lin secretion, which is similar to what is observed in the
later stages of T2DM. Subsequent liver histological eval-
uation indicated that the T2DM rats also suffered from
NAFLD. Then, seven T2DM rats with NAFLD were
randomly selected for the gAd-treatment group, and each
rat was injected intraperitoneally with 3.5 pug gAd (BioVi-
sion, CA, United States) daily for 7 d, while the NC (» =
7) and T2DM/NAFLD (# = 7) groups received an equal
volume of 0.9% saline. During the experimental period,
the NC rats were fed the basic diet, while the T2DM/
NAFLD group and the gAd-treated group were fed the
high-fat diet.

At the end of the experiment, blood samples were
collected from the heart and were centrifuged at 3000 g
for 15 min to separate the plasma for use in assays. Some
liver tissues were harvested, frozen in liquid nitrogen and
subsequently stored at -80 ‘C until required. Other liver
tissues were fixed in 10% neutral formaldehyde for paraf-
fin sectioning,

Detection of plasma biochemical parameters and insulin
levels

To confirm diabetes, random non-fasting blood glucose
levels were measured using a glucometer (Johnson, New
Jersey, United States) based on the glucose oxidase meth-
od. Fasting plasma glucose, total cholesterol (T'C), triglyc-
eride (T'G), high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) were
measured using commercial assay kits (Nanjing Jiancheng
Bioengineering Institute, Jiangsu, China) according to the
manufacturer’s instructions. Fasting plasma insulin levels
were measured by ELISA using commercial kits (EMD
Millipore Corporation, Billerica, MA, United States).

Histopathological and immunohistochemical analyses
Formalin-fixed paraffin-embedded sections (5 pum) were
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used for hematoxylin-ecosin (HE) staining. Liver tissues
from all rats were subjected to routine histological ex-
amination. Histopathological grading and staging of the
NAFLD biopsies were performed by two liver patholo-
gists using Brunt’s criteria. In this study, 14 rats fed a
high-fat diet were diagnosed with simple steatosis by his-
tology.

Immunohistochemical staining for insulin receptor
was performed on additional histological sections of liver
tissues. Serial sections of 5-um thickness were cut from
paraffin-embedded tissue blocks and floated onto glass
slides. After drying overnight at 65 C, the sections were
deparaffinized and hydrated, and endogenous peroxidase
activity was inactivated with 0.3% hydrogen peroxide.
For antigen retrieval, the slides were immersed in citrate
buffer (0.01 mol/L, pH 6.0) at 95 ‘C for 20 min, cooled
to room temperature and blocked with 10% goat serum
in PBS for 20 min. The specimens were incubated with
primary mouse anti-insulin receptor antibody (1:1000
dilution; Abcam, Cambridge, United States) overnight
at 4 ‘C. On the second day, after washing in PBS (3 min
X 5 min), the tissues were incubated with HRP-polymer
secondary antibody (Max Vision™ HRP-polymer anti-
mouse/rabbit IHC kit) for 20 min at room temperature
and were then visualized using diaminobenzidine sub-
strate. A negative control was performed by omitting
the primary antibody. The immunostaining results were
evaluated and scored independently by two pathologists
under double blind conditions.

The intensity of staining was evaluated semi-quanti-
tatively in 10 random microscopic fields with more than
200 cells per field. The scoring criteria were based on
the percentage of positive areas (no positive staining was
scoted as 0 points, less than 25% as 1 point, 25%-50%
as 2 points, 51%-75% as 3 points and more than 75% as
4 points) multiplied by the staining intensity (1-4, repre-
senting weak, moderate, strong and very strong staining,
respectively).

Western blot analysis

Total protein was extracted from liver tissue using a pro-
tein extraction kit (Applygen Technologies Inc., Beijing,
China) according to the manufacturer’s protocol. Total
protein levels were determined by the bicinchoninic acid
(BCA) method (Applygen Technologies Inc., Beijing,
China). Equal amounts of the protein samples were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and electro-transferred
to PVDF membranes. The membranes were incubated
overnight with anti-GAPDH antibody (1:1000 dilution;
Good Here, Hangzhou, China) and mouse anti-insulin
receptor antibody (1:1000 dilution; Abcam, Cambridge,
MA, United States) followed by incubation with horse-
radish peroxidase HRP)-conjugated rabbit anti-mouse
IgG (1:5000 dilution; Multi Sciences Biotech Co., Hang-
zhou, China) for 1 h. Peroxidase activity was detected
with the Super ECL Plus Detection Reagent (Applygen
Technologies Inc., Beijing, China).

Baishidenge ~ WJG | www.wjgnet.com

14952

Quantitative real-time reverse transcription polymerase
chain reaction analysis

Total RNA was extracted from liver tissue using TRIzol
Reagent (Invitrogen, San Diego, CA, United States). All
samples were dissolved in nuclease-free water, and the
concentrations of total RNA were measured by absor-
bance at 260/280 nm. The reverse transcription (RT)
reaction for first-strand cDNA synthesis was carried
out with reverse transcriptase (Bio-Rad, Hercules, CA,
United States) using 2 pg of total RNA. Real-time poly-
merase chain reaction (PCR) was performed on a 7500
Real-time PCR System (ABI Applied Biosystems) using
Power SYBR Green PCR Master Mix. The sequences of
the primers used are as follows: insulin receptor, forward
5- TGAAAAGTCACCTCCGTTCTCT-3" and reverse
5-CTCTCGTCATTCCAAAGTCTCC-3’; B-actin, for-
watrd 5-GTAGCCATCCAGGCTGTGTT-3’ and reverse
5-AACACAGCCTGGATGGCTAC-3". The cycling
conditions were as follows: 12 min at 95 C followed by
40 cycles of 15 s at 95 'C and 1 min at 60 C. A melting
curve analysis was used to confirm the specificity of the
PCR product, which was demonstrated as a single peak
(data not shown). The expression of (3-actin served as the
internal control. Every sample was analyzed in triplicate.
A comparative C (T) method reported previously [analyz-
ing real-time PCR data by the comparative C (T) method]
was used for analyzing the real-time PCR data.

Statistical analysis

The results are expressed as mean * SD. Significant dif-
ferences were determined by one-way ANOVA. P < 0.05
was considered statistically significant. SPSS 13.0 for
Windows was used for statistical analyses.

RESULTS

Liver histological evaluation

HE staining of liver specimens from the rats fed a high-
fat diet revealed steatosis, which indicated that the T2DM
rats also suffered from NAFLD. The NAFLD activity
score (NAS) of the T2DM/NAFLD group was 1.92 +
0.51, which was higher than that of the NC group (0.11
+ 0.33) (P < 0.01). The steatosis in the T2DM/NAFLD
group was alleviated by gAd treatment (1.92 & 0.51 »s 1.39
+ 0.51, P < 0.05) (Figure 1).

Effects of gAd on biochemical parameters and insulin
levels of T2DM rats with NAFLD

The results of fasting plasma glucose, insulin, insulin
sensitivity index (ISI), TC, TG, HDL-C and LDL-C are
summarized in Table 1. The glucose level of the T2DM/
NAFLD group was markedly higher than that of the NC
group (P < 0.01). The glucose level of the gAd-treated
group was decreased compared with that of the T2DM/
NAFLD group (P < 0.01). Fasting insulin and the ISI
were significantly decreased in the T2DM/NAFLD
group compared with the NC group (P < 0.01). The
insulin level of the gAd-treated group was significantly

October 28, 2014 | Volume 20 | Issue 40 |



Ma H et a/. Adiponectin in diabetic rats with NAFLD

Figure 1 Changes in hepatic histology. A: Normal control group; B: Type 2 diabetes mellitus/nonalcoholic fatty liver disease group; C: Globular adiponectin-treated

group (hematoxylin-eosin staining, x 200).

Table 1 Biochemical parameters and insulin levels of rats (mean + SD)

NC group T2DM/NAFLD group gAd-treated group
n=7) n=7) n=7)
Fasting glucose (mmol/L) 71+038 24.8+13° 20.9 +1.9
Fasting insulin (mIU/L) 262+95 128+18° 18.0+3.2°
IS1® 50402 -6.1+03° -59+0.2
TC (mmol/L) 26402 6.8+0.8" 6.0+ 0.8°
TG (mmol/L) 13401 1.8+02° 14+02°
LDL-C (mmol/L) 1.0+0.1 19+03° 1.6+0.2°
HDL-C (mmol/L) 1.8+04 09+02° 09+0.2

ISI: Insulin sensitivity index®, “indicates the natural logarithm of the original data. "P < 0.01 vs the NC
group. °P < 0.05, ‘P < 0.01 vs the T2DM/NAFLD group. NC: Normal control; T2DM: Type 2 diabetes mel-
litus; NAFLD: Nonalcoholic fatty liver disease; TC: Total cholesterol; TG: Triglyceride; HDL-C: High-

density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

increased compared with that of the T2DM/NAFLD
group (P < 0.05). Meanwhile, the ISI of the gAd-treated
group showed a slight improvement over that of the
T2DM/NAFLD group, although this was not statistically
significant (P > 0.05). In addition, rats in the T2DM/
NAFLD group had increased levels of TC, TG and
LDL-C and decreased levels of HDL-C compared with
rats in the NC group (P < 0.01). The concentrations of
TC, TG and LDL-C in the gAd-treated group were lower
than those in the T2DM/NAFLD group (P < 0.05). In
particular, the concentration of TG decreased to nearly
normal levels. No change was found in the HDL-C levels
between the T2DM/NAFLD and gAd-treated groups (P
> 0.05).

Effects of gAd on insulin receptor protein expression in
liver tissue
Immunohistochemical staining revealed that insulin
receptor protein was expressed on the cell membrane
in liver tissues (Figure 2). The relative expression levels
of insulin receptor were evaluated by positive staining,
The expression of insulin receptor in the livers of the
T2DM/NAFLD group was increased compared to that
in the livers of the NC group 825+ 1.5 35 £ 1, P <
0.01). Conversely, insulin receptor expression was signifi-
cantly decreased in the gAd-treated group compared to
that in the T2DM/NAFLD group (5.5 + 1 »5 8.25 + 1.5,
P <0.05).

In each of the three groups, the results of insulin
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receptor protein expression obtained by immunohis-
tochemical staining were identical to those obtained by
Western blot. The expression level of insulin receptor
was 1.5-fold higher in the T2DM/NAFLD group than
in the NC group based on Western blot (P < 0.01), and it
was reduced by 51% in the gAd-treated group compared
with the T2DM/NAFLD group (P < 0.01) (Figure 3).

Effects of gAd on mRNA expression of insulin receptor
in liver tissue

Based on RT-PCR analysis, the expression of insulin
receptor mRNA was 2.8-fold higher in the T2DM/
NAFLD group than in the NC group (P < 0.01), and it
was decreased by 24% in the gAd-treated group com-
pared to the T2DM/NAFLD group (P < 0.01) (Table 2,
Figure 4).

DISCUSSION

The results of many epidemiological and clinical transla-
tional studies have led to an increased awareness of the
tight link between NAFLD and T2DM. Approximately
70% of patients with T2DM are estimated to have
NAFLD based on ultrasound examinations, which have
a low sensitivity for detecting NAFLD at steatosis levels
below 33%. However, the association of T2DM with
NAFLD is likely to be less well known to physicians, and
it is therefore important for endocrinologists to be aware
of the high likelihood that patients with T2DM will also
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Figure 2 Immunohistochemical staining for insulin receptor in liver tissues. A: Normal control (NC) group; B: Type 2 diabetes mellitus/nonalcoholic fatty liver
disease (T2DM/NAFLD) group; C: Globular adiponectin (gAd)-treated group (x 400); D: Bar graph represents the relative expression levels of insulin receptor (IR) in
the NC, T2DM/NAFLD and gAd-treated groups based on the intensity and extent of staining. The values are depicted as mean + SD (n = 7). T2DM/NAFLD vs gAd-

treated, °P < 0.05, °P < 0.01 vs T2DM/NAFLD.
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Figure 3 Insulin receptor protein expression in rat liver tissues of
each group. A: Insulin receptor (IR) expression was assessed by Western
blot analysis; B: The results are shown as the ratio of IR to glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) based on densitometry analysis. The
values are expressed as mean + SD (n = 7). "P < 0.01 vs T2DM/NAFLD. NC:
Normal control; T2DM: Type 2 diabetes mellitus; NAFLD: Nonalcoholic fatty
liver disease; gAd: Globular adiponectin.
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have NAFLD.

Although the exact mechanism of NAFLD in T2DM
remains unclear, evidence indicates that obesity is com-
mon in these two diseases. Obesity induces insulin resis-
tance and insulin deficiency, which may be mediated by
adipose tissue inflammation and dysregulated adipokine
productionm]. Adiponectin, which is secreted from adi-
pose tissue, is an anti-diabetic adipocytokine. Current
research shows that plasma adiponectin is decreased in
NAFLD patients”. Furthermore, increased serum adipo-
nectin was observed in patients with NAFLD after phar-
maceutical treatment, which indicated that adiponectin
may play a hepatoprotective role in NAFLD!",

In the present study, a T2DM/NAFLD rat model was
developed by the administration of a high-fat diet follow-
ing a low-dose injection of STZ, which closely mimics
the natural history and metabolic characteristics of late
stage T2DM with relative insulin deficiency in humans.
Subsequent liver histological evaluations revealed steato-
sis in the rat models, which demonstrated that T2DM
rats also had NAFLD.

Targher ez al'™ reported that decreased adiponectin
levels were closely associated with the degree of hepatic
steatosis, necroinflammation and fibrosis in NAFLD
patients. Further, increased adiponectin levels following
pioglitazone treatment or diet interventions were related
to the alleviation of steatosis in NAFLD patients“o’m. In
our study, gAd treatment directly alleviated steatosis in
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Table 2 Insulin receptor mRNA expression in rat liver tissues

of each group (7 = 7) (mean + SD)

Group IR/p-actin (x 107?)
NC 99+1.2
T2DM/NAFLD 249+6.7°
gAd-treated 18.8 £4.2¢

°P < 0.01 vs the NC group; ‘P < 0.01 vs the T2DM/NAFLD group. NC:
Normal control; T2DM: Type 2 diabetes mellitus; NAFLD: Nonalcoholic
fatty liver disease; gAd: Globular adiponectin.

liver tissue.

Factors causing NAFLD in T2DM are still pootly
defined; however, they are likely to involve the interplay
of dysfunctional lipid metabolism and disordered glucose
regulation associated with insulin resistance and relative
insulin deficiency. In our study, the ISI in the gAd-treated
group showed a tendency toward improvement, although
this failed to reach statistical significance, possibly due
to the low dose and short course of the gAd treatment.
In addition, the levels of TC, TG and LDL-C were dra-
matically elevated, while HDL-C levels were decreased
in the T2DM/NAFLD group compared to the normal
control group. Low-dose gAd treatment for 7 d notably
decreased the levels of TC, TG and LDL-C. In particular,
the levels of TG were restored to nearly normal. Higher
fasting glucose concentrations and lower insulin levels
were found in the T2DM/NAFLD group compared with
the normal control group. gAd increased insulin secretion
and decreased glucose levels in the T2DM/NAFLD rats.
Lipotoxicity plays an important role in the development
of NAFLD. Additionally, hyperglycemia is likely to con-
tribute to the development of NAFLD through the exac-
erbation of hepatic steatosis by increasing hepatic fat syn-
thesis and reducing fat oxidation'”. Studies have shown
that adiponectin enhances fatty acid oxidation both in
skeletal and cardiac muscle as well as in the liver, thus
reducing the triglyceride content in these tissues?. Yam-
auchi ez al'” found that both isoforms of the adiponectin
receptor could mediate increased AMP-activated protein
kinase (AMPK) phosphorylation and PPARa activity by
adiponectin binding 7 vitre, thus activating fatty acid oxi-
dation and glucose uptake. Therefore, gAd may protect
the liver from lipid accumulation by increasing insulin se-
cretion and mediating glucolipid metabolism. Rao ez al™
suggested that adiponectin can increase insulin secretion,
which was in agreement with our findings. Additionally,
evidence has shown that gAd potentiates glucose-induced
insulin secretion in both human pancreatic islets and rat
beta cells via an AMPK-independent pathwayle. A recent
experiment revealed that adiponectin inhibited apoptosis
and stimulated insulin gene expression and secretion in
pancreatic beta cells™. Furthermore, evidence indicates
that both adiponectin receptor 1 (AdipoR1) and adipo-
nectin receptor 2 (AdipoR2) are expressed in human
pancreatic beta cells, potentially linking adiponectin to
pancreatic function®".

The liver is one of the most important target organs
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Figure 4 Insulin receptor mRNA expression in rat liver tissues of each
group. Insulin receptor (IR) mRNA expression was assessed by RT-PCR
analysis. The results are shown as a ratio of IR to B-actin based on densitom-
etry analysis. The values are expressed as mean + SD (n = 7). °P < 0.01 vs
T2DM/NAFLD. NC: Normal control; T2DM: Type 2 diabetes mellitus; NAFLD:
Nonalcoholic fatty liver disease; gAd: Globular adiponectin.

of insulin. Insulin acts by binding to insulin receptors
on the target cell surface. Then, many important cellular
signaling cascades are initiated, which finally result in
the regulation of blood glucose levels. Thus, defective
molecules in the insulin signaling pathway, especially ab-
normalities in the insulin receptor, may be closely related
to the impairment of insulin activity. Hence, the effects
of gAd on insulin receptor expression in liver tissue were
analyzed. The results showed that the expression of insu-
lin receptor was increased in the T2DM/NAFLD group,
and this increase was accompanied by hypoinsulinemia.
It was reported that the combination of lipotoxicity and
glucotoxicity induced by a high-fat diet and streptozoto-
cin injection led to islet beta-cell failure and apoptosis.
This subsequently led to hypoinsulinemia and hypergly-
cemia® which may be the underlying mechanism of
hypoinsulinemia in the T2DM/NAFLD group. Indeed,
hypoinsulinemia progression can be observed clinically
in severe T2DM patients at a late stage of the disease.
Thus, we developed T2DM/NAFLD rats with hypoin-
sulinemia and hyperglycemia, which closely mimics late-
stage T2DM. Elevated expression of insulin receptor in
the T2DM/NAFLD group may be due to the negative
feedback effect caused by decreased insulin levels. After
gAd treatment, insulin receptor expression decreased,
and this decrease was accompanied by increased insulin
levels. Marshall ¢ a/*! showed that high insulin concen-
trations in the media decreased the number of insulin re-
ceptors on cultured human lymphocytes i vitro. Further-
more, exposure of isolated rat adipocytes to continuous
hyperinsulinemia led to a dose-dependent loss of insulin
receptors. These results suggested that the plasma insulin
concentration inversely regulated the number of cellular
insulin receptors; therefore, insulin can regulate its own
receptor”. However, much work remains to be done to
delineate the exact mechanisms of gAd in the regulation
of insulin function.

In conclusion, gAd augments insulin secretion, me-
diates the expression of insulin receptor, ameliorates
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glucolipid metabolism and alleviates hepatic steatosis in

HFD/STZ-induced T2DM rats with NAFLD.

COMMENTS

Background

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic
liver disease and is closely associated with type 2 diabetes mellitus (T2DM).
NAFLD is also associated with an increased risk of all-cause death, which is
likely connected to insulin resistance complications in NAFLD patients. Tradi-
tionally, NAFLD patients have been treated by hepatologists; however, NAFLD
has become a medical concern for endocrinologists because most T2DM pa-
tients also suffer from NAFLD. Ongoing research efforts toward understanding
the relationship between NAFLD and T2DM have revealed that both T2DM and
NAFLD are closely associated with obesity, and evidence indicates that adipo-
nectin plays a crucial role in NAFLD and T2DM.

Research frontiers

Adiponectin is a hormone secreted by adipocytes that acts as an anti-diabetic
adipocytokine and exerts its biological effects via binding to its receptors. Ad-
ditionally, a recent study showed that plasma adiponectin was significantly
lower in NAFLD patients than in controls, demonstrating a role for low circulat-
ing adiponectin in the pathogenesis of NAFLD. Moreover, increased levels of
adiponectin are observed in patients who are treated for NAFLD through diet
interventions and pharmacotherapy. These data suggest possible roles for adi-
ponectin in maintaining liver integrity and as a therapeutic target in NAFLD.

Innovations and breakthroughs

Previous studies have shown that the level of adiponectin increases indirectly
through diet interventions and pharmacotherapy, which are used in the treat-
ment of NAFLD. In this study, rats were injected intraperitoneally with globular
adiponectin (gAd), and the results showed that adiponectin exerted beneficial
effects in T2DM rats with NAFLD by promoting insulin secretion, mediating
glucolipid metabolism, regulating insulin receptor expression and alleviating
hepatic steatosis. Thus, adiponectin may have a potential role in the treatment
of diabetes with NAFLD. Additionally, few studies have focused on the relation-
ship between T2DM and NAFLD, and physicians are not likely to be fully aware
of the association between T2DM and NAFLD. Therefore, this study urges
physicians to be aware of the high likelihood that patients with T2DM also have
NAFLD.

Applications

The present study shows that adiponectin has anti-diabetic properties, and
evidence indicates that adiponectin plays a protective role in NAFLD. Upon
confirmation of these results, future applications of adiponectin as a treatment
for T2DM with NAFLD may be merited.

Terminology

NAFLD is the most common hepatic dysregulation associated with the growing
epidemic of obesity and is characterized by fat accumulation in the liver. The
histologic spectrum of NAFLD ranges from simple fatty liver (i.e., steatosis) to
severe steatohepatitis (NASH), which can progress to cirrhosis and liver failure.
T2DM is a chronic metabolic disease that affects the ability to convert food into
energy. Adiponectin is a recently described adipokine that has been recognized
as a key regulator of insulin sensitivity, and evidence indicates that adiponectin
has anti-diabetic properties and plays a protective role in NAFLD.

Peer review

In this paper, the authors studied the role of globular adiponectin in an animal
model of diabetes/NAFLD, and used a small number of rats to demonstrate that
globular adiponectin exerts beneficial effects in T2DM rats with NAFLD. In the
study, the authors evaluated the effects of globular adiponectin in diabetic rats
with NAFLD. The major result of this study is that gAd promotes insulin secre-
tion, mediates glucolipid metabolism, regulates insulin receptor expression and
alleviates hepatic steatosis. The details regarding expression changes in insulin
receptor protein and mRNA are very interesting, and the effects of globular adi-
ponectin on fatty acid oxidation should be further discussed.
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