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ABSTRACT
Opioid and its receptors play important roles in glucose homeostasis. However, few reports were available for the study of k-opioid
receptor in glucose regulation. In our study, we found that the blood glucose of diabetic mice dropped significantly following the treatment
with U50,488H (a selective k-opioid receptor agonist). This phenomenon was time-dependent and associated with the coincident alteration
of Glut4 translocation in the skeleton muscles. U50,488H increased the serum adiponectin, but not serum insulin in diabetic mice.
U50,488H increased the AdipoR1 expression at both mRNA and protein levels. It also promoted AMPK phosphorylation and Glut4
translocation. All these effects were abolished by nor-BNI (a selective k-opioid receptor antagonist). These findings suggest that
activation of k-opioid receptor reduces hyperglycemia in streptozotocin-induced diabetic mice. This effect is associated with the
translocation of Glut4 and might be relevant to increased adiponectin, AdipoR1, and AMPK phosphorylation. J. Cell. Biochem. 116: 252–
259, 2015. © 2014 Wiley Periodicals, Inc.
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Glucose homeostasis is the consequence of combined regulation
of nervous system, hormone secretion, and target organs.

Patients with diabetes are generally characterized by either impaired
insulin secretion or reduced sensitivity to insulin. It has been known
that hyperglycemia and hyperglycemia-related metabolic disorders
result in various complications, including coronary artery diseases,
cerebrovascular disorders, renal failure, and diabetic retinopathy

[Hunter et al., 2011; Tabak et al., 2011]. Besides insulin, various
endogenous hormones have been studied on their roles in glucose
homeostasis, of which opioid and its receptors attract great interest.

Three classes of opioid receptors have been cloned, including m-,
d-, and k-opioid receptors [Minami and Satoh, 1995; Satoh and
Minami, 1995]. Opioid receptors mediate the biological functions of
opioids and are selectively expressed on different organs. It is
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generally thought that b-endorphin, enkephalin, and dynorphin are
selective endogenous agonists for the m-, d-, and k-opioid receptors,
respectively [Minami and Satoh, 1995; Satoh and Minami, 1995].
Researches showed that m- and d-opioid receptors might play
important roles in the glucose homeostasis. Stimulation of m-opioid
receptor (m-OR) has been reported to lower plasma glucose by
increasing either glycogen synthesis in liver or glucose utilization in
peripheral tissues [Tzeng et al., 2003; Amirshahrokhi et al., 2008;
Yang et al., 2009]. Enkephalin, an agonist for the m- and d-receptors
increased insulin levels in both lean and obesemice (Bailey and Flatt,
1987). Even though there were some reports about the activation of
k-opioid receptor in glucose homeostasis [Green et al., 1983;
Ishizuka et al., 1986; Khawaja et al., 1990a; Josefsen et al., 1998],
these results were isolated and limitedwork was done to systemically
illustrate this issue. As a result, it remains difficult to conclude the
effects of k-opioid receptor in the regulation of glucose homeostasis.

Besides enhancing insulin secretion, increasing the sensitivity to
insulin is another strategy in treating patients with diabetes.
Adiponectin has been reported to improve the sensitivity to insulin,
and plasma levels of adiponectin have been reported to be
significantly reduced in obese/diabetic mice and humans [Arita
et al., 1999; Yatagai et al., 2003; Takashi and Toshimasa, 2005]. Till
now, two adiponectin receptors have been identified: adiponectin
receptor 1 (AdipoR1) and adiponectin receptor 2 (AdipoR2). They both
are seven-transmembrane spanning receptors but with differential
features from the superfamily of G protein-coupled receptors
[Yamauchi et al., 2003]. It has been demonstrated that AdipoR1 is
abundantly expressed in skeletal muscle, whereas AdipoR2 is mainly
located in the liver [Yamauchi et al., 2003]. Adiponectin binding to
AdipoR1 on themembrane of skeletalmuscle has been shown to exert
anti-diabetic effects [Kadowaki et al., 2006]. In AdipoR1-/- mice,
glucose tolerance and energy expenditure have been demonstrated to
be decreased. However, glucose tolerance was significantly improved
in AdipoR2-/- mice and those mice were resistant to high-fat diet-
induced obesity [Bjursell et al., 2007]. Glucose transporter 4 (Glut4) is
the major insulin-responsive GLUT isoform only expressed in muscle
and fat cells and it regulates glucose transportation into the cell [Niu
et al., 2010; Nolan and Elmendorf, 2011]. The activation of AMPK via
the binding of adiponectin toAdipoR1 also results in the translocation
of Glut4 [Takashi and Toshimasa, 2005; Kadowaki et al., 2006].
However, no researchhasbeen reportedabout theconnectionbetween
opioid receptors and adiponectin.

We undertook the present study to determine whether U50,488H
could reduce blood glucose concentration in streptozocin
(STZ)-induced diabetic mice. To elucidate this mechanism of the
effect on glucose homeostasis mediated by k-OR, radioimmuno-
assay, enzyme linked immonusorbent assay, western blotting,
immunohistochemistry, and reverse transcription–polymerase
chain reaction (RT-PCR) were used to detect the changes of
insulin, adiponectin, AdipoR1, phosphorylation of AMPK, and the
translocation of Glut4 in diabetic mice. Interestingly, we found
that stimulation of k-OR improved hyperglycemia in STZ-induced
diabetic mice, and it was associated with the translocation of
Glut4. Meanwhile, elevated phosphorylation of AMPK and
increased expression of adiponectin and AdipoR1 might be
relevant to this effect.

MATERIALS AND METHODS

ANIMAL PREPARATION AND REAGENTS
Ten-week old male BALB/C mice (22–25 g) were obtained from
Fourth Military Medical University, Xi'an, China. Male mice were
housed in colony cages and maintained on a 12 h light/12 h dark
cycle. Mice that were fasted for 12 h were intraperitoneally injected
0.1–0.2ml of 50mM sodium citrate solution (pH 4.5) containing STZ
(Sigma Chemical, St Louis, MO). STZ was given at a dosage of 60mg/
kg for three consecutive days. Fasted blood glucose was measured by
Bayer's BREEZE2 meter (Bayer Health Care LLC, Mishawaka, IN)
7 days after injection. Mice with fasted glucose concentration over
16.7mmol/L were selected for the diabetic mice model and were
raised under the standard condition. Eight weeks later, U50,488H
(Tocris, 1.5mg/kg; Tocris Cookson Inc., St. Louis, MO) was given
through the caudal vein (Zhang QY et al., 2010). The blood glucose
was measured every 10min after the injection of U50,488H for
60min. The solei muscle was isolated after the mice were sacrificed.
The tissues were stored at�80°C till used. Next, U50,488Hwas given
to diabetic mice, and nor-BNI (Tocris, 2mg/kg) was intravenously
given 10min before U50,488H. The blood samples and solei obtained
20min after the injection of U50,488H. All the studies were
performed in accordance with the guidelines described in the
National Animal Protection Law, and the use of animal tissues was
approved by the Fourth Military Medical University Internal Review
Committee.

MEASUREMENT OF SERUM INSULIN AND ADIPONECTIN
The blood samples were placed at 25°C for 30min. Serum was
separated after centrifugation at 3,000 g for 20min and the
supernatant was stored at�80°C until used. Total serum adiponectin
concentration was measured by ELISA (Westang Biotechnology,
Shanghai, China). Serum insulin was measured by radioimmuno-
assay (Beifang Biotechnology, Beijing, China).

WESTERN BLOTTING
Tissues were solubilized in PBS containing protease inhibitors (1mM
each: antipain, benzamidine, leupeptin, pepstatin A, and phenyl-
methyl sulfonylfluoride, 1% sodium dodecyl sulfate, and 5mM

Fig. 1. Effects of intravenous U50,488H administration (1.5 mg/kg) on
blood glucose levels in STZ-induced diabetic (DM) mice. Mice were fasted
for 12 h before the injection. All data are shown as means� SE. n¼ 15 in
each group. *P< 0.05 versus DM 0min group; **P< 0.01 versus DM 0min
group.
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ethylenediamine tetraacetic acid).Membranousproteinwas extracted
using Membranous Protein Extraction Kit (Beyotime, Shanghai,
China). Protein concentration of extracts was determined by BCA
assay (Pierce, Rockford, IL). Equal amounts of protein (40mg) were
resolved on SDS-PAGE, and transferred onto nitrocellulose
membranes. The membranes were probed with primary antibodies
(Anti-AdipoR1 Antibody [goat anti-rat, sc-46748]; Santa Cruz
Biotechnology, Inc.,CA;Anti-phospho/totalAMPKAntibodies [rabbit
anti-rat, 2535/2532]; Cell Signaling Technology Inc., Denver; Anti-
Glut4 Antibody [rabbit anti-rat, BA1626]; Boster, Wuhan, China;
Anti-tubulin Antibody [mouse antirat, AT819]; Beyotime, Shanghai,
China). Then, membranes were incubated with horseradish perox-
idase-conjugated secondary antibodies (goat anti-mouse/rabbit;
donkey antigoat; Beyotime, Shanghai, China). Immunoreactive
signalsweredetectedusing theenhancedchemiluminescenceWestern
Blotting Detection System (Bio-Rad, Hercules, CA). Quantification of
protein bands was done by densitometry with the use of Quantity One
Software (Bio-Rad).

RNA ISOLATION AND RT-PCR ANALYSES
Total RNA was isolated from solei using Trizol (Takara Bio Inc, Otsu,
Japan) according to the manufacturer's instructions. cDNA was
amplified using a two-step reverse transcription system (Takara Bio
Inc). Primer sequences were as follows: AdipoR1—5'-CAC CTA TGC
CCT CCT TTC GG-3', 5'-CAC CAC TCA AGC CAA GTC CC-3'; Glut4—
5'-GCC CGA AAG AGT CTA AAG-3', 5'-AGA GCC ACG GTC ATC
AAG-3'; GAPDH—5'-AGG CCG GTG CTG AGT ATG TC-3', 5'-TGC
CTG CTT CAC CAC CTT CT-3'. PCR conditions were as follows:
AdipoR1—94°C for 5min, 94°C for 45 s, 56°C for 60 s, and 72 °C for
60 s for 28 cycles, and finally 72°C for 10min; Glut4—94°C for 5min,
94°C for 45 s, 56°C for 60 s, and 72 °C for 60 s for 28 cycles, and
finally 72°C for 10min; GAPDH—95°C for 3min, then 95°C for 90 s,
60°C for 120 s for 22 cycles, and finally 60°C for 10min. Samples
were resolved on 1.5% agarose gels. RT-PCR bands were analyzed
using Quantity One software (Bio-Rad). Relative mRNA levels were
calculated using standard curves, with the PCR product for each
primer set normalized to GAPDH.

Fig. 2. U50,488H-stimulated Glut4 translocation and adiponectin elevation in diabetic (DM)mice. A:Mice were fasted for 12 h, intravenously injected with U50,488H (1.5mg/
kg), and sacrificed at the indicated time points. Representative total andmembranous Glut4 immunoblots of solei lysates are shown. Each lane contained in the gel image showing
the change of Glut4 immunoblots with the time as indicated in the bottom part of the figure. Ratio of membranous versus total Glut4 was calculated and is shown as means� SE.
n¼ 5 in each group. *P< 0.05 versus DM group; **P< 0.01 versus DM group. B: Serum insulin of diabetic mice treated with U50,488H. **P< 0.01 versus Con group. C: Serum
adiponectin of normal and diabetic mice treated with U50,488H. *P< 0.05 versus Con group; **P< 0.01 versus Con group; #P< 0.05 versus DM group; &P< 0.05 versus
DMþU50 group. All data are shown as means� SE. n¼ 8 in each group. Con, control; U50, U50,488H.
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IMMUNOHISTOCHEMISTRY
Three micrometer slices from solei were fixed in glass slides
and placed in a bathing solution of 3% H2O2 and 60% methanol
phosphate-buffered saline (PBS) for 30min and then treated with
0.01mol/L sodium citrate buffer at 95°C in a microwave oven for
20min. Thereafter, specimens were treated with 5% normal goat
serum. Before each step, sections were rinsed three times in PBS
buffer. Incubation with anti-Glut4 antibody (Boster, Wuhan,
China) was performed in a PBS-based solution for 12 h at 4°C in
the recommended dilutions. And then, sections were incubated
with the corresponding secondary biotinylated goat anti-rabbit
antibody (Histostain-plus Kit; ZSGB-BIO Company, China) for 1 h
at 25°C. A streptavidin/horseradish peroxidase complex was then
applied as a detection system for 40min. Finally, staining was

developed with 3,3'-diaminobenzidine tetra-hydrochloride (DAB
kit; ZSGB-BIO Company, China) in 0.05mol/L Tris–HCl buffer and
0.1% H2O2. Negative control sections were incubated without the
primary antibody. All dates in this study were analyzed by
software Image Pro Plus (Media Cybernetics Corporation, Wash-
ington, DC).

STATISTICAL ANALYSIS
Data are expressed as mean� SE. Differences between sample
populations in glucose concentrations, immunoblotting studies, RT-
PCR studies, and immunohistochemical signal intensities were
determined with analysis of variance (one-way) followed by using
Tukey post hoc testing. *P< 0.05 and **P< 0.01 was considered
statistically significant.

Fig. 3. Western blotting of solei in diabetic mice. A: Protocols of this study. Con, normalmice; DM, STZ-induced diabetic mice; DMþU50, diabeticmice subjected to U50,488H;
DMþ nor-BNIþU50,488H, diabetic mice subjected to U50,488H at the presence of nor-BNI; DMþ nor-BNI, diabetic mice subjected to nor-BNI. U50,488H was injected
intravenously (completed in 10 s) 20min before muscle isolation; nor-BNI was injected intravenously (completed in 10 s) 10min before U50,488H. Samples were probed with
anti-tubulin, anti-AdipoR1, anti-p/total AMPK, and anti-Glut4 antibodies. Representative immunoblots are respectively shown in B, C, and D. Quantitative densitometric
analysis of each blot was performed and all the results are shown as means� SE. n¼ 5 in each group. *P< 0.05 versus Con group; **P< 0.01 versus Con group; #P< 0.05 versus
DMþU50 group; ##P< 0.01 versus DMþU50 group. Con, control; U50, U50,488H.
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RESULTS

EFFECTS OF U50,488H ON BLOOD GLUCOSE AND MEMBRANOUS
GLUT4 LEVELS
A marked decrease in glucose levels was observed at 10, 20, 30, and
40min following the U50,488H treatment in STZ-induced diabetic
mice (P< 0.01). Glucose concentrations of diabetic mice returned to
original levels at 50min, and remained stable afterwards (Fig. 1).
This reduction to glucose was attenuated by nor-BNI (P< 0.01). The
Western blotting data showed that the amount ofmembranous Glut4
was correlated with the reduction of hyperglycemia. The amount of
total Glut4 remained unchanged in this process (Fig. 2A). Our study
demonstrated a time-dependant improvement of hyperglycemia by
U50,488H, and the increased membranous Glut4 during k-OR
stimulation contributed to this effect.

EFFECTS OF U50,488H ON SERUM INSULIN AND ADIPONECTIN IN
DIABETIC MICE
As the blood glucose was most significantly reduced at 20min after
the U50,488H injection, we collected the blood samples of mice
subjected to different treatment. Serum insulin levels were decreased
in diabeticmice andU50,488H did not cause any alteration to insulin
levels (Fig. 2B). In diabetic mice, adiponectin was decreased, and the
improvement of its level was found in diabetic mice treated with
U50,488H (Fig. 2C).

EFFECTS OF U50,488H ON ADIPOR1, AMPK AND MEMBRANOUS
GLUT4 IN DIABETIC MICE
Adiponectin binding to AdipoR1 can activate AMPK which leads to
the translocation of Glut4 in skeletal muscle. To investigate whether
this pathway was involved in the reduction of hyperglycemia, five
groups of mice with different treatment were present in our follow-
ing studies, including normal mice (Con), diabetes mellitus (DM),
diabetes mellitusþU50,488H (DMþU50), diabetes mellitusþ nor-
BNIþU50,488H (DMþnor-BNIþU50), and diabetes mellitusþ
nor-BNI (DMþnor-BNI). The RT-PCR andWestern blotting analyses
showed that both mRNA and protein levels of AdipoR1 were
significantly decreased in diabetic mice (Figs. 3B and 4), indicating
that reduced AdipoR1 in skeletal muscle were correlated with
hyperglycemia. The activation of AMPK was examined by detecting
phosphorylated AMPK throughWestern blotting, and it was showed
to be suppressed in STZ-induced diabetic mice (Fig. 3C). RT-PCR and
western blotting showed that mRNA and protein levels of total Glut4
were not changed among the groups (Fig. 3D and 4). The western
blotting showed the impaired translocation of Glut4 in DM group,
and as what we have demonstrated, administration of U50,488H
increased membranous Glut4 in skeletal muscle (Fig. 3D). Mean-
while, U50,488H elevated the phosphorylation of AMPK and
expression of AdipoR1 (Fig. 3B,C). In immunohistochemical study,
Glut4 was detected around the plasma membrane in normal
gastrocnemius muscles. In diabetic mice, a great amount of stained
particles were observed in the cytoplasma of skeletal muscles,
indicating that Glut4 was quantitatively stored in the plasma during
STZ-induced hyperglycemia. U50,488H could improve the trans-
location of Glut4 (Fig. 5). All these effects of U50,488H were
eliminated by the k-OR antagonist nor-BNI, which showed that k-OR

played an important role in the regulation of glucose homeostasis in
STZ-induced diabetic mice subjected to U50,488H.

DISCUSSION

The efforts of exploring the connection between opioid and glucose
homeostasis have been made for decades but this issue remains
ambiguous. To our knowledge, our study is the first to demonstrate
the reduction of hyperglycemia following the k-OR stimulation in
STZ-induced diabetic mice. We also observed the association
between glucose changes and translocation of Glut4, and proved
the positive correlation of them. This phenomenonmight be relevant
to the increased adiponectin, AdipoR1, and phosphorylation of
AMPK.

We assessed the effect of k-OR stimulation on the levels of
adiponectin, and the decreased levels of adiponectin in STZ-induced
diabetic mice were found. In addition, we observed that the serum
adiponectin was greatly increased during k-OR stimulation. Besides
the circulating level of adiponectin in plasma, the quantity and
function of adiponectin receptors were also critical to the function of
adiponectin. Therefore, decreased expression or impaired function of
adiponectin receptors could lead to the reduced adiponectin
bioactivity and insulin sensitivity [Tsuchida et al., 2004; Bruce
et al., 2005; Kadowaki et al., 2006; Lin et al., 2007]. Adiponectin
binding to AdipoR1/R2 stimulates fatty acid oxidation in liver,

Fig. 4. Reverse transcription-polymerase chain reaction (RT-PCR) studyof solei
in STZ-induced diabetic (DM) mice. A: Representative RT-PCR bands of samples
from solei of diabetic mice. B: Quantitative densitometric analysis of mRNA of
AdipoR1 andGlut4 infive groups (protocols in Fig. 3A). All the data are shown as
means� SE. n¼ 6 in each group. *P< 0.05 versus Con group; **P< 0.01 versus
Con group; #P< 0.05 versus DMþU50 group. Con, control; U50, U50,488H.
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increases glucose uptake in skeletal muscle and suppresses
gluconeogenesis [Fruebis et al., 2001; Josefsen et al., 1998; Hotta
et al., 2001]. Iwabu et al. [2010] showed that muscle-specific
disruption of AdipoR1 suppressed the adiponectin-mediated acti-
vation of AMPK, in which insulin resistance was involved. This

indicated that levels of adiponectin and AdipoR1 may have crucial
roles for insulin resistance. So far, no agreement in the assessment of
AdipoR1 in diabetes was reached. Compared with patients with type
2 diabetes, mRNA of AdipoR1 was found to be lower in people with
normal glucose tolerance [Blüher et al., 2006]. In addition, AdipoR1

Fig. 5. Immunohistochemical study of translocation of Glut4. The protocol was as Fig. 3A showed. A: Slices incubated without primary antibody was used as the negative
control. Solei of mice with different treatment were stained with anti-Glut4 antibody. Arrows indicated the membrane location of Glut4 in skeletal muscle cells. B: The ratio of
cells with membranous Glut4 in total cells. C: The mean density of membranous Glut4 in solei of mice with different treatment. All the data are shown as means� SE. n¼ 10 in
each group. **P< 0.01 versus Con group; ##P< 0.01 versus DMþU50 group.
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was up-regulated in skeletal muscle in people with type 2 diabetes
treated with rosiglitazone but was decreased following the treatment
of pioglitazone [Tan et al., 2005; Coletta et al., 2009]. There were also
reports demonstrating that no significant alteration of AdipoR1
between patients with diabetes and normal people [McAinch et al.,
2006; Kuoppamaa et al., 2008]. Combined previous and our studies,
STZ-induced hypoinsulinmia appears to affect the expression of
AdipoR1 in a time dependent manner. It was reported that the mRNA
level of AdipoR1 was significantly increased in diabetic mice 4 days
after the STZ treatment [Eriksson et al., 1992]. In fasted mice, the
reduction in blood insulin could increase AdipoR1 at mRNA level,
and re-feeding of these mice could rapidly restore AdipoR1
expression to its original state [Eriksson et al., 1992]. These facts
demonstrated the initial reduction in AdipoR1 during insulin
deprivation. However, AdipoR1 expression was reported to be
positively correlated with insulin secretion in human. Also, we
observed the decreased expression of AdipoR1 in mice 8 weeks
following the STZ treatment. These facts provided the fundamental
evidence for our speculation that expression of AdipoR1 was up-
regulated at the early stage of insulin deficiency but was down-
regulated during the long-term insulin insufficiency. However, the
underlying mechanism of this possible time-related effect was
unknown and our speculation needs to be further tested. We also
demonstrated that k-OR stimulation in STZ-induced diabetic mice
increased both mRNA and protein levels of AdipoR1. Increased
AdipoR1 expression was beneficial in the binding of adiponectin,
and this might improve the insulin sensitivity in diabetic mice which
partly contributed to reduction in hyperglycemia.

AMPK is a key regulator in energy balance and its activation could
lower plasma glucose by increasing glucose uptake and repressing the
expression of gluconeogenesis-associated enzymes in the liver
[Hardie, 2008]. U50,488H increased the phosphorylation of AMPK
in diabetic mice, and this might be also involved in the reduction of
glucose. Glut4 plays a crucial role in glucose metabolism. It is
sequestered in the interior of muscle and fat cells within lipid bilayers
of vesicles and transported to plasma membrane when stimulated
[Grillo et al., 2009]. As what was demonstrated in an earlier report
[Eriksson et al., 1992], we also found that impaired glucose uptake in
skeletal muscle was associated with decreased Glut4 translocation
rather than the change in its total quantity. In our present study, the
altered membranous Glut4 levels were consistent with the time
dependent change of glucose concentrations following the admin-
istration ofU50,488H, suggesting that the reduction of hyperglycemia
was associated with the translocation of Glut4 in skeletal muscle.
Further studies should be performed to elaborate whether AMPK
activation and Glut4 translocation were two separate or sequential
processes during k-OR stimulation in STZ-induced diabetic mice.

Another possible mechanism of the anti-hyperglycemic effect of
U50,488H is related to hormone secretion. Radionuclides labeled
opioids for m-, d-, and k-opioid receptors were used to examine the
opioid binding sites in pancreas and liver. d- and k-opiate sites of
high affinity were identified in crude membrane preparations of
islets of Langerhans, but no specific opiate-binding sites could be
demonstrated in liver membrane preparations [Khawaja et al.,
1990b]. In a-TCL-6 cells, k-OR was also detected on the membrane
[Jacobson et al., 2006]. However, there is no evidence for the

existence of k-OR on pancreatic b cells. Moreover, in a previous
study, both dynorphin and U50,488H were showed to raise plasma
insulin in ob/ob mice [Khawaja et al., 1990a]. Due to the previous
reports mentioned above, it was necessary to examine the serum
insulin level to check whether the blood glucose lowering effect of
U50,488H was associated with insulin secretion. We found that
insulin was not affected during k-OR stimulation and this result
excluded the possibility that the improved adiponectin, AdipoR1,
AMPK, and translocation of Glut4 was the result of increased insulin
secretion. Meanwhile, we have to notice that both AdipoR1 and
AdipoR2 are abundantly expressed on pancreatic b cells in human
and rats, but their function remained unknown [Kharroubi et al.,
2003]. Our data revealed that U50,488H significantly increased the
expression of AdipoR1 in skeletal muscle, but we did not check the
altered expression of AdipoR1 in islets. It would be of great interest
to further study whether k-OR stimulation also acts via AdipoR1 in
islets.

In conclusion, our study reported here demonstrates that k-OR
activation time dependently reduces hyperglycemia in STZ-induced
diabetic mice. During k-OR activation, glucose uptake in skeletal
muscle is improved resulting from the translocation of Glut4. This
effect might be relevant to the increased adiponectin, AdipoR1 and
phosphorylation of AMPK. Further studies should be carried out to
deeply explain the mechanisms underlying this phenomenon and it
would be interesting to study the function of k-OR and AdipoR1/R2
in the pancreas islet.
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