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Protein tyrosine phosphatase 1B (PTP1B) is an established therapeutic target for type 2 diabetes mellitus (T2DM) and obesity. The
aim of this study was to investigate the inhibitory activity ofMagnolia officinalis extract (ME) on PTP1B and its anti-T2DM effects.
Inhibition assays and inhibition kinetics of ME were performed in vitro. 3T3-L1 adipocytes and C2C12 myotubes were stimulated
with ME to explore its bioavailability in cell level. The in vivo studies were performed on db/db mice to probe its anti-T2DM
effects. In the present study, ME inhibited PTP1B in a reversible competitive manner and displayed good selectivity against PTPs
in vitro. Furthermore, ME enhanced tyrosine phosphorylation levels of cellular proteins, especially the insulin-induced tyrosine
phosphorylations of insulin receptor 𝛽-subunit (IR𝛽) and ERK1/2 in a dose-dependent manner in stimulated 3T3-L1 adipocytes
andC2C12myotubes.Meanwhile,ME enhanced insulin-stimulatedGLUT4 translocation.More importantly, therewas a significant
decrease in fasting plasma glucose level of db/db diabetic mice treated orally with 0.5 g/kgME for 4 weeks.These findings indicated
that improvement of insulin sensitivity and hypoglycemic effects of ME may be attributed to the inhibition of PTP1B. Thereby, we
pioneered the inhibitory potential of ME targeted on PTP1B as anti-T2DM drug discovery.

1. Introduction

Diabetes mellitus (DM) is a chronic disease accompanied by
a series of metabolic disorders due to insulin deficiency or
impaired insulin action. The prevalence of DM is increasing
globally. According to the latest data from the International
Diabetes Federation (IDF), 382 million people are living
with diabetes in 2013, and this figure will rise up to 592
million by 2035 [1]. Type 2 diabetes mellitus (T2DM) is the
most common form, which accounts for around 90% of all
diabetes worldwide. It is characterized by hyperglycemia and
dyslipidaemia, due to a dysfunction of insulin to activate
signaling pathways (insulin resistance) in metabolic target
tissues [2, 3]. T2DM may result in severe complications,
including renal failure, blindness, slow wound healings, and
cardiovascular diseases [4].

Protein tyrosine phosphatases (PTPs), the regulators of
tyrosine phosphorylation dependent cellular events, play an
important role in numerous critical physiological processes
and metabolism [5]. Malfunction of PTPs activity has sig-
nificant implications in many human diseases [5]. PTP1B is
the first member of PTPs superfamily isolated from human
placenta and characterized as a ∼50 kDa protein (435 amino
acid residues), consisting of an N-terminal catalytic domain
and a C-terminal segment. PTP1B is a ubiquitously expressed
nonreceptor tyrosine phosphatase and contains a highly
conserved catalytic motif, in which Cys215 and Arg221 are
crucial for its phosphatase catalytic activity [6, 7].

PTP1B is a key negative regulator of insulin signal-
ing pathway, which blocks the insulin-stimulated tyrosine
phosphorylation of the IR and thereby the insulin recep-
tor substrate-1 (IRS-1) [8, 9]. PTP1B-null mice displayed

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 139451, 10 pages
http://dx.doi.org/10.1155/2015/139451



2 BioMed Research International

enhanced tyrosine phosphorylation of IR and IRS-1 inmuscle
and liver as a consequence of increased systemic insulin
sensitivity. Moreover, these PTP1B-null mice were viable
and resistant to T2DM and obesity when fed with a high
fat diet [10, 11]. On the basis of these findings, screening
inhibitors of PTP1B has provided a definitive strategy in the
therapy of T2DM and obesity. Antisense oligonucleotides
of PTP1B (depletion of PTP1B expression) and BEOV (bis-
ligand oxovanadium (IV) compound, a PTP1B inhibitor)
have already entered phase II clinical trials [12, 13].

Magnolia bark is a traditional Chinese medicine, known
under the name of houpu (Magnolia officinalis Rehder &
E. H. Wilson). It is also a drug-food resource identified by
the Ministry of Health of the People’s Republic of China.
The principal substantial compounds in magnolia bark are
phenolic compounds and terpenoids.Magnolia bark has been
used for years to treat a variety of disorders including anx-
iety, nervous disturbances, “stagnation of qi” (low energy),
asthma, and digestive problems [14]. In the present study, we
prepared Magnolia officinalis extract (ME) from dried root
barks of Magnolia officinalis. We found that ME contains
potent inhibitors of PTP1B and displays high selectivity
towards PTPs. Meanwhile, ME can activate insulin signaling
pathway in 3T3-L1 adipocytes and C2C12 myotubes. More
importantly, it can dramatically lower the blood glucose levels
in db/db mice. The data highlighted the inhibitory potential
of ME targeted on PTP1B as anti-T2DM drug discovery.

2. Materials and Methods

2.1. Materials and Chemicals. All the dried magnolia barks
were purchased from the Jilin Grand Pharmacy and were
identified by Academy of Traditional Chinese Medicine
and Chinese Medicinal Materials of Jilin Province, China,
as Magnolia officinalis Rehder & E. H. Wilson. Recombi-
nant proteins containing the catalytic domains of protein
tyrosine phosphatase 1B (PTP1B), T cell protein tyrosine
phosphatase (TCPTP), Src homology 2 (SH2) domain-
containing tyrosine phosphatase 1 (SHP1), Src homology 2
(SH2) domain-containing tyrosine phosphatase 2 (SHP2),
and hematopoietic protein tyrosine phosphatase (HePTP)
were purified as previously described [15–18]. Bovine serum
albumin (BSA), Tris, p-nitrophenyl phosphate (pNPP), and
PVDF membranes were purchased from Milipore. 3T3-L1
preadipocytes and C2C12 myoblasts were obtained from
KeyGEN Biotech, and all cell culture reagents were from
GIBCO. Antiphosphotyrosine (sc-7020), anti-GLUT1 (sc-
7903), anti-GLUT4 (sc-1608), and anti-phospho-ERK1/2 (sc-
7383) antibodies were purchased from Santa Cruz. Anti-
IR𝛽 (#3025) and anti-phospho-IR𝛽 (#3021) were purchased
from Cell Signaling Technology. Anti-ERK1/2 (bs-0022R)
and HRP-conjugated secondary antibodies were purchased
from Beijing Biosynthesis Biotechnology. Anti-𝛽-actin (TA-
09) was purchased from ZSGB-BIO.The necessary apparatus
for SDS-PAGE and Western blot were bought from Bio-Rad.

2.2. Preparation of ME. ME was extracted from the dried
root barks ofMagnolia officinalis. Briefly, the dried root barks

of Magnolia officinalis were extracted three times through
condensate reflux with 95% methanol (𝑊 :𝑉 = 1 kg : 10 L) in
55∘C water bath, then filtered, and concentrated to obtain
the methanol extract. The methanol extract was dissolved in
distilled water (𝑊 :𝑉 = 1 : 1) and extracted three times with
n-hexane at a volume ratio of 1 : 1 and aqueous phase I was
separated.The aqueous phase Iwas extracted three timeswith
dichloromethane at a volume ratio of 1 : 1 to obtain aqueous
phase II.The aqueous phase II was extracted three times with
ethyl acetate at a volume ratio of 1 : 1, and ethyl acetate layer
was concentrated with a rotary evaporator in 50∘Cwater bath
to obtain ME.

2.3. PTP Inhibition Assays. The PTPs activities were mea-
sured by addition of 10 𝜇L of 100mmol/L pNPP (as the
substrate) into a buffer solution (pH 7.0) containing 50mM
MOPS, 100mM NaCl, 1mM ethylene diamine tetra-acetic
acid (EDTA), 1mM DL-dithiothreitol (DTT), 1mg/mL BSA,
and 50𝜇g/mL recombinant PTP1B or other PTPs, along with
or without different concentrations ofMEdiluted in dimethyl
sulfoxide (DMSO). After incubation for 10min at 37∘C, the
reactions were terminated with 0.1M NaHCO

3
, and the

amount of the product, p-nitrophenol (pNP), was measured
by UV absorbance at a wavelength of 405 nm.The inhibitory
potency of inhibitors was evaluated by IC

50
values.

2.4. Determination of Inhibition Kinetics. Substrate (pNPP)
with different concentrations was added separately to the
reaction mixtures containing various concentrations of ME.
The absorbance at 405 nm was measured to determine the
amount of the produced p-nitrophenol.The inhibiting kinetic
analysis was carried out according to the Lineweaver-Burk
plot, 1/V versus 1/[𝑆].

2.5. Cell Culture and Differentiation. 3T3-L1 preadipocytes
and C2C12 myoblasts were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM), supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin (PS) at
37∘C in humidified atmosphere with 5% CO

2
. For differ-

entiation, 3T3-L1 preadipocytes were grown to confluence
and further cultured for an additional 2 days. Differentiation
was initiated by culturing in DMEM with 10% FBS, 1% PS,
0.2 nM insulin, 0.25 𝜇M dexamethasone (DEX), and 0.5mM
3-isobutyl-1-methylxanthine (IBMX) for 2 days. Then, the
mediumwas changed toDMEMwith 10%FBS, 1% PS, 0.2 nM
insulin for another 2 days. Finally, the medium was changed
to DMEM with 10% FBS and 1% PS for full maturation
into adipocytes. The differentiation of 3T3-L1 preadipocytes
was detected by oil red O staining [19]. C2C12 myoblasts
were stimulated to differentiate into myotubes according
to a standard method [20]. Briefly, C2C12 myoblasts were
cultured to 75% confluence in DMEM with 10% FBS, 1% PS.
Then, cells were cultured in differentiation medium (DMEM
supplemented with 2% horse serum and 1% PS) for 4–6 days
to mature myotubes.

2.6. Western Blot. The tyrosine phosphorylation of cellular
proteins was detected in mature 3T3-L1 adipocytes and
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C2C12 myotubes. Cells were stimulated with ME at various
concentrations for 30min. The effects of ME on insulin
signaling were also investigated in both 3T3-L1 adipocytes
and C2C12 myotubes. After serum-free starvation for 4 h,
cells were incubated with vehicle orME (dissolved in DMSO)
at various concentrations for 30min and then stimulated
with vehicle or 10 nM insulin (dissolved in sterile water with
pH 4.0) for 5min. All the stimulations were stopped by
ice-cold PBS. Then the stimulated cells were lysed in ice-
cold whole cell extraction buffer (WCEB) containing 25mM
𝛽-glycerophosphate (pH 7.3), 5mM EDTA, 2mM EGTA,
5mM 𝛽-mercaptoethanol, 1% Triton X-100, 0.1M NaCl,
and a protease inhibitor mixture (Roche Applied Science),
and the lysates were centrifuged at 12,000 g for 15min at
4∘C. The supernatants were collected individually and the
protein concentrations were determined by use of Bradford
methods. To investigate the GLUT4 translocation, cells were
incubated with ME and then insulin as above. The cell
membrane fractions were harvested according to membrane
protein extraction kit (BestBio, China). The proteins were
separated on a 10% SDS polyacrylamide gel and electro-
transferred to polyvinylidene fluoride (PVDF) membrane.
Western blot analysis was performed with antibodies against
actin, phosphotyrosine, phospho-IR𝛽, anti-IR𝛽, phospho-
ERK1/2, ERK1/2, GLUT1, and GLUT4. Proteins were visual-
ized using the enhanced chemiluminescence (ECL) method
and quantified by densitometry scanning with Quantity One
software.

2.7. Animal Experiments. Twenty SPF grade db/db mice
(from theModel Animal Research Center of Nanjing Univer-
sity), male, 8–10 weeks of age, were selected for the studies.
The mice were randomly divided into two groups with 10
mice in each group. Group 1: diabetic control mice treated
through oral gavage with 0.9% saline (vehicle). Group 2:
diabetic mice treated through oral gavage with 0.5 g/kg dose
of ME (0.1mL/10 g body weight) once a day for 4 weeks. All
animal trial procedures instituted by the Ethical Committee
for the Experimental Use of Animals and for Drug Safety
Evaluation in Jilin University were followed. All mice were
housed 5 in a cage and maintained at ambient temperature
of 22 ± 2∘C in a 12:12 h light/dark cycle with free access to
food and water. During the treatment period, body weight
and blood glucose of 16 h fasted mice were monitored every
week.

2.8. Acute Toxicity Assay. Acute toxicity of ME was deter-
mined by use of Chinese Kunmingmice (Mus musculus). All
animal trial procedures instituted by the Ethical Committee
for the Experimental Use of Animals and for Drug Safety
Evaluation in Jilin University were followed. Fifty Chinese
Kunming mice of both sexes, 8 weeks, 20–22 g weight (from
the Experimental Animal Center of Jilin University), were
randomized into five groups with 5 males and 5 females in
each group and orally treated with ME once in dose of 3.2,
2.56, 2.048, 1.638, and 1.311 g/kg, respectively.The occurrence
of massive toxic reactions and/or death was observed during
the first 30min periodically during the first 24 hours after

Table 1: Selectivity of ME towards a panel of PTPs.

PTPs IC50 (𝜇g/mL)
ME

PTP1B 55.96 ± 1.14
SHP1 501.94 ± 11.55
SHP2 521.56 ± 15.76
TCPTP 395.59 ± 9.76
HePTP 677.88 ± 13.25
IC50 values of ME against PTPs including PTP1B, SHP1, SHP2, TCPTP, and
HePTP were calculated. Data were expressed as mean ± standard error (𝑛 =
3).
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Figure 1: Inhibitory potency of ME. Concentration-dependent
inhibitory curve of PTP1B by ME.

administration of treatments and then daily for the following
14 days. At the end of the observational period, necropsy was
performed on each animal to observe macroscopic reactions
in brain, heart, kidneys, liver, spleen, stomach, large and
small intestine, and lungs. The acute toxicity of ME was
preliminarily evaluated by LD

50
value (the drug dose leading

to 50% lethality).

2.9. Statistical Analysis. Data are presented as mean ± SEM.
Experiments were performed at least three times. Data were
analyzed by Student’s 𝑡-test and one-way ANOVA by use
of Graph Pad Prism 5 software. Statistical significance was
assigned if 𝑃 < 0.05.

3. Results

3.1. ME Exhibited Potent PTP1B Inhibitory Activity. The
inhibitory potency of ME on the PTP1B was evaluated
according to the concentration-dependent inhibition curves
as shown in Figure 1. ME was identified as a PTP1B inhib-
itor, with an IC

50
of 55.96 𝜇g/mL. Our results also demon-

strated selectivity of ME towards PTPs (Table 1). We deter-
mined the content of magnolol and honokiol in ME by



4 BioMed Research International

0.05 0.10 0.15 0.20
−1

1

2

3

4

5

6

7

8

1
0.06250.5
0.25

[ME] (mg/mL)

1/
�
(m

in
·𝜇

M
−
1
)

1/[pNPP] (mM−1)

(a)

0.00 0.25 0.50 0.75 1.00
0

5

10

15

20

25

30

35

[ME] (mg/mL)

Sl
op

e
(b)

Figure 2: Inhibition kinetic analysis of ME against PTP1B. (a) Lineweaver-Burk plot of 1/V (min. 𝜇M−1) versus 1/[pNPP] (mM−1) at various
fixed concentrations of ME. (b) The inhibitor constant (Ki) of ME against PTP1B.

using HPLC-MS/MS. The content of magnolol and hon-
okiol in ME is about 50% and 5%, respectively (Figure S1
available online in Supplementary Material at http://dx.doi
.org/10.1155/2015/139451).

3.2. ME Inhibited PTP1B in a Competitive Manner. In order
to further determine the inhibition mode of the ME on
PTP1B, Lineweaver-Burk analysis was conducted. As shown
in Figure 2, a common intercept of four Lineweaver-Burk
lines on the 𝑦-axis can be obtained as ME concentration
increases, suggesting thatMEwas a typical competitive inhib-
itor against PTP1B. The inhibitor constant (Ki) was a com-
plex dissociation constant of enzyme with inhibitor. From
Figure 2, −1/Ki value was determined from the 𝑥-axis inter-
cept, and thus Ki was calculated to be 49 𝜇g/mL.

3.3. ME Enhanced Tyrosine Phosphorylation of Cellular Pro-
teins. According to our knowledge, PTP1B is involved in
some critical regulatory steps of signal transduction by
dephosphorylation of signaling molecules; therefore, ME
presumably increases protein tyrosine phosphorylation by
the inhibition of PTP1B. Due to the limitation of the direct
method used in detecting PTP1B enzyme activity in cells,
we investigated tyrosine phosphorylation of cellular pro-
teins to confirm whether ME has the inhibitory effect on
PTP1B. Western blot analysis showed that ME enhances
tyrosine phosphorylation of cellular proteins in a dose-
dependent manner in 3T3-L1 adipocytes (Figure 3(a)). To
confirm our results found in 3T3-L1 adipocytes, we per-
formed the experiment in C2C12 myotubes. As indicated, the
tyrosine phosphorylation of cellular proteins has been largely
increased in the ME-treated C2C12 myotubes (Figure 3(b)).

Therefore, it is acceptable to draw the conclusion that the
inhibition of PTP1B is at least partly accounted for by the
enhanced tyrosine phosphorylation.

3.4. ME Enhanced Insulin Signaling Pathway. Considering
that PTP1B directly dephosphorylates IR and IRS-1, thereby
negatively regulating insulin signaling pathway, we further
explored whether ME could affect insulin signaling pathway.

Our study indicated that, in 3T3-L1 adipocytes, ME
enhanced the insulin-induced tyrosine phosphorylation lev-
els of IR𝛽 without altering the total protein levels of IR𝛽 in
a dose-dependent manner (Figure 4(a)). These results were
confirmed in C2C12 myotubes. As indicated, the insulin-
stimulated phosphorylation levels of IR𝛽 were obviously
increased in the ME-treated C2C12 myotubes (Figure 4(b)).
Based on the findings that ME sensitizes insulin signal-
ing, we next detected the effects of ME on downstream
insulin signaling pathway (ERK pathway). As shown in
Figures 4(c) and 4(d), ME also enhanced insulin-induced the
phosphorylation levels of ERK in a dose-dependent manner
in 3T3-L1 adipocytes, as well as in C2C12 myotubes. We
also analyzed the effects of ME on Akt in 3T3-L1 adipocytes
and C2C12 myotubes, with similar results to that of IR𝛽
and ERK1/2 (Figure S2). Moreover, we found that ME alone
cannot activate insulin pathway in the absence of insulin
(Figure S3). Our findings suggested that improvement of
insulin sensitivity and activation of the downstream signaling
pathway by MEmay be mainly attributed to the inhibition of
PTP1B.

3.5. ME Promoted GLUT4 Translocation. Another down-
stream consequence of insulin signaling is GLUT4 cell
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Figure 3: Tyrosine phosphorylation of cellular proteins stimulated byME. Differentiated 3T3-L1 adipocytes (a) and C2C12myotubes (b) were
stimulated with different doses of ME for 30min. Equal amounts of total proteins were subjected to Western blot analysis with antibodies
against phosphotyrosine (pY) and actin. Arrows indicate proteins whose phosphorylation is significantly enhanced by ME.

membrane translocation. Upon the demonstration that ME
can activate insulin-induced ERK pathway, we investigated
whether ME is also able to promote GLUT4 translocation.
Compared to untreated cells, after stimulation of insulin
or insulin plus various concentrations of ME, GLUT4 were
aggregated at the cell membrane fractions (Figure 5(a)).
The similar results were confirmed in C2C12 myotubes
(Figure 5(b)).These results suggested that ME has a potential
hypoglycemic function in vivo.

3.6. ME Decreased Blood Glucose Level in db/db Mice. After
the confirmation of the finding that ME enhanced insulin
signaling pathway and promoted GLUT4 translocation in
cells, we went on to challenge these promising findings
with in vivo situation. The db/db mice with the genetic
mutation of leptin receptors suffer insulin resistance and
severe hyperglycemia and thus have been widely used as a
model of T2DM. As shown in Figure 6, the blood glucose
levels were dramatically decreased after treatment withME at
0.5 g/kg daily for 4 weeks in db/db mice compared to control
group. The result fits well with in vitro and cell experiments
outlining ME with its bioavailability as an efficient blood
glucose lowering agent, though further in vivo experiments,

Table 2: Acute toxicity trials of ME (𝑛 = 10).

Groups (ME g/kg) Deaths Lethality
3.200 10 100%
2.560 8 80%
2.048 5 50%
1.638 3 30%
1.311 0 0%

particularly with lower administration doses and treatment
time, are required to better estimate the therapeutic potential
of ME. We also found that the weight gain of db/db mice
during the period of intragastric administration withME can
be controlled effectively (Figure S4).

3.7. Acute Toxicity Trials of ME. To explore the potential
toxicity, we treated Chinese Kunming mice with different
dose of ME (Table 2). Lethality of mice in different groups
orally treated with ME in dose of 3.200, 2.560, 2.048, 1.638,
and 1.311 g/kgwas 100%, 80%, 50%, 30%, and 0%, respectively.
The occurrences of death were observed in 6 h after admin-
istration of treatments. Two mice died in the following day,
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Figure 4: Effects of ME on insulin signaling pathway. Differentiated 3T3-L1 adipocytes (a and c) and C2C12 myotubes (b and d) were starved
for 4 h before stimulation.The cells were incubated with vehicle or ME at various concentrations for 30min and then stimulated with vehicle
or 10 nM insulin for 5min. Tyrosine phosphorylations of IR and ERK were determined by Western blotting with anti-phospho-IR𝛽 and
anti-phospho-ERK1/2 antibodies and were normalized with IR and ERK protein, respectively, which were then calculated as fold changes of
insulin alone. Data are presented as mean ± SEM (𝑛 = 3). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 versus insulin alone.

while the surviving mice were viable over the following 14
days.Thus, the acute toxicity ofME is preliminarily evaluated
as median lethal dose with 95% confidence (LD

50
= 2.0 ±

0.2 g/kg) calculated according to the improved Bliss method.
The necropsy was performed on each experimental mouse to
observe macroscopic reactions in brain, heart, kidneys, liver,
spleen, stomach, intestine, and lungs, and the results showed
no lesions. These results indicated that ME has little toxicity
and is well tolerated.

4. Discussion

PTP1B has been identified as the main negative regulator
of insulin signaling. Normally, insulin evokes a cascade of
phosphorylation events, starting with the autophosphoryla-
tion of IR on multiple tyrosyl residues, which enhances IR
kinase activity and leads to recruitment of IRS-1, followed
by activation of phosphatidylinositol 3-kinase (PI3K), protein
kinase B (PKB; also known as AKT), and finally glucose
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Figure 5: Effects of ME on GLUT4 translocation. Differentiated 3T3-L1 adipocytes (a) and C2C12 myotubes (b) were starved for 4 h before
experiment. The cells were incubated with vehicle or ME at various concentrations for 30min and then stimulated with vehicle or 10 nM
insulin for 5min. The cell membrane fractions were harvested. GLUT4 and GLUT1 were determined by Western blotting with anti-GLUT4
and anti-GLUT1 antibodies. Quantities of GLUT4 in cell membrane fractions were normalized against GLUT1 content and then calculated
as fold changes of the insulin alone. Data are presented as mean ± SEM (𝑛 = 3). ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 versus insulin alone.
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Figure 6: The effects of lowering the blood glucose of ME in db/db mice. Mice were orally treated with 0.9% saline alone (vehicle) and ME
(0.5 g/kg) once a day for 4 weeks. Data are presented as mean ± SEM (𝑛 = 10). ###𝑃 < 0.001 versus ME group (0 week), ∗∗∗𝑃 < 0.001 versus
diabetic control group (4 weeks).

transporter 4 (GLUT4). Activated GLUT4 could translocate
to membrane and thus improve the glucose uptake [21, 22].
Current evidence indicates that PTP1B could dephosphory-
late IR with substrate specificity, inhibiting its kinase activity,
and thus block insulin signaling transduction [23, 24]. Mice

lacking PTP1B gene display improved insulin sensitivity with
increased or prolonged tyrosine phosphorylations of IR and
stay away from T2DM or obesity [10, 11]. PTP1B knock-
out mice do not have apparent disease phenotype and keep
normal fetal survival rate compared with wild-type controls
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[10, 11]. Therefore, advisably inhibiting PTP1B activity is
considered to evokemultiple series of physiological responses
to resist T2DM and obesity via facilitating tyrosine phospho-
rylation of insulin signalingmolecules. In fact, several studies
have reported that oral administration of PTP1B inhibitor
can decrease glucose in T2DM mice [25–28]. Antisense
oligonucleotides of PTP1B (depletion of PTP1B expression)
and BEOV (bis-ligand oxovanadium (IV) compound, a
PTP1B inhibitor) have already entered phase II clinical
trials [12, 13]. These studies indicate that PTP1B inhibitors
may be promising candidates for novel antidiabetic drug
development. In the present study, we revealed that ME
potently inhibits PTP1B in vitro and greatly facilitates GLUT4
translocation from cytoplasm to cell membrane by activating
insulin signaling pathway in both 3T3-L1 adipocytes and
C2C12 myotubes. More importantly, we found that ME can
lower blood glucose in db/dbmice. Herein, we highlightME’s
valuable potential in the development of drug against T2DM.

Although there has been growing concern on developing
inhibitors of PTP1B, most of these efforts are in vain due to
the challenges arising from the highly structural conservation
of PTPs family and toxicity of inhibitor itself. PTP1B shares
about 75% sequence identity in its core catalytic domain with
TCPTP that is essential for normal hematopoiesis. TCPTP-
null mice die as a result of hematopoietic defects within
weeks of birth [29]. On the other hand, under physiological
conditions, PTP1B modulates insulin signaling pathway in
a reversible feedback manner, which warrants the orderly
amplification and attenuation of insulin signal. However,
most of the noncompetitive inhibitors act via oxidation of
the catalytic Cys215 or by preventing the closure of the
WPD loop, which are irreversible, consequently bringing
toxicity in vivo. Our results showed that ME exhibits potent
inhibition against PTP1B in a competitive manner and good
selectivity towards PTPs in vitro. Meanwhile, oral LD

50

value of ME was 2.0 ± 0.2 g/kg, suggesting the toxicity
of ME is at low levels, which may be attributed to its
inhibition type and selectivity. In addition, ME enhanced
tyrosine phosphorylation of cellular proteins, indicating ME
conquers its cell permeability and bioavailability restric-
tions.

Insulin signaling diverges mainly to the MAPK cascade,
leading to the activation of gene expression and growth regu-
lation, and the PI3K-AKT/PKB pathway which further regu-
lates several different metabolic activities including glycogen
synthesis and glucose uptake, as well as gene expression and
survival [30]. The Western blot results revealed that ME not
only augments the phosphorylation of ERK involved in the
MAPK pathway though effects of ME on MAPK cascade
should be further clarified in future studies, but also promotes
GLUT4 translocation which is more relevant to the glucose
lowering effects involved in the PI3K-AKT/PKB metabolic
pathway. Thus the activation of insulin pathway by ME may
be mainly attributed to its potent inhibition against PTP1B.
However, considering ME contains a variety of ingredients
and signal transduction is a complicated process, the hypo-
glycemic effect of ME via other mechanisms cannot be fully
excluded.

As published, the antihyperglycemic effect of metformin
resulted from the suppression of lipid oxidation and hep-
atic glucose production through AMPK [31]. Our findings
verified that ME enhance insulin-stimulated tyrosine phos-
phorylation of IR𝛽, and this effect was transduced down-
stream to yield a sustained increase in ERK phosphorylation
and GLUT4 translocation, indicating that the hypoglycemic
mechanism of ME is different frommetformin. Interestingly,
we also found that ME alone cannot activate insulin pathway
(Figure S3). Actually, in the absence of insulin, the insulin
pathway maintains a low level in cultured cells. Haque et
al. reported that insulin is a protein hormone. It is hard to
find some substance insulin-mimetic for its substitution [32].
Therefore, the current evidence revealed that ME functions
as an insulin-sensitizer rather than an insulin-mimetic agent.

Magnolia bark is a highly aromatic herbal material from
the cortex of Magnolia officinalis (Magnoliaceae family). As
reported, magnolia bark exerts numerous and diverse phar-
macological effects, including anti-inflammatory, antioxi-
dant, antimicrobial, anxiolytic, and antiarrhythmic [14]. The
principal substantial compounds in magnolia bark are differ-
ent phenolic compounds and terpenoids. Several compounds
had been identified, including gallic acid, sennosides A andB,
hesperidin, naringin, syringin, and especially two neolignan
compounds, magnolol and honokiol [14]. Previous report
from Sohn et al. revealed magnolol is able to decrease
the fasting blood glucose levels in GK rats and attributed
the improvement of insulin resistance to chronic glycemic
control [33]. In addition, Honokiol has been proved to
be a partial nonadipogenic PPAR𝛾 agonist in vitro which
prevented hyperglycemia and weight gain in diabetic KKAy
mice [34]. As is well-accepted, potential antidiabetic agents
may act via different mechanisms. These significant findings
shifted our research object to the magnolia bark, as the initial
phase in series of related researches, with an attempt to
reveal the inhibitory activity of ME against PTP1B and its
potential antihyperglycemic mechanism due to the conve-
nient purchase of magnolia bark from the drug store at a
cheap price and easy preparation of ME in the laboratory.
Through the experiment results, we are convinced of the
effective inhibition of ME against PTP1B. Moreover, our
results showed that the magnolol and honokiol are the major
components in ME (Figure S1). Based on these findings,
further studies on magnolol and honokiol have been carried
out in the subsequent experiments to explore their inhibitory
activity against PTP1B.

The db/db mice, generated by genetic mutation of leptin
receptors resulting in overeating and subsequently obesity
and diabetes, have been widely used as a model of T2DM.
Here we demonstrated that oral treatment with ME resulted
in a profound attenuation in hyperglycemia in db/db mice.
The mechanism may be associated with improvement of
insulin sensitivity by ME but more studies were needed. It
should be mentioned that the db/db model may not fully
replicate T2DM in human, although copy number variation
at the leptin receptor gene locus is associated with metabolic
traits and the risk of T2DM in human subjects [35]. The
etiology of T2DM in humanmay be comprised of genetic and
environmental factors.Therefore, further studies are required
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to validate antihyperglycemic effect of ME in other models
of insulin resistance or obesity (e.g., the diet-induced obese
model). In addition, oral LD

50
value of ME indicated that

ME is of low toxicity. Hence, ME is promising to benefit
T2DMpatients without adverse effects although its safety and
efficient dosage remain to be validated. Our future research
concern goes to the detection of the ME potentials on
insulin signaling cascade in muscle, liver, and adipose tissue,
and the effects on blood lipid profile (e.g., total cholesterol,
LDL-cholesterol, HDL-cholesterol, triglyceride, and free fatty
acids), along with the assessment of the cardiovascular effects
of ME.

In conclusion, we demonstrated that ME contains potent
inhibitors against PTP1B and displays good selectivity
towards PTPs in vitro; meanwhile ME can efficiently enhance
insulin-induced tyrosine phosphorylations of IR𝛽 in cell
level. Furthermore, this effect is transduced downstream
to yield a sustained increase in ERK phosphorylation and
GLUT4 translocation, which provides a possible mechanism
for its antihyperglycemic effects.
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