
* Corresp
stance and
Chinese A
Beijing Ke
Evaluation
Medical Sc
E-mail: ye

This is an o
tribution-N
production
is not used

PHYTOTHERAPY RESEARCH
Phytother. Res. 29: 86–92 (2015)
Published online 30 September 2014 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/ptr.5230

© 2014 Th
Effect of Hypericum perforatum L. Extract on
Insulin Resistance and Lipid Metabolic Disorder
in High-Fat-Diet Induced Obese Mice
Jin-ying Tian,1 Rong-ya Tao,1 Xiao-lin Zhang,1 Qian Liu,1 Yi-bo He,1 Ya-lun Su,2
Teng-fei Ji2* and Fei Ye1*
1Beijing Key Laboratory of New Drug Mechanisms and Pharmacological Evaluation Study, Institute of Materia Medica, Chinese
Academy of Medical Sciences, Beijing 100050, China
2State Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of Materia Medica, Chinese Academy of
Medical Sciences, Beijing 100050, China
Natural productHypericum perforatum L. has been used in folk medicine to improve mental performance. How-
ever, the effect of H. perforatum L. on metabolism is still unknown. In order to test whether H. perforatum L.
extract (EHP) has an effect on metabolic syndrome, we treated diet induced obese (DIO) C57BL/6J mice with
the extract. The chemical characters of EHP were investigated with thin-layer chromatography, ultraviolet, high-
performance liquid chromatography (HPLC), and HPLC-mass spectrometry fingerprint analysis. Oral glucose
tolerance test (OGTT), insulin tolerance test (ITT), and the glucose infusion rate (GIR) in hyperinsulinemic–
euglycemic clamp test were performed to evaluate the glucose metabolism and insulin sensitivity. Skeletal muscle
was examined for lipid metabolism. The results suggest that EHP can significantly improve the glucose and lipid
metabolism in DIO mice. In vitro, EHP inhibited the catalytic activity of recombinant human protein tyrosine
phosphatase 1B (PTP1B) and reduced the protein and mRNA levels of PTP1B in the skeletal muscle. Moreover,
expressions of genes related to fatty acid uptake and oxidation were changed by EHP in the skeletal muscle.
These results suggest that EHP may improve insulin resistance and lipid metabolism in DIO mice. © 2014 The
Authors. Phytotherapy Research published by John Wiley & Sons Ltd.
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INTRODUCTION

Obesity and type 2 diabetes increase the numbers of
death worldwide (Williams, 2008). Insulin resistance is
a key factor in the etiology of type 2 diabetes and other
obesity-related chronic diseases (Grundy, 2006; Ye,
2013). Lipid metabolic disorder plays an important role
in insulin resistance (Novgorodtseva et al., 2011; Takasu
et al., 2012). The intramyocellular lipid accumulation
is associated with insulin resistance and recognized as
a hallmark of type 2 diabetes in obese humans and ani-
mals (Haus et al., 2011; Korach-André et al., 2005;
Kuhlmann et al., 2005; Raz et al., 2005). Treatment of in-
sulin resistance is limited by the availability of effective
and safe medicines (Ye, 2011).
Protein tyrosine phosphatase 1B (PTP1B), the nega-

tive regulator of insulin and leptin signaling pathways,
has been considered as a promising molecular target in
the treatment of insulin resistance and lipid metabolic
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disorder (Basavarajappa et al., 2012; Johnson et al.,
2002; Sun et al., 2007). PTP1B inhibition leads to im-
provement in insulin signaling and fatty acid oxidation
in muscles (Zabolotny et al., 2004; Zhang, 2002). So, nu-
merous efforts directly towards the discovery of specific
PTP1B inhibitors have been made.

Natural product Hypericum perforatum L. has been
used in folk medicine to improve mental performance.
It contains several kinds of chemical compounds, such
as flavonoids, proanthocyanidins, naphthodianthrones
(including hypericin and pseudohypericin), and
acylphloroglucinols (including hyperforin and
adhyperforin) (Nahrstedt and Butterweck, 1997). Re-
cently, evidence suggests that H. perforatum L has mul-
tiple activities with potential pharmacological interest,
including antibacterial, antitumoral, and antiangiogenic
effects (Medina et al., 2006). However, it is still unknown
whether H. perforatum L. has an effect on metabolic
syndrome. Here, we found that the extract from
H. perforatum L. (EHP) inhibited PTP1B and improved
insulin resistance and lipid metabolism.
MATERIALS AND METHODS

Plant material and extractions. The aerial parts of
H. perforatum L. were collected in Huocheng County,
Xinjiang, China, and identified by Prof. Fa Liu of Xinjiang
Institute of Materia Medica. The voucher specimen
(ID-S-2250) was deposited at the herbarium of Institute
td.

Received 09 March 2014
Revised 07 August 2014

Accepted 30 August 2014

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


87EHP, A POTENTIAL DRUG FOR THE METABOLIC SYNDROME TREATMENT
of Materia Medica, Chinese Academy of Medical Sci-
ences, China. The dried aerial parts of H. perforatum L.
were extracted with 95% ethanol at room temperature.
The solvent was removed under reduced pressure for iso-
lation of the extract. To this extract, H2O was added and
the solution was filtered with a Diaion HP-20 column.
The retained compounds were eluted from the column
with H2O-95% ethanol (1:0–0:1) to yield four fractions.
The fraction 4 was named as EHP (the extraction rate
was about 0.75% of dry weight of H. perforatum L.),
and the chemical character was determined with
thin-layer chromatography, ultraviolet (UV) and high-
performance liquid chromatography (HPLC), HPLC-
mass spectrometry (MS) fingerprint analysis, respectively.

Data analysis: In order to identify the chemical compo-
nents in the extract, the fingerprints of EHPwere analyzed
using the on-line diode array detection-electrospray ioni-
zation (DAD-ESI)-MS techniques. It was found that the
negative mode contained more ions than the positive
mode; therefore, ESI in the negative mode was selected
for the following analysis.

HPLC analysis: HPLC analysis was performed with
an Agilent 1100 series system-(Palo Alto, CA, USA).
An Agilent Zorbax Eclipse XDB-C18 column (150mm×
2.1mm, i.d., 5μm) at 35 °C eluented 30% 20mMNH4AC
water solution (A) and 70%CH3CN(B) in 30min at a flow
rate of 0.3mL/min, which was monitored at 590 nm.

LC-MS analysis: The MS analysis was performed using an
Agilent 1100 series LC/MSD Trap system, the conditions
of HPLC as AnAgilent Zorbax Eclipse XDB-C18 column
(150mm×2.1mm, i.d., 5μm) maintained at 35 °C. The
mobile phase was 30% 20mM NH4AC water solution
(A) and 70% CH3CN (B) in 30min at a flow rate of
0.3mL/min, monitored at 590nm. The conditions of the
ESI source were as follows: source voltage, 3500V; drying
gas (N2) flow rate 9.00L/min; drying gas temperature,
35 °C; pressure of nebulizer, 40.00psi. Scan range of MS
spectra was set between 100U and 1000U in negativemode.
Animals and treatments. Four-week-old, male C57BL/6J
mice were obtained from the Animal Center of the In-
stitute of Laboratory Animal Sciences, Chinese Acad-
emy of Medical Sciences. The animals were housed at
21–23 °C and at a humidity level of 40–60%. They were
Table 1. Sequences of the primers used in the PCR measurem

Gene Sense Seq

PTP1B Forward TTCTCCTA
Reverse CCCACCA

ACCβ Forward CTGCTCCA
Reverse AGCCGAT

CD36 Forward TGTACCTG
Reverse CTGCTGTT

FATP1 Forward AGCCATC
Reverse AGAGGGT

CPT-1 Forward GTTCAAC
Reverse GGTCACA

Actin Forward CCCATCTA
Reverse TGGCC AG

© 2014 The Authors. Phytotherapy Research published by John Wiley & Sons Lt
exposed to a 12-h lighting cycle (06:00–18:00 light,
18:00–06:00 dark) and had free access to water and di-
ets. After a 14-week feeding with the high-fat-diet
(50% fat, 36% carbohydrate, and 14% protein in
calorie), the DIO mice were randomly divided into
four groups: untreated (Model), Rosi (positive con-
trol), EHP-L (low dose), and EHP-H (high dose).
These groups were treated with water, rosiglitazone
(15mg/kg/day), EHP 50mg/kg/day and 200mg/kg/
day by gavage (once a day) for 3weeks. In addition,
age-matched male C57BL/6J mice, fed with chow (12%
fat, 62% carbohydrate, and 26% protein in calorie), were
used as normal control (Con). All experimental
procedures were approved by the Animal Care and Use
Committee in our institute.

The oral glucose tolerance test (OGTT), the insulin
tolerance test (ITT), and the hyperinsulinemic–
euglycemic clamp test were performed as described pre-
viously (Ye et al., 2008) with some modification. The
PTP1B activity was determined according to the method
reported (Ma et al., 2011).

Materials. Commercial kits for the measurements of se-
rum triglyceride (TG) and total cholesterol (TC) were
obtained from BIOSINO Bio-Technology and Science
INC (Beijing, China). Insulin was purchased from Novo
Nordisk (Denmark); sodium pentobarbital, glucose, and
other reagents were purchased from the Beijing Chemical
Reagents Company (Beijing, China). The reagents para-
NitroPhenyl Phosphate (pNPP) and para-nitrophenol
(pNP) were produced by Sigma-Aldrich Trading Co.,
Ltd., USA. Anti-PTP1B antibody was obtained from
Upstate (CA, USA), and anti-Actin antibody were pur-
chased from Santa Cruz Biotechnology (CA, USA).

Biochemical assays. Blood glucose level was determined
with a glucose analyzer (Biosen 5030, EKF Diagnostic,
Germany). Protein concentration was determined with
the Bio-Rad protein assay reagent (Bio-Rad, Hercules,
CA, USA) with a microplate spectrophotometer
(μQuant, BioTek Instruments, Inc, USA). The TG and
TC levels were determined according to the instructions
in the assay kit. Muscle triglyceride content was deter-
mined as glycerol residues after extraction and separa-
tion of the muscle samples according to the methods
as reported (Ragheb et al., 2009). Serum insulin
ents

uence (5′ to 3′) Gen bank no./ref.

CCTGGCTGTCATCG NM 011201
TCCGTCTCCTAACT
GGCTAAGCGATT NM 133904.1

TTGGAAGGTGATG
GGAGTTGGCGAG NM 007643
CTTTGCCACGTC

TGGGAGGAGTTCA NM 011977
CCTGCTGGTTGAT
ACTACACGCATCCC NM 009948
AAGAAAGCAGCAC
CGAGG GCTAT NM 007393
TAA TGTCC AGG
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Figure 1. EHP-HPLC fingerprint analysis A, Chromatogram recorded of EHP-extracts at 590nm; B, UV–vis spectra of peak (2.28min) and
peak (6.48min); C, HPLC-MS and HPLC-DAD spectra EHP-extracts; D, MS spectra corresponding to the peak (2.28min and 6.48min); E,
Hypericin (1, R=H) and Pseudohypericin (2, R=OH).
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concentration was estimated with a radioimmunoassay
kit obtained from the Northern Bioengineering Institute
(Beijing, China) using a liquid scintillation and lumines-
cence counter (1450 MicroBeta, PerkinElmer, USA).
The mRNA levels were analyzed by reverse tran-

scription polymerase chain reaction (RT-PCR). Total
RNA was isolated from skeletal muscle with Trizol re-
agent and reverse transcribed by a two-step method
with the Super Script First-Strand Synthesis System.
The samples were chosen randomly from each group,
and the assay of every gene (Table 1) in each sample
was replicated three times. The β-actin gene was
Table 2. Insulin sensitivity related plasma parameters in mice

FBG (mg/dL)

Con 74.1±15.4
Model 105.7±14.4###

Rosi 76.4±11.2***
EHP-L 81.5±32.6*
EHP-H 95.7±19.3

FBG, the level of fasting blood glucose; FINS, the level of fasting s
(HOMA-IR=FINS×FBG/22.5). n=9.
###, P<0.001 vs Con; *, **, ***, P<0.05, 0.01, 0.001 vs Mode

Figure 2. Effects of EHP on insulin resistance in mice A, Blood glucose
OGTT; C, Blood glucose levels in ITT; D, Areas under the blood glucose–ti
test. n=9. #P<0.05, ##P<0.01, ###P<0.001 vs Con; *P<0.05, **

© 2014 The Authors. Phytotherapy Research published by John Wiley & Sons Lt
amplified as a loading control. The PCR products were
separated by electrophoresis on a 1% agarose gel.

The protein expression was estimated by western blot
analysis with the method reported (Ma et al., 2011). Im-
munoblotting analysis was performed with enhanced
chemiluminescence (ECL) reagent and detected by a gel
analysis system (Flurochem 5500, Alpha Innotech, USA).
Statistical analysis. Data were analyzed by SPSS version
11.0. All results are expressed as mean± SD (standard
deviation.). P values less than 0.05 were considered sta-
tistically significant.
FINS (μIU/L) HOMA-IR (mg/dl ×μIU/L)

6.8 ±2.8 23.5±13.3
54.2±34.7### 284.5±151.7###

9.3±2.5** 30.8±4.6***
19.2±7.3** 72.2±46.8**
16.4±4.4** 72.4±32.1***

erum insulin. HOMA-IR index was calculated by the formula

l.

levels in OGTT; B, Areas under the blood glucose-time curves in
me curves in ITT; E, GIR value in hyperinsulinemiceuglycemic clamp
P<0.01, ***P<0.001 vs Model.

d. Phytother. Res. 29: 86–92 (2015)
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RESULTS

EHP extraction and isolation procedures

In the chromatogram recorded of EHP extracts at 590nm
(Fig. 1A), two peaks were found, Rt=2.28min and Rt=
6.48min; and 590nm in their UV–vis spectra (Fig. 1B)
was the characteristic signal of napthodianthrones.
In the negative ESI-MS spectra of EHP-extracts

(Fig. 1C, D) the quasi-molecular ion peaks of Rt=2.28min
and Rt=6.48min appear m/z 518.9 and 502.9 as [M�H]�

ions, we finally tentatively elucidated compounds to be
hypericin (1, Rt=6.48min) and pseudohypericin (2, Rt=
2.28min) (Fig. 1E) combined with UV–vis spectra. EHP
extract was separated and identified by means of HPLC-
MS analysis that it contained mainly hypericin analogues.
Table 3. Effects of EHP on lipid profiles in high-fat-fed mice

Serum TC
(mg/dL)

Serum TG
(mg/dL)

Muscle TG
(mg/g pro)

Con 83±7 114±38 3.0±0.6
Model 216±28### 84±14# 4.5 ±0.9##

Rosi 199±18 47±11*** 4.4±1.3
EHP-L 181±26* 73±16 4.1±1.2
EHP-H 168±30** 65±19* 3.4±0.8*

n=9. #, ##, ###, P<0.05, 0.01, 0.001 vs Con; *, **, ***,
P<0.05, 0.01, 0.001 vs Model.
Effects of EHP on insulin resistance

After feeding with the high-fat-diet for 14weeks, DIO
mice developed significant insulin resistance. Fasting in-
sulin and the homeostasis model assessment of insulin
resistance (HOMA-IR) index were increased by 12.11
and 7.97 folds compared with those in the chow group.
After 1-week treatment, the levels of serum insulin
and HOMA-IR were markedly decreased by 64.6%
and 74.6% in EHP-L group, and by 69.7% and 74.6%
in EHP-H group. Similar results were observed in Rosi
group (Table 2). These data suggest that EHP is able
to improve insulin sensitivity in DIO mice.
After EHP treatment for 1week, OGTT was per-

formed. The blood glucose and the area under the curve
(AUC) in Model group were significantly higher than
those in the chow control group. Compared with those in
Model group, the levels of blood glucose at 30, 60, and
120min were decreased by 28.6% in EHP-L group and
Figure 3. Effects of EHP on target PTP1B A, Inhibition on recombinant hPT
muscle, n=5; C, The expression of PTP1B in skeletal muscle. #P<0.0

© 2014 The Authors. Phytotherapy Research published by John Wiley & Sons L
by 36.0% in EHP-H group; and the AUC values were also
decreased by 19.6% and 22.4% in EHP-L and EHP-H
groups (Fig. 2A, B). Similar results were obtained in Rosi
group. These data suggest that EHP is able to improve glu-
cose metabolism in DIO mice.

After EHP treatment for 1week, ITT was performed.
The blood glucose level was decreased by 36.9% in chow
group and by 4.3% in Model group at 30min, compared
with their own baseline. The AUC value in Model group
was much higher than that in chow group. As expected,
the mice treated with EHP exhibited an enhanced ability
of glucose clearance in ITT. There was a greater decline
in blood glucose levels by 16.6% and 30.0% in EHP-L
and EHP-H groups. The reduction was as associated with
19.7% and 29.9% reduction in AUC compared with those
in Model group (Fig. 2C, D). The effect of EHP was sim-
ilar to that of rosiglitazone in ITT. The data suggest that
EHP is able to improve insulin tolerance in DIO mice
and the activity is comparable to rosiglitazone.

In order to confirm insulin sensitizing effect of EHP, the
hyperinsulinemic–euglycemic clamp test was performed
in mice after EHP treatment for 2weeks. The value of
the glucose infusion rate (GIR) was 5.5-fold lower in
Model group than that in chow group. After rosiglitazone
P1B protein activity, n=3; B, The mRNA levels of PTP1B in skeletal
5, ###P<0.001 vs Con; *P<0.05, ***P<0.001 vs Model.

td. Phytother. Res. 29: 86–92 (2015)



91EHP, A POTENTIAL DRUG FOR THE METABOLIC SYNDROME TREATMENT
and EHP treatments, the GIR values were increased by
240% and 101% inRosi and EHP-H groups, respectively,
compared with that in Model group (Fig. 2E).
Figure 4. Effects of EHP on the factors involved fatty acid metab-
olism in skeletal muscle. Each sample was from 3 independent
experiments of 9 mice. #P<0.05 vs Con; *P<0.05, **P<0.01,
***P<0.001 vs Model.
Inhibition of PTP1B by EHP

In order to understand the mechanism by which EHP
improves insulin sensitivity, we tested EHP for inhibition
of PTP1B in vitro. EHP exhibited a strong inhibitory
effect on the catalytic activity of recombinant hPTP1B
protein with an EC50 of 1.08μg/mL (Fig. 3A).
After treatment with EHP for 3weeks, the mRNA

levels of PTP1B were decreased by 32.8% and 50.7%
in a dose dependent manner in the skeletal muscle of
the EHP-L and EHP-H groups (Fig. 3B). Meanwhile,
the protein levels of PTP1B were markedly up-
regulated in the skeletal muscle of DIO mice, and the in-
crease was reversed by 21.8% and 48.8% in EHP-L and
EHP-H groups (Fig. 3C).
Effects of EHP on lipid metabolic profiles

DIO mice developed hypercholesterolemia, but not
hypertriglyceridemia. Compared with the levels in
DIO mice, the serum TC was significantly decreased
by 16.2% and 22.2%, and the levels of serum TG were
decreased by 13.1% and 22.6% in the EHP-L and
EHP-H groups in a dose-dependent manner (Table 3).
The intromyocellular lipid accumulation in skeletal

muscle has been associated with insulin resistance and
dyslipidemia. The results showed that triglyceride con-
tent in the skeletal muscles was significantly increased
in DIO mice, and the change was reversed by EHP
treatment. Compared with those in DIO mice, the tri-
glyceride contents in the skeletal were decreased by
8.9% and 25.3% in EHP-L and EHP-H groups in a
dose-dependent manner (Table 3).
Effects of EHP on the lipid metabolic pathways in the
skeletal muscle

In order to understand the mechanisms of EHP action on
dyslipidemia, gene expression was examined for those
involved in lipid metabolism. As a major transporter of
fatty acid, FATP1, was significantly increased in the
skeletal muscle of DIO mice. Also, EHP decreased the
gene expression of FATP1 in a dose-dependent manner.
However, there were no significant changes in mRNA
levels of CD36 from EHP treatment (Fig. 4).
As an important regulator of fatty acid oxidation,

CPT-1 was mildly increased in the skeletal muscle of
DIO mice. EHP increased CPT-1 expression at the high
dosage. The mRNA level of ACCβ was higher in Model
group than that in chow group, and the change was re-
versed by EHP treatment (Fig. 4).
DISCUSSION

Insulin resistance, characterized by reduced responsiveness
to circulating insulin, is a common feature in type 2 diabetes
(Ye, 2013; Choudhary et al., 2012). DIO mice are
© 2014 The Authors. Phytotherapy Research published by John Wiley & Sons Lt
characterized with obesity and insulin resistance and area
valuable tool in the study of insulin sensitizer (Almind and
Kahn, 2004; Biddinger and Ludwig, 2005). Consistently,
our results showed the mice challenged with high-fat-diet
developed serious insulin resistance and dyslipidemia.

As the largest organ in the body, the skeletalmuscle plays
a very important role in the glucose and lipid metabolism
(Pedersen and Febbraio, 2012). Many proteins produced
by the skeletal muscle may be involved in the association
between sedentary behavior and chronic diseases such
as cardiovascular diseases, type 2 diabetes. Therefore,
our study of EHP was conducted in the skeletal muscle.

Defects in the insulin signaling cascade play a key
role in the pathogenesis of insulin resistance (Choi and
Kim, 2010; Ye, 2013). PTP1B is a negative regulator of
both insulin and leptin signaling through antagonizing
the activities of insulin receptor and Janus kinase 2
(JAK2) (Koren and Fantus, 2007). Whole-body Ptp1b�/�

mice show enhanced insulin sensitivity and increased
phosphorylation of tyrosine residues on insulin receptor
(Klaman et al., 2000). PTP1B inhibitor can augment
insulin sensitivity through enhancing insulin receptor and
leptin receptor activities (Picardi et al., 2008). Here, both
the catalytic activity and gene expression of PTP1B were
decreased by EHP treatment, suggesting that EHP is an
inhibitor of PTP1B. HEP led to improvement of
hyperinsulinmia, hyperglycemia, insulin tolerance, and
GIR in the hyperinsulinemic–euglycemic clamp test.

PTP1B is a molecular target for lipid disorder in addi-
tion to insulin sensitization (Picardi et al., 2008). EHP
can decrease the serum triglyceride, cholesterol, and ec-
topic lipid accumulation in skeletal muscle. The putative
mechanism is increasing fatty acid oxidation in skeletal
muscle of DIO mice.

Insulin resistance in skeletal muscle is associated with
intramuscular lipid accumulation, which is a result of in-
sulin signaling inhibition by lipids (Holland et al., 2007).
FATP1 that mediates fatty acid uptake into cells is impli-
cated in the development of insulin resistance. FATP1
deletion in KO mice protected mice from fat-induced in-
sulin resistance and intramuscular accumulation of fatty
acyl-CoA (Kim et al., 2004). FATP1 inactivation led to
reduction in skeletal muscle lipid accumulation and im-
provement in insulin sensitivity (Wu et al., 2006). In this
study, the mRNA levels of FATP1 in DIO mice were
d. Phytother. Res. 29: 86–92 (2015)
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increased by HFD and reduced by EHP. FATP1 reduc-
tion may explain the decreased TG content in skeletal
muscle of EHP groups. ACCβ catalyzes malonyl CoA
formation and high expression of ACCβ increases
malonyl CoA level, which lead to inhibition of CPT-1
activity. CPT-1 inhibition results in suppression of the
fatty acid β-oxidation and increase in intracellular lipid
accumulation (Cheng et al., 2002). Here, EHP signifi-
cantly increased mRNA levels of genes related to fatty
acid oxidation, suggesting that EHP regulates fatty acid
oxidation. However, EHP did not markedly decrease
the liver TG content (date not shown). These results
suggested that the skeletal muscles might be the major
target tissue of EHP.
In conclusion, the present results demonstrated that

EHP, an extraction from H. perforatum L., serves as a
© 2014 The Authors. Phytotherapy Research published by John Wiley & Sons L
new PTP1B inhibitor. It improves insulin resistance and
dyslipidemia in DIO C57BL/6J mice. EHP is a potential
drug candidate in the treatment of metabolic syndrome.
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