
Contents lists available at ScienceDirect

Food and Chemical Toxicology

journal homepage: www.elsevier.com/locate/foodchemtox

Effects and mechanisms of iridoid glycosides from Patrinia scabiosaefolia on
improving insulin resistance in 3T3-L1 adipocytes

Zhenhua Liua,b,1, Lanting Xua,c,1, Xiaoqing Xub,c, Yun Niua,b, FatmaS.A. Saadeldeenb,c,
Wenyi Kanga,b,∗

aNational R & D Center for Edible Fungus Processing Technology, Henan University, Kaifeng, 475004, China
b Joint International Research Laboratory of Food & Medicine Resource Function, Henan Province, Henan University, Kaifeng, 475004, China
c Kaifeng Key Laboratory of Functional Components in Health Food, Kaifeng, 475004, China

A R T I C L E I N F O

Keywords:
Patrinoside
Patrinoside A
Insulin resistance
PI3K
p-Akt
GLUT4

A B S T R A C T

Insulin resistance causes several adverse effects such as hypertension, diabetes and different aspects of cardio-
vascular diseases. Patrinia scabiosaefolia Fisch. ex Trev. is a traditional Chinese edible herbal, whose n-BuOH
extract significantly increased glucose transportin 3T3-L1 adipocytes at the concentration of 12.5 μM. To de-
termine its active constituent, its chemical components and bioactivities were investigated. Two compounds
(1–2) could significantly improve insulin resistance in 3T3-L1 adipocytes at concentrations around 25.0 μM
(P < 0.001). Compound 2 was more effective to lower the content of glucose content at 12.5 μM (P < 0.001).
Compound 1 was a new compound identified by spectroscopic methods. Western-blot experiment demonstrated
an upregulation of p-IRS-1, p-Akt, and GLUT4 induced by compounds 1 and 2. Hence, we speculated that
compounds 1 and 2 could activate PI3K and Akt signaling by up-regulating of p-IRS-1 which resulted in the
activation of PI3K before phosphorylating Akt, ultimately led to translocation of GLUT4. These events finally
improve glucose transport. Our results may provide the scientific basis for the development and effective use of
P. scabiosaefolia against type 2 diabetes.

1. Introduction

Insulin represents the main regulatory hormone of glycolipid me-
tabolism. In conditions of insulin resistance (IR), the biological effects
of insulin on the target organs and tissues are reduced or lost, resulting
in varieties of pathological phenomenon (Roy, 2012). It is well accepted
that long-term insulin resistances could cause a series of adverse reac-
tions in the body, such as hypertension, diabetes and cardiovascular
diseases (Cederberg and Enerbäck, 2003).

Pharmacological studies showed that the reason for insulin re-
sistance can be roughly divided into three categories: (1) pre-receptor
factors, for instance mutation of insulin-related genes, increased titers
of antibodies against insulin or degradation of insulin (Bi, 2014; Caruso
et al., 2014); (2) receptor factors, leading to obstruction of insulin
signaling as indicated by either reduce numbers and affinities of insulin

receptor (Ins R), decrease activity of protein tyrosine kinase (PTK) or
impaire phosphorylation of insulin receptor β subunit (Bonala et al.,
2014); (3) post-receptor factors, including impairment of associated
signal proteins involved in signal transduction by mechanisms of
phosphorylation (Lei, 2013). Binding of insulin to its receptor first ac-
tivates the β-subunit of PTK. As a docking protein, insulin receptor
substrate (IRS) then binds to a signal molecule containing the Src-
homology 2 domain (SH2) which is activated through at least two
signaling pathways: 1) activation of phosphatidylinositide-3 kinase
(PI3K) pathway by IRS. 2) activation of mitogen-activated protein ki-
nase (MAPK) pathway via Grb2/SOS and RAS proteins, demonstrated to
induce inflammation (Cusi et al., 2000; Pessin and Saltiel, 2000).

Several studies have been shown that the PI3K insulin signaling
pathway plays an important role in the development of IR.
Predominantly, insulin binds to IRS, resulting in tyrosine
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phosphorylation of IRS in fat cells. Phosphorylated IRS activates its
catalytic subunit p110 of PI-3K through binding to its regulatory sub-
unit p85 (Alghamdi et al., 2014). Finally, PI3K phosphorylates serine-
threonine kinase of Akt. Activation of Akt affects the translocation of
glucose transporter (mainly GLUT4). Insertion of GLUT4 by insulin thus
leads to an increased import of glucose (Jane et al., 2012; Rea and
James, 1997). Knock out experiments revealed the importance of PI3K
leading to diabetic conditions (Kadowaki, 2000). Similarly, knocking
out Akt led to reduced glycogen in the liver or absorption of blood sugar
in the skeletal muscles (Cho, 2001). In another study, it had been de-
monstrated that a decrease of GLUT4 protein, insulin receptor substrate
(IRS1, IRS2), and the p85 of PI-3K could influence the glucose transport
in adipocytes (Zhang, 1997). The importance of the PI3K pathway re-
sulting in IR had been demonstrated (Cao et al., 2011; Nishida et al.,
2009; Takenaka et al., 2009; Zhang et al., 2010).

Currently, there are mainly two types of drugs used to improve IR:
hypoglycemic agents, such as sulfonylureas, biguanides, α-glucosidase
inhibitors and lipid-lowering agents, for instance fibrates and nicotinic
acid (Stumvoll et al., 1990; Saltiel and Olefsky, 1996). However, all
these drugs may have adverse effects, such as gastro-intestinal reac-
tions, hepatotoxicity, or others (Meng, 2013). Recent studies using
traditional Chinese medicines (TCM) demonstrated prominent effect in
improving IR, and single molecules from Chinese medicinal herbs had
been isolated as their active ingredients (Chen and Huang, 2016; Zhu,
2015). TCM usually show multi-targets effects to improve IR. Currently,
their mechanisms remain unknown. Therefore, it is very important to
determine active constituents from TCM and explore their mechanisms
leading to improved IR.

Previously, our group showed increased glucose transport by the
crude extract of traditional Chinese medicine (Xu et al., 2019). ex Trev.
And we found the EtOAc extract and n-BuOH extract of Patrinia sca-
biosaefolia Fisch. ex Trev. could significantly improve glucose con-
sumption in adipocytes (P < 0.01, P < 0.001 respectively) at
12.5 μM. Hence, we systematically explored the bioactive constituents
of P. scabiosaefolia. As a result, two compounds (1–2) (Fig. 1) were
isolated and identified, including a new compound (1) and the known
compound patrinoside (2), both showed significant activities against IR
in 3T3-L1 cells. We discussed the effects of compounds 1 and 2 by
mechanisms of the PI3K pathway, as indicated by an upregulation of
PI3k, p-IRS-1, p-Akt and GLUT4. Our study may provide the scientific
basis for the development and effective use of P. scabiosaefolia against
insulin resistance.

2. Materials and methods

2.1. General experimental procedures

Optical rotation was obtained on a JASCO P-1020 digital polari-
meter (Horiba, Tokyo, Japan). UV spectra were measured by a
Shimadzu UV-2401 PC spectrophotometer (Shimadzu, Kyoto, Japan).
IR spectra were obtained on a Bruker Tensor 27 infrared spectro-
photometer (Bruker Optics GmbH, Ettlingen, Germany) with KBr pel-
lets. Mass spectra were performed on an API QSTAR time-of-flight
spectrometer (MDS Sciqaszex, Concord, Ontario, Canada) and LCMS-IT-
TOF (Shimadzu, Kyoto, Japan) spectrometer. NMR spectra were

recorded on Bruker Ascend TM 400 superconducting NMR spectrometer
with TMS as the internal standard (BrukerCo., Germany). The chemical
shifts were given in δ (ppm) with reference to the solvent signal.
Column chromatography was performed on silica gel (200–300 mesh,
Qingdao Ocean Chemical Co., Ltd., Qingdao, Shandong, China),
Lichroprep Rp-18 gel (40–63 μm, Merck, Darmstadt, Germany),
Sephadex LH-20 (Pharmacia Co., Sweden), YMC*GEL ODS-A-HG
(50 μm, YMC Co. Ltd. Japan).

2.2. Extraction and isolation

The plants of P. scabiosaefolia were collected in September 2017
from DuYun City, Guizhou Province. The material was identified by
Prof. Chang-Qin Li at Henan University and a voucher specimen
(20170909) was deposited at Joint International Research Laboratory
of Food & Medicine Resource Function.

The dried and powdered whole plants (5 kg) of P. scabiosaefolia were
extracted with 95% ethanol under room temperature and concentrated
under reduced pressure. Then, the extract was partitioned with EtOAc
and n-BuOH successively, yielding EtOAc extract (150 g) and n-BuOH
extract (210 g) after concentration. The n-BuOH extract (210 g) was
separated by silica gel column chromatography, reversed phase C-18
column chromatography, Sephadex LH-20 column chromatography to
obtain compounds 1 and 2.

PatrinosideA (1):Light yellow oil; [α]24 D-69.5 (c 0.03, MeOH); UV
(MeOH) λmax (log ε): 218 (4.23) nm; IR (KBr) νmax 3416, 2924, 2885,
1725, 1646, 1127 cm−1; 1H and 13C NMR data, see Table 1; positive
ESIMS m/z 483 [M + Na]+;HREIMS m/z483.1836 [M + Na]+

(calcd.483.1837 for C21H32O11Na).
Patrinoside (2): Light yellow oil; [α]24 D-16.7 (c 0.03, MeOH); UV

(MeOH) λmax (log ε): 205 (3.38) nm; IR (KBr) νmax 3423, 2927, 2885,
1741, 1632, 1077 cm−1; 1H and 13C NMR data, see Table 1; positive
ESIMS m/z 485 [M + Na]+; HREIMS m/z 485.1995 [M + Na]+

(calcd.485.1993 for C21H34O11Na).

2.3. Cell culture

Mouse 3T3-L1 preadipocytes (Cobioer, Nanjing, China) were

Fig. 1. The chemical structures of compound 1 and patrinoside (2).

Table 1
The 1H and13C-NMR data of compounds 1 and 2 (δ in ppm, J in Hz) in CD3OD.

Position 1 2

δH δC δH δC

1 5.90 (d, 5.4) 93.2 5.90 (d, 5.4) 93.6
3 6.37 (s) 140.2 6.37 (s) 140.1
4 – 116.4 – 116.4
5 3.03 (q, 7.8) 34.2 3.01 (q, 7.9) 34.1
6 2.07 (m) 40.9 2.06 (m) 40.9

1.82 (m) 1.83 (m)
7 4.32 (m) 73.3 4.32 (m) 73.3
8 1.95 (m) 49.2 1.94 (m) 49.1
9 2.18 (m) 42.7 2.17 (m) 42.7
10a 3.80 (dd, 7.6, 11.0) 62.2 3.80 (dd, 7.5, 11.0) 62.2
10b 3.72 (dd, 5.6, 11.0) 3.71 (dd, 5.7, 8.7)
11a 4.26 (d, 11.5) 69.8 4.26 (d, 12.2) 69.7
11b 4.08 (d, 11.5) 4.08 (d, 11.5)
1′ – 166.4 – 173.4
2′ 5.70 (t-like, 1.3) 116.2 2.23 (dd, 1.9, 7.5) 44.1
3′ – 161.0 2.07 (m) 26.8
4′ 1.93 (d, 1.1) 27.6 0.96 (d, 6.7) 22.6
5′ 2.17 (d, 1.1) 20.6 0.96 (d, 6.7) 22.6
1″ 4.28 (d, 7.8) 103.4 4.28 (d, 7.9) 103.4
2″ 3.19 (m) 75.1 3.18 (m) 75.1
3″ 3.26 (m) 77.9 3.26 (m) 77.9
4″ 3.26 (m) 71.7 3.26 (m) 71.7
5″ 3.35 (m) 78.1 3.34 (m) 78.1
6″a 3.86 (dd, 2.0, 11.9) 62.8 3.86 (dd, 2.0, 12.1) 62.8
6″b 3.66 (dd, 5.5, 11.9) 3.65 (m)
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cultured in DMEM high glucose mediumsupplemented with 15% fetal
bovine serum (FBS) and penicillin (100 U/mL)-streptomycin (100 μg/
mL) mixture in a 37 °C, 5% CO2 incubator for culture until the cell
confluency reached 70%–80%.

2.4. Cell viability assay

3T3-L1 preadipocytes were seeded into 96-well plates at a density of
5× 103 cells per well and cultured for 24 h. Cells were treated with
different concentrations of compound 1 or 2 for 48 h. Then, MTT
(0.5 mg/ml) was added to keep 37 °C for 4 h. The resultant formazan
was dissolved in DMSO (100 μL/well) and measured at OD492 by a
microplate spectrophotometer (Thermo Fisher, Finland).

2.5. Treatment of IR 3T3-L1 adipocytes

After cell contact inhibition, medium was changed to 10% FBS
DMEM supplemented with 0.5mM 3-isobutyl-1methylxanthine, 1 mM
dexamethasone (Dex) and 10 μg/ml insulin.3 days later, the medium
was replaced with DMEM supplemented with insulin (10 μg/mL) for 2 d
and changed to normal culture medium and cultured for another for
4 d. After inducing differentiation into mature adipocytes, 1 μM Dex
was used for modeling for 72 h. Sodium Orthovanadate (Van, Alfa Aesar
M30D004) was used as a positive control and given different con-
centrations of compound 1 or 2 for 48 h. Glucose oxidase-peroxidase
(GOD-POD) method was used to determine the level of glucose in the
cell supernatant used a glucose assay kit (Shanghai Rongsheng Biotech
Co) according to the manufacturer's instructions.

2.6. Western blot analysis

Cells harvested with different concentrations of compound 1 or 2 for
48 h were collected and lysed on ice for 30min in a mixture containing
Radio-Immunoprecipitation Assay (RIPA), phenylmethane sulfonyl
fluoride (PMSF), and phosphatase inhibitors. The lysate was cen-
trifuged at 12,000 rpm for 10min at 4 °C. Protein concentration was
measured by a BCA protein assay kit (Solarbio Science & Technology
Co., Beijing, China). Protein samples at same amount (70 μg) were se-
parated on 10% SDS polyacrylamide gel. Proteins were transferred onto
polyvinylidene fluoride membranes (PVDF) (0.2 μM, EMD Millipore,
MA, USA), which were blocked in 5% nonfat dry milk in Tris-buffered
saline with 1% Tween 20 (TBS-T, Solarbio, Beijing, China) for 2 h.
Then, the PVDF membrane was incubated with the primary antibody
overnight at 4 °C. Then, it was incubated with horseradishperoxidase
conjugated secondary antibody for 1 h. After washing, protein bands
were visualized by enhanced chemiluminescence (ECL, Solarbio,
Beijing, China) and an imaging system (ProteinsiMple FluorcheM Q)
according to the manufacturer's instructions.

2.7. Statistical analysis

The experimental results were analyzed by SPSS 19.0 software. The
results are shown as means ± standard deviation (SD). P values less
than 0.05 were considered statistically significant.

3. Results

3.1. Identification of compound 1

Compound 1 was obtained as light yellow oil. The HRESI spectrum
displayed a quasi-molecular iron at m/z 483.1836 [M + Na]+ (calcd.
483.1837), consistent with the chemical formula C21H32O11, and its
infrared spectroscopy displayed absorptions due to hydroxyl groups at
3416 cm−1, carbonyl groups at 1725 and 1646 cm−1. Analysis of the
1H, 13C NMR and HSQC spectra (Table 1) revealed two methyl groups,
four methenes, twelve methines and three quaternary carbons. Further

analysis of the 13C NMR and HMBC spectra led to find a 3-methylcro-
tonyl residue atδC 166.4 (s), δC 116.2 (s), δC 161.0 (d), δC 27.6 (q), δC
20.6 (q) with δH 1.93 (d, J=1.1 Hz) and δH 2.17 (d, J=1.1 Hz), as
well as a β-D-glucopyanosyl moiety at δC 103.4 (d), δC 75.1 (d), δC 77.9
(d), δC 71.7 (d),δC 78.1 (d), δC 62.8 (t) with δH 4.28 (d, J=7.8 Hz, H-
1″). Thus, there remained ten carbons, including a hemiketal methine at
δH 5.90 (d, J=5.4 Hz, H-1) and δC 93.2 (d, C-1), a trisubstituted ole-
finic bond at δH 6.37 (s, H-3), δC 140.2 (d, C-3), and δC 116.4 (s, C-4),
two oxygenated methenes at δC 62.2 (t, C-10) and δC 69.8 (t, C-11), and
a oxymethine at δC 73.3 (C-7). Besides, extensive analysis of the COSY
spectrum enabled the coupling sequences of C (1)-C (9)-C (5)-C (6)-C
(7)-C (8)-C (10). These data clearly suggested 1 to be a valeriana-type
iridoid, namely, the dihydropenstemide (Boros and Stermitz, 1991;
Gering et al., 1986) The HMBC correlations from H-1 (δH 5.90) to C-1'
(δC 166.4), and the H-11 (δH 4.26, 4.08) to C-1'' (δC 103.4) suggested
that the 3-methylcrotonyl group should be placed at C-1, and the glu-
cose was located at C-11.

The stereo-configuration of 1 was acquired by the ROESY and CD
spectra, as well as the coupling constant. The ROESY correlations of H-1
with H-7 and H-8 suggested the α-orientation of H-7 and H-8. Similarly,
the relative configuration of H-5 was β-orientation deduced by the
correlations from H-9 to H-5 in the ROESY (Fig. 2). There is a good
agreement between compound 1 and patrinoside (2) in the ECD spectra
which indicate that the absolute configuration of 1 was the same as
patrinoside (Fig. 3), whose configuration was determined by X-Ray
crystallographic analysis (Taguchi, 2008), on account of the structural
similarity between 1 and patrinoside (2). In addition, the coupling
constant J1″, 2'' = 7.8 Hz suggested a β glycosidic linkage at C-11. Thus,
the structure of 1 was established as (1S,5S,7S,8S,9S)-1-O-(3-methyl-
crotonyl)-7,10-dihydroxy-11-β-D-glucose-5,6-dihydrovaltrate hydrin,
named as patrinoside A.

3.2. Effects of the extract from P. scabiosaefolia on glucose depletion in IR
adipocyte

The effects of the EtOAc extract and n-BuOH extract on insulin
sensitivity in 3T3-L1 adipocyte were assessed by cellular glucose uptake
analysis. Compared with the control vehicle group, the treatment group
significantly reduced the sugar uptake of adipocytes (P < 0.001),
confirming the successful establishment of the insulin resistance model.
The EtOAc extract and n-BuOH extract could significantly improve
glucose consumption in adipocytes with P < 0.01 and P < 0.001 at
the consebntration of 12.5 μM compared with the model group (Fig. 4).

3.3. Effects of compounds 1 and 2 on viability of 3T3-L1 cell

The MTT assay was used to evaluate the cytotoxicity of compounds
1 and 2 in 3T3-L1 adipocytes. Compounds 1 and 2 showed no sig-
nificant cytotoxicity at concentration at 100 μM (Fig. 5). Therefore, the
concentrations from 12.5 to 100 μM were used in the subsequent.

3.4. Effects of compounds 1 and 2 on glucose depletion in IR adipocyte

The effects of compounds 1 and 2 on insulin sensitivity in 3T3-L1

Fig. 2. Key 1H–1H COSY and 1H–13C HMBC correlations of compound 1.
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adipocyte were assessed by the cellular glucose uptake assay. Compared
with the control vehicle group, the Dexamethasone treatment group
significantly reduced the sugar uptake of adipocytes confirming the
successful establishment of the insulin resistance model (P < 0.001).

Compound 1 significantly improved glucose consumption in adipocytes
at concentrations of 25 and 50 μM respectively (P < 0.001) compared
with Dexamethasone treatment group. Low concentrations (e.g.,
12.5 μM) had no significant effects on sugar uptake. As compared to
compound 1, compound 2 lowered glucose at concentrations of 12.5,
25 and 50 μM more effectively (P < 0.001). The structures of com-
pounds 1 and 2 were different at C-1. One is a 3-methylcrotonyl residue
and the other one is an isovaleryl substituent, which may be responsible
for their activities. At concentrations of 50 and 25 μM, compounds 1
and 2 showed strong effects comparable with the positive control
(Vanadium) (Fig. 6).

3.5. Effects of compounds 1 and 2 on PI3K/Akt insulin signaling pathway
in 3T3-L1 adipocytes

In Fig. 7, compounds 1 and 2 (100, 50, and 25 μM) up-regulated the
expression of p-IRS-1, p-Akt, GLUT4 in IR 3T3-L1 adipocytes sig-
nificantly compared with the Dexamethasone treatment group. Com-
pounds 1 and 2 extremely up-regulated the expression of p-IRS-1, p-
Akt, and GLUT4 at concentrations of 50, and 25 μM respectively
(P < 0.001) compared with the positive control (Vanadium). More-
over, compounds 1 and 2 at 50 μM induced a higher expression of p-
Akt, GLUT4 compared with vanadium.

4. Discussion

P. scabiosaefolia, a folk medicine in China, is used widely as food for
relieving heat and toxic, swelling, apocenosis, promoting blood circu-
lation (Lu and Chen, 1986). In our previous studies, the n-BuOH extract
of P. scabiosaefolia significantly promoted the glucose transport at
12.5 μM in the insulin resistance adipocytes (Fig. 4). To explore its
active constituent, two compounds were isolated and identified from
the n-BuOH extract by varieties of chromatographic materials and ex-
tensive spectroscopic methods. Both compounds showed obviously ef-
fect to improve glucose consumption in adipocytes (Fig. 6). The new
compound 1 and known compound 2 all belong to iridoid glycosides,
possessing 7,10,11-trihydroxy-3-en iridoid with ten carbons skeleton
and a glucose at C-11. The difference between 1 and 2 is the substituent
group at C-1. The former is 3-methylcrotonyl group, and the latter is
isovaleryl substituent. It might be the main reason of different activities
for two compounds on the glucose depletion in IR adipocytes.

Diabetes is a metabolic and endocrine disease with many cardio-
vascular complications, becoming a global public health problem (Roy,
2012). Over 90% diabetic is Type 2 Diabetes Mellitus (T2DM), which is
characterized by insulin IR (Pang et al., 2004). A number of current

Fig. 3. ECD spectra of compounds 1 and 2 at the TDDFT/B3LYP/6-31G(d)
level.

Fig. 4. Effects of EtOAc extract and n-BuOH extract on glucose consumption in
IR adipocytes. After Dex treatment of adipocytes for 72 h, given different con-
centrations of EtOAc extract and n-BuOH extract for 48 h. Determination of
glucose levels in cell supernatants using a glucose assay kit. Data are presented
as means ± SD, n = 6. ***P < 0.001,**P < 0.01 versus control group,
###P < 0.001 versus model group.

Fig. 5. Effects of compounds 1 and 2 on the viability of 3T3-L1 adipocytes.
Measurement of cell viability using MTT after giving different concentrations of
compound 1 or 2 for 48 h. Data arepresented as means ± SD, n = 6.
**P < 0.01 versus control group.

Fig. 6. Effects of compounds 1 and 2 on glucose consumption in IR adipocytes.
Dex induced insulin resistance in 3T3-L1 adipocytes. Given different con-
centrations of compound 1 or 2 for 48 h. Determination of glucose levels in cell
supernatants using a glucose assay kit. Data are presented as means ± SD
(n = 6). ***P < 0.001 versus control group, #P < 0.05, ###P < 0.001
versusDextreatment group.
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studies have shown that IR is mainly caused by the abnormal insulin
signal transduction pathways. When insulin binds with its receptor,
there are two pathways involved in downstream signal transduction:
insulin receptor substrate 1-Rat sarcoma-mitogen activation protein
kinase (IRS-RaS-MAPK) and insulin receptor substrate 1-phosphatidy-
linositol-3 kinase-protein kinase B (IRS-1/PI3K/Akt). The former
mainly regulates cell growth and apoptosis while the latter mainly
participates in metabolic effects, such as glucose transport and utiliza-
tion, glycogen synthesis (Guo, 2014; Schinner et al., 2005). Therefore,
we detected the expression of proteins related PI3K/Akt signal
pathwayfor further mechanisms of improving IR. We found compound
1 up-regulated the expression of p-IRS-1, p-Akt, GLUT4 at concentra-
tion of 50 μM and compound 2 also had these effects at concentration of
25 μM (Fig. 7), which suggested that compounds 1 and 2 may work
through activating PI3K/Aktsignal pathway. In this pathway, insulin
binding in α and β subunits of the insulin receptor activates the tyrosine
residues IRS by phosphorylated (Woodruff, 2015). In turn, phos-
phorylated IRS binds to the p85 regulatory subunit of PI3K and acti-
vates its catalytic subunit p110. Activated PI3K phosphorylates serine-
threonine kinase (Akt), and activated Akt promotes the GLUT4 trans-
location from cytosolic to the membrane (Wu et al., 2016). As a result,
GLUT4 accelerates the uptake and utilization of glucose in cell (Chi
et al., 2014; Gallagher et al., 2012).

According to the literatures and the experimental results, we pos-
tulated that the mechanisms of compounds 1 and 2 maybe activate
PI3K/Akt signal pathway. The up-regulated expression of p-IRS-1 in-
dicated the activation of IRS, which is important for metabolism of
sugar and insulin. Then, phosphorylated IRS activates PI3K, which in
turn enhanced the expression of p-Akt agreeing with the experiment.
Akt is a downstream PI3K effector and a core protein in the PI3K
pathway (Garofalo, 2003). Activated Akt increases the quantity of
GLUT4, which was confirmed by the up-regulation of GLUT4. Then,
GLUT4 moves from the intracellular pool to the cell membrane, thereby
taking part in glucose transport. Thus, compounds 1 and 2 lower the
glucose content and improve IR. Therefore, compounds 1 and 2 play the
role of improving IR by activating PI3K/Aktsignal pathway.

5. Conclusion

Two compounds were isolated and identified from P. scabiosaefolia,
including the new described compound 1. Both compounds had sig-
nificant effect on improving insulin resistance. Their mechanisms of
improving insulin resistance may be exerted via activation PI3K/Akt
signaling pathway as indicated by higher expression levels of p-IRS, p-
Akt, and GLUT4.
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