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Introduction

Insulin resistance

is a

Abstract

BACKGROUND: Defects in post-receptor insulin signalling are the major cause of insulin resistance in type 2
diabetes mellitus (T2DM).

AIM: This study aimed to investigate the correlations between insulin receptor substrate (IRS)-1 with
phosphoinositide 3-kinase (PI3K) and p38 mitogen-activated protein kinase (MAPK) levels after puguntano
(Curanga fel-terrae [Merr.]) leaf extract treatment in a rat model of T2DM.

METHODS: A combination of high-fat diet-feeding (HFD) and multiple low dose intraperitoneal injections of
streptozotocin was used to induced T2DM in 48 Wistar rats, which were then randomly divided into control and
treatment groups (n = 24 per group). Puguntano leaf extract was administered to the treatment group once daily
(200 mg/kg.bw) for 10 days. IRS-1, PI3K and p38 MAPK levels were measured in skeletal muscle using sandwich
ELISAs in control group after becoming T2DM and in the treatment group after 10 days of puguntano treatment.
Data were analysed using the Wilcoxon test and Spearman’s correlation.

RESULTS: IRS-1, PI3K and p38 MAPK levels were significantly higher in the treatment group than in the control
group. There were also significant positive correlations between IRS-1 with PI3K and p38 MAPK levels (r = 0.375,
p =0.035; r = 0.552, p = 0.003; respectively) after the treatment.

CONCLUSION: This study demonstrated significant positive correlations between IRS-1 with PI3K and p38
MAPK levels after puguntano leaf extract treatment of T2DM rats.

transduction pathways that are activated following
binding to insulin receptors on the plasma membrane
[2], [3]. The insulin receptor consists of two
extracellular a subunits and two B subunits that
possess tyrosine kinase activity, which is activated

fundamental

pathophysiologic defect in type 2 diabetes (T2DM),
and this leads to reductions in glucose uptake and
utilisation in skeletal muscle, the tissue that is
responsible for the majority of the postprandial
glucose disposal [1]. Defects in insulin signal
transduction are generally regarded as the underlying
cause of this insulin resistance [2].

Insulin exerts its intracellular effects via signal

upon insulin binding. Post-receptor signalling involves
the phosphorylation of insulin receptor substrate
(IRS)-1 and IRS-2, and of the B subunit itself
(autophosphorylation) by the receptor tyrosine kinase
[4]. Phosphorylation of IRS-1 leads to the activation of
the phosphoinositide 3-kinase (PI13K)/protein kinase B
(Akt) and/or the Ras/Raf/mitogen-activated protein
kinase (MAPK) signalling pathway. The PI3K/Akt
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signalling pathway is the primary pathway stimulating
glucose uptake, which occurs via glucose transporter-
4 (GLUT-4) [1], [2], [3]. Activation of Akt initiates the
translocation of GLUT-4 from its intracellular storage
site to the plasma membrane, where it acts as a
facilitative glucose transporter [5].

Multiple post-receptor intracellular defects
have been identified in insulin-resistant skeletal
muscle, including in the IRS/PI3K pathway, which
therefore represents a promising therapeutic target for
T2DM [6], [7]. Some data also show that p38 MAPK is
necessary for insulin-stimulated glucose uptake
through GLUT-4, but the role of p38 MAPK in the
regulation of glucose transport in skeletal muscle is
controversial [8]. However, another previous report
has suggested that therapeutic targeting of p38 MAPK
activity remain potential approaches for the treatment
of T2DM [9].

The currently available therapeutic options for
T2DM have some limitations, and many natural
products and herbal medicines have been
recommended for the treatment of this disease [10].
Puguntano (Curanga fel-terrae [Merr.]) The leaf has
long been used as traditional medicine by the
inhabitants of Tiga Lingga Village, Dairi, North
Sumatera Province of Indonesia, for the treatment of
diabetes [11]. Its secondary metabolites are thought to
mediate its beneficial effects because tannins
increase muscle glucose uptake by enhancing PI3K,
activating p38 MAPK, and increasing GLUT-4
translocation [12]; flavonoids increase GLUT-4
translocation by activating the PI3K/Akt pathways [13];
triterpenoids increase the activation of IRS-1 [14]; and
saponins increase GLUT-4 expression via the
PI3K/Akt pathway [15]. A previous study has shown
that puguntano improves glucose metabolism and
ameliorates insulin resistance, alongside an increase
in expression of adiponectin receptor (AdiporR) in
diabetic rats [16]. Furthermore, another previous study
has demonstrated that quercetin which contains a
flavonoid compound, activates both the PI3K/Akt and
MAPK pathways in skeletal muscle [17].

This study aimed to determine the
correlations between insulin receptor substrate (IRS)-
1 with phosphoinositide 3-kinase (PI3K) and p38
mitogen-activated protein kinase (MAPK) levels after
puguntano (Curanga fel-terrae [Merr.]) leaf extract
treatment in a rat model of T2DM.

Material and Methods

Forty-eight specific-pathogen-free 8-week-old
male Wistar rats weighing 180-200 g were used in the
present study. The rats were housed under a natural
light cycle at 22-25°C. Diabetes was induced by
feeding a high-fat diet (HFD) for 5 weeks, followed by

two intraperitoneal injections of streptozotocin (30
mg/kg; Sigma-Aldrich, Munich, Germany). After this,
fasting plasma glucose was measured in blood
obtained from a lateral tail vein using a glucometer,
and rats with a fasting plasma glucose (FPG) of 200
md/dL were deemed to have diabetes [18]. The study
was approved by the Ethics Committee of Universitas
Sumatera Utara, Medan, Indonesia (Reference
42/TGL/KPEK FK USU-RSUP HAM/2018).

After verifying the presence of diabetes in the
rats, they were randomly divided into a control group
and a treatment group (n = 24 per group), which was
treated with 200 mg/kg/day ethanolic extract of
puguntano leaves using an orogastric cannula for 10
days. Control rats were sacrificed on the day their
diabetes was confirmed, while the puguntano-treated
rats were sacrificed after 10 days treatment period
was complete.

After anaesthesia with ketamine, the rats
were decapitated, and blood was obtained from the
left ventricle for the measurement of FPG by
spectrophotometry and fasting insulin using a
sandwich ELISA. Gastrocnemius muscles were
dissected for the subsequent measurement of IRS-1,
PI3K, and p38 MAPK levels. Insulin resistance was
assessed using the homeostasis model assessment—
insulin resistance (HOMA-IR) equation, which is
calculated using fasting insulin and glucose
concentrations [19]. The study was conducted in the
Molecular Genetics Laboratory, Medical Faculty of
Universitas Padjajaran. The ethanolic extract of
puguntano leaves was obtained by maceration
methods in the Department of Biological Pharmacy,
Faculty of Pharmacy, Universitas Sumatera Utara,
Medan, Indonesia [20].

Skeletal muscle samples were homogenized
in ice-cold homogenization buffer (100 mM Tris, pH
7.4; 150 mM NaCl; 1 mM EGTA; 1 mM EDTA; 1%
Triton  X-100; 0.5%  Sodium  deoxycholate)
supplemented with phosphatase and protease
inhibitor cocktails, and 1 mM polymethyl sulfonyl
fluoride, immediately before use. The homogenates
were then frozen at -80°C and subsequently used to
determine IRS-1, PI3K, and p38 MAPK levels using
kits supplied by Qayeebio (China).

Statistical Analysis

Statistical analysis was performed using
SPSS 22.0 software. All data are expressed as the
mean + standard deviation, and the Wilcoxon test was
used to compare the groups. The relationships
between IRS-1 with PI3K and p38 MAPK levels were
analysed using Spearman’s correlation. P < 0.05 was
considered to indicate a statistically significant
difference.
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Results

Body weight and FPG levels in the treatment
group was significantly lower than in the control group
as shown in Table 1.

Table 1: Body weight and FPG levels in the control and
treatment groups

Groups
Control (n = 24)

Variable Treatment (n = 24) p

Body weight (g) 386 + 20 245+ 35 0.001
FPG (mg/dl) 355 + 105 136 + 33 0.001

Data are expressed as mean + standard deviation. FPG: fasting plasma glucose. Wilcoxon
test. P < 0.05 is statistically significant.

IRS-1, PI3K and p38 MAPK levels were
significantly higher in the treatment group than in the
control group as shown in Table 2.

Table 2: IRS-1, PI3K and p38 MAPK levels in control and
treatment groups

Groups
Control (n = 24)

Variable Treatment (n = 24) p

IRS-1 (ng/mL)
PI3 Kinase (ng/mL)
p38 MAPK (ng/mL)

0.28£0.11
14.22 +2.03
20.81 +3.02

0.52+0.21 0.001
18.23 £5.20
23.70+4.04

0.0015
0.0025

Data are expressed as mean + standard deviation; IRS-1: insulin receptor substrate-1;
PI3K: phosphoinositide 3-kinase; p38 MAPK: p38 mitogen-activated protein kinase;
Wilcoxon test; P < 0.05 is statistically significant.

There was a significant positive correlation
between IRS-1 with PI3SK and p38 MAPK levels in
skeletal muscle of rats after treatment with puguntano
leaf extract as shown in Table 3.

Table 3. Correlations between IRS-1 with PI3K and p38 MAPK
levels in skeletal muscle after treatment with puguntano leaf
extract

Variable r P

PI3 Kinase (ng/mL) 0.375 0.035
p38 MAPK (ng/mL) 0.552 0.003

Data were analysed using Spearman’s correlation; PI3K: phosphoinositide 3-kinase; p38
MAPK: p38 mitogen-activated protein kinase; P < 0.05 is statistically significant.

Discussion

The incidence of T2DM is increasing
worldwide, with more rapid increases occurring in
developing countries. Therefore, it is of great
importance to study the pathogenesis of T2DM and
search for effective and economical treatments [2].
Skeletal muscle is a key site of peripheral insulin
resistance in T2DM [6], [21], and this tissue, therefore,
represents an important target for potential anti-
diabetic substances [22].

This present study has demonstrated
significantly lower body weight and FPG levels in the
skeletal muscle of T2DM rats that were administered
with puguntano leaf extract. These findings are
consistent with lower levels of obesity and
hyperglycemia and with the results of a previous study

demonstrating that treatment with puguntano extract
tends to reduce body weight and significantly reduces
FPG in patients with newly diagnosed T2DM [23].

Two signal transduction pathways mediate
insulin-stimulated glucose transport in skeletal
muscle. The binding of insulin to its receptor causes
tyrosine phosphorylation of IRS-1 and IRS-2 [22], [24],
which activates the PI3K/Akt signaling pathway that
include IRS, PI3K, Akt, AS160 and GLUT-4, and
MAPK signaling pathway which is necessary for
insulin-stimulated glucose uptake through GLUT-4 [8],
[22].

In this study, we have shown significantly
higher IRS-1, PI3K and p38 MAPK levels in
puguntano extract-treated rats than in controls, which
may have been caused by one or more secondary
metabolites of the tannins, flavonoids, triterpenoids,
and saponins that are present in the leaf extract. This
finding was consistent with those of some previous
studies that evaluated the efficacy of another similar
plant products in muscle or muscle cell lines.
Rajendran et al. demonstrated that quercetin, which
contains a flavonoid compound, increases IRS-1, IRS-
2, PI3K, Akt, p38 MAPK, adenosine monophosphate-
activated protein kinase (AMPK) and GLUT-4
expression in L6 myotubes [17]. The administration of
a mulberry (Folium Mori) leaf extract containing
flavonoids and polyphenols to T2DM rats caused
significant increases in IRS-1, PI3K p85a and GLUT-4
expression through activation of the IRS-1/PI3K
signalling pathway in skeletal muscles [25].
Furthermore, administration of Momordica charantia
extract, which contains ftriterpenoids, increased
glucose uptake in C2C12 myotubes by increasing the
activation of IRS-1 and downstream signaling
pathways, resulting in GLUT-4 translocation [14].
Previous research has also shown that a
ginsenosides extract from Panax ginseng, containing
a triterpenoid saponin compound, increases the
expression of the insulin receptor, IRS-1, PI3Kp85,
phosphorylated Akt and GLUT-4 in the skeletal
muscle of diabetic rats [26]. Cinnamon (Cinnamomum
cassia) extract, which contains tannins, also caused
increases in IRS-1, PKB, PI3K and protein kinase C
(PKC) gene expression in the skeletal muscle of
diabetic Wistar rats [27]. Finally, a study of the effects
of guava (Folium Psidii Guajavae Psidiumguajava L.)
leaf extract in diabetic rats demonstated increases in
expression of IRS-1, Akt, and PI3K p85, which was
suggested to be mediated through the tannins,
flavonoids, pentacyclic triterpenoids, and/or other
chemical compounds it contains [6]. Together, these
findings demonstrate that secondary metabolites in a
variety of plant extracts can influence the expression
of key insulin signaling intermediates, potentially
ameliorating defects in insulin sensitivity, and increase
glucose uptake into skeletal muscle cells.

The potential role of p38 MAPK in the
regulation of glucose transport in skeletal muscle has
been controversial, even though a previous study has
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shown that p38a and p38p3 MAPK activity is required
for insulin-stimulated glucose uptake [8]. Jiang et al.
demonstrated that inhibition of p38a and p383 MAPK
reduces insulin-stimulated glucose uptake in L6
myotubes, but GLUT-4 translocation is not affected,
leading them to hypothesise that a p38 MAPK-
dependent signalling pathway may regulate GLUT-4
activation [26]. Consistent with this finding, other
studies showed that inhibitors of p38a and p38p
MAPK do not affect GLUT-4 translocation, suggesting
that p38 MAPK may increase the intrinsic activity of
GLUT-4 in response to insulin stimulation [28,29].
Also, a study by Lawan et al. demonstrated that
inhibition of p38 MAPK/c-jun n-terminal kinase (JNK)
module signalling in skeletal muscle promotes insulin
resistance and metabolic dysfunction [30].

The present study is the first to demonstrate
that after puguntano leaf extract treatment there are
significant positive correlations between IRS-1 with
PI3K and p38 MAPK levels in the skeletal muscle of
T2DM rats. We have shown that puguntano leaf
extract increases the muscle expression of PI3K/Akt
and MAPK pathway intermediates and ameliorates
hyperglycemia. These effects of puguntano are similar
to those reported by Rajendran et al., who
demonstrated that the effect of quercetin is not
predominantly through the PI3K signalling pathway,
but instead through AMPK and its downstream target
p38 MAPK in L6 myotubes.

This was the first study to show an
antidiabetic effect of quercetin mediated through
activation of multiple therapeutic targets for T2DM (in
both the PI3K/Akt and MAPK pathways) and
manifesting in an increase in glucose uptake,
achieved through greater GLUT-4 expression and
translocation [17].

In  conclusion, puguntano leaf extract
treatment caused an increase in the expression of
several post-receptor insulin signalling intermediates
in the skeletal muscle of T2DM rats, and there was a
significant positive correlation between IRS-1 with
PI3K and p38 MAPK levels. These changes are likely
to be accompanied by an amelioration of insulin
resistance in this tissue, but further studies are
required to fully elucidate the molecular mechanisms
associated with the anti-diabetic effects of puguntano
leaf extract.
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