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Abstract

Although it would be ideal if insulin resistance due to a persistent hyperglycemic state could be prevented by consuming
particular foods, to the best of our knowledge, no foods with such effects have as yet been reported. Connarus ruber (CR)
extract, previously indicated to be effective against diabetes, was investigated in this study to ascertain whether it can inhibit
the induction of insulin resistance in human hepatoma-derived HepG2 cells. Insulin resistance can be induced in cells by
cultivating under hyperglycemic conditions. HepG2 cells were cultured for 24 and 48 h with 1.25 pg/mL of CR extract and its
components, rapanone and embelin, at 1.25 and 5 pg/mL, followed by the induction of insulin resistance by hyperglycemic
conditions. The results revealed a decrease over time in the glucose concentration of HepG2 cells, indicating that insulin
resistance was inhibited in these cells. However, when HepG2 cells, already insulin resistant owing to previous exposure to
hyperglycemic conditions, were cultured for 24 and 48 h with CR extract containing rapanone and embelin at <10 pg/mL, the
glucose concentration increased over time, indicating that insulin resistance was not affected under these conditions. The
results suggest that insulin resistance is inhibited only when CR extract exposure occurs before exposure to hyperglycemia
conditions and CR cannot induce recovery from insulin resistance. Thus, this study indicates that CR extract, with rapanone
and embelin as active ingredients, could be used as a functional food to reduce the risk of developing type 2 diabetes mellitus
as a result of chronic hyperglycemia.
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Abbreviation: CR: Connarus ruber. can result in cellular insulin resistance, leading to type 2
diabetes (T2DM), which is a chronic metabolic disease that is

Introduction predicted to affect more than 366 million people worldwide

by 2025 [2], with the associated medical costs expected to

Diabetes, which is characterized by chronic become a considerable problem. Currently, T2DM is mainly
hyperglycemia, is known to be caused by impaired insulin treated using medicines that can improve insulin resistance,
secretion and insulin resistance [1]. Sustained hyperglycemia promote insulin secretion, and regulate sugar absorption
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and excretion, with the treatment selected according to the
condition, exercise, and lifestyle of the patient. However, the
existing treatments are often associated with side effects;
hence, there is an increased interest in the use of natural
products rather than pharmaceuticals. To date, researchers
have reported various natural products derived from
medicinal plants, particularly triterpenes, flavonoids, and
polyphenols, that exhibit hypoglycemic effects [3]. Thus,
the discovery of foods that could prevent insulin resistance
resulting from sustained hyperglycemic conditions is of
considerable interest.

Connarus ruber (CR), a member of the Quercus family,
grows near Manaus in the middle of the Amazon. Its bark
extract, taken as herbal tea, has not only demonstrated
effectiveness against diabetes [4,5], but has also been
clinically reported to lower the DNA damage level in the white
blood cells of smokers [6]. Additionally, our previous study
indicated that CR extract can inhibit the induction of insulin
resistance [7]. The active substances in CR extract mainly
comprise quinones (1.45 %), of which rapanone accounts
for 34.8 % and embelin 36.6 %. Rapanone, with various
antioxidant [8], radical scavenging [8], and melanoma cell
proliferation inhibition functions [9], is cytotoxic to human
cancer cells [10]. This study investigates the inhibitory
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effects of both rapanone and embelin on insulin resistance.

Material and Methods

Sample Preparation

CR cortex (240 g) was placed in 18 L of distilled water
and incubated at 97 + 2°C for 15 min. CR extract (91 g) was
obtained from the cortex through filtration and evaporation
with a rotary evaporator.

A precipitate was obtained by extracting 50 g of
Connarus cortex with MeOH (3 x 1.0 L) over 3 d before
evaporating until dry under a vacuum. The precipitate was
dissolved in EtOAc (600 mL) and extracted with H,O (3 x
300 mL). The organic layer was evaporated until dry under a
vacuum, and the residue dissolved in MeOH-H,0 (1:9) (500
mL) before washing in n -Hexane (300 mL). Of the 725.5 mg
precipitate obtained, 180 mg was filtrated and subjected to
chromatography on an ODS packed silica gel column before
elution with 0.1 % H,PO, aq.-CH,CN (1:9) [11] to obtain
62.6 mg of rapanone (2,5-dihydroxy-3-tridecylcyclohexa-
2,5-diene-1,4-dione) (Figure 1a) and 65.2 mg of embelin
(2,5-dihydroxy-3-undecylcyclohexa-2,5-diene-1,4-dione)
(Figure 1b).
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Figure 1: Structure of Compounds Isolated from CR Extract.

(b) Embeline

Cell Line

Human hepatoma HepG2 cells, obtained from the JCRB
cell bank (Osaka, Japan) were, maintained in Dulbecco’s
modified Eagle’s medium (DMEM: Nissui Pharmaceutical
Co., Ltd.) with 10% fetal bovine serum (FBS: COSMO BIO
Co., Ltd.) in 200 pg/mL streptomycin at 37 °C in a 5 % CO,
atmosphere. The cells were maintained in a logarithmic
growth medium for use.
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Insulin Resistance Test

HepG2 cellswere seeded in 6 cm dishes ata concentration
of 2 x 10° cells/mL in 5 mL of medium. Insulin resistance
in HepG2 cells was induced as described by Najima et al.
and Mohamadpour, et al. [12]. As depicted in Figure 2,
cells were cultured for 48 h in FBS-free Ham’s F12 medium
(Nissui Pharmaceutical Co. Ltd.), then glucose (30 mM)
and insulin (1 pM) were added and cells were cultivated in
serum-free conditions for 24 and 30h, respectively. Glucose
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concentrations were measured at 0, 24, and 48 h after insulin Results and Discussion

administration using the Glucose Assay Kit-WST (DOJINDO

LAB., Japan). Cell death was not observed at CR extract concentrations
below 10 pg /mL (data not shown). As demonstrated in

p Figure 3a, the glucose concentration decreased in a time-

dependent manner when HepG2 cells were exposed to CR
extract for 24 h, followed by cultivation under hyperglycemic
conditions for 24 h (Figure 2a). This indicated that exposure
to CR extract inhibits the induction of insulin resistance.

However, as seen in Figure 3b, these changes were not
observed when insulin resistance was induced before culture
in CR extract (Figure 2b). Increased glucose concentrations
in the medium resulted in insulin resistance because the
intracellular glucose consumption was suppressed in the
presence of insulin [13]. The glucose concentration was
also observed to decrease over time when HepG2 cells were
exposed to rapanone and embelin followed by cultivation
under hyperglycemic conditions, as seen in Figures 4a & 4b,
indicating that rapanone and embelin play important roles
in inhibiting insulin resistance caused by hyperglycemic
y, conditions. Rapanone did not show any cytotoxic effects at
5 pg/mL or less (cell viability was 80 % or more). Therefore,
the possibility is excluded that decreased cell numbers due
to dying cells lead to the decrease glucose in such during
the 48 h treatment period for rapanone at shown dose
range. Nakajima et al. reported that insulin resistance is
induced when HepG2 cells reach a hyperglycemic state [13].
We previously reported that CR extract does not lead to
glucose uptake by HepG2 cells in this state, even if insulin is
administered [7].

Figure 2: Schedule for Insulin Resistance Testing under
Hyperglycemic Conditions.

The CR extract concentration was determined via a
cytotoxicity test, for which 100 uL of HepG2 cells were
seeded in a 96-well microplate at a concentration of 5 x
103 cells/mL, and cell viability was measured at 4, 24, and
48 h after exposure to the CR extract using a Cell Counting
Kit-8 (DOJINDO LAB,, Japan). Insulin resistance tests were
performed when the cell viability was 80 % or higher.
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Figure 3a: Effect of CR Exposure before the Induction of Insulin Resistance on Glucose Concentration in Insulin Resistant
HepG2 Exposed to CR Extract at 0 and 1.25 pg/mL, the Pearson Correlation Coefficients between Culture Period and Glucose
Concentration were 0.9102 and 0.9152, Respectively. Reproducibility was Confirmed in three Repeated Experiments.

Figure 3b: Effect of CR Exposure after the Induction of Insulin Resistance on Glucose Concentration in HepG2 Cells Exposed
to CR Extract 1.25 pg/mL followed by the Induction of Insulin Resistance, the Pearson Correlation Coefficient between Culture
Period and Glucose Concentration was -0.7559. Reproducibility was Confirmed in three Repeated Experiments.
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Repeated Experiments.

Figure 4: Effect of Rapanone (a) and Embelin (b) Exposure before the Induction of Insulin Resistance on Glucose Concentration.
Induction of Insulin Resistance after 24 h of Exposure to Rapanone or Embelin. Reproducibility was Confirmed in three

(a) In HepG2 cells exposed to rapanone at 0.7, 1.5, and 3 ug/mL followed by the induction of insulin resistance, the Pearson
correlation coefficients between culture period and glucose concentration were -0.5732,-0.6097, and -0.5295, respectively.
(b) In HepG2 cells exposed to embelin at 0.7, 1.5, and 3 pg/mL followed by the induction of insulin resistance, the Pearson
correlation coefficients between culture period and glucose concentration were -0.5407,-0.6019, and -0.5713, respectively.

This study revealed that both rapanone and embelin
can suppress insulin resistance. Although embelin has two
fewer carbons than rapanone, no difference was observed in
the magnitude of the inhibitory effect, suggesting that both
benzoquinones inhibit insulin resistance. However, further
studies are required to elucidate the mechanisms by which
these quinones inhibit insulin resistance. The results suggest
that CR extract, with rapanone as its active ingredient, could
be used as a functional food to reduce the risk of developing
T2DM from chronic hyperglycemia. The purification of the
functional ingredient of CR extract required for further
studies.

Previous studies have indicated that the glucose
transporters GLUT4 and GLUT2 are expressed in adipocytes
and hepatocytes, respectively [14]. GLUT4 transfers glucose
into cells, whereas GLUT2 transports glucose both inside
and outside the cell depending on the intracellular glucose
concentration. When insulin binds to its receptors, the
intracellular glucose concentration decreases as glucose
is consumed, and glucose is transported passively into the
cell. Therefore, we assumed that the glucose concentration
in the medium would decrease as cells took up the glucose.
Nonetheless, exposure to high glucose concentrations (15-
33 mM) leads to phosphorylation of the serine residues in
insulin receptor 1, reducing the electrophoretic mobility of
insulin at the receptor and suppressing the signal [12]. When
the insulin signal originating from GLUT2 is suppressed
in the HepG2 cells, intracellular glucose consumption is
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no longer promoted, even in the presence of insulin [13],
resulting in an increase in the glucose concentration in the
medium. Moreover, insulin resistance was inhibited only
when exposure to the CR extract was initiated before the
onset of hyperglycemia. These results suggest that CR can
affect the induction of insulin resistance but cannot initiate
recovery from insulin resistance.
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