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Effects of Oil Palm (Elais guineensis) Fruit
Extracts on Glucose Uptake Activity of Muscle,
Adipose and Liver Cells

S. FAEZ", H. MUHAJIR’, . AMIN’ AND A. ZAINAH*

The effect of oil palm (Elaeis guineensis) fruit aqueous extract (OPF) on glucose uptake activity of
three different cell lines was investigated. The cell lines were incubated with different concentrations
of OPF to evaluate the stimulatory effect of OPF towards glucose uptake activity of L6 myotubes,
3T3F442A adipocytes and Chang liver cell line. The glucose uptake activities of all tested cells
were enhanced in the presence of OPF extract (basal condition). Nevertheless in combination of
OPF extract and 100 nM insulin, the glucose uptake activity was only significantly enhanced in L6
myotubes and 3T3F442A adipocytes cell lines. The extracts enhanced the glucose uptake into cells
through either insulin-mimetic or insulin-sensitizing property or combination of these two properties.
It can be suggested that the OPF extract exerts its antihyperglycemic action partly by mediated
glucose uptake into the glucose-responsive disposal cells, muscle, adipose and liver.

Hyperglycaemia in diabetic patients is reduced
in a number of ways. One known mechanism
to reduce hyperglycaemia is by glucose uptake
into peripheral cells (muscle, adipocytes
and liver) (Patel & Mishra 2008). Glucose is
taken into the cells through glucose transpoter
(GLUTYS). In the liver glucose, it is taken up
through GLUT2 while GLUT4 play its role to
take up glucose in adipocyte and muscle cells
(Troy & Glenn 2009). Insulin sensitizers like
thiazolidinediones and metformin have been
reported to improve insulin-mediated glucose
uptake into peripheral cells (Zangeneh et al.
2003). They are oral antidiabetic drugs that
usually prescribed to diabetic patients. However
the drugs exert some adverse effect where those
drugs were reported to cause gastrointestinal
problems, peripheral edema and can cause

weight gain (Arner 2003; Zangeneh et al.
2003). Thus these limitations have fuelled the
search for alternative therapeutic agents for the
treatment of diabetes mellitus.

Several plants have been identified to
improve glucose uptake into peripheral cells.
The antihyperglycemic properties of plants were
reported to be associated with the polyphenolic
and flavonoid content which can be found
in various plants. Plants like Amomi semen
(Kang & Kim 2004) and Cortex Phellodendri
(Ko et al. 2005) have been reported to enhance
insulin-mediated glucose uptake activity into
adipocytes cells. On the other hand Pterocarpus
marsupium had been reported to enhance
glucose uptake into L6 myotubes (Anandharajan
et al. 2006). Those plants are believed to
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enhance glucose uptake into peripheral cells
through either mimicking or sensitizing insulin
action (Jung et al. 2007). Plants with high
phenolic antioxidant compounds exert high
potential as supplements for improving blood
glucose control and preventing long-term
complications among diabetics (Gallegher
et al. 2003).

The oil palm fruit is planted abundantly
throughout Malaysia. The fruit has been
extensively researched for its health and
nutritional properties, including antioxidant
activities, cholesterol lowering, anticancer
effects and protection against cardiovascular
diseases (Sundram et al. 2003). The fruits are
also reported to contain a significant degree of
antioxidant polyphenolic compounds (Sundram
et al. 2003; Neo et al. 2010). Nevertheless
the antidiabetic effects of oil palm fruits on
stimulating glucose uptake activity are yet
to be known. Therefore in the present study
the ability of oil palm fruit extracts (OPF)
to stimulate glucose uptake into peripheral
(muscle, adipose and liver) cells were evaluated.
The L6 myotubes, 3T3F442A adipocytes and
Chang liver cell line was used as the model of
the system.

MATERIALS AND METHODS

Sampling and Sample Preparation

The oil palm fruit, E. guineensis, was collected
from the Universiti Putra Malaysia Agriculture
Park. Ripe oil palm fruits were harvested from
trees and used as the fresh sample. The fresh
oil palm fruits were scraped into thin flakes
and dried in oven overnight at 40°C. The dried
fruits then were ground into small particles
and the oil was removed with hexane (Merck,
Germany) by using the Soxhlet method (45°C,
8 h). Following removal of oil, the OPF was
extracted according to the method described
by Wang and Halliwell (2001). Briefly 1g of
dried de-oiled oil palm mesocarp was mixed
with 40 ml of 60% aqueous ethanol (Merck,
Germany). Subsequently, 5 ml of 6 M HCI
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(Merck, Germany) was added into the mixture
prior to reflux. After refluxing for 2 h, the
extract was cooled, filtered, and standardized to
50 ml with 60% ethanol. Then the solvent was
removed using a rotary evaporator. Finally the
OPF was preserved by freeze drying.

Cell Line Maintenance

In the evaluation of glucose uptake activity,
three cell lines were used (L6 myotubes,
3T3F442A adipocytes and Chang liver cells)
as the model of the glucose uptake system.
L6 myotubes and 3T3F442A adipocytes were
maintained in Dulbecco’s Modified Eagle
Medium (DMEM) while Chang liver cells were
maintained in medium Roswell Park Memorial
Institute (RPMI). The complete culture medium
was done by addition of 10% (v/v) fetal bovine
serum (FBS) and 1% (v/v) antibiotic solution.
The cell lines were incubated and humidified
with 5% CO, at 37°C condition. Following
sub-confluences (70%—80%) cultures were
split using 0.25% Trypsin to 1:3. After that
the cells were centrifuged for 5 min at 10
000 r.p.m. and the pellets were suspended
again into culture medium until reaching
confluency. The L6 myoblasts were induced
to differentiate into myotubes by reducing the
FBS in the complete culture medium from
10% to 2% (Ziyou et al. 2009). The cells were
maintained with this medium for 4—6 days
post-confluence. Along the period the cells were
observed and the extent of differentiation was
established by observing multinucleation of
cells. The 3T3F442A fibroblast-like cells were
spontaneously differentiated into adipocytes
upon reaching confluency. The presence of
viscous media in each well confirmed the
extent of differentiation as free fatty acids
were produced by the cells and secreted into
the media.

Evaluation of Glucose Uptake Activity of
OPF Extract

The cells were seeded into 12-well plate at the
concentration of 2 x 103 cells per well. The cells



S. Faez et al.: Effects of Oil Palm (Elais guineensis) Fruit Extracts on Glucose Uptake Activity

then were left overnight to allow attachment.
After the cells were attached on the following
day, they were washed with serum-free medium
thrice. Then the cells were incubated with
the same medium for two hours. After the
starvation period, the cells were then washed
with Kreb’s-Ringer bicarbonate buffer (KRB)
thrice. Then the cells were pre-incubated for 30
min with various concentration of OPF extract.
Metformin and rosiglitazone maleate were used
as positive control. After 30 min of incubation,
500 pl of 2-deoxy-[*H]-glucose 1 uCi/ml
diluted 0.1 mM glucose was added to each well
except the blanks to initiate the glucose uptake
reaction. The reaction was allowed to occur for
60 min. Subsequently the cells were washed
trice with ice-cold KRB buffer. Then 0.1%
sodium dodecyl sulphate dissolved in 0.1M
phosphate buffer pH 7.4 was added to solubilize
the cells. Then the mixture of each well was
transferred into the scintillated cocktail and 15
ml of scintillated cocktail, Ultima Gold™ was
added. Finally the radioactivities incorporated
into the L6 myotubes which indicated the
glucose uptake activity were measured using
Liquid Scintillation Counter (Hewlett Packard,
USA).

Statistical Analysis

Data were expressed as mean =+ standard
deviation. One-way ANOVA (GraphPad Prism
5) were used for analysis and groups were
considered significantly different at the 5%
significance level (p<0.05). Dunnet post-hoc
test was done if a significant value was obtained
for ANOVA.

RESULTS AND DISCUSSIONS

Cell lines are homogenous culture of cells.
Due to their homogeneity, the cell lines
become the best choice to study the effects
of an agent on insulin activity compared to
isolated cells or tissues which are mixed in
nature. Furthermore, cell lines are more stable
and have longer lifespan compared to the
isolated cells (Parthasarathy ez al. 2009). In
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the present study, three cell lines were used
to study the effects of OPF extract on glucose
uptake activity. The cell lines used include L6
myotubes, 3T3F442A adipocytes and Chang
liver cells. A previous report has found that L6
myotube was the best-characterized cellular
model of skeletal muscle to study the glucose
uptake activity by GLUT4 translocation (Patel
& Mishra 2008). The 3T3F442A adipocyte on
the other hand has been widely used to study
the effects of an insulinotropic agent on glucose
uptake activity into adipocytes (Sakurai et al.,
2004). Meanwhile the Chang liver cell is one
of the models used widely to study the glucose
transports in the liver besides HepG2 and H4IIE
(Rengarajan ef al. 2007). All models of cell
lines used in this study showed the ability to
enhance glucose uptake activity when treated
with OPF extract at particular concentrations
(Figures 1-3). This observation indicated that
there was a possibility that the antidiabetic
compounds were present in the OPF extract. The
compounds might have the potential to regulate
hyperglycaemia through the enhancement
of glucose disposal into muscle, adipose
and liver cells. However purification of the
compounds was not conducted in the present
study. Therefore further experimentations
are needed to be carried out to evaluate the
exact compounds which may be responsible to
regulate the mechanism by which this disposal
is mediated.

Plant extracts may potentiate the glucose
uptake into cells through insulin-mimetic or
insulin sensitizing properties. These properties
of plants were reported to be associated with
the flavonoids content which can be found
in various plants. For example, a flavonoids
found in grapefruit namely naringenin, has
been shown to increase basal glucose uptake in
L6 myotubes which is comparable to 100 nM
insulin (Zygmunt et al. 2010). On the other
hand, the grape seed contains procyanidins
which is reported to have insulin-mimetic effect
during stimulating glucose uptake into 3T3L1
adipocytes cells (Pinent ez al. 2004). Glucose is
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taken into the cells through glucose transpoter
(GLUTS). In the liver glucose it is taken up
through GLUT2 while GLUT4 plays its role to
take up glucose in adipocyte and muscle cells
(Troy & Glenn 2009). The GLUTH4 is located
inside the cells and its translocation to cell
membrane to facilitate glucose transport into the
cells are sensitize with the presence of insulin. In
contrast GLUT?2 is located in the cell membrane
and facilitate glucose transport into cells
without the need of insulin. GLUT2 can sensor
the presence of glucose independently since
they have high capacity and low affinity (high
K, value, 15 mM—20 mM) for glucose. The high
K., value allows for glucose sensing where the
rate of glucose uptake is proportional to blood
glucose level (Li et al. 2007). Nevertheless
according to the previous report the presence
of insulin can also enhance the glucose uptake
activity in Chang liver cells (Satake et al. 2002).
Our present data are in accordance with the
previous reports where insulin 100 nM alone
significantly enhanced glucose uptake activity
in all types of cells evaluated (Figures 1-3).
The same concentration of insulin was used
to mediate the glucose uptake activity of OPF
extract in L6 myotubes, 3T3F442A adipocytes
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and Chang liver cells. Furthermore according
to the previous report, the 100 nM of insulin
concentration has also been widely used to
mediate the glucose disposals into cells (Sakurai
et al. 2004). Nevertheless in the treatment using
combination of OPF and 100 nM insulin, only
the L6 myotubes and 3T3F4424A adipocytes
showed a significant enhancement in the glucose
uptake activity. The glucose uptake activity of
Chang liver cell was not significantly enhanced
in the presence of both OPF and 100 nM insulin
(Figure 3). The Chang liver cell mediated the
glucose uptake through GLUT2 where insulin
was not the core factors in their mechanism to
mediate glucose uptake compared to GLUT4
which required insulin to promote glucose
transportation into the muscle and adipose cells.
Therefore the difference of functional GLUT
protein involved in the translocation of glucose
into the liver cells might explain the results
obtained in the previous study (Li ez al. 2007).

The mechanisms underlie the insulin-
mimetic and insulin-sensitizing property of
the OPF extract was not elucidated in the
presence study. However the insulin-like or
insulin-mimetic activity of a plant has been
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Figure 1. Effect of OPF extract on basal and insulin-mediated glucose uptake activity of L6 myotubes.
Values represent the means £5.D. *p<0.05, **p<0.01 and ***p<0.001 compared with control.
0ep<(.01 compared to 100 nM insulin alone.
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evaluated previously in several plants. An
example is the fanugreek seed. The fenugreek
seed extract has been reported to mediate
the glucose uptake activity into liver and
adipocytes through the activation of tyrosine
phosphorylation of 3-subunit of insulin receptor.
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This activation subsequently enhanced tyrosine
phosphorylation of insulin receptor substrate-1
(IRS-1) and p85 subunit of phosphatidylinositol-
3-kinase (PI3-kinase) which leads to glucose
uptake by these cells (Vijayakumar et al.
2005). The insulin sensitizing activity has
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Figure 2. Effect of OPF extract on basal and insulin-mediated glucose uptake activity of 3T3F4424
adipocytes. Values represent the means £S.D. **p<0.01 and ***p<0.001 compared with control.
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Figure 3. Effect of OPF extract on basal and insulin-mediated glucose uptake activity of Chang liver
cells. Values represent the means £S.D. *p<0.05, **p<0.01 and ***p<0.001 compared with control.
op<(.05 and eep<(.01 compared to 100 nM insulin alone.
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been previously reported in several plants like
Campsis grandiflora (Jung et al. 2007) and
miltiorrihiza Bunge. They were reported to
enhance the tyrosine phosphorylation of insulin
receptor and activation of downstream kinase.
Therefore there are possibilities that OPF extract
exert the insulin-mimetic and insulin-sensitizing
properties through the mentioned mechanisms.
However further evaluation are needed to be
carried out to confirm this suggestion.
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