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Aqueous extract of Liriope platyphylla, a traditional Chinese
medicine, significantly inhibits abdominal fat accumulation and
improves glucose regulation in OLETF type Il diabetes model rats
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Liriope platyphylla is a medical herb that has long been used in Korea and China to treat cough, sputum,
neurodegenerative disorders, obesity, and diabetes. The aims of this study were to determine the anti-
diabetic and antiobesity effects of aqueous extract of L. platyphylla (AEtLP) through glucose and lipid
regulation in both pre-diabetes and obesity stage of type Il diabetes model. Two concentrations of AEtLP
were orally administrated to OLETF (Otsuka Long-Evans Tokushima Fatty) rats once a day for 2 weeks,
after which changes in glucose metabolism and fat accumulation were measured. Abdominal fat mass
dramatically decreased in AEtLP-treated OLETF rats, whereas glucose concentration slightly decreased in
all AEtLP-treated rats. However, compared to vehicle-treated OLETF rats, only AEtLP10 (10% concentration)-
treated OLETF rats displayed significant induction of insulin production, whereas AEtLP5 (5% concentration)-
treated OLETF rats showed a lower level of insulin. Although serum adiponectin level increased in only
AEtLP5-treated rats, significant alteration of lipid concentration was detected in AEtLP5-treated OLETF rats.
Expression of Glut-1 decreased in all AEtLP-treated rats, whereas Akt phosphorylation increased only in
AEtLP10-treated OLETF rats. Furthermore, the pattern of Glut-3 expression was very similar with that of
Glut-1 expression, which roughly corresponded with the phosphorylation of c-Jun N-teminal kinase (JNK)
and p38 in the mitogen-activated protein kinase pathway. Therefore, these findings suggest that AEtLP
should be considered as a therapeutic candidate during pre-diabetes and obesity stage capable of
inducing insulin secretion from pancreatic p-cells, glucose uptake in liver cells, as well as a decrease in

fat and lipid accumulation.
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Diabetes is an epidemic metabolic disorder characterized
by high blood glucose concentration in response to
insufficient production of insulin or an inappropriate
insulin response in target cells [1]. Traditionally, many
therapeutic strategies such as islet transplantation,
insulin administration, and the development of novel
drugs have been attempted for the treatment of such
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metabolic defects. Of these strategies, most studies have
focused on the identification of molecules that have the
ability to enhance insulin secretion as well as improve
insulin sensitivity [2]. Specifically, molecules such as
insulin analogues, oral hypoglycemic agents, various
complements, and alternative medicines have been
developed using chemical synthesis or extraction from
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natural materials [3]. Indeed, many compounds, natural
products, and herbal medicines have been recommended
for the treatment of diabetes. There are about 410
medicinal plants, including L. platyphylla Wang et Tang,
Momordica charantia L., Pterocarpus marsupium
Roxb., and Trigonella foenum graecum L., that are
commonly used as anti-diabetics, but only 109 of them
have been confirmed in terms of their mechanisms of
action [4,5].

L. platyphylla is a valuable anti-diabetes candidate as
it is widely distributed in temperate climate regions of
the northern hemisphere [6]. In traditional Oriental
herbal medicine, L. platyphylla is used for the treatment
of asthma, bronchial and lung inflammation, obesity,
diabetes, neurodegenerative disease, and atopic dermatitis
[7-12]. Of these therapeutic effects, the potential of L.
platyphylla as a therapy for obesity and diabetes has
been intensively researched. Gyeongshingangjeehwan
containing a large amount of L. platyphylla was
previously shown to effectively prevent obesity as well
as hypertriglyceridemia through inhibition of feeding
and activation of hepatic peroxisome proliferator-
activated receptor-alpha in OLETF male rats [10]. The
homoisoflavone-enriched fraction of methanol extract of
L. platyphylla has been shown to stimulate insulin-
stimulated glucose uptake in 3T3-L1 adipocytes through
an increase in Glut-4 levels in the plasma membrane [8].
Furthermore, our group has isolated several novel
compounds from L. platyphylla using methanol
extraction. Of these, LPOMS80-H has been shown to
dramatically induce insulin secretion as well as
differentially regulate the expression of Glut-1 and Glut-
3 through the mitogen-activated protein kinase (MAPK)
and phosphoinisitide-3-kinase (PI3-K) signaling pathways
[13]. Moreover, aqueous extracts of L. platyphylla were
shown to induce insulin secretion from pancreatic islets
as well as increase the expression of Glut in hepatocytes
[14]. However, the effects of aqueous extract of L.
platyphylla on diabetes, as well as its mechanism of
action in a type II diabetes model displaying pre-diabetes
and obesity, have not been studied.

Therefore, in this study, we determined whether
AEtLP could improve diabetes and obesity-related
defects in both pre-diabetes and obesity stage of OLETF
rats. These results provide strong evidence that AEtLP
promotes the stimulation of insulin secretion and
inhibition of fat accumulation.
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Materials and Methods

Care and use of OLETF rats

All animal experimental procedures were approved by
the Institutional Animal Care and Use Committee (IACUC)
of Pusan National University (Approval Number PNU-
2010-00098). Animals were handled in a Pusan National
University-Laboratory Animal Resources Center accredited
by the Korea FDA in accordance with USA NIH guidelines
(Accredited Unit Number-000996). All mice were housed
under specific pathogen-free (SPF) conditions and a
strict light cycle (light on at 06:00 h and off at 18:00 h),
and they were given a standard irradiated chow diet
(Purina Mills Inc., St. Louis) ad libitum. The 10-week-
old LETO (Long-Evans-Tokushima-Ostuka) and OLETF
rats used in this study were supplied by Tokushima
Research Institute (Otsuka Pharmaceutical, Tokushima,
Japan).

Preparation of AEtLP

AELLP was prepared according to the preparation process
described previously [14]. Firstly, L. platyphylla roots
were collected from plantations in the Miryang area of
Korea and dried with a hot-air drier (JSR Instruments,
Uttaranchal, India) at 60°C. Voucher specimens (WPC-
11-010) were deposited at the Functional Materials Bank
of PNU-Wellbeing RIS Center at Pusan National
University. Six hundred grams of dry roots were reduced
to powder using an electric blender. Following water
extraction, the extract was purified at 100°C for 2 h using
circulated extraction equipment (IKA Labortechnik,
Staufen, Germany) after adding 2 L of distilled water.
Composition of AEtLP has been measured in our
previous study [14]. Extract solutions were concentrated
into dry pellets using a rotary evaporator (EYELA,
Tokyo, Japan) and stored at —80°C until use.

Treatment of AEtLP and detection of glucose level
OLETF rats were randomly divided into three groups
(n=5 per group): a vehicle-treated group, 5% AEtLP
(AEtLPS)-treated group, and 10% AEtLP (AEtLP10)-
treated group. The vehicle-treated group received a
consistent volume of water daily via gavage, whereas the
treatment groups received 15 mL/g body weight/day of
AELLP diluted in distilled water via gavage in order to
obtain the two different final concentrations. At 2 weeks
after commencement of AEtLP and vehicle treatment,



Effects of L. platyphylla extract on glucose and fat metabolism

all animals were immediately sacrificed using CO, gas
to acquire blood and tissue samples, which were stored
in Eppendorf tubes at —70°C until assayed. In addition,
the blood glucose concentration was detected prior to
sacrifice as well as after 24 h of fasting using the
sensitive strip of the Blood Glucose Monitoring System
(I-sens, Seoul, Korea).

Serum biochemical analysis

After final administration of AEtLP, all rats were
fasted for 24 h, after which blood was collected from
abdominal veins of mice. Serum was obtained by
centrifugation of blood incubated for 30 min at room
temperature. Serum biochemical components were
assayed using an Automatic Serum Analyzer (HITACHI
747, Japan). All assays were measured using fresh serum
in duplicate.

Quantification of insulin and adiponectin by ELISA

The concentrations of insulin and adiponectin in sera
of LETO and OLETF rats were measured by following
the ultra-sensitive assay procedure of the Mercodia Rat
Insulin ELISA kit (Mercodia; Cat. 10-1137-01, Sweden)
and Adiponectin ELISA kit (Adipogen Inc., Korea).
Serums and standards were incubated in a plate shaker
at 100-150 rpm at room temperature for 2 h on antibody-
coated plates. Wells were then washed six times using an
automatic plate washer (Hoefer; PV100, USA). HRP
conjugate was added to all plates, followed by incubation
in a shaker for 30 min at room temperature. The reaction
was then terminated by addition of 50 mL of stop
solution (0.5 M H,SO,). The plates were read at 450 nm
using a Molecular Devices V. Plate reader (Sunnyvale,
CA, USA).

Immunohistochemistry

Immunohistochemical analysis was performed as
previously described [13]. Briefly, the distribution of
insulin protein was observed using optical microscopy
after fixing the pancreas tissue samples in 5% formalin
for 12 h, embedding the tissues in paraffin, and acquiring
sections of 4 um thickness. Each section was de-
paraffinized with xylene, rehydrated, and pretreated for
30 min at room temperature with a phosphate-buffered
saline (PBS)-based blocking buffer containing 10% goat
serum. The samples were then incubated with mouse
anti-insulin antibody (Cell Signaling Technology, Boston,
MA, USA) diluted 1:100-1:200 in PBS-blocking buffer.
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Antigen-antibody complexes were visualized with goat
anti-rabbit HRP-conjugated streptavidin  secondary
antibody (Histostain-Plus Kit, Zymed Laboratories)
diluted 1:1,500 in PBS-blocking buffer. 3,3'-Diaminod-
benzidine (DAB) substrate (Invitrogen, Carlsbad, CA,
USA) and a model GS-690 imaging densitometer (Bio-
Rad Laboratories, Hercules, CA, USA) were used to
detect insulin proteins.

Western blot

Proteins from liver tissues of AEtLP- and vehicle-
treated OLETF rats were separated by 4-20% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) for 3 h, after which the resolved proteins
were transferred to nitrocellulose membranes for 2 h at
40 V. Each membrane was incubated separately with
primary antibody: anti-Glut-1 (ab40084; Abcam, Cambridge,
UK), anti-Glut-3 (ab15311; Abcam), anti-extracellular
signal-regulated kinase (anti-ERK; sc-94; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-phosphorylated
(p)-ERK (sc-7383; Santa Cruz Biotechnology), anti-c-
Jun N-terminal kinase (anti-JNK; #9252; Cell Signaling
Technology, Boston, MA, USA), anti-p-INK (#9251,
Cell Signaling Technology), anti-p38 (#9212, Cell
Signaling Technology), anti-p-p38 (#9211, Cell Signaling
Technology), anti-Akt (#9272, Cell Signaling Technology),
anti-p-Akt (#4058, Cell Signaling Technology), and anti-
actin (A5316, Sigma-Aldrich, Saint Louis, MO, USA)
overnight at 4°C. The membranes were then washed
with washing buffer (137 mM NaCl, 2.7 mM KCI, 10
mM Na,HPO,, 2 mM KH,PO,, and 0.05% Tween 20)
and incubated with horseradish peroxidase-conjugated
goat anti-rabbit [gG (Zymed Laboratories, South San
Francisco, CA, USA) at diluted 1:1,000 at room
temperature for 2 h. The membrane blots were developed
using Chemiluminescence Reagent Plus kits (Pfizer,
New York, NY, USA and Pharmacia, New York, NY,
USA).

Statistical analysis

Tests for significance between AEtLP and vehicle-
treated groups in OLETF rats were performed using a
One-Way ANOVA test of variance (SPSS for Windows,
Release 10.10, Standard Version, Chicago, IL). Tests for
significance between the LETO and OLETF groups
were performed using a Post-Hoc test (SPSS for
Windows, Release 10.10, Standard Version, Chicago,
IL) of variance, and significance levels are given in the
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text. All values are reported as the meantstandard
deviation (SD). The level of probability for statistical
difference was established at P<0.05.

Results

Effects of AEtLP on body weight

To investigate whether AEtLP treatment affects the
progress of obesity, we first measured body weights of
10-week-old LETO and OLETF rats after AEtLP
treatment for 2 weeks. In accordance with our previous
study, vehicle-treated OLETF rats showed a higher body
weight than LETO rats. Following AEtLP treatment,
body weights slightly decreased in AFEtLP5- and
AEtLP10-treated OLETF rats (Figure 1A). Therefore,
these results indicate that AEtLP treatment did not affect
body weight of 10-week-old OLETF rats, although there
is a slight decrease in body weight.

Effects of AEtLP on insulin secretion and glucose
homeostasis

To ascertain whether AFEtLP treatment alters the
regulation of glucose metabolism during the pre-diabetes
and obesity stage of OLETF rats, serum concentrations
of glucose and insulin were measured in AEtLP-treated
and vehicle-treated mice after 2 weeks of treatment. The
glucose concentration was slightly higher in OLETF rats
compared to LETO rats. Further, their glucose levels
were slightly decreased by 7% and 18%, respectively
following AEtLP treatment (Figure 1B). On the other
hand, insulin concentrations showed the reverse patterns
as those of glucose concentrations. Basically, OLETF
rats showed a high level of insulin compared to LETO
rats. In the AEtLP-treated groups, a significant increase
in insulin level was only evident in OLETF rats treated
with AEtLP10. In the case of the AEtLP5-treated group,
insulin concentration slightly decreased compared to
vehicle-treated OLETF rats (Figure 1B).

To detect the localization and distribution of insulin
protein in pancreatic tissues, immunoreactivity of insulin
protein was analyzed using optical microscopy after
treatment with specific antibody. The highest intensity of
insulin immunostaining was spread throughout the
pancreatic islets of AFEtLP5- and AFEtLP10-treated
OLETF rats (Figure 1C). These results support the
suggestion that higher level of AEtLP treatment could
induce the downregulation of glucose by stimulating
insulin secretion in 10-week-old OLETF rats with pre-
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diabetes. Especially, AEtLP10 was more effective than
the other concentrations in mediating its anti-diabetic
effects even under the pre-diabetic condition.

AEtLP effects on abdominal fat mass and adiponectin
concentration

Next, to test whether AEtLP treatment affects
abdominal fat accumulation in 10-week-old OLETF rats
with obesity, fat mass was measured in rats from each
group. Before AEtLP treatment, vehicle-treated OLETF
rats showed higher fat mass than LETO rats. Especially,
the weight of abdominal fat in vehicle-treated OLETF
rats increased by 179% compared to LETO rats.
However, abdominal fat mass significantly decreased in
AEtLP5- and AEtLP10-treated OLETF rats (Figure 2A).
Therefore, these results suggest that AEtLP treatment
was a significant effect on reducing body fat mass of 10-
week-old OLETF rats.

To investigate the effect of AEtLP treatment on
adiponectin regulation, the concentration of adiponectin
was measured in the serum of OLETF rats. As shown in
Figure 2B, the adiponectin concentration was lower in
vehicle-treated OLETF rats compared to LETO rats.
However, the level of adiponectin in AEtLP-treated
OLETF rats dramatically increased compared to LETO
rats although high increase rate was detected in AEtLP5-
treated rats. These results show that AEtLPS treatment
induced strong stimulation of adiponectin in both pre-
diabetes and obesity stage of OLETF rats.

AELLP effects on lipid concentration in OLETF rats
Increased contents of lipids, including triglycerides,
cholesterol, and LDL are important features of obesity
[15]. To investigate whether or not AEtLP treatment can
induce changes in lipid concentration, the levels of
triglycerides, cholesterol, and LDL were measured in the
serum of OLETF rats. Basically, the concentrations of
triglycerides, cholesterol, and LDL were higher in
vehicle-treated OLETF rats than LETO rats, although
the increase ratios varied (Figure 2C-E). Following
AELtLP treatment, a significant decrease in triglyceride
concentration was observed in AEtLP5-treated OLETF
rats, whereas AEtLP10-treated OLETF rats maintained
their triglyceride level similar to the vehicle-treated
group (Figure 2C). Further, the concentration patterns of
cholesterol and LDL were similar to that of triglycerides.
Specifically, significant decreases in cholesterol and
LDL were detected in the AEtLP5-treated group compared
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Figure 1. Effects of AEtLP on body weight and blood glucose and insulin levels. (A) Body weight analysis. At 24 h after final AEtLP
treatment, body weight of rats was measured with an electronic balance electronic scale. (B) Glucose and insulin concentration
analysis. Blood was collected from abdominal veins of vehicle- and AEtLP-treated OLETF rats. Glucose level was measured using
a CareSence Kit, and insulin level was determined using an insulin ELISA kit. (C) Immunohistochemistry. Expression level of insulin
was detected in pancreatic islets of vehicle-treated and AEtLP-treated OLETF rats by immunostaining analysis. High intensity was
observed in pancreatic islets of AEtLP10-treated OLETF rats as compared with vehicle-treated mice at 200x magnification. Data
represent the meantSD from three replicates. *P<0.05 is the significance level compared to LETO rats. **P<0.05 is the
significance level compared to vehicle-treated group in OLETF rats.

to vehicle-treated group. AEtLP10-treated OLEFT rats
showed slight decreases in cholesterol and LDL (Figure
2D and E). Therefore, the above results suggest that
AEtLP treatment reduced the concentration of lipids in
10-week-old OLETF rats showing obesity.

Effects of AEtLP on regulation of Glut-1 expression
through the insulin signaling pathway

To investigate the regulatory mechanism of Glut-1
expression via the insulin signaling pathway following
AELLP treatment, changes in Glut-1 expression and Akt

Lab Anim Res | September, 2012 | Vol. 28, No. 3
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Figure 2. Effects of AEtLP on abdominal fat mass and lipid concentration. (A) At 24 h after final AELLP treatment, abdominal fat
collected from abdominal region of rats and their weight was measured with an electronic balance. Blood was collected from
abdominal veins of rats, and (B) adiponectin level in serum was analyzed using an ELISA kit. This kit has 0.1 ng/mL of sensitivity,
and the interassay coefficient of variation was between 2.86-5.17. (C-E) Levels of triglycerides, cholesterol, and LDL were analyzed
in triplicate using a serum biochemical analyzer. Data represent the mean+SD from three replicates. *P<0.05 is the significance
level compared to LETO rats. **P<0.05 is the significance level compared to vehicle-treated group in OLETF rats.

phosphorylation were detected in liver tissues of OLETF
rats treated with AEtLP. Glut-1 expression in vehicle-
treated OLETF rats was very similar with that in LETO
rats. Following AEtLP treatment, the level of Glut-1
expression slightly decreased compared to wvehicle-
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treated OLETF rats. However, there was no significant
difference between AEtLP5- and AEtLP10-treated
OLETF rats (Figure 3A). Further, the level of Akt
phosphorylation was lower in OLETF rats than LETO
rats. This level was maintained in AEtLP5-treated rats,
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Figure 3. Glut-1 expression and its regulatory mechanism in liver. Tissue lysates were prepared from liver tissues of LETO, vehicle-
, and AEtLP-treated OLETF rats. Fifty micrograms of protein per sample was immunoblotted with antibody for each protein. Glut-1
protein expression was detected with primary antibodies for Glut-1 (A), Akt and p-Akt (B), and horseradish peroxidase-conjugated
goat anti-rabbit IgG. Intensity of each protein was calculated using an imaging densitometer. Three out of 4 to 5 rats per group were
assayed in duplicate by western blot. Data represent the mean+SD. *P<0.05 is the significance level compared to LETO rats.
**P<0.05 is the significance level compared to vehicle-treated group in OLETF rats.

although it dramatically increased in AEtLP10-treated
rats (Figure 3B). These results show that AEtLP10
induced a decrease in Glut-1 expression via Akt
phosphorylation in the insulin signaling pathway during
both pre-diabetes and obesity stage of OLETF rats.

Effects of AEtLP on regulation of Glut-3 expression
through the insulin signaling pathway

The regulation of Glut-3 biosynthesis can be regulated
by the downstream signaling pathway of insulin receptor,
which includes Ras, Raf, MEK, and MAPK [16]. Of
these intermediate proteins, MAPK, which is comprised
of three major components, is considered to be crucial.
To investigate the effects of AEtLP on the regulatory
mechanism and biosynthesis of Glut-3, changes in Glut-
3 expression and MAPK phosphorylation were analyzed
using Western blot. Basically, expression of Glut-3 in
vehicle-treated OLETF rats was higher than in LETO
rats. However, this level significantly decreased in both
AFtLP5- and AEtLP10-treated rats. Further, there was
no significant difference between the two AEtLP treatment
levels (Figure 4A). Further, to identify the regulatory
mechanism of Glut-3 expression, the phosphorylation
levels of three components in the MAPK pathway were

measured in liver tissues of OLETF rats. Of the three
components, the phosphorylation level of p38 markedly
increased depending on the concentration of AEtLP. On
the other hand, the phosphorylation level of INK was
lowest in the AEtLP10-treated group, whereas its level
was maintained in the AEtLP5-treated group. However,
there were no appreciable differences between the vehicle-
treated group and AEtLP-treated group concerning the
expression levels of ERK and p-ERK (Figure 4B). The
results suggest that expression of Glut-3 was tightly
correlated with activation of NJK phosphorylation upon
AEtLP treatment, although their levels were slightly
correlated with inhibition of p38 phosphorylation.

Discussion

L. platyphylla possesses therapeutic effects on various
chronic diseases. Of these, its antiinflammatory and
antimicrobial effects have been well confirmed. Previously,
several medicinal plant extracts were screened and
determined to have inhibitory effects on sortase, an
enzyme found in most Gram-positive bacteria that is
important in bacterial adhesion. Among the 80 medical
plants tested, L. platyphylla, Cocculus trilobus, Fritillaria

Lab Anim Res | September, 2012 | Vol. 28, No. 3
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Figure 4. Glut-3 expression and its regulatory mechanism in the liver. Fifty micrograms of protein per sample was immunoblotted
with antibody for p-ERK, ERK, p-JNK, JNK, p38, p-p38, or actin. Intensity of each protein was calculated using an imaging
densitometer. Three out of 4 to 5 rats per group were assayed in duplicate by western blot. Data represent the mean+SD. *P<0.05
is the significance level compared to LETO rats. **P<0.05 is the significance level compared to vehicle-treated group in OLETF

rats.

verticillata, and Rhus verniciflua demonstrated the
strongest antibacterial activities [17]. Further, inhibition
of airway inflammation and hyperresponsiveness were
detected in a murine model of asthma by modulating the
Th1/Th2 cytokine imbalance following L. platyphylla
treatment [7]. Meanwhile, L. platyphylla has displayed
therapeutic potential in human subjects suffering from
Alzheimer’s disease (AD). Especially, the steroidal
saponin spicatoside A isolated from L. platyphylla induces

Lab Anim Res | September, 2012 | Vol. 28, No. 3

neuritic outgrowth similar to nerve growth factor (NGF)
and has been shown to activate extracellular signal-
regulated kinase 1/2 (ERK1/2) as well as phosphatidy-
linositol 3-kinase (PI3-kinase/Akt) in PC12 cells [11].
Further, LP-M, a novel butanol extract isolated from L.
platyphylla, was shown to stimulate neuronal cell
survival and neuritic outgrowth in the hippocampi of
mice through Akt/ERK activation in the NGF signal
pathway [18]. Recently, L. platyphylla was found to have
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anovel effect on atopic dermatitis. Specifically, symptoms
of atopic dermatitis induced by phthalic anhydride were
significantly relieved by aqueous extracts of L. platyphylla
in NC/Nga mice [19]. Our study tried to verify the
therapeutic effects of L. platyphylla in a type 1l diabetes
model displaying obesity. These new findings in our
study constitute strong evidence of the therapeutic
effects of L. platyphylla in both pre-diabetes and obesity
stage of OLETF rats.

OLETF rats, a well known animal model of obesity
and diabetes, were produced by selective breeding rats
displaying spontaneous obesity in an outbred colony of
Long Evans rats at Otsuka Pharmaceuticals [20]. These
rats consume 30% more food than LETO rats, as they
possess a food intake disorder induced by defective
cholecystokinin (CCK) 1 receptor. Therefore, they become
35% more obese compared to LETO rats [21]. However,
OLETF rats show different properties from other obesity
rat models in terms of fat deposition. Most of the fat in
OLETF rats is predominately deposited in intra-abdominal
or visceral areas, whereas fat in Zucker rats is deposited
in subcutaneously [22]. In our study, the body weight of
10-week-old OLETF rats showing pre-diabetes and
obesity was significantly higher than that of LETO rats.
Furthermore, abdominal fat mass dramatically accumulated
in OLETF rats. Therefore, the OLETF rats used in this
experiment showed spontaneous obesity although the
glucose concentration was only slightly increased in the
same rats.

It has been reported that certain aqueous extracts
display anti-diabetic activity. Aqueous extract of Mours
rubra leaves is known to decrease the level of glucose
in a dose-dependent manner. Especially, treatment with
400 mg/kg of this extract has been shown to significantly
reduce the level of glycosylated hemoglobin as well as
restore serum lipid levels [23]. Further, aqueous extract
of Cassia auriculata leaves was shown to improve
impaired glucose homeostasis by ameliorating carbohydrate
metabolic pathways [24]. Our previous study investigated
the anti-diabetic effects of AEtLP in a type I diabetes
model. Specifically, aqueous extracts were obtained from
dried roots of L. platyphylla, and three concentrations
were screened for their effects on diabetes and obesity.
Of the three concentrations, 10% concentration of
AELLP effectively induced downregulation of glucose as
well as upregulation of insulin [14]. In this study,
although OLETF rats had showed the pre-diabetic
condition, the glucose concentration slightly decreased
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in AEtLP5- and AEtLP10-treated rats, similar to the
results using the type I diabetes model. The highest
decrease in the level of glucose occurred in the
AFEtLP10-treated OLETF rats. Therefore, AEtLP10 may
be considered as the optimal concentration to induce
downregulation of glucose in the diabetic condition of
type I as well as the pre-diabetic condition of type II
diabetes models. In addition, this pattern of glucose
regulation was observed for insulin regulation.

Adiponectin is considered as an important hormone
that participates in the regulation of fatty acid catabolism
and glucose regulation [25]. This hormone also contributes
to the suppression of metabolic disorders such as
diabetes, obesity, atherosclerosis, and non-alcoholic fatty
liver disease [25,26]. Most of studies had been reported
that the adiponectin concentration was higher in the
serum of LETO than that of OLETF rats. This level in
OLETF rats was significantly recovered to LETO level
by a various factor including food restriction, rosiglitazone,
bezafibrate and thiazolidinediones [27-29]. Furthermore,
the fat mass and adipocyte size related to the function on
adiponection were used to detect the effects of several
compounds on the adipogenesis [30]. The results of our
study are in agreement with the above data based on
adiponectin concentration and fat mass, although the rate
of increase varied from these.

Meanwhile, we investigated the therapeutic effects of
AEtLP on hypercholersterolemia induced by various
factors. Of these factors, a high fat diet has been shown
to induce increases in cholesterol, triglycerides, HDL,
and LDL levels in male SD rats [31]. Under diabetic
conditions induced by streptozotocin, the levels of total
cholesterol, HDL, triglycerides, creatinine, and urea are
significantly higher than under non-diabetic conditions
[15]. The results from our study were in accordance with
previous studies, although the rates of increase and
decrease varied. Especially, in this study, maximum
suppression was observed in AEtLP5-treated OLETF
rats, whereas AEtLP10-treated rats did not show any
change in serum lipid concentration.

Glucose transporters ferry glucose and related hexose
molecules through biological membranes according to a
model of alternate conformation [32]. Of the numerous
glucose transporters, the biosynthesis of Glut-1 and
Glut-3 is specifically regulated by the insulin signaling
pathway in the liver, Glut-1 by the PI3-K pathway and
Glut-3 by the Raf/Ras/sMAPK pathway. In the PI3-K
pathway, Akt (protein Ser/Thr kinase B), which plays an
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important role in cell proliferation and insulin action in
cells, is activated by PDK1 [33]. Activated Akt plays a
role in regulating the biosynthesis of Glut-1, a high-
affinity glucose transporter expressed in most types of
cells [34]. In our previous study using a type I diabetes
model, we showed that biosynthesis of Glut-1 in the liver
markedly increases depending on AEtLP concentration.
Further, this alteration coincides with a change in Akt
phosphorylation [14]. However, the reverse pattern of
Glut-1 expression was observed using OLETF rats in the
current study. As shown in Figure 3, AEtLP5- and
AFEtLP10-treated OLETF rats maintained low levels of
Glut-1 expression. However, the phosphorylation level
of Akt significantly increased only in AEtLP10-treated
OLETF rats. In addition, Glut-3 biosynthesis is mediated
by the Raf/Rass/MAPK pathway for the regulation of
glucose uptake [16]. The MAPK kinase pathway is
activated by Grb2 binding to Tyr-phosphorylated Shc or
IRS via its SH2 domain. This resulting signal leads to the
expression of genes associated with glucose metabolism
as well as induction of mitosis in cells [33]. In previous
study using type I model, biosynthesis of Glut-3 in the
liver significantly decreased upon treatment with all
three concentrations of AEtLP. These regulatory patterns
corresponded with the activation of ERK phosphorylation
more so than with phosphorylation of INK and p38 [14].
In this study, reduced Glut-3 expression was similarly
observed. However, there were significant changes in the
activation of MAPK pathway components. In the type I
model, AEtLP treatment induced an increase in ERK
phosphorylation as well as a decrease in JNK
phosphorylation, whereas p38 phosphorylation was
maintained at control level [14]. However, in the current
study using OLEFT rats, the increase in p38
phosphorylation and decrease in JNK phosphorylation
were detected in AFEtLP-treated OLETF rats. ERK
phosphorylation was not altered in OLETF rats treated
with any concentration of AEtLP.

Taken together, these results suggest a signaling
mechanism for the anti-diabetic activity of AEtLP in
OLETF rats displaying pre-diabetes and obesity. AEtLP
can presently be considered as a therapeutic candidate
for diabetes and obesity.

Acknowledgments

This research was supported by a grant to PNU-
Wellbeing Product Center from the Ministry of

Lab Anim Res | September, 2012 | Vol. 28, No. 3

Ji-Eun Kim et al.

Knowledge Economy (B0011529).

—_

11.

12.

13.

14.

16.

17.

18.

References

. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence

of diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care 2004; 27(5): 1047-1053.

. Idris 1, Donnelly R. Sodium-glucose co-transporter-2 inhibitors:

an emerging new class of oral antidiabetic drug. Diabetes Obes
Metab 2009; 11(2): 79-88.

.Kokil GR, Rewatkar PV, Verma A, Thareja S, Naik SR.

Pharmacology and chemistry of diabetes mellitus and antidiabetic
drugs: a critical review. Curr Med Chem 2010; 17(35): 4405-
4423.

.Jung M, Park M, Lee HC, Kang YH, Kang ES, Kim SK.

Antidiabetic agents from medicinal plants. Curr Med Chem 2006;
13(10): 1203-1218.

. Prabhakar PK, Doble M. A target based therapeutic approach

towards diabetes mellitus using medicinal plants. Curr Diabetes
Rev 2008; 4(4): 291-308.

. Huh MK, Huh HW, Choi JS, Lee BK. Genetic diversity and

population structure of Liriope platyphylla (Liliaceae) in Korea. J
Life Sci 2007; 17: 328-333.

. Lee YC, Lee JC, Seo YB, Kook YB. Liriopis tuber inhibit OVA-

induced airway inflammation and bronchial hyperresponsiveness
in murine model of asthma. J Ethnopharmacol 2005; 101(1-3):
144-152.

. Choi SB, Wha JD, Park S. The insulin sensitizing effect of

homoisoflavone-enriched fraction in Liriope platyphylla Wang et
Tang via PI3-kinase pathway. Life Sci 2004; 75(22): 2653-2664.

. Hur J, Lee P, Kim J, Kim AJ, Kim H, Kim SY. Induction of nerve

growth factor by butanol fraction of Liriope platyphylla in C6 and
primary astrocyte cells. Biol Pharm Bull 2004; 27(8): 1257-1260.

. Jeong S, Chae K, Jung YS, Rho YH, Lee J, Ha J, Yoon KH, Kim

GC, Oh KS, Shin SS, Yoon M. The Korean traditional medicine
Gyeongshingangjeehwan inhibits obesity through the regulation
of leptin and PPARalpha action in OLETF rats. J Ethnopharmacol
2008; 119(2): 245-251.

Hur J, Lee P, Moon E, Kang I, Kim SH, Oh MS, Kim SY. Neurite
outgrowth induced by spicatoside A, a steroidal saponin, via the
tyrosine kinase A receptor pathway. Eur J Pharmacol 2009; 620(1-
3): 9-15.

Kim JE, Lee YK, Nam SH, Choi SI, Goo JS, Jang MJ, Lee HS,
Son HJ, Lee CY, Hwang DY. The symptoms of atopic dermatitis
in NC/Nga mice were significantly relieved by the water extract of
Liriope platyphylla. Lab Anim Res 2010; 26: 377-384.

Lee YK, Kim JE, Nam SH, Goo JS, Choi SI, Choi YH, Bae CJ,
Woo JM, Cho JS, Hwang DY. Differential regulation of the
biosynthesis of glucose transporters by the PI3-K and MAPK
pathways of insulin signaling by treatment with novel compounds
from Liriope platyphylila. Int J Mol Med 2011; 27(3): 319-327.
Kim J E, Nam SH, Choi SI, Hwang IS, Lee HR, Jang MJ, Lee CY,
Soon HJ, Lee HS, Kim HS, Kang BC, Hong JT, Hwang DY.
Aqueous extracts of Liriopeplaty phylla are tightly-regulated by
insulin secretion from pancreatic islets and by increased glucose
uptake through glucose transporters expressed in liver
hepatocytes. Biomol Ther 2011; 19(3): 348-356.

. Roy S, Dontamalla SK, Mondru AK, Sannigrahi S, Veerareddy

PR. Downregulation of apoptosis and modulation of TGF-al by
sodium selenate prevents streptozotocin-induced diabetic rat renal
impairment. Biol Trace Elem Res 2011; 139(1): 55-71.

Taha C, Klip A. The insulin signaling pathway. ] Membrane Biol
1999; 169: 1-12.

Kim SW, Chang IM, Oh KB. Inhibition of the bacterial surface
protein anchoring transpeptidase sortase by medicinal plants.
Biosci Biotechnol Biochem 2002; 66(12): 2751-2754.

Nam SH, Choi SI, Goo JS, Kim JE, Hwang IS, Lee HR, Lee YJ,



19.

20.

21.

22.

23.

24.

25.

26.

Effects of L. platyphylla extract on glucose and fat metabolism

Lee HG, Choi YH, Hwang DY. LP-M, a novel butanol-extracts
isolated from Liriopeplatyphylla, coul dinduce the neuronal cell
survival an dneuritic outgrowth in hippocampus of mice through
AKt/ERK activation on NGF signal pathway. J Life Sci 2011;
21(9): 1234-1242.

Kim HJ, Kim J, Kim SJ, Lee SH, Park YS, Park BK, Kim BS,
Kim SK, Cho SD, Jung JW, Nam JS, Choi CS, Jung JY. Anti-
inflammatory effect of quercetin on picryl chloride-induced
contact dermatitis in BALB/c mice. Lab Anim Res 2010; 26: 7-
13.

Kawano K, Hirashima T, Mori S, Natori T. OLETF (Otsuka
Long-Evans Tokushima Fatty) rat: a new NIDDM rat strain.
Diabetes Res Clin Pract 1994; 24: 317-320.

Moran TH. Unraveling the obesity of OLETF rats. Physiol Behav
2008; 94(1): 71-78.

Mori YY. Similarity and dissimilarity between the OLETF rats
and obese individuals with NIDDM, Elsevier, Amsterdam, 1999.
Sharma SB, Gupta S, Ac R, Singh UR, Rajpoot R, Shukla SK.
Antidiabetogenic action of Morus rubra L. leaf extract in
streptozotocin-induced diabetic rats. J Pharm Pharmacol 2010;
62(2): 247-255.

Gupta S, Sharma SB, Singh UR, Bansal SK, Prabhu KM.
Elucidation of mechanism of action of Cassia auriculata leaf
extract for its antidiabetic activity in streptozotocin-induced
diabetic rats. ] Med Food 2010; 13(3): 528-534.

Diez JJ, Iglesias P. The role of the novel adipocyte-derived
hormone adiponectin in human disease. Eur J Endocrinol 2003;
148(3): 293-300.

Ukkola O, Santaniemi M. Adiponectin: a link between excess
adiposity and associated comorbidities? ] Mol Med 2002; 80(11):
696-702.

27.

28.

29.

30.

31

32.

33.

34.

191

Kimura M, Shinozaki T, Tateishi N, Yoda E, Yamauchi H, Suzuki
M, Hosoyamada M, Shibasaki T. Adiponectin is regulated
differently by chronic exercise than by weight-matched food
restriction in hyperphagic and obese OLETF rats. Life Sci 20006;
79: 2105-2111.

Choi KC, Ryu OH, Lee KW, Kim HY, Seo JA, Kim SG, Kim NH,
Choi DS, Baik SH, Choi KM. Effect of PPAR-a and -y agonist on
the expression of visfatin, adiponectin, and TNF-a in visceral fat
of OLETF rats. Biochem Biophys Res Commun 2005; 336: 747-
753.

Mori Y, Oana F, Matsuzawa A, Akahane S, Tajima N. Short-term
effect of bezafibrate on the expression of adiponectin mRNA in
the adipose tissues. Endocrine 2004; 25(3): 247-251.

Lee YK, Kim JE, Nam SH, Goo JS, Choi SI, Choi YH, Bae CJ,
Woo JM, Cho JS, Hwang DY. Differential regulation of the
biosynthesis of glucose transporters by the PI3-K and MAPK
pathways of insulin signaling by treatment with novel compounds
from Liriopeplatyphylla. Int ] MolMed 2011; 27: 319-327.

Kaur HD, Bansal MP. Studies on HDL associated enzymes under
experimental hypercholesterolemia: possible modulation on
selenium supplementation. Lipids Health Dis 2009; 8: 55.

Oka Y, Asano T, Shibasaki Y, Lin JL, Tsukuda K, Katagiri H,
Akanuma Y, Takaku F. C-terminal truncated glucose transporter is
locked into an inward-facing form without transport activity.
Nature 1990; 345(6275): 550-553.

Le Roith D, Zick Y. Recent advances in our understanding of
insulin action and insulin resistance. Diabetes Care 2001; 24(3):
588-597.

Czech MP, Corvera S. Signaling mechanisms that regulate
glucose transport. J Biol Chem 1999; 274(4): 1865-1868.

Lab Anim Res | September, 2012 | Vol. 28, No. 3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


