
From these results, we can suggest the possibility that 
PGE can be used as a food ingredient or drug component 
to therapeutically control obesity. 
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INTRODUCTION
Obesity accelerates the accumulation of  excessive fat, 
which can cause additional metabolic diseases such as 
fatty liver, hyperlipidemia, hypertension, arteriosclerosis, 
and diabetes[1-4]. To treat and control obesity, besides diet 
therapy and exercise, many different approaches such 
as drugs for weight loss or loss of  appetite and food 
supplements are suggested to date. However, some of  
them have been reported to have serious side effects 
like vomiting, headache, stomach-ache and heart attack. 
Oriental medicinal herb extracts have been reported 
to be useful for the control of  blood pressure, glucose 
concentration and hyperlipidemia with less significant side 
effects[3,4]. However, the majority of  these herb extracts 
have yet to be scientifically or medically evaluated[5].

In line with this, we used oriental medicinal herbs that 
had been expected to have a lipid lowering effect based on 
the previous reports[6,7]. 

Platycodon grandiflorum is a perennial plant of  the 
Campanulaceae family containing triterpenoid saponin, 
carbohydrates, and fibers. Platycodon grandiflorum is an 
oriental herb known to improve insulin resistance and 
the lipid profile in rats with diet-induced obesity[8-10]. 

Many previous studies have reported the lipid-lowering 
activity of  Platycodon grandiflorum in serum and liver, and 
the fibers in Platycodon grandiflorum inhibited the progress 
of  atherosclerosis by reducing cholesterol levels in rats. 
Regarding the mechanism of  the lipid lowering effect 
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Abstract
AIM: To investigate the effect of Platycodon grandi-
florum extract (PGE) on lipid metabolism and FABP 
mRNA expression in subcutaneous adipose tissue of high 
fat diet-induced obese rats. 

METHODS:  PGE was treated to investigate the inhibitory 
effect on the pre-adipocyte 3T3-L1 differentiation and 
pancreatic lipase activity. Male Sprague-Dawley rats with 
an average weight of 439.03 ± 7.61 g were divided into 
four groups: the control groups that fed an experimental 
diet alone (C and H group) and PGE treatment groups 
that administered PGE along with a control diet or HFD 
at a concentration of 150 mg/kg body weight (C + PGE 
and H + PGE group, respectively) for 7 wk. Plasma total 
cholesterol (TC) and triglycerol (TG) concentrations were 
measured from the tail vein of rats. Adipocyte cell area 
was measured from subcutaneous adipose tissue and 
the fatty acid binding protein (FABP) mRNA expression 
was analyzed by northern blot analysis. 

RESULTS: PGE treatment inhibited 3T3-L1 pre-adipocyte 
differentiation and fat accumulation, and also decreased 
pancreatic lipase activity. In this experiment, PGE 
significantly reduced plasma TC and TG concentrations 
as well as body weight and subcutaneous adipose tissue 
weight. PGE also significantly decreased the size of 
subcutaneous adipocytes. Furthermore, it significantly 
repressed the up-regulation of FABP mRNA expression 
induced by a high-fat feeding in subcutaneous adipose 
tissue. 

CONCLUSION: PGE has a plasma lipid lowering-effect 
and anti-obesity effect in obese rats fed a high fat diet. 
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of  Platycodon grandiflorum, there is a report that saponin, a 
major component of  Platycodon grandiflorum reduced serum 
cholesterol concentration by inhibiting the reuptake of  bile 
acids in the intestine and increasing fecal excretion[5,11-13]. 
Considering the above reports, dietary Platycodon grandiflorum 
may be useful in the prevention and improvement of  
metabolic disorders such as NIDDM, syndrome X, 
and coronary artery disease, hypercholesterolemia and 
hyperlipidemia[6,7]. We also previously reported the 
effect of  PGE on FABP expression along with dietary 
conversion from a long-term high fat diet to a normal 
control diet in obese rats[14]. 

Long-term intake of  a high fat diet could alter the 
expression of  genes governing lipid metabolism including 
fatty acid metabolism, and increase FABPs expression in 
the liver, heart, intestine and adipose tissues. One of  the 
FABPs, also known as adipocyte lipid-binding protein (aP2), 
belongs to a family of  intracellular lipid-binding proteins 
involved in the transport and storage of  lipids[15], that are 
14-15 kDa cytosolic fatty acid binding proteins (FABPs), 
and are expressed in a highly tissue specific manner[16]. 
FABP has been proposed to be involved in intracellular 
trafficking and utilization and storage of  long chain fatty 
acids. Its expression is modulated by developmental, 
hormonal, pharmacological and dietary factors. 

Adipocyte FABP content was increased by a high 
fat diet, indicating that the high fat diet increased the 
need for the oxidation of  fatty acids and utilization in 
hepatocyte[17-19]. 

Although the lipid lowering effect of  PGE in treating 
and preventing obesity has been reported, its underlying 
molecular mechanism has not been completely elucidated 
yet. Thus, in this study, we tried to investigate the 
molecular mechanism of  PGE by examining its effect on 
FABP mRNA expression in white adipose tissue of  obese 
rats. 

MATERIALS AND METHODS
Materials  
Trizol reagent was obtained from GIBCO BRL (Invitrogen, 
Carlsbad, CA). All other chemicals and reagents, unless 
noted otherwise, were obtained from Sigma (St. Louis, 
MO). All the chemicals were of  reagent grade. Laboratory 
diet components were purchased from CLEA Japan (Osaka 
Japan). 

Preparation and oral administration of Platycodon 
grandiflorum extract 
Platycodon grandiflorum, the oriental medicinal herb used in 
this experiment was approved as an ingredient in food 
and has been used in oriental medicine for the treatment 
of  obesity in Korea. Platycodon grandiflorum was obtained 
from products of  Yeongcheon-gun, Gyeongsangbuk-do, 
Korea. Platycodon grandiflorum was extracted in 5 volumes 
of  distilled water for 2 h. The extract was collected and 
concentrated by vacuum evaporator (Buchi Rotavapor 
R-114, Switzerland) then freeze-dried for use in this 
experiment. 

In vitro pancreatic lipase activity
Pancreatic lipase activity in the porcine pancreas was 

determined by measuring the rate of  release of  oleic 
acid from triolein, as previously reported[5]. Briefly, a 
suspension of  triolein (80 mg), phosphatidylcholine (10 
mg) and taurocholic acid (5 mg) in 9 mL of  0.1 mol/L 
N-tris (hydroxymethyl) methyl-2-aminoethanesulfonic acid 
buffer (pH 7.0) containing 0.1 mol/L NaCl was sonicated 

for 5 min. This sonicated substrate suspension (0.1 mL) 
was incubated with 0.05 mL (10 U) of  pancreatic lipase 
and 0.1 mL of  various concentrations of  PGE (for 30 min 
at 37℃ in a final volume of  0.25 mL). The amount of  oleic 
acid released was determined by the spectrophotometric 
method[5].

3T3-L1 preadipocyte culture and differentiation and Oil 
Red O staining
3T3-L1 preadipocytes were cultured and differentiated 
as previously described[20]. In short, cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) containing 
10% fetal bovine serum (FBS) in 5% CO2 at 37℃. 
Two days after complete confluence was reached (d 0), 
differentiation was induced by changing the medium to 
DMEM containing 10% FBS plus 0.5 mmol/L 3-isobutyl-
1-methylxanthine (MIX) (Sigma), 1 mg/mL insulin (Sigma) 
and 1 mmol/L dexamethasone (DEX) (Sigma). After  
48 h (d 2), the medium was replaced with DMEM 
containing 10% FBS plus 1 mg/mL insulin. On d 4, the 
medium was replaced with DMEM containing only 10% 
FBS, this step was repeated every 2 d thereafter, until d 9. 
Differentiation was assessed by morphological changes 
and Oil red O staining method[20]. 

Experimental animals 
The animals used in this study were 7-wk-old male 
Sprague-Dawley rats (Charles River Diagnost ics, 
Wilmington, MA) with an average body weight of  439.03 
± 7.01 g. The animals were housed two per metabolic cage 
and maintained with regular feeding every day during the 
experimental period. The animal room was maintained 
at 22 ± 2℃. Room lighting consisted of  12 h periods of  
light and dark. The diet and water were given ad libitum. 
After one week of  adaptation, the experimental diets 
were given for 7 wk along with the oral administration of  
PGE. Body weight was measured every week. Blood was 
collected from the tail vein at the start and the end of  the 
experiment. Food intake was measured every other day 
during the experimental period, the food efficiency ratio 
(FER) was calculated by the average value of  food intake 
each group. 

All the animal experimental procedures were conducted 
in accordance with guidelines from the Korean National 
Health Institute of  Health Animal Facility.

  
Experimental diet and group design 
The experimental diet was prepared based on AIN-93[21]. 
The control diet generated 11.7% of  its total energy from 
fat. The high fat diet, in which corn oil and some portion 
of  the corn starch in the control diet were replaced by 
lard, generated 59.8% of  its total energy from fat. The 
experimental groups in this study were divided into four 
groups: the control (C and H groups) and PGE treatment 
groups that were administered PGE along with a control 
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or high fat diet (H) at a concentration of  150 mg/kg body 
weight (C + PGE and H + PGE group, respectively) for 
7 wk. C and H represented the control diet containing 
normal fat and high fat diet containing 30% lard, 
respectively. The composition of  the experimental diet is 
shown in Table 1. 

Blood collection and biochemical analysis 
At the end of  the experiment, the food was removed and 
experiments were performed between 9 AM and 12 PM. 
The rats were anesthetized with intraperitoneal injection 
of  pentobarbital (60 mg/kg body weight). Blood samples 
were obtained from the tail vein of  rats at the start and 
end of  the experiment. Blood samples were rapidly 
centrifuged at 3000 × g for 15 min, at 4℃ and plasma was 
obtained and stored at -70℃ before analysis. TC and TG 
concentrations were determined by a spectrophotometric 
method of  a diagnostic kit from Sigma as previously 
described[22]. 

Adipose tissue weight, fat cell number and area 
Subcutaneous adipose tissue was removed from rats and 
weighed. The samples were frozen in liquid nitrogen 
and stored at -70℃. For adipocyte staining, frozen 
subcutaneous adipose tissue was serially sliced at a 
thickness of  20 μm using a freezing microtome (Cryostat, 
Leica Microsystems, Nussloch GmbH, Switzerland). The 
samples were stained with Mayer's hematoxylin and its 
area was measured by using light microscopy and an image 
analysis program. 

Northern Blot analysis for FABP and adipogenic gene 
expression in subcutaneous adipose tissue
Total cel lular RNA from homogenates of  frozen 
subcutaneous adipose tissue was isolated using Trizol 
reagents, quantified by UV spectrophotometry, and 
stored at -70℃ prior to use. Total RNA (15 μg) was 
electrophoresed on 1% (w/v) agarose gel and transferred 
to a Nylon membrane (BioRad, Hercules, CA). The cDNA 
fragments were prepared by PCR using specific primers. 
The primer pairs for PCR were as follows: for FABP (420 
bp), forward 5'-AGA ACC ACA CGG CTA CCA TGC 
T-3', reverse 5'-TGT GTC CAT CAG CTC CAG TTG 
C-3'; for leptin (162 bp), forward 5'-CAG GGA GGA 

AAA TGT GCT GGA G, reverse 5'-CCG ACT GCG 
TGT GTG AAA TGT C and for LPL (198 bp), forward 
5'-AGG GCT CTG CCT GAG TTG TA, reverse 5'-AGA 
AAT TTC GAA GGC CTG GT. The amplification of  
actin cDNA fragments (500 bp) was performed in a 
separate tube to enable semi-quantitative normalization 
using the following primers: forward 5'-ACC ACA GTC 
CAT GCC ATC AC-3', reverse 5'-TCC ACC ACC TGT 
TGC TGT A-3'. The PCR products were separated on 
1% agarose gel, eluted and used for the hybridization 
probe. The probe (25 ng) was labeled with [α32P]dCTP 
(50 μCi) using a Random-primed DNA Labeling Kit 
(TAKARA Shuzo Co., Ltd.). Electroblotted RNA on a 
nylon membrane was hybridized with the labeled cDNA 
fragment at 65℃ for 16 h. Hybridized bands were 
quantified using the Image Analyzing Device (Vilber 
Lourmat, France) and the bands of  the images were 
analyzed with densitometer software (Molecular Dynamics 
Image Quant Version 3.3).

Statistical analysis  
Statistical analysis for the experimental results were 
performed using SPSS (Version 11.0) program and all 
measurements were expressed as mean ± SE. Statistically 
significant differences between the groups were found 
using one way-ANOVA[23]. Duncan's multiple-range test 
was then performed on the analyzed values to identify 
significant differences between the average values of  each 
treatment group. P < 0.05 was considered statistically 
significant.

RESULTS
Pancreatic lipase activity  
The PGE s ign i f i cant ly inh ib i ted the pancrea t i c 
lipase activity in a dose dependent manner, PGE (10  
mg/mL) treatment dropped the pancreatic lipase activity 
approximately in half  (Table 2). 

Inhibition effect of PGE on 3T3-L1 adipocyte differentiation 
When differentiating adipocytes were stained with the 
fat-specific Oil Red O at d 13, a fully differentiated state, 
there was a significant difference between PGE treated 
(Figure 1B) and non-treated control cells (Figure 1A). The 
result of  Oil Red O quantification showed PGE treatment 
decreased lipid accumulation. At 50 mg/mL concentration, 
lipid accumulation was decreased to approximately 
10% compared to the PGE non-treated control group  
(Figure 1C). 

Table 1  Composition of experimental diets

Control diet (%) HFD (%)

Casein   16  15
Sucrose   10  10
Corn starch   59  31
Lard (80% contained)     -   37
Corn oil     5    -
Cellulose     5    2
Vitamin Mix     1    1
Mineral Mix        3.5       3.5
Choline bitartarate        0.2       0.2
DL-Methionine        0.3       0.3
Energy (Kcal/100 g) 385 557
Energy from fat (%)      11.7      59.7

Table 2  Inhibitory effect of PGE on pancreatic lipase activity in 
vitro  (mean ± SE) 

Platycodon grandiflorun   extract Pancreatic lipase
concentration (mg/mL) activity (% of control)

  0 100 ± 1.0a

  0.01 87.80 ± 1.08a

  0.1 85.38 ± 4.14a

  1 70.92 ± 1.59a

10 52.30 ± 3.21a
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Body weight gain and energy intake 
Figure 2A and B showed the changes in body weight of  
the control group (C) and the high-fat diet group (H), 
throughout the experimental period. The % changes in 
body weight were given in relation to the initial weight at 
wk 0. There were no significant differences in the average 
initial body weight among the groups. At the beginning of  
the experiment, the average body weight of  the 7-wk old-
rats were 439.03 ± 7.61 g and significantly increased to 
516.19 ± 5.98 g after 7 wk of  feeding a control diet. In the 
control diet groups, no significant effect was observed for 
PGE in reducing body weight. However, PGE treatment 
made a significant difference in the high fat diet groups. 
This was significantly inhibited by oral administration of  
PGE indicating it could give a beneficial effect on body 
weight reduction in the H groups. 

Food intake was also higher in the H group than in 
the C group. When PGE was administered orally for 7 wk 
along with a high fat diet, the reduction in food intake was 

comparable to that of  the C group (P < 0.05). The food 
intake ratio (food efficiency ratio, FER) showed a similar 
pattern as that of  the food intake (Figure 2 C and D). 

Adipose tissue weight, cell area 
Subcutaneous adipose tissue weight was significantly 
higher in the H group than in the C group (5.92 ± 1.77 
vs 3.81 ± 0.58). PGE also significantly decreased the 
subcutaneous adipose tissue weight in the H group, 
comparable to that of  the C group (Figure 3A). This 
effect indicated that the administration of  PGE was 
important in adipose tissue weight reduction as well as in 
body weight. 

A

Figure 1  PGE inhibited preadipocyte differentiation in a dose-dependent manner. 
Fully differentiated 3T3-L1 cells both non-treated (A) and treated (B) with PGE 
were stained with Oil red O staining solution. The absorbencies at 510 nm from 
3T3-L1 cells treated with various concentrations of PGE (C). 
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Figure 2  Effects of PGE on body weight of rats fed experimental diet for 7 wk. C: 
Control normal fat diet group (n = 10); H : 30% lard containing high fat diet group 
(n = 10); C + PGE : Control rats orally administered 150 mg/100 g body weight of 
Platycodon grandiflorum extract (PGE) group (n = 10); H + PGE: High fat feeding 
with administered PGE orally at the concentration of 150 mg/100 g body weight 
group (n = 10). Values are mean ± SE. They were compared using the ANOVA 
and post Tukey test. P < 0.05 was considered statistically significant. 
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The subcutaneous adipocyte size of  each group was 
shown in Figure 3 B and C. The size of  adipocytes in the 
H group was significantly larger than those of  the C group. 
When rats were fed a high fat diet and administered PGE (H 
+ PGE group), the size of  the adipocytes was significantly 
decreased compared to those of  the control diet group (C 
+ PGE group). 

Plasma TC and TG concentrations 
Plasma TC concentration at 7 wk in the C and H groups 
were 189.05 ± 51.54 mg/mL and 294.44 ± 53.5 mg/mL, 
respectively. Plasma TG concentration at 7 wk in the C and 
H groups were 54.77 ± 11.55 mg/mL and 78.25 ± 10.95 
mg/mL, respectively (Figure 4). PGE treatment showed 
significant plasma lipid lowering effect in the H group (H 
+ PGE groups, P < 0.05). 

FABP and adipogeneic gene expressions in subcutaneous 
adipose tissue
In the H group, FABP gene expression in subcutaneous 
adipose tissue was significantly increased approximately 
290% as compared to the C group (Figure 5). This 
HFD induced FABP mRNA up-regulation was reduced 
significantly by administration of  PGE (P< 0.05). 
However, there was no significant difference in C 
groups (C and C + PGE group). Although the mRNA 
expressions of  leptin and LPL (lipoprotein lipase), a well 
known adipocytokine and major enzyme of  lipoprotein 
metabolism respectively, were also significantly increased 
in the H group, no significant effect of  PGE on their gene 
expressions was observed. 

DISCUSSION
In the present study, we tried to investigate the effect of  
Platycodon grandiflorum on diet-induced obesity improvement 
and treatment and its underlying mechanism. PGE 
treatment inhibited 3T3-L1 pre-adipocyte differentiation 
and fat accumulation, and also decreased pancreatic 
lipase activity. Thus, we speculate that PGE exerts a lipid 
lowering effect via inhibition of  pancreatic lipase activity 
resulting in lowered lipolysis and small intestinal absorption 
of  dietary fat. During the digestion process dietary fat is 
hydrolyzed by pancreatic lipase. The two main products 
formed by the hydrolysis of  pancreatic lipase are fatty 
acid and 2-monoacylglycerols. These lipolytic products are 
mixed with bile salts, dispersed as micelles and carried to 
the site of  fat absorption. Lipid absorption takes place in 
the apical part of  the plasma membrane of  epithelial cells 
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or enterocytes lining the gut[24,25]. In the process of  lipid 
absorption, FABP regulates free fatty acid absorption, 
transport, storage. We also performed an animal study to 
confirm its effect in vivo using the concentration (150 mg/
kg body weight/day) which was within the range approved 
by Korea Food and Drug Administration (KFDA) as a 
food ingredient for human.

In a long-term (7-wk) experiment, the administration 
of  PGE also induced remarkable effects on l ipid 
metabolism via lowering pancreatic lipase activity and 
adipocyte size reduction, which resulted in suppression 
of  obesity development accompanied by significant 
differences in energy consumption. A previous report[7] 

demonstrated that high fat diet induced obese Sprague-
Dawley rats fed Platycodin saponin (PS) for 4 wk were 
highly correlated to the food intake restriction as well as 
body weight reduction. In our experiment, we could also 
show a significant co-relation between food intake and 
weight loss by statistical analysis (data not shown). From 
these results, we could predict that PGE contained lots 
of  saponins, the major component of  the PG, which 
induced food intake reduction followed by weight loss and 
adipocyte size reduction. 

Serum lipid concentration was also significantly 
increased in the H group agreeing with other previous 
studies which reported that serum lipid concentrations 
were improved with the administration of  oriental herbs 
containing large amounts of  saponin, a major component 
of  Platycodon grandiflorum[8-13] and our previous report[14]. 

From our results, PGE triggered a significant reduction 
of  FABP mRNA expression in subcutaneous adipose 
tissue, which was highly correlated to the body weight 
loss. These results indicate that the oral administration of  
PGE not only helps to suppress the accumulation of  body 
fat but also helps to degrade accumulated fats. Adipose 
tissue, which stores the largest amount of  energy from 
fat of  any tissue in the body, also plays a central role in 
regulating fatty acid metabolism. While the immediate 
use of  dietary nutrients and stored hepatic energy source, 
such as glycogen is required to satisfy short-term need, 
adipocytes have evolved to maintain stores of  TG for the 
long-term energy requirements of  the body. The release of  
fatty acid shows regional variation and is known to depend 
on the FABP regulation. Adipocyte FABP expression also 
displays regional variations[19,26-28]. Fatty acid utilization 
and metabolism are regulated by specific proteins. The 
cellular uptake of  long chain fatty acids for oxidation is 
activated by membrane bound proteins, including fatty 
acid translocase (FAT/CD36)[29], plasma membrane fatty 
acid binding protein (FABP pm)[30], and the FA transport 
proteins[24,31-32]. In clinical study, mature adipocytes showed 
up-regulation of  genes involved in lipid metabolism, 
such as fatty acid binding protein (FABP), adipocyte 
differentiation-related protein, LPL, perilipin. Damcott  
et al[27] reported that variation in the FABP promoter altered 
transcriptional activity and was associated with body 
composition and plasma lipid levels in human. However, 
there is little report on the expression and regulation of  
FABP in obese rats, let alone the effect of  PGE. 

Thus, we tried to evaluate the effect of  Platycodon 
grandiflorum on FABP expression of  subcutaneous adipose 
tissue in obese rats. In the H group, mRNA expression 
of  Leptin, a well known adipocytokine, was significantly 
increased as expected, but PGE failed to suppress this 
increase. For FABP, another major target of  this study, 
one previous study[18] reported that FABP alteration by 
long-term high fat feeding could modify body weight 
changes and lead to alterations in body composition and 
lipid metabolism. However, relatively little information 
was available regarding the role of  FABP in white adipose 
tissue (WAT). Hence, further study was needed to elucidate 
the detailed mechanism of  adipocyte FABP regulation. 

The expression level of  FABP was increased during the 
process of  adipocyte differentiation or induced obesity. 
But there was no further increase after the complete 
differentiation of  adipocytes or complete development of  
obesity[18,33]. Based on these results and previous reports[14], 
we propose that FABP is one of  the main proteins 
regulating obesity development, and consequently, it is 
highly probable to treat or improve obesity by using the 
substances that reduce FABP expression such as Platycodon 
grandiflorum. The use of  this PGE for the treatment and 
improvement of  obesity could be further validated by 
studying its mechanisms in detail. 

In conclusion, PGE has the potential to be used 
clinically as an ingredient of  food or drug effective in 
obesity treatments by reducing plasma lipid concentration 
via fatty acid utilization without any serious side effects. 

Figure 5  FABP and other adipogeneic marker gene expressions in subcutaneous 
adipose tissue. The total RNA in subcutaneous adipose tissue was isolated with 
Trizol reagent and 10 mg of RNA was used for Northern hybridization. C: Control 
normal fat diet group (n = 10); H: 30% lard containing high fat diet group (n = 10); 
C + PGE: Control rats orally administered 150 mg/100 g body weight of PGE 
group (n = 10); H + PGE: High fat feeding with simultaneously administered PGE 
orally at the concentration of 150 mg/100 g body weight group (n = 10). Values are 
mean ± SE. They were compared using the ANOVA and post Tukey test. P < 0.05 
was considered statistically significant.
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