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ABSTRACT

Introduction: Platycodi radix is a radish used in 

food, such as Korean kimchi, and has been shown 

to cause weight loss in rodents. Platycodin D

is considered its active ingredient and has 

been shown to inhibit lipases. The authors 

hypothesized that platycodi radix and the 

platycodin D it contains inhibit angiogenesis; 

another mechanism for weight loss. Methods:

This study tested platycodi radix extract, 

platycodin D, and an extract of platycodi radix 

standardized to platycodin D for their ability to 

inhibit angiogenesis in a human adipose tissue 

assay. This study treated five healthy volunteers, 

orally, with platycodi radix extract standardized 

to 414 mg of platycodin D. Three volunteers were 

treated under fasting conditions, one volunteer 

with a 400 kcal meal, and one volunteer treated 

with a placebo. Blood was drawn over 5 hours 

to compare serum inhibition of the human 

adipose tissue angiogenesis. Results: Platycodin 

radix extract, platycodin D, and platycodi 

radix extract standardized to platycodin D all 

inhibited angiogenesis. The three volunteers who 

consumed platycodi radix extract standardized to 

414 mg of platycodin D had a 25.76% reduction 

in angiogenesis from baseline at 60 minutes 

(P<0.002), and had a statistically significant 

reduction in angiogenesis from 30 to 240 minutes 

(P<0.05 to P<0.002). The placebo decreased 

angiogenesis by 5.6% between 30 and 240 minutes, 

compared with 17.8% by the extract. The meal 

delayed absorption by approximately 3.5 hours. 

Conclusion: Platycodi radix extract standardized 

to platycodin D inhibited angiogenesis in human 

volunteers, and paves the way for a dose-response 

study and a human clinical obesity trial.

Keywords: angiogenesis; dietary herbal 

supplement; medicinal food; platycodi radix; 

platycodin D

INTRODUCTION

Being overweight and obesity are increasing in 

prevalence around the world.1 Being overweight, 
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defined as body mass index (BMI) above 

25 kg/m2, now affects 68% of the US adult 

population, and obesity, defined as a BMI over 

30 kg/m2, affects 34%.2 Obesity increased from 

15% in 1980 to 30.9% in 2000.3 An increase in 

the prevalence of obesity is followed in 10 years 

by an increase in the prevalence of diabetes.4 The 

prevalence of diabetes is rising in the USA,5 and 

it affects ethnic minorities and the economically 

disadvantaged disproportionately.6 Both 

diabetes and obesity cost the USA approximately 

$100 billion per year, or more.7,8 Thus, being 

overweight and obesity represent one of the 

most concerning public health problems of our 

time.

The treatments for being overweight and 

obese have given disappointing results. The 

mainstay of treatment is a calorie-restricted diet 

combined with a lifestyle change program.9 This 

type of treatment induces a 5%-10% weight loss; 

however, one-third of the weight is regained in 

one year and 50% of subjects have returned to 

their baseline weight by 5 years.10 Medications 

are available for the treatment of obesity, but 

give about the same degree of weight loss as diet 

and lifestyle change.11 Treating obesity through 

surgery gives a sustainable weight loss of 30% of 

initial body weight, but is appropriate only for 

those who are severely obese.12 Thus, there is a 

clear need for better obesity treatments.

Platycodi radix is the name for the roots of 

Platycodon grandiflorum (Jacq.) A.DC., a plant 

that is also known by the common name, 

“balloon flower.” Platycodi radix is used as a 

food, such as in recipes for Korean kimchi, as 

an herbal medicine, and as a dietary herbal 

supplement. It is used as an herbal medicine to 

treat colds, and there is a belief in Korea that it 

can prevent obesity.13,14

Han et al. demonstrated that an aqueous 

extract of platycodi radix inhibited lipase 

activity in vitro, reduced the elevation of plasma 

triglycerides that occurs 2-4 hours after a 

triolean emulsion is given orally, and localized 

the lipase inhibitory activity to the total saponin 

fraction.15 The same group also showed that the 

body weight of mice fed a high-fat diet, and 

5% weight per volume (w/v) aqueous extract 

of platycodi radix, was reduced compared with 

the high-fat diet-fed controls.15 The group then 

tested the crude saponin fraction of platycodi 

radix in mice fed a high-fat diet at 10 or 30 g/kg

of crude saponins compared with a high-fat 

diet-fed control. Mice eating the high-fat diet, plus 

30 g/kg of crude saponins from platycodi radix, 

gained 17% less weight over 9 weeks compared 

with the high-fat diet-fed control. Platycodin D 

was shown to be the active saponin, which 

inhibited pancreatic lipase in vitro and, when 

given orally to mice at a dose of 244 mg/kg,

inhibited the rise in post-prandial blood 

triglycerides.16 Zhou et al. treated rats with a 

high-fat diet and 35 or 70 mg/kg of platycodi 

radix saponins, or a high-fat diet-fed control. 

Both groups given the platycodi radix saponins 

gained 13% less weight than the high-fat diet-

fed controls. The low-density lipoprotein (LDL) 

cholesterol and triglycerides were also decreased 

compared with the high-fat diet-fed controls, 

and there was a dose-dependent 2.1-3.2-fold 

increase in stool triglyceride.17

Adipose tissue has been shown to be 

regulated through the vasculature. Ob/ob mice 

and other genetic rodent obesity models given 

angiogenesis inhibitors experienced a reduction 

in adipose tissue mass.18 TNP-470, a fumagillin 

derivative that is an inhibitor of methionine 

aminopeptidase-type 2 and angiogenesis, 

returned weight of leptin-deficient mice to the 

level of the C57B6 mouse with normal leptin 

levels, but not below.18,19 TPN-470 increased 

metabolic rate, increased fat oxidation, increased 

endothelial apoptosis, and appeared to act on the 

mature vessels in the fat tissue.18 A subsequent 
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study has extended these observations to murine 

diet induced obesity.20

This study developed an in vitro human 

adipose tissue assay to assess angiogenesis.21 

This assay has two major advantages over 

other angiogenesis assays. First, it can assess 

the “angiogenic switch” in which a quiescent 

vessel is converted into a proliferating vessel.22 

Secondly, it uses human tissue, which is 

predictive of what happens in humans, while 

non-human assays may not be.23 The reduction 

of weight gain in the Zhou et al. study of 

Platycodi radix saponins seemed larger than 

what could be attributed to lipase inhibition 

alone. The authors postulated that, in addition 

to lipase inhibition, platycodi radix may inhibit 

angiogenesis.

METHODS

Study 1

An aqueous extract of platycodi radix 

saponins at 1% w/v was tested in this study’s 

human adipose tissue assay. This method 

has been described in detail previously.24

Briefly however, subcutaneous adipose tissue 

was removed from patients having cosmetic 

surgical procedures. The fat was placed 

directly into sterile assay media (Medium 

199 [GibcoBRL, Gaithersburg, MD, USA]) 

transported directly to the laboratory from 

the surgery suite in the sterile container, and 

processed under a laminar flow hood. The tissue 

was cut into fragments approximately 1 mm 

thick and 2 mm in diameter. These fragments 

were placed in 96-well plates containing 4 μL 

human thrombin solution (0.05 IU in 4 μL per 

well) and covered with 100 μL clotting media 

(3 mg/mL fibrinogen; Sigma Chemical Co., 

S t  Louis ,  MO,  USA) ,  0 .5% eps i lon-

amino caproic acid (Sigma Chemical Co.)

i n  a n g i o g e n e s i s  m e d i a  c o n t a i n i n g 

1 0 0  U / m L  p e n i c i l l i n ,  1 0 0  U / m L

streptomycin sulfate,  and 2.5 μg/mL

amphoter i c in  be ta  in  Medium 199 

(GibcoBRL). The mixture was allowed to clot 

by incubation in 6% CO2, in 94% air, at 37°C 

in a humidified incubator. After the media 

had gelled overnight, the fat-containing clot 

was supplemented with 100 μL angiogenesis 

media containing 20% fetal bovine serum 

(GibcoBRL). The total volume of each well 

was 200 μL. There were 30 replicates for the 

1% w/v platycodi radix saponins and the 

media control. The angiogenesis media with 

20% fetal bovine serum were replaced every 

48 hours and appropriate concentrations 

of fresh platycodi radix saponins, or media 

control with 20% fetal bovine serum, were 

added. Wells were evaluated for the angiogenic 

response as described by Greenway et al.21

An observer, unbiased to the treatment 

protocols, evaluated the angiogenic response 

using a semi-quantitative visual rating 

scale.25 Essentially, the tissue was viewed 

under an inverted microscope, visually 

divided into four quadrants and each 

quadrant was given a numeric score, from 

0 to 4, based on the neovessel’s length, density, 

and percentage of the quadrants’ circumference 

involved with the angiogenic response. Numeric 

results from the four quadrants were summed 

and expressed as an angiogenic index ranging 

from 0 (no neovessels apparent in any quadrant) 

to 16 (highly vascularized in all four quadrants). 

This rating scale has been validated by Hornick 

et al. using multiple independent observers.25 

The extract of platycodi radix saponins at 1% 

w/v was tested in the assay. Platycodin D was 

isolated from the mixture of other platycodi 

radix saponins and was tested in the assay over 

a concentration range from 10–7 M to 10–3 M. 

The platycodi radix saponins standardized to 
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its platycodin D content was also tested in the 

assay.

Study 2

Five normal, healthy volunteers between the ages 

of 18 and 65 years with a BMI between 18 kg/

m2 and 35 kg/m2 were included in this study. 

Subjects taking regular medication other than oral 

contraceptives and women that were pregnant, 

nursing, or who refused to avoid pregnancy 

during the study were excluded. During screening 

all subjects had a medical history, physical 

examination, electrocardiogram, a fasting 

chemistry panel (glucose, creatinine, potassium, 

uric acid, albumin, calcium, magnesium, creatine 

phosphokinase, alanine-leucine transaminase, 

alkaline phosphatase, iron, cholesterol, 

triglycerides, high-density lipoprotein [HDL]

cholesterol, and LDL cholesterol), and a complete 

blood count (CBC) (hemoglobin, hematocrit, 

mean cell volume, platelet count, white blood cell 

count, granulocyte number, neutrophil number, 

eosinophil number, and basophil number). 

Subjects who passed screening reported for the 

study visit in the morning, after having nothing 

to eat or drink, except for water, from 9:00 pm the 

previous night. Subjects had an intravenous line 

placed from which 50 mL of blood was drawn at 

times 0, 30, 60, 120, 180, 240, and 300 minutes. 

After the baseline blood draw, three subjects 

took platycodi radix extract standardized to 

414 mg of platycodin D orally, one subject 

took a placebo orally, and one subject took 

platycodi radix extract standardized to 

414 mg of platycodin D with a 400 kcal omelet; 

made from egg, butter, flour, and dried onions 

(40% of energy as fat, 40% as carbohydrate, and 

29% as protein). Serum was separated from the 

blood, drawn during the test day, and frozen at 

–70°C until analyzed in the angiogenesis assay 

described in study 1; except the 20% fetal bovine 

serum was replaced with 80% subject serum. 

Subjects returned on the morning following 

their test day, having had nothing to eat or drink 

except water from the previous night. Subjects 

had blood drawn for a chemistry-15 panel, a 

CBC, an electrocardiogram, and subjects were 

questioned about any adverse events.

Ethical Approval and Informed Consent

The clinical study was approved by the 

Pennington Biomedical Research Center 

Institutional Review Board and each subject 

signed a written informed consent.

Statistical Analysis

The mean and standard deviation of the percent 

reduction in angiogenesis from baseline at each 

time point was compared with baseline by t-test. 

The time course of the inhibition of angiogenesis 

was described, as was the effect of food and a 

placebo on angiogenesis.

RESULTS

Study 1

Platycodi radix saponins at 1% w/v concentration 

inhibited angiogenesis (P<0.001) (Figure 1). 

Platycodin D gave complete inhibition of 

angiogenesis at 10–4 M (P<0.001) and appeared 

to give partial inhibition at 10–5 M; however, the 

difference was not statistically significant (Figure 2).

The platycodi radix extract standardized to 

platycodin D gave complete inhibition at a 10–4 M

concentration of platycodin D (P<0.001) 

(Figure 3).

Study 2

The five healthy volunteers had an average 

BMI of 23.1 ± 2.2 kg/m2 (mean ± SEM) and 

an average weight of 63.1 ± 5.9 kg. The three 
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subjects who consumed oral platycodi radix 

extract standardized to 414 mg of platycodin D 

had a peak reduction of 25.76% ± 4.93 (P<0.002) 

in angiogenesis from baseline at 60 minutes. 

Between 30 minutes and 240 minutes there was 

a significant reduction of angiogenesis from 

baseline that varied from 12% to 25.7% (P<0.05 

to P<0.002) and averaged 17.8% (Figure 4). The 

average reduction of angiogenesis in the placebo 

condition between 30 and 240 minutes was 

5.6%, compared with 17.8% in the platycodi 

radix extract fasting condition (Figure 5). As 

there was only one placebo-treated subject, 

statistics could not be done on this comparison. 

There was only one subject that took the 

platycodi radix with food. This subject seemed 

to have a delayed response by approximately 

3.5 hours, and at 5 hours, when the test ended, 

the reduction in angiogenesis was still increasing 

(Figure 6). One subject had moderate nausea 

and some heartburn after taking the platycodi 

radix extract and another complained of a mild 

toothache. The nausea and heartburn may have 

been related to the extract, but the toothache 

was concluded not to be. 

There were no other adverse events during 

the study and all five subjects completed the 

trial. The laboratory work, consisting of the 

chemistry panel and CBC (the same as those 

described as being drawn at screening) drawn 

on the day following the test day, was normal, 

as was the case at screening, except for the 

anticipated drop in hemoglobin and hematocrit 

related to the serial blood draws performed 

during the test.

DISCUSSION

This pilot study demonstrated that platycodi 

radix, and the platycodin D it contains, 

are inhibitors of angiogenesis. There was a 

statistically significant reduction of angiogenesis 

Figure 1. Platycodin saponins (PS) from platycodi radix 
inhibited angiogenesis at 1% weight per volume (w/v) in 
a human adipose tissue assay compared with the media 
control (P<0.001). FBS=fetal bovine serum.
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from baseline following uptake of a 414 mg 

oral dose of platycodi radix from 30 minutes to 

240 minutes. Thus, it appears that the platycodi 

radix extract standardized to its platycodin D 

content would need to be dosed three times 

a day, as the inhibition of angiogenesis had 

returned to baseline by 5 hours. The standardized 

platycodi radix extract gave more inhibition of 

angiogenesis than a placebo, and food seemed 

to delay absorption by approximately 3.5 hours. 

There were no serious adverse events, which is 

not unexpected, as platycodi radix is consumed 

as a food.

The bar for safety of obesity drugs has been 

very high, which is emphasized by the recent 

rejection by the Food and Drug Administration 

(FDA) of lorcaserin and two combination drugs, 

phentermine-topiramate and bupropion-

naltrexone, in addition to the removal of 

sibutramine from the market for safety reasons. 

In the interest of maximizing the safety of 

obesity therapeutics, the authors have looked 

for foods with folklore suggesting their efficacy 

in treating obesity, and show inhibitory activity 

in the study’s human adipose tissue angiogenesis 

assay. The authors were able to show that black 

raspberry, a member of the Rubus family, 

inhibited angiogenesis and that gallic acid was 

partially responsible for this effect.26.27 Number 

Ten (NT) is an herbal combination of rhubarb, 

ginger, astragalus, red sage, and turmeric that 

has been demonstrated to cause dramatic weight 

loss in rodents, but when taken in humans 

resulted in diarrhea.28,29 The authors attempted 

to combine smaller amounts of NT with gallic 

acid, but this was ineffective in achieving human 

weight loss. It appeared that the transport 

mechanism across the gut was saturated at a 

level lower than what was required to inhibit 

angiogenesis.30

When finding that platycodin D was 

effective in inhibiting angiogenesis, the authors 

Figure 4. The serum drawn at time points after three fasting 
volunteers orally took platycodi radix extract standardized 
to 414 mg of platycodin D was tested in the human adipose 
tissue angiogenesis assay. The peak reduction in angiogenesis 
was 25.76% at the 60 minute time-point (P<0.002). 
Angiogenesis was reduced by an average of 17.8% between 
30 and 240 minutes (P<0.05 to P<0.002).  n=3; *P<0.05; 
†P<0.01; ‡P<0.002.
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were concerned that, despite its demonstrated 

weight loss efficacy in rodents, it would 

not be bioavailable in humans. The authors 

performed this pilot pharmacokinetic study, 

which confirmed that platycodi radix extract 

standardized to platycodin D is absorbed, and 

the human serum inhibits angiogenesis in the 

study’s ex vivo human angiogenesis assay. The 

authors intend to construct a dose-response 

curve and plan to perform a human trial for the 

treatment of obesity.

The primary uses of angiogenesis in 

adulthood are for menstrual periods, fetal 

development, and wound healing. Thus, the 

potential for toxicity should be low, and the 

fact that platycodi radix is used as a food is 

further evidence of its safety. Having lighter 

menstrual periods may be an advantage 

during obesity treatment, as pregnancy is 

not recommended during weight loss, and an 

inhibitor of angiogenesis can always be stopped 

if a serious injury, or the need for surgery, should 

occur. The authors tested gallic acid, another 

food component absorbed in rodents, and was 

found to cause weight loss.31 The authors found 

no evidence of any reproductive toxicity at 

430 mg/kg per day, or less, giving further 

reassurance of the safety of angiogenic inhibitors 

that are components of food, and anticipate a 

similar experience with platycodin D.32

One could consider the absence of 

measuring blood markers of angiogenesis, 

such as circulating endothelial cells, vascular 

endothelial growth factor (VEGF), and VEGF 

splice variants, a weakness of this study. Clearly, 

this information would have been interesting to 

have, and with this positive pilot data can be 

obtained in future studies. Previous studies using 

this assay, however, have shown that VEGF 

alone is insufficient to initiate angiogenesis, 

and antibodies that target only one element of 

the VEGF pathway fail to consistently inhibit 

angiogenesis.33 Angiogenesis inhibitors, such 

as PTK787, a tyrosine kinase inhibitor that 

targets multiple VEGF and non-VEGF receptors, 

profoundly inhibit physiologic and pathologic 

angiogenesis.33 Thus, for a pilot study, the 

authors felt that testing individual angiogenic 

factors was premature.

CONCLUSION

This study has demonstrated that platycodi radix 

and its active ingredient, platycodin D, which 

generated weight loss in rodents, are active 

in inhibiting angiogenesis in vitro. The orally 

active feasibility in humans was demonstrated 

by the inhibitory effect of serum, from treated 

volunteers, on angiogenesis in a human adipose 

tissue assay. The next steps will be to define a 

dose-response effect of the extract, in a similar 

pharmacokinetic study, using a larger number of 

subjects before testing the standardized extract 

in human clinical trials to induce weight loss.
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