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ulti-target strategies for treating complicated diseases 
are becoming a trend in modern medicine.1 

Traditional oriental herbal prescriptions have regained 
popularity over the past decade, and are widely used for the 
treatment and prevention of various diseases because of 
their effectiveness.2,3 The use of herbal prescriptions as 
primary therapeutics or supplements for improving health-
related conditions is popular worldwide.4 As the use of 
herbal medicine increases, concerns have been raised over 
the lack of both quality control and scientific evidence of 
the efficacy and safety of herbal medicine.5,6 However, few 
scientific studies have explored the safety and toxicity of 
herbal medicines. Therefore, it is necessary and essential to 
conduct safety assessment of any medicine or food used as 
a dietary supplement. 

Bangpungtongsung-san (BPTS, fang feng tong sheng 
san in Chinese, bofu-tsusho-san in Japanese) is a well-
known Korean, Japanese, and Chinese traditional herbal 
medicine with supposed anti-inflammatory, antipyretic, 
choleretic and diuretic properties, used clinically to prevent 
or improve liver disorders and jaundice, as an anti-obesity 
agent, and as a hypercholesterolemic agent. BPTS is one of 
the most widely used herbal prescriptions in Korea and 
Japan. In particular, BPTS was ranked fifth in production in 
Japan’s herbal market.7 

Previous studies have demonstrated that aqueous 
extracts of BPTS have antioxidative, antibacterial, anti-
hypertensive, and anti-atopic effects.8-10 Several pharmaco-
logical studies have reported on its ability to counter fatty 
liver, hypertension, and hyperglycemia in diabetes mellitus 
mice,11-14 although information regarding the preventive 
effects of BPTS on atherosclerosis is lacking. In a clinical 
trial, BPTS was shown to reduce body weight and improve 
impaired glucose tolerance.13 This study aimed to evaluate 
the toxicity of BPTS when administered daily by gavage to 
Crl:CD (SD) rats for 4 weeks. In addition, we investigated 
the cytotoxicity of BPTS on LNCaP, RBL-1, and BEAS-2B 
cell lines, and splenocytes. Previously, our research group 
investigated the acute toxicity and changes in the 
concentration of heavy metals, residual pesticides, and 
sulfur dioxide to establish data regarding the safety of 
BPTS.15,16 As part of a safety evaluation of BPTS, an 
evaluation of the cytotoxicity and 4-week repeated-dose 
toxicity of an aqueous extract of BPTS was conducted 
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Abstract 
Background: Bangpungtongseong-san (BPTS) is a traditional oriental herbal prescription, with alleged anti-

inflammatory, antipyretic, anti-obesity, and choleretic properties that is widely used for patients in Korea, Japan, and China 
with obesity and hyperlipidemia resulting from long-term inappropriate lifestyle. Although BPTS is a widely used herbal 
prescription in Asian countries, little information is available regarding its safety and toxicity. As part of a safety evaluation of 
BPTS, the present study evaluated its cytotoxicity in various cells and oral toxicity over 4 weeks through repeated 
administration of an aqueous extract of BPTS to Crl:CD (SD) rats. 

Methods: BPTS was prepared using a water extraction method and three compounds were simultaneously isolated from 
BPTS using high-performance liquid chromatography. This study is the first reported evaluation of the cytotoxicity of BPTS 
and its repeated-dose (over 4 weeks) oral toxicity. BPTS was orally administered in daily doses of 0, 500, 1,000, and 2,000 
mg/kg for 4 weeks. Cytotoxicity was conducted at various concentration ranges in BEAS-2B, LNCaP, RBL-1 cell lines, and 
in splenocytes. 

Results: Resulting analysis of body weight gain, mortality, clinical observation, urinalysis, blood biochemistry, 
hematology, organ weight, and histopathological data did not show significant differences between V.CONTROL and BPTS-
treated groups. Additionally, we investigated the cytotoxicity of the extract against LNCaP and splenocytes. Cytotoxic effects 
were observed in LNCaP cells and splenocytes, where the mean cell viability was significantly decreased at 500 g/mL and 
200 g/mL of BPTS after 48 or 72 h treatment, respectively. 

Conclusion: These studies found no observed adverse effects for BPTS at 2,000 mg/kg/day or less for 4 weeks repeated 
toxicity under the conditions of this study. 

J Physiol Biomed Sci. 2011; 24(2): 20-27 
 
Keywords: Bangpungtongseong-san, toxicity, traditional medicine 
 
 

 

From Herbal Medicine EBM Research Center, Korea Institute of Oriental 
Medicine, Exporo 483, Yuseong-gu, Daejeon 305-811 (M.Y.L, I.S.S., 
C.S.S., H.H., H.K.S.) and the Division of Nonclinical Studies, Korea 
Institute of Toxicology, P.O. Box 123, 19 Sinseongro, Yuseong-gu, 
Daejeon 305-343 (J.I.H.), Republic of Korea 
 
Corresponding  author: 
Hyeun-Kyoo Shin 
Herbal Medicine EBM Research Center,  
Korea Institute of Oriental Medicine,  
Exporo 483, Yuseong-gu, Daejeon 305-811, Republic of Korea 
E-mail: hkshin@kiom.re.kr 
 
© 2011 Journal of Physiological and Biomedical Sciences 
    Available online at www.j-pbs.org 

M 



 
 
Bangpungtongseong-san toxicity in rats J Physiol Biomed Sci. 2011; 24(2): 20-27 

21 

according to guidelines established by the Organization for 
Economic Cooperation and Development (OECD) for the 
testing of chemicals in accordance with modern Good 
Laboratory Practice regulations (GLP). 
 

Materials and Methods 
 
Preparation of BPTS extract 
A BPTS extract was prepared in our laboratory from a 
mixture of chopped crude herbs purchased from Omniherb 
(Yeongcheon, Korea) and HMAX (Chungbuk, Korea). 
BPTS was prepared as described in Table 1 and extracted in 
distilled water at 100°C for 2 h. The extract was evaporated 
to dryness and freeze-dried (yield, 17.7%). Lyophilized 
BPTS extract was weighed (500 mg) into a 25 ml flask and 
distilled water was added to the volumetric mark. The 
mixture was shaken for 10 min at room temperature. After 
extraction, the mixture was passed through a 0.2 µm 
membrane filter, and 10 µl aliquots of filtrate were injected 
into an HPLC system. 
 
HPLC analysis of BPTS 
Geniposide, liquiritin, baicalein, and glycyrrhizin were 
purchased from Wako Pure Chemical Industries (Osaka, 
Japan). The purity of each compound was determined to be 
greater than 98 % by HPLC analysis. HPLC-grade reagents, 
methanol, acetonitrile and water were obtained from J. T. 
Baker (Phillipsburg, NJ, USA). Other chemicals were of 
analytical grade. A methanol standard stock solution 
containing geniposide, liquiritin, baicalein, and glycyrrhizin 
was prepared and diluted to the appropriate concentration 
ranges for the establishment of calibration curves. 

A Shimadzu LC-20A HPLC system (Shimadzu, Kyoto, 
Japan) consisting of a solvent delivery unit, an on-line 
degasser, a column oven, an autosampler and a photodiode 
array (PDA) detector was used for analysis. The data 
processor employed LCsolution software (version 1.24). A 
Luna C18 analytical column was used (250  4.6 mm; 
particle size 5 µm, Phenomenex, Torrance, CA, USA). The 
mobile phases consisted of solvent A (1.0 %, v/v, aqueous 
acetic acid) and solvent B (acetonitrile with 1.0 %, v/v, 
acetic acid). Column temperature was maintained at 40°C. 
The analysis was carried out at a flow rate of 1.0 ml/min 
with PDA detection at 254 and 280 nm. The injection 
volume was 10 µl. The retention times of the main 
compounds were 14.1, 17.3, 22.5 and 31.7 min for 
geniposide, liquiritin, baicalein, and glycyrrhizin, 
respectively. The linearity of the peak area (y) versus 
concentration (x, µg/ml) curve for reference compounds 
such as geniposide, liquiritin, baicalein, and glycyrrhizin 
was used to calculate the concentrations of these 
compounds in the main components in BPTS. HPLC, 
coupled with other techniques, particularly PDA detection, 
is a convenient, widely used, and powerful approach for 
rapid identification of constituents in botanical extracts and 
plants important in traditional Chinese medicine.17 
Therefore, here we focused on a three-dimensional 
chromatogram for BPTS produced using HPLC-PDA-
coupled methods for four major compositional herbs and 

Table 1  Composition of BTPS 
 

   Scientific name     Amount (g)   Company      Source  
 

Talcum  6.375  HMAX  China  
Glycyrrhiza uralensis  4.5  HMAX  China  
Gypsum  2.625  HMAX  China  
Scutellaria baicalensis  2.625  HMAX  Jeongseon, Korea  
Platycodon grandiflorum  2.625  Omniherb  Yeongcheon, Korea 
Ledebouriella seseloides 1.6875  HMAX  China  
Cnidium officinale  1.6875  Omniherb  Yeongcheon, Korea 
Angelica gigas  1.6875  Omniherb  Pyeongchang, Korea 
Paeonia lactiflora  1.6875  Omniherb  Hwasun, Korea  
Rheum undulatum  1.6875  HMAX  China  
Ephedra sinica  1.6875  HMAX  China  
Mentha pulegium  1.6875  Omniherb  China  
Forsythia koreana  1.6875  HMAX  China  
Erigeron canadensis  1.6875  HMAX  China  
Schizonepeta tenuifolia  1.3125  Omniherb  China  
Atractylodes japonica  1.31  HMAX  China  
Gardenia jasminoides  1.3  Omniherb  Muju, Korea  
Zingiber officinale  6.25  Omniherb  Yeongcheon, Korea 
 

                   Total  44.125    

 
their main compounds (geniposide in Gardenia 
jasminoides, liquiritin in Glycyrrhizauralensis, glycyrrhizin 
in Glycyrrhizauralensis, and baicalein in Scutellaria 
baicalensis). Figure 1 shows a chromatogram of a water 
extract of BPTS, with detection of eluted components at 
254 and 280 nm. 
 
Cell culture and viability 
BEAS-2B, LNCaP, and rat basophilic leukemia (RBL-1) 
cell lines were obtained from the American Type Culture 
Collection (AJCC, Rockville, MD, USA). BEAS-2B cells 
were maintained in Dulbecco’s modified Eagle’s medium 
supplemented with glutamine (1 mM), 10 % (v/v) heat-
inactivated fetal bovine serum (FBS), penicillin (50 U/ml) 
and streptomycin (50 g/ml), at 37°C in an atmosphere of  
5 % (v/v) CO2. RBL-1 and LNCaP cells were cultured in 
RPMI 1640 with 10 % (v/v) FBS, 2 mM glutamine, and  
1 % (v/v) of an antibiotic mixture under 5 % (v/v) CO2 at 
37°C. Cells were seeded into 96-well plates, and incubated 
in serum-free medium in the presence of different 
concentrations of BPTS for 24 or 48 h. The cell-counting 
kit-8 (CCK-8) cytotoxicity test reagent (Dojindo, Japan) 
was added at 4 h. Thereafter, absorbance at 450 nm was 
measured using an enzyme-linked immunosorbent assay 
(ELISA) microplate reader (Benchmark; Bio-Rad Labor-
atories, USA). Cell viability relative to that of the untreated 
control group was calculated. All experiments were 
performed in triplicate. Cells treated with PBS were used as 
vehicle controls. 
 
Preparation and treatment of splenocyte suspensions 
Spleens from BALB/c mice were aseptically removed and a 
single-cell suspension was obtained by passing them twice 
through a needle after suspension in RPMI 1640 medium 
containing 10 % (v/v) FBS, 25 mM HEPES, 2 mM 
glutamine, 100 U/ml penicillin, and 100 mg/ml strepto-
mycin (Gibco BRL, Grand Island, NY, USA). Red blood 
cells (RBC) were lysed with lysis buffer (Sigma, St Louis, 
MO, USA) at 37C for 10 min. After washing with PBS, 
cells were cultured in 100 mm dishes for 4 h. Splenocytes 
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were plated onto 96-well plates at a density of 1106 
cells/ml and treated with different concentrations of p-
hydroxycinnamic acid methylester for 1 h, followed by 
treatment with concanavalin A (ConA, 1 g/mL) for a 
further 3 days. Next, splenocyte viability was assessed 
using a CCK-8 assay. All experimental procedures were 
performed in accordance with the NIH Guidelines for the 
Care and Use of Laboratory Animals, and animal handling 
followed the dictates of the National Animal Welfare Law 
of Korea. 
 
Oral toxicity study 
Each of 20 female and male specific-pathogen-free Sprague 
Dawley rats (4 weeks old upon receipt, Orient Bio, 
Republic of Korea) were used after acclimatization for 14 
days prior to study initiation with an evaluation of health 
status. Five animals were used in each group. Three animals 
were allocated per polycarbonate stainless-steel wire-mesh 
cage and allowed sterilized tap water and commercial 
rodent chow (Purina, Pyeongtaek, Republic of Korea) ad 
libitum. The animals were maintained in environmentally 
controlled rooms at 22 ± 3°C at a relative humidity of 50 ± 
20 % with a 12 h light-dark cycle (artificial lighting from 
08:00 to 20:00) and had 12-15 air changes per hour. 

This study was performed at the Korea Testing and 
Research Institute and the study protocol was approved by 
the Institutional Animal Care and Use Committee according 
to the “Guidelines for Toxicity Tests of Drugs and Related 
Materials, Document #2009-116” as prepared by Korea 
Food and Drug Administration (2009). 

In a previous single-oral-dose study of BPTS, no 
treatment-related toxic changes were observed at the 
highest dose (2,000 mg/kg). Therefore, the highest dose 

Table 2  Contents of four compounds in the BPTS by HPLC (n=3) 
 

 Compound Mean (mg/g) SD      RSD (%)  
 

 Geniposide  5.06  0.016  0.310 
 Liquiritin 7.33 0.015 0.200 
 Baicalin 28.44 0.110 0.388 
 Glycyrrhizin 7.81 0.016 0.198 
 

 
level of 2,000 mg/kg with a common ratio of 2 was chosen 
for this 4-week repeated-dose study. Healthy male and 
female rats were randomly assigned to four experimental 
groups: BPTS 500, 1,000, and 2,000 mg/kg/day groups, and 
a vehicle control group. Each group consisted of five rats of 
each sex. Because the oral route is the clinically intended 
route for BPTS, oral administration was selected in the 
present study. The BPTS was suspended in distilled water 
and was freshly prepared daily before treatment. The daily 
application volume (5 ml/kg body weight) of BPTS was 
calculated in advance based on the most recently recorded 
body weights of individual animals. The BPTS was 
administered by oral gavage once daily in the morning on a 
regular basis (from AM 10:00 – AM 11:00) for four weeks. 
Distilled water was given to the animals in the vehicle 
control group. 

All animals were observed twice daily for any changes 
in general appearance or behavior, and signs of toxicity, 
morbidity, and mortality. Body weights were recorded 
weekly, and at the end of the observation period the rats 
were examined by necropsy and the weights of organs 
recorded. On day 28, the animals were fasted overnight and 
on day 29 they were sacrificed. Food and water consump-
tion was measured per cage at the initiation of treatment 
and weekly thereafter. Measured amounts of food and water 
were supplied to each cage and the remnant was measured 

Figure 1  Three-dimensional HPLC 
chromatogram of BPTS. 
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on the next day to calculate the difference, which was 
regarded as the daily food and water consumption. 

All animals in each group were subjected to an external 
eye examination during the pretest period and both an 
external and fundus examination using an indirect binocular 
ophthalmoscope (IO-H, Neitz Instruments, Japan) during 
the last week of dosing. During the last week of treatment, 
urinalysis of all animals was conducted to assess urine 
volume (Vol), specific gravity (SG), pH, protein (PRO), 
ketone body (KET), glucose (GLU), bilirubin (BIL), nitrite 
(NIT), urobilinogen (URO), bilirubin (BIL), nitrite (NIT), 
casts, epithelial cells (EPI), erythrocytes (RBC), leucocytes 
(WBC), and occult blood (BLO) using a Multistix 10SG 
(Bayer, USA) and urine chemical analyzer (Clinitek 500, 
USA). Blood samples were drawn from the posterior vena 
cava of animals under isoflurane anesthesia, collected into 
CBC bottles containing EDTA-2K (Sewon Medical, 
Republic of Korea), and analyzed to determine red blood 
cell count (RBC), hemoglobin concentration (HGB), 
hematocrit (HCT), mean corpuscular cell volume (MCV), 
mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), platelet (PLT), large 
unstained cell (LUC), white blood cell count (WBC) and 
differential WBC count. All parameters were measured 
using an ADVIA 120 Hematology System (Bayer, USA). 
Prothrombin time (PT) and activated partial thromboplastin 
time (APTT) were determined in blood samples treated 
with 3.2 % sodium citrate using a coagulometer (Coagrez-
100s, Japan). 

For serum biochemistry analysis, blood samples were 
centrifuged at 3,000 rpm for 10 minutes and analyzed using 
a Toshiba 200FR NEO analyzer (Toshiba, Japan). Serum 
biochemistry parameters were examined, including blood 
urea nitrogen (BUN), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), creatinine (CREA), glucose (GLU), total cholesterol 
(TCHO), albumin/globulin ratio (A/G), total protein (TP), 
albumin (ALB), creatine kinase (CK), triglyceride (TG), 
total bilirubin (TBIL), phospholipid (PL), gamma glutamyl- 
 

 
Figure 2  Cell viabilities after treatment with BPTS at various 
concentrations. BEAS-2B cell line (A), RBL-1 cell line (B), LNCaP 
cell line (C), and splenocytes (D). Values are mean ± SD of three 
experiments. Significant difference, *P < 0.05 and **P < 0.01, from 
non-treatment (0). 

transferase (GGT), calcium (Ca), inorganic phosphorus 
(IP), chloride (Cl), sodium (Na) and potassium (K). The 
absolute organ weight of the brain, pituitary gland,adrenal 
gland, liver, spleen, kidneys, heart, thymus, lung, salivary 
gland, thyroid glands, testis, epididymides, seminal vesicle, 
prostate, uterus and ovaries was measured, and then relative 
organ weight (% for body weight) was calculated. 

For histopathological examination, Samples from lung, 
liver and kidney were fixed in 10 % neutral buffered 
formalin. Tissues were embedded in paraffin, sectioned at 4 
µm thickness, and stained with hematoxylin and eosin 
(hematoxylin, Sigma MHS-16, and eosin, Sigma HT110-1-
32). Tissues were subsequently mounted and cover slipped 
using Dako mounting medium (Invitrogen, USA). 
 
Statistical analysis 
Data collected during the study were examined for the 
variance homogeneity using Bartlett’s test. When Bartlett’s 
test indicated no significant deviations from the variance 
homogeneity, a one-way ANOVA was performed at  = 
0.05. When significance was noted, a multiple comparison 
test (Dunnett’s test) was conducted to determine which 
pairs of groups were significantly different. Where 
significant deviations from variance homogeneity were 
observed, a nonparametric comparison Kruskal-Wallis test 
was conducted. When a significant difference was observed 
in the Kruskal-Wallis test, the Dunn’s Rank Sum test was 
conducted. Statistical analyses were performed using the 
Path/Tox System (version 4.2.2). The level of significance 
was taken as P < 0.05 or 0.01. Because treatment-related 
animal deaths were not observed, LD50 values were not 
determined. 
 

Results 
Our assay was applied to the simultaneous determination of 
four compounds, geniposide, liquiritin, baicalein and 
glycyrrhizin, in BPTS. Figure 1 shows chromatograms of 
reference compounds and a water extract of BPTS, with 
detection of eluents at 254 and 280 nm. The analytical 
results for each compound identified are summarized in 
Table 2. 

As shown in Figure 2, cell viability was not significant-
ly reduced by BPTS up to 200 µg/ml in BEAS-2B, RBL-1, 
and LNCaP cell lines. However, cytotoxicity for spleno-
cytes was apparent at concentrations over 50 µg/ml and 
RBL-1 cells over 200 µg/ml. 

In 4 weeks repeated oral dose toxicity study, no mortal- 
 
Table 3  Clinical signs in rats treated orally with BPTS 
 

 Group Salivation Scab 
 

 Male 
 V.CONTROL 0/5 0/5 
 500 mg/kg 0/5 0/5 
 1,000 mg/kg 0/5 0/5 
 2,000 mg/kg 3/5 1/5 
 Female 
 V.CONTROL 0/5 0/5 
 500 mg/kg 0/5 0/5 
 1,000 mg/kg 1/5 0/5 
 2,000 mg/kg 2/5 0/5 
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Figure 3  Mean body weight changes of male (A) and female (B) 
rats treated with BPTS at dose levels of 0 (○), 500 (■), 1,000 (▲), 
and 2,000 (●) mg/kg/day for 4 weeks. Values are presented as 
mean ± SD. 
 

ity of either sex was observed in BPTS treatment groups. 
No BPTS treatment-related clinical signs were detected in 
the present study, except for salivation in female rats treated 
with 1,000 mg/kg and 2,000 mg/kg and male rats treated 
with 2,000 mg/kg. One skin scabbing was detected in male 
rats in the 2,000 mg/kg treatment group (Table 3). 

The development of animals during the experimental 
period corresponded to their species and age. Body weight 
was measured weekly and neither sex showed any 
significant difference among BPTS-treated groups in 
comparison with the V.CONTROL group at any time 
during the experimental period. Animals in all groups 
gained weight (Figure 3). Changes in relative organ weight 
in the V.CONTROL and the BPTS-treated groups are 
presented in Table 4. A decrease of absolute lung weight 
and statistically significant pituitary gland weight change 
was observed for those in the groups treated at 500 and 
1,000 mg/kg/day. In the female rats, decreases in lung 
weight were observed in those in the group treated with 500 
mg/kg BPTS extract and increased thyroid weights were 
observed in those in the group treated with 2,000 mg/kg 
BPTS extract. 

For food consumption, BPTS-treated male rats may 
partly be related to a slight decrease in food consumption as 

 
Figure 4  Food intake in male (A) and female (B) rats treated with 
BPTS at doses of 0 (○), 500 (■), 1,000 (▲), and 2,000 (●) 
mg/kg/day for 4 weeks. Values are mean ± SD. Significant 
difference, *P < 0.05 and **P < 0.01, from V.CONTROL group). 
 

compared with the V.CONTROL group. Significant group 
differences were observed at 500 mg/kg (days 16, 23, and 
28) and 2,000 mg/kg (day 28) in the male rats (Figure 4). In 
the female rats, no food consumption changes were 
observed in any group. 

There were no abnormal findings among rats of either 
sex in the BPTS-treated groups as compared with the 
V.CONTROL group in both ophthalmological examination 
and urinalysis (data not shown). Also, the hematological 
parameters of the BPTS-treated rats were not observed 
significant differences compared to the V.CONTROL group 
(Table 5). 

Examination of the serum biochemistry values of the 
BPTS-treated and V.CONTROL groups are shown in Table 
6. In male rats in the 2,000 mg/kg group, the sodium level 
was significantly higher than in the V.CONTROL-group 
animals. In the other groups, the hematological values of 
the BPTS-treated rats differed slightly from those of the 
V.CONTROL group, but values remained in the normal 
range for both sexes. 

At scheduled termination, there were no treatment-
related gross findings at the time of necropsy, with the 
exception of kidney cysts (n = 2) and liver foci (n = 1) in 
the  male  control  group  and  a  skin scab  (n = 1)  seen in a 

Table 4  Relative organ weights of rats treated orally with BPTS (% body weight) 
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female rat exposed to 2,000 mg/kg (data not shown). No 
BPTS treatment-related microscopic changes were 
observed in the liver, kidney, or spleen of treated rats of 
either sex (data not shown). 
 

Discussion 
For a number of centuries, BPTS has been a traditional food 
consumed by humans for both its nutritional and medicinal 
value. Despite preliminary evidence of its therapeutic 
benefits in humans noted in Asian countries, there have 
been no toxicology studies performed on BPTS. This may 
be because of the assumption that because BPTS has been 
traditionally consumed as a medicine for a long time, there 
is no need to conduct toxicological studies. However, the 
safety of herbal medicine use has recently been questioned 
because of reports of illness and fatalities, hepatotoxicity, 
and nephrotoxicity.18-23 Therefore, the results of the present 
study provide an important reference for the safety of BPTS 
as a herbal medicine for humans. 

In the present study, after daily oral administration of 
500 mg/kg, 1,000 mg/kg, and 2,000 kg/mg of a BPTS 

 

extract for 28 consecutive days to rats, no treatment-related 
effects with regard to body weight, food and water 
consumption, relative organ weight, ophthalmoscopy, 
urinalysis, hematology, or serum biochemistry were 
observed regardless of sex, nor did gross and histopatho-
logical examinations of the treated rats of either sex reveal 
any treatment-related changes. A few minor changes in 
clinical signs were observed, including salivation and skin 
scabbing, and a decrease in food consumption was seen in 
male rats exposed to BPTS doses of 500 and 2,000 
mg/kg/day, but these were not considered to be related to 
BPTS treatment because these findings occurred in a low 
incidence, as well as in control animals, and did not exhibit 
a dose-response relationship. The increase in sodium levels 
in male rats seen in the group exposed to BPTS treatment at 
2,000 mg/kg/day was also not considered a toxic effect. 
These findings are common in normal SD rats and can 
result from various factors, including stress caused by oral 
treatment and fighting among animals housed together.24,25 

Some abnormal gross findings at autopsy were observed 
in male control rats and at a low incidence in female rats 

              Table 5  Hematological values of rats treated orally with BPTS 
 

 
 
             Table 6  Serum biochemical values of rats treated orally with BPTS 
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treated with BPTS at 2,000 mg/kg/day. Because these 
findings occurred infrequently and were not related to dose, 
they were considered to be sporadic. 

The absolute weight of the lungs in male rats 
administered BPTS extract at 500 and 1,000 mg/kg/day 
were decreased, and pituitary gland weight changed relative 
to control rats. For female rats, the relative weight of the 
lungs in rats treated with BPTS at 500 mg/kg/day was 
decreased, and the relative thyroid gland weight was 
increased in rats treated with BPTS at 2,000 mg/kg/day. 
However, no dose-dependent correlation was observed for 
these changes. Further, these findings were not accompa-
nied by gross or histopathological changes (in the liver, 
kidney, or spleen). Therefore, they were not considered to 
be BPTS-induced abnormalities. 

In cytotoxicity study of BPTS using various cell lines, 
all cell lines except for splenocytes did not show cytotoxic 
effects up to the highest dose, which is consistent with the 
result of 28 days repeated toxicity study. These findings are 
considered to be the safety information of BPTS. Unlike 
our expectations, cytotoxic effect of BPTS on splenocytes 
was observed at 200 µg/ml. However, there was no toxic 
effects of BPTS detected in the spleen for 28 days in the 
repeated toxicity study. Although spleen weight is weakly 
increased in a dose-dependent manner, there was no 
observed significant differences. Abnormal findings related 
to spleen was also not observed in hematology, serum 
biochemistry, and histopathological examination. The 
cytotoxic effects on splenocytes are considered to require 
further detailed studies. 

Therefore, they were not considered to be BPTS-
induced abnormalities. In humans, a single dose of BPTS is 
about 45 g of dried herbs, which is equivalent to 8.0 g of 
the BPTS extract (yield  = 17.7%). Considering an average 
body weight of an adult of 60 kg,26,27 this dose is equivalent 
to 47.8 mg/kg of BPTS extract, i.e. a dosage about 10-fold 
lower than the 2,000 mg/kg BPTS dose tested. 
 

Conclusion 
In conclusion, oral administration of BPTS to SD rats for 4 
weeks by repeated oral dose did not cause any adverse 
effects in rats of either sex up to and including doses of 
2,000 mg/kg/day. Additionally, upon evaluation of the in 
vitro cytotoxicity of BPTS against BEAS-2B, RBL-1 and 
LNCaP cell lines, and splenocytes, no cytotoxic effects 
were observed up to 200 µg/ml, 1,000 µg/ml, 2,000 µg/ml, 
or 50 µg/ml, respectively. Because long-term administration 
of BPTS is used in clinical therapy, in order to understand 
its safety better, the toxicity of BPTS was investigated after 
repeated administrations. Furthermore, cytotoxicity was 
used to evaluate its biological activity in an in vitro study. 

As part of a safety evaluation of BPTS, these findings 
not only lay the groundwork for additional studies to further 
investigate any possible preclinical toxicity associated with 
subchronic or genotoxic BPTS, but also provide guidance 
in the design of clinical trials to ensure safety of prolonged 
BPTS use in clinical therapy. 
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