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Comparative Study of Characterizing Components and Biological
Activities of Bangpungtongseong-san Formulation

Jung Ok Kim, Hye Min Choi, Hee Hyun Lee, Sung Ok Moon, Jong Bum Kim, Hwa Dong Lee*

Korean Traditional Medicine Agency, Korea Promotion Institute for Traditional Medicine Industry

The purpose of this study was to investigate the quality of two different commercial Bangpungtongseong-san
(BTS) extract granules (BTS-2 and BTS-3) by comparing with BTS decoction (BTS-1). The contents of characterizing
components and biological activities of two different commercial BTS extract granules were compared with those of the
BTS decoction. The contents of characterizing components were analyzed with HPLC. The antioxidative effects were
determined by measuring 2,2-diphenyl-1-picrylhygrazyl (DPPH) radical scavenging and superoxide dismutase
(SOD)-like activity. Also, we compared the effects on lipid accumulation and reactive oxygen species (ROS) production
during differentiation of 3T3-L1 preadipocytes. The contents of five components except liquiritin and sennoside A were
higher in BTS-1. The DPPH radical scavenging and SOD-like activity were higher in BTS-1. BTS-1 significantly
inhibited lipid accumulation during differentiation of 3T3-L1 preadipocytes and showed stronger effects than BTS-2,
BTS-3. In additon BTS-1 showed stronger inhibition effects on ROS production during differentiation of 3T3-L1
preadipocytes than BTS-2, BTS-3. These results indicate that BTS decoction has strong biological activities than
commercial BTS extract granules. It is also consistent with the contents of characterizing components.

Key words : Bangpungtongseong-san, characterizing component, antioxidant, 3T3-L1 preadipocyte
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569 G ROE Astel BE A AV, Fot B89
W EA 494 5O BAZ AYAE AF) P Bae] 3
g 9 Agolth Do FAAE AT Bt B
ol mel fEARe PPl ebAR, FAF hAle solw
Azpgol weh 5UE FA3} FEE JehA Rahe 497
ol 2uAsh AR A5E A Taa ek e
2 FpAA HE BFS A7E FANE FEUE, FE
W FELE R AP Sl BebA £8 L KA Fol
72 e Ao Basn 9o, e s FepA A

(Gyeongsan, Korea)oll Al 242 443t &7F 7+ &
Ak Z7he) A kAl RS (A)FHgIETd
SHFA A AL AT gk B A of 3]
2) Ak 5 717

AlE HAE 92 HPLC 2415 9% acetonitrileZ} methanol
& JT. Baker (Phillipsburg, NJ, USA)elA T3k,
phosphoric acid= Junsei (Tokyo, Japan)ell A T3l A}-8-3}

Aot EEEA 2 AFE3 albiflorin, baicalein, sennoside A& 2]

E o] oFE kA A (Osong, Korea)i—‘?'—ﬂ , Ppaeoniflorin, liquiritin%
FH A E3} 5 (Daejeon, Korea) o2 HE #ofubol A&} o,

baicalin, glycyrrhizic acid, geniposide= Sigma Chemical Co.
(St. Louis, MO, USA)oll A T3t AH&3tth 2t EEA 9
TEE %B% olFoldtt. FEFERAS $3 HPLCE Agilient
1260 infinity HPLC DAD system (Agilent Technologies, Palo
Alto, CA, USA)S AM&3sich AdAde 240 A18d
2,2-diphenyl-1-picrylhygrazyl (DPPH), tris-HCl buffer =2
pyrogallol Sigma Chemical Co. (St. Louis, MO, USA)el Al
Y3+t Mouse embryonic fibroblast 3T3-L1 (3T3-L1) A% 7
AEZE PFHEF23Y(American Type Culture Collection,
ATCC, Manassas, VA, USA)olA EoFurol AL&-3stgit),
Dulbecco’s modified Eagle’s medium (DMEM), phosphate
buffered saline (PBS), fetal bovine serum (FBS), trypsin-EDTA
4 penicillin-streptomycin> WelGene (Deagu, Korea)oll A 7-¢]
39tk Insulin, (IBMX),
dexamethasone, Oil Red O 94 A|%F H dimethyl sulfoxide

(DMSO)= Sigma-Aldrich (St. Louis, MO, USA)ellA 3}

isobutyl ~ methyl  xanthine

13584 AAL] A2 2 A8 vl A+

ALEEE T B35 o =AHo= Tecan AFe] ELISA reader

Table 1. Composition of Bangpungtongseong-san

Name Amount (g) Source

Glycyrrhizae Radix et Rhizoma 0.67 Xingang, China

Scutellariae Radix 0.67 Heilongjiang, China
Paeoniae Radix 0.40 Uiseong, Gyeongbuk
Ephedrae Herba 0.40 Neimenggu, China
Angelicae Gigantis Radix 0.40 Bonghwa, Gyeongbuk
Rhei Rhizoma 0.50 Qinghai, China
Gardeniae Fructus 0.40 Jiangxi, China
Zingiberis Rhizoma 0.40 Andong, Gyeongbuk
TALCUM 167 Shandong, China
Gypsum Fibrosum 1.00 Hubei, China
Platycodi Radix 0.67 Yeongju, Gyeongbuk
Saposhnikoviae Radix 0.40 Neimenggu, China
Menthae Herba 0.40 Goryeong, Gyeongbuk
Cnidii Rhizoma 0.40 Yeongyang, Gyeongbuk
Forsythiae Fructus 0.40 Uiseong, Gyeongbuk
Natrii Sulfas 0.50 Hebei, China
Schizonepetae Spica 0.40 Hebei, China
Atractylodis Rhizoma Alba 0.67 Samcheok, Gangwon
Total amount 10.35

759 REEAS 44 FAE Y] Aol 2F 10
mg/mLe FEE ZAF F 4T HsYoh HAFNS

geniposide, paeoniflorin ¥ sennoside A 1.0~20.0 ug/mL,
albiflorin 1.0~10.0 pg/mL, liquiritin 0.5~10.0 pg/mL, baicalin
5.0~100.0 ng/mL ¥ glycyrrhizic acid 2.0~50.0 ng/mLe] %

ol EEFAE o gtel AT

WA FARES E4817] Y38k Kinetex C18 (2.6
um, 3.0 x 150 mm, Phenomenex, Torrance, CA, USA) ZH <
A8, ZHLeEE 30CE FA8AT. ol FAL (A) 0.05%
H3PO, in H,O, (B) 0.05% H3PO; in acetonitrileS AM&-31993
%2 02 mL/min® 2O 2 Table 29} Zo] E8FUch UV
AE7) 34L& 230 nmolA FQlslg e, ZE AEE 02 pm
PTFE syringe filter2 o33 & 10 pLg FYste] B354
4) DPPH radical 2A&4 &4
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DPPH radical &2A8A42 Al5&
B ZFasE Ueid.
5) SOD A4 34
Superoxide dismutase (SOD) -
X pyrogallol®] A-Fitstel gk A
Marklund$} Marklund”9] W& Wdste] 2489t 94%
T2 349 AE 40 pLol| pH 852 E A3 tris-HCl buffer 120
uLe} 7.2 mM pyrogallol 20 pLE #7}3te 25T A 1023 ¥t
4121 & IN HCI 20 pLE 7}ste] w83 AAA7]2 420 nm
A FHFE=E 33T SOD FAEA S FE2E H7Te
TRV FRE AolE WEE(%)E e AT
7) A EF
Aol AHE-E 3T3-L1 A A= DMEM Hj Aol 10%
FBS % penicillin-streptomycins H7}8te] 5% CO,, 37T <1+
Hl o] Bl ol A wl ¢Fat ATt
8) MTT assayE ©|&% AX =
Ago AEZA3 =X =357 98 Green
¥oll wel 3-(3,4-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium
bromide (MTT) assays AAISFAT MTT assayv= PIEZEE
ote] gl B4R st =T £84 7]HA MTT7P
‘:‘3—"49] B formazanl 2 FJ4FHE 9
2, A HE formazand FFEE Aol
o) FEZ WIaT AZS 1310 cells/well©-E 96 well plate
of #Fsha 2443 Mg F MEE viAE AE3 A Ast
o 24A17F & MIT A% 5 mg/mL 352 10 uLE 7+ wellol
7¥etaL 4x 7t Ft wikatleh W T8 F AFAS A st
7+ welloll 100 uL9] DMSOE #713te] WA E formazan 23S
&3 A1 A ELISA reader® 550 nmellA 3 =S S35t oH,
Foll thE MEER

A9l B FAAE F

5o Wy

AEEZL 5o FREE dxTe §4=

e AT

9) Oil red O Y& 5 3T3-L1 AWAFAE] 23} A
4 =4

Wl <9 3T3-L1  A*E7} ez =™
trypsin/EDTAE A 2jsto] AxE A4E st AEE RolA
3x10° cells/well®] W= 6 welld] £33 % 100% confluency
’Fefell Al 48412 WX & DMEMel 10% FBS$F 23 mg/mL
IBMX, 5 mg/mL insulin @ 1 mM dexamethasone®] 37}€ Hj
AMDIE Heste] &35 48417 F<F st 1 F 2% vf
t} 10% FBS DMEM Hj Aol 5 mg/mLQ] insulin®] A7}E ¥ X
£ nASFAS A8 Ae B3 WA H7F AHTE
ol Al sHSIT), oA AR Aelsh 09 Ao § AMAE
w3 % Algxgrt g9 AMEE PBSE AHT F 10%
formaldehyde §© 2 343} Oil red O §4-& #2314 30
B3 A20A dAETh Oil red O &4 AAG F ZFHS
2 AHste] AxzA7 v H4A @RS o &ske BEsta
100% isopropyl alcohol2 @A ¥ A& &3]3t 510 nmell
AN FEEE SAA

10) NBT assayS ©]-&¢ ROS A4 A&

confluent

g =3

233 2 LA E9 reactive oxygen species (ROS)
[e]

TS ZAs 7] At WA 24-welld HiY 2 B3ty
3T3-L1 M2 wjgdS AAS & Ed PBSE ©] 4314 23

A, 0.2% nitro blue tetrazolium (NBT) €< 0.2 mLE % 7}3}
o] CO; incubator QFoll A 90E7F WHS-A1Z1 F 100% acetic acid

Z o] 83t o]E dark blue formazans 25 £=A|A ELISA
readerE ©]€3}e] 570 nmolA EFE=E SHIIHUTH
11) SAA 2

BE A9a%e FEFAAE Gehigon,
A= SAS (Statistical Analysis System, SAS Instltute, Cary, NC,
USA)E ©] &3}l ANOVA testE A3 ¥ Duncan’s multiple
range testZ AFE AF3IATH p<0.05 o)dd wWwt BAA £
gol Y= Aeg Adadith

#o4 A

Table 2. Gradient elution condition of mobile phase

Time (min) Solvent”
A (%) B (%)
0 85 15
40 20 80
4 85 15
50 85 15

* A 0.05% HPOs in HO, B 0.05% H3PO4 in acetonitrile

4 3
AN AA AE 24
1) ¥4z &3
WEFAL TAFA F
paeoniflorin, glycyrrhizic acid, liquiritin, baicalin, sennoside A
o] ZAEAS 98 o] TS water?} acetonitrileS A|ZHTIEE
T4 &S 2o, 0.05% HPOE H7bete] Eel5s
=39 PDA #ZE7] 34 230 nmol A geniposide, albiflorin,
paeoniflorin, liquiritin, sennoside A, baicalin, glycyrrhizic acid
o £ AR AEHNOH, & AEEY 39 A §lo
= AtAThFig. 1). HA2 A FALA A
< AAEGen, AAdM das Fe4dE
retention time¥ UV 2 Ego] X3S &Rlg & 7 i
ek FEs EAEA
2) ¥ w4

873821 geniposide, albiflorin,

A

Emh"

NBET Qe FFEAL AR BAATE Table 33 2
o] 7744 FaARo] BE AEHAAT, Sl (BTS-1)7 A%

& ko7t Wi & &<

<
%‘Oﬂ A °] 53% o]F1 JeH, liquiritin}
sennoside AS A 9|3+ BE AlEo] BTS-19A4 71 =& AR
Uebsth BTS-29F BTS-304  X#k9]  geniposide,
paeoniflorin ¥ 359 baicalin®] 0.88~2.53 mg/g, 0.27~2.76
mg/g ¥ 1.59~17.00 mg/gd] &S vepdd wksle, BTS-100
AE 393 mg/g, 337 mg/g X 2347 mg/glE ¥53] w2 &
gog BAL 9T
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Fig. 1. HPLC chromatogram of Bangpungtongseong-san. A: standard
mixture, B: Bangpungtongseong-san decoction. Geniposide (1), albiflorin (2),
paeoniflorin (3), liquiritin (4), sennoside A (5), baicalin (6), glycyrrhizic acid (7).
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Table 3. Analytical results of repeatability to seven characterizing
components in Bangpungtongseong-san

BTS-1* BTS-2 BTS-3
Compounds Mean  RSD Mean  RSD Mean RSD
(mg/g) (%) (mg/g) (%) (mg/g) (%)

Geniposide 393007 172 088145 214 253002 141
Albiflorin 0784000 1.65 031£035 0.69  0.99£006 175
Paeoniflorin ~ 3.3740.03 1.18 027+040 144  276%003 128
Liquiritin 0741004 193 051:074 126  1.74:0.01 0.70
Sennoside A 0.75:0.00 1.10 014019 177  1.39:0.02 128
Baicalin 23474017 113 159252 092 17.00¢020 0.93
Glycyrrhizic acid 3.1640.03 302 083+139 1.63 4234030 111

*BTS-1, Bangpungtongseong-san decoction; BTS-2, commercial Bangpungtongseong-san
extract granule from manufacturer A; BTS-3, commercial Bangpungtongseong-san extract
granule from manufacturer B.

2. AN AA Y AEEA B
1) DPPH radical &A&4

S84 AA s ksl &S vlasta Al BTS-1&
FrEE ZAIS ¥ DPPH radical &2AZAE S Th
BTS-1 100 ng/mL<] DPPH radical &A1&/ 81.83% 2 W=
°2 AM-¥ 100 ng/mLe BHAS] 8245%¢} FAMSH A4S
Eftie] BTIS-10] ©dEAo] ofd HE e o w2 Fits)

FA S BHste Aoz Addn 100 pg/mL FE9) BTS-137
A BA A 9] Girat GA4S vlwd A BTS3+ 79.11% 2 BTS-1
9] DPPH radical £2AZ4 8230%%} FAHstod, BTS-2&
28.73%9] & ditsl 245 Ve )k (Fig. 2).
2) SOD fAMEA
BTS-1¢] SOD fiAt& 43S S54% A7 Fig. 3% Zo] 5%
oEHom o] Frlet9on, 10, 100 2 1,000 ng/mLe]
Soll M Zt7 49.37, 82.65 2 83.36% <] SOD%/\}%"J% e
o} F A4 AIAIS) SOD fFAME3 S vl A Fig. 37 2
o] BTS-19] &A4¢] 714 #9kom, 1 52 2 BIS-37F =2 &
A& L}EM% Roz A= et
3) A=
‘%}%—

A

%*é 2b AAZE 3T3-L1 AGATA LY HE AEE]
FEFE MIT assays A8k E45 3tk 2 23 Fig.
ule} #o] BTS-1, BTS2 2 BTS-3 =% 5~1,000 u

LIESR=
40 A Al <l
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Fig. 2. DPPH radical scavenging ability of Bangpungtongseong-san.
Symbols are referred to Table 3. Data express the mean+SD. Different letters
indicate significant differences by ANOVA and Duncan's multiple range test
(p<0.05). A, treatment with 10, 100 and 1,000 pg/mL of BTS-1; B, treatment with
100 pg/mL of BTS-1, BTS-2 and BTS-3.
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Fig. 3. SOD-like activity of Bangpungtongseong-san. Symbols are
referred to Table 3. Data express the mean=SD. Different letters indicate significant
differences by ANOVA and Duncan’'s multiple range test (p<0.05). A, treatment with
10, 100 and 1,000 pg/mL of BTS-1; B, treatment with 100 pg/mL of BTS-1, BTS-2
and BTS-3.
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Fig. 4. Effect of Bangpungtongseong-san on viability of 3T3-L1
preadipocytes. Cell were treated with the indicated concentrations of BTS
samples for 24 hr and viability was determined by MTT assay. Symbols are referred
to Table 3. Data express the mean+SD. There is no significant difference between
control and treatment group by ANOVA and Duncan’s multiple range test (p<0.05).
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Ax g Zatee FAd Agato] A 35
21817] Y84 Oil Red O &8-S o] &3}e 3T3-L1 A E ol A
Al ANTE G433 F dugoes BAS AT Fig 5949
o] EatujAgt X 2lgk =l vlsiA BTS-1S 200 ug/mLe)
%Ei e gh AlgdlAM daE AT 7 AR FaTS

ASHT. WEEAA AAZ 200 ug/mLe] FEE A5
3T3-L1 MX9 #3} Asf&dES wluwg A3} BIS-1 (43.75%),
BTS-3 (37.50%) 2 BTS-2 (33.99%)9] o2 ¥ A4S HoF
ek

AASEAE
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@ a =l A
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&
Inhibition (%)

1 2
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Fig. 5. Effect of Bangpungtongseong-san on lipid accumulation
during differentiation of 3T3-L1 preadipocytes. The intracellular lipid
accumulation was evaluated by Oil Red O staining. Symbols are referred to Table
3. Data express the mean+SD. Different letters indicate significant differences by
ANOVA and Duncan's multiple range test (p<0.05). A, treatment with 100 and 200
ng/mL of BTS-1; B, treatment with 200 pg/mL of BTS-1, BTS-2 and BTS-3.
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Fig. 6. Effect of Bangpungtongseong-san on ROS production during
differentiation of 3T3-L1 preadipocytes. The intracellular lipid accumulation
was evaluated by Oil Red O staining. Symbols are referred to Table 3. Data
express the mean=SD. Different letters indicate significant differences by ANOVA
and Duncan’s multiple range test (p<0.05). A, treatment with 100 and 200 pg/mL
of BTS-1; B, treatment with 200 pg/mL of BTS-1, BTS-2 and BTS-3.

5) NBT assayE ©]4-3 ROS A A3 &4

3T3-L1 A A FAEol| 3} FE8HAE Ae]ste] AAE
2 232 A2 H A48 ROS AAFE £33517] 935+ NBT
assayE ol&-3t] 24P A Fig. 63 2L ARE A eA
B 232 A7) R vwstgS W, BTS-1S 100 2 200
ng/mLe) FEol|lA 37.86 % 40.78%] ROS A4 Af&4&
ERARITE o]oll BTS-1 200 pg/mLe] ROS B4 A TS Al
Al A ok vl g A3}, BTS-2 3 BTS-39] ROS A4 AsjdAe 2
7} 34.75 B 38.99% = BIS-18th ¥& @45 /A= Ao= §

A=A

WZEAA A FoAR e FFRAS 98t 7
g kA e

tof
X

T8 geniposide, albiflorin,  paeoniflorin,
glycyrrhizic acid, liquiritin, baicalin ¥ sennoside Aol o3}
TAENS AAGAT 1 A7 HFE A BT AlEAA 2
T BF 759 AEol B4 Y, liquiritin® sennoside A
A BE AFio]l BHA 4 2 AoE YERT AlH
A AN 2129 geniposide, Z2F2] paeoniflorin ¥ 359
baicalin®] 0.88~2.53 mg/g, 0.27~2.76 mg/g & 1.59~17.00 mg/g
o &S yehdd uksto], golX= 3.93 mg/g 337 mg/g
3 2347 mg/go 2 AT Fe FFOE FAHUT

E AFdAe 2o A8 E4F tEo] HFEAAAL AAY
gabsl 9l 3T3-L1 AWAFAEE o] &3 ALAE 2343 &
ROS AdA s &4 Hlastitt.

WZEE9 AT A RA A gatst SAS
3t DPPH radical 24843 SOD FAEAS = .
DPPH radical &=A&4-2 &4 radicalol AAE Foste] 2ks}

oax.]] e ARS 25 W oz HAsgon, o) gt

sHAl, WS oflF 5ol s DPPHS| AH4jo] gels|o] &4
He @E% F3te] gl A% Yol Wyogt. i
T4 ‘%"‘ﬂl‘ﬁr A RAA 2% 2] DPPH radical 272742 WE%
Ak gl A|AA B, AlRAA AY £o2 A SHHU

AA el EAste Faksk &4 SOD  (superoxide
dismutase)= 4l

A sty &3S
guaS TEAHOZ A= FLe
ZAY 95 =WAE 9T HAF Aw 5
22 wd Ao AT Fh ARHAS Hof T2 F
AR Afgeize] AA 43 a3 o
29} SODRES-9] Eo]AdL gryzde] AR FYARE 3
£ED, BEEARN A2 SOD fAIEAHS =He A
g9 &4 ZAgs} VA E BF F

DPPH radical 24 534
g 717 =& A4S Yeen, 1 o302 AlEAA
BollA E& Ao] elE it o]Hd Aue AREAN AFs}
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