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Comparative study on stability and efficacy of Banhasasim-tang decoction
depending on the preservation temperature and periods

Seong Eun Jin', Ohn Soon Kim® Chang-Seob Seo', Hyeun-Kyoo Shin', Soo-Jin Jeong™*

'K—herb Research Center, °’KM Convergence Research Division, Korea Institute of Oriental Medicine,
Daejeon 34054, Republic of Korea
SKorean Medicine Life Science, University of Science & Technology, Daejeon 34113, Republic of Korea

Objectives: Banhasasim-tang (BHSST) has been used for the treatment of the digestive and gastric diseases in Korea.
This study aimed to investigate the stability and biological activities of BHSST decoction depending on the
preservation temperature and periods.

Methods: BHSST decoction was preserved at room temperatures (R/T, 23+1°C) or refrigeration (4C) for 0, 30, 60
and 90 days. To evaluate the stability of BHSST decoction, pH and sugar content were estimated. In addition,
high-performance liquid chromatography (HPLC) analysis was performed to determine marker compounds of BHSST
decoction. To evaluate anti-inflammatory effect, nitric oxide (NO) and prostaglandin E, (PGE;) productions were
measured in LPS-stimulated RAW 264.7 macrophages. Antioxidant activity was examined using the assays for
3-ethyl-benzothiazoline-6-sulfonic acid (ABTS) and 1-1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities.
Results: There was no change in pH and sugar content depending on the preservation temperature and periods of
BHSST decoction. Among the major components of BHSST, contents of liquiritin, baicalein and wogonin was
reduced time-dependently both at R/T and 4C. Inhibitory effects of BHSST decoction on NO and PGE2 productions
were slightly decreased in a time-dependent manner by 90 days of preservation. In addition, BHSST decoction
maintained ABTS and DPPH radical scavenging activities by 60 days while significantly reducing the activities in
90 days of preservation at R/T. By contrast, BHSST decoction had no significant change of ABTS and DPPH radical
scavenging activities by 90 days at 4°C.

Conclusions: Our results suggest that the stability and efficacy of BHSST decoction are maintained for 60 days at
4C rather than R/T.
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2. NeF A 717
F532 liquiritin, baicalin, glycyrrhizin 2 wogonin
< Wako Pure Chemical Industries Ltd. (Osaka,

Japan)oll Al +43}51 2.1, liquiritigenin, wogonoside
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9 baicalein Biopurify Phytochemicals Ltd.
(Chengdu, China), Tauto Biotech (Shanghai, China)
2 Sigma-Aldrich (St. Louis, MO, USA)llA z}z}
T (Fig. 1). o5 EFFY T BT
98.0% ©]4o]A ). Water, acetonitrile & methanol
2 HPLCHC.& J.T. Baker (Phillipsburg, NJ, USA)
ZHRE Y3l Trifluoroacetic acid= Sigma
-Aldrich (St Louis, MO, USA)°A EFAIFS
fate] ARt RS A% % A A
ZulE 73] (high-performance liquid chromatography,
HPLC)+ solvent delivery unit (LC-20AT), online
degasser (DGU-20A3), column oven (CTO-20A),
auto sample injector (SIL-20AC) 2 photodiode array
(PDA) detector (SPD-M20A)ZE /¥ Shimadzu
Prominence LC-20A series HPLC system (Kyoto,
Japan)& AHESISIOH, 4] dolE] g3t A=
LC solution software (versionl.24, Kyoto, Japan)E
o] &3t3ith. B9 pH= Atagorte] Pal-a X
=87 (Tokyo, Japan)®} MetrohmAF2] 692 pH/Ion
meter (Herisau, Switzerland)E 2t7+ A}8-3le] &4
atoleh. Ag 242 AA7IANNE Y 2ud I
A2 5% F%7| (Cosmos 660, Incheon, Korea)2}
A2 & X7 (MH 205 Tower, Kyungseo
machine, Korea)E ©]-&3}31t}.

Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS), penicillin-streptomycin
9 phosphate-buffered saline (PBS)< Gibco BRL
(Carlsbad, CA, USA)oIX T451312H, lipopolysaccharide
(LPS), N°-methyl-l-arginine (I-NMMA), indomethacin,
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS) % 2-2-diphenyl-1-picrylhydrazyl (DPPH)
2 Sigma Chemical Co. (St. Louis, MO, USA)°l| A
T438I3 ). Cell Counting Kit-8 (CCK-8), Griess
reagent 3 prostagladin E, (PGE,) enzyme-linked
immunosorbent assay (ELISA) kit> 2z} Dojindo
(Kumamoto, Japan), Promega Corporation (Madison,
WI, USA) ¥ Cayman Chemical Co. (Ann Arbor,
M) AES ARSI



AL 9] 4 WSAMIT Ale] na £ W U] whE A 2 RN 9T (23)

0 ah HOOC o |
o OH
OH H':f'_m 0 o] .
HO Q. HO oH |
HiO
OH O

0 s

Liguiritin Baicalin
0

/mo/
oH OH O OH O

Liguiritige nin Wogonoside Baicalein

HO OC
HO
HO
HOOC ]
HO, ¢ OH ©
]
i Gl cyrrhizin W ogonin
Fig. 1. Chemical structure of Banhasasim—tang.
3. FTEE TN Y 2t 5. HPLCSisudomyeong £4d
WAL ES FAsHE 859 A9kS Table 19 Shimadzu Prominence LC-20A series HPLC
HlE = wie (oF 750g; 37.5gx20)ske] oF 1009 systems ©]-83te] RlaPA ] F28. 4454 liquiritin,
S Yo 1% IF AL §F FE7]E ol &3} baicalin, liquiritigenin, wogonoside, baicalein,
o FE3rh A9 22 o= 4719 lot2 glycyrrhizin ¥ wogonin 5 7% tidto] g &4
ol FEES A 3 F AL (23:1°0) % W @ S AABIIL o5 AE¥E2 PhenomenexAH
C)oll Byskeict. Gemini Cj;z 28 (250x4.6mm, Spm, Torrance, CA,
USA)S ol-83dte] 40Tl Eeatdint. o] s
4, pH 2 =z =F 0.1% (v/v) trifluoroacetic acid’} ¥ & (A)F}
ZAE WSS AR uy oy g wg  acctoniile B)E elEeel thet £ 7197 &
71kl we} pHst FEE SRa) MoEdeR SHTI 1060% B (0309,
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60-100% B (30-40%), 100% B (40-45%), 100-10%
B (45-50%) % 10% B (50-60%). F4< 1.0
mL/min® & Ze|Fon FUZFS 10 pLylek 3
akl‘;@,g HEH ZxﬂE] XJELO_I‘J 1 mLE 24&6] :ﬂé}
o] B85 o]83te] 10 mLE 3 3 HPLC Y Ad
0.2 um syringe filter (PALL Life Sciences, Ann

Arbor, MI, USA)Z o]3}sle] Haloz i)

6. SI¥s &5 It
1) M= Hit

RAW 264.7 243 (mouse macrophage cell
line)= American Type Culture Collection (ATCC,
Rockville, MD, USA)CZHE F-oF 1gron
DMEM Hj#]o] 5.5% FBS, penicillin (100 U/mL)
9 streptomycin (100 pg/mL)S ¥7ksle 37°C 2
5% CO, ZZ1o) A wlkaolh

2) M= =4 7t

HksIALAI e AEele] Al 9 Wzl B3k 77}

2 AE 242 S5 9Iskel RAW 264.7 o)
2 M EZ 96 well plateo] 3x10° cells/well® =3}
o] 1847k E<b wjekstaict 289 By
(62.5-1000 pg/mL)=E 2] ate] 24417 Fot Hjoka}
i, Cell Counting Kit-8 (CCK-8, Dojinho,
Kumamoto, Japan) &S 10 uLA H718ke] 443
&9 ekttt Cell proliferations €H1317] 913}

)% %

Table 1. Composition of Banhasasim—tang

o] microplate reader (Benchmark Plus, Bio-Rad,
Hercules, CA, USA)E AH&-3to] 450 nmell A 53
=5 SAsIE tixat vlatste] Al A2
AEE (% of control)S A4Sl o, o]Fe] A3
& AE FAo] e ¢ Hil sEE VIES

2 ABad,

3) RAW 264.7 CHAIMIZLOA2] NO ¥ PGE2 2t
g =3

RAW 264.7 HAAIEE 48 well plateol] 2.5x10°
cellswell® &F3to] 18A17F wWiFe & FE5ES
= (125-500 pg/mL)= A 2]sko] 4417k <t v
oFalgith o] LPS (1 pg/mL)Z A 2lske] 20A]7F
Qb wjgstar sl el EAlste
PGE,2] #H|#HS 717} Griess reagent (Promega
Corporation, Madison, WI, USA) % ELISA kit
(Cayman Chemical Co., Ann Arbor, MI)S A}-8-3}
of AzAle] Wl wel S0 A ol
©° 2 7Z}7 -NMMA % indomethacing AF8-3}% T}

nitrite %

off

7. BHAE BN I}

. O =

1) ABTS ZtC|Z

3-ethyl-benzothiazoline-6-sulfonic

A 8 &F

acid (ABTS,
Sigma Chemical Co. St. Louis, MO) 2}lt]Z< o]&
ok ghaksl 24 542 ABTS' cation decolorization

assay"I S 96 well platedl] LA F7d3to] A Als)

Herbal medicine Scientific name Amount (g) Origin
Pinelliae Tuber Pinellia ternata 7.500 China
Scutellariae Radix Scutellaria baicalensis 5.625 Gurye, Korea
Ginseng Radix Panax ginseng 5.625 Yeongju, Korea
Glycyrrhizae Radix et Rhizoma Glycyrrhiza uralensis 5.625 China
Zingiberis Rhizoma Zingiber officinale 3.750 Taean, Korea
Coptidis Rhizoma Coptis japonica 1.875 China
Zingiberis Rhizoma Crudus Zingiber officinale 3.750 Ulsan, Korea
Zizyphi Fructus Zizyphus jujuba 3.750 Yeongcheon, Korea
Total amount 37.50
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3th. 7 mM ABTS®} 2.45 mM potassium persulfate
5 HEvEr et A2 ol 2447
&2t WAste] ABTS"E 34 A7 F 743 nmelA]
0.79] F3% #S ZLE% PBSE AT 96
well plateo] ABTS" &3} At
(50, 100, 200, 400 pg/mL)= &3Fato] AL 4 30

7 WAL ¥ microplate reader (Benchmark
Plus, Bio-Rad. USA)E AH&-3to] 743 nmell A 53
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O mot
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2) DPPH BIC|ZH A7 StA =X
1-1-diphenyl-2-picrylhydrazyl ~ (DPPH, Sigma

Chemical Co.) B}TIZHS o] &gt gAkst &4 54L&
96 well plates ©]-8&3Fe] AAIEF3ITE 96 well plate

°f 0.15 mM¢] DPPH &3} AW FE555 £t
o] A2ollA 3027 WEEAIRL F, 517 nmell A &

= 7-;44 o},oﬂq_ ABTSS’} U]—ﬂ'ﬂ'xli RCs()%i'E ]

Aate] A FEE0] kst A4S nlasith

8. A2
AHH2 mean £ SEMOE ¥AISGITE U=
7} LPS ﬂﬂ? ko] HALE 9EJANOVA 7%

STy
A1e
AA18E ¥ Dunnet’s multiple comparison testS ©]-&

g d5 (25)

19101, p-value
Jerq 0}03 \;}

Aerlo] Hx pHE 4.700.2 UER
5 717&011 02 pHE 43 A7

“
&= 3k L1qu1r1t1n
wogonoside, baicalein,
glycyrrhizin 2 wogonin 5 77F4 T84 ojgh
Ak 24 Axp AAATTE 0.9998 o] o2 45
F QUL Ueplon, o5 AR HEE A7
15.20, 19.36, 21.38, 22.25, 25.83, 27.18 & 30.49
o9t (Fig. 2). B BAEE ol o] 4
A By 7|7ke] mE RFSAN RN A liquiritin,

baicalin, liquiritigenin,

baicalin,  liquiritigenin,

ol

o
L
i=]
R

baicalein,
A3} 3.18-3.74,

wogonoside,

glycyrrhizin 2 wogonin®] & ¥4

Table 2. pH and sugar content of Banhasasim—tang by preservation temperature and periods

pH Sugar content (Brix)
Storage method Lot "
0* 30 60 90 0 30 60 90
1 4.70 4.65 4.63 4.61 3.13 3.10 2.90 2.87
2 4.70 4.65 4.62 4.61 3.13 3.10 2.93 2.71
Room temperature
3 4.70 4.65 4.62 4.60 3.13 3.10 2.90 2.83
4 4.70 4.65 4.62 4.60 3.13 3.07 2.90 2.87
1 4.70 4.71 4.70 4.70 3.13 2.87 2.90 2.87
. . 2 4.70 4.71 4.71 4.70 3.13 2.83 2.87 2.90
Refrigeration
3 4.70 4.70 4.70 4.70 3.13 2.77 2.87 2.87
4 4.70 4.70 4.70 4.69 3.13 293 2.87 2.87

*day
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Fig. 2. Typical HPLC chromatogram of Banhasasim—tang decoction at wavelength 254 (A) and 275 (B) nm, Liquiritin (1),
baicalin (2), liquiritigenin (3), wogonoside (4), baicalein (5), glycyrrhizin (6), and wogonin (7).

Cell viability (% of Control)

BHSST (ug/ml) 62.5125 250 500 1000 625125 250 500 1000 625125 250 500 1000

625125 250 500 1000 625125 250 500 1000 625125 250 500 1000 625125 250 500 1000

RIT 4C

RT

4'C RT ac

Oday 30days

60days 90 days

Fig. 3. Cytotocicity of Banhasasim—tang stored with different preservation conditions and periods in RAW 2647

macrophages, BHSST: Banhasasim—tang.

47.51-52.62, 3.69-3.97, 14.38-15.77, 0.04-0.80,
5.26-5.99 & 0.03-0.77 mg/mL% LEFE O (Table
3), WAl M+= 3.28-3.77, 45.80-55.63, 3.68-3.95,
10.78-16.60, 0.12-0.80, 5.37-5.99 % 0.14-0.77
mg/mL o 2 YENGT) (Table 4).
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Table 3. Content of the seven marker compounds in Banhasasim—tang by preservation periods in room temperature

Content (mg/g)
Lot Compound 0 30 60 20
RSD RSD RSD o
Mean SD %) Mean SD %) Mean SD %) Mean SD  RSD (%)
Liquiritin 3.74 0.01 0.19 3.50 0.03 0.79 332 0.12 3.1 3.18 0.06 1.75
Baicalin 51.82 022 043 51.52  0.05 0.10 5039 012 024 5134 1.24 2.41

Liquiritigenin 3.94 0.01 029 3.94 0.04 091 3.90 0.01 0.16 3.70 0.02 0.61
1 ‘Wogonoside 1442 005 035 15.15 006 039 1470  0.03 022 1577 0.03 0.22

Baicalein 0.80 0.00 0.63 0.12 0.00 3.94 0.06 0.00 3.08 0.05 0.00 8.34
Glycyrrhizin 5.61 0.06  1.06 5.97 0.08 135 5.38 0.02 042 5.32 0.08 1.50
Wogonin 0.77 0.00 032 0.62 0.01 236 0.11 0.00  0.90 0.03 0.00 7.04
Liquiritin 3.74 0.01 0.19 3.46 0.01 036 3.47 0.08 242 3.18 0.13 4.03
Baicalin 51.82 022 043 5213 0.04 0.08 49.66  0.04 0.07 4751 035 0.74

Liquiritigenin 3.94 0.01 029 3.94 0.00 0.04 3.89 005 128 3.69 0.01 0.36
2 Wogonoside 1442 005 035 1530 0.05 030 1453 0.01 0.08 14.60  0.03 0.21

Baicalein 0.80 0.00 0.63 0.14 0.00 1.82 0.05 0.00 722 0.05 001 1627
Glycyrrhizin 5.61 0.06  1.06 5.93 0.07 1.18 5.57 0.03  0.63 5.28 0.05 0.88
Wogonin 0.77 0.00 032 0.58 0.02 270 0.22 0.00 0.01 0.06 0.00 1.71
Liquiritin 3.74 0.01 0.19 3.51 0.01 023 3.43 0.04  1.05 3.24 0.02 0.54
Baicalin 51.82 022 043 5262 014 026 49.55  0.08 0.17 5112 0.87 1.70

Liquiritigenin 3.94 0.01 029 3.95 0.00 0.12 3.97 0.06 146 3.70 0.04 1.11
3 Wogonoside 1442 005 035 15.57 007 044 1444 009 0.61 1545  0.02 0.11

Baicalein 0.80 0.00 0.63 0.14 0.00 1.10 0.06 0.00 643 0.04 0.00 8.17
Glycyrrhizin 5.61 0.06  1.06 5.94 0.06  0.98 5.52 0.05 097 5.36 0.02 0.38
Wogonin 0.77 0.00 032 0.59 0.01 222 0.19 0.00 0.79 0.06 0.00 0.19
Liquiritin 3.74 0.01 0.19 3.48 0.02  0.66 3.42 0.04 126 3.26 0.12 3.71
Baicalin 51.82 022 043 4984  0.06 0.12 4950 023 046 5136 097 1.89

Liquiritigenin 3.94 0.01 029 3.93 0.01 026 3.90 001 034 3.79 0.03 0.82
4 Wogonoside 1442 005 035 1495 001 0.09 1438 004 0.29 15.60  0.04 0.23

Baicalein 0.80  0.00 0.63 0.15  0.00 040 0.05 0.00 143 005 000 387
Glycyrrhizin 5.61 0.06  1.06 599 006 1.04 546 002 046 526  0.08 1.43
Wogonin 077 0.00 0.32 060  0.02 275 0.18  0.00 141 0.10 ~ 0.00  0.08
*day
HERA @Skt (Fig. 3). PGE, A4l tieh oAl &2hE 4l Aiskalth. Lps A
g tjztat vjaske] NO B PGE, A4S &
4. YHE &5 770 A (p<0.01), ¥ tixweE ARgg

l

2
RIAME '] A2 9 W By 7|7t I-NMMA (100 uM) % indomethacin (2.5 ng/mL)l
e 39F w59 va By sk raw S0 NO R PGE: el drelfer oAt
26 Aejstel Aze ewg (00D, WSAATE A B mad B
L5 9024714 125 pg/mL ©]4+e] HdlA NO 2
PGE, A4S Aoz oAst= o= eyt

=
=
i, RE 2% 9 77k Ay 2559 NO

HE
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Table 4. Content of the seven marker compounds in Banhasasim—tang by preservation periods in refrigeration

Content (mg/g)
Lot Compound o 30 60 90
Mean SD 12;[)) Mean SD T“SA)])) Mean SD }z(i)l)) Mean SD ]z;]))
Liquiritin 3.74 0.01 0.19 3.69 0.02  0.58 3.71 0.01 0.34 348 0.01 0.41
Baicalin 51.82 022 043 49.00 0.08 0.17 46.95 0.05 0.11 55.63 0.73 1.32
Liquiritigenin 3.94 0.01 0.29 3.92 0.02 039 3.94 0.01 032 3.68 0.04 1.11
1 Wogonoside 14.42 0.05 0.35 1296  0.05 0.36 11.35 0.00 0.03 16.60  0.10 0.63
Baicalein 0.80 0.00 0.63 0.68 0.02 278 0.14 0.01 391 0.39 0.00 0.76
Glycyrrhizin 5.61 0.06 1.06 5.99 0.03 044 5.72 0.04 0.76 5.49 0.04 0.79
‘Wogonin 0.77 0.00 032 0.61 0.00 021 0.66 0.01 1.21 0.37 0.00 0.06
Liquiritin 3.74 0.01 0.19 3.67 0.01 0.31 3.69 0.01 0.40 3.28 0.01 0.38
Baicalin 51.82 022 043 4856  0.10 0.21 47.06 0.08 0.17 5482 0.80 1.45
Liquiritigenin 3.94 0.01 0.29 3.94 0.02 048 3.80 0.01 038 3.74 0.02 051
2 Wogonoside 14.42 0.05 0.35 12.43 0.04 032 12.29 0.00 0.02 1550  0.01 0.09
Baicalein 0.80 0.00 0.63 0.66 0.01 2.18 0.12 0.00 341 0.25 0.01 3.68
Glycyrrhizin 5.61 0.06 1.06 5.97 0.02 028 5.66 0.04 0.71 5.39 0.03 047
‘Wogonin 0.77 0.00 032 0.69 0.00 027 0.56 0.00 035 0.16 0.00 1.06
Liquiritin 3.74 0.01 0.19 3.76 0.01 0.34 3.71 0.04 1.06 3.30 0.05 1.66
Baicalin 51.82 022 043 49.81 0.06 0.11 45.80 0.36  0.78 5494 028 0.52
Liquiritigenin 3.94 0.01 0.29 3.95 0.02 044 3.94 0.03 087 3.68 0.06 1.70
3 Wogonoside 14.42 0.05 0.35 13.23 0.04 029 10.78 0.02 021 1574 0.02 0.13
Baicalein 0.80 0.00 0.63 0.73 0.02 220 0.12 0.00 3.37 0.24 0.02 7091
Glycyrrhizin 5.61 0.06 1.06 5.99 0.06 094 5.65 0.05 0.81 542 0.02 036
Wogonin 0.77 0.00 032 0.73 0.00 0.39 0.57 0.00 0.53 0.14 0.00 0.63
Liquiritin 3.74 0.01 0.19 3.68 0.01 0.28 3.77 0.10 2.64 3.32 0.07 1.99
Baicalin 51.82 022 043 4690 0.06 0.13 46.62 0.05 0.11 5542 033  0.60
Liquiritigenin 3.94 0.01 0.29 3.94 0.01 0.31 3.84 0.12 322 3.74 0.03 093
4 Wogonoside 14.42 0.05 0.35 11.96 0.04 0.31 11.52 0.01 0.06 15.93 0.02 0.11
Baicalein 0.80 0.00 0.63 0.66 0.02 246 0.14 0.00 1.29 0.26 0.00 140
Glycyrrhizin 5.61 0.06 1.06 5.99 0.02 025 5.66 0.06 1.07 5.37 0.07 1.21
Wogonin 0.77 0.00 032 0.73 0.00 035 0.60 0.00 024 0.17 0.00 0.32
*day
(Fig. 4, p<0.05). g4, ¥ EWN g 125, 250 2 500 DPPH 2}U]Z 27 34 nlaw B4} o1 4
ng/mL A2t 7hell= NO % PGE, A3/ Aol I, e Be] 9w 07 Al viE) Bt 7
o ARl ztol7} gl AQE LERSE T Zrol F7kskel wet gttt A do] FAaEA
t} 0, 30, 60 2 90 EoF A HuhE WA T
5, Shitst &M o] ABTS 2H]Z RCsp #H2 122,97, 125.80, 136.74
WG Agel 4o 0 W nat sge] > 15792 ig/ml, DPPH SfEIRRCy 61 16544,
we gust B4 vl Y] Aste] ATsep 10097 20513 K 26566 gl SAAN. 5

8 909 = B3 AR A5 Az Al (071€)
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Fig. 4. Effect of Banhasasim—tang stored with different preservation conditions and periods on LPS—induced NO (A) and
PGE; (B) production in RAW 264.7 macrophages, Cells were pre—treated with Banhasasim—tang for 4 h and then
co—stimulated with LPS (1 z g/mL) for 20 h, The levels of NO and PGE; released into the culture supernatant were
measured using Griess reagent and ELISA kit, respectively. The data are presented as the means + SEM (n = 3),
#X0.01 versus vehicle—treated control group; *p{0.05 and **1X0.01 versus LPS—treated group. BHSST:
Banhasasim—tang, |D. indomethacin,
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Fig. 5. Effect of Banhasasim—tang stored with different preservation conditions and periods on ABTS (A) and DPPH (B)
radical scavenging activity. ABTS or DPPH radical solution was added to a 96—well plate containing of several
concentrations (50, 100, 200, 400 x g/mL) of Banhasasim—tang. After 30 min of incubation, the absorbance (ABTS;
734 nm, DPPH; 517nm) was measured using a microplate reader, RC50 is concentration of the sample which is
required to scavenge 50% of radicals, The data are presented as the means *+ SEM (n = 3), **1{0.01 versus 0
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