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Comparative study on the contents of marker compounds and
anti-inflammatory effects of Gamisoyo-san decoction according to storage
temperature and periods

Seong Eun Jin', Chang-Seob Seo', Nari Lee', Hyeun-Kyoo Shin', Hyekyung Ha'"

'Herbal Medicine Research Division, Korea Institute of Oriental Medicine

Objectives: The purpose of this study is to investigate changes of the marker compounds and anti-inflammatory effect
of Gamisoyo-san decoction (GMSYS) depending on storage temperature and periods.

Methods: GMSYS was stored at room temperature or refrigeration for 12 months. According to storage temperature
and periods, pH and sugar content of GMSYS were measured. To determine the marker compounds of GMSYS,
high-performance liquid chromatography analysis was performed. To estimate the anti-inflammatory effect of
GMSYS, LPS-induced pro-inflammatory mediators and cytokines were measured in RAW 264.7 cells.

Results: There was no change in pH and sugar content depending on storage temperature and periods of GMSYS.
The contents of gallic acid and mangiferin in both of room temperature and refrigerated decoctions reduced with
increasing storage periods. Chlorogenic acid was time-dependently decreased in case of stored at room temperature.
GMSYS significantly inhibited the LPS-induced production of nitric oxide, prostaglandin E, (PGE;) and IL-6 in RAW
264.7 cells. These effects equally maintained up to 3 months at both of room temperature and refrigeration. Since
4 months, the inhibitory effect of GMSYS on LPS-induced PGE, production was time-dependently reduced, and the
decrease in PGE; inhibitory effect of decoction stored at refrigeration was lower than that of stored at room
temperature.

Conclusions: Our results indicate that the anti-inflammatory effect of GMSYS are maintained up to 12 months, but
it shows optimal efficacy up to 3 months. It is recommended to store in a refrigeration for short periods since some
components decrease as storage periods becomes longer.

Key Words : Gamisoyo—san decoction, storage temperature;, storage period;, high performance
liquid chromatography; anti—inflammation
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Table 1. Composition of Gamisoyo—san
Latin name Scientific name Amount (g) Origin
Paconiae Radix Paeonia lactiflora Pallas 4.500 Uiseong, Korea
Atractylodis Rhizoma Alba Atractylodes macrocephala Koidzumi 4.500 China
Anemarrhenae Rhizoma Anemarrhena asphodeloides Bunge 3.750 Kangjin, Korea
Lycii Radicis Cortex Lycium chinense Miller 3.750 China
Angelicae Gigantis Radix Angelica gigas Nakai 3.750 Bonghwa, Korea
Poria Sclerotium Poria cocos Wolf 3.000 Pyeongchang, Korea
Liriope Tuber Liriope platyphylla Wang et Tang 3.000 Miryang, Korea
Rehmanniae Radix Recens Rehmannia glutinosa Liboschitz var. purpurea Makino 3.000 Gunwi, Korea
Gardeniae Fructus Gardenia jasminoides Ellis 1.875 Gurye, Korea
Phellodendri Cortex Phellodendron amurense Ruprecht 1.875 China
Platycodonis Radix Platycodon grandiflorum A. De Candolle 1.125 Muju, Korea
Glycyrrhizae Radix et Rhizoma Glycyrrhiza uralensis Fischer 1.125 China
Total 35.250
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Fig. 1. Chemical structures of the ten marker components in Gamisoyo—san,
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7| g4ke] 78 AJEQ gallic acid, chlorogenic
acid, mangiferin, geniposide, paconiflorin, berberine
chloride, liquiritin apioside, nodakenin, benzoic acid
9 glycyrrhizin 5 1059 ¥T%2 Wako (Osaka,
Japan), Sigma-Aldrich (St. Louis, MO, USA), Chengdu
Biopurify Phytochemicals (Chengdu, China), Acros
Origanics (Pittsburgh, PA, USA), Shanghai Sunny
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Biotech (Shanghai, China) % NPC Bio Technology
(Yeongi, Korea)llx] 77} F-§)ate] ARE-slglom,
ol RTFY L EF 98.0% oldel3itt (Fig.
). FFE4 A5 &, B2 92 AT Al A}
43 distilled water, acetonitrile 2 methanol<
HPLC&CS.2 J.T. Baker (Phillipsburg, NJ, USA)=
HE] Ja)elom, 7w)ake Merck KGaA (Darmastadt,
Germany)oll Xl S3A1%kS 748t AREsISiTh 7t
nagat Al B e AR o 248 A%
AT AANAZeE 1YY (high-performance liquid
chromatography, HPLC)T Shimadzu Prominence
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LC-20A series HPLC system (Kyoto, Japan)S A&
solem, =74¥ dHo|El= Lab Solution software
(version 5.53, SP3)E o|&3t 3, A2 € 4
3tk 9d%=9f pH 532 47 Atagof\}-‘l] Pal-a U
Adz4dA  (Tokyo, Japan)®} MetrohmA2] 692
pH/lon meter (Herisau, Switzerland)S AH&-3}Ic). Al
S5 BME&PHS & AE AL % F27
(COSMOS 660, Incheon, Korea)S AHg-3to] H&s}
Fom, AgAe Afxd = IA47] (MH 205
Tower, Kyungseo machine, Korea)S AF&3lo] ¥4
3}3tl. Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS), penicillin -streptomycin
9 phosphate-buffered saline (PBS)< Gibco BRL
(Carlsbad, CA, USA)IA 4315121, lipopolysaccharide
(LPS), N° -methyl-l-arginine (L-NMMA), indomethacin
9 triprolidine Sigma -Aldrichol|A] T3}t
Cell Counting Kit-8 (CCK-8)+= Dojindo (Kumamoto,
Japan) AES  AES}I O™, Griess reagent9}
prostaglandin E; (PGE;) enzyme-linked immunosorbent
assay (ELISA) kit ZtZ} Promega Corporation
(Madison, WI, USA)®} Cayman Chemical Co. (Ann
Arbor, MI) A|ES AFESFSITE. Tumor necrosis
factor-alpha (TNF-a) % interleukin-6 (IL-6) ELISA
kit BD Biosciences (San Jose, CA, USA) A|¥&&
AF-8-3H3I T

3. & =M & EH#t

Hngate B FEES 2% T4 A
Table 12} 22 57 MR 4o & A& &&
3.0 kg (13 3525 g x 85.108)) o2 v 3 &
Alg2] 108 (30 D)= F7kekley. 3 AEE
Z7)5 o] 83| 98 kPa UEHO
100Coll A 2417 88k 5 24 (No. 270, 53
m, Chung Gye Sang Gong Sa, Seoul, Korea)E
Gsto] ofFfsigint. ofatel EH7|E olgsto]

(5

_]_.:_ z]_L x1$

O HU R-N' tlo 1o

A3tk olgA ZAlE AT AP e (23+
10)3 W3 @)l k2 wapshas] Adol] Al-g-a)
o:lg]_
AT

5. HPLC &4

HPLC-PDAE ARE-éto] 7|42t dgel & 5
8 422! gallic acid, chlorogenic acid, mangiferin,
geniposide, paeoniflorin, berberine chloride, liquiritin
apioside, nodakenin, benzoic acid % glycyrrhizin &
1050 tigte] Byt 25 9 7|3t uhg} gk 24
S AAEIEE il BElE 40TE F4E Water
A}e] SunFire Ciz 24 (250%4.6 mm, 5 pm, Milford,
MA, USA)S o]&3l31om, o] 0.1% (viv) 7N
nlake] FHE B (o1 AT 0.1% (viv) Ak
o] ¥ acetonitrile (°]57 B)S o]&3to] tha
B 22 7127] B xx1ew FEFAth 5-60%
B (0—-30%), 60-100% B (30-40%), 100% B (40—
45%) 2 100-5% B (45-50%). 742 9 1.0 mL
o Hrw FEFolen FUFE2 10 uLE sigith
Geniposide®} paeoniflorin®] &% 42 23 4
x}oﬂ 7L71— E‘L}‘ o] ;{{E]-oﬂ 1.0 mLO ;<§j ] -rIOI-
o F 25 mLo] =% E& HUkskal HPLC ¥4
Ao 0.2 um syringe filter (PALL Life Sciences,
Ann Arbor, MI, USA)Z 97} 3 & A3tk L}
HA e i A
8] ko] F 10 mLo] =5 &5 H7KEE 5 A

stk

6. &EE &5 EIt

1) M e

w922 )2 A L5 RAW 264.7-& American Type
Culture Collection (ATCC, Rockville, MD, USA)°.
ZREH B woton, 55% FBS ¥ 1% penicillin
-streptomycin®] X8%F DMEMOZ 37°C % 5%
CO, A A st

2) AlE =4 37t
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Fpelest Agels] AE H4E s 93
o] RAW 264.7 tHAAIEZ 96 well plated] 3x10°
cells/well® BF3}o] 18A17F BoF wjokst & 7} =
FES 625, 125, 250, 500 2 1000 pgmLe] &%
= Asigieh. o] F 2443 St wjdskal CCK-8
S92 10 gL A7kl 4N ek Hlgle,
(Benchmark  Plus, Bio-Rad,
Hercules, CA, USA)E A8 450 nmollA] SH %
& g5tz vuwstel JijHel AZYE
& (% of control)S AASIATE o]F A¥L HE
S4o] b ek BER 195

Microplate  reader

3) NO, PGE, % 954 APelE7IRI v 574

B 2x 9 77 7pa gt gl f‘f}oé%
TeS gelsly] fsle] RAW 264.7 tAA S
well plate] 2.5x10° cells/well?] #5351 18/\]7P
S HYe & 7 FEES 62.5, 125, 250, 500 2
1000 pg/mLe] E%& Agatal 4x)7F FoF wjoka}
%tk o]F LPS (1 pgmL)E Agdte] 20A17F FoF
wjkslal A5 S A8k nitric oxide (NO) 4]
#2 Criess reagent®, PGE, ¥ 954 Alo|ETFI9I
TNF-a¢} IL-6 #¥]¥-2 ELISA kit AR5t 7
AzAre] el whel 435Itk NO 2 PGE, H]
ool ek WA hErwez 247 LNMMA ¥
indomethacing AF&-31%1 2™, TNF-a ¥ IL-6 4]
Ao that A HERTOZ triprolidined AHE-3F
Art.

7. 87 X2

AHZS meantstandard error of the mean
(SEM)o.&2 EAstglomn, Agdvte] gt FA
A 22 SYSTET (Version 10.0, Systat Software
Inc., San Jose, CA, USA)S A8-3}o] ANOVA AA|
% Bonferroni AF- A4S B3 p 3t¢] 0.05 vkl
3% Fold Aoz HAEh
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Foho] pHE Table 29 2o] H*x
5.17-5.19% Yepdor, d3t 2% 9 7|7kl whet
Fr1Hoz pHE =43 A ALoAE 450~
519, WA HE 4.56-5.192 YERITE 9rE Hx
3.70-3.80 Brix®2 =A4%ow By 7|7kl wet
ol 370-4.10, WOl E 3.704.03 Brix®
UFEFSTE (Table 3).
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Table 2. pH of Gamisoyo—san by storage temperature

and periods
Sto(r;iflgli r)lOd Storage method pH

0 5.18+0.01
1 Room temperature 4.65+0.00
Refrigeration 4.72+0.02

5 Room temperature 4.50+0.00
Refrigeration 4.58+0.02

3 Room temperature 5.03+0.01
Refrigeration 5.13+0.01

4 Room temperature 5.01+0.01
Refrigeration 5.12+0.01

5 Room temperature 5.00+0.01
Refrigeration 5.09+0.02

Room temperature 4.96+0.02

6 Refrigeration 5.11+0.01
2 Room temperature 4.97+0.01
Refrigeration 5.07+0.01

Data are presented as mean * SEM (n = 3),
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Table 3. Sugar content of Gamisoyo—san by storage
temperature and periods

Storage period

(months) Storage method Brix
0 3.77+0.03
{ Room temperature 3.83+0.02
Refrigeration 4.00+0.02
) Room temperature 3.91+0.01
Refrigeration 3.92+0.03
3 Room temperature 3.92+0.01
Refrigeration 3.89+0.01
4 Room temperature 3.99+0.01
Refrigeration 3.93+0.02
5 Room temperature 3.98+0.03
Refrigeration 3.98+0.01
6 Room temperature 3.91+0.03
Refrigeration 3.87+0.00
12 Room temperature 4.08+0.01
Refrigeration 3.90+0.00

Data are presented as mean + SEM (n = 3).

mangiferin, geniposide, paeoniflorin, berberine chloride,
liquiritin  apioside, nodakenin, benzoic acid %
glycyrrhizin 5 10714 8 AES 6.26, 12.53,

13.00, 13.56, 15.19, 15.63, 16.22, 17.27, 2030 %

29.69%0A Z+7F AEE Tt (Fig. 2). AW 4
W ol&ste] Bt 7|7kl wE 7pn et M
W Fe e @ A Ay ARdAe

0.01-2.85 mg/mLO. = LEREO™ (Table 5), 3730l
A= 0.04-3.01 mg/gO = YERTE (Table 6). ©] 5
gallic acid ¥ mangiferin®] o] A3 W3 &
FollAl Bt 7)7ke] AojdeE hadte BoR
Elt o™, chlorogenic acidt “d==olARt B3 7|7F

o] dojdol| upe} 3teko] 7kAE}9T)

3. MzZ=d

RAW 264.7 tA A XA Az Aol 7HaQ
Ab AL 1000 pg/mLe] FEAA] HAEEA ] §
= Ao =2 YERT} (data not shown). WA o]&
A3e AlFEEA 0] Q1 1000 pg/mL ©]3ke] Fxol
A FEERgith

s
% ozt wlatste]l LPS Aol ©fsf No,
PGE,, TNF-a % IL-6 A4o] FAX 2= froA <l
A Z7Keky vk, RS eR ALgE
L-NMMA, indomethacin % triprolidine-% LPS A
ol ¥]3l Z+ZF NO, PGE,, TNF-a 2 IL-69] A<
sroEgor At (Fig. 3). A% A1He] 7h
M85t Al LPS %%EHLJ% Hlasted NO 4
, 1000 pg/mLol

Table 4. Linear range, regression equation, correlation coefficients, LOD and LOQ for the ten marker compounds

Linear range

Correlation LOD" LOQ’

Compound (ng/mL) Regression equation® coefficient (ng/mL) (ng/mL)
Gallic acid 0.63-40.00 y=38259.49x - 10572.16 0.9999 0.05 0.15
Chlorogenic acid 0.63-40.00 y=41318.61x —24432.53 0.9996 0.01 0.03
Mangiferin 0.63-40.00 y=50951.35x-13475.92 0.9999 0.01 0.04
Geniposide 0.63-40.00 y=16710.90x-141.25 1.0000 0.04 0.11
Paeoniflorin 0.63-40.00 y=10839.56x+774.96 0.9997 0.08 0.23
Berberine 1.56-100.00 y=60688.22x-23759.65 1.0000 0.00 0.01
Liquiritin apioside 0.63-40.00 y=15209.48x-2448.89 1.0000 0.05 0.16
Nodakenin 1.56-100.00 y=32877.31x-14561.30 1.0000 0.01 0.03
Benzoic acid 0.31-20.00 y=35372.59x-5310.55 0.9999 0.02 0.07
Glycyrrhizin 0.63-40.00 y=8282.39x-1435.76 1.0000 0.09 0.27

®y: peak area (mAU) of compounds; x: concentration (mg/mL) of compounds,

LoD =336 X S,
°L0Q = 106 X S,

o is the standard deviation of the blank response and S is the slope of the calibration curve,
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Fig. 2. Typical HPLC chromatogram of standard solution (A) and Gamisoyo—san decoction (B) at UV wavelength
230 (1), 240 (Il), 254 (Ill), 270 (IV), 275 (V), 325 (VI), 335 (VII) and 345 (VIII). Gallic acid (1), chlorogenic
acid (2), mangiferin (3), geniposide (4), paeoniflorin (5), berberine chloride (6), liquiritin apioside (7),
nodakenin (8), benzoic acid (9) and glycyrrhizin (10).

A 22.13%°] AAE&S YERHSIT (Fig. 3). ©] &%
S e d W B2 A 127197 ARE

LPS A ¥} vlaste] Az Alde] 7 Aaest A
FAL2 PGE, AAHS wRoEHoR oA U
A8k 0™ (ICs) = 442.55 pg/mL), 1000 pig/mLoll
A 77.78%°] A= HERAIY (Fig. 3). o1& %
< 9 3wy A L7 FYEA YeRg
(Table 7). B3 7|7t a7l d5E e 2 B w
St 4§ EF PGE, 94l &%so| fhashs Aol

UEbd o, A B AlE (ICs = 624.98 pg/mL)
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7F W B3 AR (ICs = 576.33 ngmL)ET} &%
o] ¥ AA A4} (Table 7). AZ A1H2] 7}v)
A8k Agale LpS A2l vlaste] IL-6 A4
s AR frolid Al AAE L
™, 1000 pg/mLolA] 44.57%2] A &S YeRNSIT
(Fig. 3). ol8dF g2 12719 B AR sdst

Al ekt A, TNF-a A4 SAlel dish A%
A 7 agAt A" 1000 pg/mLolA

12.77%9] AAES 7Y FAHSE Fo4 U=
AAE YERNA] o} o]F W A|Fof )3k TNF-
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Table 5. The content of the five marker compounds in Gamisoyo—san by storage periods in room temperature

Compound . Content (mg/g)
0 1 2 3 4 5 6 12

Gallic acid 0.32  0.10£0.003  0.03+£0.003  0.02£0.000  0.01+0.003  0.01+0.006  0.01+0.003 0.01+0.003
Chlorogenic acid ~ 0.27  0.25+0.000  0.23£0.000  0.21£0.003  0.17£0.003  0.18+0.000  0.18+0.000  0.14+0.000
Mangiferin 034  0.25+0.000  0.20+0.003  0.17+£0.000  0.09+0.000  0.08+0.000  0.12+0.000  0.07+0.013
Geniposide 2.85 2.82+0.030  2.79+0.058  2.98+0.013  2.77+0.007  2.10+0.021 2.12+0.007 2.17+0.000
Paeoniflorin 2.66 2.58+0.006  2.61+0.021  2.62£0.003  2.66+0.012  2.50+0.029  2.54+0.009 2.58+0.003
Berberine 0.53  0.42+0.003  0.40+0.000  0.40+0.003  0.31+0.003  0.47+0.006  0.31+0.003 0.31+0.006
Liquiritin apioside  0.39  0.34+0.007  0.30+£0.003  0.32+0.003  0.31£0.003  0.32+0.000  0.32+0.000  0.32+0.006
Nodakenin 0.32  0.31+0.003  0.32+£0.000  0.33+£0.000  0.33+0.003  0.33+0.000  0.33+0.003 0.34::0.000
Benzoic acid 0.27  0.29+0.003  0.28+0.003  0.27+£0.000  0.27+0.000 ~ 0.27+0.000  0.27+0.003 0.29+0.000
Glycyrrhizin 042 0.37+0.003  0.37+£0.000  0.38+0.000  0.36+0.000  0.37+0.006  0.37+0.003 0.37+0.000
*month

Table 6. The content of

the five marker compounds in Gamisoyo—san by storage periods in refrigeration

c d Content (mg/g)
ompount *
pou 0 1 2 3 4 5 6 12
Gallic acid 032  0.28+0.003 0.24+0.003 0.20£0.006 0.16+0.003 0.14+0.010 0.12+0.006 0.05+0.003
Chlorogenic acid  0.27  0.27+0.000 0.26+0.003 0.26+0.000 0.2540.000 0.26+0.000 0.25+0.003 0.23+0.000
Mangiferin 0.34  0.28+0.003 0.29+0.003 0.27+0.003 0.2040.000 0.24+0.006 0.24+0.000 0.19+0.003
Geniposide 2.85  2.79+0.009 2.70+0.067 2.93+0.072 2.7540.041 2.08+0.010  2.07+0.015 2.03+0.000
Paeoniflorin 2.66 2.57+0.015 2.57+0.012 2.58+0.003 2.644+0.006 2.46+0.015 2.49+0.013 2.63+0.000
Berberine 0.53  0.40+0.003 0.45+0.003 0.400.015 0.3240.007 0.52+0.015 0.30+0.003 0.31+0.006
Liquiritin apioside 0.39  0.34+0.009 0.34+0.007 0.3340.009 0.3140.003 0.31+0.006 0.31+0.007 0.29+0.000
Nodakenin 032  0.31+0.000 0.30+0.003 0.3120.000 0.3140.003 0.31+0.000 0.31+0.000 0.31+0.000
Benzoic acid 0.27  0.28+0.000 0.27+0.000 0.26+0.003 0.2640.000 0.26::0.000 0.26+0.003 0.27+0.003
Glycyrrhizin 042  0.36+0.000 0.38+0.000 0.36+0.009 0.36+0.003 0.37+0.000 0.34+0.000 0.33+0.000
*month
o FEE SAHA U (Fig. 3). g gAY ¢k nAYPS u AF AR
hesperidin®] o] W B ASRTF A2 B
o A NN o 2A #rsien? Wg 2 WE B
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3k AF7E F7skaL Qs FAleltH?. e A =0 B 7|zko] AoAFE Al Al Hla) it
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], ofefgt ket shg-x]9] 7| Hyte] tigh A+ ME ol Azkeld dd5 ol Fasdy’. W
£ RES Agolth 7 foke TS Hvih BRI A% nle Ba Apdre w71
a5 §AHE o] a7 it Ao w2 o] ZojFe| uwjg} AF AEQ! liquiritin, baicalein
B 2% g 717k Soll tigk #EhARl oA Aol 2 wogonin®] FHko] 7adlglon o= W wik
Z a3ttt AEREG A2 23 AN o A #2sin.
B ATEe of7l AT Azl maEd POk A wMeARIYe] Pus B APus denr)
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Fig. 3. Effect of Gamisoyo—san on LPS—induced NO (A), PGEz (B), TNF—a¢ (C) and IL—6 (D) production in RAW

264.7 cells at the time of extraction,

NO level in supernatant was measured using Griess reagent., PGE,, TNF-¢ and IL—6 in supernatant were measured by ELISA,
L-NMMA and indomethacin were used as positive controls for NO and PGEy, respectively, Triprolidine was used as a positive control
for TNF-¢ and IL-6, The data are presented as mean *+ SEM (n = 3). Mp { 0.01 versus negative control cells; p ¢ 0.05 and p

{ 0.01 versus LPS—treated cells.
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