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Comparison between the Antioxidant Activity and the Index Content
of ACTS002 according to the Extraction Solvent
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ABSTRACT

Objectives: Samul-tang is commonly used to alleviate the side effects of chemotherapy. This study aimed to establish an
efficient method of extracting ACTS002 based on Samul-tang using the yield, high-performance liquid chromatography (HPLC).

and antioxidant assay.

Methods: ACTS002 was extracted from each extraction solvent, and the contents of 5-hydroxymethyl-2-furaldehyde (5-HMF),
paconiflorin, and ferulic acid were quantitatively analyzed and compared using HPLC. Moreover, the antioxidant activities of
ACTS002 were measured using total flavonoids, total phenolic compounds, 1.1-diphenyl-2-picrylhydrazyl (DPPH). 2.2'-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), and Ferric reducing/antioxidant power (FRAP).

Results: All of the components were set as the index contents because they were easy to process. The antioxidant activity
of total flavonoids was the highest in 70% ethyl alcohol extracts, and total phenolic compounds were the highest in 50% ethyl
alcohol extracts. In DPPH, 50% ethyl alcohol extracts showed the highest activity, and in ABTS 70% ethyl alcohol extracts
were the highest. In FRAP, 70% ethyl alcohol extracts showed the highest activity.

Conclusions: ACTS002 can control quality by setting 5-HMF. paeoniflorin, and ferulic acid as the index contents. The
antioxidant activity measurement was relatively high in the 50% and 70% ethyl alcohol extracts. Our results can predict the
possibility of a pharmacological activity and the standardization of ACTS002.
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5-Hydroxymethyl-2-furaldehyde(5-HMF) 7} A A =
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1. A2k 717

5-HMF, Paeoniflorin, Ferulic acid, Quercetin,
Folin & Ciocalteu's phenol reagent, Gallic acid,
(£)-6-Hydroxy-2.5.7.8-tetramethyl-chromane-2-car
boxylic acid(Trolox), 2.2-Azino-bis(3-ethylbenzothiazoline
-6-sulfonic acid) diammonium salt(ABTS), Potassium
persulfate, 2.4,6-Tris(2-pyridyl) -s-triazine(TPTZ),
FeCls - 6H:0% SIGMA-ALDRICHAK®I =, H#A1A)),
Methyl alcohol(MeOH), Acetonitrile(ACN), Sodium
Hydroxide(NaOH)+= HoneywellAH( W=, FAA]),
Ethyl alcohol anhydrous(EtOH), Acetic acid, Diethylene
glycol, Sodium carbonate anhydrous(NaQCOg), Methyl
alcohol(MeOH) & ARz 22K 8 A%, 2.2-Diphenyl
-1-picrylhydrazyl(DPPH) & ALFA AESAR/‘P o]
=, W AFEA| =), Hydrochloric acid(HCl) =
Shpl(B, Fe)olN 73Uato] AHasic, 7
%7]% EYELAAK ¥ =3)] N-2110, 27127
= gAlufo] 9w o) AAH(EHE, ¢FF) 9] Lyoph-Pride(3,
High performance liquid chromatography(HPLC)
= ShimadzurAH( Y, 7)< LC-20A., CBM-20A,
LC-20AT, SIL-20AC, CTO-20AC, DGU-20A5R.
SPD-M20A. LC-PDA. Incubator:= Al o] S &l AH(&H
=, HA4)2 IB-01E, Microplate reader:= BiotekA}
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FAEA Q] ACTS002¢] 74~ 30%. 50%. 70%.
10% F4 F2F $271x 245 474 1034
1.024, 1.046, 1.010, 1.018 mg/ml¥ =2 70%
MeOHel H9ow, 5-HMF ZFE2 0.625, 1.25.
2.5, 5, 10 yg/mle 52 MeOHe| &0 F1]3}%]
o 2L 5% ACN+ 4 1 ml/minoZ 3}
A, AHEL AgilentAre] Ci3 ODS 25 em * 1D
5.0 pm(w] =, 7 T’/]E‘%@ V5 AHEERen 25 T
fABIE e EA TS 280 nmoE EFEY B
/\']7%]4.% J:;_%E_xqgi :/_Eg_ = :tz_-_/\q,] u};d
EFZ9] peaket Retention time(RT) Ztel
FAEA peak WA FE Wt 2
Foloich e 7oz JHA HbESle] &

OleH2l - N - Y2t 0/gi2 - 0j213]

Meta, A3 3o BFEHAE AAbsle] 2apH g
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2) Paeoniflorin

FAEA Q] ACTS0028] 574, 30%, 50%, 70%,
100% ¥4 F%& < 5-HMF £4
3 Sd3 =22 Fu|8lo}. Paconiflorin EFFE

£ 1.25, 2.5, 5, 10, 20 pg/ml®] ¥ =2 50% MeOH

] o] FH|s o °]%"J3 Water (A)2} ACN

A=)
TAAx 2ES

(B)E AHEste] (A) =90/10(0%%)—(A)/(B) =

90/10(15%&)—(A)/ ( ) 80/20(30—r)ﬁ( )/(B) =

65/35(45%)—(A)/(B) =0/100(46+)—(A) /(B) =

0/100(56-%)—(A)/(B) =90/10(57+)—(A) /(B) =
&

90/10(723)¢] 71271 $eizAdez &Sl

o

442 1 m/min, 282 AglentAFe] Ci3 ODS 25 em
* 1D 50 um, AHFLEE 3H T, FU=E 20 ql,
SpF-e 230 nme) 2Ao R };i‘;} Paeoniflorin

o7 BA3
o] A} #I x4 s S-HMF #A43 Fodst
ez kel

3) Ferulic acid

Ferulic acid Z=FF2 0.27, 0.54, 1.08, 2.16, 4.32
pg/mle] 52 70% EtOHe] o] Fn]atgith
o] 5AME- 1% Acetic acid(80% (M)} 1% Acetic
acid7} A7k ACN(20%) (B)E AREste] (
=85/15(0&)—(A)/(B )—85/15(201‘)*( ) (B)
=0/100(30%)—(A)/(B) =0/100(40%)—(A)/(B)
=85/15(45%)—(A)/(B) =85/15(60%)<] 7]<7]
Mrdez FFHd 42 1 m/min, 2%
AgilentAe] Cis ODS 25 ¢cm * 1D 5.0 ym, A%
5535 C #9220 pl. I 280 nme] =
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Total flavonoids
Zety rol= ek Davis WP 43}
of ZAseh AAed ACTS002¢ /4 30%,
50%, 0%, 10% T4 FE5 §2471=x —Er‘?—lf% B

F 025 05, 1 mg/mle] == 3M3te] FH]5A
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I, Egdel| FHG4E o] 43ted A2 IN NaOH

100 pl= A7kl Vortexs 283 &£83F £ 35 C
Incubatorell A 1A]7F ¥F--AIF{ e Microplate reader
g o] 43l 415 nmelA FREE A =%
FEAZ Quercetine 1.95, 3.91, 7.81, 15.63, 31.25,
62.50, 125.00, 250.00, 500.00, 1000.00 pg/mle
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2) Total phenolic compounds

2 A%33E ¥ Kim 59 H¥e &4
ste] ZAskeh AH el ACTS0029] 574 3 %,
50%, 0%, 10% ¥4 F%5 §2471x 4 %

Felrcols U9 347 §9% EE F9
Aek. A 50 plek FRFE ol &3k AxT 2%
Na;CO; 1 mlZ &8st & 287 HHSA ZAY &3
Aol 50% Folin & Ciocalteu’s phenol reagent 50 l
£ A7Feted VortexZ 53] £ 5 A20A
3087+ wHEAZ Y. Microplate readers o] 43t
750 nmellM FF=E SAsY 2FEA R Gallic
acidE 1.95, 391, 7.81, 15.63, 31.25, 62.50, 125.00,
250.00 pg/mle] =2 343} /\}ﬁ%}?il b i g
o] FAEE At 2EFAL I3 £ dE
g THE F Eixols I ézédjr Y
g o AAalslsid

of

3) DPPH

DPPH =% 27 842 AT A o2
d DPPHE o] &3} 7&@!»}4 ol 23t
DPPH a}tl%%l ke ﬂE% %é stef 7H

; EE}EL‘—"]E %“%k =
=2 %f‘ Jstdeh. A 100 plet
5 mg/mle EEE AR

t{im]

DPPH 49 100 pl& =33t
A 3082 HEAZ M

% 35 C Incubatorel
Microplate readers ©]-&-3}
o 540 nmollH FHE=E AT o5 As
o]-&-3le] AAtFesS AAtstsith

Electron Donating Ability(EDA) (%)

=[(EANzTY] F4=-ANY F4%)/SA49
279 F4=1x100

4) ABTS

ABTS =¥z &7 #42 Troloxeh Bl aste
ABTS" geZs &A= AdAq kg s
SAse Welth. A<l ACTS0029] /4
30%. 50%. 70%. 100% 4 F2& F247x ¥
L= % E’:—a}_l_;_]_l,—‘o]t: 6’1‘\'—'/} .—-X-L.,]- %?__,_15"_ el F
H3lt. SF4E ol 8-38te] Alxg 74 mM ABTS
¢} EtOHE o83t Ax3 26 mM Potassium
persulfated 5 &8t T A9 AdA 12
AlZE WEEAIA ABTS'E A AIZE Microplate
readers ©]4-3le] 750 nmellX FFE=E =AY
Zkol 1.1£0.027} E == MeOHZ 3Aslict. 34
A 190 pek HY 10 plE Vortexz 83 &3t
Z e o] AlelA] 2417F BHSAIFIEL Microplate
readers ©]4-38lo] 750 nmellA FFE=E A5

L ZFEA2 TroloxE 195, 3.91, 7.81, 15.63, 31.25,
62.50, 125.00. 250.00, 500.00 pg/ml®] F== 343}
of ARSI Y, A7 FHEE A 2FEF
A& T3eh ABTS ez &7 4L & S
kol &3 A I FUT oz Aalslgoh

5) Ferric reducing antioxidant power(FRAP)

FRAPE @& pHelA #dAlel] s feric
tripyridyltriazine(Fe*-TPTZ) &7} ferrous
tr1pyr1dyltr1azme(Fe”-TPTZ)_‘l 39 o 33

T W3S EAste] dabsE S Ak el
oh Al ACTS002¢] 30%, 50%. 70%.
100% 4 2% 42 T ’;‘ e
= 3% A4S 9 2 FEkd SR
o] &3l A3 300 mM Acetate buffer, 40
mM HClE o83t #x3 10 mM TPTZe %
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FEE ol&sted ﬂi%ZOmM]%@yGH@~%
NG Fujste] 101 1 HER EPF T 3H C
Incubatorel] A *}% 1744 B3l £
190 plet 7o 10 plE Vortex® 3] &3 &
shde] o] Aol A 3087 ¥Hs-A1Z T Microplate
readerS ©]$3te] 593 nmeld FREE A3

. EZFEAZ Trolox® ABTS =z 274 A4
2R3 2938 =53 A3, e 3 sE
ZAste] 2FFAE T30k FRAP #42> F &5

ro|= gk SA I FUs e E Axlsisin

1.8 A

A+ Ao BAA fre
Statistics 22 Z2T73-& AH3ke] ANOVA two-sided
9 Student t-test§ &2 pFtE& e, pd0.05¢
o f-o)3 Aoz Al on, A HFLEFE
Hatz el ik

. &

L
K
-—

LT 2

ACTS002¢] F+&8md 53 %“E 6.5 g
0% F4 758 50% 4 72 g 0% F4 67 g
100% 4 38 geldlcth. o] &+ l& &

32.5, 375, 360, 335, 19.0%2.2 100% +4 FZE&
& Aldstas vt AxE vedeFig. 1.

s
Pure water 30 % EtOH 50 % EtOH 70 % EtOH 100 % EtOH

Fig. 1. Comparison of vield by the extraction solvents.

EtOH : Ethyl alcohol
The yield was calculated by freezen drying after
extraction.

OleH2l - N - Y2t 0/gi2 - 0j213]

2 Hu=A

1) 5-HMF

5A%e) ABEY SHMPE 2425} £33
Hel R ghel L000OE & AA4e nglor), =

A8 R

FEI #AEA ] 59 Aol peakE HERS
ot 2 (A). 574 3252 7% 1554000 pg/g
o] gk Helom, 74 FEEL T Tl
2t 30%%= 1.31+0.00 pg/g. 50%= 1.37+0.00 pg/e.
70%%= 1.37£0.01 pg/g, 100%% 2.64+0.00 ug/g2l %
02 100% 74 FEE] 7P B2 §FE e
Heleh(Fig. 2 (B)).

T
0
'
'
i
50000 ’

25000

2 =

e

&

5 8 8 8 8 &

B) 3.0

5-Hydroxymethyl-2-furaldehyde
Content (ug/g)

05

0.0

Fig. 2. Analysis of 5-Hydroxymethyl-2-furaldehyde
content in ACTS002 by high performance
liguid chromatography.

EtOH : Ethyl alcohol

(A) high performance liquid chromatography
chromatogram of 100% EtOH (a), 70% EtOH
(b), 50% EtOH (c), 30% EtOH (d), pure water
(e) extraction of ACTS002 and 5-Hydroxymethyl-
2-furaldehyde standard (f).

(B) comparison of 5-Hydroxymethyl-2-furaldehyde
content of each extraction solvents.
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2) Paeoniflorin
IESEREE N

3=

Paconiflorine £ 4 3}

o U
IFIMY R R? kel 09912 =2 AMAS Hyo
o, 2EFI $HEA Td AZHAAM peakE

Vel ek (Fig. 3 (A)). S74 30%, 50%, 70%,
100% 4 F%% 449 g 662001
7.56%0.10, 7.040.01, 8.26+0.01, 16.03+0.60 ng/g®l
S= 100% ¥4 FEEel M B FFE Vel

Weloh(Fig. 3 (B)).

300000

100000 —*‘Jl
_

W

min

®|) 180
16.0

2140

(
S
°

10.0
8.0
6.0

Paeoniflorin Content ( ug

4.0
20

0.0

Pure water

30% EtOH 50% EtOH 70% EtOH 100% EtOH

Fig. 3. Analysis of paeoniflorin content in ACTS002
by high performance liquid chromatography.

EtOH : Ethyl alcohol

(A) high performance liquid chromatography
chromatogram of 100% EtOH (a), 70% EtOH
(b), 50% EtOH (c), 30% EtOH (d), pure water
(e) extraction of ACTS002 and paeoniflorin
standard (f).

(B) comparison of paeoniflorin content of each
extraction Solvents.

3) Ferulic acid

AZ9 AZAEQl Ferulic acids A2 =
F3A ] R? ko] 100002 2 AAAE B

t{im]

L BFEFS BANEAC Y Az elA peakE
vep Aok (Fig. 4 (A)). 54 30%. 50%. 70%.
100% 4 2% 449 A %f:f%%k% 0.360.00,
0.47£0.00, 0.430.00, 0.510.00, 1.20+0.00 /g2 7k
02 100% 74 FEE] M B2 §FE e
Heleh(Fig. 4 (B)).

(A) uv

300007‘—-}/ Jw_/;/i\__—/\
] : (@)
20000~J o N (b)
jj " \ ©
10000 (d)
M = :
e A— ®

R TRAT AR TRRe s

ES

N

1.0

o o o
X o o

Ferulic acid Content (g /g )

o
)

o
o

Pure water

30% EtOH 50% EtOH 70% EtOH 100% EtOH

Fig. 4. Analysis of ferulic acid content in ACTS002
by high performance liquid chromatography.

EtOH : Ethyl alcohol

(A) high performance liquid chromatography
chromatogram of 100% EtOH (a), 70% EtOH
(b), 50% EtOH (c), 30% EtOH (d), pure water
(e) extraction of ACTS002 and ferulic acid
standard (f).

(B) comparison of ferulic acid content of each
extraction Solvents.

3. etat gy

1) Total flavonoids

Quercetin EFFA ] R? 7+ 0992 vehfle] A
AAE HolER §3F Fto= QAT A &
5 & BFFA6N Asted AR 23 0.25, 0.5,
1 mg/mle] = 8.56+1.92, 31.89+1.92,

Zza2 A
oI T



79674000, 30% F4 18.56+1.92, 48.56+3.85. 106.33+0.00,
50% A 18.56+1.92. 53.00£0.00, 110.78+1.92. 70%
FA 21.89+1.92, 58.56+3.85, 124.11+1.92, 100% A
9.67+3.33. 36.33+0.00, 84.11+1.92¢] 7+ Jehiodct
(Fig. 5 (A)). & Zeixo|t 2AA} 7} =
S AL N0% FA FE2EL, 7 & AL

F4 FEBOIG.

ol}.l |

2) Total phenolic compounds

Gallic acid =F3F49] R? 7t-2 0,992 vehdo]
S Ho|EE f3 gro= <lAssi) A<
FTAE 3 2FTA A sk Ak A3 .25,
05, 1 mg/ml®] =¥ 274 688165, 16.04+0.36,
33.9640.95, 30% 54 10.42+1.80, 22.71+0.36, 48.13+0.00,
50% FA 11.67+1.30, 24.58+0.95, 48.54=0.36, 70%
A 11.46%1.44, 23.75%0.63, 50.830.36. 100% +4
8.54+1.30, 17.50+1.08, 38.54+0.36%] #k= el it
(Fig. 5 (B)). Gallic acidel =®|gt ¥ 3| =33&
ek 0% 74 FEEC MY =% SRS

FZ5o] 71 el

AN AQY FAE e AAFAT
Ao Bjg)ste] AAbst A3} 025, 05, 1 mg/mlé
=oH? Z54 13.3611.60, 28.671.43, 71.90+0.37,
30% 4 3.20£1.01, 27.06+0.59, 76.85+0.24, 50% FA
9.97+1.36, 37.91+1.04, 84.43x0.27, 70% F3A 2.041.24,
29.70+0.45, 74.34+0.40, 100% A -9.85+1.80, 13.17+0.94,
46.34+0.999] = JePicH(Fig. 5 (C)). A

OleH2l - N - Y2t 0/gi2 - 0j213]

oo 7MA B AL 5% FA FEEo|A, 7t
A e AL 100% F4 FEE|U

4) ABTS

Trolox £F3FA9 R? 2t 0978 Yehle] A4
AE Bolmg 8% ztow QAsid A &
FE e BEFA Wsiste] At A3 0.25,
05 1 mg/ml®] =2 F74 157157, 33.74+0.43,
89.10+3.15, 30% 4 7.51+2.89, 40.55+5.00, 109.97+1.81,
50% FA4 751£1.33, 45.04+2.72, 118.23£0.50, 70%
2 9.25£5.19, 50.84+3.90, 129.10+1.81, 100% +3
3.45£2.39, 31.42+3.38, 84.17£3.799] Zh= el
(Fig. 5 (D). ABTS ehel% 47 $4& 10% F
A FEE] M XL 100% 74 FEEe 7}
sl

5 FRAP

Trolox £F349 R* 7 0.98& Yehlol =
MAE Bolmg f& ghog <AsgH 7
FAE e 2FA Asiste] ARk A3} 0.25,
05, 1 mg/ml®] FEHRE 74 17.3620.98, 36.72+0.21,
76.30£0.56, 30% 54 22.26+0.56, 46.30+1.29, 91.12+0.86,
50% FA4 22.18%0.25, 46.72+0.37, 96.72+1.28, 70%
A 22.75£0.33, 48.85+0.00, 96.30£0.37, 100% +3
16.87+0.25, 36.79+0.12, 75.23+0.439] 7S vefuiod
tH(Fig. 5 (E)). FRAP &4 o] 7} &2 A& 0%
FA FEE 3, P $2 AL 10% 4 &

=ol it
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A 140 | B)

- & Pure water

120

= m30 % EtOH

2100 850 % EtOH

£ 870 % EtOH

S 8o

s 100 % EtOH

2 60

w

c

Z 40

©

ERE

0
0.25 0.5 1
ACTS002 Concentration (mg/ me )
T

() 100 | (D)

BPure water
m30 % EtOH
250 % EtOH
870 % EtOH
100 % EtOH

N N o 3
S S =) S

Electron Donating Ability ( % )

&

N
=1

+
60
S BPure water
E 50
B m30 % EtOH
::: 40 B850 % EtOH
2 B70 % EtOH
2 30
Z 100 % EtOH
i}
© 20
S
©
2
F 10
o
0 R
0.25 0.5 1
ACTS002 Concentration (mg / me )
T
140
~ 120 BPure water
2 m30 % EtOH
' 100 850 % EtOH
% 80 870 % EtOH
T §100 % EtOH
Z 60
o
w
5 40
=
= 20
0 =
0.25 0.5 1
ACTS002 Concentration ( mg / me )
t

() 120
_ BPure water
< 100 m30 % EtOH
2 8 850 % EtOH
= 870 % EtOH
2
g g 100 % EtOH
g 40
x
3
g 20

0

0.5

ACTS002 Concentration (mg / m¢ )

Fig. 5. Antioxidative activities of ACTS002.

EtOH : Ethyl alcohol
(A) total flavonoids,

(B) total phenolic compounds,

(C) 2.2-Diphenyl-1-picrylhydrazyl, (D) 2.2'-Azino-bis

(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt, (E) ferric reducing antioxidant power
Antioxidant experiments were expressed as equivalents for each control group (Mean=SD).
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