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Objectives SJ004 is a natural herbal medicine that contains Acyranthes japonica Nakai
and Eucommia ulmoides Oliver traditionally used for joint and spinal diseases. This
study aimed to establish an efficient method of extracting SJ004 to standardize using
the yield, high-performance liquid chromatography (HPLC), and antioxidant assay.
Methods SJ004 was extracted with distilled water, 70% and 100% of ethyl alcohol
(EtOH). The method validation of 20-hydroxyecdysone and pinoresinol diglucoside
was determined by HPLC—photo diode array and the content of SJ004 was calculated.
The antioxidant activity of each extract was compared and measured using total fla-
vonoids, total phenolic compounds, 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid), and ferric reducing antioxidant power according to the standard protocol.
Results The yield was highest in pure water extract and lowest in 100% EtOH. But,
the content of marker compounds indicating 20—hydroxyecdysone and pinoresinol di—
glucoside was highest in 100% EtOH extract. In the physiological activity measure-
ment using antioxidant activity, 100% ethanol extract was highest. The limit of detection
indicating 20-hydroxyecdysone and pinoresinol diglucoside were analyzed 0.33 ug/mL,
0.1616 ug/mL, and the limit of quantification were analyzed 1.01 ug/mL and 0.49 ug/mL
respectively.

Conclusions The experimental results showed that the extraction conditions have a
significant effect on content of marker compounds and antioxidant activity. As a result
of method validation, SJ004 was standardized by 20—-hydroxyecdysone and pinoresinol
diglucoside. (J Korean Med Rehabil 2020;30(2):67-75)
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FE FoF AEE QYHARYH F el HF F
WaAS || T2 ALGEHATE &2 HEHl &3k
& -E(Achyranthes japonica Nakai)®] Bel&7]|E =23k
RS2 oleanolic acidZ saponin, steroid | €2] B-sitosterol
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1. A2 2 717

20-hydroxyecdysone, pinoresinol diglucoside ¥&%
& 2)3F 2] efFE P A (Cheongju, Korea)oll Al +i3ke] Af
83T Acetonitrile (ACN)Z} water= ©|573 02 A}
4%, high-performance liquid chromatography (HPLC)
grade= Honeywell International, Inc. (Charlotte, NC, USA)
o] AJEF-S AHE3A A, formic acid= Junsei Chemical Co.
(Tokyo, Japan)ollAl 43ttt aH4kst Aol A-g-d
2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
potassium persulfate, acetic acid, 2,4,6-Tri(2-pyridyl)-s-
triazine (TPTZ), FeCl; -+ 6H0, trolox, gallic acid+ Sigma-
Aldrich Co. (St. Louis, MO, USA)°lA U3tk &
A7 %71 Lyoph-Pride03 = 2)(Ilsinbiobase Co., Yangju,
Korea) S, 7%} %71 N2110 =2 (Eyela Co., Tokyo,
Japan)S AME3FTE Micro plate reader= EPOCH2 52
(BioTek Instruments, Inc., Winooski, VT, USA)S A&
3} 2™ HPLCE LC-20A, CBM-20A, LC-20AT, SIL-
20AC, CTO-20AC, DGU-20A5R, SPD-M20A, LC-PDA
S d(Shimadzu Co., Kyoto, Japan)= AH8-3}5 T}

2. SJ0042| x|

B ATl AR T3 52 S5-9A 2K Seoul, Korea)
oflA Fhst o A FoleFEbAA A QIFT
Fef Az 9 Fd de] 7ol 89 FAE AR
SHATE SJ0042] 74 oHAIRl FF, = EHVIE ol
g3to] 247t Bdslet £ 1 =2
slo] FHSIATE Sl 100%, 70% T34, 7S F
A FFe] sulrR RIS 24t 1AIREE]E 3RS
3t & & 4 FEEES 1| m ZEIEOHE
AgSte] oAFEt T ZF AN S IRFEFStY SR/
T 150 mLE o]l &7]ef Fo S|
AuisAstAact ok 69AZFEQ A=
AEZ AR A3 AJZ AH71A] -20°C
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o Hasith

3. EAME Ha|H|o|M

SHT, 10% 774, 100% FHoZ 55 ZH7ke] Al
22 10.14, 10.08, 10.68 mg/mLe] FE2 3Aste] &
H|SF T} &2 A FAEL 20-hydroxyecdysone Cig
ODS (25 c¢m * I.D 5.0 um; Agilent Technologies, Inc.,
Charlotte, NC, USA) ZHE o]83t3oH, o542
0.08% formic acid®] &3 ACNS 17 : 3 H| &2 &3+
298 7127 27 Qo] 1 mL/min® 2 FA3Ick o
1 AE71E ol&dte] EA% ¥ 245 nmOE FE3}
o] SRl FZ2] A|3EAE? pinoresinol digluco-
sidex= Ciz3 ODS ZHE o]&3lHom, o] 542 0.1%
formic acid®] E(A)Z} ACN (B)E 7127 L= 3}
ol 5% (B)Z AlAFsk] 208714 20% (B), 25E7HA]
20% (B), 308744 5% (B)E 3t 1 mL/min.&2 F-A|

st AE719 3L 230 nmoE BTk
1) &MY, HEst, 2EsH

20-hydroxyecdysone EFEFS 1.25, 2.5, 5, 10, 20, 40
ppm FEHE 3)Ase] FHISHAL pinoresinol digluco-
side EFF2 3.3125, 6.625, 13.25, 26.5, 53, 106 ppm
EEHE 345t FHEtE HPLCE 2438t &
RS T8 HARde T8l A AR
E SRJASIHTE Limit of detection (LOD)S} limit of
quantitation (LOQ)& E=Ax}} A2 7]&7] <
ke o R Tl on 412 ofgje} Aok e 7
A& 33] Wk AlsiiT

LOD=3.3%c/ S
LOQ=10xc/ S

o: yAHe EFHAL

S: AFAe] 7171

ISLZ3E O

20-hydroxyecdysone ¥FF< 1.25, 5, 20 ppm %
H2 3] M3te] FH]|3FAL pinoresinol diglucoside EFF
< 3.3125, 13.25, 53 ppm FE=EE 3X5le] Fnlg Y
WA R A AT S SAsHATH

jLS =
AR ST B EEELS 38 WEIe] B3

O

Fom, IHEA 2 it
of R4 HPLCS ¥
ative standard deviation, RSD)E

R, FTE%) S Tt ALES HriskATh

rr

3) NEAE Bl 24

A4 e 7
ZzrpEadels A WAwA G tigistel e
ke Fakenh

Z = ﬂﬁd’%% Kim 5299 & $83tq =
F4, 0% 74, 7T 7=
EE—UL—O* U—T‘—OS 1.0, 2.0 mg/mLe] F=2]
3lAste] ZHISIATE A 50 pLet FFT
Z3F 2% NaCO; 1 mLE &33t & Z%Zl
A FHTE &3l 50% Folin & Ciocalteu’s phenol
reagent 50 pLE 713t vortex® Fi-8| EHd &
Ao 3083 HESAIZ T Microplate readerE ©]-&
3] 750 oA FFEE SAATE EFELR gal-
lic acid& 15.63, 31.25, 62.5, 125, 250, 500, 1,000 ug/mL
o FL= st ARBSIYAL, 2] &
st FEFAES TJ5oh Ao FHE
of dste] % = sgES ALtska
R*ZHE 095 oS Fragos A% »a};ﬁr:}
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2) ABTS free radical 2715

ABTS free radical 271%-& Arnao 5272 WS o]
gote] ST FFTE o8t A3 74 mM
ABTS9} o|&h-&2 ©]83l] |23+ potassium persul-
fateE F G & PO A2olA 1243 W&
AlA ABTS & B4 AIHTE Micro plate reader= 750 nm
N FRE=E S48k #ol 0.7£0.027}F H=E v
<=2 3439k 34 190 pLoll A 10 uLE 7}s)
o vortex® F5] ST & PFEIS] A20ll4 24
IHsQt HESAIZITE Micro plate readerE ©]-8-3k 750
mollA FFEE SASIATE FF=EE troloxE 7.8,

15.63, 31.25, 62.5, 125, 250, 500 pg/mLe] TE= 3]4]
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sto] AHESHASL, A7) FREE SAsle &I
< 3T ABTS 202 &7 842 F dle &5 5
A3 U3 Yoz ALsAth

3) Fe’"chelate &M =8

Fe’chelate E4J-& BenziHS W& 3 WHH*0) ule}
439 S/RTE o]-83k] A|ZF acetate buffer,
40 mM HCIS o]-&ste] A|x3+ 10 mM TPTZS} S/
5 o] 83t A= 20 mM Fecl; - 6H,0 §H4& &
Higke] 10 : 1 : 1 ¥]&=2 E]gE 3 35°C incubatorol| 4]
AR ARA7IA] BAsETE E5 190 pLet 749 10 pL
£ vortex & F8] THIF T HFEN Y Aol A 30+%
7t WA Micro plate readerE ©]-83F 593 nm o]
X FBEE SA3IT EEELR troloxE 3.9, 7.81,
15.63, 31.25, 62.5, 125, 250 pg/mLe] FE2 3|4 5}e]
ARESER AL, M7t FREE S5t 2E3AdE O
ST} Ferric reducing ability of plasma (FRAP) 42
< He g S I3 PHOE ALk

A= 2o 202 335 uri
#

(p<0.05)°l 4 AZF3tATh B A2 A= IBM SPSS
Statistics 22 ZZT13(IBM Corp., Armonk, NY, USA)

S ARSI, A7 analysis of variance paired

(A) uVv

25000
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min

t-testH 0.2 3T

-
3 _L]-»»»

SI0049] = &8 572 100% 774 3.11 g, 70%
FA 712 g, TFS 8.24 golAh 47ke] 85 ALt
3 10.35%, 23.73%, 27.45% % S7F FE229 &

o] 7H¢ =Tk

2. =X Ee|H|ofd

Aetal R3S 29 A RS 25 1.000
Ae B8R, TET AR BF-E ARl

A3 thFig. 1). ydHe ZFHA}
1271 %k ol&sl Al4Het 23} 20-hydroxyecdysone
3} pinoresinol diglucoside®] LODE 212} 0.33, 0.16 pug/mL
o], LOQE ZZ 1.01, 049 pg/mLZ AlRF=EATh
(Table I).

2)

ox

2da gety

20-hydroxyecdysone®] RSD (%)= 1.25, 5, 20 ppm2] &
THE QU AW A(intra-day)oll A ZH2} 3.89, 0.12, 0.14%

(B) uVv
150000

100000 100 % EtOH

70 % EtOH

50000

0 . w
1

0 10 20 30 40
min

Fig. 1. Analysis of marker compounds of SJ004 by HPLC chromatogram. (A) HPLC chromatogram of 20-hydroxyecdysone and
SJ004 by extracts, (B) HPLC chromatogram of pinoresinol diglucoside and SJ004 by extracts. R? value of all the standard curves
was 0.999 for linearity. HPLC: high-performance liquid chromatography, EtOH: ethyl alcohol.
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E BYom, 35E(%)2 217t 99.56+3.88, 100.14+0.12,
99.99+0.14%E E A THTable 1I). L7+ AL A(inter-day)
o A RSD (%)= ZF2} 2.32+1.55, 0.89+0.87, 0.19+0.07%
5 B oM, 3]58(%)> ZH2} 99.44+1.50, 100.18+0.47,
99.99+0.02%%S X3 tHTable III). Pinoresinol diglucoside
2] RSD (%)= 3.3125, 13.25, 53 ppm2] EE=EZ U
A A (intra-day) ol A ZH2F 0.20, 0.43, 0.03%E R o0,
3]E(%)S ZH2) 98.73+0.20, 100.40:£0.43, 99.98+0.03%
5 B TKTable IN). Y3+ A (inter-day) ol 4] RSD (%)
= 212} 0.5740.49, 0.30+£0.20, 0.18+0.26%Z .o,
3] E(%)2 ZF2F 99.92+1.04, 100.03+0.32, 100.00+0.02%
£ XS THTable I).

2]
3lo] AAreE A3} 20-hydroxyecdysone-S ZHF 0.692:£0.002,
0.674+0.002, 2.682+0.011 mg/g2] & HI o, pi-

noresinol diglucoside= Z}Z}t 1.771+0.004, 1.575+0.012,
6.821+0.015 mg/g®] FFES HATKTable IV).

Ot
=2
i
ton
o
(T
Ol
i

Gallic acid EF3412] R*%& 0.995 Yehlof &4
S HolB g §azko 2 QAT AN S = 3t
S FFFol tidste] Alxkst A3 0.5, 1.0, 2.0 mg/mL
9 F=HEZ 100% FAFEE 30.93+0.58, 52.93+1.53,
90.93+1.53 pg/mL, 70% T4 F== 26.93£1.53, 39.27+2.08,
69.6:2.65 pg/mL, SF75 24.93+2.51, 35.27+2.08, 56.27+1.53
pg/mLe] #h& UERAATHFig. 2A).

2) ABTS free radical 2Hs

Trolox ¥&2A19] R?ZHE 0.99S UEl o] ZAAS
Holog {agto =g AASIHTE A FH= 3k
EFTA ) tiYste Akt A5} 0.5, 1.0, 2.0 mg/mL2]
FEEZ 100% T FEEL 16.3349.83, 36.93+9.34,

Table I. Measures of Linearity, Regression Equation, Correlation Coefficient (Rz), LOD and LOQ by HLPC-PDA

Components (0=3)

20-hydroxyecdysone y =14,007,686.899 x
—1,906.557

Pinoresinol diglucoside y =13,622,625.131 x
+3,058.625

Regression equation*®

R LOD" LOQT
(ng/mL) (ng/mL)
1.000 0.33 1.01
1.000 0.16 0.49

*y: peak area, x: amount (ug/mL), '3.3x(SD of the response/slope of the calibration curve), T10x(SD of the response/slope of

the calibration curve).

LOD: limit of detection, LOQ: limit of quantitation, HLPC-PDA: high-performance liquid chromatography-photo diode array, SD:

standard deviation.

Table IL Measures of Accuracy and Precision Intra-day Test for Standard Materials by HPLC-PDA

Spiked amount
(mg/mL)

20-hydroxyecdysone 1.25
5
20
3.3125
13.25
53

Components

Pinoresinol diglucoside

Measured amount RSD" RecoveryJr
(ug/mL, n=3) (%) (%)
1.24+0.05 3.89 99.56+3.88
5.01+0.01 0.12 100.14+0.12
20.00+0.03 0.14 99.99+0.14
3.27+0.01 0.20 98.73+0.20
13.30+0.06 0.43 100.40+0.43
52.99+0.02 0.03 99.98+0.03

*(standard deviation/mean)x100, +[(amount found - original amount)/amount spiked]x100%.
HLPC-PDA: high-performance liquid chromatography-photo diode array, RSD: relative standard deviation

www.e-jkmr.org 71



©

y ol - 259) - Ao~ 015 - 019 SR1 - g - olels]

Table IIL Measures of Accuracy and Precision Inter-day Test by HPLC-PDA

20-hydroxyecdysone Pinoresinol diglucoside
Measurement (pg/mL) (ng/mL)
1.25 5 20 3.3125 13.25 53
RSD* (%) Day 1 3.89 0.12 0.14 0.20 0.43 0.03
Day 2 227 1.83 0.16 1.13 0.07 0.48
Day 3 0.79 0.72 0.28 0.38 0.40 0.02
Mean 2.32 0.89 0.19 0.57 0.30 0.18
SD 1.55 0.87 0.07 0.49 0.20 0.26
Recovery' (%) Day 1 99.56 100.14 99.99 98.73 100.40 99.98
Day 2 100.87 99.73 100.01 100.61 99.81 100.01
Day 3 97.88 100.66 99.97 100.42 99.87 100.01
Mean 99.44 100.18 99.99 99.92 100.03 100.00
SD 1.50 0.47 0.02 1.04 0.32 0.02

*(SD/mean)=100, T[(amount found - original amount)/amount spiked]x100%.
HLPC-PDA: high-performance liquid chromatography-photo diode array, RSD: relative standard deviation, SD: standard deviation.

Table IV. Analysis of Marker Compounds of SJ004 by Extraction Solvents

20-hydroxyecdysone Pinoresinol diglucoside
Measument
Water 70% EtOH 100% EtOH Water 70% EtOH 100% EtOH
Contents (mg/g) 0.692+0.002 0.674+0.002 2.682+0.011 1.771+0.004 1.575+0.012 6.821£0.015
EtOH: ethyl alcohol.
(A) (B) (C)

-
o
o

80 *
mmm water
—= 70% EtOH
100% EtOH

o
o

=== water
—= 70% EtOH
== 100% EtOH

== water
— 70% EtOH
== 100% EtOH

«®

o
H
o

60

=23

o
w
o

40

£

o
N
o

20

N
o

Trolox equivalants (ug / mL)
)

Trolox equivalants (ug / mL)

o

o

Gallic acid equivalants (ug / mL)

0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0
$J004 concentration (mg / mL) $J004 concentration (mg / mL) $J004 concentration (mg / mL)

Fig. 2. Antioxidative activies of SJ004 by solvent extraction. (A) total phenolic compounds, (B) ABTS free radical scavening,
(C) ferric reducing antioxidant power. ABTS: 2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), EtOH: ethyl alcohol. Statistically
significant value indicated difference (*p<0.05).

76.10:6.59 pg/mL, 70% T4FZE-2 12.4046.76, 31.81+7.22, EEHEZ 100% T4 FEFEL 11.97+0.28, 23.45+0.42,
63.7149.01 pg/mL, SF= 4.95+8.19, 16.33+6.19, 34.61 47.53£0.28 pg/mL, 70% 58 FE& 8.55+0.16, 17.90+0.32,
£6.10 pg/mLe] Fh= YERNATKFig. 2B). 31.05£0.64 pg/mL, SF5~7.25+0.28, 14.66+0.70, 24.47+0.48
ng/mLe] #-& RN ItKFig. 2C).

X
o

e

3) Fe*"chelate &4

A

Trolox FEEZ419] RFEE 0,992 UElo] 24148
HolmE fEOE AR AYe] FAE #E
EE240] tlsle] AL A5 05, 1.0, 2.0 ngmL o)
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= 1T F AAJTh 59 20-hydroxyecdysone,
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B AF<= SI004 (5, = B FEE)E 52
o &5o] ¥l B} 7R dt A8l = SlE

AAshs Ze FE=E stk
1. SJ004= = Srfoll W} HF &0 SR/
(27.45%), 70% T78(23.73%), 100% T-78(10.35%)<]
wo 7 W Yehgdth 24 488 189S v
100% T8 G-&°] Wo} & &= A7l
27 AR
2. A wgdlo] ol A 20-hydroxyecdysone} pi-
noresinol diglucoside= HESHA 2 AZFA7}
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