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Abstract

The aim of this study was to select compounds for the standardization of fermented Kalopanax pictus Nakai (KP-F),
to develop the analysis method using HPLC-PDA and to perform method validation. KP-F is a fermented powder developed
to improve the original physiological activities and create a new functionality. Eleutheroside E, Acanthoside B, and
Syringaresinol were selected as the standard compounds and developed our own method for simultaneous analysis. The
analyte was isolated using C18 column with a gradient elution of 0.05 M phosphoric acid in water and methanol as the
mobile phase at a flow rate of 1 mL/min and detected at 210 nm. As a result, all standard compounds showed good linearity
with an R* (coefficient of correlation) of 1.000 and for the limit of detection range of 0.710~0.831 pg/mL, and the limit
of quantification as 2.150~2.520 pg/mL. The precision was RSD (%) of less than 4.80%, while the accuracy was 4.70%>RSD
(%) for the range 102.44~110.48%. In conclusion, the developed analysis method is suitable for the detection of
Eleutheroside E, Acanthoside B, and Syringaresinol in KP-F.
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A-I = 5 2002), &£ (Park 5 2001) 502 th9 =ES 53

HuEQom, HEL Triterpenoid Saponin®] Kalopanaxsaponin

2 U (Kalopanax pictus Nakai)+= F5U-FIH Araliaceae) A-G(Lee 5 1989; Shao 5 1989; Sun 5 1990; Sano 5 1991)

of &3 AEE YU MFESVEEaE 3y, 23 4B Lignan?l Eleutheroside E, Acanthoside B, Pinoresinol, Pinoresinol

9 3htof] Y] Bx35t ok Lyt s SR A O-B-D-glucopyranoside, Pinoresinol di-O-[3-D-glucopyranoside

=2 MFEolet st A&sta glow, Ui £71784 5(Quang 5 2011) & Phenol’d 3HgtEo] Ee=irkar 2t
= dlsuzt sto] oA XE, FHEF o7t ZSutH], b g

4E&E A E Sof okgstgon, thE ket wiEste] Al A&7 g Bioconversion) 0] 2+ A A A EHBiotransformation),

HEEG, S4B A2 AGHAT EF, SR ABEFY(Bioprocessing 7 A+ 98] ALEEE(Cho 5 2011),

RS FaHKim 5 1999), FAFLI 52002, FABChoi  TIABUE % BAA 5o ARIH WAL T AAR
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Al o] AHLEl FZEZ-L Eleutheroside E, Acanthoside B,
Syringaresinol, Kalopanaxsaponin A(a-Hederin)+= Chemfaceso]|
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231F o, EAof A3t X9 Phosphoric acid, Formic acid,
Water, Methanol, Ethanol, Acetonitrile2 2% HPLC 532 A}
gtk

2. N2 M=

Kalopanaxsaponin 5412 Q]34 50 mL fFZalAF o
SUPREBKPP) 05 & P2 T MOHE A3t 36
Bt 6087 280t 223 T 1087 A2 Bhystke] 045
m membrane filter2 o] 7}3}9 0 ™, Lignan ¥gA] 24& 9
Al 50 mL §FEe2T ] SUHFLEEKP-F) 0.5 g£ .
LS 5 70% BtOHS ARE-ste] g3l 6057 22u) 3
%, 1087 AL wlisle] 0.45 pm membrane filter2 01]4.]—0}
pied

3. Kalopanaxsaponin =41

£29717]+= Shimadzu HPLC system¥} SPD-M20A Diode Array
Detector(Shimadzu) & A3} 2, 24 column-2 Mightysil
RP-18 GP(250%4.6 mm, 5 pym, Kanto Chemical Co.)2 A3}
At o]FAFE 0.01% Formic acid/water (A)2} 0.001% Formic
acid/90% ACN/water(B)S AFR38lG 1L, o] 5AMe] 2 AL 05,
B29%, 3&; B29%, 14%; B38%, 15%; B38%, 30&; B57%,
378 B57%, 38%E; B70%, 438, B70%, 44%; B29%, 55%&;
B29%= AAste] BEA3IGT 452 Bk 1 0ml, HEE
29 255 35C, AETA2 210 nmE ARSIl e, A&
o FUTe 20 UL sk

4. Lignan HEH| £A

2471719 B4 columnS Kalopanaxsaponin 4] A A&
H Av)el FUst, o] FARS 0.05 M Phosphoric acid/ water
(A)¢} MeOHB)E AHE3HAL, o] 5o 274 0&; B20%,
408, B73%, 45%; B100%, 555 B 100%, 56&; B20%, 65,
B20%= A%t BEAIATE §452 B 1.0mL 2 2
Y 2rx 25T, AS9E2 210 imE ARSI o H, AR
o] FTFe 10 uLZ 3T

. =AM 2ZF(Method validation)

HPLC-PDAZ o83 24ulel S48 4257 9l
Sol4d, A4, AETA(LOD) H F=ALOQ), FL/d &
BEYE 2, BIHS FURI RS 22U
B #EE0] AgAos HostA £ AS sk
o, AR FEEZ Q] chromatogram’r UV spectrum< H]
wafol BSAT. NS BERY EFAL 100, 50, 25,
125, 62.5, 3.13, 1.56 pg/mLe] SEZ 5]43t0] B4 & AL
AE wigto 2 AFFA(Calibration curve)S ZHdste] 3]
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1. MEHSTHY ofst SLIRLES(KP-HUIMS Hat
27 B2 S8 NENE $27 8F

U AEATF Gl s A2 SUHFEAE(KP-F)
oM AFAE T Aol Fskr] s HPLC-PDA &
4g olgato] LA}

Fig. 19]|A] Kalopanaxsaponin 4o &3 X 25
9] 1520 peak BO] area7} SUFIAEO|A Fo]5H, 35&
o) peak AS] areat Z7F5H AL BAFAO M, Fig 2004
Lignan 53] 244 0] ofa) 248 SUp2e] 1920 peak
E9Q] area’} SUFHEEA S0]EH, 2350} peak B area

Fig. 1. Chromatogram of (A) standards mixture of Kalo-
panaxsaponin B and Kalopanaxsaponin A, (B) Kalopanax
pictus Nakai(KP), (C) Fermented Kalopanax pictus Nakai
(KP-F). Peak B is Kalopanaxsaponin B and peak A is
Kalopanaxsaponin A.
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Fig. 2. Chromatogram of (A) standards mixture of Eleu-
theroside E, Acanthoside B, and Syringaresinol, (B) Kalopanax
pictus Nakai (KP), (C) Fermented Kalopanax pictus (KP-F).
Peak E is Eleutheroside E, peak A is Acanthoside B and
peak S is Syringaresinol.

7F SolutaL, 282 peak S7F A2 A7]= AL AsHATH

ol SUF SHE F wigA stEe] HEATTHES
T & 2AE dom et e dlilste] SUR tiE
HiA| SRS o]-8sto] &It Al 3uH9] Kalopanaxsa-
ponin B(Fig. 1-peak B)9] {7} HEHTFTHS T3 SHF
98 Eof| 4] Kalopanaxsaponin A(Fig. 1-peak A)Z A== A
2 #EE 5 Q9o SLF 9] Eleutheroside E(Fig. 2-peak
E)7F AEAZEAH S S8l Acanthoside B(Fig. 2-peak A)<}
Syringaresinol(Fig. 2-peak S)2.2 Z3lE= AL eld 4= 913l
t} wEhA SUFHaES] N HEAE TR O 2 Kalopanaxsa-
ponin B, Kalopanaxsaponin A, Eletheroside E, Acanthoside B,
Syringaresinol 2 ‘3 A3} thFig. 3).

2. YENESE T AlZH| IE SLIFO| HiEA| &zt

AR T ihE ST aES HPLCE &
A3t A}, v A 7ho)] 2 2R 9] Kalopanaxsaponin 2
Lignan ¥jA 2] FH=fHSl= Table 13} 2t}

Kalopanaxsaponin B7} vj%F 7 11.399 mg/gof| A vl oFA| 7F
o] ol wet gao] s ZHasto] Wik S0AIZE Fo
4.703 mg/ge] E %12, Kalopanaxsaponin A= 8[%F Z 0.044
mg/gol| Al vl 47A]7F 30| 2.232 mg/gl &2 Z7}5}e] Kalo-
panaxsaponin B7} Kalopanaxsaponin A2 A 3+&+= Z2 &l
& 4 ek

Eleutheroside EZ} vlj9F A 3.820 mg/gol| A vl FA|Zto] 7 3}
ol whet ghgol &S] Faste] ek S0AIZE $Fofl 0.554
mg/go] F 2™, Acanthoside B= vj%F A 0.158 mg/gof| A vl
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& AR ol F7Hst 0.779 mg/go] E L, 324]

7+ SHE asto] S0A17ke] 0326 mg/ge] He A= U
Bttt 22y Syringaresinol B FA|7to] A 3pgle) whah
%7] 3=F 0 mg/goll A viSE S0A]7F ¥ 3.947 mg/g e 2 Z7}8}
o] Eleutheroside E7} Acanthoside BE # 2] #%£2 22 Syring-
aresinol 2 AgtE|E= AL ol 4 Qlqih

3. QMK SLIS U MSHSTHO| Of SLITYS
S(KP-F)0IM2l BHER| BH2F A}

SUHFEaEEe] EESE s Ao IhE 2170 A&
o SUF 8 SRR RSN B4R FEL dEe
HPLC-PDA EA4< 3 2A8HAcKFig. 4).

S1}5-9] Kalopanaxsaponin B, Kalopanaxsaponin A, Eleuthero-

Eleutheroside E
(Main compound of KP)

Acanthoside B Syringaresinol

(Main compound of KP-F)

Fig. 3. Compound structures of Kalopanax pictus Nakai
(KP) converted through Bioconversion.

Table 1. Content of Kalopanaxsaponins and Liganan glycosides in fermented Kalopanax pictus Nakai (KP-F)

Fermentation time Kalopanaxsaponin B Kalopanaxsaponin A Eleutheroside E ~ Acanthoside B Syringaresinol
(hr) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
0 11.399 0.044 3.820 0.158 0.000
8 8.772 0.952 2.555 0.698 0.338
23 6.744 1.488 2430 0.747 0.383
32 6.197 1.724 1.474 0.779 1.690
47 5.158 2.286 0.624 0.350 3.601
50 47703 2232 0.554 0.326 3.947

OFalopansssaponin®  @Kalpmassporin 4 WTotal KES
1535 2008

sEabpanasaponin & WTowl KPS

1 lLss 11601

5331318 4 ;
T Sss 1372 1z "
2000
o9 92
o000
sa
o0 ‘“3 461 450
3000 25
oo & IRA ERE NRE IR =
Dw v ¥ =

N T
333 33t 52 30

- 71 [~
416 28
-
so00
2000
1000 e =
12 35 a2 17, b " 321 B 13 12 012 11 0z M fof11 14 18 01+ lid12 20 a1z 08
soco Lo IR ROR R R oM M ool [Tl TS 150 50| Tooll Pl ol | Lol | Lo | ol 1ol 1l ool 155

E  m]  mm 88 RN BRI T3 M ¥C DW YN F Y KDl VT JE EY SSY  SM TR

B-1

Fig. 4. Content graph of (A-1) Kalopanaxsaponin B and Kalopanaxsaponin A in Kalopanax pictus Nakai (KP), (A-2)
Kalopanaxsaponin B and Kalopanaxsaponin A in fermented Kalopanax pictus Nakai (KP-F), (B-1) Eelutheroside E,
Acanthoside B, and Syriangaresinol in Kalopanax pictus Nakai (KP), (B-2) Eelutheroside E, Acanthoside B, and
Syriangaresinol in fermented Kalopanax pictus Nakai (KP-F).
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side E, Acanthoside B, Syringaresinol®] B g2 7}2Z) 8.648
mg/g, 0.061 mg/g, 4475 mg/g, 0.140 mg/g, 0.035 mg/gl.2 =
ALglon, SU5EE 59 Kalopanaxsaponin B, Kalopanaxsa-
ponin A, Eleutheroside E, Acanthoside B, Syringaresinol®] H+
T2 247 9.921 mg/g, 0.465 mg/g, 1.085 mg/g, 0.446 mg/g,
2.662 mg/go 2 EQlE it

Kalopanaxsaponin®] 7-¢-, &4 2570l &Js Hgko] 4
A dojuhA] ko, iAo TE X F4E9] o Zo|7t
A Yebd 9, Lignan WiEA19] 739 HEHASFH A 9
off Mgko] HA| Lojubm, LARR o] Aakglo] A &A=
ZF Ao)7h 2 Yehs As S8 5= Al

olo] FUHFIAES REIE AT ARHECEZE H|H
2 YA ALEglo] g Zjol7t A YUEpt= Eleutheroside
EE)et oA BEdesgol sl A Ago] o]Fojx=
Acanthoside B(A) 2 Syringaresinol(S)E 2%+ Z 35t Total
EASY| g2 Attt

4. 50|

Eleutheroside E, Acanthoside B, Syringaresinolo] A% o
2 A5 A&7 15t 190 nmof| A 400 nm7HA] Fg
TE SAsto AdgsutS B4 1 A3 Al 7HA
ARYES A B4 A8 A&7 210 nmz 273
3= A o] ZA3}H, Eleutheroside E, Acanthoside B, Syring-
aresinol @] EEEZ T} AR 9] UV spectrumo| Y X5} thFig.
5). Al 7HA] A FAJES thE AR THd §lo] o3t BElss
X ¢ 31, retention time-2 Eleutheroside E7} 19. 166—‘?’-, Acantho-
side B7} 23.487+, Syringaresinol©] 28.4793 E2 3}
AAx]5to] Bol4e shelatit(Fig 6).

A o FEH 2 AFAS AT, AT FBARR)
E A&39ch 1 23, I AHA AL Eleutheroside E7}F
y=57,676.446x+29,534.798, Acanthoside Bo] y=58,825.183x+
34,409.353, Syringaresinol©] y=81,719.531x+63,029.672 2 &<l
Hom, Al 71K BEEE BE <0992 43 2144
< UeEhigich A4S Uetdie d9 WelAd &A=
Eleutheroside E7} 0.773 ng/mL, Acanthoside Bo] 0.710 ug/mL,
Syringaresinol©] 0.831 ug/mLZ e} oo, AZFsHA= Eleu-
theroside E7} 2.341 pg/mL, Acanthoside B7} 2.150 pg/mL,
Syringaresinol©| 2.520 pg/mLZ &1 % I TtH Table 2).

6. M4l
AYAY FUAS Bl APARI] YL A5k

o F 9o YA FAT ARE 63 ¥ AR ste] A1

= FFEEA

Fig. 5. UV spectrum of (A) Eleutheroside E, (B) Acantho-
side B, and (C) Syringaresinol. Red lines are UV spectrum
of standard compounds, and black lines are UV spectrum
of candidate compounds that same retention time as standards
in fermented Kalopanax pictus Nakai (KP-F).

g8 8 8 &

= TPDA Mlt 1 210mn S0

§

Fig. 6. Chromatogram of (A) Blank (70% EtOH), (B)
Standards mixture of Eleutheroside E, Acanthoside B, and
Syringaresinol, (C) Fermented Kalopanax pictus (KP-F).

S5 H22 AHEZHAHRSDWE UEHo] AU4S &
oI5t Ut a E(KP-F)2 Eleutheroside E, Acanthoside
B, Syringaresinol®] t3}o] At & HXHRSD%)<5.00%=
AL E15tHTt B4 A9 7%, Eleutheroside E=
3.638%, Acanthoside B:= 4.202%, Syringaresinol-2 3.134%% 1}
Eltow, 842} Be] AL, Eleutheroside E= 4.491%, Acantho-
side B 3.535%, Syringaresinol-2 1.883%=% &1 =it AF
A AEAAE ERIFES o, SUFEEE(KP-F)2 Eleuthero-
side E, Acanthoside B, Syringaresinol®]] tjj3}] RSD%7} Z}Z}
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Table 2. Calibration curves, detection limits (LOD) and quantification limits (LOQ) of Eleutheroside E, Acanthoside B,

and Syringaresinol

Compound Range (ug/mL) Slope (a) y Intercept (b) Correlation coefficient (R*) LOD (ng/mL) LOQ (jig/mL)
Eleutheroside E 1.56~100 57,676.446 29,534.798 1.000 0.773 2.341
Acanthoside B 1.56~100 58,825.183 34,409.353 1.000 0.710 2.150
Syringaresinol 1.56~100 81,719.531 63,029.672 1.000 0.831 2.520

4.530%, 4.798%, 2.585%2 ZAE|o] 5.000% oYl 2 955t
UL 215K Table 3).

7. KB

353
HI L 371A A SEA B AR g A
59 Agtol 2UT B Falslyich BANH 24 2,
Eleutheroside EQ] %, 3482 103.810~104.525%=2 &7
E]gom, RSD(%)= 3.687~4.220%2 BHol |9t} Acantho-
side BE] 7L, 3482 108.858~110.480%% e, RSD
(%)= 3.365~4.598%2 &2l =] gith E3SL, Syringaresinol®] 7
L, 34E8L 102.436~103.677%2 &A= ¢ o0, RSD=
1.534~2.126%= YEF) St watbs SUFEa E(KP-F)9 3
7he] stetEol thste] 3]4=&o] 80~120% o], RSD(%) #tol

5.000% o2 =

2 dFlMe BedEsdEs o e T aE
of At 71574 = MEe Ash Bededsgel A% +=
g 9l AxE o7 FelE St ARYES AFT F
EP‘é SAEAHY AL, 24 A5 A¥EATh S

li>1‘ Mz

=

PURE AT HBE o) SEVETIN AT &
S

SA1S) PSS 2Aalsict, 1 Ak, Hiepel A

o Wl &1k d Eof| A Kalopanaxsaponin B7} ZH43

Kalopanaxsaponin A7} Z7}5l= Ao 2 YEASF A o] 23

Table 3. Precision of fermented Kalopanax pictus Nakai (KP-F)

Analyst A” Analyst B Total analyst®
Compound
Mean£S.D. (mg/g) RSD (%) Mean£S.D. (mg/g) RSD (%) Mean=S.D. (mg/g)  RSD (%)
Eleutheroside E 0.513+0.019 3.638 0.489+0.022 4.491 0.500+0.023 4.530
Acanthoside B 0.469+0.020 4.202 0.437+0.015 3.535 0.452+0.022 4.798
Syringaresinol 2.438+0.076 3.134 2.508+0.047 1.883 2.481+0.064 2.585
* Analyst of Won Hui Jang.
® Analyst of Seon Ju Park.
¢ Average of analy st A, B.
Table 4. Accuracy of Eleutheroside E, Acanthoside B, and Syringaresinol
Compound Concentration (ug/mL) Mean+S.D. (mg/mL) Recovery (%) RSD (%)
3.750 0.389+0.014 104.171 3.873
Eleutheroside E 4.375 0.454+0.015 103.810 3.687
5.000 0.524+0.020 104.525 4.220
1.500 0.161+0.007 108.858 3.365
Acanthoside B 1.750 0.191+0.010 110.385 4.598
2.000 0.221+0.007 110.480 3.696
24.000 2.474+0.054 103.677 1.858
Syringaresinol 28.000 2.858+0.046 102.436 1.534
32.000 3.320+0.063 103.648 2.126

Recovery (%)=(Measured amount —Original amount)/Spiked amountx100%.
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o u}2} Kalopanaxsaponin B7} Kalopanaxsaponin AZ 3+
e AL IR = Uk E3L vigFAIZEe] gt whet
Eleutheroside E7} Z+A-3}H A], Acanthoside B & Syringaresinol
o] Z7}8ka1, ujoF 32A]7F5E Acanthoside BO] ZFA8HH A],
Syringaresinol®] §23] F7}sh= A& Wt YEASS
A o] Zg=o| wa} Eleutheroside E7} Acanthoside BS # A
Syringaresinol 2 HAENE AE Bl 4 AATh YA
SR 9 AEART Y0 o3t SUpRLEE R4 2] A
3t ZAE E3) Kalopanaxsaponin B} t} Eleutheroside E7}
bR T glo] B Aolr} wmA 27 ekt AT A
29840 ofa) vlmA 447 Hato] o0} x5, Eleuthero-
side E7} Acanthoside B ¥ Syringaresinol 2 Z3to] 0]F06]X]
£ AL Ssigh vebd SURERge £20E a
A FA)E S 2 Eleutheroside E, Acanthoside B, Syringaresinol 2]
deog Agstith ST LA E A9 Lignan HiFA| FAl
A g9 Sl Seold, AN, AETA(LOD), Jet
ALOQ), BYd, Hed A& At A4S ASst
Aok 1 43 FF2EZ 3719 S 5ErE E- 9] retention time
o] QAI3H, YT UV specum L1, 2 B2
o] AFRAIGR) Fho] 0.999 o]AFo = $-43t 2 AAS 9l
3} . Eleutheroside E, Acanthoside B, Syringaresinol®] A&
A= 2+ 0.773, 0.710, 0.831 pg/mL2 SA =gl ow, FF
SHAl= Z+Z) 2341, 2.150, 2.520 g/ mLZ I E it AW=
24 A3, 2uUEdr a8 E Y Eleutheroside E, Acanthoside B,
Syringaresinol 2] RSD(%)+= 4.530%, 4.798, 2.585%%2 At
FUA 5% vlEe] £ AU tehise SuREEE
o]|A] Eleutheroside E= 103.810~104.525%, Acanthoside B-&
108.858~110.480%, Syringaresinol-> 102.436~103.677%%2] 3|4
&2 Ho] ZAol digt HedS SISkl o)) 2
= B o ST aE A9 Eleutheroside E, Acanthoside
B, Syringaresinol /& Z38l7]o et EAHAS U5

atgict
ZAle] 2

2 A7e 20169 = S2719A S8 547 e
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