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Summary

The analytical methods were established for separating and determining a
-ecdysone, f-ecdysone, 2-deoxy-B-ecdysone and polypodine B by high performance
liquid chromatography(HPLC). Levels of the above four ecdysteroids in 14 plant

species were determined by these methods

1. B-Ecdysone and polypodine B could be seperated from a-ecdysone and 2-deoxy-j
-ecdysone by using methanol-water gradient system as a mobile phase in HPLC.
However, pB-ecdysone and polypodine B were eluted together with this solvent

system,

2. B-Ecdysone and polypodine B could be seperated from each other by using

2-propanol -water isocratic system instead of methanol-water grdient in HPLC.

3. The three ecdysteroids with 20,22-diol structure, B-ecdysone, 2-deoxy-f
-ecdysone and polypodine B, could be selectively purified from a-ecdysone and
many other interfering compounds by using solid phase phenylboronic acid

cartridge.

4. Only B-ecdysone and polypodine B were detected in Polypodium fauriei L.
Polypodium vulgare L., Achyanthes japonica Nakai and Spinacia oleracea L. among

the tested fourteen plant species.

5. The levels of B-ecdysone in rhizomes of P. fauriei and P. ulgare were
0.0325% and 0.047%, respectively, by fresh weight base. The levels of the
ecdysteroid in stem and root of A japonica were 0.0311% and 0.0150%,

respectively. The level of ecdysteroid in leaf of S. oleracea was 0.0033%.

- -



6. The levels of polypodine B in rhizomes of P. fauriei and P, ulgare were
0.0040% and 0.0046%, respectively, by fresh weight base. The levels of the
ecdysteroid in stem and root of A japonica were 0.0011% and 0.0003%,

respectively. The level of the ecdysteroid in leaf of S. oleracea was 0.0020%.
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I. 4 £

Ecdysteroid ¥¥E2 <32 HIE £AUse BAHS 7[R Qold 23¢y3E
+(insect moulting hormone) 22 &2]3 ¢li=uf(Fukuda, 1944), o5& HZoT o
23 & a-ecdysone® Z 19543 T Butenandt Sof 23] Yolle] S o HE Ha
E]3 1965 % HuberFoll &) Zz71,  ws{Acrt. 2 ¥ B-ecdysoneo] a
-ecdysone ET} ¥do] A1 ZFAlY] BHAHoE wWAHCrH: Zo] ¥R, B
-ecdysone  oljofl=  {FARRE BAEE IR @  stertoid HYUBo] A
ecdysteroids® 22|32 2t}

Ecdysteroidi= cholest-7-en-6-oneo]2}= steroid¥E 27t 2 A2 =478

= 3EEYY 23 RIHA] ecdysteroid®] 7R Fig. 13} rc}. o]
& 3 TR oA steroid¥e] ErA 72 8alolof 2FZAJto] L} A, 3, 14, 22
H Elaofl= -0H7F 9lom, 22]e] 6 EtAT} carbonyl B Elof 9l ZHol T2 B
Aolth ol&& ¥4 2, 5, 20, 25 $|x|of -OHe| &) |-Fof ule}l tioryt 1z2E
712 "= ci=cl

Ecdysteroide= 232 A¥Alol] 4243 Hel§ 257 o TF3yeld7
ol APELR A FHo 7|2A1Y tiye] H g Betohel, 23 WAl E:
BE&zHo] &3teie W A7t ol FoA Tl VA] ecdysteroids HHEo] HY
HOZ o] &H I st thEAHQ o STl Fox|e) HPXNE RYsI=
ol AH&E 1 Qlch

H2 ecdysteroid®] H¥/d(Kametani T, 1980)°] &a{A Ux|gt §Adu] Lol vix}
71 2ol G713 doll 2J3) ecdysteroid§ Atste] Ao Alg3rlole A ys}
2 dE Zez HriE 3 otk ™Yl ecdysteroidzl v|& ZFolA e xwt
AEAlE de] EX3tH A Fol &3l ecdysteroid #3}E THHECTE WFI| W
Wy ATBE 9 ecdysteroid WO E FEE T QIt}(Hocks £} Wiechert, 1966). =
Aol M= ecdysteroid 224 71x]7} Ol AE& Awsted #wtohel, Ay
B2 AF. AEFTYH AAMANAHY A fEAE] AT "

ecdysteroid A %H & #3lsta @71z AlE2] ecdysteroid & RApstgc}

742 U
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Ecdysteroid= polyhydroxy ¥3}E2AM 7tAZ2otEIz}ulof 23t EML o]y
HEol ¥ HPLCE E4%Uch Ty A EoAs tiygt HdEde M2z Eas}
7] ohEel B4 BHole o@lgo] yrh IEE E dFoqE HPLCE o] &3t
HENFY ecdysteroid Y& ¥Ysl, AHFEo] 2 L g QU 0y
AR E ¥R 1459 A Bof o3l ecdysteroid $& EAslAC)

2 Ad¥olM e MEA matrix®] B3] wie}l 1) $34480] HPLC-UVollA Y3hE
ol A& B¢, +2€ ¥ 5% AA nilliporedd 3t ¥ 2 HPLCH FUsto] 2
she W, 2) A71 1) $Hos BAslge o) BE HJEo] £IHE HIo
31EHo] 43 & uwl, HYE phenyl boronic acid(PBA) = methyl boronic
acid(MBA) S22 FEMNE ThEo] HPLCO] £¢3}t% retention timeE HZAAA A
-l WAt HA = Aol LAHEE FEA Al MASR B35}
t WHAIFAY 9422 Z2 A8), 3) A7 F uhjoez Eelyero] Ty A
T A DY ZAdAnEol B alkaline bufferd &3)A|# PBATLE Aol B3}
AA Ay FRAYo] o]FoAxE BHE olfsto, il gedg WS o|F
HYL R A&l 43t 5 3712 B4y AESAC)
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Chemical structures of typical ecdysteroids.
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1. M=z

1.1. AEAR

Ecdysteroid &MA|EEA A|ZX|(Spinacia oleracea L.), WEE(Liriope
platyphyllae Wang et Tang) A}X|(Lactuca sativa L.), OFwi3 (Brassica oleracea
var. capitata L.), §3(Allium tuberosom Roth), H|X} Eriobotrya japonica L.),
F5(Taxus cupidata S. et Z.), 3} Chrysanthemum morifolium Romat), H]ES
(Amaranthus mangostanus L.) W 2|\}E(Ligularia fischeri Ledeb Turcz)L AlE]
ol W4E& AMgstHrh. Ualmlgaiatel(Polypodium  fauriei L. )9} ul ¥ Al
(Polypodium vulgare L.)+= rhizome® A}R3}93, & (Achyanthes japonica
Nakai)Z &7] % #$2|& A3ttt 23 (Citrus unshia Markovich)2 Al 7 A
<, 2K Solanum tuberosum L.)2] Z-$= & AML3stalct

1.2. 71¢

Al&2] A ¥o|AEH BlenderE& F T oA (A4 AR} CR-581W, 400ml), A&
AAelols Y427l (Heraeus SepatechA}l Megafuge 1.0),  Vacuum/Distillation
Controller, water bath7} 5% Aspirator, 18|31 ecdysteroid ¥}3}Z22] Hz|ef
APoll= A&AN T2t 229 (HPLC) 7 AMR-El &lTh,

1.3, &8
Ecdyseroid ¥&&E2 Sigmail®] a-ecdysone, B -ecdysone, 2-deoxy- 8 -ecdys

one ¥  polypodine BE Al&3}4it}

1.4, A<}
20, 22-diol¥ ecdystercid@ Aol PBA catridged AMR3lG=d] Variani}?]
‘Bond Elut LRC’(bonded phase-phenyl boronicE silicao] A )& AL

3tE 3, F=A] X|¥O0 R  methylboronic acid:=  FlukaA} AH|Z, benzeneboronic



acid Lancaster SynthesisAl AHE S AME3te 1, 7|Ele] A|ee 2% HPLC graded
AH&8tLTE PBA catridge A4 &M O 8 A}LH acidic buffer= boric acid
200mM2}t  lactic acid S5%(w/v)E ES}E 70%(v/v)methanol SR ojojgion,
alkaline buffer= glycine 100mM =8y 1. 0N NaOHE pHE 8.28 ZXA3 Lojoj

ek,

2. 4y

2.1. AEZAEY HAz

MEZA A& blendingdtn Zzlojelal A8 o] Yo UL AN AHg3HY
T} blending3t AR 1~20g2 2|5te] X|89] 2~408}2] methanol & 7}3}d QYA g
(2,500rpm X 5min) &t ¥ Advantech Toyo 5Co{=](110mm)E 3t F X470 Qo
th oA HAE S8 methanol 2 23 ©f $£&3le] F2AEL F7lo] Roly 50T
o|ste] ZZoflA 220mbare] FFOoT WA MEHE-E FAAF|Z, 100mbard FolA A]

230l 2gF] s IFFE & BEF AL

2.2, BA

2UA2Y 5F47)0 alkaline bufferE 5ml 713t XS3E Aelshda &4A
| 4&& £3iA17) ¥ 0.45um Acrodisc LC PVDF(Gelman, @30mm )& o 3}stach o
g FY3] 2nl 2]3ted n]2] methanol 5ml & Fd VA 3A|7 PBATIER| Ao Et
Inle] #&o] HEF Fa Yorh. AGst mighg 2 §3AA H$3lo o
-ecdysone A|@-& ZHO=Z 3lgict ThA] PBA catridgeol acidic buffer 5ml & Xuj
o] B-ecdysone, 2-deoxy- 8 -ecdysone W polypodine BEA L Zojo g 3jar).

ol
oX.

2.3. Boronic esterification

Boronic esterification2 X z[Z HPLCEAMojA EEAHEo] thsto ety pxz
WS F3to] B-ecdysonet polypodine BYE4] EeloF-§ uutsii, ExjE Uv-
HE7I0A Y =Tt FUEHEAY AFF EAst2, M7 HPLCY FUY o542
dez gerzte] WASEE AFE HAP] 95t ¥t Boronic

esterificationA]@}© Z A PBA, MBA W inorganic boric acid& z}z} mgh& 3} A



o] SR8 Z9)EA 1%(w/v)RAE ZA(reagent solution)F, < 40ppm
level®] a-ecdysone, B -ecdysone, 2-deoxy- 8-ecdysone @ polypodine B &3} ¥ Z
gdoll thstd Fa(v/v)2] reagent solutiond H7HEe|stnA sl= ZaAL o
20ppm=& )8ty HPLCON 204 FUY ¥ 1 AXNE &Fsidct o] 2AL wrgEAg
A Alete] 23} whefulis thek PBA 1000uH, MBA W F-7]54h2 20008] B Tof 3)
th.

Al&8] 7Z-9& PBA, MBAA|YE 2ml vialol 2004 Yol A2olM mEtEg #|4kA|7)
F. BAREAMY acdic buffer® 343 A 2004 & YL AN 1A+ 3
T WAstq vbg& @AA A

2.4. HPLCZR A

ANEgF2E 9 AAHA d2 AAL 2045 HPLCO] FU5ted zhzte] Balxe)
L¥RA] AlZH(retention time)& BlZEA sl on, o] wfo] HPLCR AL Table 13}
Zch

2.5, 717]et4 4
@ -ecdysone 56ppm, B-ecdysone 54ppm U 2-deoxy- 8 -ecdysone 48ppm2]
methanol E{UFEE LA 53] EAste] Al HEEH x}Hrelative standard deviation)
& 3ttt

a -ecdysone, B -ecdysone B 2-deoxy- B -ecdysoned] HF-LMof tfdtey ztz}
=7t vl 7t El= & Slo 6-pointof thdled % tiu] HPLC UV detector response
24 peak area?} peak heightof tigt AAAAEF F3tdch.

2) HaAEY
12 Aakio] AFRRY E3 EFLUS 2ul4] A Sl A HPLCE £A{slo] %

27&%< ok



Table 1. Analytical conditions of RP-HPLC

Pump Quternary pump, Spectra Physics (TSP), P-4000

Detector  programmable UV-diode array, Spectra Physics (TSP), UV-3000

Column Supelcosil LC- Cig~DB, 4.6mm X 300mm, particle size 5m, P/N=5-8355

Integrator S/W PC-1000 (O/S2)

Injector Rheodyne injector, 204 loop

Mobile time(min) water(%) methanol(%) flow rate(m¢/min)
phase I 0.0 100.0 0.0 10

4.0 60.0 40.0 1.0

20.0 30.0 70.0 10

30.0 5.0 95.0 1.0

40.0 5.0 95.0 1.0

41.0 100.0 0.0 1.0
Mobile 15%(v/v) 2-propanol / 85% Water (isocratic), flow rate=1.2(m¢/min)
phase 1I
Other -solvent profile : linear - equilibration time : 5.0min.
condition -wavelength : UV243nm - run time : 40.0min.

-data rate @ 24.0Hz - rise time @ 1.0sec.

-Column temperature . ambient

3) 2El= W A&
a -ecdysone, fB-ecdysone W 2-deoxy- 8 -ecdysone?] HF8¢] 28 27 W

24ppng Tt B2 chromatogran© 2 JE e Felx X FelHLE ¥t

2.7. B¥+& AR

ould¥ol 2J3] ecdysteroidg HA3IA] U Ao HAH Hn|Foll ti3l
WM& AEsIAT FHE o4& kY AR 6.6814gS AT @ -ecdysone
144.0ppm, B -ecdysone 135.6ppm, 2-deoxy- 8 -ecdysone 38.8ppmS ¥--3 Mgl &
YEELY 2018 Hristadch olehE 30ml% 33 F&F YA E2](2,500rpn X Snin)
312 AR g #]8lo] Advantec 5C(@110mm)oix| 2 of Isledct. ofzjelg A 7tehs



#7112 50Tolsto|l A ZUATAIN 5, IHE Alo] 5wl alkaline buffer& Yol
250t 8 F 0.45m Acrodisc filter (Gelmann PVDF)& £ o z}s}gdct.

o] Mgt SmlE REAA BPHAIZ PBATIE R o] Uste] A8 EL) 2mle)
EFE JtEA]d Y31 o g 5nlE £FAA 43l g-ecdysoned BAI5HA
3, A AR eFe) Sald 2z 23] {&3l XA 48l B-ecdysone I
2-deoxy- B -ecdysone& =4]s}gt}

ol i FEz|A|of thyt {42 th2} Inl/ming F2|317] sle, HAAUYEZ7]
ZF% hoseol three way valveZ }3}od aspirator®} AH vacuum/distillation
controllerA ¢4¥ & manual® RZ}ste] ofeh& o] 79 960mbar(5.0ml/5. 2min), A}
4 dzte] $F W2 940mbar (5.0 ml/5. 7min)2] ¢t o g zAsle Lalstgc}. 2tz
o] FtEeR] /&Y A 7IXE 72 HPLCO 20u%) 8l EAstdc).

olef AHEH EEEYLS EEEUL nehgo] HAUE ot TYFELAL 4
BEEEAL=R 6.250) H M3t Y oty et FUSHA HEE 2AHY 2L 4

L3t}



m4az 2 2%

1. #ESHo| 220 DRl SoiAo Iy

qd LN IT20lE T u]E A}R3Flo] ecdysterodE EMY m 22 o]LE =
€= methanol, &, acetonitrile o]tHWilson 5, 1993). A7|ME 22 o] &uj
E& ol5AoE x}83}o B -ecdysone, @ -ecdysone, 2-deoxy- 8 -ecdysone %
polylypodine B& FAloll £43}512} A =3¢t

1.1. Methanol-& £u]A

Methanol-& &UiAIE olFA SR 3= ZA9E gradient7} £0)31H, peak7} tiX
4g 8ol 7% wol A4S gulolth oigle T guiAe) EMze] njE Ay
Azt Fig. 298] (A)ollAe} ZolRelsAs B-ecdysone, a-ecdysone, 2-deoxy- S8
-ecdysone &8 UEIGIOH o= I49 A9t @A3] Ux|stgrt. o] Robert J.
Grebenok 5(1994)2] Z3bel Fasieith o fulAold a£2 239 Az g
-ecdysone?} @ -ecdysoneZto]l ci3ji= R=(16.558-13.705) x2/(0.804+0.798)=3. 56,
@ -ecdysone3} 2-deoxy- 8 -ecdysoneZtoll T3l = R=(18.197- 16.558) x2/(0.798 +
0.797) =2.06 & RB5F 2 00|4oladt}. RIS 1.504d uj& HE fHB &=
Egomeciste], 1.0duls F 4&0] 2% zt7] 23E JelE uidich

Methanol-Z ufAlel oste] Fela] ztzte] EA{4gFol iyt Lol 2a] a8
7} &2 Table 29+ Zatth.

Table 20fA] R ulel o] A 71x] A% BEJ} tailing factors 10]3}3 A
peak tailing2 ¢lglem™ 3|8 fronting H Yt o]l o]FANE gradientyt Az}
of 71dsh= 2 Zokrh columno] thyt FUF7ERACTAN AL, Mg QL {3y
o] Fo= ¥FHE Eelv 40102 fAfest Bt olEvter: Y] 2 g
2t Feld] VLS Ak 20T o]Eniel Yubyo EMa] A4 5 000004
ojojof A =7t ¥ E4ZA7 ZldiElsd, o71A&= 100,0000]0 22 2A3t 4]
ARloR HIEFrh o] o4 oleke] o7 Jix AEE A AR, B
-ecdysone3} polypodine BZte] F2l+= Zetstaith ogtE 2 A 0olA 90%7x] o &



Table 2. Suitability of HPLC system

_d - —
Component a -ecdysone £ —ecdysone 2-deoxy- 8

ecdysone
Capacity Factor 32.1163 26.4090 35.3948
Tailing Factor= 0.8270 0.8076 0.8933
Plates/meter* 233105 146199 307739
Resolution* 473 7.88 4.73
HETP(mm)* 0.00429 0.00684 0.00325

* calulated by the tangent method in United States Pharmacopeia (USP)

-ecdysone?} polypodine BZte] £zl Zetstalch mHEREZH 004 90%712] o 8
A|Z+E Fol gradientZAE Folx PAREY Eele o|Foix|x] ¢jotor}, mgrg
EAE ol 8 B¢ HEEY responsityel &&EE A HFIA 2AY 4+ gl
glct. Richard F. Modlin %(1994)0] polypodine B2] 24 37|7} B -ecdysoneX T}
Z3F 72317] wiZell polypodine B7} B -ecdysoned Tl M 2a]7t Eof giLiris
232H= b2 A7 Uit 222 o]5ALOE methanol-2 RujAllME 2a)7}
27Fsst7] wiEolglrt. o] ¥ATte] miFel: J. RobertF(1994)9 HEolME &
g7t B7Hs3te] & 4E& THAY A¥ A= vebd £71 gl

methanol-& &ufAle] o]Ftel 243t Re|7t E7hs3le, o] 712 4&& Eelst:
o olFE& HHAIFIA] A, FeldtnA she 424 xlelHQl tertiary alcohol
% 53] 5 ¥raof -0HA#7| 7} 9l7] wfEol olo] th¥ AHy feENUds "oy
Rog A2tz At

1.2 2-Propanol-2 £1ujA
B -ecdysone2} polypodine B “d87te F2& I3t #7] olEAHoEH
methanol 2} acetonitrileg RYYA|H EAM3}%ct. acetonitrile-E RUjAE oj%F

4o 0|83 A9, methanol-B RujA Hr} ecdysterodEo] U we] §&FAL

_10_



peak®] th¥/go] Hr}l HojH oo njgle-E LujAlgt go| o] TR Ry
o] Fo2|A] Qkgitt F7] o]EAICE B, jon-paired solution(PIC-Ad, B5 I B6)
AittF ol 5& o] &% mobile phased| & B -ecdysonez} polypodine BZtoll= &
7t 87bs39ia, o] i PIC B59t B6S A8t H-$: HPLCY Zratatoly o] %
BEEl &elAt2 M BT F7I5H, peakd] thAAdo] ufg HolFHch o T A
olEele & A8 Al delemad A 7)8l=ul, o] peak?] responsity,
Aot EAZ, AERAET M2 vy BEALS 2 £ g Ao AArte
Holth. & %3] B-ecdysone} polypodine B 82 ol 7l7he 3tato] A4 1
Aol = Act.

B -ecdysoneZ} polypodine B Q2}7te] He|E Ao Francisco Camps $(1990)2
Y o] FHLZ  2-propancl-E SUIAE  ALE3lgcTh o] o]FAM T HEZ

fr

:
L}

L

Mr M

o

-

3_1-1
2]

gelt fstgon, Yol § 48 §30 UR Aojx7] W] 150] i}
€% 2AECE 349 AM7ZIE Hrl o dsiASE T 42 &9 %o HPLC mobile
phase II(Table 1)2] 2122 A5}t 2-propanol-& LuiAloAe] ecdysterod

ZURETEAL Fig. 298] (B)ollAe} o] &AL Ea|st o]Fo] A B-ecdysone}
polypodine B g2 ZEx 4Fstgrt. 28u g -ecdysonet 2-deoxy- 8
-ecdysone®] U A &elHD YrjHoz zxE= ¥HHojHrl olF sjMsiyn
isocratic& HZA|A gradientZZ 9 & 2-propanol®] EFHH|&& A|ZHEE ZIIAHA
£215lg o1}, 2-propancld]&o] Z713tell whe} base lineo] oARIB A 275t &
&2 Qtggdo]l "HolA A gradientPAlS LA £ glorh. 3} isocraticRAL
£ l-propanol-& &UiAlS]A HPLCH| A&E& =AW Z$, v|IF4 EAEo] 83
&el=A] ot 2~33 B ¥ M8 o WaShinSJ—}’S‘q f7Eo] EXAte] Z
Al Hol APz o] AR Z] S+t E HPLC Aj2%e] t3to] 485 E
Al ZtE metanol-& BufAlof v]sley A7) ufPoll B-ecdysone} polypodine BE £z
Y =3o] o™ 2-propanol-& §ujAIY] RARTH: metanol-& A2 AH&she
7ol Bol¥ Ao T AZWCL & APHO T Agshaict
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Fig. 2. The chromatograms of standard solution.

(A) Mobile phase : Methanol-Water (Gradient)

(B) Mobile phase : 2-Propanol-Water (Isocratic)
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2. MY, HYM U 22 AEY

1. 84g
HPLCE Mol 323 e RAA A4 B, ol AhEZHAKrelative
standard deviation) = BRFKM (co-efficient of variation)E LIERm

0 ﬁ}(x,»—?)z _
RSD(%) = "L "=y X=M 82 323, X404 &3

8] Alo] o]g&Xt}.  a-ecdysone, B-ecdysone, I 2-deoxy- 8 -ecdysone?] methanol
Y EEBN 20uE HPLCOl Felste] &2 Azt Table 30f LERH uje} o] 4
THEEHAHRSD) 7 BF 2. 0%l 2N HHPS F3stgict. n]2L¢A(USPoll = 2
Zo] 2 Aol ¢t T RSDO| i FAEL 2.0% E= 1 o]3ld HALL 53 2q
g} chromatogram, 2.0%0]4d 79 63 FY3 chromatogran® @ HE| gL 288
ol-&3t=S Eo|ItHUISPX X II/NF, 1990). whetd £ MHolMe 7171 ¢FH =7
< A Jlo= michg ot

Table 3. Reproducibility of peak area and height in the chromatogram of each

ecdysteroid

ecdysteroids response mean"’ SD? RSD(%)”
area 1759167 32800 1.8645
B -ecdysone height 121195 1093 0.9015
area 2044371 27811 1.3604
@ -ecdysone height 144083 1950 1.3535
area 1620815 20080 1.2389
2rdeoxy-B-ecdysone  oipe 118245 969 0.8199

"mean of 5 replicates, 'standard deviation, Yrelative standard deviation

2.2, A
a -ecdysone, B -ecdysone, & 2-deoxy- S -ecdysone?] RFE-RN-E 6 (point)oi
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tidted s chy] peak area®} peak heighto] th¥t ABH|AIS 73 Az Table 4

of o] 2o &AL 0.9985~1.00008] M2 TEe] §olAdo] algr}.

Table 4. Calibration curves for ecdysteroids

. . . correlation
ecdysteroids calibration curves .
coefficients
a —ecdysone Y=33733.6X + 77018.1 0.9991™"*
B -ecdysone Y=33624.1X + 796065 0.9992""
2-deoxy- B -ecdysone Y=32132.3X + 676714 0.9990"""
@ -ecdysone Z=2306.7X + 7082.5 0.9986™"
B -ecdysone Z=2244.7X + 6918.8 0.9985™*"
2-deoxy- B -ecdysone Z=2314.2X + 62742 0.9985"""
a —ecdysone Z=6.8440x10°Y + 1779.2 0.9999"""
B -ecdysone Z=6.6793x 10 “Y + 1560.0 0.9999""*
2-deoxy- B -ecdysone Z=7.2041 x10-°Y + 13786 1.0000°™"

X, Y and Z represent concentration, peak area and peak height, respectively.

*xx high significant( a =0.01)

A71H 5Eo} peak height7te] JUAST} HTHHOZ WE o] § mobile phase
9] profile® linear gradientd}7] wj2oll, A]7te] Zz}ojl w}a} methanolv]&o] 2
718te] base line drift7} dolt ZAzte] 7]t Bl oj4e] ZAzjelq HE
Y MI7HA ol thdlo] peak areal} peak height ol RO g% Aapo] 7psyt 2
o2 YEelkth o] A7tx] 4E&9] 71&719 Mol BE ulxstd vl steroid ¥
o] g4 7Ho| e 170y o|3AYA}, 6 o] Q&= carbonylZlof 2%t o]s}ed
W 243nmoll A 3§ chromphore§ 2t QlolA, 71&719] HAAl st olet R4}
2 APolx tIE EEEAUZ chHA Fo] sbeY Ao Mo
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2.3 H2PEY

2 Ao AFRH 717 R A A chromatogran’t?] peak area”} 20,000(microvolt
xXsec)o] © wle EFEAQ o)A peak shouldinge] dojute FEH £ 917]
ofZoll, AAl MY #H4A AE&Ye: FY 4 Ak U Yu|E:=
chromatogram’t®] noise’} 4000|222 3uj2] peak37]+&= 1,2000]2]4F o7 M= AR
el 71E2 %A noise?] 60nf o]}E HAHAEFLZ TFSATL o] ZAA peak
areats ecdysteroido]l i} 32,000~24,6000] YEE o2 #H4 HEFLS 20ng

o]stgdct.

3. Boronic esterificationOl 2|8t 20, 22-diol E4{

20, 22-diol B Eef?] ecdysteroid®}3tE2] boronic esterd HPLCE MY A=
Fig. 3 2 Fig. 4%} ¥t} Fig. 3¢9 (A)= 1% PBA2] methanolR89IFHE F¢l3}of
@ A2 AM12.23chet 30.3Fcholl peakst Esto] GC-MSE #H<It Z2} phenyl
boronic acid®} Al E2}2] phenyl boronic acidelA 3708 EEx17} &4Eo] HAHH
trimer{cyclic boroxine anhydride)® #¢lxigict AMR4+EQ o] trimer:= peak?]
HAog AAgt A2} phenyl boronic acid?] 26.4%B = F A4txlgdtt, ©] trimer:
PBAREANZ Y EWETI: F/80] 7] wFol PBAFEARCE of ozt A &
&5 2ch (B)x PBA MjAY mgtE ZIFEELAL LEhd, (C)= EELAE
PBAE  BF2 |7l Fol AZplEIWOR  g-ecdysoned A|&¥ B -ecdysone}
2-deoxy- 8 -ecdysone2 cyclic boronic esterBAUOSTH ITAo] AT
retention timeo] ZoJ&T}t Fig. 4= FEA A|¢S methyl boronic acid& AHg3t
ALz ZAL Fig. 32 }F3} U PP = Fojldl chromatogramo|t}. Fig. 4
ol A ()& 1% MBAY] HgrE &40 W 243molAd A& F4ote Edol 4l
ch.

o] Ex] SEMAAE B35} ecdysteroidd] 20, 22-diolflx|of A= 4719 =
HE& PAAAST HPLCS methanol-B& o|FACE & uf B-ecdysoneX} polypodine
BZte] Zele ol Folx]A] Qort.

20, 2291x2] ¥haoll 9l hydroxy7Z| 9t AYshe W& Fxe A7leH

fr
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Fig. 3. The chromatograms of PBA derivatives of ecdysteroids.
(A) 1% PBA dissolved in methanol

(B) pre-reaction mixture, (C) post-reaction mixture
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Fig. 4. The chromatograms of MBA derivatives of ecdysteroids.
(A) »% MBA dissolved in methanol
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phenyl 7], methyl7]2] wXoln], R7|84te] thsfs A oA ZAjto] HAF X
gkt ol 20, 22-diol 4EZre] Eale] Ae)7t 25 2pmolof A e el Hab of
&8 Aol o] Fojz|n, 2.3-diol 28.0pmololA Tald R71EA ojAH Ao
o] Folx]|2] ¢d=ths B et YXBHITHI. D. WilsonE 1990).

3.1 oJAE =3} utg £

20, 22-diol& 713 ecdysteroidof tj3} ester¥t-$48-2 Table 5%} o] 82.5~
95.8x% H|i1¥ wofch ¥R 37| PBA-derivatives, MBA-derivatives®] <
AMojm, FI7]gAh2 whgo] dojitx] ¢katth. Boronic ester: ecdysteroid ¢] 20,
2291218] Bhof AYH F A9 -0HY} Whgslo] FHEL HogM 204 Eriof -0H
7} ¢l a-ecdysone ester7} BAE|R] ofolr}.

Table 5. Yield(%) of boronate in esterification of each ecdysteroid

ecdysteroids PBA derivatives MBA Derivatives
Polypodine B & A -ecdysone 95.8 825

a —ecdysone 0.0 0.0
2-deoxy- B -ecdysone 95.5 82.8

3.2. F&yx

Ecdystroid E&-&dof thel] REME BPAT AAL HPLCOIM BN A=
Table 62 Zo] PBAR-EA= MBAREMoll H]3}lo] peake] WA oL} &olo] 2]&t Zx
T BUAT RENE AIIA] UL Aol visled FAZLEI i)

Boronic esterification o4 HHdH FEA EAEL 7tAIZ0lE D3] (GC)ollA
240] 7hstt thE £l H|3le Z7igte] Hrj¥oes w3, Exais 3o, 34
o B=7t 2 H(EA ] 6~7702] -OHRF)ololA GColl o XY 4 ggic)
st boronation& A|AE, oAF| B} 4~5712] hydroxy groupe] W7 wjE
olch. m2tA Gloll FUstel E4317] AL ecdyserid®Alfoll Q1= hydroxy
groupg HF FEASIY 2 FHPE YRojol 75 Ao HoFL]

of AHZA} UEEL T3t AFFo YejdEo] gE FHoM £2H 715
ol Q7] wWiZell, ZHY FMol: VLY UE Aoz Wkt st 244
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e FololA, FHxAeR 223197 wlBol 349 welEAo] we RS o
A dolth. T2} 0719 %A sty 4o AWIE $42 U A 2
37t I8 Ay Floln, oo AYH vAY 2 AR ULF SEA L ¥

Table 6. Relative peak responses(%) of derivatives compared to mother compounds

PBA derivatives MBA Derivatives
ecdysteroids

Area Height Area Height
polypodine B & 3 -ecdysone 56.6 96.4 59.4 85.1
a —ecdysone - - - -
2-deoxy- B ~ecdysone 69.2 103.9 62.7 89.9

FELR B W, ® SEANE AANEOZN AHRHOZ ecdyseroidd] INET
=4 A, A BFoll St el Eele bsd Felch

AEF PHYEEY FIHIEE Ao E njofsty {7154k 2B/ S A A3
MEHOZH, P EEY LAY FEA HEES 12 &4 £ Qg

3.3. BH¥+E

Wilsons(1990)8] U 2= 20, 22-diol HERe] ecdysteroidE PBATLA Ato] F2ta]y]
T 3% ¥#2l buffer2 BASHA o|Fo{FH om, olo] Y H4L o WY
-8-*]%_1 +7F ek 232 g2lQ o Al&3 25mMQ] salicylic acid”} methanol-
= BuiA Y olF ol M= B-ecdysone] mo|ZE HAHFIA maskingsls] wjEol, o
B ol IS wietd HAEA ALEE £ e H5ERAL Hohs o
ols 7Y 2ol Westdch  dustd ayYozA PBASY FRAYL o|F
e diolHUESES] A} A (MY Hel2 FHo| oojM miEkg, THF,
propylene glycol &2} 3%4F2] lactic acid, acetic acid, 0.IN HCl 3 C}2 pH
3.5013 &elAEE ME ZUYAAR, o] JEEY Y= ERAY H4g
o] 5oxujgtelgrt. E kAl WAE7|Y 250mB dolN F4oiE AUx| e ¥
TEAL2H 7133 aromatic ringg AU olof e A= @7t wmelA
benzeneil2|of hydroxy group®| ortho, meta, para$]xjo] ME A¥}UH B3I Ex 7
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T AYolA wiA A ZT)

TH 2RI 275 E Flo] thas] At Alylol] ojste] ¥ 47} Aujg x|
%71 w0l hydroxyfi7]4te] AY o2 ReFch welr hydroxy §7]4F o
B AN HAL HrgAg Agsle, 12 We £ Bl & pHzA
ofld FEAH3] &A= o] /dstedol ¥ A Z byt

2| o] WA olA|"t inorganic boric acid®} lactic acid level & Z 7 AA
74z} 200mM2} 5%(w/v) 238Fo] methanol 70%(v/v)E ZA|}o] 3]4Lajog AFR3 3
3, pHe 78 1.9-2.08 =7} et

A7t H4E FHANE Table 73 om, 4L IATnEIWLS Fig 59}
ok (A)s H5FEAEY BYY 552 EFFLYG acidic buffer? fog miE
Zolil, (B)e & AlPAE L= o] Yol # 2 ethanol 5nl+E 247 2
3} a-ecdysoneQto] 82H ANEF Ry glon, (C): ALstH acidic buffer
Sl B&A A 20, 2291Xo] diolFRE 7MW EBEAZM  B-ecdysone}
2-deoxy- B -ecdysoneqto] §2]H ZA}E HoiF3 Qlr}

Table 7. Ecdysteroids recoveries of selected steps in the extraction and

purification procedure by using PBA cartridge (%)

2-d -8~
fraction B -ecdysone a —ecdysone eoxy- 4
ecdysone
loading effluent (2ml) ND 2.80 ND
methanol eluent (5ml) ND 99.97 ND
idic  buff ]
acidic uiter eluent 93.84 ND 9115
(5ml)
acidic buffer eluent 6.03 ND 105
(5+5ml)
total recovery 99.87 102.77 95.10

2 g AEY ARE o83l AEE JlEAY Y F A 22 mErg g
(5ml)2} 2 t}g A acidic buffer(5ml)THS 2]¥ ZA Lol g-ecdysoned 99.97%
B -ecdysone©] 93.84% 18]35 2-deoxy- 8 -ecdysoned] ZA-LL 91.15%2] ¥ 4+8S Kol
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5. The chromatograms of ecdysteroids in recovery test.

(A) Standard solution dissolved in acidic buffer
(B) Recovered in methanol fraction, (C) Recovered in acidic
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2 9o}, ARE 24 o FANAolA methanol 5ml I acidic buffer 5ml S AFE
3lo] ecdysteroidd ¥ 43532 A|PL 0T x}&54r).

o] & A¥EE B3t ecdysteroid?] FAH L PBATL R AolA ¢ Hedy
ol 2sted Ze|7t 7Hedtr] sl 2o, HPLCE o] &% FAEBAY BN A2y £
< WHELY S VA YUoH (5] UF peel), VAA AEZAZ 189
wg Helol wel AAsA QRojM FEA ] Y A8e WG ZrhAFER
column chromatographyE AAIULEH, A4 HAAZVAE 43 8L 5+ o
& ZoZ yehdrh drht diol 72 E 712 ecdyseroidsoll thallas, A4k
PBASLS] Rt ARLE o] &3te] I A EE u2TAHL FHrix] ABE Luf
g AHARIE ARgStd = B S &4o] glol A7t Jhssitis 2E R
olch.

H ¥ A= elution solution®] pHE VA7) WHS Hohfs doln,
HPLC Fqloo 2 oiide] WE o8 Qlsle] peakd] shape’} WHEE = HS x|l
dojrt. & mighZol g TUREE LA £ AN AR acidic bufferE gt
T TURELNY] £ Ao} vlaY uf, peak® WAL Fx}J} 96.58%x2 Ay
Rh peak®] Folw 129.30%7F 23]8 Fribste] Relxel HEAsEE 23]y F7s)
dch wetd H£E APAl= EE2AS acidic buffer® 2%HA] 3 A1) oAo] &
U zAste] wREMBlol HAoH, AR EMoME ol ZetsA] S A
Fole  peak®] HHo] ALY A& Tdlo factorE EYUFI] HIlslejo} hrin
AlE ")

E A 2T ¥ column damage’t S E oL Fo] He BAZ EA:
obZIEA] Qkokch 1EAte] PBAE Aol ofH H4zZ olgolE: A2 o]Foix|z]
7] digol o] AL B-ecdysoned Al I FAftozH oAl o=} ¢l

= AR Zorh

ok

2

X

4. M BHNE2| ecdyseroids &2f
4.1, 20, 22-diol ecdysteroid ¥ {Eof thyt AejAd

FEAREE #2831 MBARGEZAE ¥BAAZl  chromatogram Fig. 6, 73} Zt}.
Fig. 62l (A)x $&&718 #&9& clE A}l vethanol-5 BuiAlolo £
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M3 Aeln, (B)e (A)Y &L Hx2 HHJL QAISI pethyl boronic esterS
B2 Zolrh, 1dd HEE FEAAIZ A peaks} 27. 483} 27 7Ho N Ea
T vmx|nt gia o] 13,52 the] peak7rt whUAEo] olUzl: 2& ¢Alstn Qlch
ol o] ZE2 20, 22910l -0H7] & 2|d ecdysoneA P03t Z = Alabsta Qlch.
Fig. 72 $&F2d& HPLCY F7hA] 274 d43te] B4 A48 Rog33 ¢l
th (A)+= methanol-& RojA ZZAo|x, (B)= 2-propancl-E&njA Zzog 2A
gk Zld], o] chromatogram (A)ollA] 13.5%the] peak7} THUMEo] oluet:
Fig. 62 ¢21¥ j&& FAFo2 2EAYFI ot 2213 HERE ojFAtelA
F2]7} 87153 d polypodine B2} B -ecdysone ©] Ea|®lo] Ljom, o] 0|8l 2
%9 ecdysoneo] ] EX{Elo] Q&= RS o 4 rh
FEARoJME  B-ecdysoneol]ollE 20, 22%]Xo] -OHE 7}A  ecdysoneo]
Polypodine BE 11]9—]*19%3 235 o 9= o AT I 92 responsity?}
Fdsichs 7Hgstel, /vl &o] B-ecdysoned 12 31elS wi, ztzt 0.24, 0.30 B
=2 B &2 ZHEFHUrh polypodine By 1Hd¢Fele] & HPLC 2-propanol-&
LujAZ 3t B-ecdysoneo] ExH HE S He ]ﬁﬁh d, I @& dridez ¥y
G Tastadcth wtdeo] Fel7t oy T4 A
Aze EAste Y 160sB =2 FHH Folch
+ AFoA ecdysone?] TA*Hol Hylxdlon, o]lF H L3l HAMLEA A|Fo
AgAlA Bt O Az s deigdo]l 435193, diol¥eEle] ecdysonel]
BFe EESHo] oA e EAARY dFo] JHestdrt. njgarte] A 8§ o] &3}
o 2 Ay ARHS £33 EMo)A chromatogram Fig. 8ol Vel (A)
t MY &S PBA-catridged] ¥ ¥ oighE 5nlE &AW Ao, A «a
-ecdysoneo] Zz3tchH o 7]A &2]® AHolt}. (B):= acidic buffer 5mlE A<}
o &A1 ZAAE HoAErh A7ME ester Aol FAEHAY HEwte] &&H
Zolth. (C)e AHd#F Yoz LelA|Zlof thA| PBAG NS 2|3l ester AYS
A AN 2t & FHolrh o] wi fido] FHRE 4bgoloiA PRAREA ¥AH2 o
7053 =3t o] Fo] o, MBAREAE A FAEEHA WUsds dl, ol= pHY Il
boronic cyclic esterZ¥to] Att3lt z2t82.8 3l Qe HoT Ho{AHrt o Fu At
o] FactiAl X371 Hefrp wbgAdo] 4P S AL gle AL UEikte

o, g4 FEE ABIY afo] o= FEriA = vlHsts AoE Hojrh

r-|n:
Hﬂ
L
e
fljo
rO
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et
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o
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Fig. 6. The chromatograms of the extract and its MBA

derivatives from stems of Achyranthes japonica Nakai.

(A) Extracts
(B) MBA derivatives
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4.2. B -Ecdysone

Al232 B-Ecdysoned \ato|daiate], EEEIAE], 94, AIZA FolAwt A
25200, B-ecdysoneS AZXE 7|08 0.03-0.19% 52 E¥ S Qo).

Polypodium vulgare®] rhizomeolA] B -ecdysone¥tafo] 1-2¢s¥E 8 B ¥ c) (D.
Sardiny 5,1974) £ dyolMe] E47A2t9} o|EQ B iot= 1008 H=o] xjo]}
| ol Atxot AFEE gRacde] M) g1g £5 A% D Sardiny 59
Aol ol d=iFel FAzgol ¢gloeng AgFe HE A E4Eo
ALHE ZalH AdefstollA A tEchs A BHH o2 BT}

= A¥Z 3= Francisco Camp$(1990)0] Polypodium vulgare?] rhizomeoA g -
ecdysone §afo] 0.04~0.4%2}31 213 B ifol] B3t Ao g vielx|o] A A3
Aol o] Fol Hrin Rtk ¥ AEE 23 Aoy Exu|E vetsts] i)
Me o "We F2FU5t0AM FEolAol & Rog Hojzr)h FHego] aaE=A
% £ 42 Table 83 2t}

°
rr
=

4.3. Polypodine B

TMAEF oA 2] Polypodine B B -ecdysoneo] ZEH AW A|EFolAT Zx2)
stolem T F3Xg-E B-ecdysoneo] H|3to] o 1/10¥ =2 FALEt). Polypodium
wulgare®] rhizomeollA] Francisco Camps(1990) -2 polypodine BY] 2S¢ AXES
o2 uf 0.03-0. 1 eloflA XTI HIEHAE o d7]M= 0.02%4F0]o]
A REoh W gleg ZAEGch ol tlE fele] &E3] 2z, Francisco
Camp Fo| AHE&¥E f4pEufe] PP RTE Jds] Adejgdo] 43 o] 23}
2243 Aajela B2t Polypodine B8] B4 A 3} Table 92} 2t}
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Table 8 Levels of 8 -ecdysone contents in plant species

Content Fresh weight Dry weight
Plant base(% x 10")  base(% x 10°)
Rhyzome of Polypodium fauriei L. 3.25 18.173
Rhyzome of Polypodium vulgare L. 4.78 19.32
stem 3.11 7.63
Achyanthes japonica Nakai
root 1.50 4.300
leaves of Spinacia oleracea L. 0.33 289
peel of Citrus unshia Markovich ND ND
leaves of Liriope platyphyllae Wang et Tang ND ND
block roots of Solanum tuberosum L. ND ND
leaves of Lactuca sativa L. ND ND
leaves of Brassica oleracea var. capitata L. ND ND
leaves of Allium tuberosom Roth ND ND
leaves of Eriobotrya japonica L. ND ND
leaves of Taxus cupidata S. et Z. ND ND
leaves of Chrysanthemum morifolium Romat ND ND
leaves of Amaranthus mangostanus L. ND ND

" ND : not detected

4.4, a-Ecdysone W 2-deoxy- S -ecdysone

@ -Ecdysone3} 2-deoxy- f -ecdysone2 A%t 14F9] AN RoA AZXHA oot
t} 53| a-ecdysone Polypodium vulgare L.2] rhizomeolA Francisco Camp%

(1990)¢] B 3o uted ZEETA(0.009%) vjit~0.13%8 o] £X & Hrla 3
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Table 9. Levels of polypodine B contents in plant species

THFIEA] B

Plant Content I;ii?wa 11goh; bIZZ(;:iigig;)
Rhyzome of Polypodium fauriei L. 0.40 2.26
Rhyzome of Polypodium vulgare L. 0.46 1.88

stem 0.11 0.26
Achyanthes japonica Nakai

root 0.03 0.10
lecaves of Spinacia oleracea L. 0.20 1.80
peel of Citrus unshia Markovich ND ND
leaves of Liriope platyphyllae Wang et Tang ND ND
block roots of Solanum tuberosum L. ND ND
leaves of Lactuca sativa L. ND ND
leaves of Brassica oleracea var. capitata L. ND ND
leaves of Allium tuberosom Roth ND ND
leaves of Eriobotrva japonica L. ND ND
leaves of Taxus cupidata S. et Z. ND ND
leaves of Chrysanthemum morifolium Romat ND ND
leaves of Amaranthus mangostanus L. ND ND

* ND : not detected
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HPLCol 2]%t @ -ecdysone, B-ecdysone, 2-deoxy-B-ecdysone W polypodine BS] &
2 AY ZAE #¥3sta, Ao gaxielE 2 14F A 5o glojA ol& ek

& ZAsgTh

1. HPLCY] o]Fdo 2 Het&-ZF BufAE gradient® AME3E o B-ecdysone}
polypodine By a-ecdysone X 2-deoxy-B-ecdysoneLZHE He|R&EFdoL} B
-ecdysoneZ} polypodine B %2}= #7| &&%ch

2. B-Ecdysone} polypodine B HPLCY o]FAtC EA] 2-propanocl-8 LujAZE
isocratic 2 AlE¥E o A% a5l

3. Phenylboronic acid catridgeS o]&3}o] 20,22-diol A ecdysteroidd AA S
=3

uf B-ecdysone, 2-deoxy-B-ecdysone 3! polypodine BX a -ecdysone} TS ¥l E
SEFEH FEFo] FAF At

4. ZAH 14F A &5 Wrolgaate], g aste], &, AIZA F 4710l B

-ecdysone 2} polypodine B7} Z &= gich

5. P-Ecdysone ¥ Ajojdale|e}t njHAte]e] rhizome BAF 77
0.0325%2} 0.0478% A3, $<&o 27|19 Weal= zhzt 0.0311%2} 0.0150% Q3, A2
212} QoflA=  0.0033% cl.

6. Polypodine B2] ¥#&2 Lirlm|giirte]et nlg2xte]2] rhizome EAF 2t

0.0040% ¢} 0.0046 % Ztl. &2 &7 el ZAF ztzh 0.0011% £} 0.0003% &
th A|ZFX 2 Q) HdAF oAM= 0.0020% Tt
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