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Abstract: Acer tegmentosum was a traditional Korean herbal
medicine showing various pharmacological activities. In this
work, A. tegmentosum were extracted with boiling water and
then successively partitioned with dichloromethane, ethyl
acetate, n-butyl alcohol (»-BuOH), and water. Salidoside, the
target compound, was purified in #»-BuOH phase using a
chromatography method. For the analysis of salidoside, TLC
and LC-MS were used as well as on-line screening HPLC-
ABTS" assay with three different wavelength of 254, 280, and
320 nm. An amount of 1.34 g of salidoside were obtained in
n-BuOH phase fromAcer tegmentosum was a traditional
Korean herbal medicine showing various pharmacological
activities. In this work, 4. tegmentosum were extracted with
boiling water and then successively partitioned with dichlo-
romethane, ethyl acetate, n-butyl alcohol (n-BuOH), and
water. Salidoside, the target compound, was purified in »-
BuOH phase using a chromatography method. For the analy-
sis of salidoside, TLC and LC-MS were used as well as on-
line screening HPLC-ABTS" assay with three different wave-
length of 254, 280, and 320 nm. An amount of 1.34 g of sali-
doside were obtained in n-BuOH phase from 3 kg of dry bio-
mass. The on-line screening HPLC-ABTS" assay is rapid and
efficient tool to search bioactivity from A. tegmentosum. 3 kg
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of dry biomass. The on-line screening HPLC-ABTS" assay is
rapid and efficient tool to search bioactivity from 4. tegmen-
tosum.
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1. INTRODUCTION
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Fig. 1. Photo image: Korean medicine herbal Acer tegmentosum.

AL Uk [4]. 7HA], & 71, B (Fig. D)ol St o] & A E 9
sigtE dlsA StEoe] wol 5o oo [5], 53]
salidroside, quercetin @ catechin 5] 2 &2 At} [6-8].
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2. MATERIALS AND METHOD

214384 = 9 Ao

B Lo A AP 5 (Acer tegmentosum) A 7= 735 3
A A FF ol A e ([AHA]: =) oF A E A
oF Aol A Gl o} QLA Bk 3k} SHA - gho] Al of L
FolA A2 E A& E AHESHTh Al R 9 F YA S fl5Ho]
4824 87] (desiccator)ol] Haale] AFEE T HE A&

Kiesel gel 60 (Merck)E A3} 1 Octadecylsilane (ODS)-2
LiChroprep RP-18 (Merck)& AF8-3}$1 .0 1 Sephadex LH-20
(Fluka)2 AF&-3F4 T} Thin layer chromatography (TLC)=
Kiesel gel 60 F,5,2} RP-18 Fas4s (Merck)E AF8-5153 T Sul
£ HPLCH (99.9%) 0.2 wgtg, o EVo|ELL (JT.
Baker)@} trifluoroacetic acid (TFA)= (Sigma)o]| A 3}
th A& 0] &3 28 of| ARE-3F 17181l Dichloromethane
(DCM), Ethyl acetate (EA), Normal butyl alcohol (n-BuOH)+—=
A st (F)oll A BARRE 1 AloFE ARE-SFITE. 18 al &
<= 25 Al2FA Milipore)E 0] 8310 A| 23 32 S5
45 0.2 um membrane filter (ADVANTEC)Z o]} ] 2] 3}¢]
AMESHA T SAEA o AREE 2,2°-azino-bis 3-ethylbenzo-
thiazoline-6-sulfonic acid (ABTS*, C;sH,NgS,)@} potassium
persulfate= (Sigma)o Al FQlste] ARSI eH ke
99.9% o]/goltt. Fig. 20| M= AHA & FE&EolA a3t
salidroside®] 4+ 24]-& LEF A T

22289 AN

AZA R 3kgO R THE AT A 100 B2 B
of 1h 5ok BAF T 3h 5 100C]H A F3
(Gyeongseo, Cosmos-660, Incheon, South Korea) 3} t}. 3=
=% FZE-2 standard testing sieve (150 um, Retsch, Haan,
Germany)2 o7} ¥ 54 71 3h9lc}. 4| 25 A B 4Co
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Fig. 2. Chemical structure of salidroside from Acer tegmentosum.
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Fig. 3. Process of extraction and isolation of salidroside from Acer
tegmentosum.

W Hapsto] Ao AHEsith 5 XA R 20 g5
AgntE o] FeS A-8-5ke] & DCM (1:1)Z, EA
%, n-BuOHZ ©. 2 717} 33] WH2 23sl0] 18] B 4 93]
il 2% n-BuOH 5 (418 g) 2 EoA 28-S Lex
2 AL = ULk o]F 2o AR E 0.2 um PVDF mem-
brane filter2 ¢]1}5}¢] on-line screening HPLC-ABTS" assay
B Ao A3} T} Fig. 39 A= A Eof A salidroside?]
F= 2 AAYHS et o

23BFAAR
AL A F2 5ol oJsto] 214 salidroside (3>
91% ©]/d) 2 mgE 1t HghE 10 mLE F{3}e] 200 ppm

o BE NS Az

2.4 ABTS' #5390 A=

On-line o] 22H4 24 91 HEAIR ZAE S5 40
mLoj| potassium persulfate A]2F 37.8 mg & 4 o] &73] &2

Table 1. LC-MS operating condition

Instrument Condition
Column HECTOR-M-RS-tech C 4
(100x4.6 mm, 5 pm)
Oven temp. (C) 40
Flow rate (mL/min) 0.5
Injection vol. (uL) 10

Ionization source

(positive mode) APL-ES
Fragmentor voltage (V) 70
Quadrupole temp. (C) 99
Capillary voltage (V) 3000
Nebulizer pressure (psi) 35
Drying gas temp. (C) 350
Mass rang (m/z) 200~500
scan mode

Mobile phase (%)
Step gradient elution
composition (%)

A: 0.1% TFA in water, B: acetonitrile
(B) : 10~25 (0~35 min),
25~10 (35~37 min), 10 (37~45 min)

= [e]
ok A 2% 88 40 mL & 30 mLS golA 1&E &= 870
mLol 814417] F, 12]8 24 ol Y ok 4= eelz

O] P = fIl of 72 Lol A Hakel 7 ARE-SEAT

2.5 7]7] X on-line screening HPLC-ABTS" assay 4]
HPLCE Aokt 2% ARE 257 lsA 844 %
7] (Heidolph Instruments Laborata 4000 efficient, Germany)
£ AHEstath & Aol A8-E HPLC Al A Dionex
Ultimate2] 3000 pump2} injectorof]+= 10 uL sample loop (Dio-
nex, ID x L 0.18 x 550 mm Viper 550 mm USA)°.= HPLC-
diode-array detector (DAD)Z A& ©|ojel X &=
Dionex2] PCof| %] % Chromeleon data acquisition system
(Dionex version 7)¥} HPLC-DADE AF&-351o] A4S 319t}
E3 5 EFA] 2= LC-MS+= Agilent LC-ESI-MSD 1100
+G1958 (Agilent, USA)E AHE-5to] A & HA24S 8t
&t} (Table 1). NMR spectrum-2 Varian Inova 400NB (Varian,
USA)@} Varian Inova 600 (Varian, USA) 0. 2 =735}t &
Ao ALEE ZAE L Sum E80] SHHE 248 94 29
2l RS-tech column (4.6 x 250 mm, C,q, Korea)9] AR} 54
2 [.0mL/min, FYF = 10 puL, ZH L E 2+ = 40°CE
A5G UV A&7 = DADS] 544 9] = 200400 nm =
SFAL, SRR o UV 55 3 gh2l 210, 254,
280 9 320 nmof A YEFH Tt o] 5/ o] JEA A &/
TFA (99.9/0.1 vol.%), B: o} EL}o] EE (100 vol.%) S AL
314 (A : B, 60 : 40 vol.%)7+A] 60 mins-QF LA -Luf| 2 A H
= o835t RelsS FAAIZT (Table 2). ABTS' #59Y
2 74 0.5 mL/min= 9= S3t7]o A E3HE A5 9
AEZ/-S UV 3 734 nmoj| 4| S 813itt. Fig. 404l +=
on-line screening HPLC-ABTS" assay A] 2~ &S YEF QA T)
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Table 2. Analysis of gradient elution conditions with RP-HPLC

Instrument Condition

Reverse Phase RS-Tech Optimapak C,g

Column (4.6x250 mm, 5 pum)
Oven temp. (C) 40
Flow rate (mL/min) 1.0

Mobile phase (%)
UV Absorbance (nm)

A: 0.1% TFA in water, B: acetonitrile
210, 254, 280, 320

Time (min) Solvent composition
0.1% TFA in water (A) acetonitrile (B)
0 90 10
50 60 40
60 60 40
70 90 10

DAD ‘
Sample injection detector [ L
C olumn I
Pump —(X) Pump
Passive split

Injector
Reaction loop

—W—o

MWD st = =
detector LS

Fig. 4. Schematic of on-line screening HPLC-ABTS system.

3. RESULTS AND DISCUSSION

ArH E o A ZE EA 9] salidrosideE 22 4 14E HE
st7] Yt HsA <l %Uﬂéﬁ‘ﬂl—} DCM, EA ¥4 »n-BuOH
ZoE AXE & 28, ARnE Iy X—l%fﬂ &5
2HZ5E TLC, LC-MS o NMRE o] £3Fo] B4 1 12
FAL oY o ME Y edAgdS s

31329 AA

FE2 AT A2 25°0)ofl A a5kl or AxdE A&
3kge AA FepA A5 E ARESH] 100°Co| A 252

3h 5 SaEtolnh oln) 22 £82 101622 AL
B 1 % 20 gl jate] o] 2] wet CHCL, EA, -
BuOH % H,0% | 228 slar}. autd o A2
2% 580 AR XL 9l 24 BT} 250 9
22 A\ 2800 npe} Sg o) W} oS 2 [2,11,15). o
B YRS BH Y| 27) 24 80| v W Ao
2 stk w3 2o anie o)y Raluig 48
3to] & : DCM (1:1), EAZ (1:1) ¥ »-BuOHZ (1:1)2.2 7}
7} 33] WhE ZEshe] 283 5 Q9T B8 B Tt -
BuOH (4.18 g)> EA (1.24 g) > DCM (401.6 mg) 2= 0.2 2%
& u9lrh[16].

3.2 On-line HPLC-ABTS" assay ¥ TLC ¥4
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Fig. 5. Analysis of salidroside from Acer tegmentosum using on-
line screening HPLC-ABTS" assay (A: injection volume : 10 pL, UV
wavelength : positive 210 nm, negative 734 nm, B: normal phase
TLC analysis).
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7oA £ A& 9 AEZ/3-E UV 314 734 nmof| A
ZAstqlct ojnf A9 2&& FaEjof A3et S 40°CE
/R

it A2ntE W2 UV HE7]= DADY| o9&
200400 nm=2 5}o] WER . Fig. 5(a)of A= n-BuOHZ
ZE A E 50 mg/mLE w|ekLo €35} 3 0.2 um PVDF
membrane filter= ©]3}3}¢] on-line screening HPLC-ABTS®
assay©]] 93l w2 A A32y 5}% Tt T3 Normal phase
TLCE ©o]&3}to] A& th2 o] 54 CHCL: MeOH : H,0 = 4
:3:13} MeOH: H,0=1:302 BEXslo] 529 A2 &
013} 9t (Fig. 5(b)). ©] A3} AAF 9 A A} B4 o] A mg oF
9] salidroside”} &8-S 3H018F 4= 9it}. x|t W=
4 Aae ol AT Aoz e BRS Heln
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Table 3. Extract amount from #-BuOH fraction sample

Open column n-BuOH fraction
fraction (No) (mg)
1 111.6
248.2
1349.0/
(isolation amount 1300)
97.0
1344
2212
192.6
382.1
405.9
250.6

Extraction solvent
(Partition)

n-BuOH phase

O 0 1N L A W DN

—
S

3334 £ 984

2% n-BuOH £3] 0 2 K silica gel, ODS ¥ Sephadex LH-
20 column chromatographyS HH& 2 8§5lo] & E2S
< & A A5 n-BuOH 23 (4.18 g)of| tj3}o] silical
gel c.c [4 x 11 em, CHCL;-MeOH-H,0=10:3:1(22L) 7:3:1
(1.6L) 4:3:1 (1.4 L) MeOH|Z Aa3}0] 107]9] =S
AL 3FehE salidrosides E2|3k4itt. oo 2 stghHEof
tisto] 1H, 13C-NMRS Z48}51 1L A o} 8] 3L #415}9]
t}. S3HE (salidroside) - colorless powder (MeOH); ESI-MS
m/z 301.1 [M+H]"; TH-NMR (400 MHz, CD; OD, &) & 7.08
(2H, d, J=8.0 Hz, H-2, 6)3} & 6.71 (2H, d, J=8.0 Hz, H-3, 5)
o A A& & 2l para-substituted benzene ring?] signalS L}E}
Won 431 (1H, d, J/=8.0 Hz, H-17), 4.07 (1H, H-6a), 3.88
(1H, dd, /=12.4, 2.0 Hz, H-6"b), 3.73 (H-3”), 3.67 (H-4”), 3.36
(H-2"), 3.28 (H-5”), 3.21 (2H, t, /=8.4 Hz, H-8), 2.86 (2H, t, J
=8.4 Hz, H-7)5-0] gFola}<it}. 13C-NMR(100MHz, CD;0D,
8¢) 156.8 (C-4), 131.0 (C-2, 6), 130.8 (C-1), 116.1 (C-3, 5),
104.4 (C-1), 78.1 (C-5"), 77.9 (C-3"), 75.1 (C-2'), 72.1 (C-8),
71.6 (C-4"), 62.8 (C-6'), 36.4 (C-T)o] A= A 7] methylene
SAE 2§t F 14719 w2} 1709 glucoseE EH+-3f
St} IH-NMR spectrumoi| A & 4.31 (1H)2] anomeric proton
9] coupling constant”} 8.0 HzQl A 0. & n]F o] -2 B3 ] 9
configurations 714 Ao & HtEch o|d £33 X} v
& A1} salidrosideS e o= 11T [18]. Fig. 6(a, b)of| 4]
= =55H 23 salidroside?] UV &4 ot RIS 210,
254, 280 2 320 nmof|A] eIttt ojuff 210 >280 > 254
>310 nmof| A Z| o} S5 B9 JFA| 7 Re: 8.053 min
ot £3] AYPALE 7| == 3t on-line screening HPLC-
ABTS" assay?] w2 524 522 £ 4 salidroside (&
5=:200 ppm, =5 91% ©)AF, AR 2 EE 8 : 0.04%)S
ARE3l BHle o= LA (Fig. 7). ol positive I 9] =
© £ intensity?} F2]50] 73 FEHE E AL WE A
29 &2 | E =7} 1.5 0|52 RFF O W negative I
AWAE ets] vl oA 24 = [11,12]. Ik o=
el Sle dAikst 24-& Yoy dof &by sl &
A Ak 4 (free radical oxygen radical)of| 7]Q15}o] & 744 =

500
4504 Rt : 8.053 min @
1 £ Rr: 8053 iy
400 \ m TN e —
350 g °°
#1 Salidroside z s 8 ® 7 w ® ® 2

5250— 210nm ® st pet AT
i= o e
2 200 .
E 150 320nm S et %

4 | 280nm

%] 254nm

T T T T T T T T T T
16 18 20 22 24 26 28 30
Time(min)

(a)

500

400

\Optimimﬁon

300+

T T T ‘' T ' T ‘T T " T ‘" T T
200 220 240 260 280 300 320 340 360
UV(nm)
(b)

Fig. 6. Analysis of UV wavelength from high purity isolation
salidroside.
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Fig. 7. Bioactivity identification of isolation salidroside from »-
BuOH fraction extract in Acer tegmentosum.
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Fig. 8. HPLC profile and LC-MS spectra of isolation salidroside
from Acer tegmentosum.

‘6‘]—%5].‘;1 Ar =] Z 2o|7 9 A=
1]. mrepA] AP =0l Al salidroside &2 51 24 = 3ol tfs

o 1 4ol S Ao} Bastelat A, 54 f4
EA "o A] LC-MS EA418 gk AHEH 9l | FZ A 71
7] 235}¢] salidrosideo] tfj 5o B2} C,,H,07, [MHH]", m/z
30030 (301.1) 23] Kol 9t} (Fig 8). wfebA &

Aol A el AT Aabs AH S AP O R Tt
7|ZARZ o] 8-E 5 9tk [22].

4. CONCLUSION

AP E- 2 A F A = A thoFst of e EES 2k Qluk 2

T-ol| A= n-BuOH 5 & of 234 salidrosided] &%

A& AdH o0& Fsto] Q1590 AR utE 1 u] S o]

&3t o 24E Hesto] 2 548kt o] A7} on-line

screening HPLC-ABTS" assay & ©]-8-3} o] A 524 & Al &35}

A GHASEA I UV S35 210 nmof| A o S4&s 2
o HFAZHE (Rr) 8.053 mino| T}, ESF 114 salid-
roside 1.34 g¢& A o1 LC-MS 48 Z3 [M+H]", m/z
30030 (301.1) Wa5] Kozt oA AL 7% 27
L AR EAS B0 7] S BHoR VA

F At Brohet

A O] ARIA Ze)A] g
orlne AU 4§ 27 230 54 G A
5] o) v 35k Al olc. utebd 483 A 0] 28 7}

‘—/\4 J o] AL E)

S B3 7154 A AT A S 583 712
AR A SR
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