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SUMMARY

For developing a new kind of nutraceutical consist of plant materials with improving
effect upon the cognition (memory) impairment caused by the progress of
neurodegenerative disease such as senile dementia or Alzheimer's diseases (AD), we
have conducted several tasks inquired for the production of commercial nutraceuticals
consist of the ©plant material, Platycodon grandiflorum (Campanulaceae) and
industrialization of them.

For this purpose, more than 20 kinds of standard saponin components, which were
generally accepted as active principles of P. grandiflorum, including three novel
compounds were completely purified from the species. A standardized simultaneous
quantitative assay method by HPLC equipped with ELSD or ESI-MS-MS detector for
the analyses of saponin contents of the commercial product were established, which was
employed as a valuable tool for the quality control procedures.

The cognitive enhancing activity of the extract of P. grandiflorum was further
confirmed by animal experiments using scopolamine-induced amnesia mice and evaluated
by passive avoidance scores acquired by step though test and water maze test.
Protective effect of the extract from P. grandiflorum as well as saponin components on
ischemia/reperfusion injury in the gerbil hippocampus was evaluated, which could
support in part the ameliorating effect of the extract of P. grandiflorum on cognitive
impairment caused by the progress of neurodegenerative disease.

Extensive preclinical, toxicologic and pharmacokinetic investigation of charateristic
saponin of P. grandiflorum, platycodin D and platycoside E after oral administration or
intraveneous injection, which could provide us with valuable information for the
establishment of dosage form of commercial nutraceutical products.

The big plant for the production of commercial nutraceutical products were under
construction in Jinju and bound to complete in May 2010, equipped with modemn
installation and facilities applicable to the regulation of GMP, which can be capable of
automization of all processes for manufacturing of various types of foods and
nutraceuticals.

A large scale of Clinical trials on the developed nutraceutical products comprising
the extrcat of P. grandiflorum is scheduled to perform in six individual hospitals from
April, 2010 under the financial support of the Plant Diversity Research Center, which is

the final step for the registration of nutraceutical products.
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= NS-3000i, A% A4y dAga2etEazy] A 2=l(integrated HPLC
gradient type, futecs.coltd)ol & A&  FHZE7](evaporation light scattering
detector, USA, Softa)g F&ste] ¥A} &XZ(spray temperature): 25 C, °|l& %
A% & X(drift, detection chamber temperature): 70 C, F% 7= ¢3(gas
pressure): &4 7FA(Nz gas): 55.0 psi, #=(Filter): 4, |4 2% 46 x 150 mm, 3
m(Chemco) 2.2 &1, Y £5+= 40 CTE FAFESH 3o 7]7]
I oFdezE 7] & A9t &l B & 7]&7|(gradient) &%
=

A 50 mM oMMEA GEF  obHMEUER [ wl&E(85 10 1 5 v/v%)

B : 50 mM oHEAF 4EF  oAEUER [ mebE(55 1 40 1 5 v/v%)

4 (flow rate) : 0.5 m{/min,

AA) A Al 7H(total run time) : 98%

471 Aol Uid FHEARE Fig. 1-1 WA Fig. 1-49] Jehiich AA o 1
LA des FEE azuE RS Fig. 1-1¢ YeERY R, b
o 19] Hetg FHE9 aZvlEalE Fig. 1-201 el z, vl o 19 =&

El

1

S o ARvEINS Fig. 1-39 YEdon], A4 o 19 oA 39 = A}
¥d 2AE] AZotEaHS Fig. 1-49] YelATh

Fig. 1-1°l Wehd vle} o] A Al o 19 @A 19 kgl A& FE2E9 7
F-oll = F& AlZF 208 o]Fd] deapioplatycoside E, platycoside E,

deapioplatycodin D3, platycodin Ds, polygalacin D», platycodin D, platycodin D %
EeiAl o] tEAQ) A2 JEE] £MHoz B HEHT 9gon vRE A5
= oA E EejAe & RS0 BEsA vElvE 2L & 5 g

o o 19 Hehs RYHES Ao Fig. 1-20] Jehd ulbeh zhol

polygalacin Ds, platycodin D, platycodin D 5 Atz oz ZAo] A& AT UE

Bt

2 Y3seA AEF3Z 9=  HbH deapioplatycoside E, platycoside E

deapioplatycodin D3, platycodin Dz 5 8|23 FAHAE7 2 AFEU EHE AdF
o2 kol A YElgdS & F Ut

a2 3 Fig. 1-3¢] uebd wiel o], vl o 19 Rz AXd HARES 3
Z3tl F& JHF FFT 9 A$oE deapioplatycoside E, platycoside E,
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: platyconic acid A, 7 © platycodin D; 8 @ platcodin D, 9 @ 2"~O-acetylpolygalacin D2
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deapioplatycoside E 10 85
platycoside E 20 350
platycodin D3 15 85
deapioplatycodin Ds, 5 40
polygalacin D 3 60
platyconic acid A 80 95
platycodin Do 50 80
platycodin D 90 90
2"-o-acetylpolygalacin D> 60 95
total 333 980
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Az =43 5 kg 20 LY WE22 AFUAZ YA F oAHstm ofdg
A Fwcte] MEs FEE 14 ked A Y] WEE FEEE FRF 1L

AA
gl 5 L] S/ FE column® Aojli, 5 LY methanol® &8 ¥ 7+t H &8}
o] ZAEZY 75 g& AU FAAEY 75 g& MPLCE o]£3%9] ODS column
chromatography ( MeOH : H:O = 9:1, 7:3, 55, 2:8, 10:0)& 2 A)3to] 579 £
(Fr.l - Fr5)e& 243t Fr2 (1.2 g8 MPLCE o]#3}9] silica gel column
chromatography (EtOACEtOH = 91 ~ 1195 AAste] 332 6 (35 mg), 33
= 7 (12 mg)S 29} Fr.3 (28.0 g2 MPLCE o]&3to] silica gel column
chromatography (EtOAC:EtOH = 91 ~ 11992 AAst] 4719 B3 (Fr31 -

B2

Azl % Diaion HP-20 column <& ©]-83}t4 colum chromatography& 4

)
~

i~

Fr34)2 53199, Z42be] 34 prep~-HPLC (Shim-pack ODS column)& o] £
sto] 55% HWEES olFHoez AMRstx, 3 mi/EoR AR FE 3 (17
mg), 3t¥E 5 (800 mg), 33E 8 (15 mg), IFFE 9 (450 mg), 3IFE 14 (150
mg), 3= 15 (130 mg), 3&E 16 (40 mg), 3I}TE 17 (230 mg), 3= 18
(100 mg), & 19 (32 mg)S LA} Fr. 4 (100 g)& MPLCE o] &34 silica

gel column chromatography (CH:Clz : methanol = 7:3 ~ 0:10)& A Alsto] 3719
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B3 E(Fr. 41 - Fr43)g 4%tk Z47te] #8988 prep~HPLC (Shim-pack ODS
column)-& ©]g3}e] 53% HWIEE&E olFdo R AEslR, 3 mi/Eog Ao s
FE 4 (790 mg), SFE 10 (420 mg), 3FE 11 (28 mg), FF3HE 20 (62 me)E
aolt}. Fr. 5 (4.8 g)& ¢ 2& W oz MPLCE o|&3l9] silica gel column
chromatography (CH:Clz : methanol = 7:3 ~ 0:10)0Z A A]&te] 3789 28 & (Fr.
51 - Frb53)& a9t ztzhe] B3 E-S prep-HPLC (Shim-pack ODS column)-&
o] g3te] 50% WEES olFdor Agsti, 3 mi/Eew AAste sg= 1 (3
mg), &S 2 (4 mg), SFE 12 (350 mg), 3HFE 13 (32 mg)S UG-

st3+2 1-32 'H-C-NMR spectrum data® #HEstx 2D-NMR (HMQC,
HMBC, COSY)71®& ol&3to] 33Ee vx5 #5302 HR-ESI-MSE A&

3 BExEs Zlsted  3gtE 12 platycogenic acid A lactone  3-o-[B

f

-D-glucopyranosyl-(1—6)-B-D-glucopyranosyl]-28-o-[ B-D-apiofuranosyl-(1—3)-
B-D-xylopyranosyl-(1—4)-a-~L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosidel],
3etE 2& platycogenic acid A lactone 3-o-[B-D-glucopyranosyl-(1—6)-83
~D-glucopyranosyll-28-o-[B-D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—
2)-a~L~arabinopyranoside], 3}§% 32 deapioplatycodin D2 F+ZZA st o,
o] BFBEL A EBHZ ofA7A HuEvt gtk HITE 45 B AN
2008 molecules)'® 2178 2% R uF platyconic acid Aol¥, 34¢E 13 EI} B
AH oA 20059 planta medica®l'” A FERARZ R 13 deapioplatycoside Eolt},
398 5-12, 14-202 'H-NMR#} “C-NMR spectrum data® FzEA#Y v
3lo] 3}¥ 8 5 platycodin D, &3E 62 2“-o-acetylplatycodin D, 3+&E 72
3“~o-acetylplatycodin D, 33% 82 deapioplatycodin D, 3}%%E 9+ platycodin
D., 33E 102 platycodin D3, 38E 112 deapioplatycodin D3, 3EE 12+
platycoside E, 33%E 14% polygalacin D, 3}&E 15+ 2“-o-acetylpolygalacin D,
8}3tE 162 3“-o-acetylpolygalacin D, 3% 17 polygalacin D, 3}3& 182
2“-o-acetylpolygalacin D2, 3+3t%E 195 3“-o-acetylpolygalacin Dz, 3dE 202

platycoside D2 7% §A 33t
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HO
OH o
0] glucosyl
OH
laminaribiosyl
. HO
po arabinosyl o O OH
OH 0) -
0 o) O o OH
(@2/ on o ¢ OH OH
OH ORsOR, rhamnosyl I apiosyl
gentiobiosyl
xylosyl
Compound R, Ra R;3 R4 Rs Re
1 gentiobiosyl ‘ CO I H H apiosyl
2 gentiobiosyl CO H H H
3 laminarybiosyl H CH,OH H H H
4 glucosyl H COOH H H apiosyl
5 glucosyl H CH,OH H H apiosyl
6 glucosyl H CH,OH Ac H apiosyl
7 glucosyl H CH,OH H Ac apiosyl
8 glucosyl H CH,OH H H H
9 laminarybiosyl H CH,OH H H apiosyl
10 gentiobiosyl H CH,OH H H apiosyl
11 gentiobiosyl H CH,OH H H H
12 glucosyl6—1gentiobiosyl H CH.OH H H apiosyl
13 glucosyl6— 1gentiobiosyl H CH,OH H H H
14 glucosyl H CHs H H apiosyl
15 glucosyl H CH;3 Ac apiosyl
16 glucosyl H CH; H Ac apiosyl
17 laminarybiosyl H CH; H H apiosyl
18 laminarybiosyl H CH; Ac H apiosyl
19 laminarybiosyl H CH; H Ac apiosyl
20 gentiobjosyl H CH; H H apiosyl

Fig. 1-5. Structures of compounds 1-20 isolated from the MeOH extract of P.grandiflorum.
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Table 1-5. °C NMR spectroscopic data for the aglycon moieties of 1-10.
(in pyridine-ds)

position 1 2 3 4 5 6 7 8 9 10
1 412 411 45.1 467 451 45.1 45.1 45.2 450 452
2 835 834 69.7 69.6  69.2 692 692 692 69.4 68.6
3 895 895 864 833 864 86.4 864 865 864 87.6
4 54.1 540 481 563  48.0 480 480 480 480 48.0
5 51.9 518 467 496 480 480 480 480 480  46.7
6 195 194 194 20.3 19.6 196 19.6 196 196 19.7
7 336 334 337 337 337 337 337 338 337 33.7
8 405 404 405 400 407 407 407 4077 407 40.8
9 48.1 480 478 472 480 480 480 480 480 48.0
10 317 376 3715 372 37.6 316 376 376 375 380
11 24.7 246 24.3 244 24.2 24.2 242 242 24.3 24.2
12 122.4 1223 1232 1229 1232 1234 1234 1234 1235 1234
13 1451 1450 1445 1442 1444 1443 1443 1444 1444 1443
14 424 423 42.4 422 425 425 425 425 425 425
15 360 360 361 362 36.2 36.1 36.1 36.2 36.2 36.2
16 739 738 741 738 741 74.1 74.1 74.1 74.1 74.0
17 496 496 49.7 485 501 50.1 50.1 50.1 50.1 50.1
18 414 413 416 413 418 417 417 418 417 418
19 471 470 471 47.1 47.1 472 472 472 472 47.2
20 31.0 310 310 306 308 308 308 308 308 303
21 360 360 362 359 362 36.1 36.1 36.1 36.2 36.2
22 32.2 32.1 32.2 3.7 313 313 313 314 31.4 31.5
23 57.1 570 636 635 638 639 639 639 63.8 63.7
24 1785 1785 635 1814  66.3 664 664 663 66.0  67.7
25 175 175 18.3 16.1 18.2 182 18.2 182 182 18.8
26 18.2 18.2 17.7 174 176 17.7 17.7 177 177 17.7
27 274 27.3 272 210 273 273 27.3 27.3 273 27.2
28 176.1 1760 1761 1758 1758 1759 1759 1758 1758 1758
29 334 33.3 334 333 331 33.1 33.1 33.1 33.1 33.1
30 249 248 248 248 252 25.2 252 252 25.2 25.2
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Table 1-6. ®C NMR spectroscopic data for the aglycon moieties of 11-20.
(in pyridine-ds)

position 11 12 13 14 15 16 17 18 19 20

1 45.2 45.2 45.0 442 44.3 44.3 443 44.4 44.4 44.4

2 68.7 63.6 68.6 70.2 70.3 70.3 70.1 70.1 70.1 69.7
3 87.6 88.8 385 83.9 34.0 34.0 83.7 83.9 83.9 845
4 48.1 48.1 47.8 42.8 42.8 42.8 429 42.8 42.8 43.1
5 46.7 47.5 47.3 48.4 48.5 485 48.3 48.3 48.3 479
6 19.7 195 19.1 18.1 18.1 18.1 18.1 18.1 18.1 18.7
7 33.8 335 33.2 33.4 335 335 33.5 33.5 33.5 336
3 40.8 40.5 40.2 40.6 40.6 40.6 40.6 40.6 40.6 40.5
9 48.1 45.0 44.7 48.0 48.0 480 48.0 43.0 48.0 48.0
10 38.0 37.9 377 37.2 37.2 37.2 37.2 37.2 37.2 374
11 24.2 24.0 23.7 24.2 24.2 24.2 24.2 24.3 24.3 244
12 1234 1231 1228 1234 1234 1234 1234 1234 1234 1232
13 1443 1443 1440 1444 1444 1444 1444 1444 1444 1444
14 425 424 42.1 424 42.5 42.5 425 42.5 42.5 42.6
15 361 36.1 35.8 36.2 36.2 36.2 36.2 36.1 36.1 36.5
16 74.1 73.9 3.7 74.1 74.1 74.1 74.2 74.2 74.2 74.3
17 50.1 49.7 494 50.0 o0.1 50.1 50.1 50.1 50.1 49.9
18 41.8 41.6 41.3 41.6 41.6 416 41.6 41.6 41.6 41.6
19 472 47.1 47.8 472 47.2 47.2 47.2 47.2 472 474
20 30.8 30.9 30.6 30.8 30.8 30.8 30.8 30.8 30.8 31.3
21 36.1 36.0 35.8 36.2 36.2 36.2 36.2 36.1 36.1 36.3
22 314 32.1 324 31.3 31.3 31.3 31.3 314 314 32.6
23 63.7 63.6 63.1 66.8 66.8 66.8 66.8 66.5 66.5 66.3
24 67.7 67.1 67.1 14.8 14.8 14.8 14.8 14.8 14.8 156
25 18.8 19.1 18.8 17.8 17.8 178 17.8 17.8 17.8 18.0
26 177 176 174 175 175 175 17.5 175 175 17.9
27 27.3 27.0 26.7 21.3 274 27.4 27.3 27.3 27.3 276
28 1759 176.0 1757 1758 1759 1759 1758 1759 1759 176.1
29 33.1 33.2 33.0 33.1 33.1 33.1 33.1 33.1 33.1 33.6
30 25.2 24.7 24.4 252 25.3 25.3 25.3 25.3 253 252

_28_



Table 1-7. ®C NMR spectroscopic data for the sugar moieties of 1-10.

(in pyridine-d5)

position 1 2 3 4 5 6 7 8 9 10
Glucose (inner)
1’ 1052 1051 1057 1060 1059 1059 1059 1060 1054 1059
2! 749 749 74.2 74.8 752 75.3 7.3 753 74.1 75.0
3’ 78.1 78.1 885 782 786 786 186 786 886 779
4’ 713 712 698 718 720 720 720 721 70.1 72.0
5' 772 771 78.1 782 782 78.1 78.1 782 719 765
6’ 70.1 700 622 61.8 629 629 629 630 627 703
Glucose (terminal)
1" 1055 1055 1056 1054 104.8
2" 75.1 75.2 755 75.3 75.0
3" 783 7183 182 783 786
4" 716 716 716 720 719
5 785 784 78.8 782 779
6"’ 62.7 626 626 62.8  63.0
Arabinose
1 936 934 936 934 937 936 936 937 937 937
2 754 75 753 5 156 763 76.3 757 157 756
3 70.1 700 701 703 704 703 703 702 704 703
4 66.1 658  66.1 66.2 669 668 658 669 660 66.0
5 63.1 628 632 61.8 629 629 629 630 631 63.0
Rhamnose
1 101.3 1013  101.3 1012 1010 984 1016 101.1 1011 101.0
2 719 718 719 718 720 736 703 721 720 720
3 726 725 726 723 724 703 753 725 125 724
4 83.7 835 86 83 837 834 776 837 837 838
5 687 686 687 684 686 687 68.7 687 687 686
6 185 183 185 18.4 18.1 18.3 18.3 18.2 18.2 18.1
CH3CO 20.7 21.1
CHz:CO 1706 1706
Xylose
1 1069 1065 1068 1062 1066 1064 1054 106.7 1066 106.6
2 760 7O 760 747 750 750 750 757 750 750
3 785 848 785 82 8.6 8.7 857 784 857 &6
4 710 693 710 689 695 695 695 710 695 695
5 675 669 675 665 668  66.7 66.7 673 668 668
Apiose
1 111.1 1108 1112 1112 1112 111.2 1113
2 77.7 778 779 719 779 779 779
3 80.4 80.1 80.0 8.0 800 80.0  80.0
4 75.1 743 750 750 75.0 750 750
5 65.2 65.1 657 658 657 657  65.7
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Table 1-8. ¥C NMR spectroscopic data for the sugar moieties of 11-20.(in pyridine-d5)

position 11 12 13 14 15 16 17 18 19 20
Glucose (inner)
1’ 1059 1060 1058 1052 1052 1052 1049 1049 1049 1057
2’ 75.3 74.8 74.8 75.5 75.4 75.4 74.2 74.2 742 755
3 78.0 78.3 78.4 78.5 785 785 88.7 88.7 88.7 78.7
4’ 72.1 72.3 72.0 72.0 72.0 72.0 70.1 70.1 70.1 72.2
5 76.6 76.5 76.2 779 779 779 7.7 7.7 N 77.0
6’ 70.3 70.8 70.6 63.0 63.0 63.0 62.9 62.8 62.8 70.8
Glucose (center)
1" 1049 104.7
2" 75.3 74.8
3" 734 78.3
4" 71.3 71.2
5" 77.1 76.8
6"’ 70.2 70.1
Glucose (terminal)
1" 104.9 1056 1054 1055 1055 1055 1053
2" 75.0 75.2 749 75.3 75.3 75.3 755
3" 78.7 78.6 78.2 78.2 78.4 78.4 78.6
4"’ 72.1 71.0 70.8 72.0 72.0 72.0 70.4
5 78.0 N 774 78.2 78.2 78.2 78.0
6"’ 63.0 62.7 62.8 62.9 62.8 62.8 62.9
Arabinose
1 93.7 93.6 93.3 93.7 93.5 935 93.7 935 935 937
2 75.8 75.2 745 75.7 76.3 76.3 75.7 76.3 76.3 7.5
3 70.3 71.3 71.7 70.2 70.3 70.3 70.2 70.2 70.2 71.8
4 65.9 66.4 66.0 65.8 65.8 65.8 65.8 75.8 65.8 66.3
5 63.0 63.1 62.8 63.0 63.0 63.0 62.9 62.8 62.8 63.2
Rhamnose
1 101.1 1011 1008 101.1 984 1015 101.1 984 1015 1014
2 72.1 71.9 709 72.0 73.6 70.3 72.0 73.6 70.2 72.3
3 72.5 727 72.4 72.4 70.3 754 725 70.2 75.3 73.0
4 83.6 839 83.3 83.7 83.4 776 83.7 834 70 83.9
5 68.7 68.5 68.3 68.6 68.7 68.7 68.7 68.7 68.7 63.9
6 18.2 183 18.1 18.1 18.3 183 18.1 184 184 18.7
CH»CO 20.7 21.1 20.7 21.1
CH3CO 1704 1706 1704 1706
Xylose
1 1067 1068 1065 1066 1065 1054 1066 1065 1055 1068
2 75.8 76.0 75.7 75.0 75.0 75.0 75.0 75.0 75.0 75.6
3 78.4 84.8 78.0 355 85.6 85.6 85.6 855 855 85.0
4 71.0 69.4 69.8 69.5 69.5 69.6 89.5 69.6 69.6 70.1
5 67.3 66.9 67.1 66.8 66.8 66.8 66.8 66.9 66.9 67.2
Apiose
1 111.2 111.2 111.3 1113 111.3 1113 1113 1114
2 77.8 779 779 779 77.9 779 7719 78.3
3 80.4 0.0 80.0 80.0 80.0 80.0 80.0 80.7
4 75.2 75.0 75.0 75.0 75.0 75.0 75.0 5.5
5 65.4 65.8 65.8 65.8 65.8 65.8 65.8 65.6
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0.5

o]

=

1z

£ v=9 me H

1

(capacity factor k’)%t

Al ZEx e =

T

A

2=

™N
N

Mste A X ALE

=
T

7)ol wh

[y

]

sHl st

=
=

4

g7

4%

ul
=

o

Jo

gl
)

v
=)
—_

o
jrvzel

)A

ol
fi!
N

po

0

22!

=

T

A = A}

s

SR

bel, mepA A

o

]

—t—
fiio]
0o

T

)A

oy
R
o
o)
"’

.

M

"o

0

o

el
Hlo

i+
e

)

USA,

integrated HPLC

NS-30001

L

-

717]

stq,

°

_(H

gradient type (futecs.co.ltd)®} evaporation light scattering detector (ELSD,

Softa)

ol ELSDZ 7S spray chamber: 25C, drift & detector chamber:

k<]

[¢]

o]ﬁ_

=

7. =8k A 9] F2 A}

o)/

N2 gas 55.0psi, noise filter:

70C, gas pressure

J)

optimapak (4.6x 250 mm, 5 gm, 1004, rstech.co ltd, Korea)S A}-&-

7]1-&7]

Elas

S

O

o}Q_

=

B: 50mM ammonium acetate:

ohidth[A: 50mM ammonium

(85:10:5 v/v%),
- 32 -

olsA AL &1 At 81 B
acetonitril: methanol (55:40:5 v/v%)]

At

o)
methanol

Z 3

SdE

acetonitril:

FAFES

=
=

T
(gradient)
acetate:
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1 12z
7h 71&7i g2 24

& (flow rate) : 0.9 m¢/min, A ¥4 A]7H(total run time) : 71 min

Al 3 A Bul(V %) B &l(V %)
0~2 min 75 25
2~5 min 75 25

5~ 18 min 60 40
18~23 min 60 40
23~28 min 59 41
28~33 min 59 41
33~41 min 57 43
41 ~51 min 57 43
51 ~56 min 0 100
56~61 min 0 100
61~7]1 min 100 0

F AdREvIe AAAES7IS dE AR bl EAsts 24 dEel wet
e @=r)7h B2 dehdA gk wEd 2 2o
AXH F BAALE o TIEUE 2ASAI, ARk u}
g olF4e] Wzt $58 W) sto] Asle] ot
4 23 3 Ad FE7)AME AGAA ST 2 28 20 Atele A
914 TSt B FAFo] Agpren, £W J)EAe] A e FA Y
& 2y ohet Eobx AEUoR e 4R U@ sl At 29
Z7) 210 mm oA B} ulg- 2 ZE EE vEle A #30E + AAT
ol A 308 FdolA TetA) AEUeR oaEEs ARE Favt s A
vehton, 368 ol FMxE Eert 2 olFolAm Y&S % £ AN kA

LA
4820l 60 dHel Aae F7t @ A 2ol HolAwt k'ghol 0o 77k A
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-
210 w0 i :

140 w00 : X .
e : ;i t : U |
0 w00 J-u/.{ b s.u,....;.j i ﬁ FUNELY . AU A UGN R LU T
o -

T T T o™ T T T anee™™ T Tadee T az'on T T awe T

L 9 V2o Teloa a5 20%on xbon 2’00 w'on

2). 22 %A
70 71&7188 =3

2 (flow rate) : 0.9 ml/min, A A A A]ZH(total run time) : 75 min

Al % A BV %) B &wj(V %)
0~1 min 85 15
1~2 min 85 15
2~4 min 75 25
4~7 min 75 25
7~22 min 60 40
22~27 min 60 40
27~32 min 59 41
32~37 min 59 41
37~45 min 57 43
45~55 min 57 43
H5~60 min 0 100
60~65 min 0 100
65~75 min 100 0

W) A3 8 n#

12 2704 1883} 24%
& wel QY. IAEATRE 2 H5E 0
Aol AZk ol A gule] A Ao B %
hste] ARBAR A4 WNAE 02 BASRYY 95 a2 SAGEE A
Eatglch @ AB 24 ulgo] 57430 W Fod BANRE 28 AE F7}
she} 48%ol A 0% Abole] Relmel gl £ molAR k'gke] 0o F7te 2
o 25 AN ARnA Asstdth B4 A% 14 2A0AE 1884 30
2w Apolol vehbd Eebd) AlZdow dgd BAY vasoel 24 £ AE 20

ol 363 GFelAM Fle] HAx, 47 BEESo FHe 245 A HA

18
=2
R
e
b
do] IU-IG
°
pac
rir
it
ol
o
£
S
off
0%
o
PN
o
I
o

f
i
o
N
®
_OrlL
IS
>

i

iy
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o a8y YWEHol By 1xAEA Ae|rt gl AoE2 AR HAUTE 50F ol F
o] d9oMe ¥t W3t fle Heg AlgEoe] v 278 F4dsle] 54% o
=

o] FAaEe TS MAstE HEE dAste BU|E Sk

e L1y

980,000
wmovnd o TR e
HA0. 0K
770,000
700,000
£30.000}
560.000
490,000 -

420,000
350000+
280.000-] 1

210.000

140.000

f

i

i . R |

1 :

.,
0.000- ; A ;‘*J"'«"...M&.,,,LL,MW wﬁ!«., ,/\..,..Wfii._ Ln

70,000

|

70,000 :
ey 0.0 600 1200 1800 24100 30,00 3600 4200 4800 54.00 000 66.00

3) 3x=xA
7H 1&7188 =3

4 (flow rate) : 0.9 ml/min, Z A #4 A]ZH(total run time) : 75 min

Al Rk A B (V %) B &vl(V %)
0~1 min 85 15
1~4 min 89 15

4~22 min 60 40
22~27 min 60 40
27~32 min 59 41
32~37 min 59 41
37~45 min 57 43
45~55 min 57 43
55~60 min 0 100
60~65 min 0 100
65~75 min 100 0

)
22 2713 s F5& FASAR, £4 AdE FdsA s 23 =23
AlA FAZE HAD 18RCA 362 FH AEEA dF Edes F7H17171 9
sho 23 oM AB &4 ¥& 75:257F EAEA oW, 244 W& 7512571 18
3 368 el &8s I T FA e A2 AlgEo, ABS =4

v & 851500 A 9] AlZhE 24 FURst L, ABel x4 W&ol 604022 o]F Azt



BN meb AEUOR osE JREEY vart 24~36% GelA A3
A elol wglow], dgwolA] 66% Ateld ¥l ANA wekvh wekd 60%

AA
ool Fe JGES wes] Astel M ¥H 2AS P2 s

1120 000 ]

‘ é }‘I i
/ 5\_1_ P NS Y | G J\J L\!\,,}L,_:\_y‘ 51 WSO 5L AR /\I/ (SNA P> L SR

e 0o €00 1200 18’00 24'00 3000 500 4z'o0 as'on 54700 €000

). 4x=zA
b 7&71 88 =4

4 (flow rate) : 0.8 m{/min, AA ¥4 AlZH(total run time): 75 min

Al A BHi(V %) B &vi(V %)

0~3 min 85 15
3~13 min 57 43
13~25 min 57 43
25~40 min 40 60
40~55 min 40 60
55~60 min 0 100
60~65 min 0 100
65~75 min 100 0

1, 2, 3x4 233 27 55 09 n¢/min°lA 0.8 ml/mino.2 FH3}o], &

EE st EF fF&o] =yAE #AlR EgA] AL
o2 diEE ANEEY &5 ANUE =der] 5td, 33 2ddA ABY &
4 Hl& 85115 Y ARHE 4R A 3Rz @&, ABel 24 ©lE& 60:40

2 ABY =4 vlE 5941 999 AIzHE AHAslg e, A:Be A B]§ 5743 9

A N)& 5743904 ABe 24 ul& 4060 74X =@Et
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a
Mo
offt
r %]

FARES stol, 458 o] Fol LhEtE FASe) Belso] ZAHES AR
2AY 2702 PAY A% 2ok4 ATUOE dgFUY ARSY Wak 34
ZAGNA 248~ 368 FejolA Fel HAPovh 43 AL o 68 A= gho
2 oFso] uehith §48 28 A% BeERe) Rl o F4Ee 8
A% # ddvk a1 34 24 FAAYY 45% ol Fo| WASL 47 23
AME 0¥ JGom oFatt Ae FAL & ATk I 32wy A
Aol Ae 6 olFe) WIS HelFol 7 i ALS F F & AR
@ BA A7 BEe] HE 3L Qo AR A zziele ohe A}
250 B ¥4 202 $3, AR v

e I \}L.l..ﬁ..~..ﬁ.,..m..~.-W,._é.w.;..,m,.w.é:,w;’L J\;\»‘Rﬁ;}‘yit...;.m,;fw«,._m.’\m.«w« “"g\«;..,;;;\_,ﬂ\,; O

s ooo cbo 1200 18’00 2400 3000 3600 azloo as'o0 54'00 50'00 €600

5) btz
7h 71&7184 =24

2:+( flow rate) : 0.8 mé/min, A2 #4] A]ZH(total run time) : 75 min

Az A BV %) B &£vj(V %)
0~2 min 85 15
2~5 min 85 15

5~25 min 57 43
25~35 min 57 43
35~50 min 40 60
50~55 min 40 60
55~60 min 0 100
60~65 min 0 100
65~75 min 100 0

) d¥ g ud
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F3.2.u 62Fell A
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15
15
33
38
40
40
43
43
60
60
100
100
7o =

o

B &V %)

A &V %)
85
85
62
62
60
60
57
o7
40
40
100

0~1 min
1~4 min

4~9 min
9~14 min
14~24 min
24~29 min
29~44 min
44~49 min
49~54 min
54~59 min
59~62 min
62~67 min
67 ~77 min

52F =74 ABY x4 vl& 8515 G99 At
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7) 7TAZRA
7h 71&71 88 =3

24 (flow rate) : 0.8 m{/min, A A A7+ (total run time) @ 81 min

Al ZE A &9V %) B 89V %)
0~2 min 85 15
2~5 min 85 15
5~13 min 62 38
13~18 min 62 38
18~28 min 60 40
28~33 min 60 40
33~48 min 57 43
48~53 min o7 43
b3~58 min 40 60
58 ~63 min 40 60
63~66 min 0 100
66~7]1 min 0 100
71~80 min 100 0

) 23 8 a

63t z70l4s FY

{1

O

H #&(flow rate)S % stdew, dA 24 A3
(total run time) 62} ZPAM = 778 oo}, 73 WA= 488 F71 818
o7 AASHAI, ABY =4 vE 8162 W3t A 188 F7heda, A
Tdsh 3R eE st¥on, ABo A & 62382 Wl AIHS 63AE 5%
oldo}, 7atdl M= 3RS FU13 8RR o2 HAse] 18%3 268 Alole] I AL
e =ce2FE 22E Adstna A= st B4 A3 6abe] A 18&A
362 499 vAE T EeEI 2EUt olFof 2 AL AT F Yo, =T

4B5EANAN 632 Gl MATo] L ReFL o]FE AL B YT

Y ozl

- LJ\.,. ,,:-M__.......‘.;...f’[u,\fw_ﬁ. i

AEAREEERY

LS olo 700 1400 21w o XY 42'v0 av'oy os'us €300 U0
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M
ax
Bx
A
o
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P‘L
8
ri
M
i)
ol

of EAste Fa AAZUIEJIA &9

asAAAZutE a8 A A2=(HPLC system)e  FeElX(futecs)Ate] NS-
30001 & o} g3t A4 A=7] I3 210 nm, 254 nm, 280 nm oA 2 = 7x] =

3, o7lel FHFE Ut 10 ok H=E g F o] & 1mlg st
(215 ODS, A0 gm, $13 mm x40 mn )ol FEAIZG. Z2HS Z/7+ 10m & 3
3] Ak, vgg 20mE {EA0Th o] BAE Y FHFE, B 1mE &4
3] o] HE(filte)dto] ARE3FATh.

BAlo] ARE-3 ZHRlS Optimapak (4.6 x 250 mm, 5 mm, 100A, Rstech.co ltd,
korea)E Albgsllon, APL2% 40 CTE A A7l &, 210 mm, 254 mm, 280 nmol]
A AEA e AR F3E A3tE & sk =3 Sz obdier Zo
ELSDell A AF&3F 50mM ammonium acetate™ 210nmollA UVE&3Fe] Ao
UV Ad&71de At gol g ez waste £435tict]

A 50mM KHyPOs : Acetonitrile : Methanol (85:10:5) V/V%
B : 50mM KH:POs : Acetonitrile : Methanol (55:40:5) V/V%

o
£

fZ(flow rate)2 0.8 m¢/min, A ¥4 A]7H(total run time)< 81 minl.& 3

-4 -



obel b el 7127189 A

Az A Eol(V %) B &wi(V %)

0~5 min 85 15
5~10 min 85 15
10~30 min 60 40
30~33 min 60 40
48~51 min 40 60
51~66 min 0 100
66~71 min 0 100
71~81 min 100 0

L s stel W 24 At
otelo] AmutEIW o] A d 3 210 mellME  =gA AlEdeR
deEle =dEd Fa2E HNY F UM 2EREIHCAA B 7 e A 2
o 10%ol A 66% AbololAl Felo] shwatich AelMTG 254 molAE ot
Z2rEa@ds 2ol 210 mold & A
W, 1084 66 FoolA BE A¥e] ase] AdAE S A F 5
Atk o] At WA B0 ZElx] AlEVoR ot A A9 280 mm ol A
T 254 nm oA #Q1%E A} ol njgt A
3] ARl S g & 5 Ak 53] 308 A

2 g5 ase] AN AL HU9F + 99

rO
R0
2
2
iy
H
i
o
o
k1
N
—'—4
v
X
s
rO
2
il
3

o

£ o

e jong exH2R0) 20070326 R % 1251 27.mct
—— fong ex1(254) 200703:26 2 X 1129 13mcd
—— langex 1 20070225 2. 427 43med

N SIS W

T y - :
we 000 600 12 1800 2400 000 300 4200 800 5400 6000 £6.00

AEHoz A e Subx ATV dE: sze) a7: W
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2 deglen, 55 18804 66% Alolol Q= el Hase PEs} o}

A% 3 ARAE e @S AT ¢ Ak wepd AaREIns

Az71 wet A& dig SolAdE 7EA3 gtk A HEV|dAE =2

1 ZF=7F =4 JEgAw, 2}
AL Z2 g5slE 5 2=t Boxe 9
Aot F 2k A Z7)|(Evaporation Light Scattering
Detector)®] ZA-9-= ¥ LA FEAdMe 2 g FA8, A5 A

e FEE BASEE g dAE HAE stol 4A E4E # 5 Aok g

olz]gt 7Ztzte)l AAHE MR JenZ ZHA|Yle EXjste F8 AIEUES
2] AZE79 3 Awk A% 7] (evaporation light scattering detector)E o] 83} <]

AE A= g AdERl e FAste] B7R AT

7h AE 3 2 717
@D % A& 7% 7](evaporation light scattering detector) 234w 2 7]7]
BA 71718 NS-3000i integrated HPLC gradient type (futecs.coltd)E A}-&
3t4l 3L, 7571 evaporation light scattering detector (ELSD, USA, Softa) &
spray chambert! <% 257, drift, detection chambert 70T, gas pressurex Na

gas 550psi® noise filter 4 oA ¥4 AL AU oly Algd AP

il

optimapak (4.6 x 250 mm, 5 gm, 100 A, rstech.co Itd, Korea)& ZHEE% 40 C

otegfe] FEe} o] Luf ABOMM KHoPOs : acetonitrile : methanol (85:10:5
V/V%)1e} v B[50mM KH2PQO; : acetonitrile : methanol (55:40:5 v/v%)]E o}
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Az A Bul(V %) B &ui(V %)
0~2 min 85 15
2~5 min 85 15

5~13 min 62 38
13~18 min 62 38
18~28 min 60 40
28~33 min 60 40
33~48 min o7 43
48~53 min o7 43
53~58 min 40 60
58~63 min 40 60
63~66 min 0 100
66~71 min 0 100
71~80 min 100 0

T Ee B dF"HAA #8 AA 9, HPLC, NMR 12| 3 MassE ©]-%
s} Txzitgel @Bd &% %eldel ABE AgAYUT. EEARRE

deapioplatycoside E, platycoside E, deapioplatycodin Ds, platycodin Da, polygalacin

Ds, platycodin D», platycodin D, & 739 ZT& A28 HASo g stH0).

% = (MxzT o "4/ 7l& T W3) « 100
Table 1-40ll A2k o] A7) Bt 3 A& HE7N(ELSD)Y #HE7F =8

X AAEQ Zzhe] ge] wet of 47~12¢ AEe) Aoldt &S AL £ 3

-44_
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Fig. 1-9. A&7 E5Fd & =A AlXdE9 HPLC A4y
e |
450000 o .

420,000
210,000 e
180,600
1541000? :
1200009 |
sovnoo—vJ( L’ AJ A
10000 b . T
0006 uuu.E.&ﬂ...».,\.-....,_:_._,._____*_______,ULM,,__,__/\_.J& i e NN
Table 1-4. =8}#] AFXY AR A&7} velhves g8k v
. e H = ELSDe =
218 =) = T/| - N =}
& 4 = 7 Az | 08 UV 327 713
UV detection 210nm 20.383 18.398
i i E 1,117°
deapioplatycoside ELSD 91 666 96.735 117%
UV detection 210nm 21.250 14612
latycoside E 1,103%
pratycoside ELSD 22.800 | 20.954 °
UV detection 210nm 27.550 8.986
i i 4.961%
deapioplatycodin Ds ELSD 20.383 5.897 961%
latveodin D UV detection 210nm 29516 17.926 7%7%
platycocnt L ELSD 32.8%6 | 18353 °
UV detection 210nm 29.516 10.558
lygalacin D 467%
polygatacin L ELSD 32.816 | 6.409 °
UV detection 210nm 34.616 14.505
1 din D 5549
platycodin Lz ELSD 30049 | 10442 °
UV detection 210nm H2.016 15.016
veodi 574%
platycodin 1 ELSD 60.066 | 11.211 °
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1 o]

3) ¥ 4@ PE7(ELSDE AE 94 2
b AR 2 As

71 71(NS-3000i integrated HPLC gradient type (futecs.coltd)), &7

4

(24

(evaporation light scattering detector (ELSD, USA, Softa)), Z ¥ (optimapak (4.6

x 250 mm, 5 mm, 100 A, rstech.co Itd, Korea)) % ol&4e =71 A7 488 &

At 278 ARSI
EEANEE A7) AYoA AE3E deapioplatycoside E, platycoside E,

deapioplatycodin D3, platycodin Ds, polygalacin Ds, platycodin Do, platycodin D&
Z T 5 ANBE AA 9. 79 TF=A18 = 2H7) deapioplatycoside E 2.9
mg, platycoside E 2.7mg, deapioplatycodin D3 1.1mg, platycodin Dz Z.1mg,
polygalacin Ds 1.4 mg, platycodin D2 2.7 mg, platycodin D 3.0mg& sl z+z};
ZR% It 93 =m0l Fulsteih

THlE EEARE A7 50 pE Fske], A F¥] 1400 w7t HEs A 3

&
Bl
M
off
k1
il

deapioplatycoside E 10357 ppm, platycoside E 9643 ppm,
deapioplatycodin D3 39.29 ppm, platycodin Ds; 75.00 ppm, polygalacin D3 50.00
ppm, platycodin D2 96.43 ppm, platycodin D 107.14 ppme] %% 33t} o] &«

58 A 247 814 shel, Table 1-59 2o] ®EAS F4] a3lo)

Table 1-5. &5 AFEUE o] &3k FFEN A& (9] ppm)
A) v | FX 2 FE 3 =5 4 X 5H FE 6
deapioplaticoside E 103.57 51.79 34.52 1554 10.35 518
platycoside E 96.43 4821 32.14 14.46 9.64 4.82
deapioplatycodin Ds 39.29 19.64 13.10 5.89 3.93 1.96
platycodin D3 75.00 37.50 25.00 11.25 75 3.75
polygalacin D3 50.00 25.00 16.67 75 5 2.5
platycodin Dy 96.43 48.21 32.14 14.46 9.64 4.82
platycodin D 107.14 53.57 35.71 16.07 10.71 5.36
W) Ay 2 nF
FHH 9o TEE GE3 oA AlEY ZFAS B8 A7 Fig. 1-10 2
< A%E A T 1, 2, 3dME 7F9] HE AEEC] o] Hew, ¥
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H
Ho
o

[Ny

gl

deapioplatycoside E®} platycoside E %

==X
i

4, 5, 6ol A

o

e

Ho

4

=R

o

7700

25 52mcd
0312.mc4

62 28.me4
02 43mecd
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1) A3y
7171(NS-3000i integrated HPLC gradient type (futecs.coltd)), HAZ7]
(evaporation light scattering detector (ELSD, USA, Softa)), Z ¥ (optimapak (4.6

X 250 mm, 5 gm, 100 A, rstech.co ltd, Korea)) & ol&549 4L A7 2€x &

At =1S ARSI
EFEARE 7] AdoA  AME-3F  deapioplatycoside E, platycoside E,

deapioplatycodin D3, platycodin Ds;, polygalacin Ds, platycodin D», platycodin D%
F7EY BFE AMNEE AA SR

A ST ZEE AxAPpARE A7 1IA4E AA et F Sle ZHoR ARE

sttt 7ol EF5§F = hypersil gold C18 46 x 250 mm 5 m 120 A (thermo

scientific. co. Itd, USA), luna CI18 46 x 250 mm 5 um 120 A (phenomenx,

USA ), eurobond ace- C18 46x 250 mm 5 mm 100 A  (beschoff, Germany),

grom-st CI8 46 x 250 mm 5 um 120 A (alltech grom, Germany), optimapak

Cl18 46 x 250 mm 5 gm 100 A (rstech. Korea)Z2. # 29 Z#HZAL zrol7]

flete] Fx, &% A, o9, ET(USP), S/NH9] k& HAste, H A9

21< Hla g2l Ak

2) A3 9l

(7h A<l v 75 A relative retention time)

oAl & AIZHE vluste X A3} optimapak ZHE

o
N
AN
o
!
o
£

eurobond ZH 9} alltech ZHH & Az

Heues e 82 3 & A3, v hypersil ZHL oh2 ZP R oF 1 ~4%

T oA YEhE AE #E0 F F Ah dAQ w5 Algke]l F7t

e AL AU BAstaxt ste AR ZAEWe F3 E(packing
=

material)3} 2] 435 #go] Foe AL uidc. adn

o

ok

luna Z¥, eurobond Z¥, alltech 23, optimapak Z#o] E=&}x] AT UL B3}

= AYem AFH Aow ARANY,
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Fig. 1-10. 2k LT ZF4L o8¢ ¥4 239 HPLC 2424%

wY
1 1 = Luna STD 0535 2007-03-21 2= 4 04 45.m
13300003 : : - Eucbora P STD (53 0070321 23 235 32met
1 B ~—— HYPERSL STD 0533 2007-03-21 2 11257.mc4
1260.000 S IS : : o e Grom ST 5TD 0532 2007-03-21 L 1 46 19.mcd
1 : 2 : e ALST ST0 053 20070321 £ 7410 15 01 med
1190000 : 1
] 1. Deapio-platycoside E:
1120.000 . ok
: 2. Pratycosi
1050.000] : : 4 : ; yeosige £
380,000 : 3. Deapio-platycodin 63 |
910,000 : ; : : : 4. Platycodin 03
840,000 3 5 ', : 5. Polygalcin D2
770.0009 : 14 - Hypersil Gold .
; h | A M ersil Go 6. Platycodin 02
700 000 F—+—H
] . 7. Platycodin D
£30.000 :
£60.000] : J . .|
] : i } : : Phenomenx
430000 L 1§ i }‘\,,4;“ A : /‘\,/\” Luna :F
350 000 L . I N . . : ; . Eurohond ,EPS ;
; : A . F
280,000 T 1 — - - et
210,000 : : : : C
amy | o A . Riitéch Grom ST |
140.000] ; 0 i 3
70.0003 L A . ik
] L : : ) i ;”S Optimapak
0.000 A [ (EA Lk
win 00D 500 1200 18000 2400 3000 3600 4200 4800 5400 6000 66,00 7200

Table 1-6. &4 Z#¥ 2] ALEUE S 9FEEAZF vl

At W 5E Al ZH(relative retention time) (min)
s hypersil alltech )
luna eurobond optimapak
gold grom-ST

deapioplatycoside E 20.46 22.13 24.93 23.33 21.66
platycoside E 21.23 23.28 26.70 24.78 22.80
deapioplatycodin D3 26.45 30.53 35.18 33.21 30.38
platycodin Ds 28.11 32.93 38.53 36.06 32.81
polygalacin Dj 32.36 38.93 46.14 43.23 39.04
platycodin Dy 47.81 57.38 62.36 61.78 58.84
platycodin D 48.59 58.98 63.21 62.43 60.06

Ad BFE A7 (RR.T.) = tR * tis—elution/tisR
tR : R retention time, tis-elution: elution time fo last peak,
tisR : retention time of last peak

(v}) &% A9 (capacity factor )

£F Ade &v, AlgE 9 29 ol v F2 E(packing material) z}e] A
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T PAE FAoZ T oz Alme AR g Sujo] ARAESES dyEn
k' gkel 0 o 7k7ke-w Faset nl3e] kAo FolAE R R o] HWolAs A4
S Hola, k'gltol \F AW AA FT5L2 FolAu, dAl ZAMATol HojA=
ol MAste], FAHoE Felel of = 7 Aok = JHE A kY
7ol W9 e= 05< k'< 20 ¥9l olt}. hypersil ZH4: 83~ 21.0, luna Z3: 6.02~
1772, eurobond Z#&: 6.63~18.35, alltech Z#: 6.03~17.82, optimapak Z % :6.38~

19472 ERlo] HIAh gz 9o 5F AP A YA 7|&7] &xddd
A EHA AEUS B @ 5 e A% 2950e FA ¥ 5 9
Table 1-8. ¥4 Z3d o] ALZUES] &8 A2 AlF HlaL
g o1z A4 (Capacity factor k')
AR o hypersil alltech .
luna eurobond optimapak
gold grom-ST
deapioplatycoside E 8.3 6.02 6.63 6.03 6.38
platycoside E 8.6 6.39 7.17 6.47 6.77
deapioplatycodin D3 11.0 8.69 9.77 9.01 9.35
platycodin D3 11.7 9.45 10.79 9.87 10.18
polygalacin Ds 13.7 11.36 13.12 12.03 12.31
platycodin Ds 20.7 17.21 18.09 17.62 19.06
platycodin D 21.0 17.72 18.35 17.82 19.47

= (tR-tM)/tM
tR :

(ch o) o8 A%
go) ClPE ASE

]ﬂ g}}og 1 o]/wo]

S|
EL

o=

LA

Mo AHEE 5T BPEL

1

o

o

retention time of compound |,

/H
_]

rd

[¢]
L |

3

)i

(relative retention factor)

2 mast o 4
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>

Table 1-9. 4] Z3¥ =24x] AlEUE

B

tdf W55 Alg v

¢

Al MEE Al ()
A hypersil alltech )
luna eurobond optimapak
gold grom-ST

deapioplatycoside E 1 1 1 1 1
platycoside E 1.04 1.06 1.08 1.07 1.06
deapioplatycodin D3 1.27 1.36 1.36 1.39 1.38
platycodin D3 1.07 1.09 1.10 1.10 1.09
polygalacin D3 1.16 1.20 1.22 1.22 1.21
platycodin D2 1.51 1.52 1.38 1.46 1.55
platycodin D 1.02 1.03 1.01 1.01 1.02

A 955 A@RL) = kK'ik'i-1
k’i= capacity factor, k’i—-1 : capacity factor of the front peak.

(2h) "ldlA A4 (asymmetry)

Hl A Al (As)9] ovle ZF AE9 3z gigh me] 29 A4S st
AZE Ao FYIAE Aol Hr} aYEE A
AF(As)gkol &Folzh ok & 090 ol8te) #X& Jehid A ze
ojujolu], 150179 A& et F zg Fdo] Adde Aolr. 2z A
T

K
i
s
1o
ot
2
=
)
i)
>
:9

ol

H

=

Azt Holets, olEAT AR, 2 el 7 23 25 48 oed
me] TY Aol wasE A7k Aok =@ HlgA %) 15 ojadew AAS
% mlze) @A Aol Wolnth el wgd Afe AFWAE 09< As

IA

15 7F 2o g&bA o] ZHe] 4% hypersil Z¥-E deapioplatycoside E,
platycodin DsollA 0.9 olsle] FX& YeEFWA I, eurobond ZH 2 platycodin Ds,
alltech -& platycoside E, polygalacin D3E A3t 5F2] Alg oA 090]st2] X
2 velgldct A lunaZt @3 optimapak ZEAAME 7F BT FdstA A

Wl gl Solsb: A FAsA
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Table 1-10. ¥4 28 Sapx]) ALZYE] vgF A5 vw

vt Al ( 5%)
AR o hypersil alltech )
luna eurobond optimapak
gold grom-ST

deapioplatycoside E 0.89 1.01 0.96 0.84 0.94
platycoside E 0.90 1.20 1.19 1.02 0.99
deapioplatycodin D3 1.02 131 0.91 0.86 1.27
platycodin D3 0.89 1.10 0.80 0.87 0.95
polygalacin D3 1.38 1.01 1.14 1.27 1.23
platycodin D» 0.90 1.10 0.93 0.85 0.95
platycodin D 1.22 0.97 0.93 0.81 0.99

asymmetry factor = b/a : a:! front width (6%), b: rear width (5%)

(v}) o] &= (theoretical plate)

o] 2%k (theoretical plate, plate number, N)= Z# o] F3 & =3 HJHE
.

UehlE AEolth 58] 2 F4E AL £ 2@FNEE Ukl 243
= AR vhoh 234 Aol gou AwHeR §XAIIA 5 m olm BHUZ Y

Aolzk 46 x 250 m 9 AW BHE B S OB @ e 20,000~
150,000 o8l @S ezl Hejgnh. 2Bz g9 AYEY olE vH ghe
g W9 oYl B, Bebx AEUS TAS FFFS Fe 54

b4

Table 1-11. ¥4 Z39 T ax AAZEUE9 o]2chss nlal

o] 2 w4 (efficiency 5s )
A7 9 hypersil alltech i
luna eurobond optimapak
gold grom-ST

deapioplatycoside E 115087 64684 68592 79779 77628
platycoside E 116046 55841 56347 67069 76007
deapioplatycodin D3 74600 43175 59083 62402 68917
platycodin Ds 68602 42192 50029 57953 65462
polygalacin Dj 64349 35298 55226 52380 54672
platycodin Do 63209 36128 345197 292243 87029
platycodin D 57268 39191 496858 381039 182665

Efficiency (5s) N= (tR/0)2
tR : Retention time of compound, o: Standard deviation(=W1/2/2.355 or Wi/2)
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(v}) ¥+8% (resolution USP)
25 Re)2 A Sz Fo] H=
th o] FAE T3t A9t A Aol FeErt HAEAE AT 5 gk
dukdom 15 o]4old Agstrh el 15 olst ol A #A} HAA
Hie @4l duke Aor RBEzt @] olFofzl o] olvg@tar xolop
il ZAHES #9lsle} B A} hypersil 22 platycodin D»¢} platycodin D<)
Rs @tol 242k 025 = @¥sHi EEl=A &3 HAs 48 RBolx o E3
Luna Z'#H 2 platycodin D Rs #to] 128 & < ml=ze} el A Ealxx &,
R HAE Aol ASE YT F AT wkA tE 3% BS RE HEE
Rs gkol 15 o3 & g 4 At 2222 hypersil 28 % luna 2

He =abA] ApxRdS 487dle FAREE 849 @

ot
L)
32
rir
)
il
)
[
2{_11
4
9,
rr
4
B

AN

i
s

Table 1-11. ¥4 Zay walx] AlxdEe] s vjn

25 (resolution USP)
A 3 hypersil alltech .
luna eurobond optimapak
gold grom-ST

deapioplatycoside E 67.72 85.59 83.01 80.05 84.58
platycoside E 3.15 3.14 412 4.11 3.50
deapioplatycodin D3 16.26 14.59 15.84 17.92 18.47
platycodin Ds 3.88 3.73 5.14 4.87 4.83
polygalacin Ds 8.74 7.60 10.09 10.32 10.27
platycodin D- 0.25 17.00 25.80 30.18 26.41
" Iplatycodin D 0.25 1.28 2.10 1.51 1.75

The resolution of two peaks in terms of their average peak width at base
Rs= 2% (tR2- tR1)/(Wbl+Wbh2)
Wh: tangent width (using tangent line inflection point)

(Ah) Al2g 3} o] =u8(S/N ratio)

sjze] A o F-e v(signal-to-noise ratio)x Z+zte] Z# 3 HE7)o of
& AEFALOD)IS HABFHALOAE FAT & A= FRelr
124 2 33 oA o] el vlE ARG A&, S/N ratio’t EvE AL

gze] ozt e AL ov] Wik F AEHWA S ol v I

%

Py

au)
d
>
=
o
g
o
fl

N
>
0

ratio’} AW I AR AHo] 7hesta, dF 7t vx=9 A9 S/N ratioz}



s AWAT AAHL Y 4 Atk THLEZ SN ratiod] ol EEEEF T

Table 1-12. ¥4 Z#d =e&x] AxdEY A2} woj=y

S/N H] (S/N Ratio)
A& © hypersil alltech )
luna eurobond optimapak
gold grom-ST

deapioplatycoside E 4388.90 5667.80 396.28 5433.57 6623.50
platycoside E 3196.37 4141.51 270.26 4037.81 5157.08
deapioplatycodin D3 683.90 768.40 64.53 890.06 1016.41
platycodin D3 192.57 2462.25 154.41 2350.09 2936.70
polygalacin D3 594.66 653.26 49.92 716.09 787.37
platycodin D- 592.29 715.99 266.71 2688.13 1052.29
platycodin D 502.46 599.10 288.06 2820.73 1636.77

S/N ratio = peak height/ average height of noise detection range

el o] AHES S/N ratio2 W3 A3} deapioplatycoside D, platycoside
E, deapioplatycodin Ds, platycodin Ds, polygalacin Dsoll th 8} 41 optimapak Z&
o] Tt ZA¥ By =& g JeldE <l 51931, platycodin D29} platycodin D
+ alltech Z® ol =2 vl

AdeAo 9o oz 7k Zg dig AFEES AR o2 A3 M AFR

d

3 Z4H o 23 optimapak ZrEeo] A3

rO(
o
lo
il
o
o

gtolo] |t} 12Y} platycodin

D 999l peakEo] overlap Ho] &S el &

ol
&2
0
T
—
o
a2
M
L
~
)
jab]
=
<
o
o
=
]
o
N
o]
<)
jab}
=4
<
(@)
o
2
o]
S
)
N
2
T
o
2

EEo] #AxE dAAol e} Eax9] giazAQd A E A EQ platycodin DE AA
2 RS T gle BNl FHod wEq ZF Fo] ofd dukH ol FHE
3T
=

FAAL A 44T gFS qAAE BAL 958 ¢ F 9
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oF Ak Z 2 ok otrlElgde] AAEE Al E 3§EEo] HPLC #2494 buffer

Horvath, etl, %(Anal. Chem.

1977,40,142-154)°] monopotic acid® A% H¥F5 AEE YERM & capacity facor

!

BXzA8 #HAH3b617] Aste] Table 1-133 o] WA fule} buffer 7ol o
2 pH ®stE SAsiAT. &0 =42
ZA o2 752059 Ruu|Z o] Zustg ., BEulE Agus B
¥ Bk 72:23:582 FAste] 7| &7 gElpos BEAT A Fule
HE71E5 AHE3A
ko] WszE st Table 1-14%F o] ammonium
of e} s wEAT A&, B&ule]l £/4& Table 1-139 &7

A& vlE= buffer: acetonitirile: methanol 9]
s 2o

x7] &7

bl

. IEF buffer =0 WE F8 A

SRR

Table 1-13. AF9] &5+ To wE bufferd el pHW 3}

Buffer type pH Eluent A" pH Eluent B® pH
0.1% F.A° 2.82 3.12 3.16
50 mM A.A%“02%F.A 4.41 4.9 498
o0 mM A.A+0.1%F.A 4.92 5.95 559
50 mM AA 6.96 7.25 .28
50 mM A.A+0.1%TEA® 8.71 8.62 3.6

Eluent buffer:methanol:acetonitrile=

¢ formicacid;

d . .
,2ammoniurmnacetate;

A75:5:20,v/v/v% and °72:5:23v/v/v%

¢ triethylamine.
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Table 1-14. Buffer& 9] ¥ &Xol| w& pHWH 3}

Buffer type pH Eluent A"pH Eluent B"pH

10 mM A.A%0.05%F.A¢ 441 476 4.93
25 mM AA + 0.05% F.A 4.94 55 5.61
30 mM A.A+0.05%F.A 5.03 555 573

Eluent, buffer:methanol:acetonitrile= *75:5:20v/v/v% and °72:5:23v/v/v%

. . d . < 9.
¢ ammonium acetate; °,formicacid;

th A% 2 @
(1) pHell o}& W3}
H=3be 7187189 AL olgsel B 2= AEUL pHY Wit wet

A

Fig. 1-13. pH 3s}ol} m& ebx] 2 Alxd e HPLC &4 23

e Fang phe S0 1253 207308 58 T TT 1108 2308, 1240 200800y SR 7 49 83 ok, gy w2 8D § 1240 20000813 0 5 1 008 37 e, Jorey pH ALY B V6 SOO05. 00 B TE 2 80 o8, Jatg pi .52 N 1235 J0CR08. 70

proilesl e g PS03 11252 030214 2 TI 14 6% 2 red
e 4243 2030345 R 5 Y 43 4Ames

e jang P 2,62 1240 20030813 RF 109 3 med
e oy pEE A4 K I27% 20730892 ST F 253 Wancd

001058 Jang $61 4 82§ 1223 20030850 T I I8 15w d
2 e Ry pHE.OF 1221 20500890 2 FF § 25 29med
A0 TR0
3
1
7

1600.030 45 £ g Q | 3 o 8.7

. L I, J‘ FNEN M#Mr il

. 1 2 3
Rl Et % ., 79 o §.96
513 i* H ;; Lo " {x} j\}\ 10 1112 45
PUPVPUR HPL A SRR NP ¢ 1 L NSNS, ST WA 0 | - FaY LEAN [ P
5y, 9
4 iw

16099 & i 5 P 2w g s

W NPT 0 ¥ SRS UINDTIE U | NN AAL U & UYLV I VO WD 4 SO A WU TR
90 030+ ] 79 "

B 5w ws | e MR & -

2 1% 17 1 2z 2 4 i < f
FP \ . A L2 ARG ;\a AN /\_]‘L_Ji
4+5
5 3

a930- A SAsp w0 W g e

Y N ‘ L A A A A

200 0204 ; j | § . 7 0y 13
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Fig. 1-139] Z3#& Byl =2k 2 Axde] 589 pH 4813 H£3 pH
492% 7122 pH W] W& AEE9] Y-S vlaste] 29 =3 Axd
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Table 1-15. pH¥H 3}l W& F 2 AFZUE 9] retention timed] W3}

Components

] pH 282 pH 441 pH492 pH503 pH 696 pH 871
Capacity factor k'

platycoside E 4.85 4.58 4.47 4.10 4.63 4.02
platycodin Dj 10.23 9.86 9.84 9.23 10.05 9.14
platyconic acid A 25.25 20.54 17.50 15.60 16.09 1551
platycodin D» 20.84 19.37 18.05 16.12 16.45 16.02
platycodin D 21.40 20.11 20.48 19.13 21.10 18.95
polygalacin D2 22.60 21.69 21.02 19.65 21.69 19.48
polygalacin D 23.88 22.92 21.63 20.16 22.37 20.01
platycodin V 29.67 28.55 22.27 20.73 23.09 20.61
platycodin A 30.64 29.67 23.59 21.88 23.09 21.72
1ok o] 11709 Awg FAHoz 7Z+ztel Ao st k'(capacity factor)gh<
el et & 2 ol IHEE AAES 2A T 5 AU Fig. 1-14904 E&

z
=
o
N
N,
o
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N
1o
%
ML
il
o,
ne
ox
o
ot
=
lo
Al
e
tlo
N
—|—I
A
!
o
2
o
R
30
o
o
e

P

T

AATk. 53] aglycone] Fejol ulgt pHoll FFL =A W= AL Fasgich
platycodigening 7}X]1 Q1+ platycoside E, platycodin D3, platycodin DE -

polygalacic acidE aglycono.Z 7IX|3 Q& FIFEE B} k' gro] Hdoezm A

flo
N

S sk, A2 aglycon ¢! platycodigenic acidE JHA T &
platyconic acid A pHoll @&} k’'gtol ¢ 24 Wl AL 3 & 5 9t
Fig 1-14 o} 292 platyconic acid A7} pHol g&S wk:= o] fo gt /ds
902 EH3 720 FZ monoprotic acid type®] carboxylic acid ZH871& 7Fx 3
Qoo pHell w2 ZA9 W3l skl pHIF & A9 k'#tol Z7hstd}, pHY

Sobwl kigho] ZAst pHkel d@ kgtol wwldels: FHL ae: AL o

=
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Fig. 1-14. pHR3}o| w}2 F 2 AL I E 9 retention time?] ¥ 3}
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Deprotonation Protonation
Hydrophilic Hydrophobic

R1: -glucosyl, R2: xylosyl-rhamnosyl-arabinosyl-apiosyl

Zhzte) pHol we AEdEe] $499¢ AHuw, 449 pH 2820 N ALE

E9) k'gho]l AWrH oz Frtete dAe] UEWen, 53] platyconic acid AvY &
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Fig. 1-159} #ro] ammonium acetate?] =] w2 FES &dsie] B Al
ammonium acetate®] ¥ =o] wet pH %= @7 A3TS dAsant = 0.05%
formic acid® §%& ¥A38A i ammonium acetated FEE Z23FFT 10mM
duf 431, 25mM : 494, 30mM : 5039 & AU 23 o]EE ol&ste =
AP I EE APEE #lste]l B A3 99 g 2L AgRvEORE R
staick. 25mMe] A9+ pHgkel 50mM ammonium acetate+0.1%formic acid¢) pH
a3t wszslla B ARE FAFebA JEstth Zhzbe) wRe] wE ZFE AT
o] k'#<& Table 1-163 Zo] A st

Table 1-16. ammonium acetate X 3}eo] g ALZUES] olFE AL o] F8 3}

Components 10mM 25mM 30mM | Components 10mM 25mM 30mM
Capacityfactor(k’) (pH4.31) | (pH4.94) | (pH5.03) | Capacityfactor(k’) | (pH4.31) | (pH4.94) | (pH5.03)
platycoside E 4579 4.514 4.099 | polygalacin Dq 21725 | 21456 | 20.731
platycodin Dj; 9.871 9.766 9.228 | polygalacin D 22971 22.631 21.883
platyconic acid A | 19.409 16.807 15602 | platycodin V 28.555 28017 27.397
platycodin Dy 20105 | 19877 | 19.128 | platycodin A 20678 | 29198 | 28579
platycodin D 20573 20.386 19.655

Fig. 1-16. ammonium acetate’s = B 3lo] m} 2 AlxUEo] B EE A7 o)F
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Table 1-17. # = 24 Wi 2§ HPLC A9 9= si4 A3

No. Name of Saponin RT? MW  Peak Type
1 platycoside E 1530 1548 major
2 platycodin Dz 31.03 1386 major
3 platyconic acid A 5298 1238  major
4 platycodin D3 60.99 1386 major
5 platycodin D 6239 1224 major
6 polygalacin Dy 6566 1370 major
7 polygalacin D 69.09 1208 major
8 2'-o-acetylplatycodin D2 8576 1428  major
9 2"-o-acetylplatycodin D 8746 1266 major

10 deapioplatycoside E 1310 1416  major
11 unknown 5484 1280 major
12 3"~o-acetylplatycodin D» 6396 1428 major
13 3"-o-acetylplatycodin D 7391 1266  major
14  2"-o-acetylpolygalacin Do 89.16 1412 major
15 B-gentiobiosyl platycodigenin 10.68 828 miner
16 unknown 12.65 - miner
17 unknown 17.83 - miner
18 unknown 2071 1238  miner
19 unknown 2350 1280 miner
20 deapioplatyconic acid B lactone(new) 2616 1250 miner
21 deapioplatycodin D3 2738 1254  miner
22 platyconic acid B lactone (new) 2868 1382 miner
23 3"-o~acetylplatycodin Ds 3341 1428  miner
24 deapio-3"-o-acetylpolygalacin D3 3528 1296  miner
25 polygalacin D3 3838 1370 miner
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0 CH,
ORs
O
OH OR5; OR,

No Compounds Ry Ry Ry R4 Rs Ry M.W.
1 deapioplatycoside E CH:0H | Gle-Gle H H H H 1416
2 platycoside E CH:0OH { Gle-Gle H H H Api 1548
3 deapioplatycodin D3 CH-0OH Glc H H H H 1254
4 platycodin Ds CH>0OH Glc H H H Api 1386
5 platyconic acid A OOH H H H H Api 1238
6 deapioplatycodin D CH:OH H H H H H 1092
7 platycodin Dz CH>OH H Glc H H Api 1386
8 platycodin D CH:0OH H H H H Api 1224

2”-o0-acetylplatycodin D ’ » \ ,
9 (platycodin A) CH:OH H H Acetyl H Api 1266
3"-o-acetylplatycodin ' ) . or

10 (platycodin C) CH:OH H H H Acetyl Api 1266

11 | 2"-o-~acetylplatycodin D3 | CHOH Glc H Acetyl H Api 1428

12 | 3"-o-~acetylplatycodin D3 | CH-OH Glc H H Acetyl Api 1428

1g | 2 oracetylplatycodin Dy} oy g | gy Gle | Acetyl | H Api | 1428

(platycodin V)
3"-o~-acetylplatycodin D2 .
14 (platycodin VD) CH2:0OH H Glc H Acetyl Api 1428
15 polygalacin D CH3 H H H H Api 1208
2”~o~acetylpolygalacin D .
16 (polygalacin VI CH3 H H Acetyl H Api 1250
3"-o~acetylpolygalacin D . . o

17 (polygalacin IX) CH;3 H H H Acetyl Api 1250

18 polygalacin D3 CH3 Glc H H H Api 1370
19 | 2”-o-acetylpolygalacin Ds CH; Glc H Acetyl H Api 1412

20 | 3"-o-acetylpolygalacin Ds CHjs Glc H H Acetyl Api 1412

gy | deapi=2 ’Zi'r":‘cgiym"lyga]a CHs Gle H | Acetyl | H H | 129

22 polygalacin Dz CHs H Glc H H Api 1370

. 2"~o~acetylpolygalacin D, ' .

23 (polygalacin XI) CHj3 H Gle | Acetyl H Api 1412

3"-o-acetylpolygalacin D» : _ .
24 (polygalacin XII) CHz H Glc H Acetyl | Api 1412
95 | deapi=? ‘Zi‘f"gylmlygala CHs Gle H | Acetyl | H H | 129
)
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b Ao EakA o) QR 24

A3 E Table 1-18 % Table 1-19.¢) A& 3tAt)

%1 AT B S i‘ $:E 5
1 deapioplatycoside E 53028 30957 27906 18353 56913 37198 29052 23999
2 platycoside E 1634.81 20923 122297 87133 248438 173856 208694 84976
3 platycodin Dj 185.01 276.31 181.69 5417 21786 2862 30373 72.44
4 platyconic acid A ND/f 9.62 1.28 N.D. N.D. N.D. N.D. N.D.
5 AL 48302 82303 42326 44132 78316 91486 70463 462.8
6 platycodin Dy N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
7 platycodin D N.D. N.D. N.D. ND. N.D. N.D. N.D. N.D.
g mAAGE-2 26639 64364 24406 20637 48197 54783 58265 23871

9 polygalacin Dot
. 38442  1014.27 36782 371383  800.21 710.28 67877 42003
3"-o-acetylplatycodin D

10 polygalacin D 14909 27455 2184 16663  309.99 2625 36856 85.29
11 3"-o-acetylpolygalacin D 22919 49529 26034 24038 53648 53141 43136 24948
12 PAHE-3 1996 21377 33.85 ND. 135563 15854 190.13 1899
13 2"-o-acetylplatycodin D 25077 91046 2687 21944 58947 51086 46211 317.74
14 wA4E-4 7172 20815 159.92 1428 22564 21034 23382 93.69
total 418067 727095 366144 295981 71388 62434 633922 304893
total ALY mg/g 4.18 7.27 3.66 2.96 7.14 6.24 6.34 3.05
total ZAFEY % 0.42% 073%  037%  0.30% 0.71%  062% 063%  0.30%
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Table 1-18. 5~6¢¥ XY S AFZHE APxd gk A

e

7

A 31D

R & ARA o] old  AF-HC qF-w¢ 27

1 deapioplatycoside E 9027 27445 79581 29351 R8136 36557 8378

2 platycoside E 6108 225077 212812 171061 25986 218404 6504

3 platycodin D 2397 136 54633 11055 392 26476 87.99

4 platyconic acid A N.D. ND. N.D. N.D. 78.88 ND. N.D.

5 vA4E-1 15292 31565 9672 499.03 11073 84587 377

6 platycodin Dy ND. ND. ND. 115 7031 ND. ND.

7 platycodin D ND.  ND. 773 119 26246 2255 N.D.

8 mAAE-2 6677 31917 58762 35 15442 34187 61.17

9 g?lyo%ifg}‘j]p%;yc i D 14666 47281 98998 10854 246374 97521 47079

10 polygalacin D 2778 1931 39012 20767  5BI7T 33927 5091

11 3"-o-acetylpolygalacin D 5244 19447 53493 31962 7957 5628 20095

12 BRI E-3 ND. 9799 19175 879 25023 1962 ND.

13 2"-o-acetylplatycodin D 12766 34081 63918 74291 167418 66215 37068

14 DIAAQE-4 200 15957 30543 13825 4759 29727 99.92

total 132136 475479 67372 557994 1179927 690447 247699

total ALY mg/e 132 475 867 538 18 69 248

total ZAFEY % 013%  048%  087%  056% 1.18% 069%  025%
Table 1-19. 2~39 Aid EetxFEEF] ALEd &% 24 A3((])

. AdoAd Aaw W) A Ay ag A A7 A

e g A " A o £F #W 2Y a3 s oA

1 deapioplatycoside E B4 173 64 477 231 611 34 173 564 477 Wi

2 platycoside E 349 661 2338 2321 1828 5532 339 661 2338 231 1828

3 platycodin Dy 330 131 151 377 148 2%8 330 131 151 37 148

4 platyconic acid A 6 129 5 7 87 13 6 129 5 7 87

5 FAAR-1 A0 62 87 170 1575 1771 410 562 87 1710 1575

6 platycodin Dy 6 ND ND ND 20 46 6 ND ND N.D 20

7 platycodin D 00 6% 49 21 593 111 2 6% 49 201 593

8 WRAE-2 488 381 6 1409 1630 1730 488 381 8% 1409 1630

9 g?l{)%?jfg;lp?;&codm b 58 63 1279 2044 44 2862 538 634 1279 2044 3244

10 polygalacin D 306 633 736 1240 959 1703 306 633 76 1240 959

11 3"-o-acetylpolygalacin D 18 338 532 1038 879 1044 185 338 532 1038 89

12 WA E-3 N9 71 W3 445 545 %60 19 71 23 A5 545

13 2-o-acetylplatycodin D 139 147 407 1015 1179 1023 139 147 407 1015 1179

14 WA 454 ND 6 168 243 24 32 ND 65 168 243 264

total 6251 4560 215 127 13182 17636 6251 4560 215 13427 13182

total ZAFEY mg/g 625 45 822 1343 1318 1764 625 45 822 1343 13.18

total ZAFEY % 063 046 082 134 132 176 063 046 082 134 132
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Table 1-19. 2~39 it =epAFE 2o Axd &7 24 A7dAD
JR AR "8 JE 28 22 45 A8 A5 AE AE AE
e &% m3 Aot 9% AL Tl 9A 9% g oW AR
1 deapioplatycoside E 611 251 207 2711 206 241 266 736 818 262 338
2 platycoside E 5532 1231 1428 1510 1895 2033 1214 2366 3519 1800 1607
3 platycodin Ds %8 237 36 131 109 233 151 282 648 3 284
4 platyconic acid A 13 137 245 69 0 1 172 19 21 82
5 HAAE-] 1771 1245 1769 1443 602 651 1258 1204 2077 1301 1226
6 platycodin D % 15 77 ND ND ND 40 ND 101 ND ND
7 platycodin D 111 511 %4 313 24 177 819 670 1976 449 622
8 w4 -2 1730 894 1305 939 411 507 976 973 2364 755 749
9 g?}%%;‘cag;‘lp%gyc D 862 135 9511 1717 687 707 1659 2876 548 1976 2199
10 polygalacin D 1703 902 1288 1204 393 320 108 1119 1545 629 640
11 3"-o-acetylpolygalacin D 1044 632 1074 83 280 262 724 847 1065 766 645
12 WAARE-3 560 258 366 297 80 111 253 271 6718 208 150
13 2"-o-acetylplatycodin D 1023 336 736 538 194 176 466 910 1703 685 676
14 PARE-4 %2 152 259 274 ND ND 187 163 239 ND ND
total 17636 8186 12569 9589 4881 5434 9330 12626 22468 9209 9308
total ZALEY mg/g 1764 819 1257 959 488 543 933 1263 2247 921 931
total ZAFEY % 176 082 126 09 049 054 093 126 225 092 093
Table 1-19. 2~3€9 e =X FEE9 Alxd &3 +4 ZA30D
Jrpeps gAY BY B9 Ea ARl AR A A%
4% #H g¥ =4 4 ¢ ] AA

1 deapioplatycoside E 93 186 105 449 24 14 450 382 315 476
2 platycoside E 662 1774 &9 2676 1463 %8 1719 2533 2032 20%
3 platycodin Ds 162 150 137 26 210 123 268 201 111 169
4 platyconic acid A 143 11 48 231 78 89 97 37 N.D 22
5 w481 1038 1413 586 1661 83 507 1097 881 650 1141
6 platycodin D; 37 ND ND 46 4 ND ND ND ND ND
7 platycodin D 931 13 515 784 731 56 503 19 46 214
8 w2 873 94 477 1248 5 342 653 564 367 114

9 g,‘?l%g_ilg‘gg;’] pll);t*yco i D 1633 1443 750 2010 1222 645 1352 1096 848 1466
10 polygalacin D 1024 983 469 1034 59 320 82 541 554 693
11 3"-o-acetylpolygalacin D 634 800 292 1034 400 231 681 430 33 562
12 MARR-3 21 311 34 374 158 111 119 163 74 305
13 2"-o-acetylplatycodin D 459 481 121 631 327 ND 393 %2 220 416
14 wARE-4 158 184 5 216 31 ND 56 9 18 67
total 8074 8693 4458 12705 6755 3876 8280 7118 5%8 8767
total ZALEY mg/g 807 869 446 1271 676 388 828 712 521 8T
total ZAFEY % 081 08 045 127 068 039 08 071 033 0O
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), HIAEU RS Foq7(0T) F 8T o2 Yren Z 2 100y ez &Y
t}. FAE (blank)T, EAE (control)?*& FE
mle] §FeE Fos. deFoATE EHAFE
25 3] 20 mg/kg, 100 mg/kg 4, AFEUEEY
3] 2 mg/kg, 10 mg/kg A, HMAIFE AR E FoFe LX) HAIZJYEIDL u) 3
500 mg/kg ¥ FAstgon FFE(standard)TS tacrineS w3 10 mg/kgX

Fostaitt. Bt e 25 FHTN 59 AF g2 001 mle] §Fo= 1

4943 A Fojsid.
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USA)S st za7]e] F 7i9) ¥H15 x 15 x 22 cm) &2 FAEe] lew] whil
Wk Abol: guillotine door (4 x 35 cm)7F A5 2hto]2 Aetso] Qlck F ¢
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O Vehicle ’
250 & B3 Total Bx (20 mpke) _L o
71 Total Ex.(100 mgrke) L=
f@ Ssponm FeCrg®xy ¢+ L} -~
260 3 Saponin Fr{10 mpkp)
gﬁ Non saponin Fr.{500 mg'kp)
.
RO T I Tacrime(10 mgky)
o E50
@
“---]
166 ¢
50 ¢
H
!
H
i

HEthpnol — + -t 4+

Testing

Fig 2-1. Effects of extracts and fractions from Platycodon root on cognitive
performance in ethanol-treated mice. Values represent the mean = S.EM. of
nine to ten mice. * p<0.05 and ** p<0.01 when compared with the vehicle group
with ethanol administration in testing. # p<0.05 and ## p<0.01 when compared
with the respective learning latency.

EHAFEZEZRE Ao uigl 8 AHAS ALEW, platycoside E 2
platycodin D& Z}Zt Fog & ¥Hxo ANgds 53 ady A1 A FE2E F
o] 2] ZAtols Fo3(20 mgkg, 100 mg/kg)dll A#glo] s5F#H Alo v}

AAAG Aol weE PoERY oFe % Woz &AW At Az

ok
i

(latency)el 150% AE==Z dx2A1Y (contro) ] ¢l wiste of 3] F= F7}
stal o] olghE TR of7|®E QA|TT &Ato] AREE IEHIL JYFE & F
A ATt platycoside E ¥ platycodin D Fo 9] AHL-ol= &5FH Ao u]sld
71989 A" A9 latency7b 9FEF 32 mg/kg, 10 mg/kg)ol wef

Hog Frtstddch 53 &% (10 mg/kg)el platycoside ES Fo

© 7198 AgA AT latencyZt TS FoAskA ¥ TAFETY A9 H
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52 BolFon] ZEHOR TaiNFER JBg
e
T

2 F2E Iid ArEd 80

ZIste]lel Arg s 53] AFEY platycoside EE thE%E tacrine (Cognex)ol
HaZte 73 AA7 MAEass BAFRA)
250 5 (] water *
i O ethanol [
200 - @pD2
~ OPDIO : :
o~ " OPE2
= 150 QOPEI10
8 :
L ‘
< 100
—
50
0

Learn Testl Test2 Test3

Fig 2-2. Effect of Platycodin D and Platycoside E on ethanol treated Learning
impairment in mice. Each figures are medians using Wilcoxon Test and range of
7-9 mices. *p = 0.064 of the PE10 group in testl compared to ethanol group in
testl. **p<0.05 of the PD10 group in testZ2 and PE10 group in test3 compared to
ethanol group. It is explained that water group is mice which take only water
and ethanol group is mice which take water instead of drug but take ethanol
and another groups is mice which take drug and ethanol.

3l3#, Learning trial® latency® E. ¥, control 715 ¢l ethanol 2% 3 dlws] ¥
g 209 BRE JFAA ¥ld BEE RAT (T = 11-47%). 22 testl
(vFA2E Fo 24A17F F)e A PEL0 259 Fdgtol 13222 F71st ethanol L
T3 vlns) %e W@ F9HA ZAolE BRI (p=0.064). sHARF 2 9 PD2¢t
PD10, PE2 Z1H-& ethanol 153 HlSgh gFo]dvt (FUgk=25-40%). o]& PD
v A% 1F%E 5 ethanol XAk w20 7198 ZE ofste] &3}t §l
2%y, FEE 593 PES A9 &3t doe= RS guigg. a2y o 23E

Al kol AYEA ZEE 4 & AJdvh 24 G AA E A8 AP L
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ko] 7b7k 103, 38% 2 7Hadtel A Rojnel £zow BUHIUT

Table 2-1. Memory enhancing effect of 4 day administration of test materials
prepared from the extract of P.grandiflorumonethanol-inducedamnesiamice.

Pretreatment of test material EtOH step through latency period (STL)
test material dose(mg/kg bw) treatment training trial test trial

none - - 452 + 3.5 260.5 + 15.3
none - + 49.7 + 4.5 487 + 4.3
whole ex. 20 + 472 + 3.4 "150.4 £ 11.3
100 + 504 £ 7.5 '165.8 + 12.2

non saponin fr. 20 + 417 £ 54 525 +£ 64
100 + 443 + 3.0 62.4 + 5.7

saponin fr. 2 + 46.1 + 2.8 875 £ 74
10 + 40.7 + 4.3 '220.5 + 19.2

platycodin D 2 + 444 + 3.8 652 = 4.1
10 + 478 + 3.3 "130.9 + 12.8

platycoside E 2 + 46.6 £ 2.5 855 £ 7.3
10 + 437 + 5.0 "280.1 + 22.5

Tacrine 10 + 429 + 3.9 2105 + 18.6

# p < 0.05, compared with ethanol-treated group.

Each experimental group consisted of 10 male mice. Each test materials were
orally administered for 4 consecutive days before ethanol intoxication, and
memory enhancing effect was evaluated by prolonged step-through latency
period (STL : mean * SEM) in step through passive avoidance test after
induction of amnesia with ethanol.

2. Scopolamine 2 23 QX715 A3s A a5 A

7}o4g AR 2 Py

1) AEA=
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2) 2deE # 2YE
+ 2gdA = ICR mouse(F7, 4F)8 TYHIFTEZRE FYst o, A

1Y ARER AFEd st dF AR G4 A SAz H ATl mEl Gy
olste] A4t (normal), scopolaminel @ ARES FE3 2T (control), EekA)
FEE 02% % 05%, =84 saponin 0.02% 2 0.05%Z At Hrlslel Fo

et A HolE= AIN-96 diet £ oA ] ZASA o Hgaolgl && 2}

o] HAFNES 9 AFYe] @ WA AFL SAAY. AW 477

il

< passive avoidance test %

Morris water maze testE ©o]-&3te] 719= 3B AEE =AsgGT),

o
o
Jo
H1
o

=
o3t o] scopolaminel® Y

3) Scopolamineol] ¢]3F 7w Huk

1

LA FEE 2 AIEYS HUME Aol 4F3 ASE ICR mouse®
scopolamine(HBr, 1mg/kg, Lp., Sigma, US.A)E& EBFAlste] AWES §iA]7)
3l 30% Fo] Z}Z} passive avoidance test 2 water maze test A dES A A5t
scopolamineol] 9% ATFo] Fid TotA] FE2F Z Abxd] o 7198 3 &

235 BAAT

4) Passive avoidance test

Passive avoidance(256000-series, TSE-System, German)© "}-$29] o5& £
olete F4E ol&sty AR FAZA Y BARZ FEHY gon, O Aol
of & o AdH Uk AEFES WA ¥ 91s £ F FHR B

7hed), o] W & 23 03mAS AFE 523 Fo] o]l r|gEtA st} o)9 2
2 WO 2 test 3HF A 23] AFAIZ F, thS E testr] scopolamined FAF
(Img/kg body weight, i.p)st3x 308 & o] tiA] WA wfg-25 Fo] WS 3

o A2 Eojzt= ZAelE Al(step through latency) & =7 3l o},

5) Morris water maze test
ICR mouse® Morris water mazeoll A 19 23] wbEar&S o]E7 AA &SI
Morris water maze= &7 °] 110cm, ¥°]7F 0cm? +FEZHA, F20] 26~28T<

TRES 2BAE AL, 2 ol vhe-22F 23 e Aol 10emd] dEd
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FaFol ¢fF 2 HFAA platformol $¢e 2 HolA FE%
] m$-27F 180% ool =ZFeto A platforme. 2 22
2 sgion, 180% oWl platform< A Zt¥ vh§-2E platform
Z Qxzsle] ol& AAEA stATh 2 Fte AF F, testAl scopolamined FAL

(Img/kg body weight, i.p.)st 308 o o} HLe WHOZ water maze test

2
BN
ol
32
oo
—
e
[\v]
g
o)y
b

E A AEte] platforme.2 &7t 714 AeEle 91X (step through latency)

b g R grle A

scopolamine FA}3}9] passive avoidance test®} Morris water maze test

i
>,

Ak 485 E2 scopolamined FAFS A 2A17F ojujol] <A Y Wplow AL
Aok AFAT A PRI A ol ice bathe] 20&3F WA &
3000rpm, 4TColA 1087 LA E 2 (Refrigerated multi-purpose centrifuge union
55R, Hanil, Korea)ste] 3T A& EElsta, £2d A EXA7HA -7
0C deep freezerol B #stAor] AE A & 7152 ice cold saline§ el
ARG g AA=E 7|5 AAsted FAE AT F EXAAA 70T deep
freezero] B ¥} ),

) dA 3 Ho) acetylcholinesterase?] &4 =A

A3 9] acetylcholinesterase AL Elmantol 27 st =As gt a3
acetylcholinesterase &4 =42 3ml9 cuvetteo] 0.1M phosphate buffer(pH 8.0)
3.0ml&  7istar,  71&A &) 0.075M  acetylthioline iodide 208, 0.01M
dithiobisnitrobenzoic acid(DTNB)/phosphate buffer(pH 7.0) 25u0& z+z} 7}bsio] &

=% EHS ¥ol 412nmelA 5% FEFE WEE FASAT A9

i

acetylcholinesterase &4 =42 3ml9] cuvetteo] 0.1M phosphate buffer(pH 8.0)
29mle  rteta,  71AEA 0.075M  acetylthioline iodide 200, 0.01M
dithiobisnitrobenzoic acid(DTNB)/phosphate buffer(pH 7.0) 10042 z}zF 7}sbo]
2 EFT dHE Yol 412nmolA] 5% FFE W E SAIAT. AT =9

acetylcholinesterase 9 @42 & owid ) 1839 A= &390
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1lg% 10mle] 0.25M sucrose/0.5M EDTA
2 AHgstol

2ol

AL E

e &4
e 27
homogenizer2 *#8te] AL
FSA3A T Heo AN 20% acetic acid 1.5mlF} 8.1% SDS 0.2ml L
95Tl A 1412 7+ gk

7 el AR
de) A BAsE LA
bufferE 7}3le] Bl W s}

TBARSE
2]3l 0.8% TBA Al°F 15ml& FH7Hs
slo] A& A AE 532nmollA FZEE SAHA
ol gsla] AT Y WHF+EFAZ JElgQoen, z+ Fo
duncan’s multiple range test& A}-£3}5t}

de] g 4570 43

FE5 7he) Ao) A3 ol
STt

Q) EAEA
A A3} = SASE
ez g3
o Ay e
1) AF, Holds= L Hr]FA
scopolamine®] FAF @ =& A] FEET LebX 9 ALE
712t AT Wsle)] J&s mxA o, zk A
L= 937t gldth(Table 2-2) B3 A7) FAR Agzre] Wart gldot(Table
2-3)
Table 2-2. Body weight and food intake of fed experimental diet for 4weeks
Scopolamine inj.(Img.kg, i.p.)
Normal S : S :
Control  EX 029% EX 05% opomi  =aboriil
0.029% 0.05%
IBW(g)" 30.32+054%  30.71+0.48 30.44+0.43 30.42+0.39 30.34+0.45 30.71+0.43
FBW)(g)? 35.95+0.91™"  36.27+0.49 36.12+058 37.25+0.93 37.13+1.67 35.92+0.46
Food intake NS
4.27+0.10° 4231012 425%0.15 4.26+0.10 401006 4.21+0.06
(g/day)
DInitial body weight, 2)Final body weight, 3)NS: not significant
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Table 2-3. Organ tissue weights of fed experimental diet for 4weeks

Scopolamine inj.(1mg.kg, i.p.)

Normal Saponin Saponin
Control EX 0.2% EX 05
0.02% 0.05%
Liver(g) 1.54+0.12%" 1444005 153+0.06 1.44+0.04 145:0.04 1.390.06
Kidney(g) 0.56:0.05"  051+0.03 051%0.02 053+0.02 051+001  0.54+0.02
Spleen(g) 0.11:0.01™ 0124002 0.10£0.00 0.09+0.00 0.10£t0.01  0.10£0.01
Brain(g) 0.40+0.02° 039004 0.36+0.01 0.36+0.00 036001 0.3620.01

1)NS: not significant

slF &<k, passive avoidance testE E38to] F#H A7) t}d Y Scopolamine
FAF 302 F°l step through latency® A} A#E Fig 2-39 Jetuislch A%
= EEZ2 e At Norma)L o]FE Wow ojfdsd I 223%71 A
Z 1 (Control) 69%7} A7 A

HEol FES &3 scopolaminel 2 AWSE FEET TR FHE
0029677} Helg Folg ZFoME tzad Fo% 2ol7t vpehvA @Zgkon
EebA e FEE0.05%)H7F Holgs 9% aFdME A AT FEOLE X
o] =obAle] FEEL FEAEAQ WSS Vel Eebx o AFEY(0.02%)
T F7ME agdME BATH FoAAIE dEA R, gAstE Aeg B
Aol B3t Qe AoR b oy, Tebx e AFEU(0.05%)9] FE

b & AFAME 238 Azt astes Aoz veby).

F

- o N
o g Q
o O O
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Nor Con Ex02 Ex05 S$5a002 Sa005
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o O
R

Fig 2-3. Protective effect of extract and saponin(Platycodon grandiflorum) on the
scopolamine induced cognitive deficit in mice through passive avoidance
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3) Morris water maze test® %% 7198 A5 Hr}

Fig 2-49) A& scopolaminel® F5H 7A4Zo] vxle= <3S water maze
test& Eote]l A AAE gAY F, 4P F5ES water maze testE 53}
o 33] £AAZ] & scopolamine FAFEL AL 308 flat formE Zro} 27 x| 7=
grolzbe=dl dele MRS SAs A 2 A0A flat form7bx] E@eted 2 g
= AR AYSo] fFEHA ¥ v A, 25%7F AH o) scopolamine©l]

o) AGTo] FE T2 11927 28 FHA7A BEe Aol §9 s

Z7F=le] scopolamine®] &3] AW Fo] FEES &g 4 At =R F&
ES HME AolE T3 AFANME Uz vigte] AQAe] AutHER 7+
At 2 Alzke] folstAl st EEtR FEEY] TR 58 aFM &
¥ o #FAIFovt FoAE JdAHA Fvh mEkAe] ALEUE HUlEE A&

32
aFANAE AFEYY TRVl ¥e 15(Sa0.02%)0] =& 1E(Sa0.05%) B

ol
il
rok

)
B
fo
>
(L
L
i)
o
b
e
S,
lo
fu
i
o
xC

140 a
120 I
100 -

80

80 !
40 ¢ ¢

2 B
O [ [ SR PR

Nor Con Ex02 Ex05 Sa002 Sa005

i

step through latency {sec.)

Fig 2-4. Protective effect of extract and saponin(Platycodon grandiflorum) on the
scopolamine induced cognitive deficit in mice through water maze test

4) €33 ¥ ZA 9] acetylcholinesterase &4

Fig. 259 A9 FE2EFH Alxdoe]l &AH9  acetylcholinesterase
activity(AChE)2] &/dd vjzjE 438 YeEAT scopolamine 2 71998 &4
A7 gz EAAE AT vlste] FostA Fobsk k. EkA

o

229 Wt 2FdNe GaBAe dael vt Fasks AFL ngon,
22 FE7 2245 BABAC FatE R0 vEor), FEid B
AR folAe gt Aow uegt £ Axdel @rE FoAe &
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Fig 2-5. Effect of extract and saponin(Platycodon grandiflorum) on the serum
acetylcholinesterase activity in scopolamine treated mice
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Fig 2-6. Effect of extract and saponin(Platycodon grandiflorum) on the brain
acetylcholinesterase activity in scopolamine treated mice
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Fig 2-7. Effect of extract and saponin(Platycodon grandiflorum) on the brain
thiobarbituric acid reactive substances in scopolamine treated mice
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7take FAlCl ol A AFEAR dFE Zer AZdEAr ¥ zAdA
acetylcholine(ACh)2) %% 2)o] choline®]t} phosphatidylcholine®) 2.3 <23}
Z7k51 =9 ACh ¥ %7F 2718t cholined ANAMEE BASAZ T o2 <13
A HA acetylcholine esterase(AChE)e] &4 &t 2713511 cholined] A A4AEE
AH7N1AA g Edste AH 7| A EAstY 71983 Hyo
T2A AAVSS FFate Ao A Juk? g R s T AAME
o] AAAGEZD Az WstE dozl AR diAd ot FAH vt

AR A Fskew choline’d AZAZE 45 #olsts oz &8 Arh
S, w3l7F A8 E WA acetylcholine, dopamine, serotonin, GABA %2 4173 4
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o] A scopolamine & & AukZo] S EF t) 2 Lo A 9] g3 4o
acetylcholinesterase activity7} S7bste Aex2 el 28 53 & 4 AUk
g R 7 wE e HAL AYUETES ol& o iR A #E ol
o] &5l Qeov & Agd = Morris water maze test®} Passive avoidance test
2 o]g3A}. scopolaminel® HEH AR AT H 8] passive
avoidance testol Al Z:8.A)7be] ZFA8liL, water maze test® 718k Ao g el
Wt} Riekkinen %7 scopolamineg F oAl ¥ojabwl water maze$t passive
avoidance A FelA A o] TolA 3, b 592 shuttle boxol A 33 go] 27t
bl X E T Water maze test® scopolamineS.2 71%WZo] fFEH Uzl
vl ste] epRlo] FEEI AlxUo] HubE Fo o8] mexte] Hhde A
S Hon Passive avoidance test® tjz el wldte] L

of olsf AgAto]l Frlsle AFTS Btk E3AY FEELS HUlwky &

e By, T4 55 2 ZT4 A}EYo] passive avoidance testE E3F ¢330
2
H

A gt R Vg 2302 Bag v Qo scopolamine o 719 E &
FE TR dgxzad vEe TEtA e FEE % AlEdo] S 2 o Ee 3
A7l &38 Bt ol scopolamined HAlo] ¥ %A AlAA #&stE
FEYT nAY W, LepHe] FEE 9 ALEde] FY AAAC FHgste] r1eE

W, sk zEdze) Fobe ole zFol Alxe] YA MEA E:
dAbE FESWEH, 53 ABAEY ASE A, FF, G948 K297 we

A34g 74X 3 gl ARl 3ol lipid, B,
DNAS| atgo] H4el Aguc som ¥ Aolxe x4 s} ggo| 5

2
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tlo
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ol
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Zbate e g B3E vl ok B A Fo A E scopolaminel. @ 7198 £AS G
=3 dizmaddA AFE 3pitst g Srkd Aoz Jeygon mgixe F£E
SALEdS] HotR A d Hadst dgol gadts AoE yelyt old Ade
LR e d4 FEE0] HAEA t-butyl hydroperoxided] ©]&] 23 A3l
2E# 2o 3 free radicald AATo2HN T RIEHE ZEvE H Zo
B wexe] Y} Zv)e] §u) RIHE sl o FAFBYL pEvm
Rug A F0 ARz vRel Rex 22 P AT 2 P43 A
oj gk ALEHIAY Doaa A. 5] AFA scopolaminel 2 719 &AL

..84.-



fr=std e MDAZF F7bstal GSH7F #rastw MDA GSH &l vlxl= 9
g8 Eoto] Heo AEAQl 2EwAvF Skt HaE v ol

ol B A yeld Aie =X FE2E P AEU2 scopolamine L E

Fed 7198 725 2 79y &8 AlseE E9E 23 9oy o3 gy
TS8R FE55 9 AEUo] ZkE= acetylcholinesterase(AChE) €A &4 3 g4aks}

Aol 71k & 4 Qlvh 23 =] Fe g Adedd AbEdewt shE =

% (stroke)e H @A oo AF MPMol MEY o5 FAI A
o] o]z sAY AAH, ZAE Fog Do

FFEG L AFABT B 4N YoM Fo A Ulel shteltt. HEF
=

(HdEder TR 5 don, A HEFe Ay TUAdSt Ed T s

A NARARAGEAQ FFEv o] E(glutamate)®] vk Ao R QIgE M A A E L)
gajolz, vt stve dHe wd 2 ABF T vEA FEEHE 24 ALFT
(reactive oxygen species)2 2 13 F&A MAAEAbolT, FEA obv:ited &
FgrolE &A= 459 dB=-AolEH= o] Ad(ligand-gated ion channel)
Z A, Z&A o] we} N-w€-D-olx3 g o] E(N-methyl-D-aspartate, NMDA), a-
o} - —-4-o}o] A2-A}E- I 2 ¥ 22 a-amino-4-isoxazole-propinoic  acid, AMPA),
F}lolu) o] E(kainate) 522 FE % (Nakanishi, 1992), o1& F&Ao F=3F A

AAAZY &g 2g30, 53] gloldlolE F&A9 =3 232 &4

O

L

2% AAHE F335 7M. B, 8[-NMDA $&A¢ =3 84L& HE
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AlF 65 WA 75gel A T AU (Mongolian gerbil, Meriones

unguiculatus, Harlan, USA) 400}8l & oA TAIREE 9035 7A71# 2& 718l= A
At GebFr] stollA] X 23:2T, FUlFE 55£10%1A4 A3 243 B

e Afzol AAsA AT

3) ¥ Y A A EepR FEE AAEANE HS 5% A
FA E=A FE2ES FFTFN AN F AR Al Y 2 A 10
HE 8 {52 $ 2 %
(100 mg/kg AF) R HHAFAL(05 ng/kg AF)2 hro] Tt (Ad
). A7 ARE AL AaE

7 =3
I, FY3 Thae] 25% olaERFOR wHE {4
o)

>

Baxtor, USA)e. & #Hxlv}#H 3

—z—‘

=]
= T35 Z¥(aneurysm clip, Staelting, 7| =)< 9]
o HEES FAT T, FHE AAS ] ABFAZAL. o
u zZ} A% 7S 7k (ophthalmoscope)S ©]-§3te] =hetZ Al 9l(central artery of
retina)®] BN £33 {FFE F3ste] AT 25 T HAE FUsiAct. o
F A2 O 248 AAgste] Mg Ao, 484 1
=2 Abgste] ALe A A 37 + 03CTE LASA FHA AL
7 ART(ATFAL, BAFAT 2 tHFAD)S A E 49 F goA
& ZF(thiopental sodium, #+&%¢3d, &31)S 27 30 mg/kg AT &7
& W FASEe] e AR #1000 me 2 dlTk 1,000 TUE gadk 4T A

s FALR Folste] #F AAskAT. #F Aol Bd FEE vkR 4% 7
gGEELdsto| =8 FRste 4T 01 M AgF A (pH 74)o2 #F 2HSA
o @5 24 89 HE AST o5, AV edd nAQeR 6/ wd

FuAsA. FuAY HE 30% AR A4S FHEE 01 M JaskF A
A ARANZ F Ldlo]= wlolAZ E(sliding microtome, Reichert-Jung, S Y)o &2

#2& 30 ym FAEZ Zg} REJo] ol 69 TElolEd ¥o] AR Ad7bA|

7} z=21-dW FellA sivk(hippocampus) F97F F vet dE A S AEghd

001 M PBSZ 1084 33 Alzst 3 Al mgly Selolto] Z=wslo] 37T
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Fig. 19 B % Dol YE

t)xg 7} 2} (Axiocam, Carl Zeiss,

1 39 (AxioM1 microscope, Carl Zeiss, SY)o2 A

1

%]

H

Al
el

shel o

T2 H&(%)& Fig. 19] vebfdT

&
2 (one-way ANOVA test)o. 2

[e]

ox a5, 2AAY 9 YA 8ol
=

el Fd9S 4082, CA1 I49S 20002 o
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4) MAP-2, GFAP ¥ Iba-1] tj

B(Fluoro-Jade B, F-J B) 0.0001%% {4

2 Eoll WEl AT

~MAP-2(microtuble associated protein-2)

& 2ADE 111,000 2 3]
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2

A (Vector, 7l A E Yo} B AR FYste] TS whEe] tAE Fhvz}
(Axiocam, Carl Zeiss, 52)7} F-2t=o] Qle oAl 1 dv] A (Carl Zeiss, EL)
o7 &% A}E Fig. 29 F, G, H, I 2 Jol Vet =3 olnAZ &4&
g1st7] Ysted Bolu A E(astrocyte)®] FA A GFAP(glial fibrillay acidic
protein)ol] Wik £7] -GFAP &A|(Chemicon, 7yttt dlwl&et AA)E 1:10,000
o7 A AL AMEEa,  vAetmAEe ZAAS Iba-1(ionized
calcium-binding adapter molecule-1)ol W3t E7] 3-Iba-1 33)(Wako, & A}
7} 24 150002 A1gh RS o]&ste] Ay At AFr)9} 7o
e 5 #% A3E Fig. 2-11°] Yerd Ao

il
I

o
S v

5) Atol F R A AU 0] Z-2(COX-2)oll thEt 28 BEF B4
AA-AWF F 3AR, 124 2 244 Fo)), FA EkX FEEE gxFo
sutgl2 FAE AddTo CAl FYolA Alo| &2 8A A o] Z-2(COX-2)
T WtE os Zo] d2" EF 2Ad o8] #@AsAr. zH AL
Z #3lo] 28 wlo] H g o]E(Vibratome, Lecia, Wetzlar, 5Y)2. & 400 ym 57
2 ¥4 dd(cornal section)dti CAl 992 9348 ZA= Bt 20 ng9
ZF A e FalE B E(aliquot)E 150 mM Tris(pH 6.8), 3 mM DTT, 6%
03% BEEIHAE &5 2 30% SAEc] £Fd8 ¢4FHo ¥ 58 &<
#l ¥ 10% EFotadolutolm A oA AV FEsATE 1 F, A do o
2 WMEE YolERAER
East Hills, NY)2& &3vh 4 fd4& Hastslr] 98ke] 01% &9 208 &
3l PBSol &3l® 5% FA% 72ZF(non-fat dry milk)$} &7 45% Fob wik
gk & A 3-COX-2 338 H(goat anti-COX-2 antiserum, 1:1,000) 2 3 L At}

o
2
103

Lo
)
N

P>

A o} ¥ (nitrocellulose transfer membranes, Pall Crop,

Hedd -9 4 IgG(peroxidase conjugated anti-goat IgG, Sigma, St Louis, MO)
£ Hrbsta F7F wlgsta ulAlTr e 2 ECL 7] E(Pierce Chemical, Rockford, IL)
& AHgste] AW A4 AR dMAFES AEALEENE VFELRE vlola
2 BCA 93 J)E(Pierce Chemical, Rockford, USA)& o]|-&3lo] xzFslsiglict.
glvte]l CA1 @9olA COX-2 ©@de] wistE Al dig Aol v&z
Bl 2 ZTE T 50 ey
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Aadaols CV+ ABAEE] snt A dgex s A (Fig. 2-8.

, B). 9t gilzFd M E CA2 B CA3 9dA AT vx3t =] CV+ 2
Aot CAl FHolA & o]5c°] A9 #HAHA F3hvh(Fig. 2-8.

C, D). 3 dzT9 CAl d9oMe Al Hste] HEE 11.3%2 CV+ I
o= 78 (pyramidal neuron)e] #EHJT F 3 F &vl CAl JdA=
AA NAAEZALR Qlste] g Il o] AtdskA B8 & & Utk
Z+ Ay e svl CAl GHoiA 9] ger= wHo HEES Fig. 2-109 vebd

Fig 2-8 CV staining of the gerbil hippocampus in control (A and B) and
ischemia-operated (C and D) groups 4 days after ischemia/reperfusion.

e

SP; stratum pyramidale, SO; Stratum radiaturn, SR; stratum radiatum. Bar = 400 pm (A and C),
50 ym (B and D)

3, ¥ F CAl 49elA FA =84 FE2E9 AFAME HEig5 S

],
7] A3k, S1-AAF 49 F EFLZ-Alol= B(F-] B)E dA3ste] A AEe
J

_I {
e
ol

fl

F-J B+ AlAAMEZEC] CAl FYolA A Hzty
A kA H(Fig. 2-9. A), t+ 2] DAPI+ 3 = MAP-2+ A7t ##2=A(Fig.
2-9. F). 22iv dixTe] Z¢ A ABAEAR Qlste] CAl A ollA F-J B+
ANZBAELE] o #FEJ O (Fig. 2-9. B), MAP-2+ A+ AY #EHA &
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ekt ESE DAPI+ 3o §43% A F2 | = A X F(strautum pyrimidale)

A Ay TR FE2E AT FAFL CAlL 4N F-J B+ AZAEY ¢
b iz fAbetg oW (Fig. 2-9. C), 4259 MAP-2+ A$7 #F=HYx
DAPI+ && A9 #zE = Atth(Fig. 2-9. H). BAFATANE F-] B+ A4 A
Z7h O BAEAAD dizTel vt ti s ov(Fig. 2-9. D), F4a%
o] MAP-2+ A#7F #2531, DAPI+ & 79 o= &doh(Fig. 2-9. D.

T3 AFFATY BEAFATY CAL 99004 ggns e HEES 747
126% 2 158% 9 tHFig. 2-10). uwad A =gkx #
AR A Eex FEES AHHsA &2 dxed vlaste & ol e
ARt

oy dE 5T 29 CAl ¥99 degr= AEXFAA 259 F-J B+ 4l
AAEZ(Fig. 2-9. E), tb9 MAP-2+ A+ 2 DAPI+ o] 2= AvH(Fig. 2-9.
D. olul CAl 99 AEE 642%9] Hgv= FASo] w2 (Fig. 2-10).

60

40 t

Relulive number (%0) ol NoulN

positive nevrons vs. Control

)
o

Control Vehicle Oral CK P CK ICV CK

Fig. 2-10. Relative numeric analysis of survived CAl pyramidal neurons. In the
icv CK (0.5 ng/kg)-treated group, about 64% of pyramidal neurons are survived
4 days after I/R (n=7pergroup;

*P<0.05,significantlydifferentfromthecontrolgroup. Thebarsindicatethemeans+SEM.
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Fig 2-9. F-] B and MAP2 staining of
the CAl in control (A and F), vehicle-
(B and G), ol CK (400 mg/kg)- (C and
H), ip CK (100 mg/kg)- (D and I) and
icv CK (05 pg/kg)-treated (E and J)
groups 4 days after ischemia/reperfusion.
Bar=50um.

Fig 2-11. GFAP and Iba-1 immunohisto
chemistry in the CAl in control (A and
F), vehicle- (B and G), ol CK (400
mg/kg)- (C and H), ip CK (100 mg/kg)-
(D and D) and icv CK (0.5 ug/kg)-treated
(E and ]) groups 4 days after I/R.

Bar=50um.

b

A, GFAP+ ol AEE Ao A9 FH dHe Fx22 2 Fx5 UM

(Fig. 2-11. A). 22y dzTdAME GFAP+ ©Y whgAgo] o] FrhE o]
GFAP+ "ol Al 7} Asle w35 = A ¥ 2 (punctuated cytoplasm)e] He &
B AH(Fig. 2-11. B). A A7 T A7FAL 2 EZAFATLANE dxzoH
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TrAbe Al GFAP+ BolmA|ET}E Fo] 4 38t5 A5 (Fig. 2-11. C, D), Iba-1+ H] A
olmAE A ZAsHET AJTHFig. 2-11, H, . WHFAFAE grite

GFAP+ Mol M7} diz=T3 fASHA Fd AuE fA812 A} (Fig. 2-11.
E), Iba-1+ vAlelnAd 2= @ SAstd dHdE AT F A hFig. 2-11. ).

T 3AIZE FH-E] AlZbel wheka] Fobs)

AAR, AP F TN T A BAHA gk (Fig. 2-12).

J

olgel AR AA Eapx FZEo) Hsld F¥el YE Ay NAHEAZ <

Control 3h 12h 24N

~e—Vehicle ~u-CK

—

9
sham group

E :.g 100 fd/f W,,/é
E r— *

2 2 s

5

2z °

Control 3h 12h 24h

Time after ischemia/reperfusion

Fig. 2-12. Changes in COX-2 levels in the CAl homogenates.

oh. A"/ AR g sint CAIGde Edol EapAdA e ddAEd
AR E g

1) Cresyl violet staining(CV) 3} Fluoro-Jade B(F-J B) staining

SR s &4 sfut CAlGH e FAZn|=mESo] mAdA E2E GAALE
o] AABZadNE dd 2 dGEme/ke/day) e 10 5 53 543814, sd/A#
FE AAT 49 e 109 F AEY $5 FAste Wristdvh(Fig. 2-13, 2-156
and 2-16). = A3 FY/AAFE AAEHA] & AH4T(Sham group) CV' AlH
AFgol dnt d FFolx TuF #EFHJ 2 (Fig. 2-13 A and B) /A AH
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2 A AE =T (Vehicle group)oll A& CA2/393 Qo= AT FAFSHA el
o}, CAlG G E Ao #ARZR A-S(Fig. 2-13A, D and 2-15A, D ). =3k of
Z79 CAlG o Es AT Hlste] AEE 11.3%2 CA™ 2v|= rdo] o
92 (Fig2-15). & 38 5 dv} CAIG ol e AR AAAZALZ 18t
2 ger= wido]l AdES & 7 AATH

3 Deapioplatycoside E(DPE), Platycoside E(PE), Platyconic acid A(PA) A @
& CA199elA CViyrde] 7o Az @Fey, Platycodin D(PD),
2"-O-acetylpolygalacin D2(PD2) Azl E B& CV'wdoel #2=xt(Fig.
2-14). AZAAE Hgol digt XA F-] BE A8t AAQAE 8 FAHT 2
% F-J B wdo]l AdTelAE A9 uehA Sterk(Fig. 2-13C), tEwelA
= CA19 99 yene AMEZA FogH oz ZF7E tHFig. 2-13F and 2-16).
CAl19 9 Ul F-J B'%wde°] DPE, PE 21832 PA Agzoldes dizas #FAHSHI
el © 1K (Fig. 2-14C, F and D, PD, PD; AHel@elMe dd = CAlILY d=vi=
AZZqA A9 BE=A FAthFigs. 2-14L and O).

T~

=2

Fig. 2-13 CV and F-] B stainings of the gerbil hippocampus in sham (A-C)

and ischemia-operated (D-F) groups 4 days after ischemia/reperfusion.

SO; Stra)tum oriens, SR, stratum radiatum. Bar=400 ym (A and D), 50 um (B, C,
E and F).
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Fig. 2-14 CV and F-]J B stainings of the hippocampus in DPE- (A-C), PE-
(D-F), PA- (G-I), PD~ (J-L) and PD2- treated (M-O) ischemic groups 4 days
after ischemia/reperfusion.

SO; stratum oriens, SP, stratum pyramidale SR, stratum radiatum. Bar=400 pm
(A, D, G, Jand M), 50 um (B, C, E, F, H I, K, L N and 0).

B

Fig. 2-15 CV staining of the gerbil hippocampus in vehicle- (A and D), PD- (B
and E) and PD2-treated (C and F) ischemic groups 10 days after
ischemia/reperfusion. Abundant CV+ neurons are observed in the hippocampal
CAl region in the PD- and PD2-treated groups. SO; stratum oriens, SP,
stratum pyramidale SR, stratum radiatum. Bar=400 um (A-C), 50 ym (D-F).
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2) Reactive gliosisoll ™3+ 3k

Glial fibrillary acidic protein positive(GFAP') Holw A X = AAdwel 39 Fu4d
B tx& 2 BExro Jou(Fig. 2-17A) HxT9 Aol GFAP "4
o] FoAHoz Z M L(Fig. 2-17H) 43t & FHz Axdo] sad I
%A tHFig. 2-17B). DPE, PE Z18]3 PA AHelTojAl= 43t @ HoluAZ7F B3
© W (Fig. 2-17C-E), PD, PD; A& oM e FUAdee] doluwA st wol] 2=t

il
o#

(Fig. 2-17F and G). Ionized calcium-binding adapter molecule 1 positive(Iba-1")

TE AYTAME AR

m

b S PAFxAoc R WPPS WA o (Fig.
2-18A), W=7 A AG/ANTFH 49 F wAobAE L o] vgiaiF L Iba-1
Hdurge fojy oz Zr1e%S(Figs. 2-18B and H). DPE, PE 18] PA AT
oA maAlobMErL FAAEHUT, Iba-1 WINSE foHez  Frhetel S (Figs.
2-18C-E). PD, PD; HelwollA= Fadele] vlMopMErt wol AU Iba-l
HAWRSS AT FAFSHF tH(Figs. 2-18F, G and H).

®mCY OFI-B

=

&0

60 I

40

a

Nl

Sham  Vehicle DPE PE PA PD PD  PDZ PD2
4d 104 4d  10d

Relative No of CV and F-J B positive neurons

Fig. 2-16 Relative numeric analysis (No) of CV+ and F-J B+ CA1l pyramidal

neurons.
aP<0.05, significantly different from the sham group; bP<0.05, significantly

different fromthe vehicle-treated group). The bars indicate themeans+*SEM.
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p- 3 & H
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. ; s ah
R R EREEES
EX T SR N

H RO

poss

Fig. 2-17 GFAP immunohistochemistry in the CA1l region in sham (A), vehicle- (B),
DPE- (C), PE- (D), PA- (E), PD- (F) and PD2-treated (G) groups 4 days after
ischemia/reperfusion. Arrows indicate the activated astrocytes which have a punctuated
cytoplasm. SO; stratum oriens, SP, stratum pyramidale SR, stratum radiatum. Bar=200 u
m. H: Relative optical density (ROD) as % of GFAP immunoreactivity in the sham,
vehicle-, DPE-, PE-, PA-, PD- and PD2-treated groups. aP<0.05, significantly different
from the sham group; bP<0.05, significantly different from the vehicle-treated group).

The bars indicate the means+SD.

Aol 7% SOD1 HWHRES-2 CALY Y Fv= AEZoA T2 HHHA
(Fig. 2-19A). thxo2l A% dinte] CA19 9] 2359 SODI'AE7 2 = A th(Fig.
2-19B). DPE, PE 2]z PA A##¢ SODI ®utge Aol vls) dzgv=Zo)
A etA 725t e(Fig. 2-19C-E and H). PD, PD; Agdol e vlsinj=3o] A4t
T3} FAFSHA & (Fig. 2-19F-H).
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Fig. 2-18 - Iba-1 immunohistochemistry in the CAl region in sham (A),
vehicle- (B), DPE- (C), PE- (D), PA- (E), PD- (F) and PD2-treated (Q)
groups 4 days after ischemia/reperfusion. SO; stratum oriens, SP, stratum
pyramidale SR, stratum radiatum. Bar=200 um. H: Relative optical density (ROD)
as % of Iba-1 immunoreactivity in the sham, vehicle-, DPE-, PE-, PA~-, PD~-
and PD2-treated groupsaP<0.05, significantly different from the sham group;
bP<0.05, significantly different from the vehicle-treated group). The bars indicate
the means=3D.

FORPofCON-2 { toef V

H o stan o e

Fig. 2-19 - COX-2 immunohistochemistry in the CAl region in sham (A), vehicle- (B),
DPE- (C), PE- (D), PA- (E), PD- (F) and PD2-treated (G) groups 4 days after
ischemia/reperfusion. . SO; stratum oriens, SP, stratum pyramidale SR, stratum radiatum.
Bar=200 um. H: Relative optical density (ROD) as % of COX-2 immunoreactivity in the
sham, vehicle-, DPE-, PE-, PA-, PD- and PD2-treated groups. aP<0.05, significantly
different from the sham group; bP<0.05, significantly different from the vehicle-treated
group). The bars indicate the means+SD.
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4) Cyclooxygenase-2(COX-2) Hjntgof gt 3}

Aol A CA1FEoAM COX-2 AT A2l LARA Fgror) gz 24 2
& COX-2'A 7} A=A kFig. 2-20A and B). DPE, PE 182 PA gl A$
23 A B COX-2'AZ7E #atsElojm ony okzke] COX-2"A| o)A
BTzt DA AHFig. 2-20C-E). 2tk PD, PD: A TolAlE CAlDdeA A
AR A gkon, it 8] FoHez At (Fig. 2-20F-H).

Lo

~ SOD1. Vehicle

ST

#EuY e MO §

i T i
s b s
R ) g I
s
N
&
-t
4 # 2
i} w o L .
% . l l l
s B N0 DG BN e W
e s B m EA me

Fig. 2-20 - SOD! immunohistochemistry in the CAl region in sham (A), vehicle- (B),
DPE- (C), PE- (D), PA- (E), PD- (F) and PD2-treated (G) groups 4 days after
ischemia/reperfusion. SO; stratum oriens, SP, stratum pyramidale SR, stratum radiatum.
Bar=50 pm. H: Relative optical density (ROD) as % of SODI immunoreactivity in the
sham, vehicle-, DPE-, PE-, PA-, PD- and PDZ-treated groups (aP<0.05, significantly
different from the sham group; bP<0.05, significantly different from the vehicle-treated
group). The bars indicate the means+SD.

Al

5) Nnclear factor kappa B(NF-kB) < nkg-o] gt g3

ATl AS dlnte CAlFGolA NF-kB'AIXZ7F A xR 2gron} gz
79 A$ B NF-«kBAE7F 2AYANFig. 2-21A and B). DPE, PE 181
Helwe] A9 2T A B2 NF-«B'AlZ7E shaEl oy, PD, PD: A @] wof
A dinke]l CA1G oA 7tke] NF-kB Al E7F i ek Fig. 2-21C-G).
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Fig. 2-21 - NF-xB immunochistochemistry in the CAl in sham (A), vehicle- (B), DPE-
(C), PE- (D), PA- (E), PD- (F) and PD2-treated (G) groups 4 days after
ischemia/reperfusion.

SO; stratum oriens, SP, stratum pyramidale SR, stratum radiatum. Bar=200 um. H:
Relative optical density (ROD) as % of NF-kB immunoreactivity cells in the sham,
vehicle-, DPE-, PE-, PA-, PD- and PD3-treated groups (aP<0.05, significantly different
from the sham group, bP<0.05, significantly different from the vehicle-treated group).
The bars indicate the meanszSD.

degxem PD, PD2 A= Y &4ontH Ans 7dg Bustu 29

oF A ¥E(glial celDe] B4 AAA 7L, s1Q/A 7ol o] 48 svt CAld

o AFETE FAAHLR BT o) At EAFFENA 2T A
¢ 7

4o wRH o

>
b
o
i
(o

filo
fol
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el 2 AT E hERG(Human Ether a-go-go Related Gene) biding
assayE B3t TEbA] AlEUE AFelA o R AL AR5 gstnA AT
hERG K* channelg &3} stable cell line (CHO)<S Ol.%f?} receptor binding
assay Z183to] 7]Eo] & LR hERGH A A 3H-Astemizole, 3H-dofetilide,
355-MK-499 F¢] shu<l 3H-astemizoles ©]-§3Fe] hERG transfected membrane
of FAsluxt st FEIFH HAAH AFES SATLEHN 3E WF hERG

screening®l} ©]&% S & WHE o] &

o o o _®°,
© ©
@ ® ® ,
AT - (\é/ ® ['H]
o ‘ @® Test compound
hERG transfected membrane
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A8 A3} platycodin Do, platycodin D3, 3 platycoside E= ECs0©] 100uMeo} /g2

3l ECs7F e 3% 11uM Aoz Yeh =24 FE2E9 o] &4
platycodin D] ¥ako] f9] slojor & oz Alg®cl AAE platycodin DO &
2ol A8 g FIxax 9} 33k Zgxe ZAMEC sty = thE AAS5A

S 3kel & 4= W9l patch clamp WHoE AFE stz Qi

ol

Table 3-1. =8}#] A}2E ¢ hERG K+ Channel binding assay 2 3}

Sample 1.D. = vk ECs H] 31
platycodin D PH]Astemizolebinding 11uM
platycodin D2 “ >100uM
platycodin D3 “ >100uM

platycoside E : >100uM

(A;erlrtir;cl)le) ’ >-%onM

)
roh
rQ
-+

2. In vitro metabolic stability ©l|

=~

thAQEA A& o9& 9] (Clearance, Half-life, Oral bioavailability®} #& P
parameters o] Q&S vlA 4 9= Q2<lo 2 A Drug candidate?’} Aol & =g
¢ EHoR FEHT vk oFE OiAbY] Fa A7l R o3 oFE S Al Ak
£ in vitro A& F3t] A3t A2 RE liver microsome E+ hepatocyte &
metabolically active systemS A3t 2FE o A} b A S H7}ghe,

oFEfARES- 2] # A2 A Phase 13 Phase IZ Yo Xt} Phase 1 ®F-S
oFEo] Atg}, &4, Jt sl 55 Wokx FAVIE A FE microsome ¥
of EAste FEWAL E&Alel A o] FofxItt Phase II ¥H&

glucuronate, sulfate, glutathione 52 A REo] A3dst= Aoz F2 A

rlo

ot

E 3t

o
hu

rlo

H
)
2

A o] F-o] M glucuronidation ¥F-&-& microsome°l| A o] Fo] Rt}
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metabolic  stability 232 UTFY3$ metabolizing enzymeS X331 Y=
species-specific (mouse, rat, human) liver microsomes ©}-&3lo) NADPH®} wh<&
A F LC/MS/MSE A #3lo] oF& 9] stabilityE sehstct,

At Thsd EAE 98] flstedE H&E 60% ol e A 3gE
o] A o]} liver microsomal stabilityy 32wttt Z7d) weba @@ 4 )

A% Aol By NFL ofelsh 2t

- 3087+ Mg g AN % remaining 7o WE microsomal stability 7} %

> 90% @ Wk} 3x ot ez whg kA% HEHE

g
)
it
i
tu
e
a0

70~90% : WA 1~342 HER HA 3
50~709 1 W77k 30~60% AR vima Y e

30~50% @ w717k 16~30% HAEE vjuA EdAS IFE

309E] ¥k Whzk7IE 158 olshZ Robgste oAbl weldo R daE: HuE

platycodin Dz & A|9]3t s}drE2 Zivfola Rz Fo A <tAG Y ALY A4S
A e Ao oAix™  platycodin Ds & human liver microsomal stability

7 FA o, DAL SE7F ME AR o dEyrh

Table 3-2. Human liver microsomal stability (%6 Remaining during 30 min)

Compound % Remaining Half-life (min) ™
platycodin D > 99% (>300 min)
platycodin D2 > 99% (>300 min )
platycodin D3 369 + 125 (21.8 £ 8.2 min )
platycoside E 99% (>300 min)

>
© 30% % remaining &g °]&& wrtr] AlZHE YERY
3. Protein binding assay

7Fh S99 2 w20 uM)
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)
a

ol
.50

jpacel
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}od plasmaol] ©
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t}. Ultrafiltration }H-< o]&

—_—

0
o

o

;OH
w
=

!
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o

uze]

A

el
=

free form 2%

g

s 5
gelsto]  filter membranedl)

tol filter

o

=

44

NDF

FE-2] nonspecific

o gk

=
=

recovery

To-

o

o

=
pyl

o

platycodin D %

N1

platycodin D3¢l

91.7~93.3 %

1
L

platycodin D»

Table 3-3. Plasma protein binding rate and stability during 30 min in rat plasma
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4. CYP450 Screening assay

G ELIER S

Test compound®] CYPS &4 #A A HAZE SAHIgo=m FEzlel A

32AES dFE & Y& assayRA FEAVE CY3A4o] o&) Al @A, 2
el I AACANA k&l WAZAA aeiste &S AAFUG. 2w
CYP3A49] #-& % inhibitionstE= E#H}7F = 4E B9 o4& AE #E& F

St A, CYP3A4el 93 AoFEe] A4 oAbzt Mg oz s, A%FE9]
A5t =okA, o] A% AYE9 ol dF ¥EE 2 5z Yeyd
T QAL 5 EF wold JhEAdo] U EAE oleld Aitel A
AFEAY controld 4= gloki=dl 7lel CYP inhibition &7} & &8 of
o O AAEMe rdsttg: o el os) HAo] vEld + ] o
3 AR ARl AgE JlteAel Evhe YUk uebA CYPeF #d
" 245 ZEE A58 e oW isozymes FE At Al
AR7F 4 ZaddUrh 2% CYPEAEE CYP3A4(28%) CYP2C9(20%)
CYPLAZ2(12%) CYP2E1(6%) CYP2D6(4%) CYP2C19%©] st
CYP450 Screening assay<x metabolism and inhibition (of the predominant
human P450 1isozymes involved mn hepatic drug metabolism: CYP1A2,
CYP2C9, CYP2C19, CYP2D6 and CYP3A4)E H7lst7] & netE syt
CYP450 BACULOSOMES® A}J5+ human P450 isozyme and rabbit
" NADPH-P450 reductase® YWEI =, &% M EA F%3) microsomes$ Yt}
The Vivid® Substrates® A&l &° A& £84 FFEHLE FYstd, 53
CYP450 enzyme®l &3] WH3(HAHE Y} Figure 1. 83352 o] metabolite
& F¢3sto] Vivid® CYP450 Substrate®] WAl 2&& HAyst 144
Vivid® Substrates”} thAMEHE-S 98] F 719 potential sitesE 7]+ A
(Figure 1) 43t wh-go] dojue ZA(FF dirt &4l 9af A1z+3s) f)ell F
A 9.
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+ R1°+ R2’

.—’/m—"/Rz i

Blocked Dye ‘ Blocked Dye
(non-flucrescent) (highly fluorescent)

Figure 1. Schematic of the metabolism of the “blocked” dye substrate into a

fluorescent metabolite

Step 1 Step 2 Step 3
045 : read
Compound reghhivle Vivid® Substrate S

Systein Stgnal

‘ -
=
=

Figure 2. Three-step CYP450 screening protocol

A No Inhibition
(highly fluorescent)

Inhibition
(no flucrescent)

i
>
¢
v
o

AE A3} Table 3-4.9F #Zo] CYP 1A2, CYP 2C9, CYP 2C19, CYP 2D, CYP 3A4,
AA ZEtx] A}EY  platycodin-D2, platycodin-D3, platycoside-E, platycodin-DE-&

107°~10""Me) A} CYP  inhibitiong 3A] @& Aoz Almgrh,
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Table 3-4.

9% CYP 1AZ inhibition of compound

CYP Compounds 10°M | 10°M | 10'M | 10°M | 10°M | 10*°M
platycodin-D2 =0 =0 =0 =0 =() 11.19
platycodin-D3 =0 =0 =0 =0 =0 16.41

1A2 platycoside-E =( =0 =0 =0 =0 9.20
platycodin-D =( =0 =0 0.90 0.83 1.79

Inhibitor
(a=Naphthoflavone) 3.36 2412 48.78 95.54 96.96 97.40
platycodin-D2 =0 =() =0 =0 5.65 0.01
platycodin-D3 =0 =0 =0 8.89 14.40 29.81

209 platycoside-E =0 =( 5.16 3.77 1.99 19.40
platycodin-D 10.18 12.73 1453 11.49 24.67 15.60

Inhibitor 097 | 1494 | 3833 | 4477 | 8330 | 77.40

(Sulfaphenazole)
platycodin-D2 10°M | 10°M [10°M | 10°M | 10°M |10'M
platycodin-D3 =0 =( =() 0.02 1.34 26.64

9C19 platycoside-E =() =0 =0 =0 1.75 30.39
platycodin—D =0 =0 =0 0.52 5.56 31.24

Inhibitor . - _

(Ketoconazole)) =0 =0 0 343 353 18.47
platycodin-D2 10°M | 10*°™M [10"™™M | 10°M | 10°M |107'M
platycodin-D3 =0 =( =() =0 =( 22.71

oD6 platycoside-E =() =( =0 12.07 7.80 27.78
platycodin—-D =0 =( =0 =0 10.27 31.35

Inhibitor _ _ B '

(Quinidine) =0 ~=( =() 3.14 9.72 29.42
platycodin-D2 10°M | 10°™M [ 10™ | 10°M | 10°M |10™*M
platycodin-D3 0.62 455 153 6.44 5.45 25.71

3A4 platycoside-E =0 =0 =0 4.52 4.89 22.20
platycodin—D =0 =() =0 =0 971 37.77

Inhibitor ~0 | =0 | =0 | =0 ~0 | 1213

(Ketoconazole)
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5. In vivo pharmacokinetic ° 3+ AF

WinNonlin(Pharsight, USA)&  °o]&3%9 olglet &  noncompartmental

i
[
e
rok
k)

pharmacokinetic parameter

Pharmacokinetic parameter

Cmax maximum plasma concentration

TAL1/2 terminal half-life

AUCO-time areas under the plasma concentration—time curve

AUCO-00 a'reas under .the ‘plails.ma concentration—-time curve from
time zero to time infinity

CL total clearance from plasma

Vss steady—state volume of distribution

MRT mean residence time

. . . total amount excreted in urine as drug from time zero to
Ae in Urine time

last time
. . total amount recovered from entire gastrointestinal tract
A in GI time ) .
as drug from time zero to last time
B bioavailability, the ratio of AUC wvalues between p.o. and

Lv. (AUCp.o./ AUC iv ) x 100
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oA A3

1) Platycodin D(SA-286)ell W gt in vive Pharmacokinetics A3 2 3}
SA-2863tstES AW 10 mg/kg &%, AT 30mg/kg §FF Fo k& T
ZZ29%YL Table 3-4% Fig. 3-13 2t} SA-2869 7% AwWFo] F 24x7 7}
A1l AUCO-24h#t2 1144 fom F3Azk7tx]e] AUCO-oo ol 4 gte  150.4(1V)
(mg « hr/mL) °]51, BFFo]2] A% 827k 747 2] AUCO-8hzt-2 1.290 0] F-3hA)
t7kA) ol AUCO-co o A 3h-2 1.40]1W, SA-2863815 52 A9 9 ALE
7

o 5 244
A9 = A2 Ao A 0.14%, ATNA 0.02% FEolAer AF Fol A

ok
o

B DFHL 1.1% FELR 2FFo] 9T MFa itk

53] SA-2862] Tiee 17A17Folu AA| 2 ¥-3)5 o] .platycodigenin(SA-(SQS):@é

B2 @l 24A12F Tol & 53%7F EAlEHE Ao Ueyt ojE dow A

Table 3-4. Pharmacokinetic parameters after an iv and oral administration (10

mg/kg, 30 mg/kg) in SD male rats (n=3)

Parameters SA-286(1V) | SA-286(PO) | SA-695(1V) | SA-695(PO)
Tmax(hr) - 23 15 - -
Crmax(mg/mL) - 03 £ 02 - -
The(hr) 126 + 94 17 £ 14 - -
AUCo-gn(mg-hr/mL) 1144 = 75 1.2 + 08 - -
AUCp-» (mg-hr/mL) 1504 + 29.6 14 £ 10 - -
CL (L/kg/hr) 0.07 = 0.01 - - -
Vss (L/kg) 1.0 £ 0.2 - - -
MRT (hr) 158 £ 69 38 £ 09 - -
Ae in Urine g(%ofdose) | 0.14 = 0.03 | 0.02 = 0.03
A in GI 2m(%ofdose) - 187 + 5.0 53.0 + 181
Faumr(26) 1.1
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-&-|V 10 mpk

100 -8 - PO 30 mpk
E
B 10 -,
= ...
© “@ecccncccannann Y
c
<} 1
(&
£ 0
5 01 ﬁ,
(_5 .
& T

0.01< T y

0 10 20
Time (hr)

Fig. 3-1 Plasma concentration-time plots after an iv(@) and oral(lD)
administration (10 mg/kg, 30 mg/kg) in SD male rats(n=3).
Drug preparation (10~30 mg/kg dose; 2 ml/kg volume) : 10 mg of drug /2
ml in PEG400:Saline:DMSO = 40:55:5 (26)

2) Platycoside E(SA-285)9l th3} in vivo Pharmacokinetics A3 2 2}

SA-285% IVFe & wE £23 424 (T1/2=0.25h) 5 ™, 87%7}F Urineo2 w4
o] SA-285¢ ZAFHF o F Tmax:E 13470l 3, Urinel& wldE &= vl &o]
4%mu)gto 2 [V %o Axlel g IS Bow, 37%7F SA-695(platycodigenin)
2 Qasel Fpy EASE Foz Vet s SA-285% IV, PORo] &

T SA-6959] FF =& LOD (Limit of detection)olste] 53] w & EAsA

100 -~ .V, (10 mg/kg)

-8~ P.0.(30mg/kg)
10

0.1

Plasma concentration (ug/ml)

w4
I

1]
0 1 2

Time (h)

Figure 3-2 . Plasma concentration-time plots after an iv and oral administration
in SD male rats (n=3/group)
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Table 3-5. Pharmacokinetic parameters after an iv and oral administration

Parameters SA-285 (IV) | SA-285(PO) | SA-695(IV) | SA-695(PO)
Trmax(hr) - 1.3 + 058
Crmax(mg/mL) - 109 + 11.2
Thie(hr) 0.25 + 0.126 055 + 0.13
AUCy - 2an(mg-hr/mL 2005 + 44.2 156 = 11.2
AUCy » (mg-hr/mL) 211.6 £ 427 15.8 + 16.3
CL (L/kg/hr) 485 = 8.85 -
Vss (L/kg) 16.4 = 11 -
MRT (hr) 032 + 0.18 1.37 £ 0.19
f}i%’gfg;rs 87 + 41.2 39 + 291 0.7+ 0.18 1+ 0.89
A in GI 2an(%60fdose) 0.1 £ 01 373 + 0.39
F (%) 2.48
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