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< SUMMARY >

| EACES D-02

Development of functional foods for memory—-enhancing from butterbur leaf derived KP-1

by standardization and identification of constituents

Purpose& 1) Standardization of KP-1
Contents 2) Detection of active principle and identification of marker compound
3) Establishment of method for determination of marker compound
4) The development of prototype KP-1
License(1), commercialization(1), patent application(1), manpower training(5), completion
of R&D project
1) Standardization of KP-1
* Decision of dosage form, formula and Establishment of manufacture process
- 500 mg capsule form containing 200 mg of KP-1
» Establishment of manufacture method for scale—up
- Scale—up was performed by measuring changes in the content of marker
compound of each batch of KP-1
» Completion of the entire process
- Completion of stable process for Material and reaction conditions used
in process step
» Establishment of manufacture method
- Establishment of manufacturing method by measuring the content of
maker compound when constructing mass production system
» A standard and the method setting
- Completion of full validation using Fukinolic acid(marker compound)
2) Detection of active principle and identification of marker compound
» Separation and extraction of active principle
Results - Separation of fukinolic acid to 97.37 % purit
paration of fukinolic acid to 97. b purity
» Establishment of separation process and analysis of active principle
- Issuance of CoA for Fukinolic acid and patent application for
the entire process
3) Establishment of method for determination of marker compound
* Development of the method to identify the active principle
- Development completion of the method for content of fukinolic acid
« Identification of active principle
- Identification of Fukinolic acid using NMR analysis
e The standard and the method setting
- Completion of setting the standard and the method through full validation
« LC/MS/MS condition setting
- Completion of Fukinolic acid analysis method and set analyzer
condition up
* Determination of Fukinolic acid purity using gNMR
— Determination of high purity, 97.37 %
* Method validation conducted in accordance with ICH and FDA Guidelines
- After validation with an approved method, the method was provided to the
Ministry of Food and Drug Safety
4) The development of prototype KP-1
* OEM Production in KGMP certificate holder
-Production of prototype KP-1, 500 mg capsule form containing 200 mg of KP-1
-Using for clinical trial(Kyung Hee Hniversity Medical Center)
Expected 1 Progres.s of license for in.dividually—approved functional food
. . 2) Expanding contract of major customer and export
Contribution 3) Increase of profit from farmhouse
. Alzheimer's . Prevention of .
Keywords Memory—-enhancing . Functional food . Hippocampus
disease dementia
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F=ug S (2008)" M g5+ 1118 = DSM-IV 26 88 6.3 75.7 18.9 5.4
2=+ S (20033 =4 gE+ 1230 MMSE-K  DSM-II-R 2.7 10.0 8.0 - - -
M=3l S (2003 #=H 65+ 1217 PAS—K DSM-IIFR 83 7.1 6.8 61.7 35.3 3.0
DR S (2003) RIZE 65+ 590 MMSE-K - 29 163 124 - - -
oIS £ (2002)° Mg 65+ 953 MMSE-KC DSM-IV 45 104 8.2 65.4 24.7 9.9
Mgl = (2002)" TE g5+ 1598  MMSE-K  DSM-IV - - 1.6 536 18.6 27.8
248 S (2002)' =x 65+ 1015 MMSE-K - - = 1.5 - - =
2sSH S (1999)"¢ Y 65+ 946 K-MMSE  DSM-IV 7.5 159 13.0 308 37.5 22.5
=Zo = (1998) H=H  B5+ 1674 MMSE-K  DSM-IIFR 8.8 8.9 0.5 47.4 26.3 22.7
SAHAMSATE (1997) H= 65+ 27884  MMSE-K = - - = 8.3 = = =
@Es S (1994)%" = g5+ 766 MMSE-K  DSM-lI-R 7.2 145 108 60.0 12.0 38.0
*3ingle phase design — HdEZAME Aol £ CERAD-K EIIEE 0|20 HE2IDI AL MY E IHLHTE.
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5T ABSE A =19 = MEA Frlste] # 20dv X =l 7} 2
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tholoto] 2 AY FEnEZYI (7.0 x

<0013>

At d- 3

0/10— 2/8 — 4/6 — 6/4 — 8/2 — 10/0),

44.8 cm, Acetone/H,0

2/8), gfolaz=y] AdazalE T

2olEa#H (4.6 X 56.2 em, Acetone/Hy0

2/8)8 AR oR ANgor

(4.9 % 45.0 cm, Acetone/H)0

<0014>

<0015>

<0016>

S

=

Wy
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e}

=
=

2] HPLC ZEnE 2= A
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(@]
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<0019>

<0020>

<0021>

<0022>

<0023>

<0024>

<0025>

e 224 B d9s no 7AFJLez A9 A Ae2M, 2 339 874

of wet B wHe] WH7E ol Aalddl o3 AdEA devge AL T dAd

=,
off
o
19,
>
>,
o
N
S,
>

1 24 A oM Al Ao,

¢

tfololo]l & (Diaion HP-20), )39~ (Sephadex LH-20; Amersham Pharmacia
Biotech) 2 #}o]|a 2= & (LiChroprep RP-18; Merck, 40-63 m)S ZHAIZrfE 1
g AlE-sFgTh.  TLC 42 Silica gel 60 glass plates (Merck), Silica gel

60 RP 18 Fosseglassplates(Merck)E ©]-8389 0™, 20% (v/v) HsSOuAl 2 (Aldrich)dl

92 F 10T 1087 AN AT 2he] A48 WE K780 FRG F A

4319k, NMR 232> JEOL 500 MHz NMR spectrometer 2 881900, slshal o]

E7k(chemical shifts)S ZE NMR €M1} TMSE 7|&20.8 =359 0.

28 A8
B AFRE W9 A(Petasites japonicus)S =L A7NElY BF 2=

(244 11
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<0026>

<0027>

<0028>

«0029>

<0030>

<0031>

W9 9 FESEEP-DY A=z 2 BE £

4 W4ol BL Artste 4A]17F B2 100T oA F20 9 #2222 24 2
ZAA 2 AFEF250 @)= FESATHHY 4 di¥] 26%). 2 o9&, 399 ¥

g =9 d F2F T2 AxFd 70% AHEE Friste] 24 AlzE FF AR A

$2AAY. BEed 2do Holdt 430E AAsn 9 9 FEEU Fo}

(7.0 % 44.8 cm, Acetone/H,0=0/10— 2/8 — 4/6 — 6/4 — 8/2 — 10/0)E 2

At 15719l EHE(F1-F15)E EZ89c. o T EEE F6(6.9 g)d dstd
Aod ~ Ada2etE 73 (4.5 X 56.2 cm, Acetone/H,0=2/8)E AAlsle] 971 ¢
AR HE(F6-1-F6-9) 2 UFU. 2FFE F6-5(1.7 ¢)& elas=yg Zyas

plE 2T (4.9 X 45.0 cm, Acetone/H,0=2/8)% AAlte] o132 1(510 mg)L =

sk,

[A 4 2]

NR 23S 53 8#dE 19 7= 9

52 12 NR(Varian 500 MHz)& 538 &FE 19 735 IUSAHE
¥

F7] =¥ 2 (Fukinolic acid)- Brownish yellow powder;
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<0032>

<0033

<0034

<(035>

<0036

<0037>

<0038

<0030

1H—I\H\I[R(BOO]\I[HZ,DgO)6 2.84/2.83 (2H, d, J = 14.0 Hz, H-3), 3.36 (1H, s,

H-2), 6.22 (1H, d, J= 16.0, H-2" " ), 6.62 (1H, dd, J= 8.0, 2.0 Hz, H-6" ),
6.72 (1H, d, = 8.0 Hz, H-5" ), 6.74 (1H, d, J= 1.5 Hz, H-2" ), 6.77 (1H,
d, /=8.0Hz, H5 ' " ), 6.93 (1H, dd, 7= 8.5, 1.5 Hz, H-6" " " ), 7.01

(1H, d, J=2.0Hz, H=2" " 7 ), 7.53 (1M, d, J=16.0, =3 " );

PCNNR(125MHz . D,0) § 40.3 (C-4), 79.3 (C-2), 80.4 (C-3), 114.1 (-2’

"), 15.0 (¢-2" 7 7 ), 115.7 (G5 ), 116.0 (C-5" ' 7 ), 118.2 (C-2' ),
122.7 (C-6" " ' ), 122.8 (C-6" ), 126.9 (C-1" ' ' ), 129.1 (C-1' ), 142.5 (C-
4" ), 143.2 (G3 ), 14.1 (C-3 ' " ), 146.4 (G8 ' ), 147.0 (C+4'''),

168.9 (C-1" " ), 174.0 (C-1), 177.3 (C-H).

[3%E 1]
HOOC (@)
HO OH
HOY o =
COOH
HO OH
[-2A)4 3]
HPLC 29
EEEFE bmge AYstA gol 2ol AL ZEtE30 SRTE B Lad
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F )
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[5 i 15
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0 &0 o
35 5 5
B 5 =
17 6 5

< 1>
AFHET (ug/mi)x A EHEFH(mL)
xr 1 - - :_}'Z"-_Z-EE -EI—J:—HFJ‘
F71& 3t Fukinolic acid)(mg/g) = — ; =
. A 2 3 (me)
> 2 2, = 20 et e o] HApea)7t 1T AEHE Ao B

tot
r‘O
]
r

o, B&Zo] #i5A FL A= Frlzgie] £5aA Fd AL
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<0044>
<0045> [ 4]
<0046> aR 23

<0047> F7 st £5E Zasly] 98t MR(Varian NMR system 500MHz,

VnmrJ 2.2 for acquisition, mNova 9.0 for processing) A&2 4339, L

A7, 23 2 E 49 yrhd akeh Zo] £E(97.37T%) B FrEELE £52

<0048>
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[= 1]

Z%:(D>0)001 A4 2] F7| 524K Fukinolic acid)2] TH-NMR A= E &

s __d_uﬁ—-i__affr-___f ___,fJFEK;JF_E __,Jr/_-i

=4

;

i} ES €1 & 54 [
AAN LLRL AR

& T(D=0)01 A 2] F7]=H LHFukinolic acid)2] *C-NMR 2= E

16-13
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[= 2]

[= 3]

712 2Fukinolic acid)2] HPLC 3 2 0}& 774

"

T —— T,

& (D20)0 A 2] 3F7]=2 2 Fukinolic acid)<] gNMR A= E
F71== MHFukinolic acid)(3.4 mg) +DMS0:(1.1mg)

EM_Fananala, DeAS02 020 2977030
IM_Fainale_DMSDZ_D2O_291 0850

100

%0

Il ,h,J.IJI | .

1h-14
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[= 4]

gNMR_Combine 3 selected peaks

FAEYHH
{FukinaBe acid)

x Ty ¥ Int, < MW, < mg

2] .

Comtentfdi] = e x Inde x MW ocm, *Pe

omso; | Fokinglie | Srvimetre | gHNMR | o L
(mg) acid (mg) Molar Molar %)
g (mg Ratio Ratio
11 34 14923 0.6540 | 97.37T%

15-15

Area |integration)

Asea {integration)
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A FeEed 128 AgA/ A2 | 02-965-0122/02-966-0122
A4 B oE ool A Ee 4499291
TANAE A7 715238 2A
SEEREe EEEE—
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3. TEa719718%) A2xe] BE F471%0: T0HAE(HE AT7HA Fod 7|

49 2% 80HAE)

Y

-
o=
%
o f

7]

ofd 7 &

2849

A 71l FAFE FA 2] 71l O8] 7lew FHe B J1Eolde Bt v ol

JANE AZ T

21, *}Cﬂx}

FEF AHE 1R
2271992

< FHY F YT HF 1 &

20173 038 17¢

AN719¢l dE :

FRATA VG A

_50_




J1EE 7re AIRA

(29 : %)
493 | 3wbh AEiiee |aTaaus| 116044-1
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LA AEEy| 4 S AJSE Jaw
Zro caoTums = ‘f’r o H oo &
o= A 14% 33 gpogg | 2017123
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o d+2s
D MF A+2=
P 98 %3}

O AY 2A, AANE L Azwy G4
- 200 mge] KP-1o] g€ 500 mg <& A3

Z2] 8.

- R Y A FEE

- A WA e
- %% 500 mg/A &
- R AAEA 89 ne Oed 2L a3 A2 Fol dend

- AR 1 139, 13 17s A4

T A=+ A & H] S (%) & (mg)
T 4% He Y FEEY 50.00 200.00
3 48.00 192.00
R o=l o] 2k 3}t 4 1.0 4.0
ZH ot vt E 1.0 4.0
3 Al 100.00 400.0
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@ A =ZH Scale-up 2 Al
- KP-19] =z wjxd

UPLC Chromatogram ( ZF 8% & 42 Hst

AR 5 W8t A2 Scale-up

pedBEEAEBEERERE

Bubb

il

R

UPLC condition

Solvent B = 0.1% formic acid in water

Solvent A = Acetonitrile

Mobile phase
Time {min) A (%) B (%)

0 o 95
20 60 60
24 60 60
25 5 85
30 o 95

Column :

Column oven ; 40°C
Wave length : 254nm
Ionization module : ESI
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1X} MS data

o &
3
;
e § 53 -
] L
. Ao AL .
& t34 &l T - L no =3 ITE i
——
:fi 3': -4
Inten. (100,000} 4 glnten. (x,000,000)
£n 281.0925(1) 1 o
5 269.028{ (1) 204
i 4780536(2) 563.0885(1) 6] 543,0934(1}
2 93 205qo0s :
2070289 | J, 368.0013 550.0347 (1) ] 690031 i
Wi mai ccnichits PR : v im—rt—
280 5 miz 200 300 400 500 miz
Inten. (x100,000) Inten. (1,000,000}
7.5 442 2basi1) 20 B6(1) 457.1565(1)
5.0 ]
5] 1810473 3731827 1.0
s ] 3550745
] ‘ | b i | | 5071123 ] i
0.0 e T 0.0 ——— B T
200 300 400 500 miz 300 400 500 miz
Inten. (1,000,000} Inten. (x1,000,000)
1 %6 14531 3 433.0027(1)
20 207
i W30% wd 1700 e
T 435.0857(1) 1 20pn2e0 g
0.0 — : {ng ul 0.0 .I|| | |
200 300 400 mz =0 500 750 miz
Irken. DADONG) Inten. (1,000,000}
] 41111079 468 pST ] g
204 50 BT B0}
1 816 4553408 ]
1.0 427 (744 *-93;0“ 25]
3 £33.0817 1
] 48405 1
i ] :I ] | | ] 389.1083(1)
0.0 ] )
a0 450 00 mz R T A TN JT" i r—
3875 W00 mz
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2X}F MS data

§ 3o T I

WERTE TS

W%
i E 1 IE =3 T
Y 1 = =
Inten. (x100,000) Inten. (x1,000,000)
307 ogglhan 478.0504(2) 309 o7 0fe()
204
25 2450473 ]
09 436.j395(2) 7. R I L :
E'Dm | asreses | ] 3690115
b SRR 0.0 . .
300 200 500 200 3 400
Inten. {x100,000)
] Inten. (x1,000,000)
2.0+ 447 ] 1
] ] 5(1)
] 1.0 o 457.1550(1)
25 ]
#11.1588 0.5
o] R 13 ||.. ] 3'59-lf'T2¢ | 468.1821(1)
300 400 mz 0.0 - —r——
200 300 400 m'z
Inten. (100,000)
& = - Inten. (1,000,000}
" | 3661604 ] .
- 457.0596 207 33071}
25 ]
1.0
£50 ET1.1IiI3¢(2'a ]
1 SR ] s4fpsoe 8E8.1364(1)
500 750 m T T T
£ 500 750 000 mz
i o) Inten_ (31,000,000}
159 231 377 453 pans ]
17 21154 119006 | 1 BTATIH)
LE 25}
u:_: 433.100% ]
ar I | ‘ 21771 ] 1} 1080(1)
0.0 —L L i . . L
=0 =00 miz 380.0 850 390.0 miz
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3X} MS data

P S0
AT ST

K
FTEE ]

E

[CIERAE

I —
Iz e =
Inten. (1,000,000} Inten. (x10.000,000}
] 295.0993(1) 10 | Srrasany
1 436,0402(2) ]
10 163057 e
] 260.0274(1) & .
. I I h s s ] E.ﬁz_naifﬁm_:
0.0 = T ot T 0.0 —T T | TR T
250 =00 300 400 =00 m'z
Inten. 0,000,000
: : Inten. (10,000,000}
_ 1.0 255 8877(1)
i 188495 1179.0327(1)
35,0587 05
a3 1644 1
00 - __Pg £ 4 ] L I|.I . 45_1?5[1:;
200 300 400 iy T T T .
200 300 400 m'z
Inten. (10,000,000} Inten. (1,000,000}
1u—: 6 1TT(1) 20 43307381
0.5-] 1.0 2710492
1 1630381 r,/) as?.'lT:m;
0.0- T T . .
200 300 500 750 mi'z
Inten. (100,000} Inten. (1,000,000}
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] 93,1985 25
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@ A A= 44
- IAGAE ALHe 2 @ whgxxe] A AR S
Yield of samples by using various treatments. (Sample 4 = | ¢ FZE KP-1)
) Treatment
Sample # Yield (%) : - :
Extraction Separation method Separation
Butanol - eluted
Sample 1 0.3 Ethanol Separatory Funnel fraction
Precipitation in ethanol
Sample 2 5.4 Water at -25°C Supernatant
Sample 3 6.2 Water Precipitation in ethanol Supernatant
at room temperature
Sample 4 12.7 Water Pioipliaiton i giis] Sediment
at room temperature
Sample 5 79.1 Water Hp-20  resin column Water- eluted fraction
Sample 6 18.3 Water Hp-20  resin column Ethanol- eluted fraction
KPIZ FZ 19 AZSWoE NATAor] ATIERE TN 7T 77i BIZ 27
*He o FESKP-1) FH SEE
2= - I SZ3x =% TH

O 6

FZ A
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@ Azx+ g4
- WAL AA 5 Al AR E 3

M
ot

X B L2l Fukinolic acid 2| 5=

Ao 25 P, TR IR IV R P W SPIATL bt L

g

<= SAsk AxeH Y

200ppm |.... ¥4 \\
s
:
f
Be F T - - T . T - T - T T —
P o S o ws Supelco (sum)
B e T # T T Sl AT S T T
it Flow rate
! 100ppm S \ oamlm
\ ‘Wavelength
tfm:\ 330nm
MP
%--r A HO
(FA=0.1%)
s o B: ACN
% - (FA=01%)
. 0 B i . = w o wn - = o Condition
- E P T R e e B%  S5(0-10min)
oy 50 . y 5-15(10-15min)
PPM > 15-20(15-20min)
e [ 20-25(20-25min)
- | s 25-40(25-30min)
i 40-95(30-35min)
1= 95(35-45min)
‘ 95-5(45-47min)
5(47-53min)
o c!n“ - = - - = -
o " i P " u
s oy
25ppm
fos
i
L.
b N ik \
——
= = ) 5y = =e e b «is s -y o
LT are =
Fukinolic acid calibration curve
a Ty 5000000
Fukinolic acid
4000000
S=(ppm) i
200 100 50 25 o
Area Fooo000
Pr— <71501.976x - 205304330
expeﬁmental 4082401 6667 1674606.4167 TI9486 6667 346630.8333 RE = 0904
0 50 100 130 200 250
concentration (ppm)
KP-1 5mg/ml
ik i deo; IS, R (71S0010EES @ WISTT 2IER PM. Matod! KPIAT) hec S WS Supelco (Spmj
z: Flow rate
wo 0.8 ml/m
W0, Wavelength
e 330 nm
3moq 0 MP
: s A HO
i 200 {FA=0.1%)
951w B: ACN
@i | (FA=01%)
%o «n | i | Condition’
2 8 |1 B%  5(0-10min}
" vﬁ_.J W L_—'—f\—»-‘"—i#*' e Y 5-15(10-15min)
s . . . . : : - - - : 15-26(15-20min)
7} 50 w0 50 ot 56 0o =0 w0 sa E w0 20-25(20-25min)
s 25-40(25-30min)
U Soarw! ) 15 0ave2 40-95(30-35min)
95{35-45min
PN:1 - 2479276.6667 | FA 32 : % 2.58% R
5(47-53min)
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R o5
dg B

EA A E KP-12.2 A Z 33, A, A|l7|EE
23} HolHE &R

A 2k A5

B
o o0

&t

|Chmmatng[am

Abzorbance [mAL

200 5

Rl

-0l

ﬂ 20170004 #5

KP-1 & & K] 1

UV_VIS_1 WVL:330 nm

1-&

sl

27T

2 - fukinolic god - 27,092

0.0

.
Time [min]

MNo.

S5T Results

|Nam&

Inj.Condition

|Peak

Tesi Result

Injection

Humber of executed test cases:

n.a.

Total Result:

Passed

[Chromatogram

Ahsorbance [mAL]

80.04
0.0

0.0

-10.0!

T 20170823 #2

KP-1

T _IE_1 W,

A -2 nme

1. fidkicalic amd - 28 073

2 - 28 642

0.0

20.0

30.0
Tirme [min]

400

Integration Results

Mo

Peak Name

Retention Time
min

Area
mAL min

Height
mAalLl

Relative Area
%

Relative Height
%

Amount
ppm

1
2

fukinolic acid

28073
28642

4024
0.008

36.288
0222

rick-
.12

05.20
0.81

18.3582
n.a.

Total:

4.930

26.508

100.00

100.00
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[Chromatogram

| E [T A
120 4 20170828 #3 KF-1 TR WIE_1 Wl 50 m
T 1 - fukiralic acid - 28 043
204
=
T 60
e
C
m
=
E 40
<L
20 12 - 28,845
04 it : —
-20- T T T T T T
oo 0.0 20.0 300 400 500 5340
Time [min]
Integration Results
Mo. Paak Mame Retention Time Arsa Height Relative Area Relative Height Amount
min mAU min mAal % % ppm
1 fukinolic acid 28.043 12284 B4.772 2882 88.33 38.1548
2 28.845 0146 1.808 1.18 1.87 n.a.
Total: 12.441 96.380 100.00 100.00
[Chromatogram
B0 'ﬂ 20170820 #4 Imanually integrated, 1 peak(s) manually assigned] 1A WIE 1 WA 330 nme
a1 - fukiralic acid - 28.023
5004
400
=)
T 3004
8
B
b=
E 200
<L
100
o W
-100- T T T T T T T T T T T T T T T T T T T L)
oo 0.0 20.0 30.0 40.0 50.0 53.0
Tirme [min]
Integration Results
Mo, Peak Mame Retention Time Areg Height Relative Area Relative Height Amount
min mAL" min mall % % ppm
1 fukinolic acid 28.023 B2.552 521.808 97.57 98.05 173.1542
2 28380 0.223 2703 0.35 0.50 n.a.
3 28.633 1.337 18.769 2.08 3.48 n.a.
Total: 64.112 543.081 100.00 100.00




D #E FHED B @ By
© KP-19] §EHE 9 3% 7154 A

— KP-19] %98 AZAE Bzayt 2l A3} 80%°1d e avyrh &4

150
=5
£ 2 1004
—
=l =
=3
>
= .= 50 -
SR
01—
- 1 10 100 300
KP-1 (ug/ml)

APB+s 35 plaque 10pM

— KP-19 §aAE g8 93] DIAION HP-200.% 2 & AAR T g7 &

150+
o
—
;E.E1.DD-_'_ panae,
-_:l-i—'l LLEaRET
= = =
= 3
o
%‘iﬁu E 3 3 5
— -
49
0-1

- - KEP1 F1 F2 F3 F4 F3 Fs FB

100 pg'ml

APsess plaque 5 uM
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9 f10 f11

k&

'3

_..
HHHHHHHHHHH o

150+

T
(=
7]

100 g™

(JoJjuo2 jo o)
Aligela (8o

AP M

Diose 30 pgz'ml

TH

— KP—-1F4f9, KP—1F4f11A 7}%

3,5—di—O—caffeoylquinic acid
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4 5—di—0O-—caffeoylquinic acid

3,4—di—O—caffeoylquinic acid

OH
HO - ~ OH
© O
HO o 2
o OH on
OH

6,7 —dihydroxy—4—(3,4—dihydroxyphenyl) naphthalene—2—carboxylic acid

OH

[ OH
nY®
HO Q

OH
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H
S

@ A:®AQE<S Fukinolic acide] ¢HAHA B|~E A& =

e fukinolic acid®] ¢HEA AIE - HAHAG A AHE (FREF F+87I1HEA)

Observed  conc. (ng/mL)

Con
Te C. 0 1 3 5 7 2 3 4 2 3
mp. | (mg/ da| da| dal| da| da e| We| we| mo | mo| mo| mo mont | age
mL) 0 [ B B Vevk ek | ek | nth| nth| nth| nth| h

I
W
N

Aver Accuracy
SD (%)

g
37 !
T
- Fukinolic acid (Z&%)
* SD:3% &% xHStandard Deviation)
> 24 wuit ImgH FHal A £A
- KP-1(91 &5, v thA)
Observed conc. (pg/mL)

Te fg;‘gi s s 123423 a]5]6]Ave SDA;CC;I
mp. mL) | da da da da we | we | we | mo | mo | mo | mo | mo age (%)
y|cay | day 1 day | ok | ek | ek | nth | nth | nth | nth | nth

4cC 5

- 24 & wvit} 5mgy FHIA 4
-> Fukinolic acid¢} KP-1& 3 cycleZ #4
-> HPLC3lH (7] &l 49" =7) st g1(9Y 3#)

- 253 AAs : n=3
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5 97.371%%= &8

o
Mo
rO
=
7.
=
o,
=5
[ab)
Q.
o
i
i

Fukinolic acid e e
HODC (%]
WJ\ H E"'_n:."wz--‘\o"ru-a :‘\r'.'n\'| Cyptalyy ’:'\r’.n\'SE-i.'a.'rl
W EH0H0es ﬂ X
Peak selection - e e
Property W pRoaier
g = g
ST JEyEs e e b

L

&0 ) a0

B 3
I A | /I |
#z EHEE2ERZY 5§ g iEE E BdEg
sl Erdddddda 44 - = AdnnA
Arrrnnce: Tacunies Rinied wal , Tross s Aaic 303 i, cimicagic saids &, B wnd © from Omicfugn dimpiio: WOSMEY, D, Fhorr, Gl 1953, 85, 353385

MATERIALS PARAMETER

* Machine and Program < Proton NMR

- Varian NMR systems 500 MHz, * Relaxation delay (D1):60s
Vnmrl 2.2 (for acquisition) » Acquisition time: 2.049 sec

- mNova 9.0 for data processing + Receiver gain: Automatic

* Calibrant and and target analyte + Number of scan(NS): 64

- Calibrant: DMS0,(99.73%) * Observe Pulse: 45°

- Target analyte: Fukinolic acid * Spin: No spin

- Solvent: D,0 * Temperature: 20°C

* D,0 was selected as NMR solvent
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AF_Fuckolc DHSE] D00 JBL7500
Ab_Fukipobc_DHEST_ 02020 2550

gNMR

3 Sample: 3.4 mg Fukinolic acid
+ 1.1 mg DMS0,

R0

b T

B

ES00

Bt

5500

1500

300

150

1| rh.l|11| | l

T T T T T ' T

15 1 a5 an 55 50

gqNMR Selectpeak5.43 ppm

DSy 334

3 Sample: 3.4 mgFu

TOE1238

i d%l_n,_-xm:,xMH’:Xm,_-xP
i T g Intex MWexm, €

a5

[ s
F i i 2]

ot

HMMNAR
DRSO, Fukinolic | Gravimetric anrar Purity
[mg} acid {mg} | Molar Ratio Ratio {38}
: e 3.4 1.45929 D:6528 | 57.19%

Bren [integration)
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gNMR Selectpeak 6.52 ppm

DnESDy 234 TOS1sIE
i d%l_u,_-xfﬂelxﬂ!wtb-Cm,_-xP
i Tngxintc MWexm, €
DMS0, | Fukinolic | Gravimetric ‘*:1:::‘ ity %)
{mzg} acid{mg} | Molar Ratio I
13 3.4 1.4929 D.6529 o7.21%

gqNMR Selectpeak 7.73 ppm

oot

3 sample: 5.:!11 mg Fukinalic acid + 1.1 mg DME0;

Pree (integration)

o

O sample: 5.:? mig Fukinalic acid + 1.1 mg DME0,

Caiizrant pase | | L

SR, a4 TE1sIE
o d%l_ﬂ,_-xfﬂﬂ:xﬂﬂfl-’:xni,_-xp
i T g Intex MWexm, 0 C
DMSO, | Fukinolic | Gravimetric E‘F:::r“ Pk il
id Molar Rati
{mg) acid {mg) olar Ratio ok
1:3 3.4 1.4375 0.6563 97.71%
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qNMR_Combine 3 selected peaks

oo I = N
[ppm}

343 TROLET7

= 7 532 TT05.35
Fuitinolic acd

v - Fras0s

DnE0y 314 TE1EIE

e o Inty < MWy < m
Contentis] = — = z L

1y % Intox MW < m, Xl
DMS0, | Fukinofic G“;:JT;“ q:;::f Purity
{mg) acid [mg) A i {56}
11 34 14929 | 0.6540 |97.37%
Bres (integration)
Result
Fukinolic acid
Pty )
543 9719
6.52 o721
.73 9771
Combine 3 selected peaks. 97.37%

EEEE

Calinrant pesk
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g 34 g9 9 {8 SEHE 24

- A& A<l Fukinolic acide] A&A &5 2 A FAHAE E5&4
! &F
L i . Lr::u
Certificateof Analysis
FRODUCT M&ME  Fuckinolk acd 2 HEFI RS
LZT HUKMEER o7l
REFZRT HUREER K& BZHO 101 rre &
SAMFLE HURMBER  NA&BCHDI HO._ - ‘b-,eﬁ‘:{hg'p“cfﬂxf’“mfﬁ"
DATECFSSMALE 0171372017 ._H:r (s i
DATEOF REPORT 003 20/ 2017 WO ) " om
CHERMKAL K& KES | 2R, 35 F -1 3, 4-dibrp drcoey phearry proet bl -2~ EF2H 2, 4-dibrpd nooey pheerrg
prop- 2=y Doory=2- epdraepbutaresdioic ac id
CHEMEAL FORMULA CIOHIET1
FMOLECULAR'WELGHTIRRA: 434353
FUFLEHED MELTING FZINT HA
CHERIECAL FARILY Posky phez ol
A5 HNUMERER | S0 2403
EINECS M5
RTECS [
UHI CILLE DN 330
AHALYTH. AL RESULTS

T NET B0 ESNILT

Furiiy qHRE NAE

HFLC &na kyiica leonditioni page 2 conkrme

KR W riani 500 R HD Conkarme bo struciune

A P ra ree [EY Light bnoes nporsider
n [ LT
TE - ErSELETy | VW L e -\.'l Ca= - (10 DBAITEXD
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p iy g
« | MO LT LIV
1 e
ANALYTICAL COMDMTION
IMET RU MERT HFLE : GlEon2 21 pump, Gikon 130 UWYE debschor
"H-MMR ""-HIKMR: Sarian 300 MHT
qQHKE : Yaria n MR sy sieme 300 MH Ynmd 22
COLUKKN YRAC-Triart ©181 Somy, 1304, 46 1 130rmm}
WSEILE FHASE
T irre= g Al = R
u] 23 15
1] 70 £
35 u} i [nn]
50 [} 10
COLUMHTERF. I5°C
FLCW RATE 1.0 mL min
IR ECT B2 W3l 10 e
IR ECT B2 SO b 1 mg mL Inwaier
DETECT EZ:H

220 nim

HFLC CHROMATOCRAM OF FUCKINOLIC ACID

= LT

W L e e txz - DREATD

Hage I ol
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| [E

TH-NME SPECTRUM OF FUSINGLICK ACID IN D0

S s I g
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i
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irF
i
P
]
i
i
=1

13 NME SPECTRUM OF FURINOLIC ACID IN DD

.:_' i S = oo HED :: oo 1oL mr mE =L - - .'I'.I'. X '\:I:
Fak- AN A A f
HE E ERNG® CHGC-RAER = %
Sz s S pemmeees e ’
-
s L
- LA | L = | K R Nrrs
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NatureBio

H-FT =t m et

gNMRE SFECTRUM OF FUKINCGLIC ACID TN DD
Fuidnalic 300 (3.4 g+ DMS0LILL mg)

T T T e T
s DR L AL

SEE
ey
el

sl

L bbby | ] | [ IL.Ih

MNatureBio
TEL T O LT I PR 'r_'I:d:-:r-:r-cI e - 02 OLOLID

gk ai of £
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(th A FAE &2 AEH g
O FEZE &2 AdH A
- Fukinolic acid g5 2 &0 Al 7Y &5
b EEgYe] Az
w#2d o 5mge AWaA Dol 25ml ALTH2A0] RS Yol &3 F A4
PEE 34ste] EEEYOR AT
W AFgHe] A=
1A A8E A-3] g & 100mL AEZeh=3d Y=
QA EFHTFE YS T 307 5o 229 FE3)
JHA: @€ Wl 3 3, FFTE EA7A 2E=20h
497 0.45um PTFE ®H Q] WE2 ofzste] A@gaos i),
@ 7171+ =1
Instrument HPLC
Detector uv (DAD)
wavelength 330nm
Column Supelco C18 (5um, 4.6*250mm)
A: 0.1% Formic acid in DW
B: 0.1% Formic acid in Acetonitrile
AZHE) AEH(%) B-& (%)
0 95 5
10 95 5
15 85 15
Mobile Phase 20 80 20
25 75 25
30 60 40
35 95
45 95
47 95 5
53 95 5
Flow rate 0.8mL/min
Injection volume 10u@
Run Time 53min
Column temperature  25°C
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@ A4t

O
M
H
>
ot
1%
£
4>

Fukinolic acid AEMESE(ug/mL) x A|HEXMB(mL) x BEE

(mg/9) Al E X% 2 (mg)

@ FaAE gal
- Fukinolic acid® NMR AH|E o] &3+ A

ol

_T_IL

A

#Fukinolic acid (3+8% 1) - Brownish yellow powder; 'H-NMR (500 MHz, D;O) o=
2.84/2.88 (2H, d, J = 14.0 Hz, H-3), 3.36 (I1H, s, H-2), 6.22 (IH, d, J = 16.0,
H-2" '), 6.62 (1H, dd, J = 8.0, 2.0 Hz, H-6" ), 6.72 (1H, d, J = 8.0 Hz, H-5" ),
6.74 (1H, d, /= 1.5 Hz, H-2" ), 6.77 (1H, d, J = 8.0 Hz, H-5" * * ), 6.93 (I1H, dd,
J =285, 15Hz, H-6" * * ), 7.01 H, d, /= 2.0 Hz, H-2" * '), 7.53 (IH, d, J =
16.0, H-3* * ); BC-NMR (125 MHz, D,O) £=40.3 (C-4), 79.3 (C-2), 80.4 (C-3),
114.1 (C-2" * ), 115.0 (C-2* * * ), 115.7 (C-5" ), 116.0 (C-5" * * ), 118.2 (C-2" ),
122.7 (C-6" > * ), 122.8 (C-6" ), 126.9 (C-1> * * ), 129.1 (C-1" ), 1425 (C-4" ),
1432 (C-3’), 144.1 (C-3° ' *), 1464 (C-3° ’), 1470 (C-4’ * ’), 168.9
(C-1° *), 174.0 (C-D, 177.3 (C-5)

HO™ ™Y 2 OH
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® 71& 3 A 24

- Full validation®. 2 7] 2 A= AA o8
HEIYFES=KP-1)Q| 7|s/X|5HEE

NELEZE

7

ol .

H = 2017'4 8¥ 16¢

FHRFAZASNED
2y ¥FSHEATY

KHSA

463-400 ZF7|= AHutA| BT CiYE w2 700 A 2|0HHIO|ut3 B-101

(Tel.) 031-628-2400/ (Fax) 02-628-0400~1
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Fukinolic acid A|&%

FHI
_|
_t
rir
E
n_

9 19r-9- ch @%P
A

(Linearity), A2 (Accuracy),

SlYUEEB(KP-1) B =
| a EK‘IOl OI|:|. HA‘I!:HOl %Eg%

A M (Precision), A|=22|

Fukinolic acid &l

x—lf;HKl_l

Z| M 4d(Sample Linearity) £2|

ZHZ(method validation)

gtHo 2 Ko|slo Bi|, Maksle 2M Y
A=817| QallA E0|M(Specificity), =M

52 =

?9

=

<Q0k>
e Bty EE:E
£0|4 HPLC EAMA| ZHZ=A|ZE| o Fukinolic acid AZEA|ZH
(Specificity) (Retention time2 2 ZAE) : 282010 peak HE
L = (o] ] ~
BEg 67l s 3HE o 9F 6.653125~249.6ug/mL
XM A e gol R?=0.999 o4t
= O
(Linearity)
Az 67l =& 3= o SH5E9| 50~200%0 A &2l
A =0l o R*=0.999
- Ho
oy W =z2 mEems M 0 66.188~112.021ug/mL HH M
- C 3|48 : 100.27~10243%
(Accuracy) t510] 38 HE 2158
== RSD : 0.11~1.07%
447t 20| A|HAZ} 2&
g4 of 7[7|2 uvtgxied, 9| o g Ha 27.2869mg/g,
(Precision) 7t 7|7|17t, A|EARZE A2 | SD 042, RSD 1.53%
o "t
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TS

Fukinolic acid

{KP-1)

CAS Number :
Molecular formula :
Molecular weight

50982-40-6
CaoH1:011
434353 g/moal

A4 HFEH
o

2)

E Ho

{

7h. 3|
HPLC System

Analytical Column

=
BT R R e i)

Agilent 1260 Infinity, USA

G1311B 1260 Quat Pump, G13298 1260 ALS
G1316A 1260 TCC,

G1315D 1260 DAD

Shimadzu 20A Series, Shimadzu, JAPAN
DGU-20A5R Degassing unit

LC-20AD0 Prominence Liguid chromatograph,
SIL-20AC Prominence Auto sampler,
CBM-20A Communications bus module,
SPD-M20A Prominence Diode array detector,
CTO-20A Prominence Column oven

Supelco C18 (250mm x 4.6mm, 5um)

HRUAI|HFE Rd =R s4EETH
Korea Health Supplement Institute wwwkhsirede
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Lk Alef
(1) EEE : Fukinolic acid, NatureBio, Cat# NABIO-0131, Lot# 00170301, 97.37%
(2) Methanol : Duksan, HPLC grade
(3) Acetonitrile : J.T Baker, HPLC Grade
(4) Formic acid : Sigma
(5) 3%t E/R0OW)

. EE8Y =H|
(1) BEEE 48 Fsi 50% Methanol(pH 30)01I ol 8df, Sg¢Eet~30 oo
(2) Stock solutiong 50% Methanol(pH 3.0)2 EHEY| él* 5o EFE2coz A23ict

2t g gd =x

(1) A2E 100mL BO/Eet~30 U 2ot 50% Methanol(pH 3.0)2 75t 30250 =20t

sz

(2) M8 = PTFE syringe filter (045 um)E A2SL0] 0|21t AUE Z|FT Alg2d oz ALEsiCh
of. EMEH
Instrument Agilent 1260 Infinity
Detector Uv (DAD)
Wavelength 330 nm
Column Supelco C18 (250 mm x 4.6 mm, 5 pm)
A 0.1% Formic acid in DW
B : 0.1% Formic acid in Acetonitrile
Time A(%) B(%)
0 95 5
10 95 5
. 15 85 15
Mobile Phase 20 80 20
25 75 25
30 60 40
85 5 95
45 5 95
47 95 5
53 95 5
Flow rate 0.8 ml/min
Injection volume 10 pe
Oven Temperature 25 °C
HE. A2
FBEA Al 2 ol & 2k EEE =& S| A Hpj 2~
Fukinolic acid B MEE(ug/ml) x AEBAFEEmML) x BEE =& x o/4Hjx
(ratal AE 12 (mg)
SRAAISAEEE BY SRIISAHSATH

Korea Health Supplement Institute www.khsi.re.kr
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2. Mgd Rud &

o]

iy
1) 50| (Specificity)

D HYUFEE(KP-1) 5 Fukinolic acid?| Chromatogram

Fukinolic acid®| EFE 2T ARE 22 LHHOR EAHsj0| ALT PeakS ZOI40 52 27
AS ZSUCL BEESWE oF 282070 HEEYD, AEEXZ 28193520 ASEYL BEFE
291 AMEHEYe 3=0lEME CHEa ZCNFg. 1)
Retention Tme %
sog-{ - Name s 0
é T=90d
~ 2EES
5
&
4004 400
200 200
g ) i .
o { ]
o 10 5 P 2 10 3 P 4 50
Minuies
Retenticn Time
goo-{ Name | sa0
) NEEY
g
2
400 2 400
m uj- "
&8
2004 200
| “5 AJ“\..;. -
o ‘ ]
0 in 5 P 2 a0 S 0 3 5
Minutas
Fig. 1. EFEE90 A"HEY = Fukinolic acid®| Chromatograph
5 HIVAI|SHUBEE LY HIVSUEATR

Korea Health Supplement Institute wwwildsirele

_79_




@ HEYFE=EKP-1) F Fukinolic acide] spectrum =t¢l

of E HzH IAZ0EYO| BEEBHR Fukinolic acidnl SUTHK| =tols)7|
o0| spectrumS ERISIQILCE Of 2980 ZHSE peaks| spectrumS = QITH AL B

B0 M SYTH WHEHO spectrumES LIEHHS = olgh o= QURICHFg. 2~3).

Wavelength. 335.83

mALl

Fig. 3. Peak purity test . A|EHESH & Fukinolic acid acid peak 2} 58 9| spectrum& 4]

FRTUISABE P BIISHEEE

Korea Health Supplement Institute www.khsi.re.kr
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2

ZM4 4 (Unearity}

@ EZ2Y0l ZuH
EEraue gEEH o Smg2 25mlel HEZSelAA0 50% Methanol(pH 30122 =2 = HE
o 72 HMES| g5l 77|2A SR O Hit Fukinolic acidS oF 6.653125~249.6ug/mL0| M
ZMAMO) ZOIEYn, o EMe| AEAsL SEE=YLoA R=0999 0422 LIEFCHTabe.
1~3}.
Table 1. Fukinolic acid ZZT EHE 0|0 Zad 24y (1zd%)
STD Concentration Froe M
level {ppm)
1 78 362690 T |
y=47,363597536x- 16,859 58209
2 156 729361 12000000 - RI=0.0909% /
3 31.2 1465316 S | 2 4
4 62.4 2921388 po— | s
5 1248 5878648 s000000 i /,/
6 2496 11815857 2000000 | ,,//
7127| 47363.97536 2000000 - "
yEH -16899.58208 o |«"‘ﬁ . , -
R2 0 99999 [¢] 50 100 150 200 250 300
Table 2. Fukinolic acid ZZT EWE 0|&o Zad &4 (234dH)
STD Concentration s A
level {ppm)
1 7.2625 339346
12000000 y=475969094159x-13 93002488
2 14.525 683800 7 =0.09599 o
| rd
3 29.05 1379307 | Pl
8000000 /
4 58.1 2779490
6000000 /
5 1162 5539652 //
i F
6 2324 11142772 “oonocn A
7127 47969.94158 R
k4
&
yE -13930.02488 ¢ ' ' ) ’
Q 50 100 150 200 250
R® 0.99999
7 HIALISAEEY By HI7sAsATY

Korea Health Supplement Institute wwwkhsirele
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Table 3. Fukinolic acid EEE2UE 0|g¢ Hed A 33Aw)
STD i
Concentration e e
level {ppm)
1 6.653125 292037
12000000
Z2 13.30625 598783 y= 47,003 20479 x - 25,350.90050
10000000 - R¥=1.00000 »
3 266125 1231182 //
8000000 S
4 53.225 2468037 //
5 10645 4973934 5000000 y//
.
6 2129 9984993 4000000 1 /,/
21&71 47003.20479 2000000 {/
yEH -25380.9005 o |# ‘ ,
2 a sa 100 150 200 250
R 1.00000
PP ISHFEE 2d =R 54 FUTH

Korea Health Supplement Institute waaw.kchsire kr
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@ AR AMAE (Sample Linearity)
ARE SEYE A=Y 3% 2435 4ol AMUS @rlstnt AlHEYN o 60ug/mLEE
200mg)0| LCE SFEC 100%2 AESI0 50% ~ 200% HYM WSt A2 Fukinolic acidg)

AlZ= SF 100mg ~ 400mgiAlEad s of

O EHe| MTALs Sossty

Table 4. A|2 Fukinolic acidd|| Cjst Z2kM

t
30~120ug/mL) Of A A|2S| E M0 Zelg|elD, o

SlollM R*=0.99983~0.599942 LIE}LICHTable. 4~6).

EhA (13 AlB)

| o
5 MaH x| Zm
(%) {mg) (Area) =5
50 110.9 1438672 6000000 IR WAy
T &
75 148.0 1950129 o000
100 199.6 2625611
4000000 b d
125 2437 3195700 /
3000000 /,‘”
150 3004 3969012 ¥
200 4180 5499511 4000 ‘ »
7127 13210.18737 1000000
yE -14626.19576 o
Rg 0 99994 0.0 10090 2000 3000 4000 5000
Table 5. A2 Fukinolic acid0l| CHSF 226 Ebad (23] Alsd)
= A2 HE HErM
(%) (mg) {Area) =TT
50 1039 1376068 65000000 u:13‘016.2529:903;;;;3.01443130 R
75 166.1 2195594 5000000 /,/
100 222.7 2930879 a00q000 »
&
125 250.8 3315722 3000000 A
150 299.9 3970692 Sihinod /,,/
200 4256 5554796 1000000
7127 13016.78993 B .
= 71 37014 4318 00 1000 2000 3000 4000 5000
2= B | ;
R 0.99983

BIULTS MUY Hy B sMEEPH

Korea Health Supplement Institute wwwkhsi.re.kr
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Table 6. A|= Fukinolic aciddf| CH$E HEEM Zd (35

==

A = HE

Sk Al B2 o % amn

(%) (mg) {Area)

i 0| wreom | S
75 142.8 1871988 5000000 /‘/
100 208.1 2737337 | 40000m0 j///x’

125 2725 3523106 | 3000 /{/

150 3279 4261391 | 200000 ,}/,

o
200 4781 5573449 | 00000
7127 12943.76721 0+ :
0.0 100.0 200.0 3000 4000 500.0

y2H 2219451488

R £.9999

BIULISMERY RY BV s4SATE

Korea Health Supplement Institute www.ldsi.rela
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L
il
ot

0%
T
(n)
o
c
=
o
N

~

e

ot

1

o
~
1]
(=)
(e}
=
m
t

=

100.27~102.43 %0|0{, RSD= 011~1.07%Z L}E}

otk

=

Z£2(KP-1) & Fukinolic acide| H&tH S E 21
29 oF 10, 20, 20 ug/mL SEE 71510 100mLE HE 3 22 AlggAo=z 3o HE
= Fukinolic acid& =
HCHTable 7).

£5s7] 9/slof AlR 200mgdi| o|o] HSES &

66.188~112.021 ug/mL  HHSIOA F==L0|

Table 7. Fukinolic acid?| s& ¢ H&x, 348 =0l
peen | B2 AEg =
BERY | o | A= e Aggeel sz
g/ml) |y | MRS [ S
g g Se(ug/ml) | S0 °
(ug/mb)
224.0 62.617 279.54
0 - 2132 58543 274.59 276.98
2330 64.497 276.81
S
e | il _ i i
Exen | e CHH] O|EsE | HESE | 2+g | =8 SD RSD
=== TS AMSE | (ug/mb) | (ug/mb) | 2w | % | @
(ug/ml) | (ng)
(ug/mL}
225.6 62.49 73.13 73.330 100.27
AE +
201.0 55.67 66.32 66.523 100.31 100.35 0.11 011
10.645
1994 55.23 65.88 66.188 100.48
217.0 60.10 81.39 81.961 100.70
ANE +
228.8 63.37 84.66 85.423 100.90 100.77 011 011
21.29
2222 61.55 82.84 83441 100.73
2388 66.14 108.72 111.366 102.43
A= +
241.8 66.97 109.55 111.552 101.82 101.53 1.08 1.07
42.58
2494 69.08 111.66 112.021 100.32
1 BAALISYBHY R4 BRISHBATY

Korea Health Supplement Institute www.khsi.re.kr

_85_




% Fukinolic acid B2t 4 Hd AlgE fld 248H X 247, 24Y
TSl Gict AnkTable 8) 60ug/mle| &5 63 U2 HEHolo SHXIE

Agilent HPLC 1260 series@} Shimadzu HPLC 20A Series &+ #H|, 44
l Ad zto] M ZA7t Fukinolic acide| & 22 T 27.2869mg/g S
42mg/g AHEZFHAF 1.53% O|QCt AZEA|ZHE Agilent HPLC 1260

4

=2 |
AT
X
n
3
K
o
fl
A
&
2t
o

Table 8. Fukinolic acid =4 xj&d4d

Amount Average SD RSD
(mg/g) (mg/g) (mg/g) (%)
1XH2017-06-16) 27.8010
2KH2017-07-20) 27.1700
27.2869 042 153
3%H2017-07-21) 26.8010
4%H2017-07-22) 27.3757

@ utg Hoy
2t YA HHE MO 264987~27.8371mg/g(TH o 26.8010~27.8010mg/g), EEHEAKSD) 0.03~0.16, 4
CHEZ=HAKRSD) 0.11~061%2 LIEFSLCHTable 9~12).
Table 9. 242 67 162, EM X} A, Shimadzu HPLC 20A Series
aron Concentration INE=E Amount Average SD RSD
(ug/mL) (mg) (mg/g) (mg/g) | (mg/g) | (%)
1 1720122 79.856 276.3 27.7661
2 1600639 74.380 257.2 27.7826
3 1548175 71.976 2484 278371
27.8010 0.03 0.11
4 1404057 65.370 225.8 27.8126
5 1598940 74.302 257.0 277751
6 1412029 65.736 226.9 27.8328
12 HRAAISASHE BY I/ SASATH

Korea Health Supplement Institute www.khsi.re.kr
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Table 10. MY 74 209, 24X} B, Agilent HPLC 1260

. Concentration Al =22k Amount Average SD RSD

(ug/mL) (mg) (mg/g) (mg/g) | (mg/g) | (%)
1 2766859 58774 211.3 27.0839
2 2823673 59.973 214.3 27.2495
3 2736430 58.131 209.7 26.9920

27.1700 011 040
4 2851882 60.569 216.9 27.1904
5 3165419 67.189 239.9 27.2705
6 3395610 72049 257.6 272337

Table 11. 249 74 21, 24Xt A Agilent HPLC 1260

Aian Concentration N Amount Average SD RSD

(ug/mL) (mg) (mg/g) (mg/g) | (mg/g) | (%)
1 2729252 57.185 207.8 26,7955
2 2667484 55.898 202.5 26.8780
3 2571624 53.899 194.5 26.9828

26.8010 0.16 0.61
4 2823944 59.159 214.6 26.8421
5 2902520 60.797 2234 264987
6 2624944 55.011 199.8 26.3089

HIUW/ISHBEY 2 #TS54BATY

Korea Health Supplement Institute www.khsi.re.kr
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Table 12. MY 78 229, 24X} A, Agilent HPLC 1260

P Concentration Al 22k Amount Average SD RSD
(ug/mL) (mg) (mg/g) (mg/g) | (mg/g) | (%)

1 2660253 57.137 202.6 274602

2 3156365 67.692 2431 27.1130

3 2719972 58.408 207.2 274478
27.3757 0.16 0.58

4 3064823 65.745 2332 274511

5 2980660 63.954 228.5 27.2525

6 3290273 70.541 249.5 27.5294

14

HIUW/ISHBEY 2 #TS54BATY

Korea Health Supplement Institute www.khsi.re.kr
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2 AlgYe o9 YUEEE(KP-1) F Fukinolic acid HZE Qs BEZEHD A|2E 50% Methanol(pH
=o
o

oF ASTMESZI0] HYUFZE(KP-1) F Fukinolic acidS UV(DAD)S 0|3t0]
S04 HOIS 93| HPLCE BMA| ZTA|Z0| BEESUD} AlZ 25 282010 peak 7 ZAZEYS
O, spectrum= & X|s} Gt

He 6653125~2496ug/mL HRIOA RP=0.999 0|4, A|2E SHELO| 50~200% HLLj0|A
R’=0.9990(4 LIQt E|MA0| 2olE| Ut

EE=2EE HIIOMY =85 HEDT A1 66.188~112.021ug/mL HLOA =8 100.27~102.43%,
RSD 011~1.07%2 HEHdES &g = JARAC

49zt 289 Mg 282 7|7|2 drEMEd, Rzt 7172k AlFRRE gEdg =eld 2o

(=] e |
Fukinolic acid &2t ™ot 27.2869mg/g, SD 042, RSD 1.53%2 ML & Zelsigict

HoAEY HAS2 0 UEZE(KP-1) S Fukinolic acid 24 Ho| MEMES AEST| 98 MHsiq,
Eo0ld, Fud, ey, UES 248 20 HOAFEE(KP-1) T Fukinolic acid 242 7|0 =gt
stcta ghekE o
15 HAAWINSHUBHS 24 #7547

Korea Health Supplement Institute www.khsi.re.kr
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(&) AAZE Az

O AA 500 mg A& KP-10] 200 mg 78 AlAZS A=
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@ AAH A DA st Bl &8

EER P
Ol H| H § Al H
x| 9 A} 2

BEUTTH ABGATN HYY TSE K19 OXIlE WM 5 TiE4 T BHLE BiET| o
SUs|T BTN, ofF £7E YUNE = UHESARY Tow GERE =TT

_______ mameg.

1. UHAE I PTG 5 EHUE W EEH
HESnEH Dy oEiEa g o - EEIITH S0z (48 SEHTE)
» EEEFFTRELEZL OO LES O - E#‘E‘*iig-kiﬂ':o—f:ﬂlﬂ'iﬂﬁ-
Bzigosa gEE B . BEUE 1T 1D, S ST =S

2 BN s O A HEAE

3} E o O 4 2 so| Dizhe] YO TS - EEgEs oA RdREs

3 Y=o AmHFEHE T A -+ EMHig TEdE IR0 TS
kg e FUTAL = HAL BRITs Mz
3- MY - LEHIES

3
2 7. 2o|usE

E S + dsfEatEd BHYEE

PRTETOES T a77=s | 02-958-9765
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6. ATHA AN

SR A B e 8

FEWZ D-08
7}. Fukinolic acid®] bioactivity
(1) Estrogenic effect
7hH 783xd7] (Menopause)
- AAMAAA o34 A3
- 2x e A AxF, 3E F e 59 A
- 73d7] & v Aske] WAl A ST (ex. AW, SthES, A d3A 23 5)
(\}) Gold standard : 322 & (JdAE=ZZ and/or HAEAHE)

(th A A=

- okx Aw

(2h) Data

H
H
N

vz 71 t1E 4 (Active ingredient @ Fukinolic acid)

[the effect of Fukinolic acid on estrogen dependent MCF-7 cell proliferation

as a test system]

Dose (M) The increased cell proliferation
Estradiol reference 10710 119.7 % = 8.9 (p < 0.01)
Fukinolic acid 5% 1077 119.7 % £ 5.8 (p < 0.05)
Fukinolic acid 5% 107 126.3 % £+ 5.1 (p < 0.001)
Fukinolic acid 5 x 107 1.1 % * 6.6

* Fukinolic acidi= estrogen activitys Z¢+=

[Relative proliferation effects of selected compounds]

200.007
180,001
160,007
140,001
120,00
100,00+
80,001
60,001
40,00
20,00
il | [ | e

[ c+E2 10" 107 10° 10°

coumestrol [mol/L]

Relative proliferative effect

109 -




250,00 1

200,00 4

150,00 -

100,00

50,00 1

Relative proliferative effect

0,00 . . | ;
c C+E2 10® 107 10 10°
fukinolic acid (4) [mol/L]

C = control, C+E2 = control + 17B-estradiol at 10™"'M,*p=0.05 to control.

xFukinolic acid¥ estrogen activityS ZtA] &=

xX 2 AMFE] = A3E ) Fukinolic acid®] estrogenic activityol] tjsh =4 23 =

[Reference]

a. Kruse, S. O.; Lohning, A. Pauli, G. F.; Winterhoff, H.; Nahrstedt, A. Fukiic and
piscidic acid esters from the rhizome of cimicifuga racemosa and the wun vitro
estrogenic activity of Fukinolic acid. Planta Med 1999. 65. 763-764.

b. Stromeier, S.; Petereit, F.; Nahrstedt, A. Phenolic esters from the rhizome of
cimicifuga racemosa do not cause proliferation effects in MCF-7. Planta Med.
2005. 71. 495-500.

1}, Inhibitory activity on seed germination

(1) 4% FA9 ol

— g—amylase ‘
B—amylase J M A= wot
—— Carboxypeptidase A —

xq, B-amylase: A& Zx}o] wol A, gk A o] AF Huk B

*Carboxypeptidase A: 2% F2}2] WAL Al A& @l A S AFE5lo] zel= cell £3F

SEERS
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(2) Data

[Inhibitory activity of Fukinolic acid in a—amylase]

Compounds Concentration (M) Inhibition rate (%) ICs0 (M)
Fukinolic acid 1.0 x 107 92.7
5.0 x 10 87.8
1.0 x 1074 74.0 4.00 x 107
5.0 X 107° 61.9
1.0 x 107° 0.6
Control -3
Acarbose 1.0 > 10 88.5
5.0 % 107 66.7 7
) 9.20 x 107
1.0 x 10™* 51.4
5.0 X 107 37.1

a—amylase: from barley malt. In standard

assay at pH 5.0 mean for duplicate assays on each sample.

[Inhibitory activity of fukinolic acid on carboxypeptidase A]

Compounds Concentration (M) Inhibition rate (%)% IC50(M)
Fukinolic acid 1.0 x 1073 89.3
5.0 x 10 76.3 1.73 x 10
1.0 X 10™ 38.1
1 10-Phnanthro L0 > 107 731
5.0 x 107 57.5 4.21 x 10
1.0 < 107 12.8

Carboxypeptidase A: from bovine pancreas. “In standard assay at pH 7.5 mean for duplicate assays on each sample.

«Fukinolic acid® a—amylase®} carboxypeptidase AZS A dl&le] 2 &9 ol = A sf st}

[Reference |

a. Kruse, S. O.; Lohning, A. Pauli, G. F.; Winterhoff, H.; Nahrstedt, A. Fukiic and
piscidic acid esters from the rhizome of cimicifuga racemosa and the wun vitro
estrogenic activity of Fukinolic acid. Planta Med. 1999. 65. 763-764.

b. Stromeier, S.; Petereit, F.; Nahrstedt, A. Phenolic esters from the rhizome of

cimicifuga racemosa do not cause proliferation effects in MCF-7. Planta Med. 2005.

71. 495-500.
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t}. Vasoactive effect

Ca*+ 8 R RIS Al TUY Q4
R
ME/EH &=
¥
A
Y A4 —

(2) Data

[Effect of fukinolic acid on the norepinephrine (NE)-induced phasic

and tonic concentration of rat aortic strips]

I— P o= I:I_DI—I

1.2 F | T

.

(P—— H—

Control () and presence of 3 X 10 *Mfukinolicacid(#4). Values are the means+S.E. of 3 determinations.
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[Effects of fukinolic acid on concentration response curves

for NE-induced concentration of rat aortic strips]

04

tansion development (g}

.2

a0t :
0™ i 167"

ME (M}

Control (O) and presence of 3 X 10™*Mfukinolicacid(l). Values are the means*S.E. of 4 determinations.
#*p<0.05, #xp<0.01.

[Concentration response curves for contractile responses of the aortic strips to
Ca®"intheabsence(Q) and the presence of 3 X 10 *Mfukinolicacid(l) in a

Ca®* -freemediumpreincubatedwithhighpotassium(60mM). ]

1071

04r

tension development(g)

10" 0™ 107
ca® (M)

Values are the means*S.E. of 4 determinations.
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[High potassium (40 mM)-induced contraction on the aortic strips in the absence (O)
and the presence of 3 X 107* M fukinolicacid (l)in a medium preincubated
with prazosin (107 M)]

0.8
Cl
-
=
@
E 06}
[+ 8
-]
o
>
o
e 041}
2
7]
=
2
0.2 }
0

Values are the meanstS.E. of 4 determinations.

[Effects of fukinolic acid against the 107" M NE-induced contractionontheaorticstrips

inamedium preincubated with nicardipine (107 M)]

P <0.01 P <001
08 - '

T I
i 1

2 o6}

T

@

E

o

-]

S 04t

£

o

=

o

)

=

2 o2l

1]

Control () and presence of 3 X 107 M fukinolicacid(#2). Values are the means+S.E. of 3 determinations.
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[Concentration response curves for contractile responses of the aortic strips to Ca®" in the
absence(Q) and the presence of 3 X 10™* M fukinolicacid (l) in a Ca® —free medium

preincubated with norepinephrine (10°® M) and nicardipine (107% M)]

0.7r

0.5
0.4

LE ]

tension development (g)

0.2

0.af

*

0.08
10°* 10 107

ca® (M)

Values are the meanstS.E. of 4 determinations. **p<0.01.
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sFukinolic acide =23z dld] o3 &35 <95
AAste] I =52 A3}

[Reference]

Noguchi, M.; Nagai, M.; Koeda, M.; Nakayama, S.; Sakurai, N.; Takahira, M.: Genjiro,
K. Vasoactive effect of cimicifugic acids C and D, and fukinolic acid in cimicifuga
rhizome. Biol. Pharm. Bull. 1998. 21. 1163-1168.
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2}. Collagenolytic activity

(1) A A5 74

—
-+

ZatALER 2t
DY EoiA TA EH)

3 |

i i

l

ALK X9

(2) Data

[Inhibitory Effect of fukinolic acid on collagenolytic activities with collagenase (1 ng)(%)]

Inhibition (%)
100 pg 50 pg 10 png 5 ng

Fukinolic acid 51 23 3 0
10 ng = 22 nM, 50 pg = 0.11 pM, 100 pg = 0.22 uM

Compound

[Inhibitory effect of fukinolic acid on collagenolytic activities of trypsin and pronase E]

Collagenolytic activity Inhibition (%)

1 Collagenase 1 ng 100

2 Trypsin 10 pg 70

3 2+ Fukinolic acid 10 pg 62 12
4 2+ Fukinolic acid 50 pg 49 30
5 2+ Fukinolic acid 100 pg 42 40
6 Pronase E 10 ug 188

7 6+ Fukinolic acid 10 pg 168 22
3 6+ Fukinolic acid 50 pg 144 23
9 6+ Fukinolic acid 100 ng 130 31

Ll

«Fukinolic acid: collagenolytic enzyme©]t} collagenaseZ A 3fdte] ZetAle] Ha|& vt

=t}
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[Reference]
Kusano, A.; Seyama, Y.; Nagai, M.; Shibano, M.; Kusano, G. Effects of fukinolic acid

and cimicifugic acids from cimicifuga species on collagenolytic activity. Brol Pharm.

Bull. 2001. 24. 1198—1201.
v}, Inhibition of neutrophil elastase activity
(1) &% (Neutrophil)

-y wETe 9%

- AW AAE AR e fal AFAS

ol
a

+o]

1
ol

g

(2) 357 dgt2~etAd] (Neutrophil elastase; ELA2)
- ad 2E a4 (ex. defsd)
- 279 AAGAL, AA Hojol] AFEE AN d5A Ao 24 Ty Yclow g

(3) Data

[Phenolic compounds from Cimifuga racemose

and their inhibitory activity towards neutrophil elastase]

Phenolic compound [Cs0(uM)
93

Caffeic acid

[soferulic acid >50
Fukinolic acid 0.23
Cimicifugic A 2.2
Cimicifugic B 11.4
Cimicifugic F 18

>50

Cimicifugic E
Fukinolic acid ICso = 0.1 pg/ml (0.23 pM)

sFukinolic acid= &7 Aet=ElAE A )i},

[Reference]
Loser, B.; Kruse, S. O.; Melzig, M. F.; Nahrstedt, A. Inhibition of neutrophil elastase

activity by cinnamic acid derivatives from cimicifura racemose. Planta. Med. 2000.

66. 751-753.
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v}, Anti—oxidant activity

(1) A3} 28

4E 2% 5ol
(91 %9 / 1 HY OIHAD 24)

G M [o]
o/ gigaraol ot
DNAZA}
y oM HG BX or EHLE 2R KR T A

(2) Oxygen free radical
- AA W HEd B FF - A8 5
- 2~Eg 2~ NSAID, Helicobacter pyloriol] &3k ¢ Huf Asjacloz #ojdt 7ola} F-

= Radical scavenging activity 2 &

e
jekut}

(3) Data

[Summary of radical scavenging activity of fukinolic acid (FA), in comparison with that of
epigallocatechin gallate (EGCQG), gallic acid (GA) and chlorogenic acid (CGA)]

Radical scavenging activity against

0y DPPH
(SOD (CormhD) (Co D it (OD method)
unit/nmol) ° 0 at 25 M)

FA 1.03 1.01 >20 58.2 2.35
CGA 0.66 <1.00 >20 50.2 1.00
EGCG 3.19 <<1.00 <20 100.0 2.63

GA 2.40 1.31 10.1 74.4 N.D.

Order of EGCG>GA EGCG>CGA EGCG, GA EGCG>GA EGCG>FA
potency >FA>CGA >FA>GA >FA>CGA >FA>CGA >CGA

N.D., not determined. Three popular antioxidants : epigallocatechin gallate (EGCG), gallic acid (GA), chlorogenic acid
(CGA)

% Fukinolic acidy WHAAIE W AA3aA A (NO)e] AWAS A3lstal Radical Scavenging

ActivityEs 2+
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[Reference

a. Watanabe, S.; Hashimoto, K.; Tazaki, H.; Iwamoto, Y.; Shinohara, N.; Satoh, K.;
Sakagami, H. Food Sci. Technol. Res. 2007, 13, 366-371.

b. Burdette, J. E.; Chen, S.-N.; Lu, Z.-Z.; Xu, H.; White, B. E. P.; Fabricant, D. S.;
Liu, J.; Fong, H. H. S.; Farnsworth, N. R.; Constantinou, A. I.; Breemen, R. B. V.;
Pezzuto, J. M.; Bolton, J. L. J. Agric. Food Chem. 2002, 50, 7022-7028.

c. Nuntanakorn, P.; Jiang, B.; Yang, H.; Cervantescervantes, M.; Kronenberg, F.;
Kennelly, E. J. Phytochem Anal. 2007, 18 219-228.

Ab. Anti-inflammatory activity

(1) B%3 27 £4 A, ALTRUBAE 958 o A A9EH Nejng
(pro-inflammatory immune responses)E = =]
AR 27Fo 2 T3

Hyaluronidase

D-glucuronic acid CH0H
COOH i J_o OH
5 —
OH
GHOH H o
CooH FO " HVY 3
00—
o 0
OH H N-Acetyl-D-glucosamine

=
OH H Ha
H

D-glucuronic acid N-Acetyl-Dglucosamine

Hyaluronic Acid

(2) Data
[Hyaluronidase inhibitory activities (ICso)offukinolicacid]
Compound IC50 (uM)
Fukinolic acid 144
Rosmarinic acid 545

* Fukinolic acid® 3YF2ZUTAIE A5t & 95 a9 A

[Reference]

Iwanaga, A.; Kusano, G.; Warashina, T.; Miyase, T. Hyaluronidase inhibitors from
“cimicifugae rhizoma” (a mixture of the rhizomes of cimicifuga dahurica and c.
heracleifolia). J. Nat. Prod. 2010, 7.3, 573-578.
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o}. Anti—allergic activity

(D 13 gel27] whg - Qureel Se2r] 34

(2) Data

[Effect of constituents isolated from Japanese Butterbur extract (JBE) on degranulation in

RBL-2H3 induced by antigen-antibody reaction]

Compound ICs0lug/ml (uM)]

JBE 5.8
(+)-fukinone (1) 4.2 (19.1)
Caffeic acid (2) 8.6 (47.8)
2 G-hydroxyfukinone (3) 4.0 (16.9)
Chlorogenic  acid (4) 9.5 (26.8)
Fukinolic  acid (5) 2.1 (4.8)
4,5-dicaffeoylquinic  acid (6) 3.3 (6.4)
3,5-dicaffeoylquinic  acid (7) 2.9 (5.6)
éeléfzelfllgg)ffeoqummc acid methyl 4.0 (7.5)
Dotorioside I (9) 4.0 (6.0)
Mussaendoside R (10) >100 (>126)
luteolin 1.0 (3.5)

Sensitized RBL-2H3 cells were incubated with samples for 10 min followed by stimulation by DNP-BSA for 10

min. Released G-hexosaminedase activity in supematent was determined enzymatically.

tel & <=7

k)

i

W,

fol

ol

«Fukinolic acid¥= BIWF Al o] ©3tg] wh3-& A

[Reference]

Shimoda, H.; Tanaka, J.; Yamada, E.; Morikawa, T.; Kasajima, N.; Yoshikawa, M.
Anti-type [ allergic property of japanese butterbur extract and its mast cell
degranulation inhibitory ingredients. J. Agric. Food Chem. 2006, 54, 2915-2920.
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