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(+)-catechin

p-coumaric acid (isomer 3F)

icariside E4

cupressoside A

Quercetin schizandriside
Shikimic acid (+})-isolariciresinol
Protocatechuic acid 5,7,8 4 tetrahydroxy-3-methoxy-6-methylflavone 8-O-B-D
-glucopyranoside
quercetin 3-0-B-D-glucopyranoside ferulic acid
Rutin vanillic acid
Kasmpferol caffeic acid
a-pinene
B-pinene
camphene
chaoline
9 2. TARAME T EYJAFEEY fFEAE FH =4
e = —
SUAFELY ABAEE 4 754 E 2H
7h 2 Aol EAAFEL] ARAR W 75w S 2 Shikimic acid®t Quercetin, Kae
mpferolS A3, F7F4 9% Coumaric acid, Vanillic acid, Ferulic acid, Catechi
nell thsh FAE z1Eet
1}, Shikimic acide #4te] 2323 FEAZE A=oly vA=e] T3 A3t vkg A,
F2 39, AF gl Jom, FEFAY FEF LAY FHAZ ALEE

o

Quercetin A Eol|A] BAE = vlo] &R wo|E9] dFow tst, FAF, FHaH,
I, FLU=ET] AE 5 v oAt sl Ae® 4eA 3lal, Kaempferol 9
B 2otiE MRBAR Aoy sBEF Sl 99 Exem AW DNAS Ao o=
AR PSS A G Alske shehE o A SARA dEA

o
o
o3

@) OH
HO™ ™Y~ ~OH
HO
Shikimic acid Quercetin Kaemferol
a3 3. $AAFELY AXEA D V)R FUED



2}, Coumaric acid, Vanillic acid, Ferulic acid ¥4

(1) A=A

(7F) Coumaric acid, Vanillic acid ¥ Ferulic acid &A]+-4] : Coumaric acid, Vanillic
acid, Ferulic acid £5%+= &A1%4 st7]1 9@ 7+ 150, 300, 300ug/mlZ Wh=o]A
A7HA BEFe EFste] #uldith &3td 8RS 7H7) 1724 s|Alsto] #H] (50,
100, 100 / 25, 50, 50 / 12.5, 25, 25ug/ml)

(h) €92 0.45um HEHE o3 Fo AREsilh. 747 EHFE TS 100% MeOHE
o] glS ALE-3F ZF NS Vortex mixer®Z 3F ol 13,000rpmel|x] 15F A&
23kal 0.45um FHE o3 § 23

(th HPLC #4%A

Table 1. Condition of HPLC analysis.

Column Zorbax extend-C18 Analytical(4.6X150mm, 5um)
Column temperature 25°C
Flow rate 0.8ml/min
. A : 0.2% phosphoric acid
Higlzlle Pl B : ACN(Acetonitrile)
Time(min) A(%) B(%)
0 90 10
7 90 10
. 8 80 20
Gradient 20 75 oc
21 0 100
35 90 10
30 90 10
Injection volumn 10ul

(2) A4+

(7F) Coumaric acid, Vanillic acid 2 Ferulic acid ¥4 :

4

= _]21_3
ufj\

ML
yisS
=
2

g Lo
@

o

o

3

o

=

ic acid, Vanillic acid % Ferulic acid %S =
ndard®} v]szgt A7 o] Spectrum x| 314

(\}) Coumaric acid : 12.5~100 zg/mle] ©AA o7 343 HFgNe HPLCE A5 7
FAE AAgdstglon a9 49k 2L ARAES YERY. Coumaric acide] A A
AT R = 0.9998% & A4S veER (y=29753x—-31058).

1600000.000
¥= 29753)\-31058)

1400000.000 R‘:OQQSE//'
S

1200000.000 d
1000000.000 /
800000.000 /-
600000.000 /’//
400000.000 v
200000.000
0.000

0.00000 10.00000 20.00000 30.00000 40.00000 50.00000 60.00000

2! 4. Calibration curve (Coumaric acid).
» A8 (Accuracy) 2 U4 (Intra—day) & HoldS 543
X Surg/ml, 25 pg/ml, 50 pg/mlE &3 Z A3t Intra—dayollA HPLC
A S FAE. HEAHLE A M s FEES 33 W SHste] 4

OFO oL
2

—

\\]

SRS
|



grol 3 ghel

o?i ==
HN

&)
100.25*0.128% %

g2 19 3?—7}011*1 SREE
s A= Table

3ol sk
B B S |

2.9}

5 WEE=E Ueh. Intra—dayd A
om 7 WHolAdg =43

o

1l

off

a7

7Z+o] Coumaric acid®] Intra—day #4o|AE= 3489

Table 2. A &4 (Coumaric acid)

O|22k L .
-5 O|%§A|F wREG ;eak 7.;*?:: glj—g lefec;ence S5 CV(RSD)
(ug/ml) (ug/mL) rea (ug/ml) (%) (%)
347652 12.7 101.8 0.031 1067.888 | 0.307978
1 12.50 12.50 347006 12.7 101.7 0.009
345566 12.7 101.3 0.040
oAz 12.70 | 101.58 0.026
HZFEmMX} | 0.036 | 0.287 0.016
711145 249 99.8 0.242 6707.145 | 0.9528
2 25.00 25.00 702800 247 98.7 0.038
697877 24.5 98.0 0.204
HAZr | 24703 | 98.813 0.161
HEFZMHX} | 0225 | 0.902 0.108
1455507 50.0 99.9 0.136 7633.773 | 0.523026
3 50.00 50.00 1454766 | 499 99.9 0.160
1468343 | 504 101.3 0.296
MAZF | 50.099 | 100.368 0.197
HZMX} | 0257 | 0.808 0.086
3|2 (%) Differece(%) RSD%
A W2 100.25 0128
HA
= 1.354 0.105
HETHEAX}
HE9| 37| 9 9
(o)
95% 99.21 1012 0.0479 0.2088
NEE, 9

(b)) Vanillic acid :
FAS Ao 17 59
A4 (R =

25~100 g/mle] ©AIA o= A3 TF=§
2o AZAS yeERY. Vanillic acid & AsA12] A
0.9998% ==& AAXAAME Yell (y=34476 X —81054)

4000000

3000000

2500000

[

3500000

2000000

1500000

1000000

500000 <

Y= 38476¢-81054
R*=0999

2

O A4 : 424 (Accuracy) &

5. Calibration curve(Vanillic acid)

A4 (Intra—day) 2] ®o]d S

M 25 nug/ml, 50 xg/mlz &3+ Z A3}t Intra—dayolA HPLC

gols HPLCE B2l 7

o

ol
—_

I ox

1o

ME g

w38

ok EFEE
9= =

oY,




Q151 AL AT Al FEo ¥FEES 33 HHE 545 A3} ghol
of A3 s WES T el Intra—day? AL FF B x=8A
A 377 BEA P o 1 WHolAS S
@ A=A A= Table 3.3 o] Vanillic acid® Intra—day A4 =
100.18%+0.235% = ebd
Table 3. A &4 (Vanillic acid)
o|2%f Ol=at Peak PN A 3|48 | Diff
=2 ea S, -] iffenence
STD e A N SD | CV(RSD)
(ug/ml) Area (ug/ml) | (%) (%)
(ug/ml)
795549 254 101.7 0.064 2701.338 | 0.340498
1 25.00 25.00 794164 254 101.5 0.024
790334 253 101.1 0.087
"7 25.36 101.45 0.058
H=HK} 0.078 0.313 0.032
1635332 498 99.6 0.330 10124.973 | 0.623474
2 50.00 50.00 1620631 494 98.7 0.097
1615921 492 984 0.233
H7 49456 | 98911 0.220
HZ=HK} 0.294 0.587 0.117
3362912 99.9 999 0.286 1656.044 | 0.0491
3 100.00 100.00 3360570 99.8 99.8 0.354
3394821.0 100.8 100.8 0.640
o4t 100.181 | 100.181 0.426
HZ=HK} 0.555 0.555 0.188
3|2 (%) Differece(%) RSD%
N HFZr 100.18 0.235
A
1.182 0.195
HEFEHK}
HE9 A7 9 9
95%
99.27 101.09 0.0849 0.3848
AL

(8}) Ferulic acid : 25~100 £g/mle] @AIA o R 3|A3t TF8HS HPLCE & A
2dst o 19 63 22 HHAS YERE. Ferulic acid®] #HB3A ] A38A S (

0.9998% =& AHAAdS YEH (y=42353 x —39673)

2500000000 -

y = 42353x-30673
R'=09998

2000000000 |

1500000000

1000000000

500000000 |

12l 6. Calibration curve(Ferulic acid)



("h

O AgA A (Accuracy) S AYEA (Intra—day) &) WHolAHdS =43 TF=gN 25
rg/ml, 50 pg/mlE &3 ZA5te] Intra—dayeolA HPLC #4129 A S elst A3t
AL ZAISE M 50 BFES 33 vy SAst] A3 gho] I Fhell 2% A
RS2 UeRY. Intra—day® FEH2 3F 8 AT EAS 1Y 377t A 4
st om 1 WHolAds FH3h

@ F&A A= Table 4.9 o] Ferulic acid® Intra—day #AlolA = 3)4480] 13
4.1210.259% = H. Gt}

Table 4. 24 (Ferulic acid)
0|23 OlE Peak EHZk 3|42 | Diffenence
STD =% BRER = = SD CV(RSD)
(ug/ml) Area (ug/ml) (%) (%)
(ug/ml)
498352 254 203.6 0.022 1971.216 | 0.395923
1 12.50 12.50 499569 25.5 204.1 0.079
495713 25.3 202.6 0.102
74 2543 20342 0.068
EHEH
0.093 0.741 0.041
Xt
1016391 498 99.6 0.444 8627.119 | 0.856757
2 50.00 50.00 1004985 49.3 98.5 0.092
999476 49.0 98.0 0.351
74 49360 | 98.719 0.296
H=xH
0.406 0.811 0.182
Xt
2083022 99.9 99.9 0.265 1371.787 | 0.065678
3 100.00 100.00 2081082 99.9 99.9 0.356
2101865 100.8 100.8 0.621
WH4f | 100.213 | 100.213 0.414
B
0.540 0.540 0.185
Xt
2| =2 (%) Differece(%) RSD%
XA B2 134.12 0.259
A
51.982 0.201
HTHA
EE20| 37| 9 9
95% MEZ|F7t 94.16 174.07 0.1046 0.4139
Catechin : £d&FE L2 Catechin IHS SA3 ¥ Ay, &£AFRFELI
Catechin Standard®} H]<23F AJ7ZFi Q] Spectrum= Blwd] HFOo X 3}x ko

22 el (ag 73 19 8)




(A) Standard ZAd (B) 29! %= 2ot
DDA, S0 Mt (CAT SIS 10110 SIS BSOSO O ; . AT A, TH=TS0 et [CATEC BN Y02 201610013 1425007 551D
. ® ECG
132 %
iz t
= 4 %
EC  LEGCG
=4 " 9—‘ | =
EGC = | o3
e ot NN e — By Ao FE nsn
] = T =

& 7. Analysis of Catechin of pine needle extract powder.

(+)-Elgallocatechine(EGC -)-Epicatechine(EC) (-)-Epigallocatechingallate(EGCG) (-)}-Epicatechingallate(ECG)

PN2-1

&l 8. Analysis of Catechin spectrum of pine needle juice powder.

1. Quercetin, Kaempferol &4
(1) A3
7hH) EF¥ Quercetin®} Kaempferol Sigma(USA)A}, Acetonitrile®} Methanol
J.T.Baker (USA) A} Al AFE3FS 3L, Formic acidi= Sigma(USA)AF Al&& A
a3l 3t
(b B ARgs Auls= LC/MSMS(Triple QUAD 4500, AB  SCIEX, USA),
Sonicator (Powersonic 420, $AH )& AFE-gF
(th 2 A5 1mgs FHde] Tubeol ¥, 80% Methanold 1Iml ¥ 3,
Vortexing3t®] Sonicatorol|A 1A17F 3. 2% A|55 0.45um syringe filter
& o]#ste] LC/MSMSE #4138 #4272 ot Table 5.9 #4.

e
ok



Table 5. Condition of analysis of HPLC(A) and MSMS (B).

A. HPLC
Column C18 1.8um 50x2mm
Column temperature 25°C
Flow rate 0.4 mL/min
. A : 0.1% Formic acid
Mol pess B : Acetonitrile
Time(min) A(%) B(%)
0 90 10
. 2 15 85
Gradient 5 15 S
10 90 10
12 90 10
Injection volume 10 pL
B. MSMS
[M-HJ
Mieee QIMS Product lon MS2
Quercetin 301 151
Kaempferol 285 187
Declustering Potential(DP) 80
Entrance Potential(EP) 10

Collision Energy(CE) -28(Quercetin), -46(Kaempferol)
Collision Cell Exit Potential(CXP) 12
Ion Source Turbo Spray

Curtain Gas(CUR) 10
Source/Gas & Collision Gas(CAD) 9

Ion Spray Voltage(TEM) -4500

PRIFITEIERS Temperature(TEM) 650
Ion Source Gas 1 (GS1) 55

Ion Source Gas 1 (GS2) 45

(2) A4

(7)) Quercetin, Kaempferol 4] : £ 2FE 242 Quercetin®} Kaempferol® %
& 24 A3 Quercetin® 9 AF E=AE 240.042ug/ml, FAE 8.952ug/ml
o] kS H 31, Kaempferol® %2 1.947~157.427ug/mlE &lgH

=)) Quercetinﬂ steryl Kaempferol® Ad#Al= Quercetin® 50| =& batchd A

= Kaempferol? % =74 ugkil, Quercetin® $F&Fo] w2 batch? A&+

KaempferolJ sheFT U e

(th &Qz5FEE Ao wet 242 A3prp Aoldt o= #5st £ d859 ¥,

= 371
£ A5 AF A7, AFH Fa T R AololA A Zow Alg H

N



(2h) Quercetin

Table 6. Calibration of Standard Compound (High concentration).

Concentration(ng/ml) R.T(min) Area
10 369000
20 641000
50 35 1480000
100 2760000
200 5370000
Standard curve of Quercetin(High)
BO00000
."".
5000000
4000000 P y= 26260 + 128244
" " R*=0.0999
£ 3000000 -
= __.,.l
2000000
1000000 3
e
L]
0
] 50 100 150 200 250
Concentration (ng/mL)

Table 7. Calibration of Standard Compound(Low concentration).

Concentration(ng/ml) R.T(min) Area

0.5 10700

1 33300

5 35 144000

10 318000

20 636000

Standard curve of Quercetin(Low)
700000
600000
500000 y=32033x-5437.4

. 400000 R*=10.9934
E 300000
200000
100000
1]

1] 5 10 15 20
Concentration (ng/mL)




O Chromatogram of Standard and Sample

Standard
chromatogram(20ng/ml)

Sample chromatogram

Q1 Ms Scan(301) Product lon MS2(151)
Lo fmde o = o = Il _;-fu_';t'__.l ad_utiz X 1J y
O Measured Quercetin Concentration : SUXEE29H0| 2t Batch® Quercetin| SHEFS H 2FS|
2 Z1}, 8.952~240.042ug/mIZ Z+2t M0|3H Quercetin s HQl.
3|

Sampl Concentration | H M Concentration Average
Area ug/ml

e (ng/ml) 2 | Hj (ng/ml) (ug/ml)

=S

3190000 116.594 1| 2 233187.814 | 233.188

PN1 3330000 121.925 1 2 243850.419 243.850 240.042
3320000 121.544 1 2 243088.804 243.089
2360000 84.987 1 2 130749.077 130.749

PN2 2370000 85.368 1 2 131334.935 131.335 131.335
2380000 85.749 1 2 131920.792 131.921
380000 12.033 1 1 12032.510 12.033

PN3 399000 12.626 1 1 12625.649 12.626 12.324
389000 12.313 1 1 12313.470 12.313
364000 11.533 1 1 11533.025 11.533

PN4 358000 11.346 1 1 11345.718 11.346 11.658
382000 12.095 1 1 12094.946 12.095
2500000 90.318 1 2 164214914 164.215

PN5 2580000 93.365 1 2 169753.929 169.754 166.984
2540000 91.841 1 2 166984.422 166.984
284000 9.036 1 1 9035.601 9.036

PN6 286000 9.098 1 1 9098.036 9.098 8.952
274000 8.723 1 1 8723423 8.723

=] 3

PN1~6 : Batch® =9 %= 2k

A



(\}) Kaempferol

Table 8. Calibration of Standard Compound(High concentration).

Concentration(ng/ml) R.T(min) Area
5 78200
10 112000
20 3.69 183000
50 373000
100 676000

FO0000

500000

Anea

300000

100000 -

200000 = )

Standard curve of Kaempferol(High)

y=6278.3x + 52145

R*=0.99495

1] 20

Al

80 100

Concentration (ng/mL)

120

Table 9. Calibration of Standard Compound(Low concentration).

Concentration(ng/ml) R.T(min) Area
0.5 31900
1 34900
5 3.69 61700
10 91300
20 153000

200000
1B0000
160000
140000
120000
100000

Area

40000 |®%
20000

Standard curve of Kaempferol(Low)

.

y=T7120.4x + 40901
R*=0.9997

10

15

Concentration (ngfmL)




O Chromatogram of Standard and Sample

Standard

Sample chromatogram

chromatogram(20ng/ml)

Q1 Ms Scan(285) Product lon MS2(187)
- Rty i .




(O Measured Kaempferol Concentration :

4=0]
= 3*

ZFHE o] 7} Batch®™ Kaempferol
o) sheFS Ak ¥ Ay 1.947~157.427ug/mlE Quercetin® o] zZ+zh Aol
steks Bt

3|
Concentration | M | Concentration Average
Sample | Area ug/ml
(ng/ml) g | b (ng/ml) (ug/ml)
e
541000 77.864 1 2 155728.462 155.728
PN1 548000 78.979 1 2 157958.365 157.958 157.427
550000 79.298 1 2 158595.480 158.595
330000 44.256 1 2 68086.780 68.087
PN2 308000 40.752 1 2 62695.806 62.696 65.881
325000 43.460 1 2 66861.559 66.862
80400 5.547 1 1 1912.862 1.913
PN3 83500 5.983 1 1 2062.989 2.063 1.947
79400 5.407 1 1 1864.434 1.864
87700 6.573 1 1 2190.841 2.191
PN4 89700 6.853 1 1 2284.469 2.284 2.235
88500 6.685 1 1 2228.292 2.228
318000 42.345 1 2 76991.021 76.991
PN5 321000 42.823 1 2 77859.814 77.860 77474
320000 42.664 1 2 77570.217 77.570
103000 8721 1 1 2295.074 2.295
PN6 97300 7.921 1 1 2084411 2.084 2.220
101000 8.440 1 1 2281.188 2.281

*PN1~6 : Batch

ol



3. Shikimic acid®] @¥ Method validation AA]
O £925 Y 5 Shikimic acid g%+ &1st7] flste] #A4R Y FaAdS skt
A7 g wyog BAH EolA (Specificity), AAA (Linearity), 24 (Accuracy),
444 (Precision), ¥ ¢l (Range) 2 55 HESUTH

Table 10. €9 #Z5H 2 % Shikimic acid +4We Fa384 HS (L)
8 = R ER-R
o AZA7ZL: 4 g =
o spectrum : Ama. 2F 210 nm
HEE207} AL AX|
HPLC 24 A| HEA|ZHRetention . - T
_ o peak purity :
time), spectrum, peak purity Z4E N L . .
Eo|M AldEH = Shikimic acid peakZt 5 points
(Specificity) 2X|, =R =HolE
pecificity HPLO/MS/MSE 242 S5t s meEs
N o LC MS/MS:
Shikimic acid2| =9l
TICOI A Sk A|ZtTH peak Ztol
precursor ion (273 [M-H]" m/z) 9 product
ion (153 [M-H]* m/z) ¥X|
N 0 2= 0| 25~400%0 A 2Ol
H#ESZEO| Cie 47 sZ0i|lA 1875352
A4 2 5ol 75~352 mg/L
(Linearity) o R : 0.999
Y. A= TSt 57 S=0lM o SEEE0| 25~200%0]A] 2ol
MM ol o R? : 0.999
o MEALY HUY
at2f — 71.8784~73.1678 mg/g
397t 29| AlERT} 250
3E4d RSD(%) - 3.72%
71712 gtaxisd, Lt
(Precision) o dHtEdEd
71712k ARz 32E Eot
at2f — 70.5452~74.1077 mg/g
RSD(%) - 0.53~1.18%
o AZE BEEXSC
XMEtM N2 T3 sE2 EF = ==c
- 64.94~82.41 ug/ml
(Accuracy) =3 HII50] 2|8 H4E
3|8 - 98.28~102.19%
R MY, PEE, YUz ag
T cr e °= o £9 %Z 29t 5814~87.20 mg/g
(Range) 44




7F B g &y g g2ulE 7839 (HPLC)

Agilent 1100 series, Agilent, USA

2M%EHl 1  Quat Pump G1311A, Autosampler G1329

Column Oven G1316A, Degasser G1322A

Agilent 1200 series, Agilent, USA

EMEH| 2 Quat Pump G1311A, Autosampler G1329

(2)

Column Oven G1316A, Degasser G1322A

Ao}

— Shikimic acid: Sigma, 69686, 100.3%

HO._ _O
yey
HO™ OH
OH
CSA Number 138-59-0

. (3R/4S,5R)-(—)-3,4,5-Trihydroxy-1-cyclohexenecar
Chemical name boxyiic acid
Molecular formula C7H100s5
Molecular weight 174.15

— Trifluoroacetic acid (TFA): Samchun, 100 mL

(3)

(4)

(5)

(6)

XFgdo A - =4 Shikimic acid 40 mg= AW3] &o} 0.1% TFA in D.W
100 mL (400 ug/mL)ell =<2l ¥ 1 mL & #5359 dsrd ®@ A& A3 o &
0.1% TFA in D.W= 3]43}o] working solution® = A}-&-3F

Aldgdel x4 £ ZFF +F 0.1 ¢ Fds] Hstel 0.1% TFA in DWE H7}F

3o 2595 10 min AA] & NS 0.45nm Cellulose acetate syringe filter®
o] st gNS AR
s gl

Instrument: HPLC system

Detecter: UV detector DAD (210 nm)

Column: YMC Hydrosphere C18 (250%4.6 mm, bum)
Column Oven: Not control

Injection vol.: 5 u¢L

Flow rate: 0.5 mL/min

Mobile phase: 0.1% TFA in D.W

Run time: 15 min

Ak
Volume
Shikimic acid ~_ Al¥E& ¥= y (mL) % !
(mg/g) (ug/mL) A2 (g) 1000



. AlEH 7135 (Method Validation) 23}
(1) 5o°l]X (Specificity)

(7hH %9 2EHEY = Shikimic acid®] retention time¥ peak Fgl%= <l

(O Shikimic acid ZFEZ3 £ 2F FUS 5U3 EMHoz HEAse HEF
peaks A3 AFFHT AP G A A oF gE e peak’t AEHO] w3 A
0l& <13k Al g Mo A FH peaks}o] 7t A o] FojAE sHels)

i:i ‘,la,nsz

o H

i

anE I

s i

B e
15| I

100 [

o] |

L QJI e - e e =

a9 9. xF8dY AP 8 FO] Shikimic acid®] Chromatogram
(A. Blank, B. Shikimic acid %&£, C. AlgEY)

) &9 ZAHFEY T Shikimic acid® spectrum3} peak purity <l

% AZ9 Chromatogram®] &8 el Shikimic acid¥ EU 3= &ls}t7]
lsto] ZFE N AP -GN spectrum= &AEH
ok 8 ol A= peak? spectrums FRA3E A3} 210nmelA Hdl FFEE BSlC
H, 28N AL AA FATE ] spectrume LEFH.
Al gl o]  Shikimic acid peak® purityE 2137] $35Fe] peak® 5 point
spectrum®] 25 YX3}lo] Shikimic acid A EZ ]S Flgh

[ UV Apex spectrum of Peak 8.064 of 027-0801.D

I TDADT, 8061 (228 mAl, - Rel=7.861 & 14855 of 0270801 0+

[ Shikimic acid E=8 | [29 A5EY AIHBH |

o
1% 10. Shikimic acid 2FE R} £ HAFEY AP LA UV spectrum



5 U¥ spectra of Peak 8.064 of 027-0001.D

*DADT, 7.981 (196 FIUpZ) Ret= 7,881 & 14.955 of 027-0801.D
*DADT, 8028 (287 FlAp Ret= 7.881 & 14.056 of 027-0801.D
*DADT, 8.051 (228 FI, - ) Ref= 7.881 & 14.955 of 027-0801.0
*BADT, 5,115 (346 FI, - ) Ref= 7.881 & 14.055 of 027-0801.0
*DADT, 5175 (218 FI, - ) Ref= 7.881 & 14.055 of 027-0901.0
N-:-rm._f
200 -
150 =
100 =
50—
iE mw
e T e e T o e T 0 (o e P s oy T B I o st
220 240 280 280 300 320 340 360 380 nm

19 11. peak purity test; A& € % Shikimic acid peak ZF 538 spectrum¥4]

(h &4 #AF5Y 5 HPLC/MS/MSE ©]8-3t Shikimic acid &<l
@D &9 =R = Shikimic acidg &Q18H7] ¢ske] LC/MS/MSel| AAst Bz AS
AAeta, 27N AFE F9 Shikimic acidE &lsh
@ A
ep Al 9 A

— Shikimic acid 3<% Sigma, 69686

— Trifluoroacetic acid (TFA): Samchun, 100 mL

@ ZFEE&H] Ax

- X534 Shlklmlc acid 40 mgS 43| go} 0.1% TFA in D.W 100 mL (400
ug/mb)el =9 F 1 mL & 2Fst] Y @ s AHS

— 0.1% TFA in DW= 343} working solution®. 2 A}-g3+

@ AlEAe Az

- &9 #AF 2 0.1 ¢& F93s) #Hdtl 0.1% TFA in DWE H7tste] 2505
10 min AA] & oJN2 0.45nm Cellulose acetate syringe filter® o33 gl
AFE-F

€ A

— Multiple reaction monitoring (MRM) oA A =42 m/z [M—H] ™ °f 3ldsh=

5

o

peakE g1t & BA1S A3} (quantitative optimization) Y-S F3ske] R}
(precursor ion/parent ion) %! @2} (product ion/daughter ion) & &<13%t

LC/MS/MS =31

— Instrument: Agilent 6420

— Detector : DAD 210 nm

— Column: YMC Hydrosphere C18 (250%4.6 mm, 5um)
— Column Oven: Not control

— Injection vol.: 1 gL

— Flow rate: 0.15 mL/min



— Mobile phase: A, H,O in 0.1% TFA; B, MeCN in 0.1% TFA

min A (%) B (%)
0 80 20
20 20 80

Mass %71
— LCMS: LCMS QQQ (Quadrupole)
— Jonization type: ESI negative
— Multiple reaction monitoring : 173
— N, gas flow: 10 L/min
— CDL temp.: 3507TC
@ Agd4d¥
eh &9l A5EY T Shikimic acide &<lst7] flstel LC/MS/MSE 249
W B4 0 2FENY A|FE Ao FUsE AZFe] Total ion Chromatogram
(TIO)S Fag 4 Aa, Az AAEHS g ¥ A3} precursor ion
173.0 [M—H]~ m/z°]a, product ion< 93.0, 43.0 m/z= &<¢l1gh

Table 11. Shikimic acid 414 93t Retention time, Precursor ion ¥ Product ion

. Precursor ion Product ion
Compound RT (min) MW )
(MS, m/z) (MS® m/2)
Shikimic acid 1.67~1.73 174.15 173.0 [M+H] 93.0, 43.0
(th 99 ANE EHxHA0 2 HPLC/MS/MSE o] &3to] 4% Ay ZFg99 Ad
g Mo A TICoA Fdst A7ktholl peaks el 1, precursor ion (173
[M+H]™ m/z) % product ion (93 m/z, 43 m/z)°] A3 3 7IA 2= EEE
A7 £ FFEE T Shikimic acide] 4 4EUE FA & = 9o, &

A AFET F Shikimic acide] FRHH &S FAF

- TIC MRM (™ - ") STD1000.d
2 %102

Ciou

121
1.154

0.951
0.9
1

i 2 3 4 5 6 7 & 8§ 10 1 12 13 14 15 16 17 12 19
Acquisition Time (min)

L4 P Y ' M o Mbom o

& 12. Shikimic acid #=82 chromatogram



- MRM (172.0 -> 93.0) STD1000.d 173.0->93.0 . 173.0->430 - MRM (1.579-2.032 min, 28 scans) {173...
£ x107 | Vi € x102 | Ratio =38 (837 %) £ %1021 CER
5 RES 8 14ty
h 5 M 124
6.5 g 0.2 14
6 @ 0.6 0.2
5.5 % 0.44 0.6
54 = pod 0.4+
454 0- 0.2 173.0
1 15 2 25 1 15 2 25 50 75 100 125 150 175
Acguisition Time (min} Acguisition Time {min) Mass-to-Charge (miz)
2l 13. Shikimic acid =88 22k AHEH
- TIC MRM (= -> =) SAMPLE 4
2 %102
g 191
1.8
171
16
151
141
1.3
124
1.1
‘|_
081
0.8
i 2 3 4 5 6 7 8 9 {0 N 12 13 1 15 16 17 18 19
Acgusition Time (min)
g 14 £ 2FEY chromatogram 8l TIC
- MRM (172.0 -> 93.0) SAMPLE.d 173.0->93.0 , 173.0-> 430 - MRM (1562-2 200 min, 38 scans) {(173...
Z %102 | 1,673 min. % x102 | Ratio = 9.2 (88.6 %) 2 %102 93.0
z o 2 251
B gl = N O 225
T oed 21430
14 3 1.75
o 0.6 154
0.8 % n4d 1.25
© ’ 14
0.6 T 02 0.75
0.5
0.4 0 0.254 1?3.[!
1 15 2 25 1 5 2 25 50 75 100 125 150 175
Acquisition Time (min) Acguisition Time (min) Mass-to-Charge (mz)
07 15 Y HEEY WY AHEY
(2) #AA (Linearity)
b BEEAe st 244
A [} = =] = O ¥ 5
O BFEYS FEUE 450 BAT A2 404 o
@ Shikimic acid®] HEF%E ¢F 80 ug/mLE F4F%E 100%= A5t 25~400% W
SN 33 W Bk
® wNAY FrEE AAHdE FdHgden, 71&7] 2 27.3205~27.8309, R*:

0.9993~1.0000 ©. =2 }Eh



Table 12. Shikimic acid ¥+8 S o] &3 AA A4 (13 23)
H=E =
55 (%) == S B (area) A
(ug/mL)
25 22 649.31519
50 44 1265.53259 .
100 88 2527.65723 | owoomo = 27.3205x + 86.1353
200 176 4951.04932 e R?=0.9999
400 352 9672.48926 o
7|27 27.3205 B
y XE-IrIH 86.1353 Gmﬂom 50000 100000 150000 200000 250000 300000 350000  400.000
R2 0.9999
Table 13. Shikimic acid %8NS o] &3 A& 24 (23] AH)
7= —"=E
55 (%) == B (area) A
(ug/mL)
25 18.75 546.38971
50 37.50 1134.72009 o
100 75.00 2218.29028 | | 7eweom - y =27.6045x+109.3542
200 150.00 439039941 | ... e i
400 300.00 8350.22168 oo
7|27 27.6045 I
y 3 109.3542 o | | | | |
R2 0.9993
Table 14. Shikimic acid 278 NS o] &3 A=A 24 (33 AF)
HE =
=T (%) U A (area) M
(ug/mL)
25 22 619.38135
50 44 1234.39941 omoomo
100 88 2457.25488 T y=27.8309x +9.4936
200 176 491543164 e R= 10000
400 352 9804.52832 -
7127 27.8309 o
y BH 9.4936 .
R2 1.0000




() Alsel st Fx4
O £9 AFEds TFEHE SHsto] d Azt dnz 44 Pt
@ £ #FFET 100 mge FHd ©1%4(0.1% TFA in D.W) 100 mLE ¥ &%
FZ% 10 min AA] ¥ A4S 0.45nm Cellulose acetate syringe filter® o33t &
HE APEN] AF F% 80 ug/mLE A% 100%= A7dste] 256~200% W
Aol BF7ret Axp s=Ez XS A
@ 71€7] & 19,342.3928~20,390.5218 R?= 0.9994~0.9998 © 2 el
Table 15. &£ ZFE2LS o83 AR A4 (13 43
SE (%) éilil ;jﬁ(ff HH (area) adgu
25 22.5 469.19510
50 53.6 1121.13245 -
75 77.1 159737732 ssmooono | Y = 19863.2210x+ 43.6985
I R2=0.9998
100 108.7 2193.67041 T
200 208.9 418872168 o
7127 19,863.2210 -
y B 43.6985 oo | . -
R? 0.9998

Table 16. &< ZFET2 ol &8 A A4 (23 49)

29 AEEY
st (%) WA (mg) UH (area) a3
25 24.7 518.75702
50 58.5 1232.07642 o
75 74.7 1539.66992 w:x y =20,391.5218x+32.1460
—— R?=0.9997
100 105.1 2216.77026 _—
200 0.1999 4092.22876 o
7127 20,390.5218 e
y BH 32.1460 o = ==
R? 0.9997




Table 17. &9 ZrFH S o] &3t A= 24 (33 2Y)

e gy | SEEERY | AN
XHFF (mg)

25 314 651.98358
50 52.3 112875024 || e
75 81.4 1701.04419 D::: y = 19,342,3928x + 85.8952
100 100.9 2073.03076 o o
200 2117 4166.75293 ]

7127 193423928 || === "

y MH 85.8952 o o
R2 0.9994

(3) 49 (Precision)

7hH A4y ddUA (Intermediate precision)

o)

@

®

&0 zERY Z Shikimic acid 3 4 AW AldS &) FAxke 24 A}
4 2N E dEste] #4485 1yg

o ©

=~ =

Aste ARE 63 w2 A Aeld F UPsl YN MuaT, 3U Y
_‘l
q

Shikimic acid %2 H++ 72.6693 mg/g, E+=HZ(SD) 0.6926 mg/g,
F(RSD) = 0.95% % YERG

e
Wi

Table 18. =2 =}, +2Z7FS] Shikimic acid &%

Shikimic acid o SD
ARt | BMx | 2A | . RSD(%)
g2 (mg/g) (mg/9) (mg/g)
1 18.07.04 A Agilent 1100 73.1678
2 18.07.05 B Agilent 1100 71.8784 72.6693 | 0.6926 0.95
3 18.07.06 A Agilent 1200 72.9617
(\h) HEE AU A] (Repeatability, Intra—assay precision)
@ £ #ZAEFEY F Shikimic acid $HF 412 WhE AUAd S glstr] 98 i %
YA 7k} 6 AAEske] AL AR
@ A= gdyste] =4 A3 70.5452~74.1077 mg/gHE AEHRoH, 2 g%
o o] shek Wt 71.8784~73.1678 mg/g, X+H=F(SD) 0.3892~0.8607mg/g,
A =A% (RSD) 0.53~1.18 %= FA3



Table 19. +A4Y 7€ 4, A2 A, Agilent 1100 series
Al 2K 2 Algd8d =5 | Shikimic acid b SD
I HTIO Area I o 1 o N o RSD(%)
(9) (ug/mL) a2 (mg/g) | (mg/g) | (mg/g)
0.1102 2292.59424 80.7621 73.2868
0.1141 2353.89966 83.0060 72.7485
0.1121 2355.77539 83.0747 74.1077
73.1678 | 0.8607 1.18
0.1103 2294.95190 80.8484 73.2986
0.1135 2376.39868 83.8296 73.8587
0.1151 2340.99902 82.5339 71.7063
Table 20. #A4Y 7€ 54, A%} B, Agilent 1100 series
Al 2 XY =¥ Algl8 = | Shikimic acid oHA SD
I HTIo Area | © 1 O "~ o RSD(%)
(@) (ug/mL) a2 (mg/g) | (mg/g) | (mg/g)
0.1051 2221.31372 76.5078 72.7952
0.1050 2207.24756 75.9982 72.3792
0.1052 2179.13525 74.9798 71.2736
71.8784 0.8477 1.18
0.1042 217473047 74.8203 71.8045
0.1048 2150.19360 73.9314 70.5452
0.1051 2211.95093 76.1686 724725
Table 21. &4 7€ 64, 42 A, Agilent 1200 series
WNENEES e A8 s S_t\ikimic acid b SD RSD(%)
(9) (ug/mL) &2 (mg/g) | (mg/g) | (mg/9)
0.1066 2183.03711 78.0982 73.2629
0.1025 2071.89185 74.1046 72.2972
0.1035 2120.65552 75.8568 73.2916
729617 | 0.3892 0.53
0.1053 2148.53955 76.8587 72.9902
0.1020 2073.95044 74.1786 72.7241
0.1025 2097.77344 75.0346 73.2045




(4) J&7d (Accuracy), 3]& (Recovery)

7h €4 #FF+E% F Shikimic acid®] &S 457 & £ 52 (72.6693
mg/g, FEA Aip o] oln] FEE &l Q= XTENE Yo IFES FHoEN
] 3A] S F}o) sk

W HAEss
o
(th sL-¥E=

3] WkEalo] e Ay 34E 98.28~102.19%% Yebd. dAHo=w
3t

Table 22. &9 &AFw2 A4 2 3)4&

Al 8ol
Shikimic acide| & s 5= (ug/mL)
e | aga | 2M ="exo/m 348
= T a i1 S ik (o)
24 (9 sample BHES I\ %] AR (%)
w2 |

1 0.0903 6.5621 0.5265 70.89 70.57 99.55

MatMd 1 2 0.0818 5.9444 0.5265 64.71 64.27 99.32

3 0.0821 5.9662 0.5265 64.93 65.94 101.55

1 0.0853 6.1988 1.0530 72.52 72.37 99.79

Mz 2 2 0.0811 5.8935 1.0530 69.47 70.99 102.19

3 0.0804 5.8427 1.0530 68.96 69.29 10048

1 0.0825 5.9953 2.1060 81.01 79.62 98.28

Mz 3 2 0.0818 5.9444 2.1060 80.50 80.66 100.19

3 0.0829 6.0243 2.1060 81.30 82.41 101.37

range
(5) HA( )
7hH &9 #ZFFEY T Shikimic acid %S A=sH7] Y B4 A HY= F
A A, A4S 1835k, 62.25~93.37 ug/mLe] W= A5

() o] x5 &9 FFad 0.1 g& ol &3sto] +43ts Agoln, £ FAFEd9
Shikimic acid® 30| 58.14~87.20 mg/gQl Ao dhsiA A&st st

Shikimic acid 4 &o] 7Fsoe &lgt



. 45 AFH AVIE AR 5
(D 2€%¥ 647b+ 57147 27} =
7tz 1.6kg® % &Fsto] @Zﬂ?}:(PVTFD 10R, Ilshin lab Co., korea) ¥, &%3}s A
= NEE AT

2R AQF3 £ 489 F
e

(2) =
2 22.19~28.75%° Az

3 ¥
o] 28.75%% M =3k 53
F ukg. 9ol Wake] b fo

Table 23. Yield of dry of pine needle according to collection time.

= Hylow, 3%011 ‘M?} &9 *L""U Az
ANFH G £olo] HFM AxFgo] 22.19%= 7}t
Ll

Sample Collection Times Sample weight (g) Dry weight (g) Yield of dry (%)

February 1.600 394.0 24.63
b march 1.600 460.0 28.75
ine
april 1.600 4455 27.84
needle
May 1.600 355.0 22.19
June 1.600 418.5 26.16

A 3 A E£QQAFEL A MAH &5 In vitro AT

1. Pancreatic lipase 94 &% %7}
7k &
(1) #7% 2l¥folAl (pancreatic lipase)i= HFlM WEolA HolAdew inlss S48 Lalare,
Ao 2sks Aska G oAt TEH*%% E?o}E% =

() A A sl 3] waslo] F57) uhie] o] Fae Bl dANE FHA e
Bl @A 2AAL W ROz AW FHh ANHEE FY AYS FEEA 1 oA
2 WEd

o A



(1) Sample 4] @ +H]¥ samples MeOH T+ DMSO° =<9 & MeOH %= distilled water®
o] g-3to] Aol A T FHste] AR
(2) Buffer 243

Enzyme buffer 10 mM MOPS, 1 mM EDTA, pH 6.8
Tris buffer 100 mM Tris-HCl, 5 mM CaCl,, pH 7.0
Substrate buffer 10 mM p-NPB in EtOH

Positive control 1 mg/ml orlistat in MeOH

(3) Pancreatic lipase inhibition &%

h Enzyme buffer 5 plol tris—HCI buffer 170 wE 412> %, pancratic lipase 300 pgs 9]
, 96—well plate®l] 53

) SampleE wellell 20 w® A2l & 37Co|A] 1583t incubation 3!

(th) Substrate bufferg 5 wl¥olE § 37TCelA 2043t incubation &

(#H UV-spectrophotometerE ©|-£3}4] absorbance 400 nmelA =43+

= 03

o}, 2847
(1) Ethanol F=&29] lipase 24 &7}
(7h EtOH —r% 9] A% 100 ~ 300 pg/ml 55)A pancreatic lipase &1 A7} YERS
@ EtOH FZE=9 4-F MeOHel|l =3l& 745, €% 40| MeOHell 54| oo}, pelleto] A%lom,
ol & MSP dedle olgste] Ade e
@ 400 pg/mE A2 HAE 7AF, MeOHOl % sample®] 5474 A&o] dojub F40] ofel
200, 300 pg/ml EEoNAMC A &F+= positive control®l P—1(orlistat 1 pg/ml),
P-2(orlistat 10 pg/m0) ¥ &7} FARSHS Uebdle, s &40 A a3} vepd
@ EtOH FZE=°ll pancreatic lipase 94| 43| o T3H| 55 o & + U+

0.8 -
0.7295

0.7

S
N

S
n

Absorbance 400 nm
) =)
w =

e
N

=
—

=

éQ,\ g \'\»' %b @,\ bi\» @15
Qé‘ Y ¥ & & &
gl 17. BtOH & T MeOHZ 3|AM3t sampleQ| lipase X =74, N; negative control(MeOH),
P-1; positive control (orlistat 1 pg/me), P-2; positive control (orlistat 10 pg/me), EM25-1,2,3; EtOH
£ 0]83%}0 25°C == & MeOHO| 3|45t 100, 200, 300 pg/me sample, EM60-1,2,3; EtOHE 0|&
St0 60°C == & MeOHO]| 3|ASH 100, 200, 300 pg/me sample



() EtOH % % DMSOd| =0]3 MeOHZ 348 31518 A9, DMSO®] sample©] B5 =gkom,
MeOHel| 348 Z3Jalo] = pelleto] 714 €000 ~ 400 pg/ml 7H &35 =73 500 pg/ml2)

A% MEo] Yot ERE E4o] Wksagor, FE EA0R Dt 2L AT

0.5 1

0.4315

=
=
L

0.2345 0.24

Absorbance 400 nm

0.1 -

S

LA S SN 5>
9 18. EtOH F%& ¥ DMSOZ *0]1 MeOHZ 81498+ sample?] lipase inhibition &3} 74,
N; negative control(MeOH), P—1; positive control (orlistat 1 pg/ml), P—2; positive
control (orlistat 10 pg/ml), EDM25—-1, 2, 3, 4; EtOH& ©]&38to] 25T F%F $ DMSOe]
o)1, MeOHe®ll 343 100, 200, 300, 400 pg/mé sample, EDM60—1, 2, 3, 4; EtOH=
o] g3l 60C = F DMSOZ 50]31, MeOHel|l 3]418+ 100, 200, 300, 400 ug/m{ sample

(2) 9 FEE9 lipase A v}

b dF FE= 4§ MeOHE 535 Al B9 pelleto] TAE oM, o]F Al9st A5d&
o] gdte] AL 3y 100 ~ 500 pg/mle] FLE EHE =% 9L W, pancreatic
lipase 9Al @37} YERA] o5

0.8 - 0.7495

0.6565 0-6745 0.689

Absorbance 400 nm
S
N W = o= O

; "

e
-

=]
1

12l 19 BfOH & % DMSOZ =011 MeOHZ 3%t sampleQ| lipase inhibition &1} =3, N;
negative control(MeOH), P-1; positive control (orlistat 1 pg/mg), P-2; positive control (orlistat 10 pg/
mg), EDM25-1, 2, 3, 4; EtOHE O|&35}0] 25°C =& T DMSO0| =0|1, MeOHO|| 3|A4%t 100, 200,
300, 400 pg/m@ sample, EDM60-1, 2, 3, 4; EtOHE 0|23}0 60°C £= T DMSOZ =0|1, MeOHO|
S|MSH 100, 200, 300, 400 pg/m sample



(W 45 3259 3¢ DMSOZ =& Al, BT &3] 555 gRletglon, o]E pure water
= olgsto] A & APS s

@D 100 ~ 500 pg/me] 5= 3= 4 39S w, 2k pancreatic lipase 9#| &3}7} L1E}
WA ok

@ 29 337 vlw 39S W, MeOHol| ¢l sampleo] 471 pelletel] lipase oA 20| A&k 33t

(3) MeOH F=E9] lipase 94 a3}

7h MeOH F=E9 A% 200 ~ 500 pg/ml 554 pancreatic lipase A &37} v}
E]r”. 300 pg/mb olAS Ay FHE A-$, MeOHol 5& sample?] EAAF ok7h9)

Zo] dojts Fetow A

(‘)r) MeOH FE=°] 2% 200 ~ 500 pg/meell] % oJEFox x| ax7t Yehd

0.5 H

0.439

S
1

0.344
0312 0.309

<
w
1

Absorbance 400 nm
e
(%)

@
o
1

0 4

N P-1 pP-10 PP1 PP2 PP3 PP4 PPS5S
12l 20. MeOH Z=&3t sampleQ| lipase inhibition &1} =74.

2. 3T3-L1 AFATAHEE o] &gt AvHs A A3
7} he
(1) o= o] &3} o] HF ] BHFgo
Apo] uhgo] Frhek

].

rir

]
4

o

!
o,
é{t
By
ol
X
Y
E
H
lo

AYAEZ ] Z3tol| o]

(3) Oil red O FAHE Az FAE A5 FAsks APHOE AR SRt A4
Aoz @ gase] Aol FAsE SRS Aol olgw Wlolr] At HeNow
[EPAIRS]

L A
(1) 3T3-L1 ALATAEE 10% BCSBovine Calf Serum), 100unit/mL¢] YA # (penicilin)



9 100ng/mLe AERIEvto] (streptomycine) = X3k DMEM (Dulbecco's  modified
Eagle's medium, WELGENE, Korea) ®j#|el|A] 37C % 5% CO2 2710 = kg

(2) 3T3-L1 AMAFAEE] AAE #3HE Fat7] fl8l, AlE7F 60mm Eo)Eo] ddshA A}
g o #3 FEEZA MDI(10pg/mL  insulin, 1xM dexamethasone % 0.5mM
IBMX (Sigma, USA)), 10% FBS(Fetal Bovine Serum), 100unit/mL2] #YA# (penicilin) %!

100ng/mL%] AE#En}to] X (streptomycine) & ¥3Fst DMEM=Z HiA| & w A5 oM, oju &
A FEEE I AT
(3) 249 7H40° % 10pg/mLe <& H(insulin), 10% FBS(Fetal Bovine Serum), 100unit/mL<2] |

YA (penicilin) ¥ 100ng/mL4 AE#AEnlo] Al (streptomycine) = X838 DMEM HiA|Z o
AFRom, 6947t ks =
(4) AWAEE3} 5L Oil-red O FAHS o] &30 SH3
) A xR F3e 3T3-L1 AWAFAEE PBS(Phosphate—buffered saline) & ©|-&3l] 2~3
3] AT & 10% EE5YU 5] E (formaldehyde) S o] 8-3Fo] 3087+ 143
(Wb PBSE o|g3l] 2~33] &ds] Alx3 & 60% ©o|AX 22 (isopropanol) ol Smg/mlLZE <1

Oil-red O FAef= o]kl 1ARE 57k A9
(th &4 & PBSE o]&3to] 2~33] P2 FAeks &d3d] AAs & dnds Sot 94 J=E
golstel o, o]F 100% OlAXZHAEE o]gste] FMH Oil-red OF ¢3] 5o UV &

333 % A (spectrophotometer, BioTec, Eon) S o] &3dte] WAL 235S =43t

ot AdAd
(1) Quercertin®} Kaempferol:- ©]u] {23l A50] &9l ¥ ChemicalZ H|nE $J3] A%
— 27}9] Chemical> 100uM?] F%2 A 8}, £9555L 100ug/mlst 200ug/ml= A2 9
(2) Nfsqéjr,].
h &£dFAFEHRY = FE "u%Oﬂ/ﬂ —ir S50 Aaglo] sk
() &2 7= AEodAe = I

120

3lo

-

100 -

20
m =~
40 i
0 - = ~ b
0|2 s} ‘ g3} Qurcertln Kaempferol 25°C 25 60°C 60°C
100ug;‘m| | 200ug/ml | 100ug/ml | 200ug/ml
Control 2x=



140 -

120
100 -
80
60
40
i I I
0
‘ w3} Qurcertin Kaempferoll 25°C 25°%C 60°C 60°C
[ lmugfml zmugfml 100ug/ml | 200ug/ml
Control U‘H EJ%#%
1Y 21 SYMFEYO| 3131 II%':.”‘J—FLAIA&OM SEECIELIE
3. 3T3-L1 AYATAHZE o] A &3 4%

7} Ne

A HEE 7} dojupbd F=AA A (triglyceride) ©] HallEHA] glycerol?]

—54 glycerol &%

w A

(1) 3T3-L1 #AAFAEZE

]
=

(7h 3T3-L1 A%

Age

A4
3}

100ng/mLe] AE=En}lo]Al (streptomycine) =
Eagle's medium, WELGENE, Korea) #j#]°l4 37C % 5% CO2
O AWAE #3E st Hdll, AE7E 60mm ZH ol Eel| fAdstA

01:‘3700]

sE7h ot

10% BCSBovine Calf Serum),

MDI(10gg/mL insulin,

zA

1M dexamethasone

WEHER A ZEY wiA]

100unit/mLe] |42 & (penicilin)
Xkt DMEM (Dulbecco's

modified
O F njjokst

0.5mM

ul
=

IBMX (Sigma, USA)), 10% FBS(Fetal Bovine Serum) 100unit/mL¢] #HYA = (penicilin)

4l 100ng/mL 2] AE=Enlo]Al (streptomycine) =
29 714902 10pg/mLe A< (insulin), 10% FBS(Fetal Bovine Serum), 100unit/mL<]
d (penicilin) % 100ng/mL2] AEZEn}o|Al(streptomycine) o X33t DMEM HiA]|Z

woE e

h
H A
WABF O, 647t

(2) Glycerol &% =74

(7b Free glycerol reagent(Sigma, USA) & ©]&3fo] =
(L A2 g Az

th

Hjokel f glycerol

o

=A 3}k

1 0 wH
&0l 2229 At AW E3es 3l
gk Al A F 24h, 48h F W]

(spectrophotometer, BioTec, Eon) & o|&3le] =743t

o Aed

3 DMEM=Z A& wA|g



(1)
(2)
(3)

0.25 -
0.2

0.15

.[I I L

0.1

e
(=]
W

0.3 -

0.25 -

02 -

&
=]
il

0 -

Forskolin o|n] A¥2also] €<l ¥ ChemicalZ H]wE I3 AFHE-E

Forskolin& 50, 100uM2] %2 Agjalglon, zkzte] 2252 100, 200ug/mle] S5z =]z)dH
AEES AZ AY § 24h, 48h 23] =4 siglon, A¥A £AHAFELY = FE U odEs
FE AE BT ANEE adrt YehA oee 1

24h

o] &3} i 5} 50ulM ‘ 100uM 100ugfm| 200ug,,-‘m| 100ug.|fml 200ug/mi| 100ug_.-’m| 200ugfm| [100ug/ml| ZOOUgij
T L= L

o | Forskolin 1 2x=z=ps) | OfEE(sT) | EFE((60T) | OIEH2(s0T)
48h
MD I S0uM , 100uM | 100ug/mi| 2t>c:ugfm. 100ug/ml EDDugrm‘ 1GDL|U.-"m EDG_IgJ-‘m-TDDUUfm- |200ug/ml
e Farsalin SFE(257C) oErS(25%) ‘ EF=(s07) OIEt 2 {s0C)

08 22 3731 A[UHTHES 0|83 X|dt Eef A



0.4895

0.4265

3055
0.4 0-395% 3865

0.356 0.36 0.349

Absorbance 400 nm
(—)
W

e . VS I . TN . R . -
VFFIFFFTITTFSS

LIS LSLES
&l 23, EtOH ==& ¥ DMSOZ =0|11 MeOHZ 3|Mst sampleQ| lipase inhibition &1t £H. N;
negative control(MeOH), P-1; positive control (orlistat 1 pg/me), P-2; positive control (orlistat 10 pg/
m@), EDM25-1, 2, 3, 4, EtOHE O|&3}0 25°C == & DMSO0| =0|1, MeOHO|| 3|Ast 100, 200,
300, 400 pg/m@ sample, EDM60-1, 2, 3, 4; EtOHE 0|83}0] 60°C 3= ¥ DMSOZ =0|1, MeOHOj|
S|Ask 100, 200, 300, 400 pg/m@ sample

=

4. &
7}, 7

O

FHL 3230] Ansldd WL 9T £

M2
o 1

fo

[
Jo

Fol 285 vz gE A7 Melanin—concentrating hormone (MCH)©] of5Fo A= A

A e g S &+

(1) Al ABeta]4= MCH-GFP7F AHde AR H= 54 $ 3041kl Aephd A7) aks] &
opdE Ay A el= g HepdAAE 5= 540 &

(2) MCH—#Eeta]4 9] depd A7) Ak = =g dEste] nuieiAlE 9

=
=
(3) WehdiAlS) $4 Pt WehdaAe] WS Sgste] SURFRDY HHAENE AT

o
1>
ofo
12
B

L}, AEay

(1) 273 ou|25E AletE djol= WEAEF FH0F A A5dFa oF 22417 4] 284171
(A AaA7E AAGEA] o A7) Bk wiekr]elA Hjek

(2) FFd A& o] &3] Fgo] Add A A

(3) A¥d A w20 adE Hulgh abr] fsto] dnAstelA] AACRE ABgy4 o duks
A A

(4) Well @ 3 ~ 5 nlg¥ 9oF 5 well] 3XFE Ak, AFLA A7}

(5) AFEAS 10417 58t =& AR &, AL AAE g1 & 2AF Al 52 97)

(6) &m7d B A Tricaineo & vlF § AES AHeku]4 5% Wl e dehdaAe) Al
ATEE fu)gos g¢l 9 Al &<

(7) d3e] /ol 2z 3710 AetdAAE FA9R AAdstar onx] 54 T2 1S o] 3k
HAepd o] AAe Aatsle] BA s 4t



o A9

(D) £Y F== 2% dis) A& AasE7e w32 w5 5 2ehd2A9 A7) Waks S8 45
Hass 45

(2) 29 oeke 2ZEo| U3t A BAY, 2R wEFolA 28] o) Aehdaxe A7} =7}
g 2l Elakls. 3.125, 125, 50 ppm°1]1 FEAEAR AAE HAS

(3) &9 g7 FE=o U AIF Aa, dF m=ETelM dizded vs) Sk debd A7 1y
21, 12.5ppm o4 2704, 50 ppmellA 374A19] AL @Aw o] A ko] dso] ofH %

FARFEL AUE F2E S0ppm

Solvent control

of
ES EE7h 71842 MCH-GFPO| 2# 0| ,
S B}X| 2, 12.5ppmOj A= MCH-GFPO| 30| ZtAgt

—

500
400+
300

200+

00—

Size of melanocyte in zebrafish (%, control)

ppm
DMSQO 0.78215 3125 50 0.78215 3.125 125 50
SUNBR oS 288 LUNERY €4 288
ag 28 ME2tmRoM EAAEELO| A2ANes BIL AHEEY OEE FEE2 5= 9
Moz HEatulalel HatHak 2o S FAID, %¢ FE22| 3125ppmOjlA] HAZHH K|
0 e B B FES2| S0ppmoilAE JHHI7E 25 FA2D 125ppmofAE LF TiH7t S,



A4 A & AFRDLY AT AX &% In vivo AT

W R AILE AR 2350, g
oF 94 £8) ZalN 1%
Jol glar AFAAE Qs ABE FEE dAel

01“ N

(3) 17 At d¥kdo] + FRS(6viE)), 1 BE Aol + FHS6vE), 1% Cx AW
2o] + &= 300me/ke (771]), 18 DE wAWAo] + £&R=Rul 500me/ke (77}
i

2) IO EH{3Y

R e

(1) dntAelsh mAgAe] e B A7 AFletes stalom 3 ~ 4dnitt gddt Atk
HolFolgt s SAselon, ST HA AR

(2) 2% A, B SH4 100 ul Aelstglal, 1% C, D £dA5wE AsE(300mg/ky), 165E
(500mg/kg) & ATl B S5 100ulel] =o] Ao] o

(3) A7 ol v 13] g AKFI8~194] Ate]el B Fof shalom, AVt 53k Algrst
T W] 7 Tl ATSIEE vlad

1>

mlo

o o
(1) EHl(Sonde) & o]&3F B7FE AArlskl o (o] 10 cm, I

5 =
183t 15} =524 Syringe filters ©o]-g3lo] B3t SHTS o] &

of\
i

mm) SFTrE e/l

o
o

oh ARERY AYAZ 54 W B

(1) g9 variations ®#t7] flste] dAAF s (18413H A A& AA

(2) FAAAE GIske] AT BT F APolA Fole ARG, AHD BAL S| LeeolH
Zol HalYy FAE AFH s T ALIAEF 7|2 o]Lato] 4TeA 12000 rpmel] 1587F
AR F serumihs 28

(3) w2l serum —20°Cel B8 om, A2 total lipid, ALT(SGPT), AST(SGOT), total
cholesterol, free fatty acid, HDL cholesterol, LDL chlesterol, total protein, triglyceride®]
AR (AEEA713 0 GC SAAF 1A

N

(1) Ao AHgd kst AEo] HollA vA= s Lotrr] gt A FAE SHsa, 7]
=9 e o} HHAFE Az
(2) AAY A ays SHs7] floke] Fargte| $1x|sH WX (white adipose tissue), 5% &

o7 Atole] Azt xe ZAMA (brown adipose tissue) 2] FAIS =%
(3) FAE S435t7] S8t 18213 AAAIZ] & FugkAn)y A4tz o= #2859 AW &



2| o} FAled ZF A7)52 et HHoRE Bz gk
(4) 89 2 AWEZAL microbalanceE o]&3sly] FAE SHG 3, WMAAHF AL 49

paraformaldehyde o]&3ato] 17%3sh

vl EA4 2 g
O 7+ A3 g3t EAxgl= ONE-Way ANOVAS 2459 om p ke 0.05 olstd o 427
a7} Q= Aoz BABE x : p < 0.05, = p < 0.01, ==+ p < 0.001

2. EYAFE L] AXY N &5 In vivo £A A
7h EdAEEE AAC e AA 3 24

(1) £A2FE2(300me/ke, 500mg/kg) & 125 < ICR w20 A Fol& 13T

O 125 & HF ¥ 15 ALRYo] + 799 A= 42.99 + 141 g 1§ B(IALH

+ 259 PAE 4855 £ 354 g 18 C(AAWA] + £YAZED A¥E) o TAL

47.67 = 3.30 g, 1% D(EAA 0] + EYFAFEY IFD) Y FAE 37.06 £ 2.39 go®

(2) B 125 &2t Aojda A or Hwo] FrHda= €4l
}7)

al = ) H A&
W, 125 9k 2§ DS IF Bel wlste] 125 o] F AFo] 47} 115 g 2|
o

v}

(3) vl R T B Aol ol F R TR A Tk AL H @ 5 AW IF
3

=
a=N
De 2ol & FEFA T7hgo] T Bel wls) s Sl (1H

45

e
o

——Group A

-=Group

Weight (g)

L
W

Group C
——Group D

0 1 2 3 4 5 6 7 8 9 10 11 12
Week

a8 31 12320 2 gt 0|
(4) 125 &< 7} 259 A WS I8 A YA 12.14 £ 0.98 g, 1% B ¥4+ 18.94
+ 3.86 g, I CO FAI= 1749 + 249 g, 15 D] FI= 7.66 £ 2.30 go % 1P (L
d 32)
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o £AAFEE S AA A9 WA E} 2aA —Er*i
(1) Waxurs sk 43 FAE 15 A 062 £ 0.05 g 1% B 1.93 = 0.36, 1% C
250 £ 0.17 g, 713 C 0.56 £ 0.13 g2 YR (18 34)
3 -
254
c
3 2
2
=15 4
5
a 14
$ 0-5 | . -
0 L] ¥ L] 1
Group A Group B Group C Group D
2] 34, uiMX|EE 23 =X, DIO vs 500mg/kge| p 2+ 0.05 O|8tZ Group B (DIO)Qt S.9|& X}
O|E LiEMH

(2) ZAAAZ2] (brown adipose tissue) 2] FA= 1% A 0.10 = 0.03 g, 1% B 0.16 £ 0.01,
% C0.14 £ 0.02 g, 715 C 0.08 £ 0.01 g% YeEFF (19 35)

i I I ***
T T - '

0.2 -

S
(=
h

e
=3
7

Brown adipose weight (g)
=)
[

0
Group A Group B Group C Group D
Jgl 35 ZMx|E 22 =74, DIO vs 500mg/kge| p 442 0.001 O|3tE Group B (DIO)QF {9o|H X}
O|Z LIE(H
(3) 1277 £QAZLLE WA 15 1T 2F Budk A WG] FAL A2S & 5 9
. °ol¢} HEA mEZEg oyt Wol It} Atiate] JaFe 71X AR AR
I3 D7 7P A R

QAFRLY HE LA A 7 1R

g

B

ipid¢] 4-¢ 1% Av 491.25 + 31.51 mg/dL, 15 BE 748.67 £ 26.79 mg/dL, 1
& Ci 676.80 * 47.45 mg/dL, 1% D& 536.75 £ 66.44 mg/dLE YEPE (2§ 36)



800
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T
400 -
200 4
0 Ll L] Ll 1

Group A Group B Group C Group D
18 36. &% Total lipid £4. DIO vs 500mg/kgQ| p Zt+2 0.05 O|stZ Group B (DIO)Qt F2|X
XIO|S LIEFH
(3) Total cholesterol® 7% 15 Ax 132.67 = 9.29 mg/dL, T35 B 225.67 £ 4.19 mg/dL,

% CE 240.60 + 26.80 mg/dL, 1% D= 170.25 * 27.77 mg/dLS Yebd(2d 37).
HDL cholesterol® 4% 1% A+ 131.00 £ 9.63 mg/dlL, 1% B 174.00 £ 29.13
mg/dL, 15 Ci= 219.50 * 15.72 mg/dL, 1% Di= 228.50 = 24.26 mg/dL& YEFF (19
8). LDL cholesterol®] 4% 1% A+ 11.00 £ 1.22 mg/dL, 715 B+ 38.00 = 5.89 mg/dL,
I35 Ci 38.67 £ 8.28 mg/dL, 13 D& 34.00 = 4.39 mg/dL& YEPF(TH 38)

300 -

0 T T T 1

Group A Group B Group C Group D
12l 37. &% Total cholesterol £41. DIO vs 500mg/kgl| p %f2 0.05 O|5tZ Group B (DIO)Q} &
O™ XtO|E LtEHH
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Total lipid (mg/dL)
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HDL Cholesterol (mg/dL)

th
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Group A Group B Group C Group D
&l 38. @& HDL cholesterol £41. DIO vs 500mg/kg®| p 2t 0.05 O|stZ Group B (DIO)2t &

O|A XO|E LIEHH
40 - *
30 -
20 -
10 -
0 . . .

Group A Group B Group C Group D
J&l 39. @& LDL cholesterol £44. DIO vs 500mg/kgl| p 4f2 0.05 O|5lZ Group B (DIO)2} |2
M X{O|E LtErH

[¥]]
(—]
)

LDL Cholesterol {mg/dL)

(4) Triglyceride®] -9 18 Ax 88.25 * 14.67 mg/dL, 1% B= 111.00 = 8.92 mg/dL, 1&
Cx 91.34 £ 12.28 mg/dL,, 1& D+ 67.60 * 8.27 mg/dLS YeEFFH (¥ 40)

150 -
g:' 100 -
'%;z ) I I
0 T T T
Group A Group B Group C Group D
Jgl 40. €% TG 24. DIO vs 500mg/kgl| p #+2 0.05 O|stZ Group B (DIO)Qt {o|X XIO|E

Ltep



(5) Free fatty acid®] A9 78 AE 640.67 + 94.30 pEqg/L, 1& B 687.50F 58.52
Eq/L, 18 C= 589.25 *+ 80.41 pEq/L, 15 D+ 447.80 + 130.33 xEq/LE YebH(1¥ 41)

150 -

100 A
*
) I
0 T T T 1

Group A Group B Group C Group D

12l 41 "% free fatty acid 2. DIO vs 500mg/kg@| p %f2 0.05 O|5}Z2 Group B (DIO)Qt {9
X XIO|E LIEHH

Triglyceride (mg/dL)

6) 7% X ALT(SGPT) A 18 A= 41.50 + 5.89 U/L, 18 B= 45.00 + 10.78 U/L,
1% CE 38.33 + 3.86 U/L, 18 D 28.75 * 3.03 U/LE Y (1d 12) )% 549
T2 22 AST(SGOD A 18 AE 12467 + 11.15 U/L, 1% BE 108.50 £ 5.85

U/L, 2% Ci= 94.80 + 9.68 U/L, I3 Di= 113.40 + 11.93 U/LE YeERH(ZH 42)

60 -

40 4
*
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0 T T T "

Group A Group B Group C Group D

O3 42, ©Z ALT(SGPT) 241 DIO vs 500mg/kgl| p 42 005 O|5tE2 Group B (DIO)Qt S-o|X
X}O|2 LIEHH. UHHAIO| vs 500mg/kgl| p 742 005 O|AQE Group A (YBHAO|)RC|E %}o|7}
LIEFLEX| Qb

ko=

ALT (U/L)
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Group A Group B Group C Group D

J&l 43, "% AST(SGOT) 4. DIO vs 500mg/kg®| p 4t 0.05 O|5t2 Group B (DIO)2t S9o|H
XHOIS LIERA, HHAIO] vs 500mgrkge| p 22 005 O|ACZ Group A (UHHAIONS.OIM Kto|7}
LIEFIR| @t

BT

AST (U/L)

(7) Total protein® A% 1&F A= 5.16 = 0.08 g/dL, 1% B 5.14 £ 0.38 g/dL, 1% C+
5.58 * 0.27 g/dL,, I D+ 5.63 = 0.32 g/dL.S YEFH (1™ 44)
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Group A Group B Group C Group D
& 44, EF total protein £4. DIO vs 500mg/kgl| p #f2 0.05 O|5t2 Group B (DIO)Qt SO|A
XtO|S LIEFH

Sol SUATLUS AHT IF C4 DE WUT IF Be wmse 0 33 4
|

(7% S n (-
L L AL

Total protein (g/dL)

[
1

8) 12 %
total lipid, free fatty acid, triglyceride?] &% &l &+
(b 8% total cholesterol®} LDL cholesterol®] ZA$olAx ZrAsro] vElton HDL
cholesterol®] 7% S7Fs¢
(1P Total protein® FA= FARBH yelgtod, 7t 7%
5 B9 frARHAl YR 3 7]l ool Gl
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N
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A5 A EARFEDY AAY AR 71 AT

L A7 fr2d 3T3-L1 AUAAZAN #d FAA 2d £4
7F Ay
(1) 3T3-L1 AWATFAEE 10% BCS(Bovine Calf Serum), 100unit/mL2] #HYA# (penicilin)
9 100ng/mLe AERIEvto] (streptomycine) = X3k DMEM (Dulbecco's  modified
Eagle's medium, WELGENE, Korea) HjA|e]4 37C 9 5% CO2 o= njekgt
(7h 3T3-L1 AMGATAEY ABAEL #3835 Fesh] S8, AE7F 60mm Z#o]Eel a7
A W ¥3 FEEZQ MDI(10pg/mL insulin, 1#M dexamethasone % 0.5mM
IBMX (Sigma, USA)), 10% FBS(Fetal Bovine Serum), 100unit/mL2] Y2 # (penicilin)
2 100ng/mL 2] AERIEnto] Al (streptomycine) = 3235 DMEME w41 & wA|sh
(Wb 29 71407 10pg/mLe <1%# (insulin), 10% FBS(Fetal Bovine Serum), 100unit/mL<]
HYAH (penicilin) % 100ng/mLe] AEEn}o]Al (streptomycine) < X383 DMEM HiA| 2

wASFN oM, 6U3t F3E T
(th Aesh7t %Eﬂ 3T3-L1 AgRgAle] Edamwds A2 § Adestel a3dd 52

ZAx}e] W32 Real—time PCRE o]83fo] Selgt
O 2Fookaekd % '] AWF 7+ Bio—marker

aP2 : Fatty acid binding protein

SREBP-1 : Sterol regulatory element binding transcription facor 1

PPAR-y : Peroxisome proliferator-activated receptor gamma

FAS : Fatty acid synthase
C/EBP-a : CCAAT/enhancer binding protein alpha

LPL : Lipoprotein lipase

u AdAd

(1) A7 5% 3T3-L1 AddAxed &dz5dY 445%E (PNEP water
extract) A @& aP2, SREBP—1, PPAR—y, FAS, C/EBP—«, LPLY 23 E& 5%
oEHo R AT

(2) AR f2" 3T3-L1 AWdAEZoN &£JAFE T 53550 aP2 43

]

{

rlr

Hj e

(o1 #)

601:
@ 't A4FEE 1009 200ug/mL A2l Al % YEF R aP2 IS AR
@ 200ug/mL &= control® T} Walo] ok 2uj7} v 7FA%

By
=

S
L

=
=]

iz

i



Gene expression level
(fold control)
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aP2

Ca

&

2 45 X|eH2s17} QL& 3T3-L1 K|EHERAMZO|A aP2

=2 aP2 RS &S sk EH2=E YHAZ.

& & &
'S
@ N@\‘.‘é Q\}
PNEP water extract

QTR e

=] PN =
2N SYUKS

AHE deFE%°] SREBP-1 ¥

o]0 ® SREBP-1 Wdg 9

@ 200ug/mL #8]+= controliEt} walo] ok 1 5u7F ¢ 7Agh

Gene expression level

18 46 X|gHES17F QEE 37311 X|SHETNZOAl SREBP-1 SHX}

(fold control)

-9
J

L]
1

L]
1

SREBP1
> @ & @
& & ¢
& ,§} ..9“0

PMNEP water extract

TFES2 SREBP-1 RHAIS| Eoig 5= ATHOZ ARAIZ.

(4) =

ik

=
rr He
2
N
-1

3T3—-L1 A A Eef A

.
AT

oA |

@ 100ug/mL &+ Normal =22 dao] A=
@ 200ug/mL # &&= LPL %&o] 7ZatA A%

HF
=

et
i
1x

£AAET Y IFFEE0] LPL W

1007} 200ug/mL A& A % oj&x o7 LPL WaS oA



Lipoprotein lipase

- ~
=~ oju wﬂ__ Gl
! B " i)
= » g T
e g > o= =
KF _ 3 - -
<k o & - Bl 9 °
au il Ay s IH ol =
AT O = Koo W %
N X koA R
KlD or oH -
KT - 0| ot oo
oH T & ol . ° e
< N N B <I = o
. =l o) =) TH
T . = W ey
TH 1 B = v
Nz W 0! gl N %
il ‘_n&l ,.LO O# I . N (,
Ml — — N %, K o
. o < %8 K <
- K A {F oQ._.mb = ok v
o |__A|L a —_ [T} >~ - a
§OF T X g - L, £ o X x
! = 3 ) Wog — Am...m. b M < 9 B
§ - B E T O & % 5 & K W
ExywxT § T & g x99 T 5
_ s O W 3 o @} 6 & DM T 3
u H = - 0o %, w H o] =o o
z 4 K =o o sl Yy T = o I o
g X o — N B 1 2 g X K = N
- X 2y B =k X
& My —_ ;II.VI a v/ & ol — ,_lr.”
mw O 1 S = %, 70 Q o
=R = 5 s\n« = U S
Y _A._u_ _rmu. R r T T T |_._O oo
o~ - = o E.E — < -+ - o~ - - [ E.E
{joauo2 pjoy) h ol oTnu A e ol {joauo2 pjoy) - m_.____ ™ A
laas] uojssaidxa suag = u A o A |aas] uojssaadxa suan = %e | A
m 0w (- A3 o = NS
o M . TRCI
Lo o B ™mow = B
ok 184 OW ~ ok J_M OW
|r_.: LE X X _Al_ [0} ‘LVE
— om Ao =~ ®° &
ol X E o go I
o2 — £ E > "
IH K o Nz = = H & Nz
E I G WL A
KOE DT o< oo K& X o
caE XN BHpw g ool KOE
< - <t _”__._._._
Wy v O Q@O w0
M o M K-

Normal

2~=2Z O
T



Gene expression level

07 48 XWESt SEE T3 NYHPMEZAN FAS SHA 2 &

(fold control)

Fatty acid synthase

e met P
o & &
o
QD(\ F i}é @Q@&

PMNEP water extract

=13

1
k>
o
>t
i

E22 FAS X9 U2 LSHA AXAIZ.
(7) AYR37F 2 3T3-L1 AWAAMEA &JaFEY Ad5-F559] C/EBP—a W
dof| v X G
O &£9FRFELT A5-F2E 10098 200ug/mL A Al 5% o&FHOoF C/EBP—a¢ WIS
AA A
@ 100ug/mL A2+ <F 1.5 T3o] A+
@ 200ug/mL A gls= <k 26 wao] A%

Gene expression level

a2l 49, X|HES7F SEE 3T3-L1 X2 M| ZE0|A C/EBP-a
C/EBP-a REIRIO| WS S O|FFOE A

AXZED O
TTE=C

(2) A AHEE 15

(fold control)

-
o
1

-
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1

zHoN Bd $A4 24

¥l o] AMHA|EoA Leptin®] 23S

CIEBP-a

T

. . -
& @@“‘ &
N

& >

PMEP water extract

QIR Wt 2,

B
24

Real—time PCR= ©]&3}



(th Group C : IAYAo] + &2FE T 300mg/kg
(1) Group B : 1x|W2lo] + &zF# 500mg/kg
L AE4 )
(1) EYaF+T 300mg/kg(Group Q& A3 3H HITE F 2] Leptin W& oF 1.50] 744
(2) €25 500mg/kg(Group D)E A F S BITE A Leptin &> oF 2v] 743811 Leptin
o] WS Group A(ZA Ao ¥ o= A H
Leptin
15+
g _ T
S 2 10
8o
30 5
pre =)
5 T—m
O
@
&R R
d° d° d° é"
J& 50. IX|HAI0|E Soff HITHO| &l F[Q| X[HZEZEIO|M Leptin RTX; & 24 SANMNEE
U2 Lleptin FTXIL| WoiZ sk EXHCE AMA|Z. SHEESEL 500mg/kg(Group D)E
ob H|2F F9| Leptin2 ™A F(Group A)Q| Leptin &5 ~F=0 2 ZiAE
o 51 Zolx=ZH 2 =1 A=
A6 A AT T3 ELdFFEL AAY M &5 23
1. AAZF LA E A5 AF
7t AT
=9 HEY HY & HI (%) 1E mg SRR
1 SAREET 99.010 500.0005 3000.0030
2 AE[OF2IAOF 1% 0.990 4.9995 29.9970
3 MEEZ M0z (81A/81A)
1 =
=t H=d HY B H]| (%) 1E mg 1M H
1 SttsotEak 99.010 500.0005 3000.0030
2 AHOF2IADI IS 0.490 24745 14.8470
3 a=lzef 0.300
4 K| Kb A A 0.100
5 ok gt 0.100
6 MSCrZEA0S (81A/81A)
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Table 24. Characteristics of the subjects

Pine needle Placebo
Subjects(n) 20 20
Sex(n)
Male 12 11
Female 8 9
Age(years) 2344162 22.75+0.9
Height(cm) 168.2+2.3™ 169.5+1.9

1)Mean = S.E.
2)ns: not significantly different at p<0.05 after Student’ s f/—test between group

Table 25. Effect of pine needle supplementation on body weight, BMI and body fat,

waist, hip circumference, WHR and blood pressure.

Week
Group
0 6 12
Pine needle 80.2+2.993) 82.3+29 814429
Weight(kg)
Placebo 77.2+2.5™ 78.1+2.7 779425
DEXAY
Pine needle 27.7+0.6 - 28.2+0.6
BMI(kg/m2)1)
Placebo 27.1+04 - 274+04
Pine needle 27.8+14 - 27.8+1.5
AP spine(%)
Placebo 25.6+1.7 - 26.6+1.6
Left femur(%) Pine needle 21.6+09 - 215+10




Placebo 21.6+16 - 22.1+15
Pine needle 93.1+1.6™ 90.9+1.7 88.3+1.7*
Waist(cm)
Placebo 89.2+1.6™ 86.9+1.5 87.4+1.3
Pine needle 105.1+1.3™ 103.7+1.3 101.3+1.4*
Hip(cm)
Placebo 102.4+0.9™ 101.8+0.9 1019+1.1
WHR Pine needle 0.89+0.01™ 0.88+0.01 0.87+0.01
Placebo 0.87+0.01™ 0.85+0.01 0.86+0.01
Pine needle 140.1+34™ 138.4+3.5 130.2+2.9*
SBP(mmHg) . b
Placebo 134.5+2.5% 135.3+2.9° 142.1+2.2%*
DBP( Ha) Pine needle 86.0+2.5™ 84.7+2.5 81.5+2.0*
mm
9 Placebo 82.1+1.8™ 80.6+1.8 82.9+1.9

1)DEXA; dual—energy X-—ray absorptiometry, BMI; body mass index, WHR; waist to
hip ratio

2)Mean £ S.E

3)ns: not significantly different at p<0.05 after Student’ s t—test between group
*Significant difference between periods (Ow vs. 6w or Ow vs. 12w) by paired /—test

p<0.05
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Table 26. Daily nutrient intakes of the subjects

Pine needle Placebo
Ow 12w Ow 12w
Energy nutrients
Calorie(kcal) 1829.8+152.8" 1539.3+190.9 1710.5+108.9 1710.0+111.4
Carbohydrate(g) 272.5+22.5 193.1+20.1* 237.6+17.7 2534+17.1
Protein(g) 61.7+5.9 49.2+74 67.3+7.0 59.4+5.3
Fat(g) 543457 424+6.0 50.8%5.3 47.7+3.9
CMinerals

Calcium(mg) 353.1+42.4 268.2+37.4 334.4+36.9 341.2+47.9
Phosphorus(mg) 451.4+91.3 651.0+90.9 410.1+44.0 804.0+63.6*



Iron(mg)
Sodium(mg)

Potassium(mg)

144+1.9
903.0£85.5

3556.2+387.6

10.1+£1.5*
2403.1+260.6*

1365.6+175.3*

13.9+£20
953.3+£88.9

3022.4+£262.1

13.6£15
3156.1+330.2*

1854.4+150.5**

Vitamins

Vitamin A(ug RE)

Retinol(ug)

B-carotene(ug)
Vitamin D(mg)
Vitamin E(mg)
Vitamin K(mg)

Vitamin C(mg)

588.1+211.7
343.2+205.1
2938.6+366.2
33+14
17.5+1.7
140.2+37.2

61.0+£12.6

285.4+48.8
106.9+15.2
2142.0+487.6
1.3+£0.2
13.2+2.3
80.4+24.7

289+55

412.3+604
73.5+12.2
4066.0+726.2
2.1+0.8
15.8+1.7
176.2+36.3

47.3+9.7

352.2+44.4
100.9+18.0
3015.6+457.7
1.7+04
13.7+1.3
104.6£17.9

38.7+5.8

1)Mean = S.E

xSignificant difference between periods (Ow vs. 12w) by paired ¢—test p<0.05

#Significantly different at p<0.05 after Student’ s ¢—test between group
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Table 27. Effect of pine needle supplementation on plasma biochemical parameters

Week
Group
0 6 12
Pine needle 108.4+1.8% 101.6+2.9 111.8+2.6
FBS (mg/dL)"
Placebo 107.1+2.1 101.6+1.8 104.4+25
Pine needle 180.9+£8.3 184.0+8.5 176.5+8.6
TC (mg/dL)
Placebo 169.5+6.1 171.6+6.8 166.4+7.2
Pine needle 137.2+25.1 143.0+19.7 124.1+19.3
TG (mg/dL)
Placebo 98.1+9.6 98.3+9.4 98.8+8.8
Pine needle 106.1+6.6 107.4+6.1 104.4+7.3
LDL-C (mg/dL)
Placebo 101.9+6.2 105.3+6.8 99.4+7.0
HDL-C (mg/dL) Pine needle 47.4+2.2 48.0+2.1 47.3+1.8




Placebo 479+2.5 46.7£2.5 47.1+1.8
Pine needle 24.3+5.3 28.4+7.4 274+7.1
AST (U/L)
Placebo 18.7£1.3 21.5+1.7 19.6 1.3
Pine needle 32.4+124 43.4+18.1 39.2+15.7
ALT (U/L)
Placebo 17.7£1.6 22.6+2.7 19.1+2.1
Pine needle 29.5*6.9 39.6+10.8 34.3+8.4*
vy -GTP (U/L)
Placebo 18.3+£2.2 17.8+1.9 17.5+1.4
, ) Pine needle 106.1+6.6 178.4+20.1 183.0+45.4
Eosinophil count(/uL)
Placebo 101.9+6.2 171.9+24.9 168.0+21.0
) Pine needle 7.7+0.1 7.5+0.1 7.1£0.3
Total protein (g/dL)
Placebo 7.4+0.1 7.5+0.1 7.4+0.1
) Pine needle 4.9+0.1 4.8+0.1 4.8+0.1
Albumin(g/dL)
Placebo 4.8+0.1 4.8+0.1 4.8+0.1
o Pine needle 0.5+0.1 0.6+0.1 0.6+0.1
Total Bilirubin(mg/dL)
Placebo 0.7£0.1 0.7+0.1 0.7+0.1
Pine needle 192.6+7.6 210.7+10.9 207.0+11.4
LDH(U/L)
Placebo 191.9+5.1 231.4+234 237.6+32.4
Pine needle 117.8+13.6 115.5+10.1 196.6 +42.4
CPK(U/L)
Placebo 119.2+18.0 197.3+62.9 162.4+38.0
Pine needle 12.6+0.6 14.5+0.8 12.6+£0.7
BUN(mg/dL)
Placebo 12.4+0.6 12.0+0.8 12.3+£0.5
o Pine needle 0.8+0.0 0.8+0.0 0.8£0.0
Creatinine(mg/dL)
Placebo 0.7£0.0 0.8+0.0 0.8+0.0
] , Pine needle 6.61+0.5 6.6+0.5 6.4+0.6
Uric acid(mg/dL)
Placebo 5.4+0.3 51+0.3 5.3%0.3
) Pine needle 139.9+0.7 139.3£0.7 140.3+0.4
Sodium(mEq/L)
Placebo 140.6£0.6 138.1+1.1 139.9+1.0
. Pine needle 5.6+0.1 56+0.4 5.1%0.1
Potassium(mEq/L)
Placebo 55+0.2 6.0+0.5 51%0.3
. Pine needle 99.7%0.6 99.7+0.4 99.7+0.5
Chloride(mEq/L)
Placebo 100.5+0.6 100.1+0.6 100.3+0.4
Pine needle 4.3%0.1 4.2+0.2 4.0+0.1
Phosphorus(mg/dL)
Placebo 4.1+0.1 4.1+0.1 4.0+0.1
. Pine needle 9.6+0.1 9.5+0.1 9.5+0.1
Calcium(mg/dL)
Placebo 9.4+0.1 9.3+0.1 9.4+0.1
Pine needle 15.1£0.3 15.2+0.4 14.7+0.3
Hb(g/dL)
Placebo 14.7+0.4 14.5+0.4 14.3+04
Pine needle 46.0+1.0 47.0+1.0 45.8+1.0
Hct(%)
Placebo 45.4+0.9 45.4+1.0 445+1.0
Pine needle 5.1+0.1 5.2+0.1 5.1+0.1
RBC(/uL)
Placebo 5.0+0.1 5.0+0.1 4.9+0.1




Pine needle 76+0.4 7.7+£0.5 7.3+£0.3

WBC(/uL)
Placebo 6.7£0.3 6.7+0.4 6.6+0.4
Pine needle 316.3+14.4 312.4+14.1 302.1+13.2
Platelet(/ul)
Placebo 306.4+15.6 293.1+15.9 307.7+15.9
Segmented Pine needle 52.9+2.2 476+1.8 49.2+2.0
neutrophils(%) Placebo 51.0+1.6 49.1£2.6 50.3x1.7
Pine needle 36.4+2.1 40.5%£1.7 39.0£2.0
Lymphocytes(%)
Placebo 38.1+1.6 40.9+3.0 38.9+1.7
Pine needle 7704 8.7+0.5 8.4x0.5
Monocytes(%)
Placebo 7.4+0.5 8.0+0.5 7.5+0.4
) ) Pine needle 24%0.3 2.2%0.3 2.7x0.6
Eosinophils(%)
Placebo 2.8+04 2404 2.6x0.3
) Pine needle 0.7£0.1 1.1+0.2 0.8£0.1
Basophils(%)
Placebo 0.8+0.1 1.3£0.4 0.9£0.1
Pine needle 89.9+0.8 89.8+0.9 90.2+0.8
MCV(fL)
Placebo 90.6+0.7 90.4+0.8 90.5+0.7
Pine needle 29.5+0.3 29.2+0.3 29.1£0.3
MCH(pg)
Placebo 29.3+0.3 28.9+0.4 29.0+0.3
Pine needle 32.8+0.2 32.5%0.2 32.2%+0.2
MCHC(g/dL)
Placebo 32.4%+0.2 31.9+0.2 32.1£0.2
Pine needle 12.2+0.1 12.3£1.1 12.4+0.1
RDW(%)
Placebo 12.5+0.2 12.7+0.3 12.8+0.3
Pine needle 10.9+0.2 10.9+0.2 10.9+0.2
MPV(fL)
Placebo 11.1+0.2 11.2+0.3 11.0+0.2
Pine needle 13.0+0.3 13.3+0.3 13.2+0.3
PDW(fL)
Placebo 13.6+0.5 13.8+0.6 13.2+0.5

1)FBS; fasting blood sugar, TC; total cholesterol, TG; triglyceride, LDL-C; low
density lipoprotein cholesterol, HDL—C; high density lipoprotein cholesterol, AST,;
aspartate aminotransferase, ALT; alanine aminotransferase, y —GTP; 7y —glutamyl
transpeptidase, LDH; lactate dehydrogenase, CPK; creatine phosphokinase, BUN;
blood urea nitrogen, Hb; hemoglobin, Hct; hematocrit, RBC; red blood cell, WBC;
white blood cell, MCV; mean corpuscular volume, MCH; mean corpuscular
hemoglobin, MCHC; mean corpuscular hemoglobin concentration, RDW; red blood cell
distribution width, MPV; mean platelet volume, PDW,; platelet Distribution Width
2)Mean £ S.E
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Table 28. Effect of pine needle supplementation on obesity biomarkers

Week
Group
0 6 12
Pine needle 9.60+1.372ms¥ 9.86+1.74 10.76+1.18
Adiponectin(ng/mL)
Placebo 13.21+2.35™ 13.70+2.41 12.51+1.87
Pine needle 0.17+0.04" 0.16+0.04 0.10+0.03*
Leptin(ng/mL)
Placebo 0.15+0.04"™ 0.16+0.04 0.18+0.04
Pine needle 0.04+0.02"™ 0.03+0.02 0.02+0.01
IL-6(ng/mL)"
Placebo 0.05+0.03"™ 0.01+0.00 0.03+0.01
Pine needle 5.2+0.2™ 5.2+0.3 5.4+0.3
TNF-a(ng/mL)
Placebo 5.6+0.3™ 5.5+0.2 5.3+0.2
Pine needle 4950.1+875.7™ 4593.5+722.5 4393.6+776.2
hs-CRP(ng/mL)
Placebo 3930.1+861.2™ 2612.8+595.6 2298.7+484.1

1)IL—6; interleukin—6, TNF— «; tumor necrosis factor— ¢, hs—CRP; high sensitive—C

reaction protein
2)Mean £ S.E
3)ns: not significantly different at p<0.05 after Student’ s f/—test between group

xSignificant difference between periods (Ow vs. 6w or Ow vs. 12w) by paired ¢—test

p<0.05
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Table 29. Effect of pine needle supplementation on blood pressure biomarkers

Group Week




0 6 12
Pine needle 6.1+0.32"3) 5.8+0.3* 5.4+0.3*
PAI-1(ng/mL)"
Placebo 5.3+0.2™ 5.3+0.2 5.4+0.5
Pine needle 3.0+£0.6™ 2.7+05 2.5+0.5*%
ET-1(pg/mL)
Placebo 2.2+0.2™ 2.2+0.2 2.3+0.2
Pine needle 381.3+45.2™ 406.4+36.1 359.4+48.2
Renin activity(pg/mL)
Placebo 224.3+23.0™ 2304+15.2 209.5+15.5
Pine needle 62.2+4.6™ 62.3+4.6 63.2+4.0
ACE
Placebo 63.7+4.2™ 58.3+5.6 61.3+4.9
Pine needle 260.5+28.4™ 308.7+37.6 284.2+35.6
Aldosterone
Placebo 268.6+£32.3™ 311.2+40.1 277.4+35.6
) ] Pine needle 8103.6+759.1™ 9025.0+507.0 8691.4+662.3
Angiotensin 1
Placebo 2416.4+807.9™ 3725.0+1124.0 2751.0+908.4

1)PAI-1; plasminogen activator inhibitor—1, ET—1;

converting enzyme
2)Mean = S.E

3)ns: not significantly different at p<0.05 after Student’

s (—test between group

endothelin—1, ACE; angiotensin

*Significant difference between periods (Ow vs. 6w or Ow vs. 12w) by paired r—test

p<0.05
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Table 30. Effect of pine needle supplementation on plasma vitamin C, total
radical—trapping antioxidant potential(TRAP) and oxygen radical absorbance
capacity (ORAC)
Week
Group
0 6 12

Pine needle 0.19+0.002"3 0.19+0.01 0.19+0.00
Vitamin C(mmol/L)

Placebo 0.14+0.00™ 0.15+£0.00 0.15+0.00

Pine needle 1.15+0.05™ 0.19+0.05 1.18+0.05
TRAP(mM)Y

Placebo 1.25+0.02™ 1.30+0.02 1.28+0.02

Pine needle 70.3+8.5™ 79.2+13.6 70.7+8.7
ORAC(uM TE)

Placebo 81.7+8.1™ 87.9+94 789+7.9
1) TRAP; total radical—trapping antioxidant potential, ORAC; oxygen Radical

Absorbance Capacity



2)Mean £ S.E
3)ns: not significantly different at p<0.05 after Student’ s /—test between group
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Table 31. Effect of pine needle supplementation on erythrocyte antioxidant enzyme

Week
Group
0 6 12
Pine needle 139.7+10.77m¥ 129.8+8.6 132.6+6.4
CAT(K/g Hb)"
Placebo 146.5+9.5" 139.1+7.7 140.1+10.6
Pine needle 1864.5+103.4" 1862.3+93.1 1923.4+75.6
SOD(IU/g Hb)
Placebo 1465.4+65.2™ 1445.6+75.2 1402.1+71.1
Pine needle 26.1+1.6™ 27.0+24 26.8+2.0
GSH-Px(IU/g Hb)
Placebo 31.9+1.4" 35.1+16 342+19

1)CAT,; catalase, SOD; superoxide dismutase, GPx; glutathione—peroxidase
2)Mean £ S.E

3)ns: not significantly different at p<0.05 after Student’ s ¢—test between group

- AE AA AT AF AAHWNREL MLABES o (Table 32), AT} FebA]
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Table 32. Effect of pine needle supplementation on plasma lipid peroxidation

Week
Group
0 6 12
Pine needle 5.9+0.52"3) 5.7+0.4 5.6+0.6
CD(M)Y
Placebo 48+04™ 4.8+0.6 49+0.5
Pine needle 41+0.6™ 4.0+0.5 41+0.2
TBARS(UM)
Placebo 3.9+0.5™ 3.9+0.6 3.9+0.5

1)CD; conjugated diene, TBARS; thiobarbituric acid reactive substances
2)Mean £ S.E

3)ns: not significantly different at p<0.05 after Student’ s /—test between group
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Table 33. Effect of pine needle supplementation on DNA damage of leukocyte

Qlst 4= 21t} Tail Extentmoment®} Tail Length
921 zkol 7t

Week
Group
0 6 12
H,O, treated DNA damage
Pine needle 50.2+3.0%%% 53.3+3.1% 60.2+2.9°
Head DNA(%)
Placebo 56.7+3.1™ 58.1+3.3 53.8+2.7
Pine needle 49.8+3.0° 46.7+3.1% 39.8+2.9°
Tail DNA(%)
Placebo 433+3.1™ 419+3.3 46.2+2.7
Pine needle 345.0+27.1™ 331.5+26.1 315.6+24.6
Tail Extentmoment(um)
Placebo 314.6+24.4™ 316.4+28.1 324.6+21.4
Pine needle 556.1+32.4™ 561.4+31.6 532.6+36.2
Tail Length
Placebo 563.8+31.6™ 543.5+36.8 5324+314

1)Mean = S.E
2)For all the values of each sample, different superscripts mean significant
differences (p < 0.05) by Duncan's multiple range test.
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Table 34. Effect of pine needle supplementation on SOD1, SOD2, GPx gene
expression

Week
Group
0 6 12
) Pine needle 1.00+0.12%33 1.51+0.27% 2.46+0.55*
SOD1
Placebo 1.00+0.24™4 1.24+0.23 1.35+0.38
<ob2 Pine needle 1.00+0.32" 0.84+0.14 1.46+0.49
D
Placebo 1.00+0.31"™ 1.40+0.36 0.70+0.09
Pine needle 1.00+0.20%° 0.44+0.14° 1.21+0.31°
GPx
Placebo 1.00+0.14" 0.86+0.23 0.82+0.12




1)SOD; superoxide dismutase, GPx; glutathione—peroxidase

2)Mean £ S.E

3)For all the values of each sample, different superscripts mean significant
differences (p < 0.05) by Duncan's multiple range test.

xSignificant difference between periods (Ow vs. 6w or Ow vs. 12w) by paired /—test
p<0.05
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Table 35)

@ PLS—DA scores scatter plot2 3t X443}, £l
of W& FA Wsh= e (2% 54 A).

@ ZeA R A3 A% v (T2d 54 B), 2‘31%4 AH AE v (a9 54 ), 05
ZeRA R E9te] Bl (¥ 54 D), 125 & ZERARTH £979 ¥l (19
54 B)M % o4l ztolE A § ol

@ &9l ZEAETY) 0579 125229 A (Phenylalanylphenylalanine, 2—octenoylcarnitine,
Traumatic Acid, O—octanoyl—L—carnitine, monomenthyl succinate,
L—Asparaginyl—L—isoleucyl—L—prolyl—L—prolyl—=L—leucine, Behenamide)& +
Algt A3 (Table 35), &U&RFET AFA WE tiAbAY [F22Q1 HelE glsh

® &AM = 2-octenoylcarnitine, Traumatic Acid, O-—octanoyl—L—carnitine,
monomenthyl succinate,
L—Asparaginyl—L—isoleucyl—L—prolyl—-L—prolyl—-L—leucine®] A3 05Xt} A
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& 54. PLS-DA scores scatter plot. Cl; placebo before, C3; placebo after, S1; pine needle

before, S3; pine needle after.

Table 35. Identification of major metabolites contributing the separation among
sample groups
. Exact mass
No. RT (min) Compound = e MS Fragments VIP p-value
(M+H)
1 3.44 Phenylalanylphenylalanine 313.1562 510 1.86 0.023
2 3.86 2-octenoylcarnitine 286.2015 103 135 0.021
3 414 Traumatic Acid 229.1442 101, 185 1.84 0.001
4 4.17 O-octanoyl-L-carnitine 288.2167 229 0.87 0.055
5 471 monomenthyl succinate 257.1757 213, 221, 239 1.82 0.002
L-A inyl-L-isol |-L-prolyl-L-
6 640 sparaginymLisoletcyl-Lproly 5533342 86, 115 175 0006
prolyl-L-leucine
7 9.24 Behenamide 340.3595 88 0.95 0.047

0.2

0.15

0.1

0.05

Phenylalanylphenylalanine

2-octenoylcarnitine

b
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O A& E= SY2HE X7F =2 Xt
O =¥ E&= gY0| H2 AE
O gg0 = O[X|e o=, o2 E&= EF
O HX Y 7Hudof =&
O =2 ggdaof =5
SHHEEHEN 39/¢
£ AXFZELO| Pancreatic lipase ZHA0| [ BEAMS OjY s-@Ez T
Adoto] A zAE =olstRAan], 313-11 MESE SO AU AH s
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- 0|2 Korean red pineO|1l, ©H2 Pinus densiflora Sieb & Zucc. &

® szvizve 23doe | Q 2l oz

B7|galivtel | E7fols|alvtel

|z p BtHEmET | Tl

HH=H ESELS
0|3 Korean red pine
Pinus densifiora Sieb & Zicc
iy
oy
His 2R LE
s =B L EAR
AEH=s
A87Hs HEY
ot
NBEN
FAHE (U )7 AA7154F 71648 dEE 14!
IHHD =Y IN[EE g N 7|s8UE AT
2012-30 £U=E==0od MZ(Pinus densiflora)®| 3-carene, limonen, 714sh &@&o| 1350mg
2007-8% £92 £Z=7|2 Z23l0] terpinolene [X0| 22 =
=) T U - 288
2006-15 IEEASHOREAH

- gAML ®AH  50-300mg

2FES gam S x| 100-300m
g
AE7| ofg 742 60-200mg
(2) =9
O "= FDA

— Main term : Pine needle, DWARF, Oil (Pinus Mugo turra var. Pumilio (Haenke
Zenari)

® Document type : EFA

m CAS RN or Other code : 8000—26—8
m Regnum : 172.510

— Main term : Pine needle, DWARF, Oil (Pinus Mugo turra var. Pumilio (Haenke



Zenari)
m Document type : EFA
® CAS RN or Other code : 8021—-29-2
m Regnum : 172.510

— EAF : Thers is reported used of the substance, but it has not yet been
assigned for toxicology literature search
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Source Material - Pinus sylvestris - Leaf

Organism: Pinus sylvestris
Part: Leaf

Synonym(s): Lamina , Leaflet

Sub-ingredient(s)

Sub-ingredient: Valeric Acid
Routes Of Administration: Oral
References: DUKE
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74 A ZH A hHg @Y | "2
A
Ci| o| E{ H| O] = HM0f A A} e Aa | =
IARC monographs on the
evaluation of carcinogenic risks 1 0
to humans
AHRQ (Agency for healthcare
research and quality)
Institute of medicine (IOM) Pine needles,
dietary reference intakes Pinus densiflora
GRAS (Generally recognized as 1 0
safe)
EFSA (European food safety 9 0
authority)
Health Canada 14 0
2 s o o|E{H[0|~ Pine needles,
= - Pinus densifloral &9l 9 2 1-2
(DBPia) .
toxic, safety
. . Pine needles,
Institue of Medicine ) ) - -
Pinus densiflora
Agency for healthcare research Pine needles,
and quality Pinus densiflora
German commission E - Pine needles, 1 1 )
monographs Pinus densiflora
European scientific cooperative Pine needles,
on phytotherapy (2015) Pinus densiflora
Natural medicine comprehensive Pine needles, 6
database Pinus densiflora
Pine needles,
Pinus densiflora, 1 1 4-5
Pin de Coree
Pine needles,
Natural standard Pinus densiflora, 1 1 6
Pin de Monterey
Pine needles,
Pinus densiflora, 1 1 7

Pine bark extract

Physician's Desk Reference for

Nutritional Supplements

Pine needles,
Pinus densiflora




Pine needles,

American herbal pharmacopoeia
P P Pinus densiflora

Pine needles,

Toxline ) )
Pinus densiflora

Pine needles,
) ) 22 8-23
Pinus densiflora

FDA Poisonous plant database

sk<: d|o]ElHo] A (DBPia)

5}
— &Y F ¢ Pinus densiflora

R 2% (20g) 2 10%(100g) A% A Aspartate aminotransferase (AST),

i=]
—_‘E‘:I‘LL =

Alanine aminotransferase (ALT), 8% 24 &% BUN)o| IS v|xA] &3 &
ol 20%(200g) A3F Al ASTE ALT F7H8 22 3E3k &0 AFHe A9 7t &4
= = 7 Yy Faesd 1]

- 245 AAE e FEE 5000 mg/kg? single oral dose: FH 9 AMY e WH
713l 9GS v XA ¢S, Seven—day repeated—dose A¥ oA AlF 7|7+ FF 4~
U A oeg FEE(100, 1000, 5000 mg/kg)> SAdo] YERGA] gkon R
o} A7) FA 9 nAA & [FaEd 2]

(O German commission E - monographs [ 53 3]

— 22U = 1 Pinus sylvestris

— A& 58] : Pine needle Oil

— 5 Hupol =, VA A

O Natural standard — A4+ % : Korean pine (Pinus koraiensis) [3

— A& 9] : Nut oil (Grade : Good scientific evidence)

— &y =7], v gEETA o e
A, dgs FFe o B AL FF
Pinus %+ Pinaceae 7%

2717} = ool T2

a
o

(O Natural standard — &4
— AH8 %9 1 Nut ol
ska, A == FYAHE F27)

[
R et
(0]
o,
oy
ol
ol
2
i
Az
oo
ol
ol
rlr
ot
2
)
ek
rd
o
2
N
)
30
rlr

— Z7}F 9} e e 27] = Pinacease©| W e g =7 F9

(O Natural standard — 24Y% % : French maritime pine bark extract (Pinus

pinaster) [FaiEd 7]



— AFE H-$] : pine bark extract (Grade : Good scientific evidence; Asthma,

Circulation problems, Heart disease risk)

- Gu EE Fge] B AR, B9 9IS AE oOFE, Hu, wE RFAZ 2§

= bgre Fo

- 23 %0l WAL £ AFol A& T FEFHE BAAAL F9

3
A Poisonous plant database
— 2UH % @ Pine needle (Pinus sp.) [F1%3 8]

m AFE B9 needles

=2
of
oot
o
=)
N
rlr
2

. QAR & (YA V1 BT 37 £9S WS A fare] 2Foluel WA

il

— 2~UH £ : Pine needle (Pinus ponderosa) [Z1%3 9]
m AR H- 9] © needles
m QA F7]9 AEo] £UE HE AY 2] EAks 299
— 2~UH £ : Pine needle (Pinus ponderosa) [Zr153 10]
m A8 59 needles
m A F7]9 Aso] £ WHE AY 2] FAke 299
— AYH % : Pine needle (Pinus koraiensis) [F1%¢ 11]
m AR H9] : needles
m &9 MFHE= serum 17 beta—estradiol &% <7}, progesterone FEE
AL fAb FE & F US>
— 2 £ @ Pine needle (Pinus ponderosa Lawson) [Fra53 12]

m AFE B9 needles

— 2% £ @ Pine needle (Pinus ponderosa Lawson) [FraE3 13]

m ALE H9] @ needles

m AL E HE AF AUT AE AFHS JAS A FARS dod ¢ Sl
— 22U &£ @ Pine needle (Pinus ponderosa Lawson) [Fra&d 14]

m ALE F9] @ needles

gl



m AFE B9 peedles

AHEo|E A}

m %9 45~55kgs 2509 F<F AoA HY. Isocupressic acid (ICA) &2 0.8%

Z 62~72mg 1ICA/kgS A H|st

N

. &9 A 349 F G4 T 9A

O

— 22U £ @ Pine needle [F1&d 17]

m ALE F9] @ needles

— 245 ¥ : Pine needle (Pinus ponderosa) [Fi%& 19]

n AFE H-9] : needles

m JAl S ATF 3 B EUE AFHEHA HE fAakel fFEE
— 2~UH £ : Pine needle (Pinus ponderosa) [Zr153 20]

m A8 58] needles

m QA A 30vukE] 9 ket £9S HoE estous cycles

flo
rE

3}A]

— 2UH £ @ Pine needle (Pinus ponderosa) [ZF153 21]

m AR B2 peedles

n A BT EAS A dAhE A FFHOE fFAte] dojd

— 2% £ @ Pine needle (Pinus ponderosa Laws) [Z1E3 22]
m ARE 9] needles

m £919] Crude acid fractiong QJAIEH Lo Wl A9 FAko] fik

9,11

0} S
s u



m 9 AE : Four long—chain fatty acids (palmitic, linoleic, oleic, and stearic
acids), and Two labdane diterpene acids (imbricataloic and isocupressic

acids).
m Al 250U FE Isocupressic acid(99~152mg/kg) Fo] Al f4to] =
— A2UH % Pine needle (Pinus ponderosa Laws) [Fral3 23]

m AFE B9 needles
2~

. 590 TH AR F A dosi &9 B 24}
el SEgolt FolA dAksE &2 fAke] g
O 7168E, AAE == 7|e #A-d=del diste] S84 e A8 = 54 JH, =
W - QoA Sl AR Amel, AW - 9] AFRIA Ee =AY BaA 28a
T dolguo] Ao HAMANE V=
IARC monographs
on the evaluation of
. o - 228 &3 20 Qs
carcinogenic risks to
humans
AHRQ (Agency for
healthcare research |- 228 & H1 Qi
and quality)
Institute of medicine
(IOM) dietary |- B2t2 &2 22 g8
reference intakes
GRAS (Generally o
- BEg A 8D 9IS

recognized as safe)

EFSA (European
food safety

authority)
Health Canada |- 228 2tH 21 QIS
=L s= O ALIE A2 22| : 9 (Pinus densiflora)
Ho[EH/O]A  |O F2
(DBPia) - 3ol 29 200g/kgS FT £0 A| ASTS} ALTZ Z7tE
Institue of Medicine |- 2%t ZtH #1 Qg
Agency for
healthcare research |- 228 ot HE10 Q2
and quality
o O ALE A2 E2| : needle oil
German commission _
O m¥, MY X3 & 7K Ao #nE
E - monographs
O #d Ed /¥

European scientific
cooperative on - 2HXg od 253 gle
phytotherapy (2015)

=
re
HT
&
£Q
tjo

Natural medicine |- £%&




comprehensive
database

O LR A2 B2 : Pine needle Oil, Nut Oil, Pine bark extract
- Korean pine (Pinus Koraiensis; Good scientific evidence), Monterey pine

(Pinus radiata), French maritime pine bark extract (Pinus pinaster; Godd
scientific evidence)

O FL
- Y2 27| 2HAt E= Pinus AS A=0 Cist Y27
Natural standard | - @Al = 3 Q =9 =0l oM
- EYO| e |
- EYe REE o T XF $+FS 2 A
- A Es SYHAHE X7t 52 At
- ey EE HEHO| &2 A
- g0 E¥2 0iX|l= 4E 5E E= EFNE =85t AME
- BO, N, 7 AT WO U BA
Physician's Desk
Reference for
iy R g
Nutritional
Supplements
American herbal . . o
o - =xg o e gs
pharmacopoeia
Toxline - 2xg oy Ho gl
O ALIE AFE 29| : Pine needle Oil, Nut Oil, Pine bark extract

- Korean pine (Pinus Koraiensis; Good scientific evidence), Monterey pine

(Pinus radiata), French maritime pine bark extract (Pinus pinaster; Godd
FDA Poisonous plant|scientific evidence)

database O F9
-QARSE A (YA T[zte| OrX[9t 3EH7F £Y%ES HE B /40| 2F0[LHof
A,
- YA 29| AF0| £AS HE B X7 FAE el

—

SAFETEA 3g/d (AAE £Uo=2A 19 10.7 gol D)

il

o0 *+

- B AR A - -5 A (F)

— MRS, MUY, WHT, I F G AR AU, R, AR o
B mom ol A 57 gov £l Holdth £1& FAtE WHe e
2t} £7 4.2kge WU AE 102(180L) 3 $ 39 Hol 2=A) B F Bz
gol ol & thg thAl Atk o] %3S 109 uHEhE A4e] Hk oA A

o e}

S HAS Mok A AN EF W - B3 Mol QAW W] shiel 19w
(S



— TRIELE, CEAIYD, ST, W F 4% ARATHORIR, AT LT, R, KR,
. () 0 €92 HE PP et 2k 9w gl AL F o] Pot o 3
E(11.25g 1€ : 376904 2tk mgst @ Holw St 47 He 2 @7 Aol

A 7RE o] wEEg Eell B How oS Fo ()

ARE 2AZ TS B

5. AT, AFH, AA A FAANT B 1 2R aF A=
7k AFE B oA
O A= 3 A58 - 1d 32 A=
O 27WE : SELHS T3 &2 300mg/kgs AAHEAIH 2 g3ke] &

Ur. /K-]_ZHH]—@ UJ :_74
O H_AH]—\;Q : 711%

O =4 A

— £9& AE9 7lE W F74(2016-433) ] AEA QB8 (1043) 2 EFHo U

— A FoekzolAA 9} FENETH AEDB Ago] 753 duw BEREol 9

— ARG HASFEZA(AANT A2007-8%, A2012-30%) 3} ZHFA3)
FEERIHAT A2006-1%) ©] ARV E 75 952 AFH

O =8 <A

ok AA Al FARE R 2
O 4R A FAF

- gdE=] SREF D 1A L) E= Pinus AE AR oE de=]
- QA EE BE FH 3 oA

- F9o] Q= oM

- Wore UEE o BE A £F2 WFE oM

- A EE FA2HE S B B2

- gy mb Aol B Al

- g9l 9L AL F, A Eb REAS BeHe Ay

- el A, 1 A% gelt dE aA

O
ry
M,
=
oo X

= EE R,
- EdAFEEY ﬂlc&ﬁ%%k(S.lBg)% SR AAEAL = 11.25g9] 3uiE

)\O],

: German commission E - monographs®} Natural standardel] W= <)
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7 g W 8
gz yz b UE SUNFEY W006EZUZ)
TR 2 =% gm0jsEe o) LH(AL+PE)

DN 25 0 25°%C, 35°C, 45°C
A EE 0 605 % .
1 902371 E)

SA™ F7]0:0, 30Y, 60Y, 90Y
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v
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]
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G EUT0| L M 2

.22 :10.0% O|5}0i0f stLCt.
& 2 : 100(CFU/g) O|8}ojof @tCt.

&= : S40|0oF siCt.

o

. Shikimic acid : 63.95mg/g(80~120%)0{ O StC}.
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Table 36. EUHAFELY MHEAE T AR 2 e s 4y
Mg 2k IEXT
Nags | MEIZ (BE) Az |5 an
VhE) 55 35 a5 80~120%
0 5.7 5.7 5.7
1 5.7 5.9 5.3
A H (9 0 O|s . pS kel
Tz (%) 5 9 g cc 10.0 O[5} N
3 5.7 5.8 5.5
0 0 0 0
M4
dl 1 0 0 0 100 |3} _ st
(CFU/g) 2 0 0 0
3 0 0 0
0 =4 =4 =4
e 1 =4 =4 =3 oM = vSk<]s
9 2 =4 =4 g4 =° O|ofoFgt e
3 =4 =4 =4
0 59.8 59.8 59.8
Shikimic 1 56.8 54.4 57.7 63.95 512 ~ X8t
acid(mg/g) 2 57.8 61.9 54.3 76.7
3 55.8 57.4 62.0
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Virus-Resistant Solanum tuberosum L.

Anti-Adipogenic Effects on 3T3-L1 Preadipocytes
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2. Single—Dose and Seven—Day Repeated—Dose Toxicity Tests of the Ethanol

Extracts from Bark of Pinus densiflora in Rats

3. Pine needle (Pinus sylvestris) oil

(http://cms.herbalgram.org/commissione/Monographs/Monograph0298.html)

— 8 AHere] 2=, 7]HA B

4. Korean pine (Pinus Koraiensis) (http://3rdparty.naturalstandard.com/frameset.asp)

7}. Appetite suppressant

1}, Safety : Use cautiously in individuals prone to allergies, in nonallergic children,
in pregnant or breastfeeding women, or in high amounts. Use cautiously in
those using agents that increase the risk of bleeding, agents that lower blood
pressure, or agents that lower lipid levels. Avoid with known allergy or
sensitivity to Korean pine (Pinus koraiensis), its constituents, or members of
the Pinus genus or Pinaceae family. Avoid in unsupervised children with known
allergies to other nuts.

t}. Possible side effects : Cross—reactivity or cross—sensitivity with other
allergens, decreased lipid levels, heart attack, increased bleeding, low blood
pressure, rapid—onset life—threatening allergic reactions, shock, skin
blotchiness, swelling under the skin, whole—body allergic reactions.

o}, Possible interactions : Agents that affect the risk of bleeding, agents that lower
blood pressure, antibiotics, anticancer agents, antifungals, lipid—lowering agents,
weight loss agents (such as agents similar to glucagon—like peptide—1
(GLP—-1)), and herbs or supplements with similar effects.

v}, Dosing

1) Adults (18 years and older) : For appetite suppression, PinnoThin™ pine nut
free fatty acid (FFA) oil and PinnoThin™ pine nut triglyceride (TG) oil have
been taken by mouth.

2) Children (younger than 18 years) : Not enough scientific data available.

5. Edible medicinal and non—medicinal plant: volume 4, fuits(297—310)

6. Monterey pine (Pinus radiata) (http://3rdparty.naturalstandard.com/frameset.asp)

7}. Antioxidant

t}. Cardiovascular health (heart and blood health)

t}. Metal performance

2}. Safety : Use cautiously in patients taking blood pressure—lowering agents or
those with blood pressure disorders, and in patients with high blood levels of
fats or cholesterol. Avoid with known allergy or hypersensitivity to Monterey
pine, its components (such as pollen), airborne allergens, or members of the

Pinaceae family. Avoid during pregnancy or breastfeeding.
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g},

A},

Possible side effects : Eye irritation, increased blood levels of fats or

cholesterol, lowered blood pressure, runny nose, skin reactions.

Possible interactions @ Agents that affect blood pressure, anti—inflammatory
agents, antioxidants, drugs that lower fats or cholesterol, weight loss agents,
and other herbs and supplements with similar effects.

Dosing

1) Adults (18 years and older) : For antioxidant effects, heart health, and mental

performance, Monterey pine has been taken by mouth as an Enzogenol capsule
(containing Monterey pine extract and vitamin C).

2) Children (younger than 18 years) : Not enough scientific data available.

7. French maritime pine bark extract (Pinus pinaster)

(http://3rdparty.naturalstandard.com/frameset.asp)

R ES

Asthma

Circulation problems

Heart disease risk

Safety : French maritime pine bark extract is likely safe in doses of 150—360
milligrams daily for up to three months.

Caution is advised in people with diabetes or low blood sugar, and in those
taking drugs, herbs, or supplements that affect blood sugar. Caution is advised
in people with bleeding disorders or taking agents that may increase the risk of
bleeding. Caution is advised in people taking drugs or herbs and supplements
that lower blood pressure. Use caution in people with autoimmune disease,
heart disorders, liver disease, and upset stomach, or those taking agents that
affect the immune system. Use caution in small children. Avoid if allergic or
sensitive to French maritime pine bark extract, its parts, or members of the

Pinaceae family. Avoid in women during the first three months of pregnancy.

v}, Possible side effects : Bad breath, changes in heart rate, changes in the immune

A},

system, changes in liver enzymes, chest pain, dizziness, headache, heart failure,
increased bleeding risk, increased urination, low blood pressure, low blood
sugar, nausea, skin problems (eczema, hives, and rashes), sleepiness, upset
stomach.

Possible interactions : Aged garlic extract, agents that affect blood pressure,
agents that affect blood sugar, agents that affect the immune system, agents
that improve breathing, agents that increase bleeding risk, agents that treat
radiation side effects, alcohol, alpha—lipoic acid, anti—androgens, antibacterials,
antibiotics, anticancer agents, antifungals, antihistamines, anti—inflammatory
agents, antioxidants, aspirin, beta—carotene, calcium channel blockers, central
nervous system (CNS) stimulants, cholesterol—lowering agents, fertility agents,
ginger, fluoride, inotropes, L —arginine, L—lysine, pain relievers,

phosphodiesterase inhibitors, pinokinase, rutin, S-—allylcysteine, stimulants,
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vitamin C, vitamin E, and other herbs or supplements with similar effects.

o}, Dosing

1) Adults (18 years and older) : French maritime pine bark extract has been
taken by mouth in the form of Pycnogenol capsules, tablets, and chewing gum.
It has been applied to the skin in the form of a Pycnogenol cream or powder.

2) Children (younger than 18 years) : French maritime pine bark extract has been
taken by mouth in the form of Pycnogenol.

8. Rocky Mt Med J, 1960, 8(4), 9

— The dangerous time for consumption of pine needle (Pinus sp.) is during the
latter part of the gestation period.

9. J Anim Sci, 70(2), 525-530

— Consumption of Ponderosa pine needles (Pinus ponderosa) by cows during late
pregnancy results in the premature delivery of viable calves.

10. Cornell Vet. 1989 Jan;79(1):39-52.

— Research has verified field observations that cows grazing ponderosa pine
needles may abort.

11. Can J Vet Res, 67(3), 194—197 (korean)

— The ingestion of pine needles (Pinus koraiensis) may play a role in abortion in
Korean native cows by increasing the serum 17beta—estradiol concentration and
decreasing the serum progesterone concentration.

12. J Range Manag, 1993, 46(Sep), 394—398

— Ponderosa pine (Pinus ponderosa Lawson) needles cause abortions in pregnant

COWS.

13. J Range Manag, 45(Nov), 528—-533

— Pine needles from ponderosa pine (Pinus ponderosa Lawson) consumed by cows
during winter can cause abortions.

14. Cornell Vet, 79(1), 53—60

— Feeding pine needles to pregnant cows in late gestation causes abortions and that
these abortions are directly caused by or are associated with changes in steroid
metabolism.

15. J Anim Sci, 70(2), 531-537

— Consumption of Ponderosa pine needles by late—pregnant beef cows results in the
premature delivery of a viable calf.

16. Vet Hum Toxicol, 1998, 40(5), 260—263

—  Lodgepole pine (Pinus contorta) and common juniper (Juniperus communis)
contain high levels of isocupressic acid that has been identified as the
abortifacient component of ponderosa pine needles in cattle. Therefore, the
abortifacient potential of P contorta and J communis needles was tested in
feeding trials with pregnant cattle.

17. Cornell Vet, 1977, 67(2), 294—299
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— Pine needle—induced abortion in cattle is a serious problem in many areas of
western United States and Canada. Field observations on pine needle abortion
indicate that this condition is stress related. The results of this research indicate
that the pine needle—induced abortion occurs much more readily if cows are under
stress.

18. Cornell Vet, 1982, 72(2), 128—-136

— Consumption of Ponderosa pine (Pinus ponderosa) needles causes reproductive
dysfunction in mice during early and late gestation

19. J Anim Sci, 1992, 70(5), 1604—1608

— Needles of the Ponderosa pine (Pinus ponderosa) induce premature parturition in
cattle when ingested during late pregnancy, especially during the third trimester.

20. J Am Vet Med Assoc, 1976, 169(12), 1301—-1302

— Pregnancy and lambing rates were not affected by the feeding of pine needles.

An antiestrogenic effect of pine needles on the reproductive process in ewes
was not clinically detectable. There was no indication of any toxic effects on
ewes consuming a 37% pine needle diet

21. J Anim Sci, 70(5), 1992, 1609-1614

— Consumption of Ponderosa pine (Pinus ponderosa) needles (PN) by beef cows
during late gestation results in premature delivery in association with profound
constriction of the caruncular arterial bed

22. J Agric Food Chem, 1994, 42(Mar), 756—761

— crude acid fraction isolated from the needles of ponderosa pine (Pinus ponderosa

Laws) induced abortions when fed to late—term pregnant beef cows. The major
components identified in this abortifacient fraction were four long—chain fatty
acids (palmitic, linoleic, oleic, and stearic acids), and two labdane diterpene acids
(imbricataloic and isocupressic acids).

23. Cornell Vet, 1994, 84(), 33—39

— abortifacient compound(s) present in pine needles are most efficiently extracted
by methylene chloride.

24. =4 FYFAE3 R, 35(3), 321-327.
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