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◦

- (Aronia melanocarpa) black c

hokeberry

(shrub) 90 180cm ,∼

6mm 8 14∼ ∼

.

- 19

, , ,

. ‘Viking’, ‘Nero’, ‘Aron’ .

-



, ,

,

, , , .

10◦

- (Aronia berry) ,

, . , ,

3 , .

90% .

- 10 ,

( ) 4

- , ,

.



- 2006 , 2012

197.5ha , 2013 138.7ha 2013

336.2ha .

.

83.3ha , 74.8ha, 44.7ha .

- - WTO FTA

․

,

.

-

R&D .

◦

.



. 2 30

20g .

.

, , ,◦

,

, , .

5% 9% , 2◦

5%, 15-25%

.

,

.

◦

-

( ) 2012 89 4,908 , 2013 96 7,143 , 2014

102 1,222 3 14.1% .

, 50 .

- , , , 3 .

◦

, , D, ,

.

◦

.



◦

◦
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1.

◦

-

( , 2015, 31(1), 83-90),

(Aronia melancocarpa) ( , 2015,

31(4), 456-464), (

, 2014, 30(6), 792-799),

( , 2014, 30(5), 573-578),

( , 2014, 30(2), 161-169),

( , 2014, 21(5), 668-675),

( , 2014, 21(5), 718-726),

( , 2014, 43(2), 273-280), LPS RAW 264.7

( , 2015,

44(1), 7-13), (Aronia melanocarpa)

(2008, 37(9), 1109-1113), (Aronia melancocarpa)

( , 2014, 46(3), 303-308), (Aronia

melancocarpa) ( , 2013, 45(4), 416-421),

( , 2016, 48(1), 27-35),

( , 2015, 43(4), 247-252),

( , 2014, 22(6),

475-482), ( , 2014,

22(3), 217-222),

Leuconostoc mesenteroides

, , 2014, 22(4), 825-839),

( , 2014, 24(5), 646-653),

( , 2013, 39(4), 337-345) .

- , ,

( , 2012), (Aronia melanocarpa)

( , 2014),

( , 2014),

( , 2014), C

( , 2014),

(PSA) ( , 2015), ( ,

2015), ( ) ( , 2015), (Aronia



melancocarpa) ( , 2015),

( , 2015),

( , 2015), 2000m

( , 2016), The Effect of Temperature,

Various Mother of Vinegar and Amount of Sugarin Chokeberry "Aronia melanocarpa" Vinegar

Fermentation, Destiani Supeno, 2016), DSS

( , 2016) .

◦

- ,

- 80% ,

,

. ,

, ,

- ‘ ’ ‘ ’

,

-

, 83 ,

140

- 5% 1 8000 ,

'12 1 4091 5% 1 4820 , 3854 ,

754 .

- '13 , 1 4820

'12 (1 4091 ) 5% .

- ( + - ) 1 7920 , '09

. 754 '12 (584 ) 29% , 3854 '12

(3532 ) 9% .

- “

” .

- 5869 (1 4820 ) 40%

, '11 .

- 16%(2324 ) 12%(1747 )△ △ ㆍ △



5%(804 ) 4%(628 ) , 10△

'12 , 128%(135

308 ) . 55%(518 804 ),→ →

29%(1807 2324 ) .→

- (3 )

, ,

.

- 25% , (22%),

(21%), (7%), (5%) .

- 2324 '12 1807 29% .

( ) 30%(704 ) ,

( ) 23%(541 ), ( ) 14%(314 ),

( ) 10%(229 ) .

- , 2013 604%(100 →

704 ) , 56%(147 229 ),→

29%(28 36 ) .→

- (4288 ) '04

1 , (786 ), (549 ), (509

), (507 ) , 9 6199ㆍ ㆍ

'12 10% , 3%(449 ), 7%(3,139 ),

10%(92,611 ) .

- 2013 3854 (3532 ) 9% . ㆍ

1640 43% , ,

-3 15%(586 ), 6%(213 ) .

( )

- 2624 68% , , ,

, , 5 85% .



- “ ” ,

“

” .

- (‘09~‘13)

) ‘13 ’, (2012.5)

) ‘13 ’, (2013. 12. 31)

- ,



2008 ~2013 +12.9%

. 2013 1 4,829

5.2% , ,

4.1% , 29.1% . 2012

2013 3,854 , 8.7% .

- 39.6%

, ( ), ( ),

.

600% 1 .

7,483 25.3%

.

◦

□

-

. 5-60

30-40

.

- 2012 89 4908

102 1222 3 14.1% , 30 5

22% .



□

지난 년 출시한 제일제당의 전립선 건강기능식품- 2007 CJ

전립소 가 누적 매출 억원 돌파한 상태‘ ’ 800 .

쏘팔메토 매그넘 17 -

주 한국생활건강( )
쏘팔메토 에에스 주 한미양행- ( ) 남성활력제 리바이탈 바이오센스-

□

◦

- , , , ,

,

-

,

.

- , ,

, , ,

.
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2.

◦

- (Effect

of anthocyanins of black-fruit aronia upon reaction ofcutaneous angiogenesis in mice, Przegl.

Wojsk.-Med, 2002, 44 (2), 123 -127, ISSN 1507-0603), (The Effect of

Natural Anthocyanin Dye on Superoxide Radical Generation and Chemiluminescence in Animals

after Absorbed 4 Gy Dose of Gamma Radiation, Polish Journal of Environmental Studies Vol. 7,

No. 6 (1998)), (Combination therapy of statin with flavonoids

rich extract from chokeberry fruits enhancedreduction in cardiovascular risk markers in

patients after myocardial infraction (MI), Atherosclerosis. 2007 Oct;194(2):e179-84. Epub 2007

Feb 21), (The influence of anthocyanins from Aronia melanocarpa

on selected parameters ofoxidative stress and microelements contents in men with

hipercholesterolaeia, Pol. Merk. Lek., 2005, XIX, 113, 651~653),

(Influence of l anthocyanins derived from chokeberry extract on glycosylated hemoglobin level

in pregnant women withinsulin-dependent diabetes mellitus, Polish Journal of Gynaecological

Investigations. 2001. 3(3). 123~125) .

- , G3G

(Influence of

natural anthocyanins derived from chokeberry extract in the generation of oxidized low density

lipoproteins in pregnancies complicated by fetal intrauterine growth retardation of preeclamptic

origin-the role of OLAB, Archives of perinatal Medicine. 2003. 9(4), 28~30.),

(Application of l anthocyanins extracted from chokeberryfor treatment of oligospermia in

men having increased levels of OLAB. Influence on the frutose level in sperm., Ginekologia

Polska, 2001, 72, 12, 983-9), (Effects of novel plant antioxidants on platelet

superoxide production and aggregation in atherosclerosis., ournal of Physiology and

Pharmacology, 2006, Vol 57, No 4, 611-626) .

- , (Effects of Aronia juice as part of the dietary regimen in

patients with diabetes mellitus., Folia Med (Plovdiv). 2002;44(3):20-3., Influence on Aronia

melanocarpa on experimental rat's dibetes, Herba Polonica, 1999. L . 4. 345~353)Ⅹ Ⅴ

(Anthocyanins-An adjunct to cardiovascular therapy?, Kardiol.

Pol. 2002. 57. 332), (Effect of anthocyanins on biochemical parameters

in rats exposed to Cadmium, Acta biochimica polonica, v.50 no.2, 2003, pp.543-548),

( Effects of anthocyanines from Aronia Melanocarpa on course of experimental

pancreatitis., Polski Merkuriusz Lekarski, 2000, 8, 48, 395-398),

(Antiulcer/activity of anthocyanin from aronia melanocarpa Elliot, Herba Polonica, Vol. XLIII



1997, Nr 3, 222-227), (Flavonoid rich chokeberry fruit

extract inhibits endothelial progenitor cells senescence induce by oxidized LDL, Journal of

Clinical Lipidology. 2007. 1(5). 86), , ,

(Antioxidant activity of anthocyanins from Aronia melanocarpa, Balnelogia polska, Vol. XXXVII,

2, 1993, 5~10) , (Aronia melanocarpa

phenolics and their antioxidant activity, Eur Food Res Technol. 2005. 221. 809~813) .

◦

- 2012 3,464 ( 350 ) , 2009

2012 +6% . 2013 ~2020

+7.9% 2020 6,394

. Supplements ( , , , ,

), Natual & Organic Foods ( ), Natural & Organic Personal Care &

Household Product ( & ), Functional Food (

) ,

.
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-
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cell viability◦
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◦
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◦
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◦
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1 :□

2 :□

in vitro

in vivo

3 :□



2.

. 1

-□

-

< >

-

:

) cyanidin-3-glucoside

:

) :

: 60±3%, : 1g 100

: , : 0.3ppm , 0.1ppm

: 1

- ( )

/ / ( , 2To

n) (2kg/h) . ( ) Assay 95.1~95.6 v/v%

.

80kg 3 , ( ) ( ) ( ) ( )

( ) .

· : .

· : 80kg 79 4 0.7~0.75 Kg/℃

.㎠

· : 45 , 1,000 mmHg .℃

·

· : .

◦



: . 14 ~ 16 bri◦

x . 100g 0.1 %

. pH,

.

: ( ), ( ) ( ),◦

( ), ( )

. , pH, , .

-

, pH, ,◦

.

.

◦



( )◦

, ,

.

-□

in vitro

-

, , . ,◦

, ,

lab scale production .

(central composite design, CCD) Box-Behnken design (BBD)◦

, , (Accelated

Solvent Extractor, ASE) .

( )◦

- : Spray Dry, , (Freeze Dry)

- : 30, 50, 70, 90 % ( ), 100% 100%

,

.

- : 2 , 12 , 24

- : 1500 psi (100 bar)

. (ASE)



- in vitro

5-alpha reductas◦

e testosteron DHT

.

in vitro .

cell viability◦

5-alpha reductase◦

DHT◦

◦

-□

1 in vivo

- in vitor rat

◦

◦

◦ in vivo model

◦

)

1 2 1 2 3

1 - -

1% 3% 5%

2 - -
+a +b +c

3 - - � � �

4 - - � � �

◦

◦

Prostate Index (PI)◦

◦

testosterone dihydrotestosterone◦

◦



. 2

-□

1

-

·

- Sample

- 0.2ml , 1ml 0.1%HCl 10ml 2 ,

3000rpm 30 .

- 0.2M KCl 0.2M HCl pH 1.0 A .

- 0.2M potassium phosphate 0.1M citric acid pH 4.5 B .

2



- 100ul A B 900ul 510nm 700nm

. (mg/100g) cyanidin-3-glucoside (26,900)

.

Anthocyanin content

(mg/100g) =

A

×mw×DF×10

00
×1ε

-

- A : (OD510nm OD700nm)pH1.0-(OD510nm OD700nm) pH4.5– –

- mw: molecular weight for cyanidin-3-glucoside (g) (449.2)

- DF: dilute factor

- ml :1000 : cyanidin-3-glucoside molar absorbance(26,900)ε

- HPLC

cyanidin-3-glucoside, pelargonidin-3-glucoside Polyphenols Laborat

ories (Sandnes, Norway) , Column YMC-Pack ODS AM 250x4.6 mml(USA) , column

temperature 30 . flow rate 0.8ml/min , solvent A a-water/, solvent B ac℃

etonitrile .



- ( )

)

I II III

1 1.5 2.0 3.0

2 9.6 8.6 10.5

3 1.0 1.0 1.0

4 0.2 0.2 0.2

5 0.8 0.8 0.8

6 0.2 0.2 0.2

7 0.01 0.01 0.01

8 0.01 0.01 0.01

9 0.03 0.03 0.03

10 0.25 0.25 0.25

11 86.40 86.90 84.00

-

)



-

· ( : )

)

-

5

.

-



-□

,

in vitro

-

, ,◦

carotenoid (b-carotene, b-cryptoxantin, violaxanthin) , phenol

phytochemical .

. (Kulling and Rawel, Planta Medica,2008, 74, 1625-34)



. (Li et al., J Agric Food Chem, 2012, 60, 11551-11559)

phenol◦

HPLC-DAD-MS .

correlation ‘ ’

.

phenolic compounds 1 group◦

, McDougall phenolic compound targeted analytical

method .

. HPLC ( 280, 365, 520 nm)



-

phenolic◦

.

◦

(Sigma,

Fluka ),

.

TLC HSCCC, open column◦

chromatography, MPLC, semi-prep HPLC target compounds .

(stability)◦

(purity), , ,

HPLC peak spilling, absorbance

.

.

.



IR, MS, NMR .◦

1D, 2D-NMR spectroscopy, MS/MS analysis ,◦

NOESY spectrum 1H-1H correlation glucose standard

GC .

E1415-11-rp10-c.esp

1 7 6 1 6 8 1 6 0 1 5 2 1 4 4 1 3 6

1
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6
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37
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5

1
35
.6
1

. 1H, 13C-NMR

MS data base◦

HPLC-MS , identification .

MS/MS pattern .◦

major

O

O

O

HO
OH

OH

OH

OH
O

HO

OH

O

O

OH

OH

OH

. MS



.

-

,◦

.

,◦

, 5-alpha reductase DHT

. ,

.

-

, , apoptosis◦

.

Anthocyanin-riched (Lower Urinary Tract◦

Symptoms, LUTS) (Evid Based Complement

Alternat Med. 2016 in press), (Cistanche salsa)

(Can J Physiol Pharmacol. 2016, 94(1):104-11), (Prunus domestica) Sitoprin

(CR002)

(Toxicol Mech Methods. 2015 25(9):653-64). phytosterol enriched-

(Brassica campestris) (Phytomedicine. 2015,

22(1):145-52).



-

1)◦

, 2) , , 3)

( ) . ( )五淋 五淋

( ), ( ),勞淋 血淋

( ),氣痳

( ),石淋

( ), 5 .熱淋

◦

(Lower Urinary Tract Symptoms, LUTS)

, 1 . 1

, ,

,

.

<1 >

◦

▭

: , , , , , , , , , , ,

▭

: , , , , ,

▭

: , , , , , , , , , ,

▭

: , , , , , , , , , ,



-

1. 1 , ,

2 .

2. 5a-reductase biomarker

.

3. in vitro 5a-reductase multi-tar

geted agent .

.◦

cell viability◦

5-alpha reductase◦

DHT◦

◦

- , in vitro

-□

2 in vivo

: 1◦ in vivo

.

◦

◦

,◦

◦

histopathological examination◦

◦ in vivo



. 3

-□

2

- 2

)

-

SD

-

· ( )

)

-

5

.

- 2



-□

,

1,2 Biochemical screening◦

.

1 in vitro assay

.

combination treatment◦

.

-

(central composite design, CCD) Box-Behnken design (BBD)◦

, ,

.

2 ,◦

in vitro .

.

◦in vitro 2 (

) .

( )◦

- 5-alpha reductase (Y1), DHT (Y2), (Y3)

.

(response surface analysis)◦



.

.

chemical profile .◦

◦

. ( )

-

HPLC-DAD◦

.

, , retention time, peak intensity◦

peak specificity method validation

.

.

◦

( )◦

◦

◦

◦



254 nm

220 nm

365 nm

280 nm

. ( )

-□

◦

.



◦

A.

1.

2. Pro & Anti inflammatory cytokines

3.

◦

B.

C.

1. dihydrotestosterone

2. androgen receptor(AR), 5 -reductase type 1 & 2 (SRD5A1 & SRD5A2)α

-□

8

7 8



- : 1 ,

.

- 10 .

2015 ( )



2 .

1

1. 1 -

.

(Accelated Solvent Extractor)

. 50~100 mL/g (W/V)

, , .

whatman filter paper No.2 .

. in vitro

(1) cell viability

MTT assay

0.5% DMSO assay . LNCaP 2 X 104 cells/well 96

well plate seeding FBS 10 % RPMI 1640 18 incubation , serum

free RPMI 1640 5, 10, 50, 100 /mL 24㎍

formazan DMSO 100 microplate reader㎕

450nm .

(2) 5-alpha reductase

testosterone DHT 5-alpha reductase

ELISA assay . MTT

assay 0.5% DMSO ,

5-alpha reductase typeII , 5-alpha reductase typeII

rat prostate .

rat prostate testosterone

.

15 Sprague Dawley rat prostate pH 7.4phosphate

buffer saline(PBS) 2 , PBS 8 glass homogenizer

. 4°C 5,000 rpm assay

, -70°C . ,

Horseradish Peroxidase(HRP)-conjugated SRD5A2 SRD5A2-specific antibody 1

37 incubation , incubation 15℃

450 nm 10 .

(3) DHT



in vitro SRD5A2-transfected LNCaP cell line testosterone

DHT DHT ,

LNCaP 5-alpha reductase type II SRD5A2

pSG5SRD5A2 Lipofectamine 2000 transfection . Transfection 24

, charcoal-stripped serum 10% RPMI 1640 48 Hormone

depletion , 48 ( , , 20% , 80% )

. 16 testosterone , 4 100 medium DHT㎕

. DHT medium 50 ELISA assay , 450nm㎕

. 5-alpha reductase typeII ELISA assay kit(Cusabio, Germany)

, 460nm standard

BPH (%) .

(4)

Raw264.7 LPS RT-PCR

. Raw 264.7 12 well plate seeding 40% confluence washing

0, 25, 50 /mL 18 .㎍

18 1 /mL LPS 2 harvest RNA㎍

DNA PCR . RT-PCR primer

COX-2(F:GAGTGGGAGGCACTTGCATT, R:TGGAGGCGA AGTGGGTTTTA),

iNOS(F:TCYYGGAGCGAGTTGTGGAT,R:GGGTCGTAATGTCCAGGAAGT),

I6-1 (F:GTTGACGGACCCCAAAAGAT, R:AAGGTCCACGGGAAAGACAC), IL-6β

(F:TCCATCCAGTTGCCTTCTTG, R:CCACGATTTCCCACA GAACA) 58 27 cycle℃

GAPDH (F:GTGTTCCTACCCCCAATGTGT, R:AGGAGACAACCTGGTCCT CAGT) internal

standard , PCR 1.5% agarose gel .

2. 1 -

. 1 in vivo

(1)

in vitro

rat .

.

(2)

6 Wistar rat . 23 ± 2



, 55 ± 5%, 12 .℃

2 5 .

.

(3) in vivo model

intrinsic testosterone (castration) .

isoflurane

. sham

group (cefazolin)

(carprofen) .

10 , testosterone

propionate(TP) . 200~250g

1 6

6~7 .

. Vehicle control group

testosterone propionate(TP) 3 mg/kg body weight/day injection ,

3 injection volume 100 ㎕

corn oil . Control group TP corn oil 100 injection vehicle㎕

.

(4)

rat TP 6

: (A) Control group; corn oil injection rat, (B)

BPH group; TP(3 mg/kg body weight/day) injection rat, (C)

BPH+aronia extract X; X TP(3 mg/kg body weight/day) injection

X 100mg/kg body weight/day rat, (D) BPH+aronia extract Y;

Y TP(3 mg/kg body weight/day) injection Y

100 mg/kg body weight/day rat, (E) BPH+aronia EtOH extract Z group;

20% Z TP(3 mg/kg body weight/day) injection 20%

100 mg/kg body weight/day rat, (F) BPH+aronia EtOH extract P group;

20% P P TP(3 mg/kg body weight/day) injection

20% P 100 mg/kg body weight/day rat.

TP volume 100㎕



, injection .

7

.

(5)

10

, 7 . 6 6

16 .

Weight gain .

Weight gain(g)= Final body weight(g) - Initial body weight(g)

(6)

isoflurane SST tube

(arterial blood) 1 3,000 rpm 3ml

.

PBS 1

(dorsal/ventral prostate ). 10%

80°C–

.

(7) Prostate Index (PI)

PI .

PI = prostate /Final body weight(g) x 100

(8)

AST, ALT, ALP, TG, TP

.

(9) testosterone dihydrotestosterone



testosterone ELASA assay , testosterone

standard . DHT , 50㎕

goat-anti-rabbit antibody coated 96well microplate HRP- conjugated DHT

DHT-specific antibody 1 shaking incubation . incubation

15 450 nm 10

. standard pg/mL .

(10)

24 tissue processing 4 mμ

dewaxing haematoxylin and eosin (H&E)

. ,

, .

3. 2 -

.

(1) cell viability

MTT assay

0.5% DMSO assay . LNCaP 2 X 104 cells/well 96

well plate seeding FBS 10 % RPMI 1640 18 incubation , serum

free RPMI 1640 5, 10, 50, 100 /mL 24㎍

formazan DMSO 100 microplate reader㎕

450nm .

(2) 5-alpha reductase

testosterone DHT 5-alpha reductase

ELISA assay . MTT

assay 0.5% DMSO ,

5-alpha reductase typeII , 5-alpha reductase typeII

rat prostate .

rat prostate testosterone

.

15 Sprague Dawley rat prostate pH 7.4phosphate

buffer saline(PBS) 2 , PBS 8 glass homogenizer

. 4°C 5,000 rpm assay

, -70°C . ,



Horseradish Peroxidase(HRP)-conjugated SRD5A2 SRD5A2-specific antibody 1

37 incubation , incubation 15℃

450 nm 10 .

(3) DHT

in vitro SRD5A2-transfected LNCaP cell line testosterone

DHT DHT ,

LNCaP 5-alpha reductase type II SRD5A2

pSG5SRD5A2 Lipofectamine 2000 transfection . Transfection 24

, charcoal-stripped serum 10% RPMI 1640 48 Hormone

depletion , 48 ( , , 20% , 80% )

. 16 testosterone , 4 100 medium DHT㎕

. DHT medium 50 ELISA assay , 450nm㎕

. 5-alpha reductase typeII ELISA assay kit(Cusabio, Germany)

, 460nm standard

BPH (%)

(4)

Raw264.7 LPS RT-PCR

. Raw 264.7 12 well plate seeding 40% confluence washing

0, 25, 50 /mL 18 . 18㎍

1 /mL LPS 2 harvest RNA DNA㎍

PCR .

RT-PCR primer COX-2(F:GAGTGGGAGGCACTTGCATT, R:TGGAGGCGA

AGTGGGTTTTA), iNOS(F:TCYYGGAGCGAGTTGTGGAT,R:GGGTCGTAATGTCCAGGAAGT),

I6-1 (F:GTTGACGGACCCCAAAAGAT, R:AAGGTCCACGGGAAAGACAC), IL-6β

(F:TCCATCCAGTTGCCTTCTTG, R:CCACGATTTCCCACA GAACA) 58 27 cycle℃

GAPDH (F:GTGTTCCTACCCCCAATGTGT, R:AGGAGACAACCTGGTCCT CAGT) internal

standard , PCR 1.5% agarose gel .

4. 2 -

. 2 in vivo

(1)

1 in vivo



. 50-200 mg/kg BW 

.

Saw Palmetto finasteride

. 1 in vivo

.

(2)

6 Wistar rat . 1 in

vivo . , 1

. 2 8 .

(3)

rat TP 4 , 8

8 (n=8): (A)Normal control group: castration

corn oil injection rat, (B)control group: corn oil

injection rat, (C) BPH group; TP(3 mg/kg body weight/day)

injection rat, (D) BPH+aronia extract 25;

TP(3 mg/kg body weight/day) injection 25 mg/kg body weight/day

rat, (E)BPH+aronia extract 50; TP(3 mg/kg

body weight/day) injection 50 mg/kg body weight/day

rat, (F) BPH+aronia extract 100; TP(3 mg/kg body

weight/day) injection 100 mg/kg body weight/day rat,

(G)Saw Palmetto group; Saw Palmetto TP(3 mg/kg body weight/day) injection

Saw Palmetto 100 mg/kg body weight/day rat, (H) BPH+Finasteride group;TP(3

mg/kg body weight/day) injection finasteride 10 mg/kg body weight/day

.

(4) ,

1 PI .

.

10%



80°C .–

(5)

isoflurane SST tube

(arterial blood) 1 3,000 rpm 3ml

. 1 testosterone dihydrotestosterone

.

(6) histopathological examination

tissue processing H&E 1

,

, .

5. 3 -

. ,

(1)

5-alpha reductase , DHT ,

( : ) 3 . SAS(statistical

analysis system, Version 9.1) program .

. contour map

.

.

(1)

50% MeOH

0.2 m membrane filter HPLC .μ

(2) ( )

50% MeOH 0.45 mμ

membrane filter .

(3)

HPLC HPLC/MS chromatogram peak UV

LC-MS . chemical profile



peak , peak retention

time UV, MS .

(4)

,

. 0~100 % , 0~100% ,

peak resolution . Formic acid acetic acid

peak resolution . .

HPLC .

(5)

PDA detector chemical profile

peak resolution .

6. 3 -

.

(1)

( )

Benign prostate hyperplasia(BPH) CD4+ helper T cell

macrophage .

. 4 mμ

, 10% . antigen

retrieval cell differentiation 1 monoclonal CD4 antibody

monoclonal CD68 1:200 . biotinylated 2

LSAB kit(Dako, Glostrup Denmark) . Mayer’s

hematoxylin .

( ) Pro & Anti inflammatory cytokines

cytokine IL-17 IL-15

Pro-inflammatory cytokine TNF- , IFN- anti-inflammatory cytokine IL-10, TGF-α γ β

western blot . 3000 rpm 6

Bradford . 50 g protein 8, 10,μ

15% SDS gel I-blot system nitrocellulose membrane transfer

. 5% skim milk blocking cytokine 1 4 C overnight incubation˚

. washing 2 ECL solution membrane Chemidoc



develop .westsern blotting Bio-rad (Hercules, CA, USA)

.

( )

(2)

2 hypoxia nNOS

PDE-5 real time PCR Western blotting

Picro Sirius-Red staining

a-SMA(smooth muscle actin) . sirius-red Picro

Sirius Red Stain Kit (abcam, Cambridge, UK) .



<Nature reviews Urology 11, 231-241 (2014)>

(3)

( ) dihydrotestosterone

DHT ELASA assay

4 pH7.4 phosphate buffer homogenation 5,000rpm 10

.

( ) androgen receptor(AR), 5 -reductase type 1 & 2 (SRD5A1 & SRD5A2)α

Trizol total RNA Reverse transcription(Qiagen RT kit

) . cDNA 100ng SYBR green real time PCR

. western blot

mRNA .

<Internatoinal Journal of Impotence Research 20, 11-18 (2008)>
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2.





3.

-□

. , ,

, 1 .

아로니아 입고 사진





. , pH, ,

DPPH radical , .

(1) DPPH radical

a,a-diphenyl-1-picrylhydrazyl (DPPH) DPPH . DPPH ra

dical Blois(Blois MS. 1958. Antioxidant determinations by the use of a stable free radica

l. Nature 26: 1199-1200) . , 30 0.2 mM DPPH㎕

200 10 517 nm㎕

. Ascorbic acid .

DPPH radical .

(2)



( ) Sample , , ,① ② ③ ④

( ) Sample :

- 0.2ml , 1ml 0.1%HCl 10ml 2 ,

3000rpm 30 .

- 0.2M KCl 0.2M HCl pH 1.0 A .

- 0.2M potassium phosphate 0.1M citric acid pH 4.5 B .

( )

100ul A B 900ul 510nm 700nm

. (mg/100g) cyanidin-3-glucoside (26,900)

.

ε

( ) :

- A : (OD510nm OD700nm)pH1.0-(OD510nm OD700nm) pH4.5– –

- mw: molecular weight for cyanidin-3-glucoside (g) (449.2)

- DF: dilute factor

- ml :1000 : cyanidin-3-glucoside molar absorbance(26,900)ε

(3)



DPPH radical (%) Ascorobic acid 93.6%

.

.

(1) ( 1, 2, 3 ) -

▶ ▶



(2) ( 1, 2),( 1, 2 ) -

. 6

(1)

(2)

(3) 3

▶ ▶



(4) 3

(5) 3

(6) 3

.

(1)



. 3

. 3

.

(1)

Cyanidin25 ug/ml



Cyanidin50 ug/ml

Cyanidin100 ug/ml



(2)

Aronia Hydorolysis(-)

Aronia Hydrolysis (+)



. -

(1)

Raw 264.7 (KCLB, Korean) 10% FBS, 10

0 U/ml penicillin, 100 U/ML streptomycin DMEM 37 , 5% CO2℃

.

MTT assay . RAW 264.7

24 MTT assay . , 1

ml (3 x 105 cells/ml in 24-well plates) MTT(50 mg/ml) 4

formazan crystals dimethyl sulfoxide (DMSO) 570 nm

.

(2) NO

NO nitrite Griess Reagent System . RAW 26

4.7 60 mm cell dish 1 1 ug/ml

LPS 16 . 100 ul Griess Reagent 10

ELISA reader 540 nm .



. -

.

(1)

(2)

(3) NO

(4) Western blot analysis



ice-cold phosphate-buffered saline (PBS) 3

, RIPA buffer [150 mM NaCl, 1% NP-40, 1% sodium deoxychloate, 0.1% SDS, 50 mM Tr

is-HCl (pH 7.4), protease inhibitors] 4 30 12,000xg 15℃

. Bradford assay .

sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) ,

poly(vinylidene difluoride) membrane transfer . membrane blocking buffer

(5% skim milk) 1 , 1~2

. 0.1% Tween 20 TBST 30 , secondary anti

body ECL system X-ray film .



-□

1 : in vitro

1. in vitro

.

(1)

-

, , .

- ㈜

.

-

.

- (<

40 ) .℃

(2) in vitro assay

Cell Freeze Drying

(3) in vivo

-

5

.



대형 동결건조장치 아로니아 과병 분리 및 선별

아로니아 건조도 확인

(4) ASE

- (Accelated Solvent Extractor, AS

E) .

- ASE , chemical profile

thermo ASE , in vitro assay

in vivo Buchi PSE

.

-

, , ,

STD1~13 .

( ) in vitro assay standard

<Thermo ASE >

: Thermo Dionex ASE350◦

( )◦

- :

- : 40, 60, 100% ( )

- : 30, 100℃



- : 5, 10, 20 min

- : 1700 psi

- : 1 cylcle

ASE◦

( ) in vivo standard

<Buchi Speed Extractor >

: Buchi Speed Extractor E-916◦

( )◦

- :

- : 40, 60, 100 % ( )

- : 30, 100℃

- : 5, 10, 20 min

- : 100 bar

- : 3 cylcle

3 g (Diatomaceous Earth, Celite 545) 1:3◦

cell 3 cycle .

Standard # EtOH (%) Temperature (°C) Time (min)

2 100 30 10

4 100 100 10

6 100 50 5

8 100 50 20

9 60 30 5

10 60 100 5

11 60 30 20

12 60 100 20

13 60 50 10

1 40 30 10

3 40 100 10

5 40 30 5

7 40 50 20



(5)

( ) in vitro in vivo

- ASE PSE

1. 2. 3.

4. 5. 6.

추출셀 삽입7. 조건 설정8. 차광 및 추출진행9.



- 1 vial

. 3

24 .

( )

- HPLC

-

membrane filtering (0.45 um) , HPLC direct injection .

. in vitro

(1) SD rat 5-alpha reductase

- 15 Sprague Dawley rat 11 CO2 prostate

- pH 7.4 phosphate buffer saline(PBS) 2 , 8

cold PBS glass homogenizer . 4 , 5,000 rpm℃

Brand Ford -7

0°C .

- 8.82~10.61 mg/ml ,

5-alpha reductase .

1 _ 2 _ 3 _



5-alpha reductase◦

(2) 5-alpha reductase

- STD1~13 5-alpha reductase rat prostate,

(50 ug/ml), testosterone -NADPH 37 dihydrβ ℃

otestosterone (DHT) ELISA kit . 3

.

- , STD2, 9, 11 DHT .

- STD2 100% EtOH, 30 , STD9 11 60% EtOH, 30℃ ℃

STD9 STD11 5 20 .

- STD9 STD11 DHT ,

1. CO2 2. 3.

4. 5. 6.

Rat number (mg) (ug/ml)

1 610 10.61

2 611 8.82

3 818 9.27

4 595 9.24

5 460 10.20

6 427 9.61

7 620 9.48

8 657 9.82

9 635 9.75

10 530 9.15

11 537 9.80



100% 60% EtOH, ( 30 ) DHT℃

.

. STD1~13 LNCaP cell DHT

- DHT

STD2 STD9 .

- (60, 100% ) STD4(100%-EtOH,

100 ) STD10(60%-EtOH, 100 ) .℃ ℃

: STD2, 4, 9, 10→

(3) in vitro

( ) LNCaP cells

- Human LNCaP cell . LNCaP

10% FBS 100 unit/ml penicillin-streptomycin RPMI 1640 37 ,℃

5% CO2 .

( ) testosterone

- SRD5A2-transfected LNCaP cell

Standard # EtOH (%) Temperature (°C) Time (min)

2 100 30 10

4 100 100 10

9 60 30 5

10 60 100 5



testosterone . LNCaP 2 X 104 cells/well 96 w

ell plate seeding FBS 10 % RPMI 1640 18 incubation ,

1~13 (25, 50, 100 ug/ml) testosterone (100, 1000 nM) 24

MTT assay . 24 formazan DMSO 100 /well㎕

microplate reader 450nm .

- , 25~100 ug/ml testosterone 100, 1000 nM

.

. testosterone LNCaP cell

( ) Type II 5 alpha reductase (SRD5A2) transformation

- Human 5-alpha-reductase inserted plasmid 2 competent cell heat shock transformation

colony . Colony 2

4 plasmid extract kit DNA .

( ) SRD5A2 transfection DHT

Plasmid 1 Plasmid 2

Type Human ORF Human ORF

Vector pCMV6-AC-GFP pCMV6-entry

Tag TurboGFP Myc-DDK

Plasmid Map



- SRD5A2-transfected LNCaP cell line 1 testosterone (1

000 nM) DHT DHT

. LNCaP 5-alpha reductase type II SRD5A2

pSG5SRD5A2 Lipofectamine 3000 transfection . Tran

sfection , charcoal-stripped serum 10% phenol red free

RPMI 1640 24 hormone depletion . Transfecti

on 24 (50 ug/ml) 1 testosterone(1000 nm)

, 18 100 medium media DHT . DHT㎕

medium 50 ELISA assay , 450nm . 5-alpha㎕

reductase typeII ELISA assay kit(Cusabio, Germany)

, 460nm standard

testosterone-only treated group (%) .



-□

1.

동물실험계획 승인신청서





순화기간
수술 후 회복기간

1w

6w

아로니아 추출물Testosterone(SC)+ (PO)



Once a daily

동물입수

주령10

castration 투여시작 실험 종료





서 약 서

본 연구수행을 위하여



2. IACUC

실험동물의 윤리적 사용과 원칙에 따라 동물실험의 수행에 대하여 충분히 검토하였습니다1. 3R .

동물보호법 과 실험동물에 관한법률 에 규정된 사항을 준수하며 안전성평가연구소2. ,「 」 「 」

경남환경독성본부 동물실험지침을 준수하겠습니다.

과제 승인 기간은 최대 년임을 확인하였으며 년이 초과할 경우 재승인 하겠습니다3. 1 , 1 .

또한 승인된 계획을 변경할 경우 동물실험계획변경신청서를 통해 위원회에 알리고 승인을 받겠

습니다.

연구책임자로서 본인을 포함한 등록된 실험수행자들이 실험동물의 윤리적 사용과 승인된 동물실4.

험 방법을 준수하도록 책임지도하겠습니다.․

위 사항의 이행과 함께 위원회 및 동물실험시설장의 결정에 적극 협조하고 따를 것을 서약하며5.

본 동물실험계획 승인신청서를 제출합니다.

년 월 일2016 09 12

연구책임자: 김 나 현 서명( )

Approval of Animal Care and Use Protocol

승 인 서

(Original protocol information)

(Approval)



3.

경남환경독성본부 에서는 상기의 동물실험계획을 승인합니다KIT IACUC .

This animal care and protocol was reviewed and approved by the IACUC at Korea Institute of Toxicology

Gyeongnam Department of Environmental Toxicology and Chemistry.

IACUC Chairperson signature
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2.









3.

-□

.

(1) 2016

1 ,

2 , 2

.

1 1 ( )

, .

( )



( ) Sample :

- 0.2ml , 1ml 0.1%HCl 10ml 2 ,

3000rpm 30 .

- 0.2M KCl 0.2M HCl pH 1.0 A .

- 0.2M potassium phosphate 0.1M citric acid pH 4.5 B .

( )

100ul A B 900ul 510nm 700nm

. (mg/100g) cyanidin-3-glucoside (26,900)

.

ε

( ) :

- A : (OD510nm OD700nm)pH1.0-(OD510nm OD700nm) pH4.5– –

- mw: molecular weight for cyanidin-3-glucoside (g) (449.2)

- DF: dilute factor



- ml :1000 : cyanidin-3-glucoside molar absorbance(26,900)ε



. 2017







. HPLC

(1)

Cyanidin25 ug/ml

Cyanidin50 ug/ml

Cyanidin100 ug/ml



(2)





.

(1)

, Lactobacillus

2 ( , 9 ) .



( )

(2)

2 pH , acetic acid lactic acid

-> pH ,

.



) +

( 1)

( ) ,

.

,

.



)

( ) ,

.

(4) 1



. 2

2

pH ( ) , , 2 .

시제품제작에 있어 제품의 품질 테스트



. 2

.

.

→ →

아로니아 입고 및 선별 세척공정 착즙공정

↓

←

유산균발효공정 착즙액 제조공정

↓ ↓

← ←

스프레이건조 혼합공정 조절& pH 알코올 초산발효-

↓

용기충진 → 외포장 → 출고



.

.

영양성분 검사성적서 품목제조보고서



.

. ,

( 1) ( )

( 2) , .

.

,

액상형 동결건조기 사진 분무건조기 스프레이드라이 사진( )



180 .℃

5 10 10

. PCA (Difco. USA) 35 , 24 .℃

(pour-plate technique) . ,

.

.

OEM ( ) ,

( ) ( : )

2017 7



- 2017 ( , ) 5500

.

. ( )

, ( : 2004062418275)

, 3 ( )

.



.

LPS RAW264.7 hem

e oxygenase-1 (HO-1) . (0.5, 1, 2 mg/ml) nitro ox

ide(NO) iNOS, Cox-2, HO-1

. NO , iNOS, Cox-2

. . HO-1 .

HO-1 .

HO-1 . ,

.

(1)

MTT assay . 96 well plate 5 x 104 cells/well

24 . . 24

MTT 37 4 .℃

MTT-formazan DMSO 570 nm .



(2) NO

NO nitrite Griess Reagent System . RAW 26

4.7 60 mm cell dish 1 1 ug/ml

LPS 16 . 100 ul Griess Reagent 10

ELISA reader 540 nm .

LPS Raw 264.7 NO

NO assay nitrite (Fig. 2). NO LPS .

, LPS NO

.



(3) Western blot analysis

Western blot cell lysis buffer .

Bradford assay . 8-12% SDS-PA

GE PVDF Blotting . 1 4 16℃

, 2 1 . 1, 2 ECL

.

LPS RAW , iNOS COX-2

HO-1 Western blot (Fig. 3).

, LPS RAW iNOS, COX-2, HO-1 .

iNOS COX-2 HO-1

. HO-1

.



-□

2 :

, in vitro

1. ( )

- , , carotenoid

b-carotene, b-cryptoxantin, violaxanthin phenol

.

- 1

,

.

- ,

(open column chromatography, MPLC, semi-prep HPLC, size exclusion chromatogr

aphy) .

.

: Kulling and Rawel, Planta Medica, 2008, 74, 1625-34



.

- n-hexa

ne (1.70 g), methylene chloride (4.52 g), ethyl acetate (20.0 g), n-butanol (22.40 g)

- ethyl acetate n-butanol re

verse-phase flash column chromatography 7 (ER1~7, BR1~7)

.

.

- ethyl acetate n-butanol HPLC

· .

- ,

(stability) 0.05% TFA 0.1% formic acid mobile phase

-n-butanol 7 , ethyl acetate 2

.





. ethyl acetate n-butanol

- IR, MS, NMR

. 1D, 2D-NMR spectroscopy, MS/MS analysis ,

NOESY spectrum 1H-1H correlation glucose standard

GC .

- MS data base

HPLC-MS , identification

MS/MS pattern .

.

2 [Chlorogenic acid]◼

O

O

OH

OH

HO OH

O

HO

HO



. 2 1H-NMR, 13C-NMR spectra

3 [Amygdalin]◼

O

CN

O
O O

HO

OH

OH

OH

HO

OH

OH

. 3 1H-NMR, 13C-NMR spectra



4 [1-(3,4-dihydroxycinnamoyl cyclopenta-2,3-dilo)]◼

O

O

HO

HO

OH

OH

. 4 1H-NMR, 13C-NMR spectra

5 [1-(3,4-dihydroxycinnamoyl cyclopenta-2,3-dilo)]◼

O

O

OH

OH

HO O

O

HO

HO



. 5 1H-NMR, 13C-NMR spectra

6 [Cyanidin-3-glucoside]◼

O+

O

O

OH

OH

HO

OH OH

OH

OHOH

. 6 1H-NMR, 13C-NMR spectra

7◼

O

CN

O
OH

HO

OH

OH



. 7 1H-NMR, 13C-NMR spectra

8 [Cyanidin 3-xyloside]◼

O+

O

O

OH

OH

HO

OH OH

OH

OH

. 8 1H-NMR, 13C-NMR spectra

9 [Acuminatic acid]◼



HO

HO

HO

O

OH
H

H

H

. 9 1H-NMR, 13C-NMR spectra

10 [3-Epipomolic acid]◼

HO

HO

O

OH
H

H

H



. 10 1H-NMR, 13C-NMR spectra

O

O

OH

OH

HO OH

O

HO

HO
O

CN

O
O O

HO

OH

OH

OH

HO

OH

OH

O

O

OH

OH

HO O

O

HO

HO

O

O

HO

HO

OH

OH

O

CN

O
OH

HO

OH

OH

O+

O

O

OH

OH

HO

OH OH

OH

OH

O+

O

O

OH

OH

HO

OH OH

OH

OH
OH

HO

HO

O

OH
H

H

H

HO

HO

HO

O

OH
H

H

H

. 9

2. HPLC

- 9 HPLC

, , .

- , (acid)

.

acetic acid, formic acid TFA 0.05~0.1% 0.1% TFA

peak resolution .

- ODS column

peak resolution .

4.6x250 mm , Thermo Acclaim Polar Advantage II C18, Phenomenex Syn

ergi 4u RP80A, Shisheido Capcell Pak C18, Thermo Phenylhypersil, Hector C18, Phenomenex Ge

mini 5u C18110A, Varian Pursult XRs5 C18, Agilent Eclipse Plus C18, Agilent Eclipse XDB C8,

YMC Triart C18



- , Phenomenex Gemini 5u C18 column

peak resolution .

- 9

.

min A (%) B (%)

0 90 10

5 85 15

15 85 15

45 70 30

- (STD 2) , 9

, 1-(3,4-dihydroxycinnamoyl cyclopenta-2,3-dilo) (1), chlorogenic acid (2), cyanidin 3

-glucoside (3), cyanidin 3-xylose (4)

- 5 spiking retention time UV (220,

280, 365, 520 nm) intensity .

3.

- ,

- , 1)

Column Phenomenex Gemini 5u C18110A

Flow rate 1.0 ml/min

Injection volume 10 ul (diluted in 50% MeOH)

Temperature 30°C

Mobile phase
A: 0.1% TFA-Water

B: Acetonitrile



, 2) , , 3)

( )五淋

- ( ) ( ),五淋 勞淋

( ), ( ),血淋 氣痳

( ),石淋

( ), 5熱淋

-

(Lower Urinary Tract Symptoms, LUTS)

.

1 , ,

,

- 5-alpha reductase

chemical . 1

5-alpha reductase DHT

, biomarker

.

.

. ( )

진피 치자 산수유 강황

울금 백복령 적복령 구기자

오미자 창출 당귀 용담



. , ,

(Citrus unshiu)

Flavonoid Limonoid

<hesperidin> <limonene> <nomilic acid>

-

- , , ,

5-alpha reductase benign prostate hyperplasia (BPH)

(Gardenia jasminoides)

Iridoid

<geniposide> <crocin>

- ,

- , , ,

5-alpha reductase benign prostate hyperplasia (BPH)

(Cornus officinalis)

Iridoid , secoiridoid , Bisiridoid



<loganin> <morroniside> <sweroside>

- ,

- , ,

5-alpha reductase benign prostate hyperplasia (BPH)

(Poria cocos)

, Triterpenoid

<pachymic acid> <tumulosic acid> <dehydroeburicoic acid>

- ,

- , , ,

5-alpha reductase benign prostate hyperplasia (BPH)

(Curcuma wenyujin), (C. longa)

Diarylhepatonoid, ,

<curcumin> <tumerone>

- ,

- , , ,

, curcumin 5 alpha reductase

.

< >



Curcuma 
longa

강황 논문 보고 Curcumin and cancer: barriers to obtaining a health claim. Nutr Rev. 2015 
Mar;73(3):155-65. Review.

강황 추출물의 5-alpha reductase 저해 활성. A new label-free 
screen for steroid 5α-reductase inhibitors using LC-MS.

Steroids. 2016. 116:67-75. 

강황 추출물의 비뇨기계 질환 치료 효과. Ethnopharmacological
survey of medicinal plants practiced by traditional healers and 
herbalists for treatment of some urological diseases in the West 
Bank/Palestine.

BMC Complement Altern
Med.
17(1):255.

강황 유래 curcumin의 항암(전립선) 활성. Spices for Prevention 
and Treatment of Cancers. 

Nutrients. 2016. 12;8(8). 

강황 유래 curcumin의 전립선암 치료 기전연구. Molecular 
mechanisms of curcumin and its semisynthetic analogues in 
prostate cancer prevention and treatment.

Life Sci. 2016 May 
1;152:135-44. Review.

Curcuma manga 활성분획물의 PC3 cell에서 5-alpha reductase 
저해 활성. Molecular effects of bioactive fraction of Curcuma 
mangga (DLBS4847) as a downregulator of 5α-reductase activity 
pathways in prostatic epithelial cells.

Cancer Manag Res. 2014 
Jun 6;6:267-78. 

Curcumin의 다양한 항암활성 검색. Exploring inhibitory potential 
of Curcumin against various cancer targets by in silico virtual 
screening.

Interdiscip Sci. 2014 
Mar;6(1):13-24. 

Curcuminoid계 화합물의 항암활성. Analysis of the anticancer 
activity of curcuminoids, thiotryptophan and 4-phenoxyphenol 
derivatives.

Oncol Lett. 2014 
Jan;7(1):17-22.

Curcumin의 항암활성. Plant-derived anticancer agents - curcumin 
in cancer prevention and treatment.

Rev Med Chir Soc Med 
Nat Iasi. 2012 Oct-
Dec;116(4):1223-9.

Curcumin의 임상효능연구. Therapeutic roles of curcumin: lessons 
learned from clinical trials.

AAPS J. 2013 Jan;15(1):195-
218. Review.

특허(국내) 강황 추출물을 포함하는 약제학적 조성물 (전립선비대증 개선) 등록

ＩＬ－６ 유도 ＳＴＡＴ３ 활성화 저해 효과를 갖는 강황 또는 울금
의 지상부 추출물, 또는 이의 비극성 유기용매 분획물을 포함하는
조성물 (염증성질환 개선)

등록

Curcuma
zanthorrhiz
a

누른강화 논문 보고 식물 추출물 및 주요성분인 Xanthorrhizol의 항암활성에 대한 다양
한 보고. Xanthorrhizol: a review of its pharmacological activities 
and anticancer properties.

Cancer Cell Int. 2015 Oct 
21;15:100. Review.

Curcuma속 식물 주요 성분 및 효능에 대한 review. Recent 
advances in the investigation of curcuminoids.

Chin Med. 2008 Sep 
17;3:11. 

(Lycium chinensis)

betaine, cerebroside, Carotenoid , Phyrrole

<betaine> <cerebroside> <zeaxanthin>

- ,

- , , , , ,

5-alpha reductase benign prostate hyperplasia (BPH)



(Schisandra chinensis)

Lignan

<schisandrin A> <schisandrin B>

- , ,

- , ,

5-alpha reductase benign prostate hyperplasia (BPH)

(Atractylodes japonica) (A. macrocephala)

Sesquiterpene ,

<atractylon> <atractylenolide> <atractylodin>

-

- , , ,

5-alpha reductase benign prostate hyperplasia (BPH)

(Atractylodes lancea)

Sesquiterpene, Sesquiterpene

<eudesmol> <hinesol>

- ,

- , , ,

5-alpha reductase benign prostate hyperplasia (BPH)



.

(1) LNCaP, DU145 PC3

3 LNCaP, DU145 PC3 .

10% FBS 100 unit/ml penicillin-streptomycin RPMI 1640

37 , 5% CO2 .℃

(2)

SRD5A2-transfected cell MTT

assay . LNCaP, DU145 PC3 2 X 104 cells/well 96 well plate see

ding FBS 10 % RPMI 1640 18 incubation , 10,

50, 100 ug/ml 24 MTT assay . 2 for

(Angelica gigas)

Coumarin, Polyacetylene

<decursin> <decursinol> <umbeliferone>

- , , , ,

- , , ,

5-alpha reductase benign prostate hyperplasia (BPH)

(Gentiana scabra)

Iridoid , Xanthone, Alkaloid

<gentiopicroside> <trifloroside>

- ( ) ,

- ,

5-alpha reductase benign prostate hyperplasia (BPH)



mazan DMSO 100 microplate reader 450nm㎕

. 100ug/ml 10~50 ug/ml

.

(3) 5-alpha reductase (SRD5A1, SRD5A2) transformation

Human 5-alpha-reductase inserted plasmid competent cell heat shock transformation

colony . Colony 24

plasmid extract kit DNA .

(4) Plasmid transfection DHT

SRD5A2-transfected cell 1 testosterone (1000 nM)

DHT DHT . LNCa

P, PC3 DU145 5-alpha reductase type II SRD5A2

pSG5SRD5A2 Lipofectamine 3000 transfection . Transfection

, charcoal-stripped serum 10% phenol red free RPMI 1640

24 hormone depletion . Transfection 24

(10, 50 ug/ml) 1 testosterone(1000 nm) , 18

lysis buffer cell lysate . DHT ELISA assay kit

(Cusabio, Germany) , 460nm stan

dard testosterone-only treated group (%) .

(5)

, 50

50% .

24 . D

HT DMSO 100mg/ml

. in vivo

0.5%-CMC .

(6) DHT

testosterone DHT◦

5 alpha reductase .



. PC3 DHT

-PC3 50ug/ml , , , , , ,

, 20% . LNCaP , ,

.

. LNCaP DHT

-DU145 , , .

, DHT

.

curcumin 5-alpha reductase

,



.

. DU145 DHT

.

(1) (geuk, gac)

- (Curcurbitaceae) Momordica cochinchinensis red melon baby j

ackfruit . ‘ ’

,

.

- beta-carotene lycopene

.

,

.

. lycopene( ) beta-carotene( )



(2)

- diarylhepanoid

5-alpha reductase .

diarylhepatonoid

(Maclura Tricuspidata) (Alnus japonica)

.

- 5 ( , , , , )

2

.



-□

2 : 2 in vivo

1.

KIT IACUC GIACUC-O-003

접수번호 - -

( ).※

14 ,

. 1 , (

) . ,

.

1.
1.1.

( ) 3851 E-mail
nhkim@kitox.r

e.kr

IACUC ( :2017.03.24., : G17-0012 )☑

( : , : )□

1.2.

/e-mail
( )

/nicekws@kitox.re.kr

(G17-0003 )☑

( )□

/ttkil @kitox .re.
kr

(G17-0005 )☑

( )□

/juhonglee@kitox.re.kr

(G17-0011 )☑

( )□

2. ( V )

( )☑
( : )□

( : )

3.

3.1.
Wistar rat

3.2. ( )

Wistar rat in vitro



4. ( V )

, , , , · ,□ □ □☑ ☑ ☑

,

, , ( )□ □ □

5.
, .☑

, .□
PubMed Current Contents Connect□ □☑

( )□
Key words ( 3 ) benign prostatic hyperplasia , rat model , aronia

( , , , , )

.

3.3 / ( )□ □ □☑

3.4
2017 05 18 ~ 2017 09 2

9
3.5.

□ ☑

6.

( )
☑

□

3 ( : ) 4 ( : )□ □

15 15※「 」

1 ( : ) 2 ( : )□ □

3 ( : )□

2※「 」

7. (Housing)

( : Restraining Devices, Radioactive Materials / Other Biohazards, Infectious Disease)
.

8.

8.1. ※
Mouse Rat Guinea Pig Rabbit Hamster Dog Cat Pig Gerbil□ □ □ □ □ □ □ □☑

( )□
8.2.

Wistar rat
barrier Semi-barrier□ □☑

(Maker)
2017 5 18

SPF(Specific Pathogen Free) CL(Clean, SPF)□☑

CV(Conventional) Germ Free ( )□ □ □ □



8.3. (animal) (strain) ( )

8.4. ( )

( )

Sham contr

ol
Male 12 1-12 Sham surgery 0.5% CMC

Negative co

ntrol
Male 12 13-24

Castration + Testosterone SC

(3mg/kg)
0.5% CMC

Positive co

ntrol
Male 12 25-36

Castration + Testosterone SC

(3mg/kg)
Saw palmetto

T1 Male 12 37-48
Castration + Testosterone SC

(3mg/kg)

T2 Male 12 49-60
Castration + Testosterone SC

(3mg/kg)

T3 Male 12 61-72
Castration + Testosterone SC

(3mg/kg)

T4 Male 12 73-84
Castration + Testosterone SC

(3mg/kg)

T5 Male 12 85-96
Castration + Testosterone SC

(3mg/kg)

T6 Male 12 97-108
Castration + Testosterone SC

(3mg/kg)
(gac)

108 12 108 . 12

.

9. ,

.

: ±20%g : 10 M: 108 , F: -

10. ( ) ( )
※

- ( , , , , , )

- ( , , )



1.

(1) 1

.

(2) : 6 3mg/kg Testosterone

(SC) 1

1 1 .

순화기간 수술 후 회복기간 1w 6w

아로니아 추출물Testosterone(SC)+ (PO)

Once a daily

동물입수

주령10

castration 투여시작 실험 종료

2.

(1) 6 .

(2) : Isoflurane gas 6ml . serum sep

arating tube 30 3000RPM 10

72°C–

.

(3) :

(lateral & ventral lobe)

. (urine) mosquito forcep

. 72°C .–
,※

( V )

, , , ( )□ □☑ ☑

1. ventro-dorsal po

sition .

2. 1cm 1cm .

3.

/

.

4.

.

※ (Multile Major Operative Procedures) ,

- ,



11. ( V )
A: ,□

B:□

- ,

-

C:□

-

- I.V., S.C., I.M., I.P.,

- ( )

- ( )

-
D:☑

( , , )

-

- ( )

-

- FCA( ) ,

-

E: ( ,□

, )

- LD50

-

- ( )

E ,※

12.

12.1. , , (11. D )
( , , )

: Tiletamine+Zolazepam (30mg/kg) + Xylazine (10mg/kg), IM

: Cephazolin (30mg/kg), SC, 1 /1 , 3

: Carprofen (100mg/kg), SC, 1 /1 , 3
12.2. E (11. E

)
, ,□ ․

)

.□

) LD50

( )



13. , (Hu

mane endpoints)

- 20% .

14.

( : , : ) CO2□ □☑

( )□

( )※

(

) .

15.
.

( 2013.09. 09.) .

16. ( , )

.

1. 3R .

2. ,「 」 「 」

.

3. 1 , 1 .

.

4.

.․

5.

.

2017 05 02

: ( )





2. IACUC

1

2



3. (2 )

◦

1.

1.1.

Wistar rat

, .

1.2. IACUC

1998 AAALAC International (Association for Assessment and Accreditation

of Laboratory Animal Care International) ,

IACUC (Institutional Animal Care and Use Committee) .

1.3.

,

, Guide for the Care and Use of Laboratory Animals (by ILAR publication)

.

.

2.

2.1.

, ,

.

2.1.1.

KIT code
T0091

T0113
(Gac) T0115

T0111
T0112

T0114

2.1.2.

KIT code
CJ (Saw palmetto) -

Finasteride -

2.2.

,

.

3.



3.1.

3.2.

.

.

3.3.

.

3.4.

5 .

3.5.

,

.

4.

4.1.

5

4.2.

2 3 (225W x 465D x 200H mm)

.

.

(SPF)

/ Wistar /CrljOri:Wistar

50 ( 50 )

48 ( 48 )

7 ,

9 .
±20%

,

.

㈜

322

,

.



4.3.

23±3°C
30~70%

12 hour light/12 hour dark cycle
150 - 300 Lux

10 - 20 times/hour

.

4.4.

, .

5.

. .

.

6 , , ,

.

6.

6.1.

6.2.

(1)

1-1. ventro-dorsal position

.

1-2. 1cm 1cm .

1-3.

/ .

1-4.

.

(2) 7

.

(3) : 6 3mg/kg Testosterone

(SC) 1

1 1 .

6.3.



8 7

.

1

Group Sex No Treatment

Sham

control
M 8 1-8 Sham surgery 0.5% CMC

Negative

control
M 8 9-16

Castration + Testosterone SC

(3mg/kg)
0.5% CMC

Positive

control
M 8 17-24

Castration + Testosterone SC

(3mg/kg)

Saw palmetto

200mg/kg

T1 M 8 25-32
Castration + Testosterone SC

(3mg/kg) 200mg/kg

T2 M 8 33-40
Castration + Testosterone SC

(3mg/kg) 200mg/kg

T3 M 8 41-48
Castration + Testosterone SC

(3mg/kg)

(gac)

200mg/kg

2

Group Sex No Treatment
Sham

control
M 8 1-8 Sham surgery 0.5% CMC

Negative

control
M 8 9-16

Castration + Testosterone SC

(3mg/kg)
0.5% CMC

Positive

control
M 8 17-24

Castration + Testosterone SC

(3mg/kg)

finasteride

1mg/kg

T1 M 8 25-32
Castration + Testosterone SC

(3mg/kg)
200mg/

kg

T2 M 8 33-40
Castration + Testosterone SC

(3mg/kg) 200mg/kg

T3 M 8 41-48
Castration + Testosterone SC

(3mg/kg)
200mg/

kg

7.

7.1.

, , , ,

. ,

.



,

CO2 .

1 1

1 1

1

7.2.

1

1

1

7.3.

.

8.0 ml 90 3000 rpm 10 1 ml

, -8

0°C deep freezer .

.

Aspartate aminotransferase, AST․

Alanine aminotransferase, ALT․

Alkaline phosphatase, ALP․

Glucose․

Total protein․

Albumin․

Blood urea nitrogen․

Creatinine․

Triglyceride․

Total cholesterol․

Total bilirubin․

7.4.

isoflurane 6 ml

.

, .

7.5.



.

10%

-80°C deep freezer .

8.

. Levene

(ANOVA)

0.05 .

. Levene Kruskal-Wallis

0.05 . (rank)

Dunnett post hoc test . SPSS 17.0 .

9.

.



4.



5.

5-1. 1 in vivo

-1 in vivo

. prostate gross morphology ventral lobe

Testosterone . T1~T4

.

-1 (PC) CJ (Saw palmetto)

.



- (Prostate Index)

DHT 5 alpha reductase . T1~T4

T1 DHT .



- qPCR Androgen receptor, PSA, PCNA

PCNA T1, T2

.

- AST ALP .



5-2. 2 in vivo

-Prostate index Sham control Finasteride P val

ue .

- (Chockberry), (Gac), (Japanese alder),

(Gojiberry), (Chinese mulberry)

(Citrus peel) .

- 1 CJ (Saw palmetto)

.

-5-alpha reductase PI .



- Finasteride 5 alpha reducta

se . P value

.

- 2 AST, ALT ALP

.

T1= , T2= , T3= , T4= , T5= , T6=

Sham control 1% Finasteride T1; Chokeberry T2; Citrus Peel T　

3; Gac

Vehicle control Saw palmetto T4; Japanese alder T5; Gojiberry T

6; Chinese mulberry

- H&E . ventral lobe

Finasteride

gland

.



○

SCI SCI□

□

국제학술대회 발표 : Society for medicinal plant and natural product research (2017)



□

국내학술대회 발표 대한수의학회: (2017)

( : 10-2017-0110301)



□

□

( ) ,

2017 2 (2017 10 ) , ( ,

) 5,500 .





4 3 (2018 )

1. 2018







2.







3.

-□

.

3 5

.



)

(1) Betacarotene

(2) Gac oil

2mg/g .



. 2-2

(1)

1 2 2-2

,

.

GMP , ( )

( ) .



(2) ( )

.

(3)

3 1 ,

.

.

→ →

아로니아 입고 및 선별 세척공정 착즙공정

↓



.

(1)

, , MD

.

←

유산균발효공정 착즙액 제조공정

↓ ↓

← ←

스프레이건조 혼합공정 조절& pH 알코올 초산발효-

↓ +

↓

↓ 꾸지뽕 농축액

↓

용기충진 → 외포장 → 출고



(2)

, , .

.



. 2-2

(1)

, ( )

.

(2)

.



(3)

, 88%,

10%, 4%, 2% .

(4)

, 10% SD .



.

(2) ( )

( ) , ,

, , , 1 , 2

, , .

(2)

( ) .



- ( ) :□

. (2017 6 2018 3 )

.



.





:□

1.

. Box Behnken design

SAS 9.2

. Box Behnken design , 1

(X1), (X2), (X3)

1, 0, 1 3 15 .–

Table 1. Box Behnken design

Independent variable Symbol
Levels

-1 0 1

Ethanol conc. (%) X1 40 60 100

Temp. ( )℃ X2 30 50 100

Time (min) X3 5 10 20

Box Behnken design , (DHT

) .

(R2) 0.9655 , 1%

( 2).

Table 2.

Response Quadratic polynomial model R2

DHT
Y=110.1622-1.4991X1+0.9416X2-0.6313X3+0.0065X1X1+0.0045X2X1-0.0075X2X2+0.0

205X1X3-0.0003X2X3-0.0341X3X3

0.9655

Source of variation Sum of squares

Model 916.8327a

Linear 500.3553a

Quadratic 216.5132

Cross-product 199.9643

Lack of fit 32.8072

Pure error 0

Total error 32.8072

R2 0.9655

5 (Analysis of

variance, ANOVA)



( 3).

Table 3. Box Behnken design

Constant coefficienta
DHT contents

Parameter estimate Standard error P-value

Intercept 110.1622 17.7257 0.0084

X1 -1.4991 0.3819 0.0294

X2 0.9416 0.3100 0.0560

X3 -0.6313 1.1825 0.6305

X1X1 0.0065 0.0026 0.0870

X1X2 0.0045 0.0014 0.0493

X2X2 -0.0075 0.0023 0.0465

X1X3 0.0205 0.0071 0.0632

X2X3 -0.0003 0.0057 0.9551

X3X3 -0.0341 0.0419 0.4754

aX1, X2, and X3 correspond to ethanol concentration (%), temperature ( C), and time (min),˚

respectively.

.

15 DHT

0.1~28.9% , SAS 9.2

.

3

.

68.2%, 82.8 ,℃

10.84 . saddle point

.

Table 4.

Response
Optimum conditions

Ethanol (%) Temp. ( C)˚ Time (min)

DHT 68.20 82.80 10.84



Figure. Response surface plot of the effect of ethanol, temp( ), and time (%), on DHT℃

under the fixed optimal conditions of (a) ethanol, 68.20%; (b) temp ( ), 82.80; and (c)℃

time, 10.84 min, respectively.



2.

- phenol HP

LC-DAD-MS .

correlation ‘ ’

.

.

- , , (Accelated Solvent Extract

or, ASE) . 1

, 13 .

. ASE 13

. 4 (STD2, STD4, STD9, STD10) MS spectrum

-1 13 5-alpha reductase

, STD2 STD9 . STD2 STD9

STD4 STD10

.

Standard # EtOH (%) Temperature (°C) Time (min)

2 100 30 10

4 100 100 10

6 100 50 5

8 100 50 20

9 60 30 5

10 60 100 5

11 60 30 20

12 60 100 20

13 60 50 10

1 40 30 10

3 40 100 10

5 40 30 5

7 40 50 20

Thermo Dionex ASE350

40, 60, 100 % ( )

5, 10, 20 min

1700 psi

1 cylcle



- 4 (STD2, 4, 9, 10) ASE

- in vitro 4 in vivo

2

. 4 component

MS correlation score

( ) . 4 MS .

- ASE (STD2, 4, 9, 10) MS spectrum

Integration Peak List

Peak Start RT End Height Area Area %

1 0.758 0.957 1.029 3162351.53 22448162.53 74.81

2 1.029 1.056 1.106 1527235.68 5310984.35 17.7

3 1.106 1.134 2.035 969702.48 30005156.5 100

4 11.948 12.05 12.277 1174039.45 6935611.21 23.11

5 17.199 17.287 17.531 1635359.13 9482704.57 31.6

6 17.945 18.139 18.222 2240380.79 12892671.09 42.97

7 18.603 18.675 18.952 3626081.92 19037119.23 63.45

8 19.721 19.809 19.931 887362.85 4138649.33 13.79

9 20.025 20.086 20.113 1247322.52 4264713.76 14.21

10 20.113 20.196 20.567 3744444.49 26937871.94 89.78

. STD2 QTof-MS spectrum

Instrument Agilent 6530 Accurate-Mass Q-TOF LC/MS system

Column Poroshell 120 EC-C18 column (3.0×100 mm, 2.7 m, Agilent)µ

Flow rate 0.3 ml/min

mobile phase
acetonitrile (solvent A) and water (solvent B)

linear gradient elution: 5 95% A (0 20 min); 10% A (20 30 min)– – –

Mode Positive mode

Detection range m/z=100 1500–

Standard # EtOH (%) Temperature (°C) Time (min)

2 100 30 10

4 100 100 10

9 60 30 5

10 60 100 5



. STD4 QTof-MS spectrum

. STD9 QTof-MS spectrum

Integration Peak List

Peak Start RT End Height Area Area %

1 0.761 0.838 0.86 1323040.93 4593723.19 26.79

2 0.86 0.91 0.937 1846719.25 7456573.57 43.48

3 0.937 0.965 1.125 2251107.81 10663043.44 62.18

4 1.175 1.275 1.878 699370.29 14738708.31 85.95

5 2.082 2.508 2.851 744032.06 15552540.65 90.7

6 17.801 17.993 18.071 687326.99 4660112.78 27.18

7 18.491 18.696 18.893 1065505.61 8351178.99 48.7

8 19.924 20.079 20.167 2454910.38 17147628.71 100

9 20.167 20.245 20.389 1306265.86 9708381.57 56.62

10 26.402 26.458 26.834 694685.1 3820822.76 22.28

Integration Peak

List

Peak Start RT End Height Area Area %

1 0.728 0.822 0.855 1072018.65 4377980.58 24.86

2 0.855 0.966 1.165 1899334.2 17610512.91 100

3 2.184 2.509 2.852 611793.41 8901060.74 50.54

4 4.396 4.457 4.623 555192.81 2792349.02 15.86

5 11.936 12.069 12.318 570330.14 4779497.7 27.14

6 17.275 17.358 17.52 1064918.82 6417469.71 36.44

7 18.015 18.193 18.354 831535.31 6150934 34.93

8 18.619 18.702 18.818 1350638.59 6421053.94 36.46

9 20.174 20.262 20.6 2266959.28 15912741.03 90.36

10 26.409 26.458 26.818 683234.58 3711577 21.08



Integration peak list

Peak Start RT End Height Area Area %

1 0.737 0.951 1.034 2688223.71 20359717.1 61.66

2 1.034 1.067 1.122 1103288.03 4947453.71 14.98

3 1.122 1.161 1.587 1144975.83 19054592.18 57.71

4 1.852 2.488 3.279 885172.79 33018864.98 100

5 4.247 4.435 4.518 877409.01 6984104.02 21.15

6 11.939 12.033 12.332 1053017.01 6553750.8 19.85

7 17.187 17.265 17.462 1527043.67 8002258.78 24.24

8 17.956 18.105 18.192 1927725.82 10349240.31 31.34

9 18.595 18.658 18.929 3010188.02 15490839.33 46.92

10 20.013 20.201 20.373 3504012.2 26313249.85 79.69

. STD10 QTof-MS spectrum

- 4 QTof-MS in vivo

MS , pamiti

c acid( ) .

- STD2, STD4, STD9, STD10

, STD2 1.441 %, STD4 0.707 %, STD9 0.245

%, STD10 0.548 % .

- 4 ,

STD2 STD4 ,

0.7 % , 0.7 %

.

. 4 (STD2, STD4, STD9, STD10) HPLC

4

.



- 2 HPLC 4 1-(3, 4-di

hydroxycinnamoyl cyclopenta-2, 3-diol, methyl 3-O-caffeoylquinic acid, cyanidin glycosides, cyani

din-3-xyloside .

1-(3, 4-dihydroxycinnamoyl cyclopenta-2, 3-diol Methyl 3-O-caffeoylquinic acid

y = 509.26x + 2.112
R? = 0.9907
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y = 365.22x + 1.2739
R? = 0.9988
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- H

PLC chromatogram retention time UV spectrum .

- , Cyanidin 2 (Cyanidin-3-glucoside, Cyanidin-3-xyloside) STD2

. Cyanidin-3-glucoside STD2 0.7642 mg/ml

3 1.27~1.69 .

- STD9 STD10

, STD2 STD4

AR(Androgen Receptor), PSA(prostate specific antigen), PCNA(proliferating cell nuclear

contents (mg/ml)

1-(3,

4-dihydroxycinnamoyl

cyclopenta-2, 3-dilo)

Methyl

3-O-caffeoylquinic

acid

Cyanidin-3-glucoside Cyanidin-3-xyloside

STD2 0.5349 ND 0.7642 2.6843

STD4 0.5461 ND 0.5107 2.3228

STD9 0.5015 ND 0.4559 2.1206

STD10 0.5583 ND 0.6002 2.4279



antigen) .

DHT , STD2

. STD2 cyanidin-3-glucoside

, cyanidin-3-glucoside

.

. 4 (STD2, STD4, STD9, STD10) MRM mode MS spectrum

- 4 HPLC

MRM mode (Multiple Reaction Monitoring, SRM) mass spectrum

.

-

ion-targeted mass spectrum

.

Table. Groups of phenolic compounds identified by LC-PDA-ESI-MS/MS in black chokeberry prod

ucts.

: Jan Oszmianski and Sabina Lachowicz, Molecules, 2016, 21, 1098



-Mass Agilent 1200 HPLC ABSCIEX QTRAP 3200 mass spectrometer .

4 (STD2, STD4, STD9, STD10) 5 ul

Synergi Fusion column (2.6 um, 2.1 × 50 mm) direct injection

.

Flow rate 0.35 ml/min

Injection volume 5 ul (diluted in 50% MeOH)

Temperature 30°C

Mobile phase
A: 0.1% TFA-Water

B: 0.1% TFA-MeOH

Positive mode

min A (%) B (%)

0 85 15

5 50 50

6 0 100

7.5 0 100

Negative mode

min A (%) B (%)

0 75 25

3 75 25

6 0 100

7.5 0 100



MRM-mode LC/MS target . 1: Cyn-Hex: cyanidi

n-3-glucose, cyanidin-3-galactose, 2: Cyn-Ara: cyanidin-3-arabinose, 3: Cyn-Pen: cyanidin-3-pent

ose, 4: Cyn: cyanidin, 5: CQ1: caffeonylquinic acid, 6: CQ2: caffeonylquinic acid, 7: QV: quercetin

vicianoside

- mass ,

4 (STD2, STD4, STD9, STD10) 6 .

4 3 3

. (Cyn-Hex, Cyn-Ara, Cyn-Pent) positive mode , (CQ1, CQ2, Q

V) negative mode .

- (STD2, 4, 9, 10) MRM mode MS spectrum

MRM mass

Cyn-Hex cyanidin-3-galactoside or cyanidin-3-glucoside 449/287

Cyn-Ara cyanidin-3-arabinose 419/287

Cyn-Pent cyanidin-3-pentose 487/355

Cyn cyanidin 287

CQ1 caffeonylquinic acid 353/191

CQ2 caffeonylquinic acid 353/191

QV quercetin vicianoside 595/301



- 7 MRM mode

intensity , STD2

. cyanidin-hexose

STD2 intensity 2.5 STD2

cyanidin-glucose cyanidin-galactose

. cyanidin-arabinose, cyanidin-pentose, cyanidin STD2

2.78 , 3.02 , 2.59 .

4 HPLC LC/MS

Cyn-Hex Cyn-Ara Cyn-Pent Cyn CQ1 CQ2 QV

(x 10
3
)

STD2 586 158 2.09 47.7 3.07 5.73 13.2

STD4 268 68 1.08 20.9 2.21 3.55 10

STD9 310 80.9 1.13 25.7 2.76 4.24 10.9

STD10 230 56.8 0.69 18.4 2.45 3.86 0.88



chemical profile ,

.

- 6 prostate index

AR, PSA, PCNA

STD2 . STD2 100%

30 . HPLC STD2

cyanidin-3-glucoside cyanidin-3-arabinoside , MRM-mod

e ESI MS STD2 cyanidin cyanidin (hexose, ara

binose, pentose) , QTof-MS STD2

component palmitic acid( )

.

- cyanidin

.

in vivo .



:□

2 DHT 5 alpha

reductase . vehicle control

DHT . 2 in vivo 3

.

DHT Saw palmetto

28.61% 40.03%, 32.55%, (Gac) 41.49%,

41.45%, 41.04%, 46.49% .

.
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2

homogenate qPCR COX2
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Mean 86.02 218.1 155.7 130.6 130.8 147.1 127.6 127.7 128.6 116.7

Std.
Deviation

2.751 26.11 14.91 22.95 4.875 14.86 19.34 19.52 16.58 12.16

% of
mean

reduction
rate

60.56 0.00 28.61 40.12 40.03 32.55 41.49 41.45 41.04 46.49



Raw

264.7 NO

LPS NO 12

ASE 10, 20, 40 g/mlμ

. NO

. 1, 2 in vivo

.

(2)

BPH ,

sildenafil PDE5 NO
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PDE5 nNOS qPCR . PDE5
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, AR , , Gac

PCNA PSA

. in vivo

mRNA .

in vitro

. RWPE-1 TP

.

ASE 12

14 . TP

CCK-8 assay 24

5 g/ml, 10 g/ml AR SRD5A2 western blottingμ μ

2, 3, 5, 9 . 5 alpha r

eductase finasteride dutasteride SRD5A2

. TP
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