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Summary

Purpose and
content of
Research

<Research Purpose>

O The increase in medical costs and the decrease in the number of socially
active population due to the increase of liver disease have an adverse
effect on the social health.

O Health foods, health functional foods and health supplements is
increasing as a preventive measure, but most depend on imports.

O Korean traditional health food ingredients are not getting high added
value because of their lack of scientific function verification.

O The need for the development of scientifically proven domestic health
functional foods and dietary supplements is growing.

O Therefore, it is aimed to develop and commercialize health functional
foods that improve liver function by using Honeyberry extract which is a

powerful antioxidant material.

<Research Content>

O Literature survey and market research on Honeyberry
O Functional and Mechanism of Non-alcoholic Liver Function Improvement
of Hanibary.
- Functional and mechanism confirmation through cell experiment, animal
experiment and human body application test
- Confirmation of functional improvement of liver function through
non-alcoholic (obesity) liver damaged model
- Human body application test: Systematically carried out by CRO, CRA,
CRC, PI, monitor, DM, insurance
- Securing mechanism of gene expression at molecular level.
O Secure Honeyberry Safety
- Ensure safety through cell, animal, and human application tests
- Toxicity test: cell surviability test(MTT), reverse mutation test, single
dose oral toxicity test, repeated dose oral toxicity test, in wvivo
micronucleus test
O Secure Honeyberry standard specification
- Establishment of standard specification through nutrient analysis(7
kinds), microbiological examination(1 kind), residual pesticide test(5
kinds), heavy metal inspection(4 kinds) (Including Certificate of Analysis
from Certified Testing Organization)
- Establishment of characteristics(color, incense and taste) and
marker(functional) substance (Including Certificate of Analysis from

Certified Testing Organization)




- Ensure marker substance validation(specificity, accuracy, precision,
quantitative limit, straightness and range etc.)
O Secure of extraction process and productization process of honeyberry
- Develop lab, pilot, and mass scale processes that optimize the content
of marker(functional) components
- Optimization of extraction solvent, temperature, time, filter, sterilization
and drying method
- Set expiration date: Stable expiration date through stress and
accelerated test
O Application for ‘functional ingredient approval’ as health functional food
of honeyberry
- Application for ‘functional ingredient approval after securing application
requirement (Ministry of Food and Drug Safety)
O Productization of honeyberry as health functional food

- Productization of honeyberry as health functional food

R&D achievement

<R&D Performance Goals and Results>

O Intellectual Property Right : 2 applications (3 cases completed), 2 entries
(0 cases completed)

O Technical implementation : 1 fee (1 case completed)

O Productization : 5 cases (10 cases completed)

O Job creation : 18 people (18 people completed)

O Technical certification : 2 cases (6 cases completed)

O Research paper: 3 papers of SCI(E) grade or higher (4 papers of SCI(E)
grade or higher, 2 papers of KCI grade, Total 6 papers completed)

O Academic Presentation: 1 case (2 cases completed)

O Human resource training: 4 people (5 people completed)

O Publicity Exhibition: 2 cases (2 cases completed)

O Other(Other research use): 1 case (2 cases completed)
<Additional performance beyond goals>
Education guidance: 2 cases

Policy use: 1 case

Non-SCI grade reasearch paper: 2 papers

O O O O

Sales amount: 4.2 billion

Plan to utilize R&D
achievements
(Benefits)

O Technical aspects
- Increase R & D investment for domestic raw materials through excellence
of domestic natural products
- Establishment of foundation for application of overseas functional
certification by increasing technology by certifying functional raw

materials of health functional foods of domestic natural products




- Implement healthy society by improvement of liver function through
functional products

- Establishing research base through development of high quality
domestic agricultural products as functional raw materials and
establishing base for high functional product productization of other
excellent agricultural and marine products

- Providing basic data on the development of high wvaluation products
through discovering the functionality of natural products

- Establishment of a roadmap for certification of overseas health functional
foods as well as a road map for domestic health functional individual
certification and acquisition of certification for short-term and low-cost of
other raw materials

- Improving research competitiveness by building R&D model and
biomarker for functional evaluation

O Economic and industrial aspects

- Reduce medical expenses by maintaining health through natural

functional products

- Exports to USA, Japan and Europe through functional certification as a

natural raw material

- Increase of farm household income by high valuation of honeyberry and

increase of cultivation area

- Securing a stable market for farmers due to the production of

honeyberry

- Increase market share of domestic products in the health functional food

market

- Increase in the production of agricultural products and functional raw
materials, distribution, sales, employment expansion in the machinery
manufacturing sector (creating new jobs) and income due to the
development of domestic natural functional raw materials.

- Being a global company through professional training and recruitment

O Provide research—-based materials for securing excellence in domestic

agricultural products

Keyword
(Within 5)

Improvement Health
Honeyberry of liver Anti-oxidant functional Productization
Function foods
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NAFLDE= &4 39 BAlgle]l FhAlxed Aol IFHwshAl HH® o AWzt
(hepaticsteatosis), IHAIEZ7F IALE = v S X W3H
NASH), ¢ a3l Fejel 7Hdf-3Hliver fibrosis) 2 7H4H
A 3HDowman et al., 2010, Brunt, 2001)

NAFLD®] &2 71 glov NAFLDS AlAl fF8E&L 10~24%= 71 &3k 3+ d3ow
By 1S (Angulo, 2002). NAFLD+ H|9Hobesity), A28 93X (diabetes mellitus),
o] A#] A & Z(dyslipidemia), WAtS 3" (metabolic syndrome) 53 YH 3 & o] glon,
o1& A 34 (insulin resistance)©] NAFLDY 714 523 32 21249 (Uyeda & Repa,
2006, Schiff, 2003, Neuschwander-Tetri & Caldwell, 2003, Adams et al., 2005)
AIREEES W Rk SxtE g o ® Aldlst AtelA] NAFLD 3 NASH® fHES
Z+7y 91%, 37% % ey al(Machado, 2006), A2% @ x® 32 F 69%7F NAFLDS
et o], NAFLD+= A28 oA &3] swe= Aoz delx S (Leite, 2009)
ATeke A5, £ 75 A 3 A2Y dew #ke) F7F 502 NAFLDS| A
Hxel fFH&o] da F7Feka Ath(Alisi, 2012, Choi et al., 2009). $-#v2e] NAFLD
FHES 20049 115%°A 20108 236%= °F 28 A% F718F S (Ministry of Food
and Drug Safety, 2012)

2 b2 2013 AA 4F AHEE 2912 B ¥ A0=d, NAFLD7F 2438}

A8gd ¢ 7] wiol NAFLDE oi 2 g0 it FeAdol ZFxHxn JS(Korea
National Statistical Office, 2013)

NAFLD #2t9] 60~95%0 4] vnke] 30~55%14 23 Fxmo] $ukE= 5 NAFLD7}
AR ool TRk & 457 ®ol 1 Wl <™ A A S7H7F NAFLD 2Ad S a3
7Moo 2 Byl J(Sheth et al, 1997; Sanyal & Marchesini, 2001)
NAFLD®Y Hd&& 53 ‘Two hit theory® AHE =4, 1944 84S 4 &
HEE 2o A qole s oud Aol AIWA 7HY A Ho] =7
(Bugianesi et al., 2004; Marchesini et al., 2003; Chitturi et al., 2002). ©]7]el 2

= Abs 2E# sy 3 At F71d0] A HA we Aol A Ak
o2 28 H(Day & James,1998)

Fodell Aol A= darAQl E4o] dojd o] {E

g4 A~ (ROS: Reactive Oxygen Species)5-oll ¢ 3 o]z} # 21 =4)o] ]%ﬂ%ﬂ% doF
(Pessayre, 2001)

olJgk NAFLD+ 7 AAIA o= vivt fH&o] F7tstiA NAFLD+ vHg ﬁ@ﬂfﬂ
dlo] H i glow g-ytete %= NAFLD®] ¥ & ]
(Park et al, 2006), X735+ 25w

&
s} BwHow FrhHe] 25 Wy 1ABe T8I

non-alcoholic steatohepatitis,

om iy

(livercirrhosis) & =5 ¥3Fsl=

f

off
4
N
o

Mo peh —
0

o > =
ﬁ
rp_a
=
=
g 2
0,
-
lo

Lo ol Sof, HlwH FAo] AL AAE fele] AT A=A o] g

8] AlZ=53L 9lS(Jung et al, 2011; Kim et al,, 2013; Choi et al., 2017)



sty e g]+= <15 ¥ (Caprifoliaceae)oll 4:3F+= Lonicera caeruleavar. edulis®] <3} &2
Aol Far 9 dEA AT FEAEE ol&FHA o} Hr 2 fFHAA =
Hl & A4k dAufl(Svarcova et al, 2007). styHE = FH3F ascorbic acid %
phenolic componentE& 32Z3tstil low 53| Akst g7 v A % AoR
2+ 2 anthocyanins, flavonoids % #] &2} phenolic acidsE =434 i3l IS
(Chaovanalikit et al., 2004, Svarcova et al., 2007)

H sUulEl & AT Foste] o] &3t WAbde digh Woja iyt vhe-s AFES G
4 A 1ew(Zhao et al, 2012), A|2 = AL 7B B3 (Jurgonski et al, 2013), It B
& Y (Palikova et al., 2009), 3 &3 (Jin et al., 2006; Zdarilova et al., 2010), X715
Azl gk A 2 ETHPark et al, 2016) A el 9z, B3] 1259 $4 berry &
7P A9 dtstass el Aoz deiAa 3le(Chen et al, 2014)

=3k phenolic rich 3ty gl FE5ES in vitro % in vivo 28-S E3) vz 73 3
D AAAF FHREHRE e E Ae® deHom(Jin et al, 2006), LA tig
B 5§ ¥(Svobodova et al., 2008; Vostalova et al., 2013) 9A] & 44 U=

4z ng

HAEXR HAEXNEAAR(60Z)o] wEw 20129 FwolgH] xEFHe 2011dH T
59% Z7}3F 97.1% Qo2 FAEH GDPUH] 76% FF. 7|5 FH1¥9H] A0S 2d
ol A A~ (Yd Y, )7}t 634% =2 7Y =S HFS A AL gon, TS o R ookEo)

198%%5 ARk Yo

AP FEER Astg] et IHldE, =08 B 8] T =TS fI% AL A

AEol Frheta gew, 2010d AR NA 664 o) el Al AdE omuE 132

7347907 WA B9 31.6%E AXE 200561(24.4%)°l vIE) 8% T 3

2006%d o7 =91 o zH] FrlEe AWT 18%S 7|t I EF 20108 AA ] B H]
]

FF ojmH AFo Fa 8R1oF Aefd|Ee] WY A5 FUh 193} 58 Fi vk
53] 7= ®gtE g ojsH] TV AARY AFUHEGES dFste 80z Q14
skal AAIRE ofofl tisk diu|7} n et A, nEaE g WA 5 S Sxbe]
o) FH] AF(EAFHH)S oF 7097 g dssta ARG Aol sk v &o] A
Foae] 150%ea 7Hgetd s W vAdAS xS e E 106%d e U RY
AARAZo] TR (S 2AA T, 2Fstet =20 ofsH A5, 2011

A F7kR o)mH] Fk A 4 3 e
H] 2] AL NE, DA AE, ABREA SOl g ot
sojubar Qo ol FAkel oEstal e AAela, e HMEAR] AAAANES
kARl 7ls Aol mlokste] R A Sl Asfetar Qo] HstA o m HIFE Fufal
AN A E, AdRzA Aol de BeAdo] T J
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(2) 22 =

O styMlg] FE=9 in vitro ¢HdA &x: 5 S, typhmurium TA98, TA100, TA1535,
TA1537 or TA97 or TA97a, TA102 or E. coli WP2 uvrA or E. coli WP2 uvrA(pKM101)

S AFEste] 5Ae] & o2 HUFelal, S9 mixE H 71 UALEA S S W sl AL

A EA Rl #AIgle]l HAa U wFedA] Had HE HEroll oA 1] o]

T AEAd de= S7HE UEE o e E AA

O styHlg] FE5E9 x84 95 NMR, GC/LC o= 334z =8 3shy 44,
T2, FA F

O styHle] FE=9 184874 4%, d¢A(Ershs, aid, =24, d3, Atxd 5)

O stuMlg] F==9 DAY k4 FR(DRF, GLP): DRFSA: HAAFE o83
=AY &5 7HEAE 18k non-GLP 71l A Hil 5448 27, non-GLP WHEF
AR 127N AR osdAdos Ak, AT AlRAHY BEAHAE, 2aAA)
(RBC, WBC, platelet, hemoglobin, hematocrit, differential WBC, agglutination test,
reticulocyte), & A3} AH(protein, albumin, A/G ratio, glucose, cholesterol, triglyceride,
bilirubin, BUN, creatinine, AST, ALT, ALP, Cl, Ca, P, K &), =% AHvolume, pH, protein,
glucose, ketone body, bilirubin, occult blood, sediment), <t¥}ShH& A} H 2] 2284 AL
(IF, A, =4, JAAEAY), = 2D Z57EE, UED), 7FKAGEA), 713, 3 2
7138A, A ) 2 R, §, AE, 9, & o1, P R e, A1 B,

A

A, H%, A

OH‘ o4, ml

O styHlg] FE2E9 sERAAY 545 g5 AT 23 g5 Bl shudg
FEE°] EDS0, approximate ED 55 A A3l7] Ysto] A F5E(HXF)ZA high fat
diet or genetical obese or genetical diabete E@ZA A5 AlBAHE 4 AX W
A7Fw AL A otal cholesterol, triglyceride, DL -cholesterol, HDL-cholesterol),
Z AW o A AHadiponectin, leptin), Z 21 & AAF A A

O sHg] FEE9 A4 scale-up(pilot scale) &3 lab scalellA] AAE o] 9 xS
pilot scaleoll Al &93l7] 9Jste] FEH(EAAFE or F71EWF= or & =l
gt o] AN Hurs @ AHFE(HAL 758 F7hH AA

O styHlE] FE&<] AAAEATES 91g protocol 24, CRFAA, AlEEAA X, IRB AAL

A 5 dde] A I3

\

O styHlg] FEE9 R E(|HPE
VNeeds Bold, A

validationg ApAFA Al A AE}aL o

2 NEAAA 95

M
b
i
do
e
>
i
N
31£
oX,
Mo
o
=



(3) 32hd =

O

@)

stUHle] 59 in vitro &%7]4 A= HepG2 cellE ©]€3}e] antioxidant biomarker
(SOD, GPx, Catalase, ROS, DPPH )52 23S &3l a545 2 7| -dAF7|HkA3
stuulE] FEE2] AAHEAES Y3 IRB AAL ZHIA0Y, AAHEAE HAAl 5 dHo

EE L

stuHle] FEE9 A AT} &5 FH (UGN AT 97): dH 9
1A 4 &AlE processE Flo] AAFA(20% IR @& )ow dad AAAHEA T

ol oY, AE, TAEAS &sto] gsriA A4
styule]l FEE AYTH: FEE AAo| wret capsule, tablet 52 thu3 &

858l et vehicled size’t & = I
vehicle 74 # H-3 A formulation 2 Al
stuHlg] FE=E9 14715 2%F 7154484 15 KFDA 174715 4UE AHA A 2lel A
EARE T, AT ARRE, ASA, =1 58 HUkske] AAHA AEde] REEe] 4
WS AAste] ARl dusgrtE Fate] FAHEGStaL o] % AFAME AlEst] 714

0,
N

AT I5

A A% A4k in vitro, in vivo, validation, clinical trialS E3}o] 7543} otd A, 49

A T AT, ZEla AARAE B3 MAAAE, AFA] 58 a18shd
J of

GMPA] Ao Al A A% A4t

In vitro Q&A1 W7}

Pilot AAbE 82 Validation

In vivo & %2}

QIAAIR AR PIE

=

X8 o1 In vivo DHHA W2t
) QUM BAIM A
(protocol 21, 89U S)

—— uap —

A HE

2714 7 NBE X1E AN Y MY

§ed
fr

T A A

Figure 2-1. 91Xt
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3. A% 4749 Ng 2 ATAS 9%

02

<Table 2-2> HAXtH A7 L2 2

1=
ey | AveTze | e sade A7
£5 vz sy FE2EL 27 A% AR @b Asst
=818 A mase | BF 98 54 A st PRyl NG Fu
Am 24 T e vEoR 2 WG P 71, WRSl Gl
= Y= Ao BRI
7] %A 3 A ol &1 2 %EZ Cyanidin-3-glucoside(C3G)¢] g
24 47 e S HelA A¥ C36E AZEAR AY
o] 2AO0R FES & A% FFAN AEE
o gu zo | 2% 036G FFo) 4% olae, E-lvL ER
e s oq | TEO AR £ep gE T3 v
FExd A4 5l -gifﬁggiﬁ Rz Ysti, B4 FE, dvs, B-dve EF
U8 FEH | gygn gepw | T2 AZH PRAAE vk ol AnEd
Tla e | BEE GEUQAT A5FEANA S 580l
TE e o7t w=9iTh Bolu oerge] AL FHoMe
8o v$ wke
F220M F83) AFPF] e AFEBL 39
AN FNEAEATAN B ol Az H5F
| AR Fas, | A8 FEUHE | (UUR I 356.14K/100g, BEkE 8375 5
| mmme = B9 F2RTe] | W 190 A 135% E 803 3N 489% UEF
d= ) ETEE e 3w 4HAE | 6006me/100g BI040 FF4% W 04lnghg
(2016) TAER =3 724 A% | 7=8 013k vl 015mgkg <& 000Ingkg sk

BIC Bd% DOT B4% ddin 4% dddin 295 endin
B viiE O 08, i 4 e 29

GalN or CCl49
ogk A E
SAHE, 37
AST, ALT, TBARS,
antioxidant,

cytochrom P-450 &

olN

in vitro 8% 4

- DPPH &34k &A% S8t shdle] a5 g1l

- Law264.7 cellel LPSAH el 2]3F NOAIA &
=A% A7 252 Jehd

- HepG2 cellel] 4t} »~Eg 2
Y & ANEZIRE a3/ A3 A
sl 3k

- HepG2 celldll tBHPA 2] % Nrf2e] &4%< 4%
A3 §5 82l

- celle A1 9] AST, ALT A X} i vivooll A 9] AST,
ALTZHo] E%54ZF ¥ #a88 zlo= vy

HepG2 cell viability
test, 832 H|
300pg/ml 7+A]
safety A%

n vitro S A8

HepG2 Al3zeof 3~300pg/mLe] stuwley] *x] 23
g Z2AMEZ e} vluste] MEZAYES| HslE el A
9k 300ug/ml 7-A] QA 7358k 300pg/ml ©]-d-2]
FTEoA= cell death7} #FFHFR= Yoy F=
Eo] Moz 3| =Ho] Esst
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Mo
Al
44
ih)
i
o

Uit shlE] AeEFE AxREs SRRV
Yo7 TeFATH T "e TES IFE
S ojFjeie] 23t SR (YEHIE: 7 376.99Kcal /100g,
BBIE 9L62% N 068% AN 087%, T 480%
3P 208% UEF 1675mg/100g F5<% & 004mg/ke
7h=H 006mg/kg, Hla 0019mg/kg, ~& 0007mg/kg,
Z¥FseE BHG DDI, aldrin, dieldrin, endin & % 5%
A% vWIE T 59

Ao s
23} mass scale
FEAZTA Y

stz AR (B0kg)E A2

(@G) &% 2 S8 el

DR ML

AECYED ES

AN efat 9feke]
ol AR A,
g, gto g Alx,
A Zol
1,960mg/ day 2]
SFOE 66HE
127 &%

2 capsule AP O E 490mg capsule® 1Y 23],
13] 2capsule &8 7}53% APSZ Az

[}
RS

SEEERE
%

IRBAI 4 o

AA A B S
2138+ protocol, CRF
24, IRB +¢141%

L=

AST, ALT, GGT7} A4H ¥ =@ A7+ =743}
A &) gl AdA e6B(AET 339, T
AE 33%), 1253ke] RCT, DB, placeboth =A%,
AAGE: JAFEH AL, 22FE S84, AT
(FFA, cholesterol 5) /317155 HAHAST, ALT, GGT -5)
protocol 243 & 71T FHEA/CRO-A0)A 0]
v, [RBAY 2 521 2=

tablet, capsule,

) | 3 FEELY Y1EY 55 T3S
g sowder ol Tla %2?3;5 us o S-S EFs] capsule
formulation 1 o b
E4AE
(=L, shuule] FZEE2] 500mg/kg, 1,000mg/kg, 2,000mg/kg
in vivo 434 stuuly] FEE | A&FES A B3 -E Fo & AT},
7} €7 25 &3, | FA, d9HAL o AstebaL, A A3t shy
HEFAZSGAY: | Hg FE2EL 540 fle A 249 &
non-GLP)

in vivo 5% 7}

H|¢E/d (High fat
diet =) &4
SERHA
stirle] FEE
"9t

sty gl %% 100, 200, 400mg/kg & Fo=
DA Z HEIAH I EF FEF F=A
ATE & AFHs 8 Aol A, Z7IFA,
AF 4 4 83, 45 1 Vs N A,
=2 AN 9 A7 F4, s 24 24 34,
g3 Ad v= &4, 122 2 B 2 5L
=4, A4 #d dAF mRNA E3%e SAS 27 5
Hig] FE22e] et sl mael A 9 A
TS vk R 7F B g5 3R]




AG AT

tablet, capsule, po
wders o] 3k for
mulation &7

styule] FE2EF Y2Ed 8lE 47 11 EF &
AN 8. o)4kslatA(1%), 2EloF4t vlv|%
(1%)< A7t capsule AFOE NEAE. o] AFP
o= AAHEAE 3

A A=A 2

}71%5 2
4 g

S22 A

A
7

o
)

)

=
8

_—

3T
™
)

o
iy

A7 E 11, AF 44, 7154

A E 51
Z 10739 AAF AZF

rr_\‘l_‘

N

el Folzk
M2y )%
we) ) F ol

- 7% 1A FEBA FI7FESR ASTAA Al d 9
AT BAFSE FosiA BASAT, A9 IE
7k s Ag oM E st 2lo] 2RI

- 7% 12 & H7PAS ALTAA AldT9
AL BEAHOR F93% 74 el

- A} bRl HDLAA AEze] 45
How RIS F/VeheT, A7Ish TEe) 4
L ETNNE Fol@ Ho] el

- s} W7PASe MDACA Aol A
How RS Padg, AVIsH IENe HE

33} AA 2 A F m A s QA A S
g AR, T A, AGF AT Foldh 2ol El
olF w7, EF | - I4bsl Byl SODOIAM Aldwe] A5 F7)
(2018) Ma FY AT | s A%e FARAY ©S) AYAT, A7
OFTe] AEFgaHE FT o] &
- EALHE BYEMLS QAR g7, S8,
AARRZSY, ‘2 A AZALEE Fo5H
Hadte e gl
- AFEL FEE w3 o] kgt Aol
UehtA] go} bddt EdE dd
- uulE 222924 1,960mg/ Y
s A4 HLEA W75 - A FAH: BG(cyanidin-3-glucoside) 8% 7.5 mg/g
OEERE Y | agoane RE | -4 Pyolurdd (shwlel) FERTEA
ofu]-o]H7F AL AFo 7L e H2M £
0 vitto, in vivo, | SrAHMEl FEEC % AMPK ZA o] o] = of
PP ET ol ) = Jé_ e E, Nrf29] transactivationg =3t &4kst 2 )5
o ool A | WD EE FRAe] BES ITMIA FEIP AAF
PR VA g el 1 o1 e EakE ek Aoz B
AL 5]
%Jf_;]ﬂﬂj&g% =AW AMPKal, AMPKa2 92 F7te] g
in vivo %87k | 07 ;ﬂce o | S A F7HE Bl AW AddAETEeL
TS = 7r " gAa7HE F0g
(32.60~36.20g, 65-%) Hl AST, ALT !
7}
iy . T35

GLP 7]%
SN GAT

© WHEFS(909)
« EHAEduol

© 29ANY

© QA ol AE

o, FASH(EASA|, &3
AR oA B)NHE SAo] U ket
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AN 2

L =2AA 434

<Table 2-3> In vitro 7M1} =2

Nutrition Research and Practice SCIT¥# H SCI 1 HISCI
AR
Vol 12(6) A= 2018 Ho]A| 486-493
Evaluation of in vitro anti-oxidant and anti-inflammatory activities of Korean and Chinese
=EAE
Lonicera caerulea
adTE3 Ak F24 sUME] FEE] RS J)% A Eo A P B4 B}
aTH3 In vitro &¢
o FUAt sYulE] FE2E3 T4t sl FEE 2= & in vitrool A AAAEF
(HepG2)oll =42 Ajste Fislrls, Fd7]s 8 2L PiA= Sos 24T
N 3A o FUIRE stuHlE] FEEF T4 sl FEE dZEZ S in vitrodl A PRt AR
(RAW 264.7)0 A3t NO 443 42459 mRNAZE 2 AZAES PX]+
e 249
Naga |t EEE SN AE v sAAEANE Ba Ao A9
e o FRA UMY A3, $5, SAU2AHL 59 4R ANPE
=Sy M control M positive control H negative control
o Fsls syulE] FEES0] vEE AP mE dErle 4
ABE |+ GAZAEE UMY FEEES =W Ao BE MEYEE B4
- G971 LPSE o718 NOJ th@ shdle] #3859 =8 Aeld me 97 24
I DPPH scavenging activity, Nrf2-dependent gene expression, SOD activity, CAT activity,
NO production, M| ZAEE
gany | TS RS GAmgEge) U WREERA 4E), eL A 1D et
X
Kruskal-Wallis H test
o Ak, FIAE sYWlE] FEE(10, 30, 100, 300ug/ml)Ecl ™E DPPH scavenging
activityE ZIgH AFoA F A FEE EF TR 9EXHOE DPPH scavenging
activityE B 9 (p<0.05)
e HepG2el 34t x4t suwle] FE2ES X APF(3, 10, 30, 100, 300ug/ml)E
2o A 7rek A <) ko] gle
A]‘@é:iz]— To” ‘] ]Jog UEO]] E]X] (i - } hy ~ 3 = = == X1 O
* HepG2el ZS5AfE=d tBHTE A3 otz divlste] =4t styule FE2=<
xmﬂ A@ (30, 100, 300ug/ml)olA1=100, 300ug/mle H&dk AFFAA 27
AE Z7Hp<0.05F EHow, F=4t styzg]l FEES AT A1EF(30, 100,
300ug/m1) ANE 5% oE2doz AEse Z/Hp<005)E RIS 1HEZE T 71X
stydle] FE E5F AESF4Cd 't SEa3E Boy g4k sty FEE0l
et styulE] FE2E0] vis) AESF e w2 JEEAARE HY
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HepG2oll gt=4t, S=44F stule]l FE2ES A2 AlET(30, 100, 300ug/ml)EolA St
Aol A9 A4 xzT sty T2 o&Z 02 Nrf2 transactivation®] & o= =7}
3199 2. M (p<0.05), F=4+2] 7% 100, 300ug/mlE A2t AlFTolA Nrf2 transactivation®©]
FolH oz F7HH(p<0.05)

HepG2oll @4t T4t slyng] 5252 A2 AT (B00ug/ml)ol A F=iko)
Az tiHlste] Nrf2 o2 34HFH252 Ngol, HO-19] mRNA T&o] o] 4
o2 ZF/SAIL(p<0.05), T4kl A9 Nrf2 o9&z 43 F3AE<¢ Ngol, HO-,
GelcE9mRNA H3o] fo2o=w 5713 (p<0.05)

HepG2ell &=4t, =4t shule] F2ES A d Ad(300ug/ml) ZF
ti¥] SOD activity7} 2138 718 2Y

AM A% tz=T

HepG2ell @&=4t, F54k stumle]l FE38< Ao l T(300ug/ml)el Al AA o=

B F4akgko] CAT activity7} 9 2/ 0.2 3718 (p<0.05)

RAW 264.7° =4k, F=54F stulg] F2&88 imfa A& (3, 10, 30, 100, 300ug/ml)
ZoA AN U 2T OH AZTEAS Bolx g

RAW 26479 LPSE A ddte] AZ=AHLS 493 gz iy 3= /& =24 U g

FEES AT AFT(10, 30, 100, 300ug/ml)E Al L%AL Z24 sy 22ES

B 30ug/ml ool M FolH el MEAELES] F7HE E Y (p<0.05)

RAW 264.7° LPSE AHste MESHS Fdd iz v =4k, F54F sty gl
=< A3 AYPTF(10, 30, 100, 300ug/ml)E EF 100ug/ml ©]dolA 22l NO
s B (p<0.05)

o
ox m‘lN’

H) 2
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Evaluation of m vitro anti-oxidant and anti-inflammatory activities
of Korean and Chinese Lonicera caerulea

You-Suk Lee', Il Je Cho’, Joo Wan Kim’, Sun-Kyoung Lee’, Sae Kwang Ku™ and Hae-Jeung Lee"

'Department of Food and Nutrition, College of BioNano Technology, Gachon University, 1342, Seongnam-daero, Sujeong-gu, Seongnam, Gyeonggi 13120, Korea
“The Medical Research Center for Globalization of Herbal Formulation and Department of Herbal Formulation, College of Oriental Medicine, Daegu Haany University,
Gyeongbuk 38610, Korea

*Department of Internal Medicine, College of Veterinary Medicine, Kyungpook National University, Daegu 41566, Korea

“Department of Life Physical Education, Myongji University, Seoul 03674, Korea

*Department of Anatomy and Histology, College of Oriental Medicine, Daegu Haany University, 1, Hanuidae-ro, Gyeongsan, Gyeongbuk 38610, Korea

BACKGROUND/OBJECTIVE: The honeysuckle berry (HB) contains ascorbic acid and phenolic components, especially anthocyanins,
flavonoids, and low-molecular-weight phenolic acids. In order to examine the p ial of HB as a hepatop tive medicinal
food, we evaluated the in vitro anti-oxidant and anti-inflammatory activities of Korean HB (HBK) and Chinese HB (HBC).
MATERIALS/METHODS: Antioxidant and anti-inflammatory effects of the extracts were examined in HepG2 and RAW 2647 cells,
respectively. The anti-oxidant capacity was determined by DPPH, SOD, CAT, and ARE luciferase activities. The production of
nitric oxide (NO) as an inflammatory marker was also evaluated. The Ni72-mediated mRNA levels of heme oxygenase-1 (HO-1),
NAD(P)H dehydrogenase [quinone] 1 (Ngo7), and glutamate-cysteine ligase catalytic subunit (Gak) were measured. The concentrations
of HB extracts used were 3, 10, 30, 100, and 300 pg/mL.
RESULTS: The radical scavenging activity of all HB extracts increased in a concentration-dependent manner (P <001 or P<
0.05). SOD (P<0.05) and CAT (P<0.01) activities were increased by treatment with 300 pg/mL of each HB extract, when
ed to those in the control. NO production was observed in cells pretreated with 100 or 300 pg/mL of HBC and HBK
(P <0.01). Treatment with 300 pg/mL of HBC significantly increased Ngo! (P < 0.01) and Gcic (P < 0.05) mRNA levels compared
to those in the control. Treatment with 300 pg/mL of HBK (P < 0.05) and HBC (P < 0.01) also significantly increased the HO-
MRNA level compared to that in the control.
CONCLUSIONS: Thus, the Korean and Chinese HBs were found to possess favorable in vitro anti-oxidant and anti-inflammatory
activities. NP2 and its related anti-oxidant genes were associated with both anti-oxidant and anti-inflammatory activities in
HB-treated cells. Further studies are needed to confirm these in vivo effects.
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b Kle berry, hepatoprotective effect
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INTRODUCTION functional foods that can help prevent and treat liver damage.
Oxidative stress is induced by reactive oxygen species (ROS)

The liver plays vital roles in several processes, including
protein synthesis, glucose homeostasis, detoxification, and
cyding of various nutrients [1,2]. Liver damage causes metabolic
dysfunctions. If liver injury persists, transient elevation of liver
enzymes, hepatic fibrosis, cirrhosis, and hepatocellular carcinoma

that can damage cells and result in diseases such as diabetes,
cardiovascular ailments, cancer, and liver damage [S]. Anti-
oxidant vitamins and enzymes, such as superoxide dismutase,
glutathione peroxidase, and glutathione reductase, can reduce
excessive ROS production [6]. Phytochemicals with distinct
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<Table 2-4> In vivo 917+ 1} =2 1

International Journal of Molecular Medicine SCIT7&# H SCI O ¥IsCI
AR
Vol 42(6) AL = 2018 ¥ o] A 1-18
=EAE Anti-obesity and fatty liver-preventing activities of Lonicera caerulea in high-fat diet-fed mice
AmEm aAA o] FERAL UMy FEE FEE ATFA T HLEAE EY AN Al
R I 5 B i KA N - - A Bl
T3 TEAE
Species Mice Age 65
Strain ICR 3A|-4]0] Sex ] male M female
ANFER stydle] & #24xE
=dge | O Aol O &= B ZART O ~1&
placebo | ¥ 48vtE] F 8miEl&= AL 0)$ 10ml/kg AAT AT 5
=T | positive | F 487te] & 8vtel= A4 o] ¢k Metformin 250mg/kg 78 75
negative | & 4872l 5 8vtEl= A4 olek 10ml/kg BAT ATF
) AR 1 F 487t 5 sutele Aol stuHlE] FEE 400mg/kg
g | NET | ART 2 F Bt B gntEle A ole shHE FF= 200mg/kg
=) AR 3 48vhE] T sutEl= aAgAolet sty e FE= 100mg/kg
A TAGA) urtele TG ol sk | g A];‘H e
2| gz 6}14;11; =22 400, 200 100;1 Jke/ LS Az A]-‘j% % 200ms/le/
= o 4 ’ &/ K&/ == NPT 3 100mg/keg/ ¥
A (125) 52t A3 A7 | 84¥(12%)
Hojxd | o], LAY o
U &4, F glucose # AZ(TC, TG, LDL-c, HDL-), ¥4+87]5(MDA, glutathione,
catalase, SOD), #|°¢-9"¥ zymogen granules, mean islet numbers, mean islet diameter, & THA}
HlolemtA | #¥ FE2(GK, Gépase, PEPCK), 23 2 B 7+ 274, AAhASE 2k 223 W §34
UH(ACCI, AMPKal, AMPKa2), A2 F328d (leptin, UCP2, adiponectin, C/EBPq,
C/EBPg, SREBP1c)
FAAE A5 FHH(EZHAY, JP3t 2FolH S one-way ANOVA, Bonferroni A%, 4% 5 p<0.05
+ stYyulE] FE= 400, 200, 100mg/kg 4 7F°1 A HFD vwh-$2 tin] 3k W &45<0 AST,
ALP, LDH, GGT7} #4902 7tashd om(p<0.05), TFE 2+ Ul & ALTE sty g
FZEE 400, 200mg/kg ATF A HFDAIET tiv] Fo8 o2 243Hp<0.05)
+ stYHlE] FE= 400, 200, 100mg/kg 7d7-F< A HFD wk$-2 th®] TC, TG, LDL-c7}
FoAdor 743 W (p<0.05), HDL-c= styHlE] FE& 400, 200mg/kg 7475 A
HFDA & thu] o5 o2 F713H(p<0.05)
A « yMlE]l FE= 400, 200, 100mg/kg 7TF A HFD wh9-2= thH] b Zymogen 33 ©]
o] 5 o2 2713k (p<0.05)
o BlE] FEE 400, 200, 100mg/kg A5 Al HFD w2~ tiH] MDA7} o1& 08 7143 (p<0.05)
+ Shullg] FE= 400, 200mg/kg 777 Al HFD PR¢-2= thH] catalase, SOD7} 22 02 F713H(p<0.05)
o SME FEE 400mg/kg ATF] Al HFD vH-22 tiH] glutathione©] Tr/]Zq °2 Z718Hp<0.05)
o stUME F=E 400, 200, 100mg/kg ATF Al HFD wh-$-2= thH] M4 73}, 349127 o
el oz a3 (p<0.05)
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shHE] F=E 400, 200, 100mg/kg 775 A HFD "k¢-2= thH] glucose-6-phosphatease,
PEPCK &7do] fo# o= 7H43H(p<0.05)

styH2] &= 400mg/kg 7d7TF A HFD vH¢-2= thH] glucokinase #-9]4. 2% 57}eH(p<0.05)
styule] FEE 400, 200, 100mg/kg d7F A HFD vh-2= tiH] AMPKal mRNA 'Z&o]
FoF oz 715 o (p<0.05), AMPKa2 mRNA &@-& stywlg] FFE 400, 200mg/kg
7% A HFD uF¢-2~ tiH] mRNA 23] fo2 o2 F713H(p<0.05)

styulel FE= 400, 200, 100mg/kg 78751 Al HFD vk thH] ACC1 mRNA 23 o]
FolA o2 Z7}13H(p<0.05)

stuulE] =& 400, 200, 100mg/kg 74 7+F Al HFD wh-$-2- thH] leptin, C/EBPa, C/EBP
B, SREBPlc mRNA @&o] folxo g 7439 1(p<0.05), UCP2 mRNA 2&L shn| g
FE= 400, 200mg/kg 4TF A HFD vwh$-2 tiH] frolF o=z F7s3] om(p<0.05),
o9} HIH £ adiponectin mRNA L@ L2 styulg] FZF& 400, 200, 100mg/kg 2 TF Al
HFD vh-2= thu] fo]2 o= F719H(p<0.05)

H) 31
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Abstract. Blue honeysuckle (BH, Lonicera caerulea) is used
as a traditional medicine in Russia, Japan and China, but is
not commonly considered as an edible berry in Europe, USA
or Korea. BH has been revealed to decrease serum cholesterol
and triacylglycerol (triglyceride or TG) levels through the
activation of AMP-activated protein kinase (AMPK), thus it
1s expected to be a health functional food and pharmaceutical
agent for the prevention of non-alcoholic liver damage, in
addition to effects as a suppressor of hyperlipidemia and as an
anti-obesity agent. In the present study, the pharmacological
activity of BH extract (BHe) was observed in high-fat diet
(HFD)-fed mice. Significant increases in fat pad weight, body
weight, fat accumulation (body and abdominal fat density, and
thickness of the periovarian and abdominal wall) and serum
biochemical levels (aspartate transaminase, alanine amino-
transferase, alkaline phosphatase, lactate dehydrogenase,
y-glutamyltransferase, total cholesterol, low-density lipopro-
tein and TG, with the exception of high-density lipoprotein)
were observed in HFD-fed mice. In addition, increases in
adipocyte hypertrophy, the area of steatohepatitis and

hepatocyte hypertrophy were observed, whereas decreased
zymogen content was identified upon histopathological obser-
vation. Increased deterioration of the endogenous antioxidant
defense system (liver catalase, glutathione and superoxide
dismutase) and hepatic lipid peroxidation was observed. In
addition, there were decreases in hepatic glucokinase activity,
AMPKal and AMPKa2 mRNA expression, adipose tissue
uncoupling protein 2 expression, and adiponectin mRNA
expression, increases in phosphoenolpyruvate carboxykinase
and glucose-6-phosphatase activity, hepatic acetyl-CoA
carboxylase 1 mRNA expression, and the expression of leptin,
CCAAT/enhancer-binding protein (C/EBP) a, C/EBPf} and
sterol-regulatory-element-binding protein le mRNA in the
periovarian tissue. Furthermore, non-alcoholic fatty liver
disease (NAFLD) and obesity were significantly inhibited
by the continuous administration of BHe for 84 days. These
tesults revealed that BHe may be a promising novel drug or
functional food candidate for the treatment of obesity and
NAFLD.




<Table 2-5> In vivo A7d&z =&
_ Food Science and Nutrition SCIT# Bl SCI O wIscCI
AR
Vol | 7 | AAes 2018 #ol A 117
=EAE Hepatoprotective effects of blue honeysuckle on CCl; induced acute liver damaged mice
amEa CCLE ol:7]% g FEY miceR DA styulE] FEE AT P WE Fo &
ST | a1 g 59 9 0 240 gdst as 79
A74Y | 5BAY
Species Mice Age 6%
Strain ICR Sex Bl male [ female
S SNE @5FE sAAEE
ARER |« Sy FEF FAxE
o FuHlE aAAYFE $EAEE
F4FH | O 4ol O +=8 B AR O ~1&
placebo | & 607l F 10viel& AAF AFF 10ml/kg + CCL H4F 0.5ml/kg
=T | positive | F 6072 T 10vEl= AP 100mg/kg B TFFA + CCly E74F A 0.5ml/kg
negative | ¥ 607te] ¥ 10vtel= BAGT A5 + olive oil H74F 10ml/kg
AP 10 F e0rke] 5 10vkEe stuulE] E5F EUEE 200mg/kg + CCly H235F 0.5ml/kg
A | AT 22 F 60vte] 5 107 = shudle] 25 5270% 200mg/1<g + CCly H75%] 0.5ml/kg
) AT 3 F e0mkE] T 10vk e shuulle] EaAesE 24d%E 200mg/kg + CCly 57471 0.5ml/kg
i AT 1 S d5FE
H sue) 222 Az el wE CCL, FANZE 200mg/kg/ 2
o o G TA ey A%l BRe A | . | AR 2 shple A
o
) )=}l stz 9sf studle] deFE sEAEE, BAAZE 200mg/kg/ ¥
T sae 2E 5A02E, syue 544 N@E 3 sue GaxeEs
222 ANZES 3% U3 CCL, 27 SAAZE 200mg/kg/ Y
sofo] we} 213 ]
AR | 74
Holxd
Tt 7% ZAF A E: AST (aspartate aminotransferase)®} ALT (alanine aminotransferse) %], X
vlojemtA | 4S5 (MDA, GSH, CAT, SOD), hepatic histological activity index, hepatic percentages of
degenerative regions, numbers of degenerative hepatocytes, histopathogical profiles
. EE ASE FH(EETHEA), FGEL Zo|HF one-way ANOVA, Kruskal-Wallis H 3,
sARg | o T
TS & p<0.05
o CQuAE] thz= thv] 3714 shullg] 5= AP 25ellA Alge] frolE 718 EY(p<0.01, p<O.05)
. CQLAE tlEE ol 371 sMlEl 2EE AR REelA 1 Al SolH 7hag 19)(p<0ol)
A2 o CCLAE dzT vl 37HA stuulg] 55 Ad+ BFol4 A& A48k (Lipid Peroxidation;
nM of MDA/mg protein)& 912 ZA(p<0.01)E B Ov, olsh wiv|= Fush we Al
GSH, SOD, CAT+ =5 2|3 $718 HE9(p<0.01)
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CCLAE thza iyl 3744 styule]l FE& AdT 25l =z Feszst
(histological activity index, percentage of degenerative regions, number of degenerative
hepatocytes, numbers of inflammatory cells infiltrated)E RIa gt A3, CCLel 93 k=2
wol olg Fuisty Wake] foH BaE B (p<0.0l)

CCLAE tz ] 37FA] styule] &5 Ada ZFAA 3t 71e HAAR AZESQ] AST,
ALTEZES] Fo3 Has B (p<0.01)

CClyA ] szt thv] 3714 styule] FE= AdT ZFolA Al A= Aapoptosis) IS
cleaved caspase-3, cleaved ploy(ADP-ribose) polymerase, nitrotyrosine, 4-hydroxynonenal®] o
b 22 WY 2258k A (immunohistochemistry) & g A3, o] 5 AZAEA AAES] o
H4E 1<) (p<0.01)

o

T
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Hepatoprotective effects of blue honeysuckle on CCl-induced
acute liver damaged mice

You-Suk Lee* | Il Je Cho® | JooWan Kim® | Min-Ki Lee’ | Sae Kwang Ku® |
Jae-Suk Choi® | Hae-Jeung Leel

1
“Department of Food and Nutrition, College
of BioNano Technology, Gachon University, Abstract

Seongnam-si, Gyeonggi-do, Korea The objective of this study was to evaluate the hepatoprotective effects of blue hon-

“The Medical Research Center eysuckle (BH) on carbon tetrachloride (CCl,)-induced acute hepatic damage in mice.
for Globalization of Herbal ) . 2 4 - -
Formulation, Department of Herbal The experiment used a total of 60 ICR mice, which were divided into six groups.
Formulation, College of Oriental

Except for the intact control groups, all groups received a single intraperitoneal injec-
Medicine, Daegu Haany University,

Gyeongsan-si, Gyeongdanuk-do, Korea tion of CCI, after a 7 day pre-treatment period with distilled water, BH extracts, or
3Aribio Co. Ltd., Seongnam-si, Gyeonggi-do, silymarin. Twenty-four hours after the CCl, injection, the following observations,
Korea

representative of classical oxidative stress-mediated centrolobular necrotic acute
‘Department of Physical Education, Kongju

National University, Kongiu-si liver injuries, were observed: decreased body weight; small nodule formation and
Chngcheongnam-do, Korea enlargement on the gross inspections with related liver weight increase; elevation of
;'?i‘;‘;‘:g’:'c";:’:g‘:":f‘:;‘r":’: serum AST and ALT, increases in hepatic lipid peroxidation and related depletion of
Medicine, Daegu Haany University, endogenous antioxidants and antioxidative enzymes; centrolobular necrosis; in-
Gyeongsan-si, Gyeongdanuk-do, Korea creases in apoptotic markers, lipid peroxidation markers, and oxidative stress mark-

*Division of Bioindustry, College of Medical and - - o e ;
O S S i B ers. However, liver damage was significantly inhibited by the pre-treatment with BH
extracts. The present study demonstrated that oral administration of BH extracts
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Joa-Suk Chol, Department of Food snd prior to exposure to CCl, conferred favorable hepatoprotective effects. These re
Nutrition, College of BioNano Technology, sults demonstrated that BHe possessed suitable properties for use as a potent

Gachon Unlvessity, Gyecngsl-do, Kores. hepatoprotective medicinal food.
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<Table 2-6> In vivo A7t} =2 3

Journal of Exercise Nutrition and Biochemistry SCIT& [] sc1 B vIsCI
R e
Vol 22(4) A= 2018 #Ho]A] 39-54
EAE The hepatoprotective and anti-obesity effects of Korean blue honeysuckle extracts in high fat
e diet-fed mice
Jp—— TA A o] o% do] el FEFE v=E ATEA o WL HEAAHH vNt
STES | ew gged ga w9 10 9
ATHE TEAE
Species Mice Age 6F9
Strain ICR LA 2] o] Sex O male B female
ANEER studle] 3% 520X E
43" | O Aol O <& W AR O 7=
placebo | % 48vlg] Z 8vlgls mAH2l o9} 10ml/kg HA ¢ 7T
=T | positive | F 487te] F 8viEl= A4 o] 9t Metformin 250mg/kg 7d 7%
negative | & 487i2] ¥ 8wiEl= A4 ol9k 10ml/kg AAF A TF
A AT 10 F 48vke] 5 8utEle 1AEA o9 stuMlE]l == 400mg/kg
3 NET | AP 22 F 48vtE] 5 8rtgls A2 ol stuule] F=E& 200mg/kg
. AT 3 F 48vke] 5 8utEle 1AEA ol9 stuHlE]l == 100mg/kg
Pl » o . ] A@ T 1: 400mg/kg/day
ol ?—X]Ho 2o] 24nlE T2 E Jdd gutEly ESEE AF T 2: 200mg/kg/ day
O | siule] FEE 400, 200, 100mg/kg/dayE AT 3: 100mg/kg/day
844 (125) &t A4 .
AA7IZ | 84U (125)
2olzAd | nAFA o], Ao
THEL, 8F glucose ¥ AZ(TC, TG, LDL-c, HDL-c), &4tsl7]5 (MDA, glutathione,
catalase, SOD), A ¥ zymogen granules, mean islet numbers, mean islet diameter, 3 tHA}
vlojewtA | B EA(GK, Gépase, PEPCK), 1Hd#3 2 A 3+ 274, AAUARA =22y {12
1 (ACCI, AMPKal, AMPKa2), Ad2AY FH 288 (leptin, UCP2, adiponectin, C/EBPq,
C/EBPB, SREBPI1c)
SAANY | BE AR BIFEREER), JDE A0lHF oneway ANOVA, Kruskal-Wallis H 75, ol % p<0.05
« AFT 1, 2, 3 {FUl EA(AST, ALT, ALP, LDH, GGT, BUN, creatine) 22 7+2(HFD
iz tHl p<0.05)
o AT 1, 2 3 glucose 2] AAMHFDY T thH] p<0.01, p<0.05)
e AFE 1,2 3 TC, TG, LDL, o8 ZaHFDUZ vl p<0.01), HDL<c 2% Z7}
(HFDH) 2 tjH] p<0.01, p<0.05)
N@Az |« AFT 1, 2 3 MDA #2123 Z2HFDZT thyl p<0.01), glutathione, catalase, SOD A&
1, 2, 3 9% F7HHFDW 2+ thH] p<0.01, p<0.05)
o A& 1, 2, 3 zymogen granules 2% ZF7HHFDWZ+ ™H] p<0.01), mean islet
numbers, mean islet diameter Al@T 1, 2, 3 24 T AHFDUET tH] p<0.01)
« AFET 1, 2, 3 insulin-IR cells, glucagon-IR cells, insulin/glucagon ratio 24 74 (HFD
iz iy p<0.01)
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AFdT 1, 2, 3 glucokinase 2|3 F7HHFDHZT ©iBl p<0.01, p<0.05), glucose-6-phos
phatease, PEPCK Al@< 1, 2, 3 §9& ZA&HFDUZT tiH] p<0.01)

ANEF 1,2 3 2 sk BEFD A4 49" ZAMHFDUZT thul p<0.01)

NEF 1, 2, 3 AZAWAHRE k2F ACCT F214 ZHAaHFDU 2T thH] p<0.05), AMPKal,
AMPKa2 912 Z7HHFDH 2 thH] p<0.01, p<0.05)

AET 1, 2, 3 AMEAY UCP2, Adiponectin +9] 25 7HHFDt & thH] p<0.05, p<0.01).
AW z2\ leptin, C/EBPa, C/EBPB, SREBPlc 2|2 7rA(HFDUZF thH] p<0.05, p<0.01)

Hl 21

E OPEN ACCESS

M LAy 10 20803 e 22780028

JENB

J Exesc Nutsbon Sicchem. 2018,22(4)-039-054

Racelved: 20181213, Revised: 20181212,
Accepied: 20181212, Published: 2018/12/31

ROMR Y-Sk Chun ot - | iemever Iensed of Farecre

Nudrion and Bochemedy. The s an open access erick
disiribuied under bhe lems of e cesive commons alis-

hnnryndun,pudd’.!ayd-‘odum
cled.

*Corresponding suthor : Nermu Lee”

Deporiment of Leswe Sworks, Schodl of Sports Sciences,
Junguon University, Goesan-qun, Chungbuk, 28024, Re-
publc of Kores

Tel: «82-10-9216-7865
€ mok nermps 1210@grmal som

Purposs] This study amed to sudy he protectve
EM2cs ang mechanism of Blue Honeysuoie (BH) ex-
1D (Dearken f Lurfos g Lo uias L) O D s e
Sy ver dsease (NAFLD) and cbesty sk cors n 3
Nigh a3t (HFD) moo.
[WETN008| ANMAS J0PME0 D ML WerR SSECR0 3-
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Hepatoprotective and anti-obesity
effects of Korean blue honeysuckle
extracts in high fat diet-fed mice

Yoon-Seok Chun' / Se-Kwang Ku: / Jong-Kyu Kim' / Sok Park /
In-ho Cko / Nam-Ju Lee®

1. Artio cenyl Reseerch Inztiste, Pyecngiaed, Repubic of Koree
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INTRODUCTION

Tn the pacr 30 years the incidence of nan-alcohalic farry hver dic-
ease (NAFLD) has been increasing owing to changes in dietary habits
and Westzrn lifestyles in the Asia-Pacific region’. Liver damage by
NAFLD causes hepatic metabolc dystunction. NAFLD 1s the most
common chronic Liver disease and is associated with an increase in
serum almine transaminase, as well as disorders such as benign mac-
rovesicular hepatosteatosis, non-alcoholic steatohepatins, hepatc fi-
brosis, cimhosis of the liver, and hepatocellular carcnoma?®; moreover,
inuessed Giglycenide evels e associated wills tese Gssue Clmages.
In partictlar, the accumulated fat in NAFLD can mcrease oxidative
stress? in “he liver and cause chronic damage to it*

There s a growing interest in bernies as a food for reducing oxida-
ave stress caused by reactive oxygen species because bemes have both
antioxidant vitaminz and eazymes such as supcroxide dizmutase, gha
tathione peroxidase, and glutathione reductase, as wall as phytochemi-
cals with distinct flavors, odors, and colors and antiotidant functions at
the same ime®. Blue honeysuckle (BH, Lonicera caerulea L.) is known
to contair higher vitamin C, total phenolic content, and total anthocy-
anin contnt than tamatn, hilherry, wa-hucktham black cnrmant and
Siberian rhubarb®’ and to prevent liver damage** BH (L. cearulea)
has been domesticated from 1913; bowever, an eaclier example was
reported :n 1894 In a horticulmure plant in Russia™ BH 1s known as
haskap or hasukappu in Japan and zhimolost in Russa’

Wu and colleagues® evaluated the effects of BH extract on high-
fat dietary nonalcoholic liver injury in a mouse model after 45 days of
BH extract feeding. They determined the effects of 3H on the nuclear
factor (erythroid-denived 2) -hke 2 (Nrf2) and manzanese-dependent
superoxide dismutase (MnSOD) up-regulation in nonalcobolic steato-
hepattis. However, in the BH extract manufactuning process, Chinese
HB extract extracted using 75% of ethanol is limitad to use as food.
Recently, a high-fat diet treated mouse model was used to directly
compare he NAFLD mmprovemaent of the AMPK activator Matformin
and mild obesity by taking BH extract for 12 weeks. As a result BH
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The biological activities of the ethanol extract from Cirsium japonicum var. maackii (ICF-1) and its major
component, polyphenol cirsimaritin, were investigated as part of the search for possible alternative drugs
for breast cancer. Three in vitro cell-based assays were used: the cell proliferation assay, tube-formation
assay, and Western blot analysis. Both the ICF-1 extract and cirsimaritin inhibited the viability of HUVECs
in a dose-dependent manner. The inhibition achieved was 36.89% at a level of 200 ug/ml by the ICF-1
extract and 62.04% at a level of 100 pM by cirsimaritin. The ICF-1 extract and cirsimaritin reduced tube

Keywords: , formation by 12.69% at level of 25 pg/ml and 32.18% at the levels of 6.25 uM, respectively. Cirsimaritin
Cirsium japonicum var. moackii Eotima . = . . . .

Cirsimaritin b; of VEGF, p-Akt and p-ERK in MDA-MB-231 cells, suggesting
Breast cancer that cirsimaritin is potentially useful as an anti-metastatic agent. The present study demonstrated that
Metastasis Cirsium japonicum extract and its active component cirsimaritin is an excellent candidate as an alterna-

Natural plant extract tive anti-breast cancer drug.

© 2017 Elsevier Ltd. All rights reserved.

Breast cancer is the most diagnosed cancer and the third lead-
ing cause of cancer mortality in women. Lifetime risk for breast
cancer is one in eight women in developed countries.'? More
importantly, triple-negative breast cancers (TNBCs), which lack
the expressions of estrogen/progesterone receptors (ER/PR) and
human epidermal growth factor receptor 2 (HER2), are associated
with poor prognoses.” To date, clinically effective drugs for the
treatment of TNBC have not been reported.*

Metastasis of tumors, including breast cancer, involves complex
processes, such as tumor cell dissociation, intravasation, extravasa-
tion, adhesion, and angiogenesis.” Angiogenesis, which is the pro-
cess of forming new capillaries, involves extensive interplay
among cells, soluble factors, and extra cellular matrices.®” It also

+ Corresponding authors.
E-moil addresses: slee®cav.ac ki (S Lee), kkang@gachon.ac kr (K. Sung Kang).
INese TWO JULROTS CONtIDULEd equally T the WOIK descnibed in this study.

http://dx.doi.org/10.1016/4.bmcl 201707.070
0960-894X/© 2017 Elsevier Ltd. All rights reserved.

plays animportant role in tumor growth.”* The vascular endothelial
growth factor (VEGF) in tumor progression is an absolute regulator
of angiogenesis.” VEGF expression has been reported in a number of
cancer cell lines and in several clinical specimens derived from can-
cer tumors. Therefore, the hostility of VEGF can effectively prevent
tumor growth via incompl ete blood vessel formation.'”

Cirsium joponicum, a member of the Compositae family, is a wild
perennial herb found in Korea, China and Japan. It is listed in the
Korean and Chinese pharmacopoeias and has been used as a tradi-
tional antihemorrhagic, antihypertensive, antihepatitis, and uretic
medicine in Korea."" C. japonicum contains many medicinal com-
ponents including cirsimaritin, pectolinarins, pectolinarigenin, aca-
cetins, thamnoglucosides, ciryneols A-E, heptadecenes, and so
on.'? To date, many studies have been conducted to explore the
effects of C. japonicum on various diseases, including cancer. How-
ever, there have been virtually no reports on the effects on angio-
gonesic and ite action mechanism,'*11

T
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Abstract: The edible fungus Phellinus bawmii Pilat (Hymenochaetaceae) has been used in Korean
traditional medicines for strengthening health and prolonging life. An extract of the fruiting bodies
of P> baumii was subjected to bioassay-guided fractionation based on its anti-inflammatory effects
in lipopolysaccharide (LPS)-stimulated RAW264.7 cells. The resulting fractions were chemically
investigated, leading to isolation of three phenolic compounds (1-3), a sesquiterpene (4), two steroids
(5-6), a fatty acid (7), and a cerebroside (8). Spectroscopic analyses including 1D and 2D NMR
spectroscopy and LC/MS were used to determine their chemical structures. Compounds 2, 4, 5, 7 and
8 were identified in P. baumii for the first time. Since all compounds were isolated from active fractions
with anti-inflammatory activity, their ability to inhibit LPS-stimulated nitric oxide (NO) production
in RAW264.7 cells were evaluated in vitro. Compounds 1, 2, 3, 5 and 7 inhibited LPS-stimulated NO
production, and compounds 1-3 had 1Csg values <10 M. Treatment of LPS-stimulated RAW264.7
cells with compounds 1-3 inhibited phosphorylation of IKK« and IxBa. In addition, treatment of
compounds 1-3 reduced LPS-induced increases of nuclear factor-kappa B (NF-kB) p65, iNOS and
COX-2 protein expressions. Collectively, compounds 1-3 inhibited NF-kB-dependent inflammation
in RAW264.7 cells. Thus, P. baumii is a potential source of natural anti-inflammatory agents,
and active compounds 1-3 could be promising lead compounds for the development of novel
anti-inflammatory agents.

Keywords: Phellinus baumii; Hymenochaetaceae; bioactivity-guided isolation; anti-inflammation;
NO; NF-kappaB
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VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Linearity20_1.D) VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Linearity50_1.D)
mAU ] mAU ]
40+ 40+
30 § 30 1@’
20 Z 20 é
[§) ]
10 & 10+ %
0 . S — S — ‘,“:ﬂ~~\. VI '/ ] 01 PO — \ T — )/.~~-- San]
[ T T L T T T T T T T
5 10 15 20 25 miry 5 10 15 20 25 miry
3.90ug/mL 9.75ug/mL
VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Linearity100_1.D) VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Linearity200_1.D)
mAU ] mAU ]
40 40 %
304 % 30 §
® 6
20+ § 20 ;
10 g 10- | ‘
0 P = s '—‘—' S —— 0 e S i ~']"‘L‘ S —*-)r"\' -
5 1‘0 1‘5 ‘ 2‘0 2‘5 miry ‘5 1‘0 1‘5 Z‘O 2‘5 ‘ ‘mi
19.50ug/mL 39.00ug/mL
VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Linearity300_1.D)
mAU ] g
o]
30 (?
20 i
10 I
e e 1
‘5 1‘0 1‘5 ‘ 2‘0 25 min|
58.50ug/mL
Figure 2-8. X Z2& 9| AMHN
4) 424
STD Ol238t OlEat BEs% Peak &t =B Diffenence
(ug/mL) (ug/mL) Area (ug/mL) (%) (%)
565.3 28.30 96.3 0.490
1 29.54 29.38 554.8 27.81 94.6 0.003
544.5 27.33 93.0 0.487
Hogl 27.81 94.7 0.327
HEEI 0.489 1.663 0.280




730.7 36.10 92.9 0.169
2 39.15 38.84 726.6 35.90 92.4 0.025
724.0 35.78 92.1 0.000
gl 35.93 92.5 0.065
HEHI 0.158 0.407 0.091
923.9 45.20 93.4 0.000
3 48.85 48.38 917.7 44 .91 92.8 0.000
923.6 45.18 93.4 0.000
gl 45.09 93.2 0.000
HEEI 0.163 0.338 0.000
3l =8(%) Differece(%)
M B2 93.46 0.130
&H 2HE 1.292 0.210
=2 3 9 9
95% 412 92.46 94.45 -0.0311 0.2921
VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MW\Accuracy50_1.D) VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Accurac100_1.D)
mAU ] mAU ] {
1] 2 47 é
20 : 20 §
g i \
104 104 t M
/ { A R
O L A AN o P Ao A ‘Ly R
5 1‘0 1!5 2‘0 2‘5 ‘mv ‘5 1‘0 ‘ 15 o 2‘0 2‘5
29.54ug/mL 39.15ug/mL
VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Accuracy150_1.D)
mAU ') 3
40 i; ‘\
2] 3
20 ﬁg
10
07___",““‘\~ S Qﬁ»/\\_ o o ‘\y wawawawawa I (e~ —
1‘0 ‘ 15 2‘0 25 mi
48.85ug/mL
Figure 2-9. Xl Z2& 9| XM=&ty




T
H T At 7=
H =5 o TED SUEF
= ix-lil)& o BA =} ol i MI}
S L /o T —
mg/ml 4 390.6 '
VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Precision11.D) VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Precision12.D)
mAU) mAU ] |
40 40
o o
ool o
] @
: $
30 3 30 )
2 L
£ £
3 3
c £
[ «
0- ) 27 8 H
& o
3 8
10 @ I 10 =
PR L S5 S | B | VI IS Y . -
— T —— T —— T — T T T T
5 10 15 20 2 mi 5 10 15 20 2% mi
12] 22|
VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Precision13.D) VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Precision14.D)
mAU’] mAU ]
|
40 40
3 8
ﬁ K |
S
30 ° 30 [
9 2
< £
he] 3
5 §
20 s 20- 9
- ©
8 b |
10 2 10 AS ‘
| l i\ ,
S/ N~ AN I " N R e e e .
- - T —— —— — —— T T T — T —— —
5 10 15 20 2% mi 5 10 15 20 2 mi
32 43|
VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Precision15.D) VWD1 A, Wavelength=516 nm (C3G_Formic\C3G_MV\Precision16.D)
mAU ] mAU ]
404 40-
3 ] 3
5 @
g ] g
g 3
30 el 307 o
£ £
] hel
§ 1 & ‘
20 5 0 3
5 1 ©
3 ] © ‘
10 = 10 WS |
] N )
13 1 | | N\
,"j \ | ‘ ‘g’ \
A e ) ol SN AL N
T T T T T I
5 10 15 20 25 mir| 5 10 15 20 25 mi




(71 A2+ 7ol A= W
() Al1d o rmol=of] A B (10:19] A1 o xo]= H]o dFetE
H

(th wee) wraael Aaalel 71476 AGE W

Axk D QL=10 X 0 /' S

o
(standarddeviationofintercept) = 1.1713 S(mean of slope) = 21.232

Quantitation Limit = 0.182 ug/mL

2 E

T X AFZ=Z<Q Cyanidin-3-glucoside(C3G) 2] ejtlo]ld A3 C3GE AREHE AT
Aoz gl HA

gt AEFAEAH A
2 = 7hE QA A A

lap scaledll~] AHH s}
SERCIEECERF S

AXA A A < ooty o AR A A §jrieig AAAAA

N

LERERE R 5

Figure 2-11. 2l7|& XEM 2 =2 21|



ewn s g amad () -1

Rt e AR i & Ao 20 ATUA DA A st Bl RS T
Adgs a4 NurE kX [aean]
Hae ARl aEE-0 ‘ fersrel ‘ Chlorpyri fos(ea/ke) ¥aE
Chlorpyr | Fos-uethy | ng/ )
EEEHE B s
sislel | F & | 475 AW #57 Bweom U 15, 2% W01 (P, S & A
[ %, e Tolclalosaet G/ ie)
e 001 | [zoi-iz-01 Triadinofoning/i)
HAREE | A%E | A | momsizno 1
ASDE §-o eSH A 2 B e Harse B Selakial ¥ 8l ALl 4
ey v i (uronce/i)
Diainontas/ie) e i methosmn(re/in)
[T — e Farath {on( /i)
Dichlorvo(ms/ike) o Farath orepethy] ee/ks)
alathionne/ks) [ aclobut razol (ne/ke)
Mt homy | Cmg/ ) of Al Permethr inlmg/lcg)

et hosy oz detn/i) Fenar o1 (/o) 2y

[ ———y Fenitrothi on(mp/ce) EyE

(g ) Fenvaleratelmg/la) HaE
[Bientheintos/ve) Phenthoa elo/ka) FEES
Cypecmetiintnafe) e
Coorodint {nu/ke) [E——— G

Cynalathrintog/ke)

| w

hce i dCona )
Azoyst robin(/ie) i

Atcasineoafe)

Prach lorae e/t

Profesefosme/ie)

ithicn (s )

ol |

Flubesdamidetng/ )

ol (o /)

Tnazal i P Faufencnurantng gt BT

Tsaprath o lane( g ) e Pyraclostrobin(me/s) BT
Py metian /) EET)

Fprodionc (og/ k)

Carbary | Gt Pirimicarbing/kg)

Carboturantag/ia? e it miphosmethy (/i)
Cootntaalig) B Fludiosoni 1/} il V|4 e
/) e | vimsthentetm i) gF7sqFAT A
oni ag g) D e
I TRE W7 W e e e U0 s T

Figure 2-12. S¢7|& XF =2 24 Z3}

- g e

A 02016120106 &
i AARAHA Azt G e sela e
\

LS | 1 a4 Iwrgﬂ
HA Aol -0 l it ’
231 | (@ereivere
5% | F 4 | AR A PR SR80 15, 2% 5015 (AEE, SR
A9 | AeH, oA B
: HB-005 | [2016-12-01
AaeEEs [A2d | @4 | eor6120106
i I M s O # g e & 99217 4 8
Adgs Az AR
1 e/ ke 04168/l wole
| AR lnglk) 0, 1 5ea/ke Fulal
] (g ) 0. 1672n/kn el
k) 3% =4
A aF(Keal /1008) 355, 86Keal /1001 opg
(s 82.79% Hohg
el 2,445 i)
S0 1.66% ol 47
w2 8,260 3 ul
| B 1.8 ol
LHE i (g 100g) 50, O/ 100 24|
B3 A AT (g/100g) 0.6/ 100g o472
BHC(ng/ke) iE u}7ha}
D07k EEES |
Aldr in{mg/kg ) FE
Dieldrinma/kg) whsk
Endr i (k) ket
?llj!li]ﬁl{:(h:) W6 E 128 1wy
e #FrFAEATL
EFEEY NUHEEE 4 G ALY heipid

Figure 2-13.

M

=
—

QWb R A 35514Kcal/100g, EFEHE 83.75%, WMl 1.99%, ZA|W135%, i
803%, 3% 488%, UEE 6005mg/100g, EEZHA WA 0014g/100g, Fo<
041mg/kg, 7F=F 0.13mg/kg, Pl4& 0.15mg/kg, T 0.00lmg/kg, ZtF%&<k: BHC &4
=, DDT £4 %, aldrin 4%, dieldrin 4%, endrin EHZE, 7|8 E: IubAlH 208/g,
AT 4, e s4e= &4

- 46




O d571% (Urddsta Astgdd ) @ & ZA} in vitro 25 H 7} in vitro 5437}

_4

(
i
jur)

)

A

1-1. Al E )

O "2 el WAAMES, Raw 2647 AEe Azb ) (HAAMEFE HepG2 AlE+=
American Type Culture Collection(ATCC, Manassas, VA, USA)oA T3], 10%
FBS, 100pg/mL streptomycin, 100U/mL penicillin®] ¥ DMEM HjA| & o] &3}
37°C, 5% CO2 z=x1oA] At wjstm Aol AF&atd+

O BE A3Le Raw 2647 AES HepG2 AIXE Ad&EHd wel thdst multi-well
plateo] =53}o] 80-90%<9] confluency”’} 2 wWi7}A] w3t & serumo¢] $1+= DMEM
A 2 agkste] 12 AlZF Qb F7F vtk

]

1-2. &4 4 2AS 54

B\

O A& 10pLel ethanol 40puL e} 50puLe] DPPH/ethanol &< 50uLS A7} &3tslo] 20%7F
Ao ¥kg A7l & DPPH #uZd 2A%<S T4 % 517Tmoll A =4339 e
O Blank= DPPH W%l ethanols A3}l control2 Al& WAl ethanols AFE3F3 2.

DPPH #4412 27508 thadt 2ol AMsas
O 42 27%(%) = (1-(Sample FZ= - Blank F3%) / Control F3E)) x 100

1-3. Nitric oxide A =4
O Raw264.7 Al3EollA Ao wifFde] FEldE NOO 42 Alx i Fo SRt
NO2-9] 555 54 4= = Griess reagent(5% sulphanilamide, 0.1%6 N-[1-naphtyl]l-ethylene
diamine dihydrochloride, 5% phosphoric acid)Z ©]&3lo] =43+
O Raw 2647 A¥XE 1x106/mL %= 24-well platee] 5 wFst £ 10-300ug/mLe]
BH-KW, BH-KJE 7z} 143 5<F A A8k & 1ug/ml LPSE 18A17F A %] gk
3lrste] 15000xgell A 3 1 Aaltelste] wjF] f A9 AMEE A
O 96-well plateol] < 100uL2} Griess reagent 100uLE % 7lsle] 158 &<k Wk

automated microplate reader (Tecan)E ©]&3t% 540molA SFE=E SAH3G 2

2

_\.L
O
-
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1-4. 238 F3A 24

O Antioxidant response element-luciferase reporter gene construct®! pGLA.37[luc2P/ARE/Hygro]
= Fugene HDZ ©]&3}o] HepG2 Aol HA%=A3F 3 &) ug/mL hygromycing ©]-&3}]
22 §3AE g os s HepG2 M2E s

O Awlg Alxe] 30-300ug/mLe BH-KW, BH-KJZ 24X+ A X3 = AlxZ= &3t
ME g3H Y =43 luciferase TS Promegart? luciferase assay system<}
automated mlcroplate reader(Tecan)& ©]-&3to] F5A8slA3. S4HE luciferase EA
A gafe) o T S FFow BHASAS

1-5. Al AES =A

O 3tyHz] €4 FEELYBH-KW)H styuleg]l 25 E2dBH-K]e AE54dE MTT
assay = 7} &

O Raw264.7 MM LPSel| 2|3t Al ¥x=4do] BH-KW, BH—K]-"J 295 Hrbshr] 9ske]
10-1000pg/mL°] BH-KW, BH-KJ& 1AI17F &< A A $ lug/mL LPSE 1841 52t
A 2] 8} =

O T3 HepG2 A Eo Al tBHPO 23t A2 = BH-KW, BH-KJ¢] &35 3 7}38}7]
3k 10-1000pg/mL¢] BH-KW, BH-KJ& 1A]3F &< A% & 150uM tBHPE
12A17F &< A A8k &

O A7} ¢+549 iAol 02mg/mL MTT €9 200uLE H7Fsk $ 2 A7+ <t 37°C, 5%
CO2 =M F7F wikatSla. ol 5 wikdls AAsta Az F2 9 formazan 24 =
DMSOE o]&3le] g3fAZ1 & automated microplate reader(Infinite 200 Pro, Tecan,

Maiannedorf, Switzerland)& ©]-83}¢] 570mol A 3 =5 SAH3}A S

O AlX AEES U3y 22 2o 93] FAA Mol AE=E vluste] ALe s
O Relative Cell Viability(% of control)
= 100 x (absorbance of treated cells)/(absorbance of control cells)
A&l A3}
2-1. 8% 2AF
O aumle] IFFEEL(BH-KW), 5L (BH-KD &4 £27%5S DPPHE
ol &3t F43% Ay, BH-KW, BH-K] 2ZF v% EHoRE A A7 50
=71l =

O 10, 30, 100, 300ug/mLe] BH-KW 7.99+7.56, 15.11#5.90, 33.91+5.88, 86.05+2.29]
DPPH &42124 271%< Jetiigled,; 10, 30, 100, 300ug/mL94 BH-KJ+ 3.82+8.15,
9.08+9.30, 32.17+4.55, 79.13+0.85%¢] DPPH &44ta 274%<S UeEgon 100,
300ug/mLe] BH-KW, BH-K] Wizl Hle] EA4 oz 59 O}Mﬁ
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Figure 2-14. sttl2| F&=2 &dia 2Hs HIt

2-2. Nitric oxide 4

O BH-KW, BH-KJZ LPS& &43}¥ Raw264.741F14 NO Ao nx= o4& F7}3k
A3 lug/mLe LPSE NO AAS diz=AxE div] 219+0.19 ¥ SAHo= {5t
S7kAFH 2w, 10, 30, 100, 300ug/mLe] BH-KW Aol <ste] NO A4 <]
1.90+0.16, 1.96+0.08, 2.27+0.15, 2.02+0.16 ¥} o™, 10, 30, 100, 300ug/mL2] BH-K]
A= NO AAS 2.02+0.06, 2.12+0.10, 2.12+0.11, 2.29+0.20 ¥i ]S

A)

w
(=]

i
o

20}

NO production (fold)
o

10 30 100 300 10 30 100 300
BH-KW (ug/ml) BH-KJ {ug/ml)

Control LPS

—

120

100

80

60 |

40

Relative cell viability (%)

20

0

10 30 100 300 10 30 100 300
Control LPS .

BH-KW (ug/ml) BH-KJ (ug/ml)

Figure 2-15. LPS2 &AM 3}zl Raw264.7 M =ZollA st HIZ] FEE2 NO MM

oM 2 M=E 2S5 &5 "ot
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O BH-KW, BH-KJ7} Raw264.7 Aol A LPSel| ©|gt Alxz=/de) v x]+=

[e)

A3 BH-KJol ®lal BH-KWolA ¥ ®H3E F%50] 91-5% gl A 2. lug/mLe]
LPStE AEAEES iz ¥ 7098:253% = SAIHoz FosiA #arz o,
10, 30, 100, 300ug/mL®] BH-KW HdA Al o3k MEAEES 93.86+1.91, 94.93+2.60,
96.336.79, 92.00+6.79% %1 2., 10, 30, 100, 300ug/mLe] BH-K] A x| & A%
AEEL 57.1142.03, 57.20+4.64, 59.38+2.34, 58.73+151% %A &

2-3. YEY FAA £

O

O HepG2 A ZolA styHle F&E9 Nrf2 &43%5 7}
O 2tsd ~Eg Xz gis AX HE &
°

23 BH-KW, BH-K] &+ HPEE g% 9}%-2— 219_6}91%
150uM tBHP A& AX AEES 2T ET 23564341% 2§94 ZFAaA Ao,

30, 100, 300ug/mLe] BH-KW A x| 2]sle] ME AEE&L 74.95+9.32, 84.29+4.44,
87.36+1.53% 3 2™, 30, 100, 300ug/mLe] BH-KW Hxx]o] <Jsle] M &S
69.56+14.16, 87.54+5.13, 89.99+3.91% % . 30-300ug/mLe] BH-KW, BH-K] A A1 %
30ug/mLe] BH-K]J AX & A|9stal E5F tBHP A X2 vlusle] TAAoZ f2
shAl Al E Lg—% SN A oW, el 300ug/mLolA e A¥E BE &% BH-K],
BH-KWo.2 5319+
120
3 100} PR
£ ¢ T =
S sof
©
=
— 60}
8
_02—* 40}
E * %
L 20
30 100 300 30 100 300
Control tBHP
BH-KW (ug/ml) BH-KJ (ug/ml)
Figure 2-16. st Hl2] F&E=2| tBHP A Mst™ AER| A0 et MZ 235 &5

of Telsti= WA AAAA F Shbs Nri2g)
I stdwe]l FE=0

TE oEHOR

HepG2 Al ¥E°| A ARE-luciferaseE ©]-&3F 2
Nrf2 &4stol nx= 93-S Hrist 43, BH-KW, BH-K]

R

ARE-luciferase 84S S7HA %S

A
¥E A2 B4e F9
5

O 30, 100, 300ug/mL BH-KW > ]l 2]t ARE-luciferase &> thZA X9} Hu sl

1.27+0.17, 2.24+0.33, 4.59+0.09%] <lom, 30, 100, 300ug/mL BH-KJ =X <st
ARE-luciferase 42 thxAEe vluste] 1.15+0.12, 1.65+0.12, 3.19+0.218) o,
30, 100, 300ug/mL, 100, 300ug/mLe] BH-KW, BH-KJ # %o ¢]& ARE-luciferase
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A2 dxzatol vl SAACE FostA Frtet A=
O FHaFE<l 300ug/mLoll A2l ARE-luciferase &4 BH-KW, BH-K] =02 43}
Sy, FEEL TAA Aole UEWA %

o e

Relative ARE luciferase acitivity (fold)
W

30 100 300 30 100 300

control

BH-KW (ug/ml) BH-KJ (ug/ml)

Figure 2-17. st H|2] =&=2| Nrf2 28 sts

2-4. A2 BEE =4

O BH-KW, BH-K]J Al X545 Raw264.73 HepG2 A EZAA MTT assayHeol <3&] H7}
SR 5. Raw264.7 A3z 10-1000ug/mLe] BH-KW, BH-KJE Ztzt A x|st A3} iz
a3 vlaLste] M EAES] WHstE YERUA] Rt

O 10, 50, 100, 500, 1000ug/mL%] BH-KW+ 99.07+1.00, 99.31+2.93, 102.1+3.89, 103.39+5.39,
106.33+4.86% % 2., 10, 50, 100, 500, 1000ug/mLe] BH-K]J& 98.68+2.00, 98.05+1.18,
95.48+0.96, 98.35+4.94, 100.74+5.57% A &

O HepG2 A3 10-1000ug/mLe] BH-KW, BH-KJE Zt7F A x|gt Ay} ojxgt ¥ alslo]
MEAEE WstE YA 29k, 10, 50, 100, 500, 1000ug/mLe] BH-KW+
110.81+3.48, 110.85+1.76, 110.25+3.89, 105.39+4.66, 97.21+13.97%6%3 2., 10, 50, 100, 500,
1000ug/mL2] BH-KJ+= 101.73+0.97, 102.24+1.80, 100.12+2.85, 99.51+1.72, 93.06+5.35% %
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2 E

styHle] F=&° it in vitro %< 444 &%, NO A5, Nrf2 842 37}
3t%=. DPPH &}tz &A% AF FEE9 dsss & =
2 2 AFelA syug —r% o BAMA a7E0] T AR FTEIE. AlE W
ed factor 2(Nrf2)e] 3FZ <1<l
anti-oxidant response element(ARE)-driven reporter geneE< 4t3}# 2=E# 29} NO9
RS Z2H3t A5 WL ERE MEZE Rodte 28-S T Nrf2e H42 <] 483k
z27 sell A, AN Nrf28] tiiE AAAAS] Keaplel 2F3 ez A 18y
g4 Ay 2E# 2o =EHW Nrf2e Keaploll Al 3f 2] =L 31]
2 e a4 #E FAASY AAF 84S SAANZ. B AT
9]'3H ARE-luciferase &4d0] stUHlg] FE5& & gEH o= FIHHAA= A& &
. W2 M Z (macrophage)+ A&t R/ (lipopolysaccharide, LPS)5°l olaf =243}
< "o, o W dAAEE PF5uNAA} (pro-inflammatory mediators)
nitric oxide (NO)E EH|3ld ML E Woig

_,lo[‘
bt o
o
oft
QL
h=
=
Kl
.
fol

ul®d
OlN Hlo
=
o[o

stUMg] F=E9 in vitro A HIIE #8l HEY = EZ<Q0 tBHPS sty |

FEES 2ol AT F AEAEES AT FH A studg FE= AAd Alx

40l glas st LPSSH tBHP A2 sl MxE AEEo] A=t 1l

stUdlg] FEEC 93] AZAEEC] IEHAIS IJeAS. ol GH4AE AT
=

Nrf2 &4, &da54 &40l = styuld F
=
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O FHAT7I#H(F)ote el Q) : PilotB4F 2= g9, tiF8A =1 &4, ds5r44
49, A& validation® ¥, IAAAE Al ef/9 kA=, JAAAE IRBAH 2 52,
A A
7F. Pilot A2F =3 24
<Table 2-14> Zt& H|2| 72| F& 5 T2
_ . Az
AN =T 48 FAdF | B = 4HY | FdEs & | s28=x o
T
W& black berry (54F) 500g 393g (7 brix) 103g (28 brix) 33g 6.60 %
s ofxtolg] (Hehd) 300g 233g (5 brix) 36g (30 brix) 10g 3.33 %
W ol=2Yo} (=4h 300g 222¢ (10 brix) 82g (31 brix) 27g 9.00 %
ds o (4h 500g 419g (12 brix) 163g (28 brix) 57g 11.40 %
WE blue berry (=4F) 398g 311g (9 brix) 94g (30 brix) 32g 8.04 %
Y-5 Black currant (Z&XE) 496g 314g (11 brix) 116g (29 brix) 40g 8.06 %
W 524 (54 493g 346g (9 brix) 108g (29 brix) 38g 7.71 %
WE ok blue berry (F154h 503g 419g (9 brix) 126g (31 brix) 41g 8.15 %
WE blue berry (Z#4h 440g 369g (12 brix) 125g (31 brix) 43g 9.77 %
35 27 (=4 484¢ 381g (7 brix) 117g (26 brix) 33g 6.82 %
sty g (T=4h 502g 396g (10 brix) 124g (29 brix) 41g 817 %
sty (=4t 2F) 515g 400g (10 brix) 130g (29 brix) 45g 8.74 %
styel el (=4t E5FF) 580g 21L (1.5 brix) 152g (30 brix) 66g 11.38 %
ohxt & ztzto| Hi2lE B4 F Etstol AESINS. AFAS 55-65500M 30+50rixE Zef SFE T, -35:5TM SZ
A= 5tof st HEEYS HSsIUS
EF FE YNF FE S0 00SM M B FE F U222 Y2SH0] OIS, ofsAE 450 M 3045 brix
ZetsEst ¥ -35:5T0HAM SHHZ slo] HEELS HS51%S
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2 E

Al g e e § FAAEETY 82 T4 ey 4k siyElE(@FFE) 7T
oF 114%°] &2 /M =% 2o Ald vlgRe] s28dx 229 82 d= vl
8~9% = FAFSHAl SAEUE. ©A, BE otAtoldlg] e Ay EHE FHo] AFe Tvlst]
o3 & FAAXELY FE&°] 33%= W WA SAHEAS

A

<Table 2-15> & H|2| 72 F& & XE=2 =

N C3G (%)

W% Black berry (541 0.37
Y5 obrfelwE] (Hepd) 0.03
YE ofzyol (=1 0.02
s 29 (54h 0.14

WS Blue berry (54h) 0
W% Black currant (Z&= 0.36
Y 524 (54D 0.42
3% k4 Blue berry (W]=H2h) 0.01
W5 Blue berry (Zd4h) 0.01
Y w7 (54D 0.01
styule]  (=4F #E) 0.6
stuule]l (54, d5FE) 0.09
sty (T4 0.13

2 =

AZEHE2 A C3Ge A% =4+ syl 2HFol 0.6%= 7ME =9kar, E7]9f EF
Hgol A 0.01%= sty nla] w9 we FFS Yepgdoy, e Hg/{olA
C3G7F A=A+
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2 =

v A=

& 91.62%, =Tz
Hl 4 0.019 PPM, &

0.68%, ZA9 0.87%, 3% 2.03%, 7 0.044 PPM, 7=
0.007 PPMZ EA 5L

Foke BAZ0|9, 9%S 376.99Kcal/100g, YtEF 16.75mg/100g, B

0.005 PPM,

G IC B DR

I

]:L:I

(D A&

1. Aujet A&

11 434 v 2 4ARF

By Z2}2~ (10 mL, 20 mL)
HPLC& 28

|rg <38 AddA

OEM% @ B & 0 E(PVDF, 0.45 pm)

3T

111
1.1.2
113
1.1.4
115
1.1.6
12 4%
121 I&ERAIZ2nfETHZ

1.22 AL R FFFE=HZ71(UV Detector), Tho] 2 Eoj#| o]
1.2.3 Shiseido capcell pak C18 UG 120 (4.6mm LD. x 250 mm, 5 um)

%1Z7](Diode Array Detector)

Cyanidin-3-glucoside chloride

B2 - CyHpOn, EAF : 484.83, CAS No. : 7084-24-4
2.2 YHkA|oF

221 SN EUE
222

223

A (Acetonitrile, HPLC grade)
~k(Formic acid, Extra grade)

EEt
<< (Distilled water)

AstA 2ol 10 mL &FETk=Il ¥ o] F(AB=91) 2=
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312 7] &dS MESl = F o]FHAB91)OE JAsle FFEHoE I
(0.0036, 0.018, 0.036, 0.054 0.18 mg/mL)

32 NE& Az

311 AA °F 85 mg & FH3F F 20 mL FI|Eef] FY

3.1.2 o] FA(AB=9:1)C.2 EA7tA] g

313 %= q

314 371 8HE WBHRl YHE oHste] AP AL

4. =4 R AL
41 7171%4

U £ 19 23102 ARGstE AEH = 717]0 weh 240 28 = =

<Table 2-17> D&M I 2o0lEdef= =A

3= =4
FHUZF 10 pL
Ahen 30C
A &4 - 5% EEAF
SRy
B & - clHMEUEY
I8 X 1.0 mL/ &
Az7 J3H 516 nm

<Table 2-18> o| =4t =HA

Az () N il 56
(1) (1)
0 90 10
15 90 10
16 0 100
2 0 100
23 90 10
30 90 10
4.2 Ak
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<Table 2-21> A& M

AR
A B
1 7633.18 7570.90
2 7672.08 7632.45
3 7566.50 7586.35
4 7561.72 7638.93
5 7553.37 7628.87
6 7562.19 7522.77
2k (ug/ ) 7591.51 7596.71
(24 %—25 %%1)‘41@ RSD] 0.60
(5) A&
Agol: AAg AUl T2 VN Aggron T ¢ U AA T BAGYEZE] A4
- A=A 71€71(S) 2 A o)E o %
(A = 10x0/S)
<Table 2-22> Z{2fMeo| 7|27 & EZ=HZA 0| &
1 2 3
FHug) 2 B(Au) AHug) 2 B (Au) FHug) e )
3.6 96.24551 3.6 92.71236 3.6 93.68751
18.0 496.32620 18.0 493.77521 18.0 497.14200
36.0 991.55951 36.0 988.88489 36.0 992.61029
54.0 1486.12512 54.0 1482.57544 54.0 1486.64966
108.0 2980.02222 108.0 2981.61450 108.0 2982.52539
71&7] 30.27 71&7] 30.32 71€7] 30.31
ya# 2.54 yda# -6.67 ya# -3.68
;EZ) 30.30 Ey_f;i?@ 2.130
A 0.703
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T g/ mL) 712 9 au)
36 96.24551 3500
18.0 496.32620 WOL y=230272x - 25448 @
36.0 99155951 e
54.0 1486.12512 o P
i i 1600
108.0 2980.02222
1000
214 3 WA A y = 30.27x - 2.54 s0 |
71271(a) 3027 PP R —
2 0.00 2000 4000 6000 80.00 100.00 12000
P Y- _ o]
y & (b) 2.54 & Conc. (ug/mL)
AR A 5 (12) 1.00000
<Table 2-24> &MM 2K}
& F(ug/mL) b (L)
) 2.712 3500
3.6 9271236 y = 30.322x - 6.6674
18.0 493.77521 %X Fa
2500
36.0 988.88489 ' //
2000
54.0 148257544
1500 ]
108.0 2981.61450 /
1000
2 3 A y = 30.32x - 6.67 0 /
71&7](a) 30.32 g o . : . ; . .
;‘g_—:] b 667 ‘j 0.00 2000 40.00 60.00 80.00 10000 120.00
M- - []
y=¥(b) ) K Cone, (ug/mL)
AR AT (r2) 0.99999
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O 1¥ 23], 13] 2capsule & 490mg2] 244 capsule® A%}

EE

Figure 2-23. M SAIE &
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(2) AAAEAE A=A

[For]uiol2
Protocol Mo ARIEID_DDE

CIHIEZAIBAIE HiEA 29

Confiderdial
UMESAE | YHOLIDIO SOt HIUDH OIS =l NMED OIS
A= TS AR DEQUIE, 0ISEIIE, (EF HIR S4 B2
CIAIEZAIE HENM QIFME AR | Protocol No.: ARIBIO_DDE
HEM HE “ersion No,: 1,0
UHESAE | guE wmw
SHO| L2 Y DHronicern caenden 1) SO JF H| L Z2M AN | @IS wusA @ 933
— UMESAE | CuE wma
BDIs &4l HAZAl DIXl= AHARE AlE: n;o.ml LH::EI iuna
e TS
(=N 3 | % = =Al
FEHUEE, 0IS=21E. U2 tle S8 97 PPy P——
ssw2 | Zuzm Be

SHO DB (HAYIEHE)
CIAKY - 125, SEQHHE, OIE=01E, 2=

2321 HAL Al BE ASTIGOT) K= ALTIGRT) 5= GGTyGIPI L 2Al

PAEZF - CHEHQ|L RS S0 - JEE FHRE =WSIn T HERE sHl OISt BRI 2= R’
= E“H; T ET 2 s-1zoul, 0 3-%ELL AT S 42123 O 3[3-99ILL,
QIR SAS MR FIHE! (LHDF B2 GGT: '2h 72-ZAL, O 43-12E8UA) £ SHLE 012 220 Y
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AHHENY TEIAA ZoE D oM EEAs | NENE QYOILRTN 2E2Y
orer 2 SE HEME © Placebo

AHHSNE 2T

BN HEZA FEE 933

QHFEAE |+ AEAE 1Y 28, 15 2WE(1,960mg, €35 7. Saaay?
=AAE HE HEYY |- ITNE: AENED SUH DE2E HF
DR EAY T %Egﬁgai IL\LFE;‘L‘E;“QEJI—PJ = 5 ] E=H| =1 =2E &
LRI N EISHLARTE13-03) UANBAE | 22ISNE JiSH USTA VL0 SESVe| ¥ A O
=5 o QYL VIS SHORRE DEEY DRSS 3w
_ 2 AEE 0=SETR, BEoH= Et Hal L=
B AANBNRE I BN BATIBICH GOPI B3t Ak e o e e Hat Ho A o)ttt S aiy
2 SAE, ZRED & =23
PAR-] c} & oMe Bh=| E "HpLl ol PAR—C]
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* BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

01, 19 1§
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125 751, 14 13], 12
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B AEE 9
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= =

E]_]_’

O

_ZTI
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ADIVIA® 2120i (Hematology system,

tel WBC (white blood cell), HGB (hemoglobin), HCT
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fvze)
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il

oy

: AFAAL (complete blood count)
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ol
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I
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O O
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SIEMENS, Germany)

(hematocrit), PLT (platelet) NE (neutrophil) LYP (percent of lymphocyte)
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O g9 A3le+HA} ¢ Accute TBA-40FR (Toshiba Medical Systems Co., Japan)E ©]-83}o]
% 17% Glucose,, BUN, Creatinine, Total protein, Albumin, A/G ratio, Total bilirubin,
LDH, Cholesterol, Triglycerides, AST, ALT, ALP, Mg, Ca, Na, K #4]

O 423 A} (micronucleus test) : GAA] Fx oS Ha wa] A 4= = W

1-4. B4 9 0 BE xRe] A 42 SPSS software (SPSS 23, SPSS Inc., USA)S ©]-8-5}¢]
Hir(mean) ¥ EHXHSD)E YEMS 2. A2, BH 500mg/kg, BH 1000 mg/kg, BH
2000mg/kge] Het b AolHF2 t-testE ©]-83t] Ao p<0.05 oA FdES

ZERCRe BVE Sy

O styHlg] $24484% FEES 7 5= (500mg/ke, 1000mg/kg, 2000mg/kg)= 257+
BTFo F ¢ ICR mouse®] AME/NAITE ##3 A3+ Table 2-273% 25, A3
71ZF &t 2T B A EE FoolA b vk BE FHAL B 7R S (A AL
U, W, &5 Asdd, 1d 2 53 5)o] #EHA Lt

<Table 2-27> Mortality and clinical signs of 2 weeks repeated oral dose toxicity studies of the BH.

Group S/N* Signs after 2 wks
Control Male 075 None
Female 0/5 None
Male 0/5 None
500mg/kg BH Female 0/5 None
Male 0/5 None
1000mg/kg BH Female 0/5 None
Male 0/5 None
2000mg/kg BH Female 0/5 None

S/N: Number of animals with the Sign/Number of animals examined.

29 A% =24
O SUMBH) FEEe sEE
N Aol mek Aol EAHAS

o

f
H
e
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<Table 2-28> Body weight of male and female ICR mouse in 2 weeks oral dose toxicity study of the BH.

Grou Sex Body Weight (g) Weight
P Day 0 Day 1 Day 2 Day 7 Day 14 Gain

Control Male 3162 + 224 3198 + 266 3230 + 275 3305 + 078 3540 + 286 098 + 4.18
Female 2483 + 133 2514 + 080 2480 + 054 2580 = 0.72 2673 = 112 185 + 1.65
500me/ke BH Male 3290 + 149 3296 + 158 3318 + 1.71 3288 + 350 3604 + 1.03 3.4 + 06
e/%e Female 2554 + 069 2525 + 091 2500 + 0.89 2622 = 1.00 2746 + 148 192 + 093
1000me/ke BH Male 3156 + 1.86 3144 + 183 3172 + 222 3302 + 234 3388 + 314 232+ 144
g/ke Female 2598 = 271 2608 + 230 2626 + 218 2672 + 1.78 2828 + 263 230 + 155
2000me/ke BH Male 3082 + 269 3084 + 285 3128 + 311 3204 + 291 3212 + 373 130 + 1.28
me/ke Female 2718 + 129 2708 + 1.10 2690 + 143 2830 = 128 2915 = 159 197 + 1.27

Data are presented as mean + standard deviation; Data were compared by the Student's t-test. Statistical significance was
considered to be p < 0.05.
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<Table 2-29> Absolute organ weights of male and female ICR mouse in 2 weeks oral dose
toxicity studies of the BH.

Organ Weight (g)

Group Sex Liver Adrenal (Left) Adrenal (Right) 'I‘es?ség;fary 1 e?ilggggary Spleen
Control Male 21774 02029 0.0036 + 0.0003 0.0039 + 0.0007 0.1136 = 0.0147 0.1207 = 0.0108 0.1172 + 0.0146
Female 1.3644 + 0.1343 0.0036 + 0.0016 0.0046 + 0.0007 0.0061 + 0.0014 0.0064 = 0.0015 0.1334 + 0.0237
m;o/(l)(g Male 1.9603 + 0.1356 0.0028 + 0.0007 0.0035 = 0.0007 0.1195 + 0.0139 0.1183 + 0.0189 0.1126 + 0.0145
B Female 1.2164 + 0.0487 0.0026 + 0.0005 0.0039 = 0.0005 0.0072 = 0.0008 0.0054 + 0.0014 0.1997 + 0.0110
H}g(/)gg Male 19959 & 02029 00032 & 00003 00033 + 00007 01074 + 00147 01085 £ 00108 01000 + 00146
BI Female 1.4327 + 0.2420 0.0044 + 0.0007 0.0035 = 0.0006 0.0087 + 0.0036 0.0078 + 0.0023 0.1347 + 0.0367
Iﬁ:%?g Male 19964 £ 03638 00032 £ 00005  0.0035 £ 00004 01000 £ 00211 01078 + 00185 01027 + 00133
BII Female 1.3869 + 0.1439 0.0046 + 0.0007 0.0045 = 0.0012 0.0092 + 0.0043 0.0070 = 0.0031 0.1346 + 0.0172

Group Sex Organ Weight (g)
Kidney Uterus Heart Lung Salivary gland
Control Male 0.2736 + 0.0202 X 0.1408 + 0.0067 0.1949 + 0.0063 0.1061 = 0.0133
Female 0.1570 + 0.0429 0.1321 = 0.0637 0.1147 + 0.0054 0.1791 + 0.0137 0.0640 = 0.0070
500 Male 0.2897 + 0.0176 X 0.1307 = 0.0083 0.1974 = 0.0076 0.1065 = 0.0110
mg/kg BH Female 0.1608 + 0.0103 0.1442 = 0.0645 0.1126 + 0.0086 0.1697 + 0.0071 0.0708 = 0.0106
1000 Male 0.2597 + 0.0336 x 0.1367 + 0.0099 0.1878 + 0.0142 0.0931 + 0.0097
mg/kg BH Female 0.1636 + 0.0125 0.0826 + 0.0080 0.1143 + 0.0078 0.1809 + 0.0135 0.0808 + 0.0172
2000 Male 0.2720 + 0.0352 X 0.1346 + 0.0199 0.1929 + 0.0229 0.1024 + 0.0155
mg/kg BH Female 0.1770 + 0.0103 0.1699 + 0.0791 0.1320 + 0.0206 0.1940 + 0.0175 0.0699 + 0.0079
Data are presented as mean * standard deviation; Data were compared by the Student's t-test. Statistical significance was

considered to be p < 0.05.
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<Table 2-30> Relative organ weights of male and female ICR mouse in 2 weeks oral dose
toxicity studies of the BH.

Organ Weight (%)

Gow  Sex L M M TORQ RS soen
2 weeks 2 weeks 2 weeks 2 weeks 2 weeks 2 weeks
Control Male 6.1065+0.6424 0011%1040026 0.0119+0.0025 0.3312+0.0445 0.3695+0.0419 0961210.0547
Female 5.1194+0.4744 0.0135+0.0057 0.0171+0.0029 0.0231+0.0052 0.0239+0.0057 0.5011+0.0919
500mg/kg Male 5.5342+0.2229 0.0079+0.0017 0.0127+0.002 0.3323+0.0461 0.3283+0.0524 0.3174+0.0419
BH Female 4.8424+0.3398 0.0096+0.002 0.0152+0.0016 0.0254+0.003 0.0208+0.0056 0.7624+0.023
1000mg/kg Male 5.8903+0.2504 0.0098+0.0008 0.0116+0.0021 0.3215+0.0674 0.3247+0.0606 0.2981+0.0607
BH Female 5.0447+0.4848 0.0155+0.0018 0.0125+0.0018 0.0309+0.0124 0.0281+0.0096 0.4718+0.0987
2000mg/kg Male 6.2121+1.0062 0.0108+0.0022 0.0125+0.0022 0.3118+0.0634 0.3369+0.0587 0.3202+0.0243
BH Female 4.7483+0.2023 0.0159+0.0025 0.0155+0.0044 0.0315+0.0127 0.0245+0.0100 0.4608+0.0365
Organ Weight (%)
Group Sex Kidney Uterus Heart Lung Salivary gland
2 weeks 2 weeks 2 weeks 2 weeks 2 weeks

Control Male 0.7920i0.0§31 - 0.4352+0.0502 0.6005+0.0399 0.325.'%i0.0270
Female 0.5885+0.1573 0.4947+0.2382 0.4307+0.0218 0.6717+0.038 0.2406+0.0303

500mg/kg BH Male O.8034i0.0§09 - 0.4035+0.0149 0.5‘978i0.0137 042ﬁ963i0.039
Female 0.5874+0.0576 0.5197+0.2119 0.4103+0.0289 0.6191+0.0393 0.2584+0.0408

1000mg/kg BH ‘Male 0.7671+0.072 - 0.4044+0.0172 0.5560+0.0343 0.3265+0.0348
Female 0.5793+0.0178 0.295+0.0443 0.4053+0.0259 0.6407+0.0206 0.2834+0.0354

2000mg/kg BH Male 0.8473+0.0648 - 0.4193+0.0359 0.6009+0.0298 0_320210,0419
Female 0.6084+0.0401 0.5762+0.2127 0.4555+0.0763 0.6683+0.074 0.2410+0.0315

Data are presented as mean + standard deviation; Data were compared by the Student's t-test. Statistical significance was

considered to be p < 0.05.
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<Table 2-31> Hematological values of male and female ICR mouse in 2 weeks oral dose toxicity
studies of the BH.

Hematological values after 2wks

Group Sex

HGB HCT WBC Neut Lymph PLT
(g/dL) (%) (K/uL) (K/uL) (K/uL) (K/uL)
. Male 13.35+£0.32 47.05+0.88 5.71+1.29 0.98+0.18 3.9£1.01 1120.0+132.5
Control Female 14.34+1.37 51.16+5.39 3.17£0.6 0.45+0.12 1.97+0.8 790.2+183.09
50/(1)( Male 12.46+1.21 43.68+3.65 4.31+0.96 0.69+0.11 3.31+0.8 1130.6+116.37
ml%Hg Female 13.16+£3.71 48.36+2.79 2.5+1.57 0.42+0.14 2.03£1.34 784.6+150.00
1000 Male 12.01+£1.33 41.16+5.94 4.83+1.29 0.78+0.09 3.92+1.3 1107.7+249.85
mﬁﬁ(g Female 13.72+4.94 49.36+7.23 2.53+1.72 0.41+0.22 1.84+1.16 696.8+148.07
2000 Male 12.74+3.11 47.38+13.27 4.39+1.84 0.76+0.21 3.36£1.43 1140.2+270.73
mgﬁ(g Female 13.36+4.95 46.32+7.21 3.85+1.76 0.45+0.26 3.09+1.37 907.2+160.00

Data are presented as mean * standard deviation; Data were compared by the Student's t-test. Statistical significance was
considered to be p < 0.05.
HGB: hemoglobin, HCT: hematocrit, WBC: white blood corpuscles, Neut: neutrophil, Lymph: lymphocyte, PLT: platelet.
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<Table 2-32> Biochemistry analysis of male and female ICR mouse in 2 weeks oral dose toxicity
studies of the BH.

Serum Biochemistry values after 2wks

Group Sex
BUN ALB Globulin AG CREA T_BIL GLU TG CHOL
Male 23.70+7.39 4.70+1.25 0.76+0.31 5.69+1.99 0.00+0.00 0.68+0.11 324+83.17  198+64.46 184+22.99
Control Female 18.80+3.21 4.30£0.91 0.75+0.24 5.11+£1.94 0.00£0.00 0.80+0.4 223+23.87  175+48.66 110£15.00
500 Male 23.2042.84 4.70£0.76 1.14+0.24 5.64+0.47 0.00£0.00 0.77£0.18  327+51.91  191+36.12 183+34.21
m%ﬁl{g Female 15.30+2.80 4.70+0.76 1.02+0.43 5.12+1.63 0.00+0.00 0.60+£0.19  258+42.22  172+21.68 112+25.98
1000 Male 22.88+1.18 4.20£0.57 0.79+0.26 5.66+1.36 0.00+0.00 0.78+0.07  308+53.69  190+64.71 153+36.84
mﬁﬁ{g Female 14.00+3.69 4.20+0.27 0.93+0.24 4.81+1.46 0.00£0.00 0.58+0.17  251+33.05  174%+40.99 99+21.33
20(/)1(() Male 21.0045.10 4.20+0.84 0.89+0.25 5.83+0.65 0.00£0.00 0.79£0.19  319+109.0  182+44.94 149+52.37
mg/kg

BH Female 15.63+3.33 3.38£1.6 0.93+0.25 4.98+2.38 0.00£0.00 0.94+0.22 201.25#834  175+41.43 94+39.66

Serum Biochemistry values after 2wks

Gro Sex

P AST ALT ALP CPK CA PHOS TP Na K
Con  Male 5790556 3960460 §7.00:1525 MR  800:440  FIST2LT 546154 17000£1871  420£120
ol pemale 492061708 3020:411 97.00£2842 10407676 14006576  1434:591  505:1.00  174.0045.84 6.70+2.14
Ifl%o/ Male 41804866+  32.00£36 66003090 1100045012 10404521 1848+10.9 5844099  180.0017.1 5204115
58 Female 43001525 B90:A5  10200:178 IDOHRS  230:1061 17215685  572¢115 1500061225 500071
L?g(/) Male 356041053+  33.10+88  86.00+31.30 10700:1095  10.10+812  16.18+722  4.99+0.83 173.00£9.24 470+0.76
52 Female 4290:393  2440:572 9900:1636 100DIAF  2380:1194  1828£119  513:034 16500612 5804045
fffg/) Male 336041160+  2920+63 57.00+2465 10000:1881 13.70+826 13.30:4.32  509:1.07  164.00+6.64 4.00£2.21
S8 Female 31251780 55172 6625:3924 7217 19631337 1615:540  430£153 167788727 5.86+2.00

Data are presented as mean * standard deviation; Data were compared by the Student's t-test. Statistical significance was
considered to be p < 0.05.

* indicating a significant difference between the male groups(p<0.05)

* indicating a significant difference between the female groups(p<0.05).

BUN: blood urea nitrogen, ALB: albumin, AG: Albumin/Globulin, CREA: creatinine, T_BIL: Total bilirubin, GLU: glucose, TG:
triglyceride, CHOL: cholesterol, AST: glutamic oxaloacetic transaminase, ALT: glutamic pyruvic transaminase, ALP: alkaline
phosphatase, CPK: creatine phosphokinase, CA: calcium, PHOS: Phosphorus, TP: total protein, Na: sodium, K: potassium.
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Figure 2-26. Micronucleus test of 2 weeks oral dose toxicity studies of the BH.
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<Table 2-33> Mortality and clinical sign of 12 weeks repeated oral dose toxicity studies of the BH.

Group S/N Signs after 12 wks
Control Male 0/5 None
Female 0/5 None
Male 0/5 None
500mg/kg BH Female 0/5 None
Male 0/5 None
1000mg/ke BH Female 0/5 None
Male 0/5 None
2000mg/kg BH Female 0/5 None

*S/N: Number of animals with the Sign/Number of animals examined
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<Table 2-34> Body weight of male and female ICR mouse in 12 weeks repeated oral dose
toxicity study of the BH.

Group Sex Body Weight (g) Weight Gain
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Day 0 Week 1 Week 4 Week 8 Week 12

Contrel Male 3108 + 065 3164 * 078 3612 + 188 3916 + 233 4186 * 223 10.8+2.2
ontro Female %63 + 152 2710 + 161 3148 = 279 3273 £ 205 3433 + 2.48 79:15
) Male 3176 + 242 3336 + 339 3738 + 373 3980 + 420 4236 + 461 10.6+2.4

500mg/kg BH . .
Female 9572 + 107 2658 + 064 2994 + 153 3202 + 180 3340 * 150 77412
Male 3416 + 295 3664 £ 234 4012 + 207 4328 + 213 4140 * 193 10,6412

1000mg/kg BH

Female 2646 + 218 2728 + 198 3034 + 312 3284 + 277 3442 + 278 80£17
Male 313 + 122 3444 = 158 3816 £ 224 4058 + 265 4260 + 272 113418
2000mg/kg BH _
Female %63 + 0.88 2780 + 147 3158 + 170 3498 + 180 3412 + 2.87 78425

Data are presented as mean =* standard deviation; Data were compared by the Student's t-test. Statistical significance was
considered to be p < 0.05.
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<Table 2-35> Absolute organ weights of male and female ICR mouse in 12 weeks repeated oral
dose toxicity studies of the BH.

Organ Weight (g)

Group Sex
. Adrenal Testis/Ovary Testis/Ovary
Liver Adrenal (Left) (Right) (Left) (Right) Spleen
Control Male 2.0926 £ 0.1048  0.0031 + 0.0023 0.0034 + 0.0013  0.1291 + 0.0097 0.1349 + 0.0096 0.1100 + 0.0220
ontro Female 14865 + 0.1525  0.0059 + 0.0017  0.0046 + 0.0023  0.0158 + 0.0041 0.0137 + 0.0091 0.1351 + 0.0305
500me/ke BH Male 21083 £ 0.2197 0.0024 £ 0.0006 0.0029 + 0.0011 0.1279 + 0.0103 0.1353 + 0.1261 0.3195 + 0.0591
grke Female 14327 + 02420  0.0066 £ 0.0035  0.0068 + 0.0060 0.01389 + 0.0030 0.0084 + 0.0030 0.1724 + 0.0836
1000me/ke BH Male 22399 £ 02279 0.0022 = 0.0014 0.0023 £ 0.0014  0.1342 + 0.0129 0.1403 + 0.0131 0.1272 + 0.0267
g/ke Female 15417 £ 02080  0.0232 + 0.0194  0.0138 = 0.0117  0.0140 £ 0.0166 0.0152 + 0.0151 0.1587 + 0.0379
2000me/ke BH Male 20381 + 0.1743  0.0035 £ 0.0013  0.0033 + 0.0010  0.1091 + 0.0220  0.1079 + 0.0122«  0.1263 *+ 0.0242
e/Ke Female 15442 + 02506 0.0071 = 0.0053  0.0062 = 0.0076  0.0118 £ 0.0069 0.0150 + 0.0079 0.1501 + 0.0377
Organ Weight (g)
Group Sex - -
Kidney Uterus Heart Lung Salivary gland
Control Male 0.3251 + 0.0187 X 0.1737 + 0.0120 0.1806 + 0.0387 0.1320 + 0.0296
Female 0.2194 + 0.0104 0.1397 + 0.0440 0.1595 + 0.0088 0.1922 = 0.0227 0.1117 = 0.0214
500me/ke BH Male 0.3195 + 0.0591 X 0.1858 + 0.0266 0.1920 + 0.0226 0.1445 = 0.0204
* grke Female 0.2070 = 0.0166 0.1854 = 0.0622 0.1387 + 0.0207 0.1930 = 0.0190 0.1041 = 0.0326
1000mg/kg BH Male 0.3252 + 0.1239 X 0.1876 + 0.0235 0.2382 + 0.0406 0.1449 + 0.0160
e/ke Female 0.2027 = 0.0703 0.2258 = 0.1389 0.1676 + 0.0384 0.2099 + 0.0400 0.1444 + 0.0471
2000me ke BH Male 0.3392 + 0.0545 X 0.1823 + 0.0223 0.2065 + 0.0098 0.1519 + 0.0154
e/ke Female 0.1998 + 0.0398 0.1660 + 0.0254 0.4934 + 0.7659 0.1877 + 0.0214 0.0933 + 0.0076

Data are presented as mean * standard deviation; Data were compared by the Student's t-test. Statistical significance was
considered to be p < 0.05.

= indicating a significant difference between the male groups(p<0.05)

T indicating a significant difference between the female groups(p<0.05).
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Figure 2-27. Sperm count after 12 wks administration of Honeyberry
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<Table 2-36> Relative organ weights of male and female ICR mouse in 12 weeks repeated oral
dose toxicity studies of the BH.

Organ Weight (%)

Adrenal Adrenal Testis/Ovary Testis/Ovary

Group Sex Liver (left) (Right) (Left) (Right) Spleen
12 Weeks 12 Weeks 12 Weeks 12 Weeks 12 Weeks 12 Weeks
Control Male 5.0043+0.2382 0.0073+0.005 0.008+0.0025 0.3081+0.0089 0.3222+0.0097 0.2625+0.0497
Female 4.3406+0.1715 0.0175+0.0062 0.0138+0.0075 0.0465+0.0136 0.0406+0.0278 0.3918+0.0639
500me/ke BH Male 4.9822+0.2155 0.0058+0.0022 0.007+0.0033 0.3091+0.0411 0.3214+0.0332 0.3023+0.0732
e/ke Female 4.4844+0.2644 0.0163+0.0136 0.0169+0.0193 0.0464+0.0083 0.0251+0.017 0.5127+0.2402
1000me/ke BH Male 4.9932+0.3716 0.003+0.0036 0.0051+0.003 0.3007+0.0389 0.3141+0.0385 0.2841+0.0601
g/ Female 4.4711+0.3691 0.0698+0.0647 0.0384+0.0305 0.0389+0.0434 0.0428+0.0394 0.4594+0.0877
2000me/ke BI Male 4.7835+0.269 0.0083+0.0032 0.0076+0.0022 0.2551+0.041* 0.2529+0.0156%* 0.2969+0.0586
g/ke Female 4.5446+0.8266 0.0204+0.014 0.0175+0.0204 0.0349+0.0188 0.045+0.0249 0.4437+0.1232
Organ Weight (%)
Group Sex Kidney Uterus Heart Lung Salivary gland
12 Weeks 12 Weeks 12 Weeks 12 Weeks 12 Weeks
Control Male 0.7784+0.0631 - 0.4152+0.0233 0.429+0.0761 0.3148+0.0665
n Female 0.643+0.0344 0.4153+0.1476 0.4692+0.0516 0.5635+0.067 0.3277+0.0638
500ma/ke BH Male 0.7597+0.1541 - 0.4415+0.0684 0.4579+0.0743 0.343+0.0517
e/ke Female 0.6199+0.0441 0.5558+0.1851 0.4147+0.0537 0.5774+0.046 0.3116+0.0953
1000mg/kg BH Male 0.7309+0.281 - 0.4192+0.053 0.5298+0.0706 0.3232+0.0303
g/ Female 0.5783+0.1742 0.654+0.3774 0.4832+0.079 0.6067+0.0759 0.4303+0.1849
2000me/ke BH Male 0.7933+0.0879 - 0.4275+0.0403 0.4863+0.037 0.358+0.0466
e/ke Female 0.5915+0.1346 0.4901+0.092 1.5286+2.4519 0.5502+0.0413 0.2736+0.0114

Data are

presented as mean * standard deviation; Data were compared by the Student's t-test. Statistical significance was

considered to be p < 0.05.
= indicating a significant difference between the male groups(p<0.05)

T indicating a significant difference between the female groups(p<0.05).
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<Table 2-37> Hematological values of male and female ICR mouse in 12 weeks repeated oral
dose toxicity studies of the BH.

Hematological values after 12wks

G S
roup X HGB HCT WBC Neut Lymph PLT
(g/dL) (%) (K/uL) (%) (%) (K/uL)
Male 12.35+0.99 44.28+1.99 347+1.44 10.43+2.78 80.20+6.46 1284.25+269.72
Control
Female 13.20+1.41 46.06+5.34 4.43+0.79 11.84+363 79.54+455 1291.80+124.78
Male 12.33+0.6 4487+2.34 3.79+151 10.60+8.31 76.03+6.54 1509.33+70.61
500mg/kg BH
Female 135040.25 4323+2.97 420091 12.43+1.76 7761+1.56 1655.75+130.58
Male 13.35£0.52 45.73+1.56 3331216 12.20£2.60 75.63£2.99 1520.25+102.92
1000mg/kg BH
Female 13.92+1.18 46.18+4.35 4772.43 11.00+1.98 80.04+5.55 1313.00+245,37
Male 12.53£0.97 43.0042.23 3.79+1.40 13.65+3.92 77.70+7.14 1342.75+320.24
2000mg/kg BH
Female 13.20+0.49 44.30+0.57 419003 11.35+1.45 7455+4.28 1237.50+128.34

Data are presented as mean + standard deviation; Data were compared by the Student's t-test. Statistical significance was
considered to be p < 0.05.
HGB: hemoglobin, HCT: hematocrit, WBC: white blood corpuscles, Neut: neutrophil, Lymph: lymphocyte, PLT: platelet.
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o

<Table 2-38> Biochemistry values of male and female ICR mouse in 12 weeks repeated oral
dose toxicity studies of the BH.

Serum Biochemistry values after 12wks

Group Sex
BUN ALB Globulin AG CREA T_BIL GLU TG CHOL
§ Male 49.64+8.97 3.30+0.38 1.70+0.21 1.25+0.23 0.10+0.01 053+0.28  252.40+26.74  187.80+30.14  142.20+22.73
Contrel Female  50.28+12.03  3.20+0.14 1.72+0.21 2.14+0.35 0.04£0.05  0.34+0.08  225.20+26.72  15320#2552  94.00+25.81
500 Male 47.74%2.00 3.36+0.24 1.69+1.21 1.32+4.26 0.12+0.05 0.44+0.07 265.40+25.3 17920£7.73  167.00+7.71
mﬁﬁ(g Female 50.64+4.99 3.28+0.11 1.72+0.25 2.06%0.29 0.04£0.07  0.28+0.14  236.80+26.71  141.60+59.74  94.40+28.51
1000 Male 49.08+6.94 3.32+0.23 1.60+0.07 1.28+0.17 0.13£0.03  0.49+0.26  274.40+32.66  211.20+728  143.60+23.64
mégg Female 50.12+7.44 3.20+0.28 1.68+0.29 2.04+0.28 0.04£0.08  0.29+0.13  241.60+46.57 12880+1553  90.00+16.91
2000 Male 50.68+8.49 3.24+0.26 1.76+0.22 1.38+0.36 0.11£0.02  0.50+0.13  271.20432.56  19800+2746  138.00+15.56
m%ﬁl(g Female 49.24+6.95 2.96+0.26 1.70+0.20 2.25+0.18 0.03+0.05  0.30+0.15 205.60+36.4 124003341  106.40+63.08
Group Sex Serum Biochemistry values after 12wks
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AST ALT ALP CPK CA PHOS TP Na K

Male 34.02+6.51 3785415  27.80£10.62  29.00+6.89 29.04+7.87 7.21+2.15 5.14£0.31 146.80+2.39 7.24+0.60

Contrel Female 35.84+5.85 25.84+3.01 30.80+4.04  29.60+11.44  33.68+11.54 10.73+2.59 4.72+0.27 153.20+9.65 7.08+0.98
500 Male 37.08+3.56 36.84+3.94  34.00£14.69  30.00+5.36 27.66+1.27 8.17+1.23 5.05+1.06 151.00+7.28 7.84+2.31
m%{LI{g Female 31.10+2.69 28.60+4.03 36.40+8.57 23.20+7.69 38.64+46.23 11.97£1.95 5.2+0.33 147.00+2.65 7.04+0.63
1000 Male 34.08+13.56 41.80+7.10 30.08+4.82 31.2+4.15 23.80+10.54 9.83+1.35 5.02+0.24 151.00+5.70 6.70+0.20
ml%{{kg Female 29.84+6.56 22.44+5.44 33.20+6.57 26.40+2.61 36.84+39.62 13.07+£2.57 4.88+0.47 148.20+6.65 7.22+0.91
2000 Male 28.2+6.2 32.48+7.00 33.25+8.67 27.61+4.10 26.52+6.46 8.80+1.06 5.00+0.16 151.20+6.8 6.94+0.60
mI%{-Ikg Female 23.76+4.04% 27.92+13.55 32.80+7.54 27.60+3.29 23.08+8.15 11.3841.33 5.16+0.33 146.94+9.35 7.08+1.91

Data are presented as mean * standard deviation; Data were compared by the Student’s t-test. Statistical significance was
considered to be p < 0.05.

t indicating a significant difference between the female groups(p<0.05).

BUN: blood urea nitrogen, ALB: albumin, AG: Albumin/Globulin, CREA: creatinine, T_BIL: Total bilirubin, GLU: glucose, TG:
triglyceride, CHOL: cholesterol, AST: glutamic oxaloacetic transaminase, ALT: glutamic pyruvic transaminase, ALP: alkaline
phosphatase, CPK: creatine phosphokinase, CA: calcium, PHOS: Phosphorus, TP: total protein, Na: sodium, K: potassium.

3-7. 23Ag

O 3tyMg FEF= 1273 A5l e Edde] RS H7tshr] 93 242
2~ Al (micronucleus  test) S AAISA S, AAE Ay 4 o A&
marrow polychromatic erythrocytes, PCE)(Cells/102 PCEs)2e] 48 o] Z
Holx| gtom 53] 7 styHg %% 500, 1000mg/k 3} < <
oM 43 FAAS A3 AT 5 A3 5(Table 2-39)

Q
I
2 |
[

<Table 2-39> Micronucleus test of male and female ICR mouse in 12 weeks repeated oral dose
toxicity studies of the BH.

Micronucleus Frequency (meant SE)

Group Sex Total
Male Female (Male+Female)
Control 0.50+0.71 0.00+0.00 0.50+0.71
500mg/kg BH 0.00+0.00 0.00+0.00 0.00£0.00
1000mg/kg BH 0.00+0.00 0.00£0.00 0.00£0.00
2000mg/kg BH 0.25+0.35 0.00+0.00 0.25+£0.35

Data are presented as mean * standard deviation; Data were compared by the Student's t-test. Statistical significance was
considered to be p < 0.05.

2 E

stydlg]l F&&59 500mg/kg, 1,000mg/kg, 2,000mg/kg Al &Fs At ©3]-HbE
Fof AT, Z715A, dAdAL d Ak, a9 A A3 style] FEee
=4do] gle 3 =ddS st
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E 9 EF 6579 43 ICR v, & 670, & 2 89

A vl Z (Normal diet)
HFD Wiz (45%Kcal High Fat Diet)
HFD + Metformin 250mg/kg ¥ (& z)
BHc 400mg/kg <
BHc 200mg/kg F

HFD + BHc 100mg/kg %
% Metforming A7F Ao &34 o2 W% (Hepat Mon.2012;12(8):e6099). A H7ke- ot
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1-2. o] 712 328 125 AR, 19 13](Fo] 8 10mg/ke)

1-3. A W - BE 259 B4 242 SPSS software(SPSS 23, SPSS Inc., USA)E ©]-8-35}]
uoamean)ur FFEAHESDE UeiS. A4z, HFD &, Metformin 250mg/kg,
BHc 400mg/kg, BHc 200mg/kg, BHc 100mg/kge] At 7F Zol75S ANOVAE o]8-351o
A om ALS 7150 % Duncan’s multiple range testoll Wl p<0.05 a0l A ARSI S

HFD (high fat diet) : total 13 weeks, free to access

Sevend HFD adapti

accﬁ‘lﬁ:tizz;)t]ison for ;l v:fei(on BHc 400, 200 or 100 mg/kg oral administration
Metformin 250 mg/kg (oral gavage)

Female 6-week HFD adapted 12 weeks

ICR mice mice selection

Start of HFD

supply Analysis —Histopathology Sacrifice
HFD BHc Hepatoprotective, hypolipidemic effects,

Metformin  hepatic antioxidant defense systems and
glucose-regulating enzyme activities

Figure 2-28. Experimental design

2. A% Ay
2-1. AFHst L o] HH
O HFD(ZA]olT) AMR o 157 & 4% A5 SV Uehie AgsE7s Adss]
aARA] ol M E AAET vls] fovlek AT TP aAMALE FF 7Y SE-E
[e]

e, 1593k HED 4-8713be AA 125730 A2 Folsidla. Al Aozl
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Hl3l| ax|wp2lolof o8] frolalA S7Fsta(Table 2-40)

O 3# metformin 250mg/kg, BHc 400 2 200mg/kg Folwtoll A= ZHzt F oA % 28Y
S, BHc 100 mg/kg FoltolAs FoAA2r 429 F5E axlAolto] H 3|
o3 AT #HA7F AASEA 2™ metformin 250mg/kgS ¥E3$HE RE A3 EF
Folwol A= mAA ool wlsl 1257+ AdEd Fof7|gtel o8] Folg AT
7t A E HEr Sl (Table 2-40)

O Hi AEAFHGFS Addxad v HFDolA feoldoz Ao, HFD
BHe Fofatzbe] o2l Afol= 313l (Table 2-40).

<Table 2-40> Changes on body weight gains and food consumption in mice fed ND or HFD

Times Body weights (g) at days after initial test substance treatment Body weight gains during MCE;H IZaily
00
8 days before 1 day before 0 day=* 84 days* Adapt period Administration Consumption
Groups [A] [B] [cl [D] [B-A] period [D-C] (g)
Controls
ND 27.86+0.52™ 28.34+0.57 25.36+0.67" 30.13+1.59° 0.48+0.15 4.76+1.30° 463+0.32
HEFD 27.88+0.84 31.03+0.90° 28.25+0.73" 51.75+1.85" 3.15£0.26" 23.50+1.68" 3.87+0.21*
Reference
Metformin 27.91+0.45 31.09+0.58" 28.21£0.45" 40.66+1.30¢ 3.18+0.21* 12.45+1.00¢ 3.90+0.25"
Test material - BHc
400 mg/kg 27.89+0.60 31.03+0.63" 28.15+0.69" 40.81+0.92¢ 3.14+0.05" 12.66+1.03¢ 3.90+0.22%
200 mg/kg 27.85+0.74 31.03+0.75" 28.36+0.62° 4451+1.79° 3.18+0.20% 16.15+1.81° 3.86+0.25"
100 mg/kg 27.89+0.82 31.01+0.77* 28.20+1.107 46.54+3.39° 3.13+0.15" 18.34+2.71° 3.89+0.23%

Values are expressed as Mean = SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)

Metformin were administrated at a dose level of 250mg/kg

2-0. 24 A (Arja/ goH)
2 AvE FAZ i g
o wskon] HFDE Ws| Ble o
AL 23] foHQ AeE Mol @e. va T AwPe ¥
A3} NDito] wls] HFDo ¥ha 79 Awe] do] folzom %a}z,
A JEAow el Fastele. Bue AW@e HFDT

iy
41

1ol =(ND)oll Hl&| HFD9] 1+ FA
-

= N A )

T RA KAHOR Fadtd

ojH o g AZo] 743U o™ BHe 100mg/kg ZOOmg/kg 7

o w1
Aol EAE NDwel #s HFDwel FA7F foqoz
A

[e)
2 Ay NDe| Hl&] HFDw S 8oz xHrgfo] =otow BHe £
WA 9 AWo] SAHCRE {94 5
vls] HFDwe] AW
100mg/kg Fo] Ht} F2
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<Table 2-41> Changes on Absolute Organ Weights in mice fed ND or HFD

Organs Absolute organ weights (g)
Groups Liver Pancreas Periovarian fat pads Abdominal wall fat pads
Controls
ND 1.073+0.096¢ 0.205+0.014™ 0.089+0.027° 0.076+0.031¢
HFD 1.774%0.085° 0.202+0.014 0.775+0.110° 0.564+0.105
Reference
Metformin 1.415+0.090° 0.204+0.012 0.220+0.069¢ 0.194+0.052¢
Test material - BHc
400mg/kg 1.413+0.028¢ 0.204+0.015 0.236+0.054¢ 0.217+0.092°
200mg/kg 1.509+0.092¢ 0.206+0.009 0.350+0.097¢ 0.307+0.053"
100mg/kg 1.596+0.061" 0.206£0.010 0.498+0.130° 0.377+0.073"
Values are expressed as Mean + SD of eight mice
Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
ND = Normal diet; HFD = 45%Kcal high fat diet
BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)
BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)
Metformin were administrated at a dose level of 250mg/kg
<Table 2-42> Changes on Relative Organ Weights in mice fed ND or HFD
Organs Relative organ weights (% of body weights)
Groups Liver Pancreas Periovarian fat pads Abdominal wall fat pads
Controls
ND 3.563+0.300™ 0.6800.057° 0.297+0.094° 0.252+0.104¢
HFD 3.429+0.140 0.390+0.035¢ 1.500+0.226% 1.091+0.208"
Reference
Metformin 3.483+0.246 0.502+0.040° 0.541+0.172¢ 0.479+0.134¢
Test material - BHc
400mg/kg 3.464+0.098 0.500+0.038" 0.577+0.129° 0.533+0.235
200mg kg 3.398+0.288 0.463+0.032" 0.784+0.211¢ 0.690+0.121"
100mg/kg 3.446+0.291 0.443+0.034° 1.077+0.314° 0.813+0.162°

Values are expressed as Mean = SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.

ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)
Metformin were administrated at a dose level of 250mg/kg

2-3. x]uok%}: g:xé 2] =k

O HdA A

W W% (body fat density)E H]xdF 23} ND<*ol ¥]&] HFD<*

=
)
o
1o
1

| A
A A WeFo] Eokow HFDW ¥ H|3] BHe Folt At Bl Axkako] 74314
At 2l metformin 250mg/kg* ¥ BHc 400mg/kg, 200mg/kg 7+2] A|Whak F-7
oAl 2olE Holx| e, BH AW Ek(abdominal fat density)E 74 gt

ND+o ®]&] HEDw oA fodoz &HX xuaFo] wkon HFDW¥ H| s

BHc %ol Al Z5olA] B2 x| ubeko] 7443848 (Figure 2-29)

O BHc 400mg/kg ool A=Fo] 100mg/kg 719 ]c} FHT} §9A o7 A eSS
AALI} FaFee]l AW FHS Gross Image®t Dual-energy X-ray
(DEXA)= #<g A3 NDarell H]af HFDwroll A =] whF 7}7} HEERA
200mg/kgell ¥l BHe 100mg/kg Foltoll A Aol S717F #3H3lS
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Figure 2-29. Total body and Abdominal Fat Densities in mice fed ND or HFD

Gross Image I live DEXA Image+

Figure 2-30. Representative Gross Body Mass and Abdominal Fat
Pads with Whole Body DEXA Images in mice fed ND or HFD

O nARA ol Fdd=x
100, 200, 400mg/kgs >
ASTE o] wolatA a4

O Aol Azl Hsl Fol4d = €% ALT &% 715 Helislon,
BHe 7o At E5FolA axgAolatel vis) 24 A= ALT & #Has B+
(Table 2-43)

sl 5 ASTEFe] #Fodoz F7hsilem, BHe

I
3 RE A= FoddM = nA LAl Hla dF

O AgA oo A, Azl vl w4 = 9T ALPEFO T7HE e
ded Folxolds aAgA T

%3, BHe 100, 200, 400mg/kgS 23 & A
Hls] &35 ALP $aFo] #98tA #HAasEd o, Stz metformin 250mg/kg <}
BHc 100mg/kg, 200mg/kgwoll Al o] A<l xto]l& Bl ¢FSk5(Table 2-43)



O Aozl vl&] Aol dF LDH o] fFeodo= %7}5}“9—“%
metformin 250mg/kgs 233st RE AP Fofatol A AW ol Hl3] &
6.0

LDH el st Hastals
250mg/kg ¥ WSR3 RO R Fo ARl Aol E HolA EetE(Table 2
O AgA oL e 45

g3 BHce 200, 400mg/kg Folw¥t H|selsls. BHceol &0l
400mg/kg 744 O &2 o] (Table 2-43)

<Table 2-43> Effects of honeyberry on serum AST, ALT, ALP, LDH, GGT and Creatine Levels

in mice fed ND or HFD

2. BHc 200, 400mg/kg FoltolA+=

gz vs dF GGT d5e FostAl S7HAA
400mg/kgS E&3 RE AYPEd Foj o AE dF GGT shgo] x| wh2lol
oA BAAA S FAAET ] metformin 250mg/kge] 5 GGT & 571 9A
100mg/kg H.t}

metformin

Ttems AST ALT ALP LDH GGT Creatinine
Groups (IU/L) (IU/L) (TU/L) (IU/L) (TU/L) (mg/dl)
Controls

ND 65.38+12.93¢ 32.25+10.71¢ 72.50+17.06¢ 600.63+258.42¢ 1.88+0.83¢ 0.46+0.18¢
HFD 198.63+18.10* 126.63+£18.32° 228.00+33.72% 3239.63+912.2° 9.88+2.03" 2.05+0.24%
Reference

Metformin 116.13+26.18 70.25+21.63° 162.63+25.91" 1513.50+462.28° 4.25+1.67° 0.86+0.18°
Test material - BHc

400mg/kg 111.63+17.18¢ 69.63+14.17° 155.25+21.37° 1375.50+363.23° 4.13+1.36° 0.80+0.26°
200mg/kg 132.75+17.73¢ 81.63+13.67¢ 173.25+17.19> 1660.50+283.42¢ 5.63+1.51% 1.03+0.27¢
100mg/kg 162.88+13.60" 102.13+14.23° 186.25+18.98" 2169.25+342.83" 6.88+1.73" 1.54+0.24"

Values are expressed as Mean = SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)

Metformin were administrated at a dose level of 250mg/kg

O aAgA ool A5, nAAolE Faf F =AW AWFAoR g Ad A4S
AL, Az vl FoA = I A Wskee] S7F H3lew, BHe 100,
200 400mg/kgs *33 = A= Folwols mAA ol H& o4 =

o
a T = T
F A skso] A E UERS. BHe 200, 400mg/kg ol A o 23" metformin

=
250mg/kge M58k o] A NS4 Aol doluta(Table 2- 44)
H

[e}
zkol gl FEloR 7HﬂJ 2ol A P%ﬂ\%(Table 2-44)
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<Table 2-44> Changes on histopathology—-histomorphometry of the liver in mice fed ND or

Groups ftems Liver steatosis (%/mm’ofhepatictissues) Mean hepatocyte diameters (um/cell)
Controls
ND 7.20+2.87¢ 13.36+1.04¢
HFD 78.84+10.03° 34.30+2.65"
Reference
Metformin 45.65+10.12¢ 22.64+3.75°
Test material - BHc
400mg/kg 42.87+10.51¢ 22.71+4.25°
200mg/kg 53.03+10.05™ 24.04+4.66"
100mg/kg 60.33+12.81" 27.31+2.34"

Values are expressed as Mean + SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)

Metformin were administrated at a dose level of 250mg/kg
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7}

MDA @%@4 7= L}sziowl BHc 100mg/kg% 2EE nE @3%@ Fololl A= HFD
izl el frelA e A AH IpikEte] AE B9l Bik Folvels &5 oF
2ol 7F 22 MDA 3R] 77 vERLCH, Bt A0mg/ke Fohrolr = metformin 250me/ke =

H|wEhsk HED 52 71 12 3218} 271 o4 g3912 VeSS Table 2-45)

<Table 2-45> Effects of Blue honeysuckle on the liver lipid peroxidation and antioxidant defense

systems in mice fed ND or HFD

Items Lipid peroxidation Antioxidant defense system

Malondialdehyde Glutathione Catalase SOD
Groups (nM/mg tissue) (uUM/mg tissue) (U/mg tissue) (U/mg tissue)
Controls
ND 9.66+3.22¢ 56.47+14.77% 58.77+13.89% 8.38+1.84*
HFD 54.74+11.12% 10.04+3.60° 11.26+2.74¢ 0.75+0.29¢
Reference
Metformin 23.7916.63° 30.49+14.70 38.77+10.01° 4.24+1.47°
Test material - BHc
400mg/kg 22.68+3.77¢ 32.25+10.14" 40.67+15.90 4.3741.25"
200mg/kg 30.58+10.14™ 25.44+11.94° 31.71+11.73™ 3.08+0.77"
100mg/kg 38.42+10.33" 20.34+8.49% 24.95+11.54° 2.32+1.02¢

Values are expressed as Mean = SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)

Metformin were administrated at a dose level of 250mg/kg

O HFD tiz9 4%, A4 gz vl& #94 Jde 2 220 dAdA daksiA| <l
GSH 3teFo] 7+AH0e ™, metformin 250mg/kgS £33 RE AdE2 Fo] oA
= HFD Wzl vla) dA43 7+ 2280 GSH %9 =712 el Al &3

GSH

BHc FoJToA= F9420 olE Holx ko BHe 400mg/kg Fo 9
o 9A 237F 7MY =2 52 YER S (Table 2-45)
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O HFD Whz+9 4%, A4 dzaol vlal f2o4 de= 1 240 Y
CAT &Aool #ZAa¥doen, BHe 100mg/kgs F383 e 24

HFD thxo) Hlal o8 ox CAT @A4o] F71% 0 aL, 100mg/kg BHe
200, 400mg/kg< metformin 250mg/kg®}t B]$=3F =25 B o} 100mg/kget 200mg/kgoll A

Go]H o] 2lo]E Ho|X 9FS(Table 2-45)

O HFD Wzxxe 45, 44 dixdd vl #od 3= SOD &9 #H4as Heloy
= X

BHc 400mg/kg= >§Hsk &
(p<0.05) SOD &4 9 =
250mg/kg¥} vl g wkst HFD
UER & (Table 2-45)

400mg/kgs L33 RE AFEZA FojitoA= HFD thxatel] 13|
a7y 247 Q1A E QA BHe Foldtol s &3 o7 &
400mg/kg = Holx]&= ES(Table 2-46)

BHc 100mg/kg= 233 2 A
4% TC 3ol @27t veba, 53 BHe

U

g% TC &% =7 941 &3= detlils(Table 2-46)

<Table 2-46> Effects of Blue honeysuckle on blood glucose levels and serum lipid contents in

mice fed ND or HFD

o
o,

Al 3

jaii
o
ruﬁ

o
el s

3T

=R
R

a

gatet 7

QisiRe ]

Z=7F7F YERsES. BHe 200, 400mg/kg 5o 7ol 4+ metformin
)
&

el Fars &, SOD B4 #a oA aRE

, AddzTel vlE o8 de ¥He S Hale
o] o7 Fgo
2 "ot 2003

o4d A= EF TC &= S7H7F vk,
NA = Aol BE] fFoHow
of ol Al o] &ol
TC & A @45 ®doy 100mg/kg? 200mg/kgell Al f2] 4
%3ks. BHc 400mg/kg Fol oA += metformin 250mg/kg¥® W]l &

Apo] &
5l

Y

Items Glucose Total cholesterol Triglyceride Low density High density
Groups (mg/dl) (mg/dl) (mg/dl) lipoprotein (mg/dl) lipoprotein (mg/dl)
Controls

ND 92.75+20.48° 103.88+19.58¢ 61.25+12.73¢ 15.63+3.38¢ 96.13£19.90*
HFD 327.25+59.44% 282.50+29.32% 212.50+29.77% 66.25+11.54% 21.50+10.99¢
Reference

Metformin 167.75+18.87¢ 167.00£15.98° 117.75+22.58° 30.75+10.11°¢ 63.88+19.21"
Test material - BHc

400mg/kg 175.25+17.84 168.25+34.08° 119.38+26.50¢ 31.13+£10.58° 60.50+15.73"
200mg/kg 204.13+29.31¢ 195.00+24.88" 138.00+25.53¢ 39.38+10.25° 52.00+10.39™
100mg/kg 250.25+24.42" 210.38+23.77" 167.63+21.25" 49.50+10.20 40.38+10.47°

Values are expressed as Mean = SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.

ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)
Metformin were administrated at a dose level of 250mg/kg
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O aAgAolate] A, Btz val 94 A= 5 TG TFFo S7H7F Uewa,
metformin 250mg/k % A EA Fodod A A WA olatef v F9A
e dF TG &Y 131, 200, 400mg/kg®] BHce Fo o A4+ metformin
250mg/kg@}t vl gkt HFD 4 g% TG g+ 571 oA 2395 YeRNS2(Table 2-46)

O AA ol A5, BAddzwrel vl 94 U= E% LDL3=S S7HF yehs o
BHc 100mg/kgs 233 B APdEd FoAwoAs Aol dto] Hs) Fo04 U+
3 LDLe] 747 vebston, BHe 200, 400mg/kg 7194 metformin 250mg/kg 2
Hl 5238k 9] LDL s AA &35 YERH S (Table 2-46)

01}1
_}L

O mA|HA ol e] A, AAoxwd vl&l 794 e EF HDL 9] #4AE Bon,
BHc 100mg/kgs X33 e APEZH FoTdA= axi2oldte Hl& {4 A+
d% HDL 5ol F7FE R ew, BHe 200, 400mg/kg Fo9wol A+ metformin

250mg/kg@ Wlastred HFD 3% &% HDL 3% 4 oA 3= vehdidoen,
100mg/kg ¢} 200mg/kg Fol 7ol A el el xtol= VA eE9k-S(Table 2-46)

O HFD wiz=wre] A, A4 iz vis) o4 v 3 Zalaxdd 3 GKE4 9
a7F vEbs o v BHe 200mg/kgs £33 A=A FowtolA= HFD tizatel] 13|
T4 AdE= 7 GKEA Y Z71E H.3, BHe 400mg/kg Folol A= metformin
250mg/kg @} Bl kst HFD 2 7+ =AY R EL, GKEA T4 I9A4 252
W EF L& (Table 2-47)

O HFD tizxae] 45, A dzdel vls +o4d = 2

Z7b7h vebont, BHe 100mg/kes £33 wE AHEA FolPel M HFD tlziol

Hl &) 24 = 7F Gbpase 49 A4S B, 53] Al £ BHe FolTolAE

ofFEH o 2+ AU Gbpase EA 9 74 YENLeH, BHe 400mg/kg o] ol A
7b4 S7hEol Zed, metformin 250mg/kgt el Al o] Abol S HolA W%
(Table 2-47)

O HFD tixw¢ 4%, B izt vla) 94 A= & &4 549 {F PEPCK €44 9
<77 e oW, metformin 250mg/kgs E9e RE HAPEHE FoldoA = HFD
gzt vlE 94 A= P PEPCK &4 #4AE R A3, 200mg/kg? 400mg/kgl
FTEoA FoF2 FolE Holx ftorm BHe 400mg/kg Fol+ ¥ metformin
250mg/kgT2 H| 528k A §3E YER S (Table 2-47)

p 84

stAl @42 7F G6pase &4 9]

oft, ol

5

) S
fo

_85_



<Table 2-47> Effects of Blue honeysuckle on the hepatic glucose-regulating enzyme activities in
mice fed ND or HFD

Items Glucokinase Glucose-6-phosphatase PEPCK
Groups (nM/min/mg  protein) (nM/min/mg  protein) (nM/min/mg  protein)
Controls

ND 391+1.17" 118.63+19.56° 1.51+0.47¢
HFD 1.20+0.32¢ 272.48+33.18" 5.94+0.87*
Reference

Metformin 2.31+0.41° 151.73+29.80¢ 2.34+0.45¢
Test material - BHc

400mg/kg 2.29+0.47" 156.97+18.57 2.47+0.43
200mg/kg 1.81£0.23" 180.71+28.36" 3.21+1.17°
100mg/kg 1.65+0.22° 204.90+26.70° 4.13+1.00°

Values are expressed as Mean = SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)

Metformin were administrated at a dose level of 250mg/kg

2-9. A& #A A mRNA 24

O HFD 9] n]3] BHc FolTolA 7F 22 ACC1 mRNA ko] fojxog 7HAs
BHc 400mg/kg, 200mg/kg ¥ metformin 250mg/kg¥ 222l X
% ot2-(Table 2-48)

O HFD thxre] -9, A% izl vls) feld o= 7+ =2 AMPKal mRNA 2&lo]
Z+4%9 a1, BHe 100, 200 400mg/kgS ¥33F e A3Ed Folitoas HFD thxtol

Hl3] feojdoe= 3+ AMPKal mRNA Wdo] 371E9le. BHe 200mg/kg ol
400mg/kg Folt relli= frel ARl ApolE Holx] ko) 200mg/kg¥t 100mg/kg o
T o]l xpo] S HolA] 2kkS(Table 2-48)

O 7t =244 AMPKa2 mRNA @& 374 A3+ BHe 100mg/kgs 93 &
Folito| A= HFD thxite] Hls] Fodoz (p<0.05) 7+ AMPKa2 mRNA
S7 9. Al % % BHe 400mg/kg Foli2 BHc 100 mg/kg Fol3

© 2 AMPKa2 mRNA #& o] 71359 5(Table 2-48)

ol A, A izl e oA e AW ZAY leptin mRNA 2
72 B9 oY BHe 100mg/kgs F33 E HAIEA Folo| A= HFD thzxaol
Hlsll 2" 2% leptin mRNA 2do] fodow 7HA4FEUA, BHe FoATANANE &
o]EH 02 Jeptin mRNA W& o] ZHAF S (Table 2-48)

O HFD tix9 A%, A4 dzddd b8 94 o2 AW 22 UCP2 mRNA
Uhgdo] 7HAE Sl oy BHe 100mg/kg, 200mg/kg¥ 400mg/kg Fow-oll 4] HFD o &0l
Hla) fod ol AW 22 UCP2 mRNA ©Héo] Z71¥ 3, BHe 400mg/kg 9l
UCP2 mRNA 3l 57F= 100mg/kg Folwr 3t 1o %Ql 2ol & B 3l5(Table 2-48)
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<Table 2-48> Changes on Lipid Metabolism-related Gene mRBNA Expressions in mice fed

or HFD, Realtime RT-PCR Analysis

Groups Controls Reference Test  material - BHc

Items ND HFD Metformin 400mg/kg 200mg/kg 100mg/kg
Hepatic tissue
ACC1 1.01+0.13¢ 4.38+1.22° 1.73+0.33¢ 1.76+0.47¢ 2.29+0.51° 2.98+0.23"
AMPKal 1.00+0.09° 0.48+0.10¢ 0.83+0.12° 0.84+0.08" 0.73+0.13" 0.66+0.13°
AMPKa2 1.01+0.12° 0.54+0.09° 0.87+0.12° 0.83+0.11" 0.73+0.11% 0.66+0.04¢
Adipose tissue
Leptin 0.96+0.08° 5.94+1.08" 1.89+0.76¢ 1.95+0.50¢ 2.79+0.72° 3.64+0.89°
UCP2 0.99+0.06" 0.24+0.07¢ 0.61+0.12° 0.58+0.18" 0.47+0.12° 0.39+0.08¢
Adiponectin 1.00+0.12° 0.15+0.08¢ 0.67+0.20° 0.63+0.13" 0.47+0.10° 0.36£0.10°
C/EBPa 1.00+0.08¢ 1.89+0.23° 1.27+0.14° 1.28+0.12¢ 1.35+0.11" 1.46+0.15
C/EBPB 0.98+0.06° 3.23+0.72* 1.62+0.33¢ 1.52+0.33¢ 1.89+0.26™ 2.28+0.37"
SREBP-1c 1.03+0.16¢ 2.29+0.42" 1.44+0.13° 1.37+0.21¢ 1.53+0.26™ 1.77+0.24°

Values are expressed as Mean = SD of eight mice

Means with the different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.
ND = Normal diet; HFD = 45%Kcal high fat diet

BH = Blue honeysuckle (Berries of Lonicera caerulea L., Caprifoliaceae)

BHc = Imported BH concentrated juice lyophilized powders (contains 13% dextrin)
Metformin were administrated at a dose level of 250mg/kg

RT-PCR = reverse transcription polymerase chain reaction

UCP = Mitochondrial uncoupling protein

C/EBP = CCAAT-enhancer-binding protein

SREBP = Sterol regulatory element-binding protein

ACC1 = Acetyl-CoA carboxylase 1

AMPK = 5" adenosine monophosphate—activated protein kinase

GAPDH = Glyceraldehydes 3-phosphate dehydrogenase

O HFD Wz
o] A oY BHe 100mg/kgsS ¥3$Hsk &

’

/15_11 3] & 2

400mg/kg Fol -l vldl 200, 100mg/kg Fow-oll Al adiponectin mRNA & o]
o 2 vt YESES(Table 2-48)

ND

o] A4, A dxzTel vls] F94 A= AW =AU adiponectin mRNA
o = 4 Fo]o A= HFD W%
o BE F9A dE AW FFA  adiponectin mRNA 2d =72 ®H9li, BHc

94

O HFD ¢ 7%, A dzxael #l8 fFodoe=z A% =44 C/EBPa, C/EBPS,
SREBPlc mRNA &o] F7b5 9, BHe 100mg/kgs ¥33 mE AFHEZ Folio
A HFD thzaol Hvld] +94 2+=(p<0.05) AW 22 C/EBPa C/EBPB, SREBPIc
mRNA & o] 74593 BHe 400mg/kg FoI+*2 BHc 100mg/kg 3+¢] C/EBPa

C/EBPB, SREBPlc mRNA &< #oli= BAH o2 F2o3A LElsES(Table 2-48)
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HSZ24 AY7F in vivo SEZHOA S WE] F2E9 % HI/IE 98 uXA o9k
styHlg] =& 100, 200, 400mg/kg= AT FAsIA=, 438 A, spydle] 55 FAT
ToA AT AW FHo] gihEHAF S FRlstA . UMY FEE FoATAA Fe

2 7% AES] AST, ALT, ALP, LDH, GGT & A=A, 34kt 849 MDA §Ho]
A= oH, glutathione, catalase, SOD &4°] F7H= 5. T3 F2
LDL 57} shuule] &+ Fofd o8 dasdon, HDL 5 S7HE%M+
g2, FAdEL (GK, G6Pase, PECK)7} 743} s Lol hx2
WxzA A FHE Tadte A Hdol FUHEHAS. ol A stuulE
FZ=°] AMPK 84S S7HAA At AskE fEste AT S =9 AdSs
AA SRS Aoz AZAHIA. =3 AMPK signaling pathway #HH A4 FHA<1
C/EBPa, C/EBPB, SREBPlc ¥&o] ZrAasia, I dd UCP2, AMPKal, AMPKa2
7 ddo] F7HE LS. AMPK upregulation &4} &4 (glutathione, catalase, SOD)
gdFS S7MA 71, EET 2 G4 (GK, G6Pase, PECK)E T4AIZl AoE Alsd
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5. 32 = Fa7|#((F)otelrte] ) A7 # 23

=

w
)
(i
b

NE EF

O FHAT7IR(F)oteuto] &) + AF AT, AAAEAIALA, 7I5dd= A, AlAlE A=

’

a1, shuvle] S5 8
= AW, FE PAS A8 olsta0),
6 Ae A&E Tst] AHgsArheiy

A w2l 1%)

A w5 (1%)S A 7ske] Al
el FEE 49%, 9AE- 49%, ok

2
ot
=T
o8
S
[>
=
o
L

ANEAE H=AIE
H2Y/ &2/ HE
HHEHH| = (%) &t2H(mg) BHEHHI = (%) &2 (mg)
otLItel =E=2Y 49% 240.1mg - -
dAER 49% 240.1mg 97% 475.3mg
Ol AtgtA 1% 4.9mg 1% 4.9mg
AHOFIA OIOUIE 1% 4.9mg 1% 4.9mg
M A - - 1% 4.9mg
= 100% 490mg 100% 490mg
NS HE
A4 =%
=g9d 12 23, 13 2¢¥=
s
ZHHS 490mg
HEEH Az
ANED|2¢ 2H
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Protocol No.:
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N

A

Je= A

SEERE

)

S

]

Elchs

=1

ES
o =

A o] 3uf o]

¥
(AST: 5 41-120IU/L, 1; 33-96IU/L, ALT: ; 42-123, <f; 33-99IU/L,

o
2

_(H

o2
ul
-1

A

: 2018.01.05.(
2018.10.29.(7}A]

2} 0]
-1
29w, o]l FE7+H

A
Fa:
F, %
72-213IU/L, ©{; 43-126IU/L)

D12

=)

»~aEY AA Al F AST(GOT) =+ ALT(GPT) £+ GGT(y-GTP)7}
1/1,.

SEREDESE

o A
] &2l
GGT:
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Ny
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AEZ (FYoILIFEN F&E®)

] ~_]
| /|
== (Placebo)

B2 1 222

ubm 3 wWE 4
(Screening) ZI=2=2) E 3 A ==
12! - 3% D-0) (6==52) (12F =59)
Randomization HAEmENE 5=
0% (baseline), 12771 §E4 2 Hd4 Hrhdsol e 54 2 A4e
AAlSkAL 21 Aol skl 4%
AL E JAAA LA g
N SES &7
H=97} A S
.»] S o ]’ T 7 27 54
(PP Set)
Drop-out(20%)3. 3
p-out( AO) 33 33 66
Abe] 4=
1A= -8A 3
WA F | Aneale] w3E AAMEN g 5
A =T A
Safety Set 33 33 66
FA Set 30 30 60
PP Set 27 27 54

L Wk 1941 ool A9l &
2. 2389 A A F AST(GOT) EE= ALT(GPT) ®:& GGT(y-GTP)

g EE oy

o] =
PR -

7V AR 2detal A AAe 3 olske] RS el AHAST:

87+ F; 41-12010/L, ©; 33-96IU/L, ALT: ; 42-123, ©]; 33-99IU/L, GGT:
oy 72-213IU/L, o1; 43-126IU/L) 5 3k o] Ao &Eof sl A
3. QAR AAZE o] 7hsetar, B Al AR A A E A AH
o8 2}
A EE A FEY AR g ez deE A
AVTE Ty el gl 99 2494 g gy 20




9.

10.
11.
12.
13.

14.
15.

16.

17.
18.

19.

Al AF oD 7IE 45 ol P 7wl FEFe WA= oF=(INH,
valproic acid, tetracycline, allopurinol, phenytoin, phenelzine, sertraline,
naproxen, diclofenac) 71E} IF5AE F2E 7hsAdo] e S 583 A}
A A D 7IE 45 ool oldAl, wA&EAl, FEEA
(Cholagogues, Cholelitholytics & Hepatic Protectors), a5, & o]&A4
2] & A (Antidotes, Detoxifying Agents & Drugs Used in Substance
Dependence) S &-83F =}

42 FEA EE FAE 168g/7F, ARE 112g/F ol4el

= b
A&EAR] &5 st A
AA Aslo]l AV &A creatinine 2.0mg/dL 231 ¢
ZAFA] s 1Y A AT - ATANT 5o Al = A
A AAES B2 Yol e AHTFEVA T A9
A Aoz GFEs HEsta e A
o, FAGRR Qe Hd A Foks st A= A9 9
At 2703 e B&Ho] = A
AAAEA S Arfo] F&gFS wA = dva ddH = S AlE 58§

:(:)L_‘,
o
_—
off
o
uls
>

YA W FHEOIII) e e, BUFES WA FAAL AY
AR ek BT YW S ST ATt e A

zaggd 71 HY ol e AAHgA e Feld 2

B Aol MExg dEe sl dt A4 wE AYS 29
_/r‘_

Ho

fol
oX

o

NS O s W N

&< TNF-q, IL-6

T AR AF: FFA, total cholesterol, LDL, triglyceride, adiponectin, HDL
thAHE G AL): glucose, HbAlc, insulin
FAksl AR MDA, SOD, catalase
=

217} 2 &= (Fatigue Severity Scale)
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1. g3 AE CBC 8F(RBC, WBC, Hemoglobin, Hematocrit, Platelet, MCH,
MCV, MCHC), WBC differential

2. dd3tst AL BUN, Creatinine, Uric acid, Bilirubin(total, direct), Na,
K, CL, P, Ca

3. W d A H AL HbsAg/Ab, anti-HCV

4. X7 A} Protein, Urobilinogen, Bilirubin, Gravity, RBC, WBC, pH, Nitrite,

Ketone, Glucose

of
Mo
1%

=
)

o2

g,
|
o

X ALY W AolE HAS] S& AETE
=9 t 74 (independent t-test)S, 12X &S AL
(Mann-Whitney's U test)& G383ttt T, o5 U] Al H
A& A57F AFEEE UE A9 S t 74 (paired t-test)S, 1A
L Y32 B394 A (Wilcoxon's signed rank test)S 573,
o] AA AAL A E-93 A4 (Shapiro-Wilk’s test)S ©]-&-.
TT—4"3 AAS fA% FYFT2 %= 3 F FriwH g s
A= Aol AN & TEH Mee o 1t i}o] 7F A
Hez ads] FHEFEAS Tt A58 85, AAHEAIZ
AARA], AAASHTE tiste] 7] 2/dE (baseline), Zt Wit
B7HAA, 2elal 7128l A HEB o A 7R o] WSkl
SAFAT FAA ) HA E%T{_H% AL HFEY A8

o
T8RS AT Frheez, g 45 5% E3ke] Al

(m e

.

o T K

o G o

ld
N
S TR DR /< R N =

ofit r2

o ox o
o P2
R

e
=

ofN > X Y X ofh o o o mu

>
o

2 g
mﬂé—orl"
_Oi(—&l
N

e

2

24 HrPAa2] 3F 7153 AKAST, ALT, GGT, ALP, LDH, albumin,
globulin, Total protein), &A(TNF-a, IL-6), A tHAIHAKFFA, total
cholesterol, LDL, triglyceride, adiponectin, HDL), 3t AKglucose, HbAlc,
insulin) AEs AKMIDA, SOD, catalase)2] + #2412 WHE-S4 2} 5.9

FAarE2 9 (Repeated measures ANOVA)S- O]JC-L?J Tk HEH d $ WHste

@,E{— Paired t-testE ©]-8-3lo] &4 311, Wst o digk dH" (ke

Zloli= 59 Two sanple t-testE o83} 574 Aoz Folgt xJo|7) YA

—

1) o] 4Rkg

AAAEAHE 2F AF F BASE o] dH-S(Treatment-emergent  adverse
events, TEAEs) 7} %t o] dukg-o] HAgE QUAA &A1 didate] vl&S
AlLbstar 7hol Al w3 A (Chi-square test) T IAMe] Hed7(Fisher's exact

pal
test)< ©]-8-5Fe] HlaL 74
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A

=

RN EERIEE EEE

D0 AFH 03 4 1299

osba W Polalshy A9}

S

2
rE
e

ol
Ul
(N

al
=
43 (Continuous type)A-=.2]
Two sample t-testE °]-&

574 W] Aee A vgde s

(i o
4

A=W A, A2) AARA o dlste] dH Ay $o Zolo djgh
Paired t-testE ©]£3}ar, +7F Wlu+= Two sample t-testE

4 b A= A3 Fodel wet A v es Bkl AF
A3k F-o] i Wstol] ztol7t Sli=A MCNemar testS ©]-838to] &<l

o AAAEA g f84 HF Wge 1 7l AAFL(AST, ALT, GGT),
v 7% FAAFI(ALP, LDH, albumin, globulin, Total protein), &<%(TNF-a,
IL-6), AWHAFHAAKEFA, total cholesterol, LDL, triglyceride, adiponectin,
HDL), % thAHglucose, HbAlc, insulin), 3AF3FHAHMDA, SOD, catalase) S

24 g wmste] BAMOE FoI% Aolrt YA Bt

AST w®WiskgF Ao A3 1257 & AT AlF 58 H(3352+8491U/L)el
Hjgle] B8 125 $(2885+12.151U/L) Wabe -467+10.90IU/L wHF SA4
o7 fola 7HA3Hp-003). F-S AE -8 #(2822+9.78IU/L)N HI&}]
B8 125 F(O81+100MUL) Hekke IHORUL v Z718i9lem, SA120=
frolet Aok R @Rt Tt WHES Jloli= feleh Adeakge] veRdt
(p70.029)

ALT W3k 4014 47 125 ¥ ARTe AF B8 AG370:2098U/L)°
Hlate] B8 125 $(42.11+2366IU/L) Wshake -11.59+22.88[U/L "ha E A4
om folall aHp0014). BEFE AF ¥ AAUT2AE Hial]
N 1% FRV2AMUL) W 2BDOUL 03 asigon], BA8ow
FOF Fol7h vEhbA] Qe TEI W AR frold FEAge] vt

A ek

GGT Wishg EAoA A 127 F AP0 AlF 58 H(BL48+37.541U/L)
H|glo] E-8 125 $(72.04+47.00[U/L) W8l -944+3534IU/L v 7H4skdan,
Ut AlE E-8 A(7370+30.22IU/0)°0 Hlsle] 58 125 H7337+45.3RU/L)E
WSk 033427 RVIU/L "M skl o, SAIA o= fofgh xlol7} vEhA

B0k B, Tt WHE Fhell e o)t Adeskgo] LR ok
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ALP ®shsf EAoA A 127 F Al Al 58 H(7285£15.991U/L)°ll

o B8 125 3(73.70+15611U/L) W3} #HL 0.85+11.41IU/L w3 Z7}
A, HETS AE B AT7756+£27.1710/L)] Hldle] B& 125 &
(78.37+25.791U/L) W3}z O81+1044IU/L e S7F ke, A4
o2 folgk Aol7t VERA ke Eeh 1w wHE Tt A E oS
FE Aol GERUA sk

LDH W3} #A0lA AH 125 F AP Al 53-8 H(397.41:220 221U/
Hlgle] B8 125 $(BBI7E3ITMU/L) A8 —44.044241.781U/L wHF 7HAas)

Qi ERTES AE B #H(363.15:61.63[U//L) HE] Hg 1257 F

(342.07+46.851U/L) W8} -21.07+47. 27IU/L W SAA R frolsiAl A
S S(p=0.029). 157 WHE b= frol gk s Akgo] YEREA] efoks

albumin Wl BAGIA 47 12F F AR AF B8 2(453:0250/dL)e

Hlsle] 58 12 $(4.59+0.21g/dL) W8tk 0.07+0.28g/dL HF F7Fskl A,
32 AlE 58 H462+023¢/dL)ol vlsle] E-8- 127 H46/H028g/dD= ¥l
0.05:025g/dL. W S71elgom], B o folat Ao]} Uehix Sgke: 3
E ) W el frola Asabgol e 29ke

globulin Wake BAIA HA 125 F AUTL AF 2§ A(276:0362/dL)e]
Hlgto] B8 125 $(2.72+0.30g/dL) ®3t=FS -0.04£0.16g/dL W= Fa
ST, dEEe AF B8 AQT026g/dAL Wste] Bg 125
(2.73+0.25g/dL)= W st=F2 -0.01£0.21g/dL W TSt o, SA AL
FOIR Aolzk LhehbA) bgke. ER, TFA WE LAAE FolF A
Aol vhehbd e

foi HU -101‘ F

Total protein W= BAA HF 1257 F AlET2 AF 58 A
(761+0.36g/dL)ll vlsle] 5-8 127 H753+0.30g/dL) Wst2 -0.07+0.30g/dL W+
Areal, dx2are Al 58 H(7.63+0.34g/dL)el vl EH-E 125
(757+0.35g/dL) = W3}k 006+032g/dL kla=s 7]‘_:;6]-@2_@, FAA L
frolgt Apol7t YA ks, Te a5y WHE oAM= fod A
Zh-go] UERLEA] e

o b -101‘

TNF-a ¥st 2404 A5 125 5 AldeS Al 53-8 A(1.90+091pg/myel
Hlgto] 5-8 125 $(1.72+0.67pg/m) W3t -0.18+069pg/m W 7HAshalal,
iz AlE E5-8 (262423 7pg/m)oll Hlste] 58 127 $(1.92+1.02pg/m) H3}
2 -070£266pg/m WE AAEIoH, SAR R folgh Aozt Ueh A 39k
E3h T W M FofRh deAkge] YER ] ek

L6 %E}%L A I 127 & APT Al B8 HQ@
H]3lo] E-8 125 3(2.23+2.04pg/m) W3} #e
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e AlE 58 H@267+1.86pg/moll vk 58 125 $(2.12+1.79pg/m)
WS 055+230pg/m W Hasiglon, AR fFeldt Aol7t e
UA e, 1R W AR fold g ago] EhA 9gte

FFA ¥ste E404 A3 125 5 A2 Al 58 A C08H140EyLl
Hlsle] E-8 127 SAR4A2184uEy/1) WA sk 32.59i255.67qu/L kiss) —737]—0]—
R, x2S AE H& A4409+£177.00uEg/Lel vlste] EE 127 &
(450.11+14281uFq/L) W 3FEe 922+1796QuEq/L W Z7slgon, EA- o=
Frolgk Zpol7k YER A @gke. mEEk 283 v Zlo % f-o3F AbS ARgo]
LFERLEA] 89k

Total cholesterol W3k FAelA AHFH 127 & AP AF 58 A
(1977730 Brg/dL)ol| vlsie] -8 127 HAh2+Rng/dl) WS- 7.45+24. 75mg/dL

SIS, Ul Al 58 2(207.97£36.00mg/dL)ol vsle] H-&-
—,{21612ﬂ:'337hrg/dl) WSk Q16631 g/ dL R F7keli o, SAM o= vvh}
Zpo7t vFERA] 289k Bl T1Ed WHE JhllA %= ol Aszkgo] e}
LA sk

LDL Wl Aol HH 127 & Algas2 Al E5-8 71(126.04+3375mg/dL) ]l
dlo] E& 125F $(128.37+37.81mg/dL) W3}#S 2.33+24.58mg/dL
= 7, dxzve AlE 58 7(135.96+33.31mg/dL)ell Bl &}
4 125 $(133.85+28.96mg/dL) W} -2.11+28.13mg/dL " 4
Rnow, SAHOE gt Aol7t yERUA] okt ES 1w vhHE
o A &=

re) -
T G AE o]l YEhA 2eks

Triglyceride W3l EAMdA HF 1257 F AddS AF 5%
(184.80£90.16mg/dL)ell  H]gle] E-8 127 $(169.22+133.9%mg/dL) *H 3} ==
-1567+132.67mg/dL. "t A&, dEzdE AF 5E
Q752+R.8mg/dL)ell - wlgkd  H-8 127 H20004+169.7omg/dl) W st EF
52524118 9mg/dL "+ SAIA o= FolstA 718l = (p=0.030). 17 %
HhE Tholl &= o3t daghgo] YEA %

o 2 rlo &

¢

Py

adiponectine ¥ 3}% FAoA AHF 1257 T AL AF B8 A
(7.37+2.86ug/mL)el  Hlgte]  EH& 127 (7.28+313ug/mL) W3}
-0.09+2.09ug/mL ®HF TASF A, tiEzaS AE 5§ H(6.05+1.92u
g/mL)el] ¥v]dte] B8 125 3(5.70+2.17pg/mL) W3S -0.35+1.06p
g/mL e HAastow, BAA SR Fog Zol7l yEhbA eFskE.

Tk I R ZH AR folgh FEAbgo] YERA] %k

HDL W3tz 44 Hd3 127 & Ao AF 5& A
(55.93+14.94pg/m)ell H]ste] H-& 125 $(60.63+17.04pg/m) W 3} 7>
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470+11.29pg/m F SAHC R FelFA T IEEAF(p=0.040).
fzre AF B8 A(55.00+13.26pg/m)ol HlEte] EHE& 125 F
(51.81+12.65pg/m) Waleke  -3.10+7.30pg/m T+ EA A o2 H9 3
st S (p=0.032). 2E3 WE 7l = fold HJago] JEIGS
(p=0.004)

glucose Wl HAoA AF 127 & Algare Al E-8 %(106.67+13.86mg/dL)l
Hlslo] 58 125 $(104.96+16.55mg/dL) W3} -1.70£10.07mg/dL. "+
Aastda, WS AE B8 H(106.33+12.98mg/dL)ol Bl 3Fe] &
125 %(103.63+13.99mg/dL) W3} &S -270+884mg/dL 7HAdHom,
EAASE Folgt Aol7t YEYA Foks. EE, 17 HHE HoA =
frolgh s atgo] YERA ke

HbAle W&E 4o H:ﬂ 2% & AgEe AE 2e A
(5.61£0.61%)°l H]ato] =& $(5.59+0.53%) W3FFS -0.01+0.23%
98 e, DL AE B8 AGH0619 NGl 48 127 ¥
(5.58+0.43%) W3} 001+035pg/m T A FAARORE

N

r.

FOIR Aol 7k hEhbA 9kE. ER, TF
Ago] thehbA eke

IS Rl 4E

insulin MA3}l&F FA4olA AHAH 125 & A2 AlF 58 A(10.70£6.41p
U/mL)ol| Hlgte] E-8& 125 $(9.66+548uU/mL) W3}ae -1.04+4.95n
U/mL 9 4893, gx2a2 AE 58 7(11.33£550pU/mL) ol H] 3}
28 129 $(12.00+7.07uU/mL) tﬁﬂ'%k% 0.67+5.260U/mL 9 7183
om, BAACE Folgt Aol7t YEFA &E3ks. ERE 1FH R 1
M= frolek FEAgo] YERA] sk

MDA ®isls #4014 413 127 $ Algam2 AlE 58 71(90.18+37.04pmol/mL) ]l
Hlgle] B8 125 $(75.36+25.64pmol/mL) W3}a-S -14.82+36.25pmol/mL
T SAACE oAl FASHATHp=0.043). HETS AFE 5& A
(69.43+27.92pmol/mL)°l| H] sl E-& 125F Z(77.97+32.69pmol/mL) ¥ 3}
e 854+39.05pmol/mL WHE SISl oH, BAIK o R Folsk Ao|v}
YERUA] ekoke. 53 wHE Tl f93 Adazkgo] Y
(p=0.027)

SOD ®WislsF #2004 A3 127 $ Alfa2 Xﬂ%‘ =2 7(1.83+0.57pmol/mL) ]|
H|sto] &8 125 $(1.91+1.00pmol/mL) W3} 0.08+0.54pmol/mL ®WH&
7 elRal, xar2 AlFE 58 (1.93£0.93pmol/mL)el| H|ste] H-& 125 &
(1.70+1.01pmol/mL) %ﬂ%’ﬁ% -0.23+0.34pmol/mL W& EAH o2 9
sHAl AR5 (p=0.002). 1E 3 wHE ZH &= g s8] uE
5t (p=0.016)
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catalase WSFF HAollM AF 127 § AR ARE 58 A& 19i970nrm]/mn/rIL)°ﬂ
Hlste] E-8 127 ${32.83+16.0Mmmol/min/mL) Ha}ed=2 -0.31+16.53nmol/min/ml. T
sk, xS AF 58 #(39.03+15.01nmol/min/mL)ell  H] 6}04
=58 12 (28 79+12.74nmol/min/mL) W3} -10.24+20.51nmol/min/mL THF
FAFCE FostA A (p=0.015). 1w RHE A= fo g
deAgo] YEUA ek

T A4S A g 2 ALY 0F, 6575 12700 A
TAM R FolatA AAsATHp=0.013). ‘S FANA AAL] 057
629k 125 FAACE FoaA A= (p<0.001). A A A -
23 Ao 05+ 659 1250M AR fFoshA st
A5 (p<0.001). ‘&X'l A Al@te] 07 1254 FAH o2 o3t
7:}/\0]'»\13(13 0031)

A b TR wiA s o] JAAAEAEE AES Ao
17 JAHSafety Set)= st om, &
337, x- 339)9 JA A LAY A7t Safety Setoll 2385 =

M 12F & A8t o2t 5ol A

QA EARAA kA BHE AT AAAEAD Gl P BE
17 BE Ao ARHLS AAEEe Pyt A, dolsetH AL,

WA AN RHAR o]l Hr1E e

sk HAaloll A A3 1257 3 RBC, WBC, Hemoglobin, Platelet, MCH,

Monocyte, Eosinophil, Basophil= EA4 % 23t x}o]7} LEFLEA]
293, Hematocrit(39-51%), MCV(82-102fL), MCHC(30-35g/d{), Neutr
ophil Seg(40-70%), Lymphocyte(20-50%)o| A= A o2 F2l3k =}lo]7}
ERE AR A9 UelA FAA freldel yERY bdAddl = AA
FEFE PAA B AoE dAdd

dagterdatl A A3 1297 & A FH X BUN, Creatinine, Uric acid,
Total Bilirubin, Direct Bilirubin, K(Potassium), Phosphorus, Calcium<
FAASZ Folst Aozt YERYA] 2EkS. Na(136-145mmol/L), Chlor
ide(98-107mmol/L)ol A= TAIF o2 F238k o7} yelyk At A4t
M el A SAA Fodel Uety kA= A FFe HIAA
X2 Aow HAuy
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43

ZAAHHbsAg, HbsAb, anti-HCV) ¥4 A3} AHH 125 F

3

Hed

olol o
S =]

Aol 7k YERA|

ki3

)

T A

RBC,

Gravity,

direct),

Urobilinogen, Bilirubin(total,

37 AH(Protein,

WBC, pH, Nitrate, Ketone, Glucose) ¥4 A3} AH# 125

oro}l o
S5 M|

s hol 7k LhERLEA

ks

EAROR £

Aol 7}

o %

[e)
IT

A7 44 125 F 4AEG BAHR

A= AAF &

]

A
=

FH(e]

Al
&

A7

o 2=l A]

g

I

=7

Apol7h LhehbA) sk 4

t:;l_

)

Apol 7b WEREAIRE, AFR 9 Wl A A frel Aol

=3k AR

N

A

Eis

ol

—

24

o] 2719] Av]

&

oA AX= (Mild) 14,

ERELS
YA

;:51_

i

I3
=

AAAEA D hgAell A Al

o

[e) SR
AT

or
o

-
s

Aol

AR oz 5ol

Aol =

3&

EAHoR #9

o)
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1. &40 x3hd AAHEAIE i3] 474
20183 12¢ 129 £ QJAZEAFe 4T AA-ES JAPsheda, 20189 12¢€ 139 w71
AAS Ay B AAHEAH] FaAS PP(Per- Protoco)S F A o= 3ta, ITT
A H o] we} FA Set(Full Analysis Set)S 413514 S

(Intention—-To-Treat)

Screening= AT A CHA A}
N=560

AlE (DDE)
N=33

‘ Screening Failure (N=494)

Randomization
S| HE E AR DA}

CH = (Placebo)
N=33

N=66

CHZ== (Placebo)
N=33

V20| SEwet
- Solx3| (N-1)

CH & (Placebo)
N=32

L= (Placebo)
N=30

Al Safety Set
e R A4 B0 2HE MAS AR TN}
MN=66
v20|= EEgst
+ ZO|ET| (N=1)
FA Set
AlE 2 (DDE) 13/ oj4 5% = g=4 B}
N=32 Alist Al T ARt
N=64
Vo= Seme
)
= Completion
=
Al 2 RAHAIE 228 AR TR ARt
~ N=60
£2 5 80% 0|8 (N=3)
PP Set
A|E 3 (DDE) HEMOGZE detid 223t
N=27 Al & RE
MN=54
Figure 2-31. /M &M SA|El CHatXte| &Fo{ MEf &
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o,

2. F24 W7 A

2-1. 1715 HAHD)

<Table 2-51> Zt7|5 Z AL xto| 24 Z 1t

visit 1(n=54) visit 4(n=54) difference F
variable  group t(p)”* .
mean*SD mean*SD mean*=SD (p)
Al g - 33.52+8.49 28.85+12.15 -4.67+10.90 2.224(0.035) 5020
AST :
(U/A)  dEE 2822+978 20.81+10.30 1.59+9.58 ~0.863(0.396) (0.029)
t(p)** 2.126(0.038) -0.314(0.755)
Alds 53.70+20.98 42.11+23.66 ~11.59+22.88 2.633(0.014) 5383
ALT .
UM dET 447842165 49.30+94.34 04842042  0.631(0.533) (0.129)
t(p)** 1.538(0.130) ~0.028(0.977)
AFET 81.48+37.54 72.04+47.00 -9.44+35.34 1.389(0.177) 1103
~GTP
¥ gz 7370£30.22 73.37+45.38 -0.33+27.98 0.062(0.951) (0.298)
(IU/L)
t(p)™ 0.839(0.406) ~0.106(0.916)
*: Compared within groups; p—value by Paired t-test
**. Compared within groups; p-value by Two-sample t-test
% Compared between groups; p-value by Reapeated measure ANOVA
2-2. Ao AR AL
<Table 2-52> X|CHALAAL 24 Z 1}
visit 1(=54) visit 4(=54) difference F
variable group t(p)” .
meanzSD meanzSD meanzSD (p)
AFT 360.89+144.06 40248421874 3259425567  —0.662(0.514) 0.151
FFA
2T 440.89+177.00  450.11+142.81 922+179.69  -0.267(0.792)  (0.699)
(uEq/L)
tp)™  -1.617(0.112) ~0.947(0.348)

Total AFEF 197.77+39.93 205.22+38.85 745+24.75 ~1.564(0.130) 0.008
ota :
cholesterol  T1ZT 207.97+36.00 916.12+33.71 8163412  -1242(0225)  (0.93D)

L .
(mg/dL) ) 09850320)  -1.101(0.276)
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visit 1(z=54)

visit 4(1=54)

difference

F
variable group t(p)” .
mean=SD mean*SD mean+SD (p)
AlE o 126.04+33.75 128.37+37.81 2.33124.58 -0.493(0.626) 0.382
LDL gz 135.96+33.31 133.8528.96 -2.11+28.13 0.390(0.700) (0.539)
(mg/dL)
t(p)” -1.088(0.282) -0.598(0.552)
Al g 184.89+90.15 169.22+133.95 -15.67+132.67 0.614(0.545) 3958
triglyceride (0.052)
Zat 207.52£92.88 260.04+£169.75 52.52+118.79 -2.297(0.030) :
(mg/dL)
tp)*™ -0.908(0.368) -2.182(0.034)
AT 7374286 7.28+3.13 -0.09+2.09 02360815 (505
“diponectin ) 2 6.05£1.92 5.70+£2.17 -0.35£1.06 1.719(0.097) (0.57D)
(ng/mL) v AJO=L AUTZ 35%1. . .
tp)™ 1.987(0.052) 2.152(0.037)
Alg - 55.93+14.94 60.63+17.04 470£11.29 -2.165(0.040) 9.300
HDL
gz 55.00+13.26 51.81+12.65 -3.19+7.30 2.268(0.032) (0.004)
(pg/m)
t(p)™ 0.241(0.811) 2.158(0.036)
. Compared within groups; p-value by Paired t-test
**: Compared within groups; p-value by Two-sample t-test
% Compared between groups; p-value by Reapeated measure ANOVA
2-3. FAspAL
<Table 2-53> &itstHAL 24 Z 1}
visit 1(z=54) visit 4(n=54) difference F
variable group t(p)” .
mean+SD mean+SD mean+SD (p)
Al 90.18+37.04 75.36+25.64 -14.82+36.25 2.124(0.043) 5.190
MDA
HET 69.43+£27.92 77.97+32.69 854£39.05  -1.137(0.266) (0027
(pmol/mL)
t(p)*™ 2.324(0.024) -0.327(0.745)
AlE T 1.83+0.57 1.91+1.00 0.08+0.54 -0.758(0.455) 6.263
SOD
WEzE  193:093 170+1.01 023034 3494(0002)  (0.016)
(pmol/mL)
t(p)™ -0.505(0.616) 0.742(0.461)
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visit 1(n=54) visit 4(n=54) difference F
variable group t(p)” .
mean+SD mean+SD mean+SD (p)
Alg 33.19+£9.70 32.88+16.07 -0.31£16.53 0.097(0.924) 3838
catalase )
(amol/min/ TEF  39.03:1501 28791274 -1024+2051 259400015  (0:059)
mL)
t(p)™ -1.696(0.097) 1.038(0.304)
*: Compared within groups; p-value by Paired t-test
“*: Compared within groups; p-value by Two-sample t-test
% Compared between groups; p-value by Reapeated measure ANOVA
2-4. FRANHE AEGIR A7)
<Table 2-54> T 2A1Zt Mz M2
visit 1(n=54) visit 3(z=54) visit 4(n=54)
variable  group F(p)* Post-hoc™
mean+SD mean+SD mean+SD
Al &l T+ 2.33+0.66 2.10=0.59 1.97+0.64 7.091(0.013) a,b>c
ERE
e o) & 2.15+0.73 2.14%0.70 2.12+0.72 0.095(0.760) -
i
t(p)™™ 0.980(0.332) -0.209(0.835) -0.795(0.430)
A& T+ 2.21+£0.97 1.91+0.69 2.02+0.83 0.939(0.341) -
A7 A
715 o = 1.85+0.71 2.05+0.76 1.94+0.56 0.354(0.557) -
ZPoH
t(p)™ 1.546(0.128) -0.690(0.493) 0.449(0.655)
Al & T 2.79+0.70 2.36£0.81 2.33£0.78 12.606(<0.001) a>b,c
= o) & 2.66+0.76 2.59+0.67 2.54+0.79 0.969(0.334) -
t(p)™ 0.671(0.505) -1.133(0.262) -0.969(0.337)
Al St 2.81+0.77 2.48+0.85 2.31£0.79 21.972(<0.001) a>b,c
A7) A
B o) & o 2.59+0.61 2.47+0.65 2.42+0.73 1.894(0.180) -
L
t(p)™* 1.178(0.244) 0.036(0.972) -0.533(0.596)
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visit 1(z=54)

visit 3(72=54)

visit 4(n=54)

variable  group F(p)* Post-hoc™
mean+SD mean+SD mean+SD
Al o 2.38+0.75 2.260.85 2.10£0.84 5.230(0.031) a>c
A2 ) = 2.27+0.80 2.26+0.88 2.22+0.93 0.155(0.697) -
t(p)™* 0.526(0.601) 0.000(1.000) -0.512(0.611)
*: Compared groups; p-value by Reapeated measure ANOVA
*: Post-hoc; a: visit1, b: visit2, c: visit3
** Compared within groups; p-value by Two-sample t-—test
3. o]dikg
3-1. o] dNES ST H ARG AEFH dEA
<Table 2-55> QMM BAHE AlZnte| HHAMS i T gls O|atHhS AMA|
A =0 ) = A} ol x SRR
o} g =k Preferred 214 w2 e A A o3 21 =} e
L term LR AE WA 2AC
NY-R020 Vomiting 2018-01-26 2018-03-10 2018-03-10 1 4 3 1
NY-R043 Diarrhea  2018-03-28 2018-05-04 2018-05-05 1 4 3 1
al: &%, 20 88&, 30 83
b 1: BEG| 20| YAS, 20 20| UCHD MU 3 22 JIsA0| U, 4 23 0D M2UE 5 HEG| 20| 98, 6: L= 8IS
c1: 88, 2: 2, 3 ZASH & MEH, 4 EHSC
d1: 2EIIR(ZERS 243), 20 AR, 3 MHS, 4 FPH &4 50 ALY
3-2. oS Ak
oS AAGE HolshH Al Folget Al BRI, wPAR Lhro] Frkskgw
BE &go] AR oA WslEre] Yy b E A FFE vAA] @2 FoE AlY
QA (N2 Aol o] AU
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3. 715 (A®AFE | C3G(cyanidin-3-glucoside) A& : 7.5 mg/g
ol — T — FEF — FAE 2 oY - AR — s - ARGk
4 A=A gl o EH o 43 A
D A% ARoluran) FEEEA on-o]H7) glal o] 7t e HeA B
2) C3G(cyanidin—3-glucoside) (715 & AXEAE) @ 75 mg/g
3) W(mg/keg) : 1 °la}
4) FH2(mg/kg) @ 1 ols}
S 5 =4 (mg/kg) @ 05 o]3}
' = 6) T+2(mg/keg) © 05 °o]3t
AR O ST
8) FYAE - E7F 376.9Kcal/100g, 3= 91.62%, =AW 0.87%, =T 0.68%,
T 4.80%, 3]& 2.03%, YEE 16.75mg/100g
715 (A}Z) | AAE AR
A& Agw | HPLC UV 516 nm, C18 46 x 250 mm, 5 um
47 "FAAES AAbl e Ay ol AR g sk R EV|ES
(e eoh glom, ol w}f} 5% z&%%@#(_?ﬂEﬂ, \“4%‘_5%, %Eﬂ BHC, DDT)el
diste] =l AFARAANZIH AEAR BHE IS g9
AF 730l Q= Lonicera caerulea 1.2 WolyF-dnjs 52 3
o AAE g ZA(EA o %1’4—' AA A 5o, dezl Fago] glow,
A=l 4 HAE 52 A4 AAZ, 75 4 H4HAEF 2ok S7F
st ko rm R JAAALE ‘W 3
<G HGg>
o gk r AF] TE B arA, AFUEESE WHo U E S A
o 9 : Technical Report, 26 June 2018. HE2]E 0 & ‘EFSA’A <A
o YR FAE AFEFE AN Aok 2015, 8%l T A
g K& EHE> )
o It AR S Al AL B fE
o AE, T, AU T AR S Al AL R R
o T F3EZ AHAE 7H S
(FEg: W54 Aok [FAREEER)], 71 s, dddAF
6. % 4% 6-12)
o QFHA AW DB : A geso] bHAl oS, H4%7tel
S A lﬂ%% HaER] ok _
o AE H S Ah I FEAE DBHA A LR 2 FAF 9Ro
gk A5 U §2 HuEA Lk
o AHURY AT AHEEEA 1,960 mg/Y
o MA9dn WRordn] AERE A, 972 g/del| e
R . %’_\}%EQ]_ AT FEAF (?15}7}:‘01%) 36 g/d
o 3l ok HATA(FH A 12 /Y
= Aok FH) {HFH RS AR L) 2ZA 1Y 9T "E FFH =
Aol e, HEF AFEH B EH HA PG ) 5FX HS
AAHEAE | o Al FUGEH)ANA AHLFE 1,90mg/dS 127 HFHAIZ Ao oA
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- glucokinase 2% F7HHFDW %+ tiH]  p<0.01l, p<0.05),
glucose-6-phos phatease, PEPCK 724 7-AHFDtiET thH] p<0.01)

-2 A Fd A fo A FAMFDH T tiH] p<o.01)

- AFYAEE EFAY ACCL 94 ZAMHFDWET oy
p<0.05), AMPKal, AMPKa2 +-°]% S7KHFDtHZ thH] p<0.01, p<0.05)

- AWFzAY UCP2, Adiponectin 94 Z7FHFDWHZT WH]
p<0.05, p<0.01)

- A zAY leptin, C/EBPa, C/EBPB, SREBPlc <4 74 (HFD
iz diH p<0.05, p<0.01)

NN FEE L G FEE

o %= 66), 1960g/¥, 125+RCT, DB)
Al @l A 3715 AR AST 2 ALT #9914 3H4(p<0.05)
Al el A A AR A HDLS 7914 5 7Hp<0.05)
Aol A FAFskE AR MDA 914 2 4(p<0.05)

Agatol A 247 A AEEA AR, SEE, ARz

d

d

oA | B XA JRETE o8l 4 (p<0.05)
ASTE w3 wbe b o9 oA debd (s ], p<o.05)
HDL2 233 wHe 3F #odh A3 2h-8 vebd(d = tiv], p<0.05)
MDA % SOD= L5 BHE 3 703k s 28 Ytz tir], p<0.05)
ANdE=d3 AdE ojuwgh o] dykgolyp Fzhgo] yEhA] ol
hde B4R wehd
XA G EAF ] F - FHA01S), AFHAYA) - Y] Eef]
FS7IAL
Folur-du) FEE] o AMPK /o] oF7j=o] Nrf2¢]
718t AF8E | transactivations fri=ste] A4bst g1 b7)e TR o #FHAe

WAG A FRAPY AAHEAPY 2 A5 Y EatE
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Mz
FHU

2719} e 7%§_ ”@O}%’H}O/_J_’_E. OLA S S &3 ”%”%”O/”)l—'f'—gﬂll

1=
FEEYR HYFY SYZPE 7 HE| B € 7 AUS

6. 3AUE FF/RCIANSL AW ATAL 2 2%

ARNEE Y B

O AE/NBCIAYSI ASFAR) A AAT

1 Ay

I-1. AZ vt 2 Azt f =

O HepG2 A ¥+= ATCC (American Type Culture Collection, Manassas, VA, USA)ol| A
o wiqkom wix|+= 10% FBS (GIBCO, CA, USA)E ¥3%tst= DMEM #iA]o] 1%
antibiotic-antimycotic (GIBCO, CA, USA)S #7lsle] A8t

O Hj¥LS 37°C, 5% CO2 z=HoA AAIg ImM free fatty acid(FFA, Sigma-Aldrich,
USA)E o]l &3te] HlgEA &4MSEFd AU E FEstd s

1-2. Al =8 5A

O MX AEELS CCK-8 assayz =A39S. HepG2 cell S 10% FBS7F 3% DMEM
v <] o] 2x104 cell/mLe] TE=Z 96-well plateo] well @ 100 pL 2 53+ 5 24413+ &<t
A wjgste] AEE H"“\V] A AEEAS sEEE AEste] 2447 Et vkl

O Hj%ko] v 5 ZF wello] CCK-8 €8S 10 pL 713k & &4Fujg sd=2 Ay ste] 243
ok ThA] wieket H 450nme] oA FHEE FAHIAS

1-3. Ax ) AW 45 54
O FEAAHFFA)S o]&3te] Ai=4s st orm Ax U 4% A2 (il red O staining
QWS o] adle] =A3 YL
O HepG2 M EZE 1x104 cells/welle] %2 12 well plated] EF3te] A LUE7} 80%°l
Tgek g7 R wjkst v, Mol FrHAERQ0 Aol dAE AHA ANEHS f=
SR

at7] 913 FBS7F 354 &2 DMEM A 2 LA 3to] 2441 3E5 <t vl &3} 9d

D
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O 7+ welldl 3tyulg] %% (Honeyberry extract, HBE)S % W& g sle] 247
Sk wlgs F, 10% FBS & 3|4 A1%l FFA solutiong #% §%7} ImMo] &%
A7tske] 244 {P%OF ] et A=
Hjofo]l 1t HepG2 AEE PBSE 23] A3 & 4% formaldehydes #2]3le] 3043t
oA 1A AT AE 04 um filter® o733 Oil-Red O g okS 20827
23 FH SHTE Oil-Red O GHAAIFS T3] AlFstal dnjAoA <1008 = 2o
o] S
XJ

)
i\

1sopropanolﬁ ﬂﬂOFoﬂ AAHE AXE Aol A Oil-Red O @A FS

1-4. RNA 5% % RT-PCR

O RNA F=2 HepG2 AES}F 7Hx2ZS PBSE 23] Al&3k & 4=53}o] RNA extraction kit
(17221, iNtRON Biotechnology, Gyeonggi-do, Korea)= ©]-83}4] total RNAE #2395

O #d# ¥ RNA 50ngS cDNAZ 3$A43% & (Promega, Madison, USA) SYBR Green
Master Mix (TaKaRa Bio, Otsu, Japan)E A}83te] ABI QuantStudio 3 (Applied
Biosystems, Foster City, USA) &4 = RT-PCR &4& FT33A &

1-5. Western blot 4]

O HepG2 AlxZe} Fx2e] @il 40 ugs 10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE)E o] &3t H7|gdso=z F2d dWde
polyvinylidene difluoride(PVDF) membrane(Merck Millipore, Bedford, MA, USA)?l
transfers} S

O Transfer¥ membranes 5% skim milkel] 1A]17F %¢t blocking3dt ths, 1% A=
membrane®] 4°Cell A overnight Wk Al 7131 TBS-T (Trisfbuffered saline in 1%
Tween 20)% 33] washing 3 & 13} Ao 3t S04 2aF A S AoA 1 AIZF
Tk WEE-AIF

O Membrane< 33] washing? % enhanced chemiluminescence (ECL) western blotting
detection reagent (16028, iNtRON Biotechnology, Gyeonggi-do, Korea) 2. & Al o

ImageQuant LAS 500 (GE Healthcare Life Sciences, Uppsala, Sweden) o 2 < =
R Y
h =l

1-6. & A A 2
O BE &A= A w412 SPSS software(SPSS 23, SPSS Inc., USA)S ©]-&3to]
(mean)¥ EFHAHSD)E U&=
e o HSE skl A wiA B4 24 (one-way ANOVA)S. =
B o AL AT o R Tukey's testoll wek p < 0.05 oA AASA S

- 111 -



2.

EEEE

2-1. AE AEE

O FFARE AWF4S 5% HepG2 Al3e HBEE 2H7F 125, 250, 500, 750, 1000pg/mL
TR Ageto] 24A3bEt MFRd § AEsdEs SASAS
4 23 Be wholA oAl Ael7h e ol HBEZ7F 2= 55X (125-1000n
g/mL)oll A Al HAo] §lae 21383 (Figure 2-33)

g B

[==]
:F

5

Cell viability (% of Con)
[ %] [=F]
& T

Con FFA 125 250 500 750 1000
1mM FFA + HBE (pg/mi)

Figure 2-33. Effect of Honeyberry extract (HBE) on the viability of HepG2 cells.

Con; control, FFA; free fatty acid. All experiments were repeated at least three times and data represent means + SD.

2-2. A 4 9 SAAALE

stunle] FEE0] AW R3] vx= Z3E dolrr] 9ldl ImM FFA HBE(250,
500, 1000pg/mD= &7 218 5 HepG2 celld] AW+2 A% A3 FFAR 228
o HlE] HBEw o] 5% oJ&EA o2 A+ Aol gAH= s dlsts

Oil Red O 94 & AW 43S 54 A7 Con ol vld]l FFARE Ak ol A=
A A7) F7F8FA & (p<0.001). FFARE H2]gk ool #]s] HBE 250ug/ml(p<0.01), 500
pg/mlet 1000pg/ml(p<0.001)¢] At TSl Al x| Wb ko] 7+23}9]-S(Figure 2-34)
HepG2 cell®] & T4 ALEFS 543 A3 Conoll vl FFAYE A g|st Tl A= AW
=2 o] AABA F7189S(823%, p<0.001). FFA® 223 ol W3] HBE 250p
g/ml FEoME  AWEFFo]  32%(p<0.01) FAFAI, 500ug/ml  FEolAE
31%(p<0.001), 1000pg/ml &=l A= 14%(p<0.001) 724335 (Figure 2-34)

.

A H
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A 1mM FFA + HBE (pg/ml)«

500+

B Ce
— 150
E ki 1000+
b i -E 2EE
ddk ek 5 200
2 400- E_
: 2 o
E EY 400
= 501 ;: = Ak Hak
4 o
B 200
:E. £ ok
~ oo o
Con  FFA 260 B0 1000 Con FFA 28D 500 1000
{ mM FFA + HBE (pgiml | imM FFA + HBE (pgimi)

Figure 2-34. Effect of HBE on Oil Red O staining and lipid accumulation in HepG2 cells.
Lipid droplets in HepG2 cells were dyed red(magnification 200X). (A) Oil Red O
staining images of HepG2 cells treated with 1TmM FFA and exposed to various
concentration of HBE with 1mM FFA for 24h. Control (Con) cells were incubated with
1% fat-free fetal bovine serum. (B) Quantitative lipid accumulation of Qil Red O
contents at 500 nm. (C) Total intracellular triglyceride in HepG2 cells treated with

HBE and 1mM FFA.
Data represent means + SD. ### p < 0.001 vs. Con; =» p < 0.01, =+ p < 0.001 vs. FFA.

2-3. HepG2 M 9] SREBP-1c, C/EBPa, PPARY, FAS mRNA % wad vh-dd =

O AMAE B3 H#Ao|AE sterol regulatory element-binding protein-1c(SREBP-1c),
CCAAT-enhancer-binding proteins a(C/EBPa), Peroxisome proliferator-activated
receptor gamma(PPARY) %} Fatty acid synthase FAS)& WHel fo] ZF7labd A1l A Al o]
S7Fete tiAtell o9t

O SREBP-1¢, C/EBPa, PPARy, FAS mRNA 23 & |
Con ol Hl&] A4S FX=d FFAT A @AsHA Fxzt o SF A+

O AW=%o] ¥ HepG2 celldl HBEE A 2|3t A3} FFAw ol B3] A% Aol A4

-

He ZQH A, AWEHo] HX

Eil
Eil

1_,
[.ﬁ
oft
)
o|N
N
S
2

= €]
(250, 500, 1000pg/ml) ESFell A FoatAl FAasklal, PPARy mRNA & @2 HBE
(500, 1000pg/mbell A # <87 a3}l (p<0.001, Figure 2-35)
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_ Clebpea
c
3 3
] B
= &=
5 5
- 2
s g
5 2
=
= =
E E
2 £
= =
& Con FFA 250 500 1000 & Con FFA 250 500 1000
imM FFA + HBE {pg/mi} imM FFA + HBE (pgiml)
C
Ppary Fas

Relative mRNA e tpres slon (% of Con)
Relative mRNA exprassion (%o Con)

250 500 1000
1mM FFA ~HEBE [pgimi}

Con FFA 250 500 1000
4mM FFA + HBE (pag/ml)

E
SREBP-1c | oo s =—— e
QEBPC{ | — B
PPARy

i
FAS — — o —— ——
—

B-actin

— o —— ——

Con FFA 250 200 1000
1mM FFA = HBE {(pg/ml

Figure 2-35. Effects of HBE on the expression of genes associated with lipogenesis in
HepG2 cells. The expression of SREBP-1c, C/EBPa, PPARy, and FAS were
quantified by real-time PCR and normalized by B-actin as an internal control.

Data represent means = SD. # p < 0.05, ## p < 0.01, ### p < 0.001 vs. Con; * p < 0.01, = p < 0.001 vs. FFA.

2-4. HepG2 Al3E<2] AMPK, ACC, CPT1, PPARa mRNA & 2 chwlz kg o
O AW thAte] dojr =23k Az HY =2 AMP-activated protein kinase(AMPK),

acetyl-CoA carboxylase(ACC), peroxisome proliferator-activated receptor o.(PPAR)
carnitine palmitoyl transferase-1(CPT1)e] A T&HS western blot 418 53
=439

CPT1 w¥id 2=k Con well M3 FFARE Aelgh dollA Fojxow F7 Pé}‘i’i
(p<0.001), FFA<*o] ]3] HBE 500pg/ml, 1000pg/ml s =olA @ o] Fo4l F
1918 (p<0.001, Figure 2-36)

N
)
il _EL

O PPARa ¥&d-2 FFAWE AHg|gk o H]d] HBE B+ FXoA F7Fstd o 5ooug/mle}

1000pg/ml F=olA F2420 F7HE B 5(p<0.001, p<0.01). ACC tiH] pACC =&k
shuHE] =252 Ag 7ol 1 Er 7kt oy 250pg/ml(p<0.05)2F 1000pg/ml (p<0.001)
SEollA oAl S7HE Hlal, 53] 1000ug/ml sxEolA W o] A S7HEs &<

3+9 S (Figure 2-36)
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O AMPK ] pAMPK w9 @2 FFAYE ek 7o Wls] HBE & FxolA F7t
at3lon, HBE 1000pg/ml s 5=oll A1t 2] 4 ¢l Aol (p<0.06)5 & = (Figure 2-36)
iy B
= Cpt1 = Ppara
5] 8 3
s 4] e
E E’ ke
£ : o
= :
] S
= &
E E
= o
2 £
E FFA 250 S04 1000 E FFA 230 S 1000
MM FF4 + HBE [pagi mi) 1mM FFA + HBE [pg/mi }
C o
pACCIACC PAMPK/AMPE
3 T 15
g &
n T
T 52 5 5 1.0
] O
g w5
o g % o
221 = 2 05
S =
1 =
- o -
Con FFA 230 500 1000 Con FFA 230 300 1000
Lonicera Casules concentration {mgfml} Lonicara Casrules concentration {mgimi)
E
CPT-1 |-—- ——— ——— — -.|
PPARM I S p— S —— -__...|
PAMPE (e i s o oy
AMPE | s e  a—— ——
pACC | - E— — -l-q.|
ACC | = _..|
Con FFA 250 500 1000

1mM FFA = HBE (ug/mib

Figure 2-36. Effects of HBE on AMPK, ACC, PPARa, and CPTI1

expression in FFA

treated HepG2 cells. Western blot analysis of pAMPK/AMPK, pACC/ACC protein in
HepG2 cells treated with FFA with or without HBE. AMPK and ACC were used as a
protein loading control of phosphorylated AMPK and phosphorylated ACC, respectively.
The expression of CPT1 and PPARa was quantified by real-time PCR and normalized
by B-actin as an internal control. CPT1 and PPARa protein was detected by western
blot analysis and gquantified by densitometric analysis. p~AMPK, phosphorylated AMPK;

PACC, phosphorylated ACC.

Data represent means + SD. ### p < 0.001 vs. Con; * p < 0.05, =+ p < 0.001 vs. FFA.
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2-5. 7+x=2 4 SREBP-1c, C/EBPa, PPARy, FAS m Hh

O 3tyMg] F=EMHBE) T3 sEEEY 1xZ A 4 #Ad FHEA
SREBP-1c, C/EBPa, PPARy, FAS mRNA Zd %S 3439+

O Coniell H]3l x| 2Ao]*(HFD)AlA  SREBP-1c¢c(p<0.001), C/EBPa(p<0.001), FAS
(p<0.01) mRNA &&=l dAstA F7Fst e, HBE Fo+tQl LH(HFD-supplemented
0.5% HBE)w 3 MHHFD-supplemented 1% HBE)w-ol 4] SREBP-1c, C/EBPa, FAS<%}
PPARYmMRNA 2& =2 HFDo| Hl&] EAI4 o2 FoldtA 74350 S (Figure 2-37)

Srebp-1c Cebpa
4 =
: s
£ 5 285
E 3 f_ A
: 5
E_ 2 H 3+ %
: :
! 21 ok
4 4- g
g z
e E 14
= E
g 5 ol
& z
NC HC LH MH
_ Ppary _ Fas
3 4 3 5 #
B B
= & -
= 3 " =
2 =l
w C o
£, £ -
3 i _E 2 wEE
. z
E E 14
:
m m
= 0- = 0~
2 NC HC LH WH & NC HC LH MH
E C/EEPO| e e s o
PPARy+
B-actine | s = — —_
L I L I L I L 1
ND HFD LH MH+

Figure 2-37. Effects of HBE on the expression of genes associated with lipogenesis in
HFD-fed mice. The expression of SREBP-1c, C/EBPa, PPARy, and FAS were
quantified by real-time PCR and normalized by B-actin as an internal control. ND;
normal diet control, HFD; High-fed diet, LH; HFD-supplemented 0.5% HBE, MH;
HFD-supplemented 1% HBE. Animal experiments analyses were carried out using
Duncan’s multiple range test.

Data represent means + SD. # p < 0.05, ## p < 0.01, ### p < 0.001 vs. Con; = p < 0.01, =+ p < 0.001 vs. HFD.
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2-6. 2t=% 4 AMPK, ACC, CPT1, PPARa mRNA % whulzd b =F

O 7+xZ U AH gAY T2 213 dY &2 AMP-activated protein kinase(AMPK),
acetyl-CoA carboxylase(ACC), peroxisome proliferator-activated receptor a(PPAR)

carnitine palmitoyl transferase-1(CPT1)2] - zte} ©taild dtd S 49+

A Ccpr1 Fpare

FEE

TR

Relative m R erpre sslan (% of Con)

NC HC LH WH NC HC LH MH

= Relative mRHA eapre i5lon (% of Con) =
a
1

pACCIACC PAMPK/AMPK

1.81 2.5

& = =
2.0

(=]
1
#

1.5+

1.0

[Fold af Con)
=
lf|
"

[Fold of Con)

0.5

pACCIACC protein lavel
pACCIACC protain level

0.0- 0.0-
HD HFD LH NH ND HFD LH NH

E CPT-1 —— S — S NS A —

PPARO

p\AMPK — —— o — - S

AMPK | w— e S S — — — g

PACC | e— ——— ' . - -
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L ] L 1 L 1 L 1
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Figure 2-38. Effects of HBE on AMPK, ACC, PPARa, and CPT1 expression in HFD fed
mice. Western blot analysis of pAMPK/AMPK, pACC/ACC protein in HFD fed mice.
AMPK and ACC were used as a protein loading control of phosphorylated AMPK and
phosphorylated ACC, respectively. The expression of CPT1 and PPARa was quantified
by real-time PCR and normalized by B-actin as an internal control. CPT1 and PPAR
a protein was detected by western blot analysis and quantified by densitometric

analysis. p—~AMPK, phosphorylated AMPK; pACC, phosphorylated ACC.
Data represent means + SD. # p < 0.05, ## p < 0.01 vs. Con; * p < 0.05 = p < 0.01, »+ p < 0.001 vs. HFD.
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O CPT19 PPARa mRNA & #o] HBE %o} +¢l LH(HFD-supplemented 0.5% HBE)
3 MHHFD-supplemented 1% HBE)w oA SAA o2 FoH2 7S HIS
(p<0.001, Figure 2-38)

O ACC "H] pACC Zd = tyulg] FEE Fodold F71EAS. 7 +3F vl s
B Conv* ¥ LHw7F, MHw3# HDF-7bol A pACC 3 o] EAHom H9 %<l

zlol & YEFH S (p<0.05, Figure 2-38)
O AMPK tiH] pAMPK @z uta#e HBEZ 3 LHw ¥ MHwol A Con¥} HFD
T3 vk o {942l AolE 1/PE]rMT:‘(Flgure 2-38)

b 2l stywle] FEES &% H7F
FEEL AL 279 Nrf2 transactivation

= AMPK upregulationg %3}

B Honeyberry

High Fat Diet i/ AMPKa —> ' NRF2
e B "IN

NRF2

Improvement of

Nucleus non-alcoholic

induced
NRF2 —>"| Transcription liver damage
ARE-binding | Target marker | il
element CAT 1
] SOD 1

Figure 2-39. &=&7|d Z2A L
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stywe] FEE9] vgZd At A &3 71AS g9Etr] $18 HepG2 AIX2E #8
Aoz A A4S R T AXAYES 2 Ad PE mRNA 32 2@z duA
HAEds SAAS. 1 A SdyHly FEE 9 AW Pl AN, AW
AT 7A4e9S. AW Aol #ols= SREBP-1c, C/EBPa, PPARyY, FAS mRNA
o] styMlE] FE= AeaolA askdda, A diate] oA Fag As dg =49
AMPK, ACC, CPT1, PPARa® ©9d wdge ZT7kside. E3, 539 A
SREBP-1c, C/EBPa, PPARY, FAS mRNA %&o] mx k2ol A FH o] Hla] #Asheda,
Fikst 5 7HA= CPT19 PPARa @4 odlo] styHg] F&& FolaolA 57t
k1S vl A o

olyzl ACC wiH] pACC & =3 AMPK thH] pAMPK whulz a3 2ko)
styunlg] =5 FolddA 7S stulE] FEES 2A2kstd AMPKE 57147
e}

7t AMPK+ ACC 1xtsts =349 lipogenesis #H#l F3x Hd S 7HAAIF
A BRI A FA]o] FHAEASE AoE A7, ACC dAtste rlEZ= o o g
A A A o)l Fe Bad mEZE=gol oute] EAstE CPT19 48 =34 A e
AEtE R s AR AlmE. Eg styMe] FEE0 9% AMPK @i @ S7ke
A ¥} A transcription factor$l SREBP1  Ppary, C/ebpa &3 FAS wrala kAl o] Ao
BEFES TAES A2 A7HH o1 H
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7. AAE R AFER

<Table 2-57> M & 7H& X AlM &

A& Al F A 7148 AF
1 who] 52 a2 vl
getel EY E FEHA

'R
afo] &2~ H i ‘ 2w
2 EXT R 3 BN
S FEMA

nho] % S
3 - |5 m| g
I oAl IE

ujo] &2

o iR L
4 Z2aAad

TN
getelEY 9E

ulo] %2 7 3 v ),
5

2 A9 FEMA
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O 2017 23] : AAFAGFulo] QAF I A F
o QA :2017.09.22. ~ 2017.10.10.

. AR g AEF A9

I
1A sl 3, Shvel B

2!

O 2018 B &3] : AAFAFTLHo)| LA 2R
« 44 : 201810.05. ~ 2018.10.10.

. ga o AF B iET A9

o AE AN FE Bgol, wholg s, YA, vholEa Zasdd elgtelEY 9,
dlol B ZRAMY JF PF, vholBs Z@ o Als, vie] 2 ZRHY getelEy
WE, vho] B2 T2 A

Ori3i0

b
\ 2 oAl
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8. &7} AT (EAANE, in vivo £%F7})

<Table 2-58> GLPZ|&

SHABERE 2o

A AFF T 2 AT | FITH Fol7|zt ANdEd, 8F A E 4 3
L Eolg AWEA, Al
= . E [e) = S == = i=3 e}
@3 P SD Rat A . Folgk O 65 18| o3k AlsHst 3 5<
e (M 20, F 20) 23 bw A oyn a7 gle.
- ALD > 2500mg/kg
) AERA Y JNE
902
- B2k Y Z 7= )
HE | AR SD Rat e 912l Folgk (O 65 120 7, drPAIE dzsA] e
= of (M 40, F 40) O kgybw) o
v - NOAEL: 2500mg/kg/day
S, typhimrium . Eojak
=7 TAR TAl0, | - AR o TN 06 10 o wqimemols g
sllo] | TAITH TAISH | - =y A s IR
-Ecdi W2 urA /plate)
e) . E 5 . O (o] ey 3|
paag| JCR PHEE - Lsieype | TN QEB IR - §A vhpel BA]
ST E 23 hgle) ohF S kA o,
%4
=4
- AW (-S89 mix, A4AZ
SESE - 9o 1} -G m
A A (-89 mix, GARY FEE -84 CHO Al A0
1| CHoAd cas |V 099 mix, 643 T & CHO 4 Jl
AR A2 18A1%F 31%) - %o] %1(555.56, A4S e o,
- ORI (+99 mix, 6A17F| 166667, 5000ue/me)
2] 184F 313)
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(3) FrHl%A AR 2ok BAEAMINY

=

<Table 2-61> S SHHOIAIYE & & 2t

1. 951 Yol H du| == E(Lonicera caerulea)
2. ANg7| St A AA T AT Y vlol g} AT A
3. A= B GLP 7|#x A [ =% O 718
4. NE=4 .
o i 13 ==
(HH%H]’H] E@) o oo]]/}"‘l‘ EUH TE=
i+ T <
5. Al A — 5
Salmonella typhimurium TA98, TA100, TA1535, TA1537
E'scherichia coli WP2uvrA
S9 mix(-) : 0, 62, 185, 556, 1667, 5000ug/plate
e FE
S9 mix(+) : 0, 62, 185, 556, 1667, 5000.g/plate
13 )&
6. 238 Al & W Preincubation ®'%
EIREC 20 %
S9mix oF oFA T 2T & S =T &
=T e e (ug/ plate) |~ "7 | (ug/ plate)
TA98 AF-2 0.1 U S/ 0
TA100 AF-2 0.01 s/ 0
(+) TA1535 NaNj 05 U S/ 0
TA1537 9-AA 80 Ui S/ 0
7. 2T
WP2uvrA 4-NQO 0.25 B sFT 0
TA98 BP 10 AT 0
TA100 2-AA 1 Ui/ 0
(-) TA1535 2-AA 2 Ui S/ 0
TA1537 2-AA 2 S/ 0
WP2uvrA 2-AA 10 s/ 0
4 AldAaz, dArgdR Y AP B, BE dFodA SR vl alske]
A& AT
s GHoR B Wi BAHY 7o 42 BB F AL
) ooy dn] FEE (Lonicera caerulea)e £ A ZA oA EHyEdHol=E
9. AlFAAE i
Srela g Aow e
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(5) FAEA ABAL 2P AR oA Y

=

<Table 2-63> AAMo|atAled LHE A 21t

1. 954 Yol YF A F%E(Lonicera caerulea)
2. ANlg7) St A 4SS AA T AT Y vlo] gt A T4
3. A5 B GLP 73X 1A O =% O 71

4. AFEH

(vl gl )

=

5 AlgA M EF B CHO (] CHL ] V79
AW (-S9 mix, 24 A AEFAHE ) 1 555.56,
1666.67, 5000ug/ml
] H _ : = =) 5 .
el AW (-S9 mix, 6 AlZF A 18 AZF 3| EHT) ¢
555.56, 1666.67, 5000.g/md
HAFEAH (+S9 mix, 6 AlZF A g 18 AlZF 3 &)
: B55.56, 1666.67, 50001g/ml
6. A e AW (-89 mix, 24 AZF AEA )
Al AH"H (-S9 mix, 6 A1ZF 28 18 Azt 3 &)
PAFEAH (+S9 mix, 6 A A 18 AIZF 3] &)
A (-S9 mix, 24 A7F A% )
e AlZE AW (-S9 mix, 6 AlF A 18 Azt 3]
AL (+S9 mix, 6 AIZF A2 18 A7 3] &)
MG A A TE Al =2 A & 24X el HE FA
S9mix A L oA ) = - & S AU ZT &
- cerimm (pg/ml) |7 T (pg/ml)
7. 2t
(+) CHO Cyclophosphamide 10 s/ 0
(=) CHO Mitomycin C 0.04 Ui S/ 0
AgEDo] o G Fx4 o]ds dolry] Y APEEAS APt
3 S ol 1 dE Al A, AW 9 gArEAdHe BE ATl dolA o
A& 24w
1 F1e MEs SAYETI B o BAGHoRE foF TS B F
s gl

Al EAel ddolFEdu] FEE(Lonicera caerulea)S - A& o] Z 73}l A

0. NHAAE
CHO Aol @AaAlel4e fshd o Aom Aug,
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L} In vivo 2537 =k

sumel A

<Table 2-64> =Lt stHHI2(2] in vivo EE7F & AFxMHI=E

Study No.
ARMOS54-BHd HFD Efficacy: HFD Supplied Mice
Department of Anatomy and Histology, College of Korean Medicine, DAEGU HAANY UNIVERSITY

Hepatoprotective and Various Beneficial
Effects of Domestic Blue Honeysuckle
Extracts on the 45%Kcal High Fat Diet

[ARMOS4-BHd HFD: Hepatoprotective and Beneficial Effects of BHd on HFD Supplied ICR Mice]
Department of Anatomy and Histology, College of Korean Medicine, DAEGU HAANY UNIVERSITY

ANNEX IIL Cenification of Approval of Animal Experiment by the Instinsional Animul Care snd Fse
Committee i Dacgu Haany University

sids

Date of Reporting

(HFD) Supplied Mice

: August 08, 2018

SEHEAY 5UAM

Reporter : Prof, Sae Kwang Ku, DYM, Ph,D. 45%kcal DX|WAIE E2 02 QWS Sy H|DH
Periods of study : February 21, 2018 - August 06, 2018 0IA DUOIM RLYA HHO|US Hoj =SSO
Mo. of Study : ARMD54-BHd HFD H9H O SHe TR BEE 4M &3 WY}
File Source Report  : ARMOS4-BHd HFD.DOC
Data : ARMO54-BHd HFD [FOLD)
ATYYTE PP
Signature
@R el
Sae Kwang Ku, DVM, Ph. D. A
Professor DATE: 2018. 08, GE%&* T
Department of Anatomy and Histology
SANY G, Cietolciet SRR HNE
@ - Department of Anatomy and Histology, Cllege of Korean Medicine “%’. Daegu Haany University IACUC
: “-/ DAEGU HAANY UNIVERSITY
- B Oeu2018-008
ARMO54-BHd HFD
AEEZR stUHlY] F==
ANEEE

A TR

A O|(HFD) 7= mice B2(3260~36.20g, 67%)
- A ET AR A Folt

- HFDW22 4526 Keal HFD 350415l

« Metformin tZ 250mg/kg Fo1+HFD

- Al 1t HFD+400mg/kg shvlle] 5=

- AER 20 HFD-200mg/kg shuvle] ==

- Al 3 HFDH00mg/kg stUHle] 5=

TG 8
J— 1}2 1”3 F%E 100, 200, 400mg/kg/%
CELZECI I

B7HA R

- ATzt

- FALEA

- Zke] FA wisk

- 8% glucose 2 AZ(TC, TG, LDL-c, HDL-¢)#H3}
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- 3B 5 (MDA, glutathione, catalase, SOD)H3}

- FA9H zymogen granules, mean islet numbers, mean islet diameter A3}t
- G 7FEARIsHGK, Gopase, PEPCK)

- IPARE 2 e 3 27 Wt

- AAA R 7R A EE(ACCT, AMPKal, AMPKG2)

- AEEAY 54 P(leptin, UCP2, adiponectin, C/EBPa, C/EBPR, SREBPlc

- AR 1, 2, 3 AR felA AR HFDO RS HiH] p<O0b)

- AR 1, 2 3 SErAlEAR R el wslghe(HFDOESS div] p>0.0b)

S ATERE 1, 2 3 3F A oA ZAHFDAESE tiH] p<O0b)

AR, 2 3 7 BHAST, AT, AR, 1TH GGT BUN aredtine) - BREHRDARSE tH] pOd)

- AlE 1, 2 3 glucose AR HFDOESTE diF] p<001, p<O0b)

- AIET 1, 2 371G, TG 1D, -FeRAHFDE=" tiH] p<O0D), HDLc 214 57}
(HFDeE= tH] p<001, p<O.0b)

< AlERE 1, 2 3 MDA 21387 (HFDUEST dH] p<O0l), glutathione, catalase, SOD
AEt 1, 2 3 24 7 KHFDUE: thH] p<O01, p<O0b)

- AlER 1, 2 3 zymogen grandes 214 57 KHFDHEST o] p<O0D), mean islet mumbarsy
mean idet dameter ASRE 1, 2 3 FRPEEAHFDAES tR] p<O0D)

- AR, 2 3imidinIR adls guagm IR cdls irsdin/gucagm retio -1 ARHRDORST TR p<O0D

- AR 1, 2 3 gluockinase 214 57 KHEDeHE= tiH] p<O0L, p<Ob), glucose-6-phos p
hatease, PEPCK A3 1, 2, 3 1% ZAHFDeE=" thH] p<00D)

AR, 2 3 7 A et A e A HFD RS tiv] p<O.0D)

- AlERE 1, 2 3 ATk U] ACCL el A HFDOESS o] p<O0b), AVPKal,
AVPKe2 24 <7 KHFDHES o] p<O0l, p<O.0b)

- AR 1, 2 3 AR UCP2, Adiponectin -4 KHFDH =" thH] p<0.05, p<001)
AR leptin, C/FBPo, C/FBPG, SREBPIe 227 HFDHE tiH] p<005, p<001)

AU AMPKal, AMPKa2 914 57t 93t Rbsrls dsks gal kAl
AEuARS7ReR I AST, ALT 84 3Ha7]3ds Sielsh

=1

Journal of Exercise Nutrition and Biochemistry,22(4), 39—54 (2018)

JENB i3 orenacoess

Hepatoprotective and anti-obesity

effects of Korean blue honeysuckle

extracts in high fat diet-fed mice
Jom
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<Table 2-65> A3l M1}
= SRR o 3t
NES AR 7A] - 99
A F - -
) FE 33z vjE 15 9
o & H —
NS AR 7R 42 o
HAA F .
FE 33zt W= 12 <4
- %
ALE A7 i
=9 - %
A F
A1t 5 390 A
e A7 =9 - %
g - %
NS AR 7A] i
=9 - %
LA F " o
g% 371 o= TR
o T = %94 oo %
HAA A AE AAANR AAY 9] - 9]
AR
29 3d 3 AF AA AREAE =9 - ¢
<Table 2-66> Alst A= 2 ofE AN
3 = AR G 4 7
At st £28717kd) | 20199 MEJIAY Ve Ad 95 €5 £ 19 oY
2odd(Awe) | AF TR P 9 $FU ok 30099
SR EX-A) A 74 3dE 5%
(4) 4294 27914 5091 ¢
A5l Ag 91(%) A 742 3dE 5d%
A A&
e | M : . :
9] - . i
G5 o o [T Y AREe BEow 54 Une A9 Fo 90,
TR aNE TS 1ol gt g slow guwd,
SO e |- CAAY A e 371 7154 A% F4
5 - 20199 “NDI” 213 A8 24 F A 44 53
(29l o9 ER 3% 5AE
“?‘—l ‘{l\‘;{] 2= 011 % 2=
7H/‘\j §_:‘7+ Tl:lq];q](lﬁ"l‘) - - -
= = - - -
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3% 53 eA4E H #¥ £oF V9=
14 2%
1. % 5%
<Table 3-1> #[&T AT F =
> StYH|E FEEY 7N ARV TAE VIsAEAYE A 2 AEF
- HLEA T EFeEEY RS VsAYE &R (n vitro, in vivo B3l dlxa iy
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