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SUMMARY

I. Title of the Project

Development of a non-alcoholic water—soluble propolis functional food
with Korean propolis and evaluation of its clinical efficacy for

antioxidant and immune functions.

II. Objective and Importance of the Project

® Propolis is a complex mixture of gums, resins, and balms from
plants, and bee’s wax and salivary secretions of resins, and is
recognized as a new generation natural material with various
physiological activities such as antioxidant, anti-bacterial,
anti-inflammatory, immune-enhancing activities.

m The market size of propolis products as functional food, cosmetics,
medicine, and home supplies in Japan is estimated to be 400 billion
won. By contrast, the Korean market size is only 15 billion won.

m [n Korea, the raw material and whole product are mainly imported
from Janpan, Australia, China, and Brazil, due to the low level of
domestic technologies in extraction, purification, processing, and
non-alcoholilic water—solubilization,

m]n Korea, there has been research on developing the ethanol
—-containing raw material or products, but its commercialization
failed due to the strict regulation of ethanol-containing products and
the low applicability of water-insoluble products.

®m The Korean market is composed mainly of imported whole products
although the regulation was relaxed, and still the research activities
on propolis products are still insufficient.

m Therefore, to overcome this current problems in propolis market in



Korea, we purposed to develop Korean propolis product by selecting
higly active Korean propolis raw material, establishing the
extraction and purification process, and evaluating the animal and

clinical efficacy,

. Contents and Scope of the Project

1. Selection of excellent Korean propolis raw material by active
compound analysis and evaluation of activities, development of

production process for non-alcoholic water—soluble product

1) Survey on status of the propolis production in Korea

2) Collection of propolis samples from various regions in Korea

3) Analysis of active compound contents

4) Evaluation of anti-bacterial activities

5) Evaluation of in vitro antioxidant activities

6) Evaluation of in vivo antioxidant activities

7) Enhancement of extraction yields of active compounds of propolis
8) Development of production process for non-alcoholic water-

soluble propolis product

2. Production of non-alcoholic water—soluble pilot product with Korean
propolis, evaluation of in vivo and clinical efficacy, evaluation of

marketability, establishment of production system

1) Production of the pilot product by non-alcoholic water—soluble
process

2) Evaluation of in vivo antioxidant activities of the pilot product

3) Evaluation of clinical efficacy of the pilot product for the
antioxidant and immune-protecting effects.

4) Evaluation of the marketablility of the pilot product



5) Establishment of production system of Korean propolis product

IV. Results of the Project and Application

1. Selection of excellent Korean propolis raw material by analysis

of active compounds and evaluation of activity

m Total 18 propolis samples were collected from different regions in
Korea and were analyzed for the contents of total flavonoids, active
compounds, and anti-bacterial activity.

m [n the analysis of the active compound contents, the total flavonoid
and active compound contents varied according to the production
regions, but all samples showed high contents of caffeic acid,
cinnamic acid, chrysin, flavone, carbohydrate, protein, fat, and
minerals.

m[n the analysis of the anti-bacterial activities, all propolis samples
showed highest anti-bacterial activity against DBacillus subtilis
(KCTC 1022), and also showed relatively high activity against
Salmonella typhimurium (KCTC 2515), Candida albicans (KCTC
7965), Staphylococcus aureus (CCARM 201), and Pseudomonas
aeruginosa (CCARM 225).

m However, since lead content was higher than the regulation
standard and trace pesticide and antibiotics were detected in some
samples, precaution is required to ensure the safety of the Korean

propolis samples.

2. Evaluation of antioxidant activities of Korean propolis

m To evaluate the antioxidant activities of Korean propolis samples

from different regions, in vitro antioxidant assays were performed.

Two Korean propolis samples were selected and its activities were

_10_



compared with two foreign propolis samples, and finally one Korean
sample was selected for the production of piolot product.

m[n the in vitro antioxidant assays for the 18 Korean propolis
samples, P12 and P13 showed highest activities in DPPH radical
scavenging, superoxide anion radical scavenging, and lipid
peroxidation inhibition assays. P12 and P13 were selected as
excellent Korean propolis samples.

m T'wo selected Korean propolis samples were compared with Brizilian
propolis (BP) and Chinese propolis (CP).

- In vitro antioxidant assays revealed the P12 and P12 had the
superior activity compared to BP.

- In mouse experiments in which oxidative stress was induced by
tetrachlorocabon (CCly), P12 and P13 showed higher activity than
BP and CP.

- Although P12 and P13 did not show marked differences in
activities, P12 showed higher activity in general than P13.

- Based on these results, P12 (from Samcheok, Kangwon, Korea)
was finally selected for the raw propolis material for the piolot

product.

3. Development of production process for active component
extraction yield, and non-alcoholic water—-soluble propolis

product

m The optimal extraction conditions of Korean propolis were, 75%
ethanol for the extraction solvent, 40C for extraction temperature,
and 8 hour for extraction time.

m The production process for non-alcoholic water-soluble propolis
product was established as follows: extraction in 75% ethanol,
filtration, addition of alkali/organic acid/purified water, and recovery

of ethanol.

_11_



m This new production process for non-alcoholic water-soluble
propolis improved the extraction yield and flavonoid content and
also water—solubility resolved the problem of user inconvenience
derived from sticky properties of propolis, which will increase the
applicability as the raw material of health functional foods and
processed foods.

m Then the non-alcoholic water-soluble propolis pilot product was
manufactured from the P12 which showed highest activities among

Korean propolis samples.

4, Evaluation of antioxidant and immune-protecting activities of

the propolis pilot product in animal model.

m[n this study, the non—alcoholic water—soluble pilot product prepared
from Korean propolis with highest activity (P12) was evaluated for
its in vivo antioxidant and immune-protecting activities.

- The administration of the pilot product significantly reduced lipid
peroxidation product (MDA) in the liver and plasma of the mice
treated with CCls.

- The administration of the pilot product protected the immune
and hematopoietic system (bone marrow cell and hematopoietic
stem cell) against the oxidative damage induced by irradiation.

® These results showed that the pilot product has the marked effects
in reducing the oxidative damage and protecting the
immune/hematopoiesis system, and, therforethat the piolot product

can be clinically applied as a antioxidant food.

5. Clinical study on the antioxidant and immune-protecting effects

of the propolis pilot product

mIn this study, we evaluated the clinical efficacy of the pilot product

_12_



to reduce oxidative stress and inflammatory immune response in an
exercise-induced oxidative stress model.

m Supplementation of propolis pilot product for 2 weeks did not show
statistically significant changes in lipid peroxidation product (MDA)
and total antioxidant status between propolis group and placebo
group.

m However, propolis group showed a trend of MDA decrease and
TAS increase after supplementation, which suggested that the pilot
product might have antioxidant activities in human bodies.

m[n the analysis of IL-6 and TNF-a, cytokines associated with
inflammatory immune responses, no significant differences and
trends were observed between two groups. Also no change in these
cytokines was observed between pre- and post-treatment in the
propolis group, which suggested that the exercise was not sufficient
to induce the inflammatory responses.

m Although these results were not statistically significant, they
suggest that the propolis pilot product may have positive effects
such as reducing oxidative stress and enhance the antioxidant

capacity of the body even after the medium level of exercise.

. Evaluation of marketability of non-alcoholic and water-soluble

propolis

® The non-alcoholic water—-soluble propolis was evaluated to be
applied primarily to health functional foods and also to cosmetics,
medicine, and home supplies.

m The Korean market for propolis functional foods was estimated to
be 45.4 billion won in 2005, and is expected to grow at 12.5% per
year and reach 91 billion won in 2010.

m Despite the rapid expansion of the market, the market situation is

not advantageous to our company since many Korean and foreign

_13_



companies are already selling the propolis functional foods in Korea.
m However, it is postulated that the anti-bacterial health functional
food market will grow much faster than expected due to the
circulation of avian influenza viruses, which will be advantageous
to our company as a raw material provider if the alcoholic propolis
is replaced by water-soluble propolis products.
m Therefore, considering all these aspects, the marketability of

non-alcoholic water-soluble propolis seems to be positive.

_14_



CONTENTS

Chapter 1. Introduction
Section 1. Importance of the Project
1. Overview of the target technology
2. Importance of the target technology
Section 2. Objective and Contents of the Project
1. Final goal of the project
2. Objective and contents by year
Section 3. Expected Benefits of the Project
1. Technical aspects
2. Economical and industrial aspects

3. Benefits to farmers

Chaper 2. State of the Art Report

Section 1. Overview of the technology
1. Definition and structure of propolis
2. Major activities of propolis
3. Extraction method of propolis

Section 2. State of the Art
1. State of the art in Korea
2. Alternative and competing technologies

3. Future technologies

Chapter 3. Contents and Results of the Project
Section 1. Selection of excellent Korean propolis raw material by
analysis of active compounds and evaluation of activity
1. Overview
2. Methods
3. Results

_15_



4. Conclusion
Section 2. Evaluation of antioxidant activities of Korean propolis
1. Overview
2. Methods
3. Results
4. Conclusion
Section 3. Development of production process for active component
extraction yield, and non-alcoholic water—soluble propolis product
1. Overview
2. Methods
3. Results
4. Conclusion
Section 4. Evaluation of antioxidant and immune-protecting activities
of the propolis pilot product in animal model
1. Overview
2. Methods
3. Results
4. Conclusion
Section 5. Clinical study on the antioxidant and immune-protecting
effects of the propolis pilot product
1. Overview
2. Methods
3. Results
4. Conclusion
Section 6. Evaluation of marketability of non-alcoholic and
water—soluble propolis
1. Overview
2. Methods
3. Results

4. Conclusion

_16_



Chapter 4. Achievment of Research Goals and External

Contribution of Main Results

Chapter 5. Plan of Utilization of the Results

Chapter 6. References

_17_



A1
Al

T M E

14 AFrte
1. /g7l se 7

e
=84

Q

a

2. M7=l T4

Al

PR b e |
Al
Lﬂ*ﬂ:K
2.
3. &

Al 2
Al

Z =

2.
3.z
Al

A3F dTAE

22 AT e =g

1. 71EMde] HE &

38 Ate] Zdi &

EEIR
3

AL
ERDRE

TN

S

e 8%

14 71718
1. T2 &g~ A
Ei%ﬂﬁﬂ

FPE 2 A%

A 1d Sl ZREYse] A d {FEA

Al

_18_

=]
RN

A=)
RN

S|
ay

)
=

o

off

bV

tlo
off



-

7F o TR EY s g3 A
) = ZREHA AHW A8 FA}

D Frelitgoel et &t &4
2) FAA g wFel A I

3. A7 A3

Al
=
K
ku
il
k)
4>
=
(T
x
il
N
_>|L

D Frelixtgoel ek &t &4
2) FAA g wFel A I

4. 48

A 24 U4 z2E ] A ikt g% b
1. &
2. AT W

7V A T2 EE 20 In vitro $4HE &% H o)

1) DPPH radical &7 &4 74

2) Superoxide anion radical &7 A =4
3) Ad st A &4 FA
4) DNA Wo} a3 24

. In vivo &4kst &% 7}

_19_



9 AlE Fo
Zui o] malondialdehyde(MDA)

3) k22 9] malondialdehyde(MDA)

my
Ho

8

=
=

=)
=

2)

3

=
=

F el glutathione(GHS) 2]

=}
=

4)

ol

H5} g )

g

9] in vitro

AR S

7). S

2 29 =)
9l In vitro

TeE

oA 2y

Pt

RAE S

D =it

2ol

;é!

7}) DPPH radical &7 €4

uiel

;é!

1}) Superoxide anion radical &7 &4

=
e

o

o]

=0

2}) DNA

ﬁo

JJo
o

3}

s
7h k22 W 2] malondialdehyde(MDA)

FA

R

2) In vivo

&

=
=

%

=
=

) g3 ¢ malondialdehyde(MDA)

th) Ao glutathione(GHS)Y % =34

.
fut

1. &

Gt
oy

B

il
i
el
N

A
A+

"

H

0

o
of

o
<

H
H

G
o
2

ol

NI

o

it
i

%

Hin
~~

NI

o

il
i
el
N

A
A+

"

H

0

o
of

o
<

2]
|

ol

ol

NI

=

%

ol
~~

NI

o

_20_



.
T

0
Hin

pue

A 48 TR2EGA A

1. 71

Gt
oy

B!

el

;é!

;onﬂ

—_—

~

o

<

A

SN PR

-

4
e

BH

7). A}

_Zrl

uie)

;é!

34

o} WARA 2 A} mpo-sof A w) A g

el

;é!

;onﬂ

p—

~

o

<

A

o whg-Zoll M x| 3}

24 o] A4}

-

4
e

BR

7). A}

oA &3

o

<

3}

A

i

N

D

;onﬂ
Nl
T

~~

)

3
=

bagal

o)
o

D =

o

.
fut

T

1. 7/l

Gt
T

B!

oA AEA A

iy
B

AEEPAREPY

1o

o+

o}
)

1) AT 110% AlA 4HES 9
2) AT 110% A% <]

3) AAAAL

Ll

<

A

oo
T

A
Hju
H

A

ko3
T

5 At

&

=
=

(TAS)

Eie

<

A

;00
[ .ﬁo
o
~O
el

_21_



2) &4 W Lipide peroxidation A% (MDA) =4
3) g9 Y Cytokine =%

vk BAA A
3. A+ A7
7b A @A) AAH 54
U @3 o] AF A E(MDA) 4 A7
ok FgU F AAEsE(TAS) w4 43
2. @3 TNF-osL 24 23
mh IL-69] #4143}
4. A&
A 6d FLF 784 Z2EY2 G FUt
1. 7h&
2. A7 Wy
3. A+ A7
7hAE e 2 BA
DA AL

2) NE 54

3) 713 2 9% a9l
It R R S R R R
D AAAE @8
2) =l A A3
4. AE

A4 ZIIHT Z AHEH Y Vo=

A5F dTALZAFAY] E8AY

A6 &

u}l_ll

AEF

_22_



A 1d dTALY FTaA

AEd 7= 7Ha

7}.

KX
=

Akl e] Bkl (Enzyme)

=2
=

A ()

Els

A4

ol A

o

()

el

Jo

A

AT 71

7157 A=A ol

7
e

A A

L
R

7HA

el
Jo

274 7

H
oo

ol

1509} f 5o

b= Aol vl A Sl=

3745

ALl Al 4,0009 S 3

et

S

=

olxg = ZEZEe

)

o

mu

!
o)

3
N
-
ofy

A A ZE lej kot ol

A

Apa 7]

o
T

A= 7kA]

3

%/K

pAlzA el A

)
=

o 34 oz dd 44

a2 A S8

=

48] Wi =

El

o]

20043 8¢ TrAIZE ASH(FAIHAA AL o]

KN
T

2

e PN

ZE

= U

=
;OT

goltt.

Hepd, olg S

3

Ul

A v g

il
o
G
Jvmo
K

i
i

A
Hju
B

}‘\_]:

e =

H71 9138

S

_23_



Fol ol A

2] ~(WEEP &4%)¢

©

3
=

A, A
2

i

A=
—=

2

4

<

A

A&k

s
‘mo
4r
il

Tor

QLA A]

1A

=

=

kel

1)

~
25

171 €

9

1l
<H

=

=

EREEE
CERIERt
A g71&9 FaA

Y.

[e)

fuy

N

o] $-2ihet Al A

olth.

=

o

el

A

—_

o 3} o}

)

.
o

~
.60

@_

_24_



3
T

2o 7]elat A,

et 571744

=
[

R
L.

x=

HAE

3

=
o

o] AW AWM 7]

Ll

o] A= gl

=
o

K

mr

7170

7}.

i
e

el
i

)

=
Hin

o
g HEA A

5|

o=

o] 5ol

g
a

Aol A FAeE FBES 1

FitAs *

Elasied

o

0
ol

<

o
=]
Hr

o

)

g, @ 2 9oeE

- Total Flavonoids &%

o] &3t Z+zte] Flavonoid<

=
=

- HPLC

- p~Coumaric acid, Cinnamic acid9]

- Add =g

2) =d

229 In vitrodl A9 4

3
=

2 Z

_25_



4) In vitrodl X 9] T2 Z g x~9] iksl g5 H7t

L

ofN

- Af-2k)Z Scavenging activity 3 &3 £
- Superoxide AA &I} F4
- Lipidperoxidation & A &3} &4

- AbstA 2Ed 2o oF DNA &4 A &5 7t
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1. ZE2ZF 29 A9 X

IR2EYA(EN; KB Propolis)E EHEC AL A& HAS
FA317] skl odg] 71K AEEe] AFAHEE HEsH] Hste ®Eulste
FAMER) S 22 280 & Ao HA By Egste] whE A

A, JEA aFare] Edolt

o ship @94 %Aﬂ 5o weh ZA7)E ofast e A

ojm, A4k A 2
ZREYxs FH FEFA ot a2k dg o ?|

7HA sheEE 227FA MR Fol o e Aom deA 9l
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5o FAEE 8-10%, 3k 5%, 7IE 7l % vUl® SoR o] FofA]

_31_



Table 1. Z2Zg 29 A

Hive propolis Extracted propolis
Resin 50 ~ 55 % Protein 10.5%
Beewax 30 % Lipid 54.0%
Essential oil 8 ~ 10 % Carbohydrate 29.9%
Pollen 5% Water 3.3%
Ash 2.3%
Total caroteine 0.24mg/100g
Thiamin 0.18mg/100g
Riboflavin 0.54mg/100g
Vitamin B6 0.17mg/100g
Niacin 1.62mg/100g

I &2 FAMNE F /M T3 EZL2 ZgH o] =(flavonoid)
=

gt & ¢ Sled EffEieol=s diREe] AE A8 C6-C3-C6
g EEdoR 94 Bt =3NS 0 gt s SFE FHo
24 °F 500FF7F T A

Dr. Bent Harvesteent ZEEg2~ A& & ZdtExol=7t Al 9
vholf 2~ 25 T s A A et 2 g3 E UElRRE ZrEy
29 AejgA7Iss Uetlle 71 $83 AEoR EdRol=E
of i g vl vt FelR o= YT wt oY vE TR 7x
£ Al 712=A 0 23k 33k Abstd A o] Aol webA flavonol
A9 quercetin, kaempferol, myricetin®] 02w flavoneA ¢ apigenin,

luteolin 22 i limonin, nomilin 5°] €#* <lt}.(Fig. 2)
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&3t =2 Z g A (propolisin)e] H-A4HS A g5et=d o] &¥drtar s},
g s AR (e, Aol del = BaA) BE 2§ 2
g =27], olEVA ¥ 5 Y (atopic dermatitis)el]l o] & FH A, ¥
13 (9554, Ak, =5, §1, 75 ) B FalEs Al el
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o 2AZE S Bt B
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T HZROFUARF T ) AL kALl Al ZREFEAE Folste] A
2 A (NK) Al¥E, Z Ei*ﬂ_‘?_, nlo]l A w27} &g st o] FF S
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ZF Z@H o= e (w/w %, BE w/iv %)=
50m/
a mg/mix x100
AA el AFH (g == ml)x1,000(mg)

2) HPLCE | 8% FaEAEY TF &4

Z}7}2] propolis sample ¥4<& ZF AlEE 10mg/mlE &3 F
membrane filter (Millipore, pore size 0.45um)Z < }3ste] 20ul® HPLC
(Agilent Technologies, Inc. 1100series, USA)dl F&auct T4 o
Sigma-Aldrich (U.S.A)¢] Flavone, Flavanone, Chrysin, Cinnamic acid,
Hesperetin, p-Coumaric acid, Caffeic acid, Quercetine A}-83Fit}. o] uj

A& HPLC#A %712 Table 33 #Zt}.

Table 3. Operation conditions of HPLC for analyses of organic

acids
Operation conditions
Instrument Agilent Technologies Inc. USA. 1100series.
Column Inertsil ODS-3V, C18 Analytical column
HSum, 150X 4.6mm
Column Temp. 60T
Mobile phase Acetic acid : Methanol : Water = 5 : 75 : 65(v/v)
Detecter UV at 254 nm

Injection volume 20uL

Flow rate 1.0 mL/min
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3) A Z2E 2 FFH £

T ZREY2Y S E7HAE EolV] AY B AmE AwE] 4
dl Fdistu Abstg e Ayaiet FAAE Fste] FetR o= A
@ B YR, v 5L AFHem FHSU v FA4 2=
Ze) 2o bdAE Fletr] 8 i TEEL W vaE FHE
5% A wor 8%9) AF YAEAL BN

oS Z=2EHs FEA 9t

) fFalTs g FTE€R AdAEH AF

7h) AT H A

HoAdde] Algd F5E Candida albicans (KCTC 7965), Bacillus
subtilis (KCTC 1022), Staphylococcus aureus subsp. aureus (KCTC
1621), Escherichia coli (KCTC 1682), Salmonella typhimurium (KCTC
2515) & 5¥or AW TRATE FAAZIKTCT)ANA FFEor
AL&38FH o (Table 4), 2+ w52 WX A& Table 5-7 Z} 2t}

Table 4. The used microorganisms on experimental test

Figale:! H} 4] Az
Candida albicans (KCTC 7965) YM Agar 25C
Bacillus subtilis (KCTC 1022) Nutrient Agar 30C
Staphylococcus aureus Trypticase Soy Agar 37C

subsp. aureus (KCTC 1621)
Escherichia coli (KCTC 1682) Trypticase Soy Agar 37T

Salmonella typhimurium (KCTC 2515) Nutrient Agar 37C
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Table 5. The composition of YM Agar culture medium.

Composition Contents
Yeast extract 3.0¢g
Malt extract 3.0¢g
Peptone 5.0g
Dextrose 10.0g
Agar 20.0g
Distilled water 1000ml

» The Candida albicans (KCTC 7965) of was cultured at 25+1C

Table 6. The composition of Nutrient Agar culture medium.

Composition Contents
Beef extract 3.0g
Peptone 5.0g
Agar 15g
Distilled water 1000ml

» The Bacillus subtilis (KCTC 1022) of was cultured at 30+1C
» The Salmonella typhimurium(KCTC 2515) of was cultured at 37+1TC

Table 7. The composition of Trypticase Soy Agar culture medium.

Composition Contents
Trypticase Soy broth 30g
Agar 15g
Distilled water 1000ml

» The Escherichia coli (KCTC 1682) of was cultured at 37+1C
» The Staphylococcus aureus subsp. aureus (KCTC 1621)

of was cultured at 37+1C
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ol A=k wMiAE o83k incubatorol A shERF vldete] HE
F&= Abgstt g g4
6mm, Whatman)2 =733} t}h. WA pour-plate methodel] ¢]3] 45C=E %
A AerulA] 15mLel A #gd 0.1mLE &4 & TN F AE
8.8cm¢! petri dishell €1 =3t} 7)o paper discE: 28 5 AEE
, 7] oA vl Fste] paper disc 919 clear zone®] ZA7]=

£

AL Disc diffusion method (paper disc : &

°

r:ld'

EtOH 400ml& 7}8}e] 40ColA 500rpmo. & ulwks} =
sttt &9 S Filter paper(Whatman No. 4)& ©]-&3] o3le] gk
¥ A Z(EEP)Z A gl A&t

EL 9] 4t 22 E Y A(EEP) dFE o] &38| Lab-scale® F¢
Z - 5783 Z2EYA(WEEP)E Alzxste] Ad] AMEsFaith

2) FAA WA FATFT A F2EAH JAES HF

7h) ARgE 2 oaA

B A Alg¥  HFE Escherichia coli (CCARM  15479),
Salmonella (CCARM 8009), Staphylococcus aureus (CCARM 201),
Pseudomonas aeruginosa (CCARM 225) 5 4F o2 M &ojxttfstw A8
Ad 23 (CCARM) ol A & Ftol AR5 oW (Table 8), 2+ 59]
2] 2242 Table 9-10 3} Zu}.
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Table 8. The used microorganisms on experimental test

T Hj A

PEERY

FAA AE

E.coli (CCARM 15479) MacConkey

Agar

Salmonella
(CCARM 8009)

MacConkey
Agar

Mueller Hinton
Agar

Staphylococcus aureus
(CCARM 201)

Pseudomonas aeruginosa Mueller Hinton

(CCARM 225) Agar

35T

35T

37C

37C

Ampicillin > 128
Ceftazidime : 2
Cephalothin > 128
Chloramphenicol : 64
Ciprofloxacin >128
Cefotaxime : 1
Cefoxitin : 64
Gentamicin > 128
Imipenem < 0.5
Norfloxacin >128
Nalidixic acid >128
Streptocycin : 128
Tetracyclin > 128

Neomycin < 0.5
Norfloxacin < 0.5
Sulfonamides > 1024
Streptomycin : 128

Ampicillin <0.12
Cephalothin <0.12
Gentamicin <0.12
Norfloxacin : 0.25

Ampicillin <0.12
Cephalothin : 8

Gentamicin : 0.25
Norfloxacin : 0.5
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Table 9. The composition of MacConkey Agar culture medium.

Composition Contents
MacConkey broth 35g, 35¢g
Agar 15g
Distilled water 1000ml

» The E.coli (CCARM 15479) of was cultured at 35+1C
» The Salmonella (CCARM 8009) of was cultured at 35+1°C

Table 10. The composition of Mueller Hinton Agar culture

medium.

Composition Contents
Mueller-Hinton broth 21g
Agar 15g
Distilled water 1000ml

» The Staphylococcus aureus (CCARM 201) of was cultured at 37+1C
» The Pseudomonas aeruginosa (CCARM 225) of was cultured
at 37+1C

W) &g 8443

Yol AF3 vx] = o] &3}o] incubatorol) A sFEHF HjUEe] HE=HF
2 A3t} & A =4S Disc diffusion method (paper disc : &
6mm, Whatman)Z =743}ttt WA pour-plate methodol] €8] 45C= =
A vl 15mLel A mg 0.1mLE &4 & EFA F AE
8.8cm¢! petri dishell Wil 3 th 7|9 paper discE & H AEE
TAIZ S v F7lol A v ste] paper disc =99 clear zoneo A7 2
gt G = 334=2
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(200541, 1$ = 1,050)

=7} TH/EF ©@71/kg/USD =4 (4)
A(55%) 50 52,500
T B(45%) 40 42,000
C(35%) 30 31,500

A(super green) 120 126,000

B(parana green) 100 105,000

R
C(small size blend) 90 94,500
D(blend) 30 34,000
g 72-90 '76,000-90,000

3 Table 11 oA Hol% ZgZg~Z A we 537
Si<} 2

o
<
2
2

Adsta HAe AR J1Fel Basth FRe ZREs G o
2} 35%, 45%, 55% = ot Hepd e zmEejsol HE I Ao el
Super green, parana green, small size blend, blend 52 & 1} o] Z}7]
el We HAe Adsn vk FA ZRBYAE 4 FR(ZZEY
2 %), T FodExols ¥dF 5 7S AHstil sue U=s et 9
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xow AFste] FFARE AU Z2E 2 100ge] 75%
EtOH 400mlS 7}sle] 40ColA 500rpme 2 wHkslH A 8AIZF Fot &
sttt &S Filter paper(Whatman No. 4)5 ©]&3| o 73lo] of 1}l
WS ¥ 3ld F=7](Rotary vacuum evaporator, 50C)%

2 AzxE Azxy B AQuk(Table 12)

,J;FUQ

zrZesgs AFTHCd A" HHE ol&ste] HAMYFrEE
0.lm/, 1M ZAHZFE&A 0Im@ & 28ml ®ESAIA  UV/VIS
Spectrophotometer (Varian, Inc. USA)E o] &3] &3 % 415nmeolA =
FetR ol EgE SA 83tk (Table 13)

H

3) HPLCE °|8% FEANES TF &4

Zh Al ZREYE AR e M T SetR o= 3] A
o7} wmEul o] HEE AolellA T et=rtE detr ] flske] HPLC
profiles A8t Almo] AETAAE /A or ARt

7} 7} o] propolis sample #2412 Z} A|&E membrane filter (Millipore,
pore size 0.45um)= o]} 3t 20uL” HPLC(Agilent Technologies, Inc.
1100series, USA)°l 39

HA FF A8 Hesperetin (RT 4.0min), Caffeic acid (RT 1.7min),

i

32
S oy

p—Coumaric acid (RT 2.2min), Quercetin (RT 3.3min), Cinnamic acid
(RT 4.5min), Chrysin (RT 11.8min), Flavone (RT 12.9min), Flavanone
(RT 15.8min) S(Sigma-aldrich, USA)S HPLC® #4139 peakZE &<l
sttt (Fig. 5-7)
% S ZREYA AE 18F
© 2 HPLC profiles #
g X Holu ZF A AEEE FEAEY o] BT uE A
Utk oW AR B5 3489 Hesperetin, Caffeic acid, p-Coumaric
acid, Quercetin, Cinnamic acid, Chrysin, Flavone, Flavanone %°] t}h%
gf-E o] 9o o] F Caffeic acid, Cinnamic acid, Chrysin, Flavone %

ol th& Aol nls| F o ¥ Aom #FHAT (Fig. 8-9)
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Table 12. Z WA T2 ZF 29 A Y @ 2529 A

Sample Origin Color
P1 Gangwon-do, Chuncheon Yaksa-dong dark brown
P2 Gangwon-do, Chuncheon Hyoza-dong orange yellow
P3 Gangwon-do, Hwacheon Samil-11 dark brown

P4 Gangwon-do, Chuncheon Hupyeong-dong dark brown
P5 Gangwon-do, Chuncheon Seosang-ri dark brown
P6 Kyeonggi—-do, Incheon Bugae-dong dark brown
P7 Chungcheongbuk-do, Goesan Shinchon-r1i reddish yellow
P8 Gyeongsangnam-do, Pusan Oncheon-dong dark brown

P9 Chungcheongbuk-do, Cheongju Juklim—dong reddish yellow

P10 Chungcheongbuk-do, Chungju reddish yellow
P11 Kyeonggi—-do, Goyang Wondang dark brown
P12 Gangwon-do, Samcheok dark brown
P13 Gyeongsangbuk-do, Andong reddish yellow
P14 Chungcheongnam-do, Dangjin orange yellow
P15 Jeollabuk-do, Namwon orange yellow
P16 Jeollanam-do, Gwangju dark brown
P17 Jeollabuk-do, Jeongup reddish yellow
P18 Jeollanam—do, Muju mud yellow
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Figure 5. Chromatographic profiles acquired by HPLC of standard
compound.
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Figure 6. Chromatographic profiles acquired
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Figure 7. Chromatographic profiles acquired by HPLC of standard
compound.
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3) TYWAI T2 EF 2 HFH

T ZREE s ARE SH Ot At A gstE A Al o] ¢
Foto] Fgrwols Ald Ed, R, M 55 AFAH R #A45
SAth. Table 14 oA KolF= upel o] x4k g Ee] 2~ Caffeic acid,
Coumaric acid, Quercetin, Chrysin, Flavone 59 ZglH-ol= AE &2

& DSl RS or BeaE, g Ay Fol JPAR(Table

K

15)¥ wvl"& A& (Table 16)%= thaF 3f3bal gt
Heo] =4t ZrE&exe] ks glstr] fs iz s55d H3
Hl S 24 laL, 5% I wok 8T AR dAEEES 4
Table 17 oA Holx] 5 H|&e] A9 RF o HEHA Fof ¢Hdd v
el A5 71EA <] Sppme] HA AEE A&l 470 o] 7 2

L3tY. 25 F < (Table 18)3 7 A EZA(Table 199 Ut HAZE
ol M AZEH A kA Wk Dieldrin, Endrin %9 %3 Oxytetracycline,
sulfa- monomethazine, Penicillin G 52 &AEZo vz HEH = A

T27F 9lof gkl g Fo7F Fa s

2
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Table 14. 74 ZR e~ TR o= Ed(mg/g) AF B4

Caffeic acid Coumaric acid Quercetin Chrysin Flavone
P1 8.42 515 1.39 34.98 0.46
P2 3.86 1.77 0.81 0.61 0.35
P5 4.04 22.75 0.50 0.30 0.37
P6 4.42 0.68 0.86 1.04 0.36
P7 4.46 0.98 0.85 1.08 0.33
P8 4.73 0.74 0.95 17.10 ND
P9 8.40 8.02 1.33 22.40 0.45
P10 6.61 3.99 1.24 23.33 0.44
P11 6.25 1.84 0.97 18.07 ND
P12 9.25 1.68 1.22 2.28 0.43
P13 9.35 7.07 1.14 2.31 0.37
P14 3.92 ND 0.82 12.87 0.36
P15 13.94 354 1.60 2.99 0.46
P16 5.09 3.73 0.94 17.42 0.39
P18 3.27 ND 0.60 1.74 0.37

ND : Not detected
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Table 15. FAF T2 Z 2 JIEAHE(%) 4

laL | A ARA g3 E
P1 3.00 81.45 1.72 10.83
P9 141 86.72 1.36 8.99
P12 1.41 86.72 1.42 8.99
P13 1.41 87.31 153 8.34
P15 1.33 91.49 1.68 476
Table 16. =4 T2 Z g2 ny& (mg/100g) 4
Mn P Fe Ca K Mg Cu Na
P1 184 3336 1326 7883 3797 061 467 2445
P9 258 5542 3024 11253 5242 1048 676  41.70
P12 436 4970 544 10854 7284 890 2290 4752
P13 291 2648 582 7580 4951 887 1963 4354
P15 051  20.00 - 1245 2198 051 444 1530
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Table 17. A T2 Z 2 FF4 (ppm) B4

=1 a]

P1 2.09 ND
P2 2.94 ND
P5 6.07 ND
P6 6.86 ND
pP7 ND ND
P8 1.97 ND
P9 6.42 ND
P10 ND ND
P11 3.96 ND
P12 13.4 ND
P13 3.42 ND
P14 2.76 ND
P15 2.70 ND
P16 ND ND
P18 ND ND

ND : Not detected
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Table 18. =4 T2 Z g A AF o B

A
&

DDT BHC Aldrin  Dieldrin  Endrin
P1 ND ND ND ND ND
P2 ND ND ND ND ND
P5 ND ND ND ND ND
P6 ND ND ND 0.02ppm ND
P7 ND ND ND ND ND
P8 ND ND ND ND ND
P9 ND ND ND ND ND
P10 ND ND ND ND ND

P11 ND ND ND ND 0.07ppm
P12 ND ND ND ND ND
P13 ND ND ND ND ND
P14 ND ND ND ND ND
P15 ND ND ND ND ND
P16 ND ND ND ND ND
P18 ND ND ND ND ND

ND : Not detected
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Table 19. =3t T2 ZI 2 ZFIAERD 4

Oxy chloro sulfa-
T _ _
et.ra tetra tetra di sutl}ﬁa . mono S ulfa i Ampicillin Penicillin G
cycline cycline cycline 1methazine methazine qumoxaine
P1 ND 0.13ppm ND ND ND ND ND ND
P2 ND ND ND ND ND ND ND ND
P5 ND ND ND ND ND ND ND ND
P6 ND ND ND ND ND ND ND ND
P7 ND ND ND ND ND ND ND ND
P8 ND ND ND ND ND ND ND ND
P9 ND 0.33ppm ND ND 0.27ppm ND ND ND
P10 ND ND ND ND ND ND ND ND
P11 ND ND ND ND ND ND ND ND
P12 ND ND ND ND 0.22ppm ND ND ND
P13 ND ND ND ND 0.18ppm ND ND ND
P14 ND ND ND ND ND ND ND 1.18ppm
P15 ND ND 0.02ppm ND ND ND ND ND
P16 ND ND ND ND ND ND ND 0.14ppm
P18 ND ND ND ND ND ND ND ND

ND : Not detected
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o S Z2Zs oA Bt

e S T T e
o QA BEe] Qe MR Fol EAleln, Al slae] T
St BAEAL 27 ASSAY, QA Wl tigele] oA wd
AV(DeE SREEH) 5 AAA o WAL shel, %

o)
A &5, 2w Arls 24 9AEFR)S de7l= el Candida
=
=

o
3R

o

=

o] A=

U.u

= vk

A (Gram negative group)®] AlTE T B2 I97E FI 7%
ol d#yom Aol FE FHo| EAEH, HA 58 FELEeE 4
e AU Ja W=2s HEFdE, J3dd, A4, A
T 58 Yo 4 Q= Escherichia coli 9F 2E9] Fu deldow 1
& A (Gram positive group)e = 7HE Bol AFH AMTF ol

Bacillus subtilisE %9t}
T A EF B ofs] Ay
.‘_5_|:_

yphimurium™F 25
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R
Ulo

AAR R Az AE= njg=ol
at z£gae] e A FAES Yo
= 7HE T 87 Rl FMEEAL T (Staphylococcus aureus)

of v S Bkt

=

T
KeN

=

H, PR zpoli= AT MWbA O 2 Bacillus subtilis (KCTC 1022)
of w3t FAo]l N =1, Salmonella typhimurium (KCTC 2515),
Candida albicans (KCTC 79659 %= -2 €48 Yehdl ok (Fig. 10-14)
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Table 20. Antifungal activity by Korea Propolis extract

Bacillus Salmonella Candida Escherichia  Staphylococcus
subtilis typhimurium albicans coli aureus
(KCTC 1022) (KCTC 2515) (KCTC 7965) (KCTC 1682) (KCTC 1621)

EEP WEEP EEP WEEP EEP WEEP EEP WEEP EEP WEEP

P1 + ++++ - + + ++ - ++ + ++
P2 + +4++4+ - + + ++ + + ++ +
P3 +++ - + - - - - - - -
P4 ++ ++++ + ++ - ++ + ++ ++ -
P5 + ++++ - ++ - ++ + + - ++
P6 ++ ++++ - ++ + ++ + + + ++
P7 ++ ++++ - ++ - ++ - - + +
P8 ++ +4+++ - ++ + ++ - + + ++
P9 ++ ++++ - ++ + ++ - + + +
P10 ++ ++++ - ++ + ++ - + + +
P11 ++ +++4+ - ++ + ++ - + + +
P12 ++ ++++ - + ++ ++ - + + +
P13 ++ ++++ - ++ + +++ - + + +
P14 ++ ++++ - ++ + +++ - + + +++
P15  ++ ++++ - ++ - ++ - - + +++
P16 ++ +++4+ - ++ + ++ - - + +
P17 +++ ++++ - ++ - ++ - - + -
P18 ++ ++++ - ++ + +++ - - + +

Inhibition zone size

+<10mm, 10mm <++<15mm, 15mm <+++<20mm, 20mm < ++++
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P2 A= EHA BAbE
A : EEP 10mg B : WEEP 10mg
C  EEP 20mg D : WEEP 20mg

P6 @ A BT FIlE
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P15 @ A& F9A
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P8 : Al FElH A F
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

Figure 10. Comparison of inhibitory zone formation by Korea

Propolis extract at Bacillus subtilis (KCTC 1022)
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P2 : 4% #HA &A%
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P6 1AM FH T FE
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P38 1 FARA FE 2
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P18 : A& A3
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

Figure 11. Comparison of inhibitory zone formation by Korea

Propolis extract at Salmonella typhimurium (KCTC 2515)
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P5: A E3A AH
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P6 Q1A RHT R E
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P8 1 FAkAl FH T 2 F
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P15 @ A& F9A
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

Figure 12. Comparison of inhibitory zone formation by Korea

Propolis extract at Candida albicans (KCTC 7965)
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P8 : FAbAl el 2H %
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P9 S5 AFA 97
A EEP 10mg B : WEEP 10mg
C ¢ EEP 20mg D : WEEP 20mg

P16 : A4 F52
A : EEP 10mg B : WEEP 10mg
C ¢ EEP 20mg D : WEEP 20mg

Figure 13. Comparison of inhibitory zone formation by Korea

Propolis extract at Escherichia coli (KCTC 1682)
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P8 1 HARA FE T 2
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P14 @ S 2XA
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P18 @ A& AgA
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

Figure 14. Comparison of inhibitory zone formation by Korea
Propolis extract at Staphylococcus aureus (KCTC 1621)
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2) FAA WA FAdT) W T dAELH HF

2%} AAGA] gl 194080 &, A4 Aol 52 AULAL
Fol gola Aot AREE o4 wHeolz A FEo 94
B T N R

e TERAAE 5, F WAGDS AUA Aok olEANY, @
949, AshEA, ganteld § FEe 1A% G AwAn, o
mubth wheleob e FS5e AFE AP Ak uAite] )
Fire 25E WwekA o) FA ALEE FAAZ ATH] o)A A
2 Bolg 4 Qthx A¥bEEe Fuwth WE ohetn oW A, o
A, Fold, A9 Fo] Ao BWs 4YL wok: Po] Wolrke
Aole.

GAA AW AA2Q Selket GA Ade FA WARAL DA
Aol 7 Azbstehs A oln] Qe Abdelth oAy AbEA o

2 A7 Ja de A WA dEFEd el ZrEearr &4 A

2A-gS ZreA dotry] 9o Mgt FAAW L E TSP oz T
B gAAd WS 2t o7 4TS Y Eol At
aduty o g o] AlgE+E Ampicillin, Neomycin, Norfloxacin,

Streptomycin 5 3 AN WHAS z= Staphylococcus aureus
(CCARM 201), Pseudomonas aeruginosa (CCARM 225), Salmonella
(CCARM 8009), Escherichia coli (CCARM 15479)& ¥ o} daA

= AT Ay ZzrEaE 344 WATEFIAAME 248 vEeds &
A A

Table 21 oA vehd ZAAH AAAER Zfol= AW dutHe=z
TS st oy 7 RESEs dodle SHEEATES
Staphylococcus aureus (CCARM 201)¢F #H ¥

2 % S AT HEte] AdHol ml$ Fsf

Zold, A, 3, sdNNE AEdHAY =23 A A = It
Pseudomonas aeruginosa (CCARM 225)°] W3] =2 FAHS veErd
th(Fig. 15-18) &3k dnt fFafjita o] des F5&5 Bt 742 -+

=3
44 TREYLI Y 52 dHEA4S UEWATH
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Table 21.

Antifungal activity by Korea Propolis extract

Staphylococcus

aureus

(CCARM 201)

Pseudomonas
aeruginosa
(CCARM 225)

Salmonella  Escherichia coli
(CCARM 8009) (CCARM 15479)

EEP WEEP EEP WEEP EEP WEEP EEP WEEP
Pl ++ - + - - - - -
P2 + et + ot - - - +
P3 + + ++ + - - - -
P4 - 4t + T - - + +
P5 - ++ + o - - - ot
P6 + T+t o - - - - -
P7 + ot + ot - - - ot
PS ++ 4+ ++ 4+ - ++ - +
P9 + ++ + ++ - ++ - +
P10 + ++ + o - - - ot
P11 + ot + o - - - +
P12 + - + - - - - ot
P13 ++ - ++ - - - - +
Pl4 + T + et - - - +
P15 ++ T+t + - - - - +
P16 ++ ot + ot - - - +
P17 + et ot —— - - - ot
P18 ++ +++ ++ +++ - - - ++

Inhibition zone size

Do+<

10mm, 10mm <++<15mm, 15mm <+++<20mm, 20mm < ++++
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P6 : 1A H-

A - EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P14 : &% XA

A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P15 @ A& T

A EEP 10mg B : WEEP 10mg
C ¢ EEP 20mg D : WEEP 20mg

A EEP 10mg B : WEEP 10mg
C ¢ EEP 20mg D : WEEP 20mg

P18 : A& AJA

Figure 15. Comparison of inhibitory zone formation by Korea

Propolis extract at Staphylococcus aureus (CCARM 201)
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P2 : A% #HA &A%
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P6 1 QA FHT
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P10 : &5 S5
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P14 @ S 2XA
A EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

Figure 16. Comparison of inhibitory zone formation by Korea

Propolis extract at Pseudomonas aeruginosa (CCARM 225)
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P5 e EHA AE
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P7 . &5 Iikat ZAd
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P11 : B715& Al 49d
A : EEP 10mg B : WEEP 10mg
C  EEP 20mg D : WEEP 20mg

P16 @ A FFA]
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

Figure 17. Comparison of inhibitory zone formation by Korea
Propolis extract at Salmonella (CCARM 8009)
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PS5 = &4 A9
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

PL: 9% F44 A%
A : EEP 10mg B : WEEP 10mg
C ¢ EEP 20mg D : WEEP 20mg

P10 : o5 554
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg

P71 &5
A : EEP 10mg B : WEEP 10mg
C : EEP 20mg D : WEEP 20mg
Figure 18. Comparison of inhibitory zone formation by Korea

Propolis extract at Escherichia coli (CCARM 15479)
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4. A&

AgAT713 LT A =g
AR 18F AMF St F St weolE, %E/‘é% AFEN, Fdd 55
AP TE TR Ee s LA e A3 F SdE o= FEAE
5ol 9 gE=A Yelytoey FEFAH o= Caffeic acid, Cinnamic acid,
Chrysin, Flavone 59 #3AFE, 853, dld AW 5o AFAHAE,
vlE A o gHretal Aok

ok AAAE R Aol JAINE MAHkH o= Bacillus subtilis (KCTC
1022)o it g Aol 7+ =3, Salmonella typhimurium (KCTC
2515), Candida albicans (KCTC 7965)9 %= =2 &A4& Yeludla, A4
A WS 2zt A ETAA 2 Staphylococcus aureus (CCARM 201)9}

=%t Pseudomonas  aeruginosa (CCARM 225)0l% =& 348 ey

ot
ojAY wal TrEdAe v FEAEES et v I
Be HEle= & $8 952 AZEA 7EA o] Wol AEH
ko] i ok Y=Ll AEH= ARV ol kA Wi

5 %7}
1. &



7}. In vitro 34438 &% H7}

1) DPPH radical &4 &4 &3

W o]t

517Tnmol A %&
ofgk AAFAAEoR G
gste] SatstEdel d48 4.

AEE 100% HWEge ol dAWZ FAste] HFEETF 6.25
125, 25, 50, 100 pg/meo] === 3tth. DPPH #@dZ &aASA L 717
02 Fx9 AR 0.01 midl 0 AL
Z Zgste] 30% F WEE=A (UVIKON XS, SECOMAM, France)E
Abg3le] 517TnmolA 3%

HxTE Agg vWeges
DPPH radical& 50% A~7AA7]1& A89 &

)
il
i
Aul
=
rlr
[iad
A
1=
oty
ot
i
re
)
a®
a®
a
rr
ot
5
oty
e
i)
=2

AcontrolfAsample « 100

EDA (Electron donating ability, %)=

Acontrol

Ac ontrol - }\1

ve
Asample : }\1-‘%—% 7_1(5!]7}-@- %%?—9] :g‘%LE

=
Superoxide radical (09 )2 T & 3] 44449 AFEHARE gt

2 o] radicals AH &7 F U= =H o B FAASA Adel] &3t
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AN W o RN Fo] AREH L 9l
2 Agori=  xanthine/xanthine oxidase®] &AW 23k
superoxide WA A ¢} WST-10] 395 formazane] A HE= ¥H-go of
g AR A AEE FAeATHQ).

ARE HEEed &ANF dAERE Mo HIFEE7F 125, 25
50, 100, 200 pg/mlo] HEZE ATl 96-well plated] Al&E 75 wl, 1 mM
EDTA”} ¥3%3% 50mM sodium phosphate buffer (PH 7.4) 75 ¢, 0.5 mU
xanthine oxidase, WST-8 solution 7.5 S 7}t 1383+ RTolA <HA
A At 25 mM xanthine 60 W= F7}gF 5 3049l microplate reader
(Molecular Devices, U.S.A)E ©]&3}9] 450m-650m3}goA SF=E
A&t} superoxide anion radical &AL AlBH 79 tiERT-9

Y= Ao E WETe) FRml F NREE e

=
h

5
]

Superoxide anion radical scavenging activity(%5) =

Acoanl*Asamplc

x 100

AcontrolfAblank

Apnke A &3¢} Xanthine oxidaseE #7184 &2 blanke] &34 %
Acontrol . }\1&% %‘7}6‘]’X] (Eél‘_To: EH}—?_QJ —22%1,:_

Asample : }\1421—% %]7}’?’—1' ‘?J_‘%:ILQ] :g‘iol‘E

3) AARAAAELSA

H>0:+= Fenton reaction®l Y metal-catalyzed Hear-Weiss reaction<
F3 0% wkgA o]l & hydroxyl radicals A A A A Hsksl wbS-S f
wslo] n7be A ml gl A o R Ao BE ME A AEES FHATH
A A A wkg A3 A EE malondialdehyde (MDA)E  thiobarbituric
acid(TBA)$} A A o2 REgsto] £&4& Yedo] 355 4TS
24 AFEA &+

B oAM= rat liver?] microsomeS ©]&35te] HlE 4% wFWl

Fe*'/ascorbate ¥H-&AE o] &3lo] A Aisl gAGH S =A st
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Rat®] 7ro24-E Hogeboome W@l uwe a5 dARgHoz
microsomes 3 - Na 59 W)l et microsome®] A & #4ks}
A2 A E malondialdehyde(MDA)ZE thiobarbituric acid(TBA) <}
S A A EFeA v o7 A e

Phosphate &89 (50 mM, pH 7.4) 740 pf, 0.8 mM FeSO4, 2 mM
Ascobic acidE premix3t & 200 ¢ ¥ microsome (1 mg protein/ml) 50
ph Fal WEEe] HQl AR 10 WE ¥ § 37TColA 1A & 1A
At

kg olo] 20% TCA &9 250 wE 7Fsle] w8 AXA 7] 1%
TBA &9 250 pwE 7Fskal 100TCol Al 15+E3F #<1
Qb AR Atk 532nmell A 1 sl FEEE SA46S

ZF A g8 AAFHLEE ARG L e tig AlsE F7Fe] MDA
AR A ArEA AAEson, A Akt o 50% A= &

EE ICoh®E sttt

T
oo
o

AQspabst AR () = — e Aame 0
control ~ £Ablank

Acontrol : }\1 7_1(5!]7}-—8]';(] ?’E]S—% ‘:H}—:TL‘/] :g‘%l—

8E
Asample : }\15“—% 71(:'117}-6} H]—O:TL‘/] :\;‘:‘%E

4) DNA ¥l a3 A4

Alge] AbstA E24e] digk DNA Wolaws dolrr] 93ste] Yeung
5o WG weEt H0:9F FeCl9] Fenton reactionol] 23] WAL=
hydroxyl radical (HO - )| plasmid DNA°| £4& 7lsles =S A9
soll sl Harsksd

Supercoiled DNA9] ©< Yd &4 HAHL A7|A9F Fo 431
pUC18 plasmid DNAE 05 pgE %1 50 mM Tris-HCl buffer(pH 7.4),
3% Ho02, 100 uM FeCle® 242t 5 A Y31 Al5E 5 (50 pg/ml) 2
sto] 37Tl A 304 &<t vh&AZ T

HkS- gl S 5 40 loading buffer®} &338F], 1% agarose gelS AF-&3}
o] TAE buffer (40 mM Tris acetate, 2 mM EDTA)Z 100VelA 30&7F
A719%E st
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roh

A719% F 05 pg/ml ethidium bromide& oA 208 FoF A
S YAl 1 mM MgSOg0A 2087F &Aste] UV lightsholl 4] supercoiled
DNA band ¢} open circular DNA bandE &<135}i T}

Y. In vivo ¥4t3 &% H7}

AT upeo) zZhzbe] T2 EZ s AEE 19 13 497 ATFEAQ0
A fﬂ

r-‘.J
=
—
o
X
®!
a
[~
oy
o

(e}
OF vk B 18A7 B AN F HAAA B3 7 22 L Qo]

2) &AW ¢ malondialdehyde(MDA) &3
Al Adatst s FA6H7] flste] w29 s S

2l EDTAZF g3 Alg & 500 wA A3 ske] 10000 x goll A 5&3t
AARFste] A4S Eys & FAUe] MDAY %< Jentzsch %9
HE) el weh v 3Eo] Ak

g7 200 «0, 5 mM BHT 25 u, 0.2 M orthophosphoric acid 200 plZ
1.6% TBA 25 wE d7Fske] 100TelA 45%
Z}sk Atk

rob
SOH

0

Wzty E3to] n-butanol 1 mé¥} E3} NaCl 50 wES H7F3 &
10000 rpmell A 2&7F G4l ste] E2lE butanols S FA%tY] E3F
1= =

il

ZAI(UVIKON XS, SECOMAM, France)E ©]-&3}4 535nmelA &F=E
=43t 1,1,3,3-Tetraethoxy propanes standard® o] -&3}o] 3
MDAE A sttt

€

=

il

_85_



3) ¥ Z& U9 malondialdehyde(MDA) &3

FxAUe] MDA 4 Ohkawa 5° %W (7)ol wet A AT =
2 W AE HrkstEe] g SAES 9kl mhe2d HE(9F 01g) A=
skl 0.9% NaCl® Al# % 9ujF-3] 9] 1.15% KCI solutionell FAAIA 1
A HolA HAs} skl
T2 100 w0, 50 mM BHT 10 w0, 81% SDS 100 uf, 20% acetic
acid(pH 2.5) 750 uf, 0.8% TBA 750 w, =73 300 & 7}3 o5 100C
o A4 30 FF WA AL Ao Wzkek it
W2ty &atale] 15 @ 1 n-butanol : pyndm 15 ¥ FH4 05 e

0

d7rete] 3500 rpmol A 1087 AR F 2@ butanolE S 78
o £#EF=A(UVIKON XS, SECOMAM, France)E ©]-&3}4 532nmell A
FAL-E =438 1,1,3,3-Tetracthoxy propanes standard® A} 3}
z2 &9 F MDA®| &5 AH&ekith

4) 87U 9 glutathione(GSH)9 = =3

[>

Aol GSH =2 Halliwelld] ¥ @)d weh G438kt v
dHS AfFH ko] 10000 x goll Al 5% AAlEgste] S et d
g 200 wloll 10% SSA(sulfosalicylic acid) 100 (E 7}8he]

WA AA A 0.3 mM NADPH 700 ¢, 6 mM 5.5'-Dithio-bis
(2-nitrobenzoic Acid)(DTNB) 100 @<} HO 100 wd<S 25TCE 58 A4
S ool AA" & 100 plzt 25 unit/protein® GR(Glutathione
reductase) 10 ul& Y1 & E5o & HIE 412nmolA 183 3 %o
Z7tES =As9v. 4 GSHE5 =+ reduced glutathioneg standard
2 ARgate] AbEskt

4 1o
Hr o
RO
rsL'

)

3. 472+

7b. S WA Z2Z8 A9 in vitro 343 A ¥l
= 18 XG4 Aatd Z2E 29 12} in vitro A S A
At Ay Ao w2 tpeFst &g FeolE s 4 9%tk DPPH

radical 227 &7 Aol = P1, P129F P13 Al87F 2 @42 Ueds
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go1g = JJ oM (Fig. 19), superoxide anion radical 27 &A A g ol A
= P9, P12, P13, P153% P16 A&7} %<& €4S YERY DPPH radical 4
AEAd AdFd fFARE A3E YERY AoH(Fig. 20). ¥4 lipid peroxidation
A7 g Agel M= Pl, P5, P73 P9~P16 A& 5 thkdt Aakxo] Al
27F =& A4S BATH(Fig. 21). o] Al 7FA Al FelA =

UERA PI29F P13 A9 ZRIZEE AlRE 18T ARREA AW
(Table 22).

= o) S o
EE e 24

o

1007

@
o

o)}
o

Hi
H

N
o

N
o

% of electron donating avility

RGN R}

Pl P2 P3 P4 P5 P6 P7 P8 P9 P10P11 P12 P13P14P15P16 P17 P18

o

Figure 19. DPPH radical scavenging activity of Korean propolis
samples. DPPH  radical scavenging activity  was  measured
spectrophotometrically by monitoring decrease in absorbance at 517nm.
Concentration of each propolis was 20 ug/ml. Each experiment was
perfomed at least 3 times and data are expressed as average percent

change from control.
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100

% of scavenging
S (o) [ee]

o o o

Hi

]

[}

H

N
o

L L L 1 J

L L L L L

PI P2 P3 P4 P5 P6 P7 P8 P9 P10 P11P12 P13P14 P15 P16 P17 P18

Figure 20. Superoxide anion radical scavenging activity of Korean
propolis samples. Superoxide anion radical scavenging activity was
measured spectrophotometrically by monitoring decrease in absorbance
at 450nm-650nm. The concentration of each propolis was 100 pg/ml.
Each experiment was perfomed at least 3 times and data are expressed

as average percent change from control.

100r1

601

N
o
T

% of inhibition

N
o
T

1,,1@1,,1 i I 1 1 1 1 1 1 1 1 1 1 1 J

Pl P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12P13 P14 P15 P16 P17 P18

Figure 21. Lipid peroxidation inhibitory activity of Korean propolis samples.
Lipid peroxidation inhibition activity was measured spectrophoto
-metrically by monitoring decrease in absorbance at 532nm. The
concentration of each propolis was 2 pg/ml. Each experiment was
perfomed at least 3 times and data are expressed as average percent

change from control.
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Table 22. Summany of antioxidant effects of 18 Korean propolis

samples on DPPH radical,

peroxidation.

superoxide anion radical and lipid

Antioxidant assays

Sample

DPPH radical

Superoxide anion

Lipid peroxidation

T seavommingradical SCAVCIEINE  junipitory activity”
P1 +++ +++ ++4++
P2 + ++ ++
P3 - + -
P4 - + -
P5 + +++ ++++
P6 + ++ ++
P7 + ++ +4+4++
P8 + ++ +++
P9 + ++++ ++++
P10 + +++ ++++
P11 ++ ++++ ++++
P12 +++ ++++ ++4++
P13 +++ ++++ ++4++
P14 + ++ +4+++
P15 ++ +++ ++++
P16 ++ ++++ ++++
P17 + + +++
P18 + + ++++

V0% <activity <20%,

+:20%<activity <5096,

+++:60%<activity<70%, ++++:activity>70%.
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1) In vitro 343 &4 vl

B Ao E A TR Zg Al S T
3] DPPH #t]Z¥} superoxide anion #t]Zboll tidk &7 &
absl oA &4, DNA &4 oA &4 5 in vitro &3t &4 & S 3

7 Augke] B4L va AEa s,

7b) DPPH &4z 24 &4

wA 7t 2 Ee 2~ Al59] DPPH radical 2A848S 53 A% 100
pg/me3t 50 pg/meo] s Eoll M= AR IF Ao Apelrt ofstAl uERyke

w125 pg/me¥ 625 pg/meel AwEolA Alm b EAde xpe]rh it

o A P129] ICs kol 7.8 pg/mlE 7FE $HAl yEryt o BPel A
191 pg/mz 1 EAdo] 7 AxsA vEpEth ZH7Ee] 1Cs & vl aLE
HA Uit Z22E8 27 4okt 2 DPPH radical 2AE4S o
B}l th(Table 23).
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Table 23. DPPH radical scavenging activity of propolis samples:
P12, P13, BP and CP.

Concentration Sample

(pg/ml) p12° P13 BP? cp?
6.25 451+1.0° 44031  27.0+1.7 29.4+0.1
125 64.8t15 64505 40.3+12 44323
EDAY (%) 25 89.7+0.1 89.6+0.1 575+20 63.8+14
50 89.6£0.0 889+20 822+02 87.6%0.6
100 89.7+0.2  889+0.2  91.7+0.1  89.2+0.1

ICs” (ng/me) 7.8 8.1 19.1 16.2

YEDA : Electron Donating Ability.

PICs0 represents the concentration at which each sample shows 50%
EDA.

p12 : Gangwon-do, Samcheok, Ip13 : Gyeongsangbuk—-do, Andong
“BP : Brazil, Amazon, "CP : China, Hainanttao

“FEach value represents the mean=SD of three replicates.

}) Superoxide anion U@ A2AH A

2 EE 2~ AFHE xanthine?} xanthine oxidased] 23] HAE+=
superoxide anion radicalg AAdtE T#HS H7Ee A3 200 pg/ml ©] 3t
o] FrollA ZeEElx Algite] &4 Zol7b vERETh P12E ICs #hol
35.25 pg/mE 71 & 24E YT 2Ea uiake] wrelikel] H]
3 AA wxoA w2 &S Uedilen, 53] BPe ICy #el 638 ug
/meE Aol b AzxEA HEEtHTable 24).
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Table 24.Scavenging activity of propolis samples, P12,P13,BPandCP,

on superoxide anion radical generated in xanthine—xanthine oxidase

system.
Concentration Sample
125 20.2+0.4 18.4£1.8 11.5+0.7 17.9+1.8
25 37.9+0.8 344424  245+1.8  29.3+2.7
Scavenging
50 61.7£0.3 599438  46.1+09 50.1+1.8
(%)
100 81.2+1.8  79.6+22 60314  60.8+1.8
200 90.2+0.3  89.4+0.3  75.6+0.7  73.4t1.1
ICs” (ug/me) 35.2 38.4 63.8 47.8

Cso represents the concentration at which each sample shows 50%
scavenging.

Pp12 : Gangwon—do, Samcheok, “p13 : Gyeongsangbuk—-do, Andong
YBP : Brazil, Amazon, “CP : China, Hainanttao

Each value represents the mean+SD of three replicates.

t}) In vitro lipid peroxidation QA &A

gF e 7+ BE8E2 microsomes AFDYPo =z AMEE}] in vitro lipid
peroxidation ®JAZ#4E ek A3}, 10 pg/meolste] FxolA] A &
Aol ApelE gd & glodth P12, P133 CPelA & ICxgtel 27t 3.3
3.1, 30 pg/mo=2 fFAFSHAl YEl oY BPAAME 41 wg/mlE YERY 1
o] ok v Ao e THTable 25).
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Table 25. Lipidperoxidation inhibitory activity of propolis samples:
P12, P13, BP and CP.

Concentration Sample

(I-lg/ml) Plzb) P13C) BPd) CPE)
1.25 151+£26 11.2+#46  55%25 6.9£1.0
25 37.8+4.2  414+32 284+45 419172

Inhibition
5 769142 79558 62.1+2.7 795%3.2
(%)

10 91.1+¢2.1  89.9+36 829+2.7 87.9%50
20 93604  93.7+1.0 93.3+15 924+2.3

ICs” (ug/me) 3.3 3.1 4.1 3.0

Cso represents the concentration at which each sample shows 50%
inhibition.

Pp12 : Gangwon—do, Samcheok, “p13 : Gyeongsangbuk—-do, Andong
YBP : Brazil, Amazon, “CP : China, Hainanttao

Each value represents the mean+SD of three replicates.

2}) In vitro 2t33 DNA £ g Wojaz

7h Ao ZREE 27 Fenton WHgOo® A
(HO - )l 93k pUCI8 plasmid DNAS 4t3}# & AA = aH=
A gl AEE A4S oF7) ek A 28 19 laneol A= supercoil & E
7} FElo] yElytont Aatd &S of7]dk 29 laned A& supercoil©]
Aorz]o] 533t open circulard Bl E YEH T P12, P133 CPE A 2] 3%
d-5-°li= DNA damage’} A5 ] supercoil @ jE FA & = UAAN
BP9 ZA$olx= DNA damage®o] T37F A Z3lo] open circulard e 7}
o F3lo] YEbyal vk (Figure 22).

2

= hydroxyl radical
AFs

tlo rlr

>
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H,0,(0.6%)
FeCl,(20uM)
sample(10 pg/me)

Forml —p
(open circular)

Form Il
(supercoil)

Protective effects of propolis samples against hydroxyl

ug of pUCI18

Figure 22.
radical-induced damage of pUCI8 plasmid DNA. 05
plasmid was incubated in the presence or absence of propolis
samples(10 pg/ml). Hydroxyl radical generation was initiated by addition
of H»O» and FeCls.
separated and visualized as described in Material & Methods

P12 : Gangwon-do, Samcheok, P13 :

The supercoiled and opencircular plasmid was

Gyeongsangbuk-do, Andong, BP

Brazil, Amazon, CP : China, Hainanttao

2) In vivo 32t3 &4 Hw
= U0 /‘}oﬂ@rE}A(CCM)%

ul

P

glutathione

7}) 2t ZZ W 9] malondialdehyde(MDA) 74 &3
855 A5 5 CCLE B4
p-§- 2 0] w4 MDA 3 A3t CCLE F9
Atz A MDASFSE2 1 mg protein 3
sto] A A AAkstE ob71d aFolA =
S7tste Ao = yewth(Fig. 23).

7 mREY s A
°oF7]
A &
, CCLE
4 MDA

FAb shel A whas
fex]

=

=

7 -

A

Al 7r
=] o
o

gagol

0.8 nmolo] o
1.7 nmolZ 21} o]

KR
T
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Folg 1FolA HAAQl MDA el #avt #@=EAT 1 % P129)
P13 ool A 27 1.08 nmol, 1.09 nmolZ 70%2] #A&3=E By
HH8) (p<0.005) = ¢]4kQl BPSF CP Fol 132 ZF7F 1.28 nmol(48%), 1.38
nmol(37%) & ¥ ZAa&S eI

2.47

2.0 T

<
(]
9
o * *
o 1.6 l . " r T
=12 T i i
£ | I I I
£0.8 l
5
204

0.0

Normal CCl4 P-12 P-13 BP CP

Figure 23. Reduction of liver MDA contents by propolis samples in the
CCly~treated mice. Mice were administrated with propolis samples(20
mg/kg B.W) or vehicle for 4 days and followed by CCls injection. After
18 hours, the liver was collected and the liver MDA contents was
measured by TBA reaction. All values represent the mean+SD of eight

mouse. (x* p<0.005, * p<0.05)

) dgule] MDA #4 &%

7t ZREY2 ARE ATFAT F CCLE 54 FAEe A A #ats
Z op71% 2o dA o] MDA @Eg St
CCLE Fodx e AAHETZANH MDATFZS 1 mg protein F 3.1
nmolo] o™ CCLE Folstel A AAikstE op7]g Zxol = 80 nmol
2 254 o] MDA &#o] S7ste Aoz velwth(Fig. 24).
CClL Aol ZRZE 22 Foj3 280 AE CCLE o3 18 u]
3l MDA 3ol Fol=& AL #2lsgit)
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Figure 24. Reduction of plasma MDA contents by propolis samples in
the CCly—treated mice. Mice were administrated with propolis
samples(20 mg/kg B.W) or vehicle for 4 days and followed by CCly
injection. After 4 hours, the blood was collected and the plasma MDA
contents were measured by TBA reaction. All values represent the

mean+SD of eight mouse. (#* p<0.005, * p<0.05)
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Figure 25. Recovery of plasma GSH contents by propolis samples in
the CCly—treated mice. Mice were administrated with propolis
samples(20 mg/kg B.W) or vehicle for 4 days and followed by CCly
injection. After 18 hours, the blood was collected and the plasma GSH
contents the were measured by DTNB reaction.

All values represent the meanstSD of eight mouse. (¥* p<0.005, *

p<0.05).
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Figure 27. Particle size of propoils.
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wEon, Skl s ZREYAYN UFFE HUMEA R AF P&
#)§ Wl Table 26 2 2t}
Table 26. T2 Z X AZE A v v
ZREYA 9] oF
H] & (%) % (mg) H] &(%) %(mg)

TeEes FEE 20.0 110 - -

S 51.3 282.12 71.3 382.12

de(Ed) 8.7 47.85 8.7 47.85

oF 2174 8- 20.0 110 20.0 110

Al 100 550 100 550

!'mn'll”

Figure 29. T2 ZH2 AT E A&
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Figure 30. Inhibitory effects of WEEP on CCls—induced lipid

peroxidation in mouse liver tissue.
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Figure 33. Promotive effects of WEEP on endogenous spleen

colony formation in irradiated mice.
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&t tH(Fig. 35).
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9] AR E missing value A3t Z+Z} 15 A S A5
A5 o9 AHA] dst RYEYJAE
AU 7] 59 v "3k g A 2E

o sgakgict.

e LRI ERE:

5 Qe AxuE 25 0] A4 NEAES dFds g
of PR AW TARYS ARG F Awe AAH 54 2
ol EAM O folapA egken o AR Table 27 9 2,

3. 2% W A4A}AEE(MDA) 2Y A3

MDAl ®4 4% BARAY] 2E wadA wEele] og T84
7ol wEEow, o Avks ohelsh o] Table 28 o AASHT. ©
olElel WE EAH BAAIE et 2

MDASl o3 1, AN, ZAAV S BEAE ade FANR
Frolah it

MDASl & 1§ HAAF $5A4E B FANORL foatA
ettt

MDA°] w3k 253 4719 548 adhs Aoz fofshA
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Table 27. @A) A 5

9oz B
R it + wEAA P+ wEAg L
ol (yr) 1453 + 752 73+ 738 NS
A7 (em) 16047 + 811 16060 + 932 NS
AR A F (kg) 5847 + 1178 6108 1278 NS
A7) % (cg) 5006 + 1172 6150 + 1266 NS
=% F(kg) 4131 = 988 4266 + 965 NS
A4 % (g) 1476 + 366 1504 £ 490 NS
A A (%) %541 + 535 2477 + 553 NS
A4k A A B (ml/kg/min) 3740 + 499 3795 + 447 NS
A iy 2508 + 431 2782 363 NS
AT110%9] 41u4(bpm) 14800 * 1512 14827 + 1134 NS
AT110%9] %VO2(%) 6715 + 977 347 + 698 NS
FAA AuEbpm) 7573 1222 7507 + 1131 NS
2 5140 84 (bpm) 17813 + 878 17360 + 1271 NS
A $%7)WsHmmllg) 10987 + 1326 10593 £ 1366 NS
HAA olgh7| e mmHg) 7247 + 7.73 7233 £ 805 NS
A3 %719 mmHg) 17100 = 2238 17280 + %654 NS
A3 o9/ ®sHmmHg) 8120 + 1397 8427 £ 1425 NS
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Table 29. TAS Ws}te] g FAEA A3

source SS df MS F P
AHAAS 0.001 1 0.001 0.005 0.946
AAAS = IF .082 1 .082 721 404
(A HAS) 2.968 26 114
A A 7] .097 3 .032 4.383 .007
SAAZ] * & .027 3 .009 1.234 .303
LAHEF A A7) 575 78 007
Table 30. TASY HALF+ANIA 7] 4528 a7e W3t

source Wilks & F dfriypo dferror P
AHAADST x ZHA7] 798 2.026 3.000 24.000 137
AADE « ZGAA 7] » T5 862 1.285 3.000 24.000 302
04 0 F e 5ol Anz BAE TAS @S T oulel 4
& &Il M FolF Aol molx] Wekorh, Fig. 399 M et go] Tz
ot S Holu
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Table 31. @3 U TNF-a 5% ¥ dis EAEAN A3

source SS df MS F P
AAAS .002 1 .002 .008 929
AAASF « 257 3.296E-07 1  3.296E-07 .000 999
LAHHAAF) 5.660 20 283
S A17] 055 3 018 0.684 565
ZAA7] x+ 1F 119 3 .040 1470 232
LAHEA A7) 1.619 60 027
AAAT =« FHA7] 164 3 055 1.841 149
AAAT « SAA7] « 2% 105 3 035 1.181 325
LAHHAA TS A7) 1.785 60 .030
T4 2ol g 2Ef 2~ e diE] &5 F dojus A5 289
Ax2 93 W TNF-ao s=5 243 23 J4a 3 AA-F, 44714
FAA SR Fogk ol Atk (Fig. 40)
1.6
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B10 I
=508
%0.6 -
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Figure 40. Z28§% AR F A3 A% @3 W TNF-a 5= W3}
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gl al
THY e wERA o vaF 44

Table 32. @3 U IL-6 T% W3l U3 SALA A7

source Wilks & F dffrypo dferror P

583 14.287(a)  1.000  20.000  .001

hirad
e
2
o

HHAAST = 25 995 0.110(a)  1.000  20.000  .743
SAA7] 627 3565(a)  3.000 18.000  .035
SAAZ « 2% 977 144(a)  3.000 18000  .932
HHAAF = FAHA7 958 0.262(a)  3.000  18.000  .852

HHAAST « SAHAZ] « 2% 911 B588(a)  3.000 18000  .631
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