Froats)x] A7 Al (2014)
J. Fish Pathol., 27(1): 47~56

www.ksfp.org
pISSN 1226-0819, eISSN 2233-5412
http://dx.doi.org/10.7847/j1p.2014.27.1.047

Propolis extracts7} LAlEx|o] HHASIMS| 0= HEE
EEENET LIS
FASh St e 4ol o

Effects of propolis extracts on the immune response in
cultured flounder, Paralichthys olivaceus

Hyun ju Nam, Kyung Il Park and Min soon Choi’

Dept. of Aquatic Life Medicine Kunsan National University. Kunsan, 573-400, Korea

Propolis is a beehive product with a very complex chemical composition, widely used in folk
medicine because of its several therapeutic activities. This study was conducted to measure the efficacy
of propolis on non-specific defense reactions, specific immune response, and protection levels against
pathogen challenge with Streptococcus iniae. in vitro and in vivo. In vitro, the phagocytic activity
and NBT assay of peripheral blood leukocytes (PBL) were evaluated in a various propolis ex-
tractsconcentrations (0, 10, 50, 100, 150, 250 and 500 pg/ml). The optimal concentration showing
activation of propolis extracts was determined to 100 pg/ml. In vivo, they were divided into four
groups (PBS, propoli extractss , vaccine, propolis extracts + vaccine) in vivo. Fish were received
i.p. injection of either PBS or propolis extracts, and in the presence or absence of formalin inactivated
S. iniae (1x10° CFU/fish), respectively. The level of haematocrit is not affected among experimental
groups. The phagocytic activity and the NBT reduction activities of head kidney phagocyte were
markedly (p<0.05)augmented in the propolis extracts groups than in the PBS-control group, re-
spectively. The level of serum lysozyme activity was significantly (p<0.05) increased in the propolis
extracts treated groups than in the PBS-control group. The agglutinin titer was significantly (p<0.05)
enhanced in the vaccine+propolis extracts group than in the vaccine group, but there was no difference
between PBS-control and propolis treated group. The results of the present study suggest that propolis
extracts seems to be a promising compounds of non-specific immune stimulator, also being able to
use a good adjuvant.
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SRk oFA o] W ZE ARG oFA
2 A7 oJH S F7AZE BT
off kAo ZRFE QA FFRATNHOZE v
T+ AZE EAIE A EH AL 9l vk(Barton and Iwama,
1991; Iwama et al., 1997; Kim et al., 2006; Kim et
al., 2010).

ol2]gt o] fF =2 HIToE AAHoIHA RAHE
o] & wAER lipopolysaccharide & Pepti-
doglycan/MDP, °F-8-2]-821& f29] B-1,3-D-glu-
can, polysaccharide ¥ Aloe F&& 18|31 FA3A
A1 levamisoles = ©]-&3F oA 2] H] 50| HY
S4< T AHdAgadrt ¢ S E 3
7}= 2L ) tH(Ingram, 1992; Jia and Wu., 1993; Sakai,
1999; Kim et al., 1999). 5742 0.2 2|4 2 oFg o
HAALEES0] & oA HASAAZA Z&
H7] A% 2102 E ofF Aol FA4 28]
79 = A, 84 HsAd Bk ojyz, SAE
o tE] g3 gl 28-S ZoE 3
thBurdock, 1998; Stahl, 1992; Kim et al., 1999; Jia
& Wu 2004).
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al., 1991; Cuesta et al., 2005; Sforcin, 2005; Chu,
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7d AstAoln, A5 Foll ZAo] 79 g7 W&
of ALY EHEZN o] o E ARHTH
olof B ARoA= FAGXE HF S = prop-
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Streptococcus iniae (S. iniae, JSL0208)E ©]-8-3} %
th FH& #FE 1.5% NaCle] H 7} BHI broth
(Difco, USA)°l| A E3Fe] water bath(30TC, 48 h)=
A& i gFstdnh. 442 E2sts 10% THEE
LA (Sigma)S S MFY ] 3%7F H =5 H7tst
of 18A1F Ajstd o, mi ¥4 e] J 55 BHI
agar(Difco, USA)o A HE wi & v LS4 EE
gttt Ao w AEE FH S BFIAZ
Z9E DA EE(10000xg, 103=)3te] A AL A
75kal " phosphate buffered saline(PBS, pH 7.2)
2 33] AA g thF Bl A A(Schmazue, Japan)E ©]
23} ODg3onm 1.0(5 x 10° CFU/ml) s =2 A %3}
Row, Axg dHE YHFREZEC)saA AL
sHAH.

Propolis s=&¢2H
proplis®] -2 Sforcin(2005)2] WH ol &3}
o e TZEY 230 g)E
Tl 100mle] HA 23}
A o7} 5o eavporationS A|Z]
70C W5 eol BEsTt 3hH, ol w
2}4] propolis extractsE PBSE 45C oA &3
A Z 045 pl filter o 3 FF3ke] A& TH

Zymosan SALs}
Zymosan(0.02 g, Sigma)& FBS 1 mlE 3 7}5}
25C, 3083 RESAIA Y. ¥E3-A1Z] zymosans
A EE (350 x g, 10 min) A H-L AASFATE &
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H 2] 3L nitroblue terzolium(NBT, Sigma) 1 mg/ml=
Z4E NBTE&H& L-158) Al ¥o] & 10 ml H7|
skt

In vitroO| A ZhxFoHESH 10| EhY

In vitro®l| A propolisextracts 2] & =20, 10, 50,
100, 150, 250 2 500 pg/ml)oll wE 24| o] A
T2 A7) fAsA F4'd A 2] pheripheral blood
leukocytes(PBL)2] phagocytosis 2 NBT reduction
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PBLY #37] 2 XS5 =HHL Anderson et al
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A mgmo g B Adstdnh B AvEets
(22 x 40 mm, marienfeld)$] ol xH8 3 AL 0.2
ml 3} propolis extractsE &= (0, 10, 50, 100, 150,
250 2 500 pg/mhE 0.2 mlS FH7kske] 22C 29 hu-
midity chamberol| A 1417} vlloF S0 K&+ 4l H]
F3F A2 E5E PBSE ARSI oM, AHRAZ 3}
o MAgAS AA AT

NBT ¥ AHds &3
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e
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E23} 7 9 propolis A 2]+= Chu er al(2006)
9 Cuesta et al(2005)2] *H-& B A3lo] AE3HA
o} & A= 470 F(PBS, propolisextracts T,
vaccine™=, vaccinetpropolis extracts & 372
TEstR o, 7+ AP sukg] A& AE-S)
AT o AES MS-222(Sigma)E FE3] v AR
T oA YR ATld &40 71 EEE 138
FAZNE ol &3ty T i TS 894 0.2 ml
< oA B4 Woll FAE AT olm oA Fo
EF=E= 791 x 10® CFU/fish) 2 propolis extracts
(100 mgke) T=7F =2 =A3YT) 3, HE
g oA E AFS x| A 7HEE 2EHAE W
A FEE AFSSHA WAHF 25 ol A=
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Gt A YA AL FA A Ee] 2285
ZA3t7] flstd GA o BEE At 74
FHH OS2 10 cm9] petri dish(Corning, USA)&
Atk £EE TS P/ E Adsta ¥
EZo| =2 teasingdt ¥, nylon meshE 534
Az g Frlstant A3 WA= pen-
icillin/streptomycin(Sigma) 100 units/ml 2! heparin
5< 33 L-159) % (Sigma)
HerH S 35%9) 51% B =
9] percoll o] EoJ%+ 15 ml YAFE
(Corning, USA) 9ol ZA2HA T35 A2 &
A E2(450 x g, 30%hH3te WP LSS
A=A 343 T PBS(pH 7.2)E 33 AR
o} ojufo] AHEe] AEELS 03% trypan blue
(Sigma)Z Q1 Al 95% oS BTt Eed Al
X E L-15W| A& &7 petri dish(Corning, USA)
o 5x 10 cellsmlZ Z33te] 22°C, 5% CO, vl %
7loll 3AIZE wl<F st REREA e NEE
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Gibco)E 3-8k L-159 A (L-15 &xdujA])el 5 x
0° cells/ml & ZA 3} Qo wpe} ALt

Hematocritx| &H

Hematocrit*] = micro capillary ¥ &2 &4 3}
At oA E MS-222(Sigma)oll vFHAZ] TF hep-
arin(5,000 IU, Sigma)*] 2|3+ H+t Eet2~g FAL7]
2 9328 ui AooA sttt Add Y
Al capillary tube(Chase Inc. USA)ol &4 3t
H-9] 3 T3 hematocritZ3 & YA 7S o] 831
(10,000 rpm=E 5 min.) =4 3} AT} hematocritX] =
AN F g AE 7o) H S-S NEE(%)E

aabskaint.
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23 FA7FE microtiter o2 ZA3Y T
(Roberson 1990). &, WAl FH HZF T 2534 o of
AE MS-222% AR & 13] 8 FA]E © &
“3]'04 n] g w ol 4 2 & sfed 1’37“'57—"“ 2 h A=A

T AAEZ (400 x g, 15min)ste] A& 313
E}. 96 well plate(Corning, USA)ol| A %jxlil"i—lﬂ =
2g EH 50 wE By AETE ol &3t 2
vl Al 3 & formalin B3} LS 50 pl
HESAIZL & 24X 2 & o] S3HHS AR E E1l

Lysozyme &3

A lysozymes] A2 Swicki and Studnicka
(1987)%] WHoll &3t turbidimetric assay® &4
St S 3%
(Sigma) T & 0.2 mgml (W/V)Y =2 50 mM
phosphate buffered saline(PBS, pH 6.2)°] & &5}
712 Agst o 7 A7 3 714 800 ploll
=3g AT €4 100 s 7S, 0583 108
o 540 nmol A EREE 77t 2gsrg o, 1B
2 00019 §F= = A kel
A S 1 unitE TA ST

AZE Micrococcus lysodeikticus

FAFA L2+ lysozyme2] &

FA tHAMZE BAMls 53
259 B ME= Streptococcus. iniae (S. in-
iae) TFE o] &3ttt S vl Fr] ol 484Xt wlj F

S E

o

e
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o>

% PBS(pH 7.2)Z 33] ¥A1(500 x g, 10 min)3}<
T 5EZ 1 x 10° CFUmIZ 24 ¥ A&-3F3 T
A A Ee} FAMNEE 72 F7H0.5 ml) EF 5

3AIZE HlF T 7 well S PBSE 33] Al 3 100%-
methanol 2 17 ¢F & Wright G4 & 33t w7
2.2 200718 HAMEZE TEAHA HA &S A=
.

2 HFE&(%)= (S. inices B2 O] 2] M Z/BZS
WM E 5 x 100

SA tHAMEZ S| EdAA HE £F

T4 A o] & 44 WS 782 Baulny

et al.(1996)2] ¥ ol &3} nitroblue tetrazolium
(NBT) reduction {02 ZA3Ah F 96 well
ol T2 AIZE(5 x 10° cells/ml) 2 43+ zymo-
san®] Hr¥ NBTEH-S FaH(100 pl) 7Fskar 22
TollA 2 hrs ¥FHEA AT I & A& g
PBSZ 23] AA T Tha 100% methanol 2 10&3}

DAAHT 2ZE AEE 70% methanol 2 23] Al
T A3 7+ welloll 2 M KOH(Sigma) &4
120 ul$} dimethyl sulphoxide(DMSO, Sigma) 140 pl

A3 5

£ #7}8le] formazan< =]l 630 nmoll A &%
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g3(PBL)S| Mol O|xXl= F&

In vitro°ll A propolis extractsd& = 20, 10, 50,
100, 150, 250 ¥ 500 pg/ml)oll w2 PBLY ®4%F
2 NBT &5ol vA= SFS 2ARAA 237

+ Fig. 13} 2t} S propolis extractsd % 50~ 150
pg/ml H2ltiol A PBLe] ©4)5 3 NBT 9%0]
o HlsiA FoAd AA S7HE BoH, &
3] 100 pg/mliol Al 7173 &Ado] &=tk T8 AT
500 pg/mle] FEoNAE ol visiA 23]
gAgo] ZAAHAY. wEkA in vivo A A| propolis
extracts¥ & T FEE 100 pg/ml=Z A A3} T},

In vivoOllM propolis7} EX[2] HARZ 0 O|X|
= g%

1) Hematocrit(Ht)2] &3

hematocrit=] 2] W3}E ZAFSH A3} PBSE A €

PBS
10

—]
|
B 100
=
([

Activation Index(%)
8

T reduction

"~ Phagocytosis " NB
In vitro

Fig. 1. The effect of propolis extract on the peripheral
blood leukocyte(PBL) activities in cultured flounder.
PBL were incubated in PBS or with various concen-
trations propolis extract(0, 10, 50, 100, 150, 250 and
500 pg/ml) for 2 hrs at 22°C. The phagocytosis of bac-
teria were determined by counting 200 PBL and ex-
pressed phagocytic index compared to control. NBT re-
duction was evaluated by formazan forming cells count-
ing(n=200). Activation index are normalized to the val-
ues obtained from PBS control and expressed as means
of triplicate readings. Statistical differences are indicated
by letters. a: P<0.05, b; P<0.01.
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5ol MA= IF 51

3 tHZT+= 30+3.5%, propolis extracts *] 2] T&
29.5+1.6%, vaccine™= AT 3143.7% prop-
olis+vaccine extracts <3 #| 2] 7 29+£3.4%= o)
ZTroll vlafA HtX|7F ofgt HAaEE AEFS BY
Ot o3 Aol E HolA| gFUTHFig. 2).

2) Lysozyme 4 &%

HA lysozyme?] §EAE ZAE A3= Fig.
20 Aok & o2 A9 145+11X] & B]l ¥
ol propolis extracts ] 2]l A= 178+13X] 2 -2
A4 A =gk 4, vaccine®ET e A=
205+14X]5 EQIHFA vaccine+propolis extracts
= AT AFdAe 276+18% A3 UA
=7 UEFSTHFig. 3).

8) £A YAAE SA 54

A M &2 5S S A3E Fig 3o YEr
WAt PBSH ol A 33.241.2%5 K<l KEdA
propolis extracts A 2]Te] A9 ©alFo] 429+
1.3%=E fo]do] AAEAT A, vaccine™HH A
279 ¢ '] 80] 47.8+2.2%<1d B A prop-

[ ] PBS
[ 1 Propolis
o 1 L g
KJ)
i) 20
B 1.
o
g 10
Q
T s
0 - . .- A - + .- aa -
Non-VAC VAC

Fig. 2. The effect of propolis extracts -treatment on the
level of haematocrit value in cultured flounder. They
were divided into four groups(PBS, Propolis extracts,
Vaccine, Propoli extractss + Vaccine). Each groups (5
fish/group) of fish were received i.p. injection of either
PBS or 100 mg/kg of propolis extracts, and in the pres-
ence or absence of formalin inactivated S. iniae (1x10°
CFU/fish), respectively. Results are expressed as the
means+SD. of triplicates readings.
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Fig. 3. The effect of propolis extracts -treatment on the
lysozyme activity. They were divided into four groups
(PBS, Propolis extracts, Vaccine, and Vaccine + Proplois
extracts) Each groups(5 fish/group) of fish were received
i.p. injection of either PBS or 100 mg/kg of propolis
extracts, and in the presence or absence of formalin in-
activated S. inige (1x10° CFU/fish), respectively. Results
are expressed as the means+SD of triplicate readings.
Statistical differences (P<0.05) are indicated as a, when
compared to PBS-injected and b, when compared to vac-
cine treated.

olis extracts+vaccineZ g *] 2] Tl A+ 57.842.6%
2 7943 A =UthFig. 4).

1) FARANE YL PHS EA
FA AAES e ey B

Nitroblue tetrazolium(NBT) 3¢ 3 OD #<
g A3, PBS A7 ¢ 0.24+0.012] o] H] 5}
Propolis 2] 7§l 03120022 &2 2|4 ] <l

A= A, vaccine A BT ¢ 0.36+0.02
% & 2l "k o) propolis extracts +vaccine &g

T s 044200232 Fo0X IA =g

(Fig. 5).

5) SAFA7L 54

S &A7Le) M-S A3 AT Fig 59 &
t}. PBS 2 propolis extracts *] 2] 7ol A= Zhz} 22
0.1 2 2'°2022 Z}ol7} AR A okt $HE,
vaccine™ s A 27 A9 SHFA7F7E 27°40.5
0] 2.1}, vaccine+propolis extracts &3 A 2] 79|
e 210602 Fo Aol AA = o) H THFig. 6).
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Fig. 4. The effect of propopolis extracts - treatment on
the phagocytosis. They were divided into four groups
(PBS, Propolis extracts, Vaccine, Propolis extracts +
Vaccine). Each groups (5 fish/group) of fish were re-
ceived i.p. injection of either PBS or 100 mg/kg of prop-
olis, and in the presence or absence of formalin in-
activated S. iniae (1x10° CFU/fish), respectively. Results
are expressed as the means+SD of triplicate readings.
Statistical differences(P<0.05) are indicated as a, when
compared to PBS injected and b, when compared to vac-
cine treated.
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Fig. 5. The effect of propolis extracts -treatment on the
NBT reduction. They were divided into four groups
(PBS, Propolis extracts, Vaccine, Propolis extracts+
Vaccine). Each groups (5 fish/group) of fish were re-
ceived i.p. injection of either PBS or 100 mg/kg of prop-
olis, and in the presence or absence of formalin in-
activated S. iniae (1x10° CFU/fish), respectively. Results
are expressed as the means+SD of triplicate readings.
Statistical differences (P<0.05) are indicated as a, when
compared to PBS injected and b, when compared to vac-
cine treated.
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Fig. 6. The effect of propolis extracts-treatment on the
induction of antibody production in cultured flounder.
They were divided into four groups (PBS, Propolis,
Vaccine, Propolis extracts + Vaccine). Each groups (5
fish/group) of fish were received i.p. injection of either
PBS or 5 mg/kg of propolis extracts, and in the presence
or absence of formalin inactivated S. iniae (1x10°® CFU/
fish), respectively. Results are expressed as the means+
SD of triplicate readings. Statistical differences(P<0.05)
are indicated as b, when compared to vaccine treated.

E-8-9] 22%°l B3| propolis extracts 7= 46%, vac-
cinedr=E79 ¢ MEEo] 12%°|U o, vac-
cine+propolis extracts % AT 86%2] WEE
< HHYT(Fig. 7).

804 [ ] PBS .
;@ [1 Propolis
§ 60
©
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c
>
0 20

0

Non-VAC VAC

Fig. 7. The effect of propolis extracts-treatment on the
survival rate for 10 days post challenges. They were div-
ided into four groups (PBS, Propolis extracts, Vaccine,
Propolis extracts + Vaccine). Each groups (12 fish/group)
of fish were received i.p. injection of either PBS or 5
mg/fish of propolis extracts, and in the presence or ab-
sence of formalin inactivated S. iniae (1x10® CFU/fish),
respectively. Results are expressed as the means of tripli-
cate readings.

FAEA S WAl A G 53

oAl BB EHS F
ol "AAA FAAE M2
SHojzith o] & £ Folof
S48 HEo|d Ay vkg A4S 5ot
FHow Eolx HY ‘ﬂ'% T GO R
A o] Fo] S BTNkl et al.,
1993; Secombes, 1996). £ A& (in vitro)°l A1 prop-
olis extracts& =xFe] w2 PBLS] ©2]5 ¥ NBT
358 ZASFAE B} propolis extractse] 50 ~
250 pg/ml HLtholl A PBSH ] ol HlshA A
o] felFoz FUHE BY oW, 15 100 pug/ml
ol A 7F4 =hth(Fig. 1). o8 AxE AR
WX B7Y propolis extracts A 8] T+
A" 100 mgkg o2 AA3AT

lysozyme> T2 WG, 4 9 AEH F
WA EEXEoYUE 4N AT Azy 7
9] peptidoglycan®] B-1,4-glycoside A%< 7}
dfste] B aIE e, BAYU AHAEZ =
53230]'0:1 A 2 EFTSE ASIAAA AT

A 71=d 8% 98-S 7Y SHh(Fletcher
and Whlte, 1976; Takahashi et al., 1986; Kim et al.,
1992; Paulsen et al, 2002). $HA, in vivo’d N A4 prop-
olis A1 8] f+5(PBS, Propolis, Vaccine, Propolis +
Vaccine)oll W2 lysozyme2] &4 X & FA} sIHE
\} propolis A 2] = &7l B3| A lysozyme &
Aol FYHe g2 F7F HoHth(Fig. 2). T4,
lyzozyme®] &/do] g SN FE T 1HUYA
Aol Eddolet Ho = nFo] Ew propolis
extracts7F 21 E 2] o] A AW sl A
A5 ds A% FE&sHA E8E 2 A
© 7 WrtEojxin

M EZE Aol HAEF s md=ol oy
ato] 2248 g Atk g 58 FATOEA A
o] o] Ao 2 B HPAOE FQ3 TS
=3 S TH(Stahl 1992; Secombes, 1996). 2] A o] 2]
A EalE o FE WA gg 8 AHE8e
2 A 2] A 4EA(0; radical)e] FH-g-of] 2]3] o]
oA} &, R HAA I} 79 AA=Z 9

=
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UdHA 9] HH-§7]4bA(reactive oxygen intermediate,
RODZ} 95 WA o et vt &8& st
Aoz &4edA U th(Secombes, 1990; Shon, 1999).
B A& ol A propolis extracts*] 2] & THETol H]
A AZEFo] F8 UA F7FE NS, NBT
s =3 7oA A F7F A FHTh(Fig3, Fig.
4). o] &3 A3} += propol is extracts’} I AL E
=5kl A B2 28 9 superoxide anion(0;)2] Y
285 GASIA A7) Wil AAHO=E S in-
iae XSGl W& propolisA 2] 7-2] AEE&S Eol=
Aoz AHEAT, wakA propolis extracts 7} ROI
o Ao oA ATH o] He A3 Ay s
R )3 superoxide anion(0,)2] &4 S A3
F7HINZ T oA Hojx S Hd X9 HlEo]
2 AYSAAE &82 7t 5 A=
71 thE ok
EolgAm7)d A3 A ZUAAE WA
°ﬂ o3k A ASS Woldte S5 ol &l
23 98 3 KSuzuki ef al, 1997). ¥ A0
/\‘] vaccine+propolis extracts =% * 2] 5= vaccine
5 A Fol viste #ASH AV FolH e
2 =A Yeld 23KFig. 5)= vF$-2=9l proplis ex-
tracts & 7202 @73 A ol= A A
de F4EaNE KB AF(Sforcin ef al., 2005)}
propolis extractsE B7F W2 WA &3 Fo A
A7y 27/ FE th 2ol vleke] wje- F7HE L
oh= H3(Fan ef al., 2010)53 L X o)At} &
A, o]H g A= propolis extracts?F A AY A Al
ZE ARA R B E FUsH] K= Ay
A APTAEL]D QAAZE Aol mE gH 9
cytokineZt-8- 0 &2 AN S STHNFHE A=
F4 Fu B Aguio gz = g3s & U ¢l

o

A

2 43

ol A propolis extracts”} w3 2] 7+ HFo]
ol © FFES Hkst7] AMA S, iniaes
’5}"4 A4 < 3 23 vaccineHET-ol Hlsf

propolis extracts+vaccineZg * 2] T-oll A A=
&o] frojHo® EA UEEthFig. 6). ol=g 2
I}= propolis extracts”} AAZA WA &A
(Iysozyme, ©45 2 NBTE#U )& F=3t2 o}
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&-(antibody dependent cell cytotoxcity, ADCC)%5 <]
ol AANkg-& D3 Al A3} oA =
H S inigextol tEiA WoleH S AASHA F
NZAZ] WE o2 ALEE T Wb propolis extracts
= FAFEAET ofyz} B o] FollA AN He=
IS WAAS AW A= v EHY F o
Ao xith

FH A9 formalin B&38} vaccine©| 7' o]
Al FA Ao A Ao e dE &8 Ha
$) TH(Nakanishi and Ototake, 1997; Ellis, 1999; Cho
et al., 2006; Angew and Barnes, 2007 ). °] & &
WA AR &L7HES AAsy] 9% g
= aluminum hydroxide, minernal oil ¥ albumins
adjuvant= Z-&3t ot ofA o] FAH HF
3 e BAEFO 2 Aol A|gHE o] 7] uf
o adjuvant® ©]-&3}7] % AL =4 &Y
S A% ks =8o] AZ=FHIL 9 th(Nakanishi
and Ototake, 1997; Ellis, 1999). u}e}A £ Al ¢ of A
propolis extractsE 1 2]3F o 7F°] haematocrit=] €]
et & IS FIAA &S AI(Fig. 2)= A
& 2 vl-$-2of propolis extractsE B A] T, &

¢

b &

N

A do e

A4 gl 7)EE @Rl oS FEATIAl sk
o3 B3 5(Sforcin et al., 1995., Mani et al., 2006)
I YA g} E=$ propolis extracts”} 3HeHEA 9
o) oA AstEHAY AR H AR
S BAAAE I EA 7= ZALo] UAthE B

(Cetin et al., 2010)Z W] o] propolis extractsS ]
A= 28479 g F48o] A9 gle A
o2 mFo] &F WAl adjuvantZ2A = 8754
o] & Zo g FAH.
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T 32 804 B S 43 A ARE
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o2 Arggnh 18X
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propolis extracts™= A °] 79| glvk= A3 v
of AHFAAANZA &&7sdol A Bt
olth olo] B A= thAHO 2 in vitro L
in vivo’d ol A propolis extracts”} %F21'd %] ™k
ol " A= YEFS ZAEA T
In vitro’d ol 4 propolis extracts”} PBLS] ©2l%
! NBT assay%PH soll MA= FFES A 3Rt
T 50~150 pg/ml ©|lom, 7} &4 o]
S 100pg/ml Ot In vivo’doll A 42
propolis extractsE T5 =& S. inice B2
N} T3t ofAl|o Fof Fof] HHREE
A= 9EFe ZASHA T HaematocritX] = prop-
olis extracts'™@= 2 vaccine?} &3 A& Tul {2
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I AR A A 2o B, A Sl 2 3
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