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Immunomodulatory Effects of Propolis and Fermented-propolis
in BALB/c Mice
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Abstract Propolis is the generic term for the resinous substance collected by honey bees from a variety of plant sources.
In this study, we have assessed the immunomodulatory properties of propolis (P) and fermented-propolis (FP) in BALB/
¢ mice. Mice were subjected to gavage once a day (for 14 days) with 50, 100, 200 mg/kg body weight P, FP, or vehicle.
Lymphocytes were isolated from the spleen and mesenteric lymph nodes (MLN) and the immune cell proportions,
proliferative activities, and cytokine production were evaluated. The P- and FP-administration induced similar, but
differential, alterations in the percentage of immune cell populations and their biological functions, including cytokine
production and NK cell cytotoxicity. The proportion of CD4" and CD8" T cells in the spleen was increased slightly in the
P- and FP-administered mice as compared to the vehicle-treated mice. In MLN, the percentage of CD4" T cells was
increased significantly in the 200 mg/kg P-treated mice. The mice which were treated with P and FP evidenced
significantly increased interferon-y and interleukin-4 production in concanavalin A-stimulated splenocytes, whereas the
production of theses cytokines was not shown to be induced by P-treatment. In addition, NK cell activity was also
increased dramatically by the administration of P and FP. Collectively, these findings showed that P and FP are wide-
spectrum immunomodulators, which may modulate both innate and adaptive immune responses.
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Z7HAZ B ol o]F A EERE FH]E o
3= interleukin(IL)-2 2 interferon(IFN)-y &3} 72 A}
Ql(cytokine) HHIE FXIAA, AGAAY &3S F7HA71= A
o2 GEHA AUTHE-S5).
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AMEEE M=

Aol AMget 22 Ze~ FE5E 9w 22 Fs FEE
T FE LR FY )R E AlFHol ARESISiTE 22 Ze
FZ2EP) HabEsk 99 100 g9l 78 500 mLS 7}aked 60
°CollA] 3AIZE B FE, A3, FESIA, 4°ColA DS FHA
Zt. o] FHEE AAT T ol FEAE T F53h] =
REZE FEE 18g2 Aty wE Z2Zgx FZEFP)S
B Ak 44 100g0] 4 500 mLS 7Fske] 60°CollA 3A17F
5 &, 9JAd F FE29L 100mLE T3 o] 5=
o HAARA AERQAE 45g 713 & AF FHsle] de
Z2EZYx FE2E B 5000 10%(wN) EET 500 mLE 718}
AT} o371l Saccharomyces cerevisiaeS 7353k 37°ColA 2
ZF HEAA FY o FAS ISl 60°ColA 2417 <t
FE, A4S * 1Y, 5L 2E Z2F3Es FEES Y
A 100 g tH] 13 golSth B Agolr ARE-St 2 Ze|x~ o
g Z2FE29] FEE 100%3

[ o

AESEN AESES F0f

ARET=E 55789 3 BALB/e PR-2E FoFE (F)(Pyoung-
tack, Korea)ZFE Fwiol shgfsta HFF=AolA 797
AR, 3R T, ARSI AR £ 209-22.6°C, A
NEE 50-55%, ZHF7] 12417H08:00-20:00)0.2 245133,
B3} ol A FoAAT 747 =317k AR vleas
7Ne] A¥Foz Ry, 7k APEe gulEle] rRg-Az 1A
Stk 95% FHo =z A &% T2 Ze~ FEE g =
2EIX FZELS AF 1kg B, 27 50, 100 223 200 mgkg
body weight(B.W.)e] =2 32 S/FTE o83t 343 ),
149 Bt AEFH oz ATt 2 Aolx FoIsk =2
ZY2 FEE7 g Z2EYE FEF9 ethanol FEE 5%
2 AU, WETS 5% ethanol 7AT-FoI5+93Th

HZ(spleen) X X2t} B=H(mesenteric lymph node)2
2EH EH=To| 22|

HAEF=S AFEIsi v 2 Ak g92ds Fod
07 AHE3), 7+ YA RPMI 1640 medium(Hyclone, Logan,
UT, USA) WollA 40 um stainless steel mesh(BD Falcon, Frank-
lin Lakes, NJ, USA)Z #3|5te] TdAZE 23t 4=
Tl A o] RPMI 1640 mediume 715t 4°C, 1,200 rpm
oA 587F YA A F, RBC lysis buffer(eBIOSCIENCE, San
Diego, CA, USA)Z HAETE A|AstY] =5 AUtk o] ¥
o 10% fetal bovine serum(FBS), 100 units/mL penicillin,
100 ug/mL streptomycin®] ¥ complete RPMI 1640 medium
< #H7keld #R/A1Z1 ¥, Guava Viacount Kit(Guava Technolo-
gies, Hayward, CA, USA)S ©|&3l AXFE 43T

gz=To| B4s &4
HI gl A PETe] S45E CellTiter 96° AQ,,, ONE

Solution Assay Kit(Promega, Madison, WI, USA)S ©]-&3}] =
Aatth(17). v B Ak dxdolM g gEFE

1x10° cells/200 pL/wellZ 96 well plated]] 3} B]AYHZ 1=
concanavalin A(ConA, 5ug/mL)E F7FI3, AAE g
£ anti-CD3g(1 pg/mL)$} anti-CD28(1 pg/mL) HE2FA S H7}
Sto] 48A17F FoF vikEtiTh 2t welloll cell titer 2212 20 uL
A H7vste] 2AI17F St F7HIY $- SpectraMaxM2 Microplate
reader(Molecular Devices, Sunnyvale, CA, USA)Z 490 nm®l| 4]
OD & SA3te fZ3e F4%5S sl

-+

Bzl oEtt HlEg £H

v g ARk gaxare] oS fluorescence-activated cell
sorting(FACS)E ©|-8-5t] SgsIArk(18). Wl 3 FAphet g

£ 1x10° cells/200 ul/well F=Z 96 well round bottom plate®]]
F3F fluorescein isothiosyanate(FITC)-conjugated hamster anti-
mouse CD3, phycoerythrin(PE)-conjugated rat anti-mouse B220,
PE-conjugated rat anti-mouse CD4, PE-conjugated rat anti-mouse
CD8, FITC-conjugated rat anti-mouse pan NK THE-EAE 7}
St 7 EFEFA M7t 308 -, flow cytometer(Guava Tech-
nologies)& ©]-&-3ted AZo] o}l{et v &S A 3IAUTH

BlZTo| AO|E7IRl 2Hls &H

v 9 ket o] ARl #H|5E Pak 59 W
He 4, Be & ST, v B A 4EZ3E
24 well platel] 8x10° cells/500 pl/well2 531tk ¥4 L
= ConA(5 ug/mL)Z, HAAZFE YZ 1= anti-CD3g(1 mg/mL)}
anti-CD28(1 mg/mL) SF2FA 2 7zt 4847k 5t AFAA Al
EulF TN A AENYG FFd F9] IL-2, IL4, IL-S,
IFN-y9] ke ELISA Kit(eBIOSCIENCE)S ©o]-&38fo] =4 &3t}

Natural kiler(NK) M= gM=X

NK H2Z &2 Combe 59 WHeS 44, Rebsl] 43
tH(19). ¥ FZFF2] NK AlE+= pan NK selection kit(Stem
Cell Technologies, Vancouver, CA, USA)S ©]&3} Hz|3th
23 NK A EZ RPMI 1640 mediumol] HEAA 2HgA E
(effector cel)Z AFESIATE A EZE YAC-1 AEE ©]83)
Atk NK AlEZ} YAC-1 AEE 20:19] ¥]&E 96 well round
bottom platedl] 5=k, 37°CollA 4x17F F<t viF3te], NK Al
X #4& Guava® EasyCyte™ CellToxicity Kit(Guava Technolo-
giesyS o|&-3te] 43T

SHEH 24

EE AEE meantSEMCLE YERA oW, foA HAAN=
GraphPad Prism 4.0 software(GraphPad Software Inc., San
Diego, CA, USA)E ©]8-3}o] one-way ANOVAZ 251991, 7}
AE7ke] FAA §943-2 Boneferroni multiple comparison post
test2 3T p<0.05 oldd Wiw BAH Feoldo] e A
o2 Pt
2n e o
HIZR BXZhaE 2ol foM|= OFEEt HlE

ZREE A0 g 22 EIL FEHEY Fo7t AAl A
Ae TS AEs] S, WA ¥t A0 g ¢
29 ophe] Hl&S AESUTH Tables 1, 2). HIZHHZFo) 4
= Z2EYA FEE Y 3E Z2EYA FEE FAL EF
ol tlZ(vehicle-Foi)# Bluwsle] CD4* 9F CD8" T HXEF-
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Table 1. Proportion of lymphocytes isolated from spleen in BALB/c mice treated with propolis or fermented-propolis for 14 days

Lymphocyte subsets

Group

CD3" CD3'CD4* CD3"CD8" B220" panNK*
Vehicle 41.92+4.14 24.91+3.53 15.77+0.65 48.13+1.00 8.75+0.75
P-50 48.65+1.61 30.34+1.35 16.88+0.65 45.99+0.82 8.71+0.41
P-100 51.49+1.01 31.07+1.26 18.49+0.39* 44.99+0.70 8.73+0.40
P-200 49.85+0.35 30.50+0.24 18.01£0.10 44.03+1.00* 6.67+0.38**
FP-50 55.15+0.97* 33.85+0.60* 19.90+0.60** 42.26+0.82 6.33+2.45%*
FP-100 50.55+1.45 31.33+0.72 17.74+0.61 45.41+0.64 7.43+0.40
FP-200 50.07+1.90 31.38+1.48 17.58+0.51 44.66+0.72 7.29+0.78*

P: Propolis treated group
FP: Fermented-propolis treated group
(*) p<0.05, (**) p<0.01 vs. vehicle treated group

Table 2. Proportion of lymphocytes isolated from mesenteric lymph node in BALB/c mice treated with propolis or fermented-propolis

for 14 days.
Lymphocyte subsets
Group
CD3* CD3'CD4* CD3*CD8" B220"

Vehicle 45.02+2.53 25.37+£0.89 15.62+1.97 17.93+£2.42

P-50 36.47+£4.96 27.95£3.10 10.94+1.90 22.00+1.22

P-100 49.03£3.14 29.114£2.54 12.09+1.43 27.63+0.25

P-200 70.24+1.91%* 47.60+4.04** 20.514+2.64* 15.52+1.23

FP-50 48.13+4.32 34.99+4.37 9.77+1.82 21.8343.05

FP-100 58.74+3.25 46.71+£1.75%* 12.52+4.71 26.46+1.85

FP-200 53.43£5.63 29.83£3.65 20.3243.71* 20.53+1.90
P: Propolis treated group
FP: Fermented-propolis treated group
(*) p<0.05, (**) p<0.01 vs. vehicle treated group
o] ml&o] F7kele A¥dS Blew, B20" B ¥ 2 NK & e FEE(2.5-10 mgkg)S 397 57 Folsie] A H]
AiEe T2 el g9 g Z2FE FE5E —r°4°ﬂ °lsf 7 ez S50l txwel vl AstEe As AFed

28k ALS BATh

A Yo gzl BlEl AEE(200 mgkg)e] =
REYA FEEI BE T2 ZEx FEE(50, 100, 200 mgkg)
o] Fojoll oJs CD4" T YEF H|&o] F7iehs A4S BT,
B220* BM|2ZS] v &2 iRty 7t FEE Foude] zolE
AT UATK(Table 2). NZR, T2EY X Foji, Wg =

REE S Fofe] 7} AT)oA ] Alxge] wMshe flithE S
HAAD.
A 2ZHo )23

2 CD8' T HEFY H|ELS TN FIt Y B ]—‘55,1 Andreia
5o AFUR)NAE Tiypanosoma cruziol 28] ZFAE wpg-2=of]
A ZREY 2 oeks FEE(50 mg/kg)— 14 51t AFEe]st
W ORGP EFe] CD4" 9 CD8" T YZ39] H|&o] F7hgitar

HAset. o] 22 A= EEEEV\ FEE9] Fo7} mhg-
290 QAES SASIAA ThFS Al EFRRIS #H]EkaL, &
HlE Ale|EFIRIe] A5 = 18] T Hxe] H|go] F7tsh=
ZoE ALEE

, 1 2 Wg T2Ex FEE FAF
oA B A P2 e AEste HET FAF S &5
gt A, el HlE)| ZREDE FEEY U8 Z2EES
FEE FoTox] Eeleh dxe] FATe] frolHes FUt
A thFig. 1). Sé-Nunes 52 EIQIIME AeLe] Z2Z

ool IRAHOE IREZgA FQ AP AEQ caffeic acid
phenethyl ester(CAPE)S 20 mg/kg®] == BALB/c PFp-2=°] 14
A7F AT T AFAfeIM e HIF-ETFY] FAT0] T4
she Ao YEETH(17). o9, Z2EeX FE3= Fold 9
g B gxge] F2el tie AP A A e A

& muzels F2%0) Fouy 2 o] 7|09 AL
S50, olele Aol T 2 A7k Aa Jelch

ZaFos 238 Folk B0 Yl F45 v
A Ul B @ ) 238 W} glol, & e}
Hze] wiolth

HlE % ERRIS fmTe| Alolslel Euls
CD4" T ¥ 25| ®Hshe AlolE7IRle] Ffdl wel
Th-17} Th2 T =32 ERFEH Th-1 T EIE:TL*‘E Al 7+
9 (intracellular infection)ol] thek AlEZuj7] W] FHE o] 1L-2
o} IFNwE #4Y]813, Th2 T X3+ 99 *é%}"é(extracellular
infection)ol] thal A A4 Welo] Pk IL49) IL-55 #n]s}
of, A ARk 2 ATHA,21).
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Fig. 1. Effects of propolis and fermented-propolis on proliferation of lymphocytes isolated from spleen (A) and mesenteric lymph nodes
(B). Values are means+SEM from triplicate wells. (**) p<0.01 and (***) p<0.001 vs. vehicle-treated group.
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Fig. 2. Effects of propolis and fermented-propolis on cytokine releases by splenocytes. Values are means+SEM from triplicate wells. (A)
IL-2, (B) IFN-y, (C) IL-4, (D) IL-5. (*) p<0.05, (**) p<0.01 and (***) p<0.001 vs. vehicle-treated group.
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Fig. 3. Effects of propolis and fermented-propolis on cytokine releases by lymphocytes isolated from mesenteric lymph nodes. Values are
means+SEM from triplicate wells. (A) IL-2, (B) IFN-y, (C) IL-4, (D) IL-5. (*) p<0.05, (**) p<0.01, (***) p<0.001 vs. vehicle-treated group.
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Fig. 4. Effects of propolis and fermented-propolis on cytotoxicity
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triplicate wells. (***) p<0.001 vs. vehicle-treated group.
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