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Effects of Propolis on Tumoricidal Activities
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Abstract

In recent years, propolis has attracted much attention as an useful substance in medicine and functional food, even
if it is known as a natural remedy in folk medicine since ancient times. Propolis was registered as natural food since
1995 on Korean Food Act by Korean Food and Drug Administration(KFDA). The present study demonstrated the
optimization of isolation of crude propolis by ethanol, and tumoricidal effect of propolis. The optimal concentration of
ethanol to separate a high quantity of propolis was 60% The cytotoxic effect of ethanol extracted propolis against various
cancer cell lines including murine lymphoma (Sarcoma-180), murine T-lymphoma (YAC-1), human breast carcinoma
(MCF-7), human gastric carcinoma (KATOII) and human hepatocellular carcinoma (Hep3B) and human lung
adenocarcinoma (A-549) was observed using SRB and MTT assay. In order to investigate the curative activity by oral
administration of propolis on tumor, ICR mice was subcutaneously implanted Sarcoma 180. In 300mg/kg and 600mg/kg
propolis administered group, development of implanted tumors was inhibited by 40.9% and 67.9% at 16th day,
respectively. In the same dose of propolis administered group, development of implanted tumors was inhibited more
strongly with dose dependent manner. Therefore, these data suggested propolis may show tumoricidal effects. In
conclusion, these results indicate that propolis, one of the few natural remedies, can be used as functional food with
tumoricidal effects.
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1) Propolis
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2 48] AHg propolisis (PRI Falel £
H =3 A 22 AR5 1 60% ethanol2- AFE-3He] rotary
vacuum evaporator (Heidolph VV2011, Germany)=
A7} 46.6% T&2 YERARACH
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Propolise] %% A Lol that 24 oA 58 AL 9]
3la] Table 19 WER;= vheh 22 YA £5<] Sarcoma
180, YAC-1, MCF-7, KATOII, Hep3B, 8|1 A-549 5-&
Fu| stk Aol 2ehA £
lular carcinoma)¥ American type culture collection (ATCC,
HB8064)ZH-E] 15} 3L Sarcoma 180(ATCC, TIB 64)&
W Ee Unlx] 2 AEFES 32 ATFE 280 2R
wopagich

R

¢l Hep 3B(Human hepatocel-

(2) BYM =2 HHet

ZOFA I vl 9K(Lefkovis 1. 1997a)2 Hep3B2] 74-%-= Dul-
becco's modified Eagle's medium(DMEM, Gibco USA, 6.7 g)
3} nutrient mixture F-12(5.3 g)& 1:1(V/V) mixture, gentami-
cin sulfate 40 mg, sodium bicarbonate 2 g, hepes buffer 2 g&
32} 280 83A17] & pH 7.0~728 Z43slo] 20% fetal

Table 1. Various cancer cell lines

Cancer cell lines Sources Culture media

Sarcoma 180 Murine lymphoma DMEM

YAC-1 Mmurine T-lymphoma RPMI-1640

MCF-7 Hhuman breast RPMI-1640
adenocarcinoma

KATOI Human gastric RPMI-1640
carcinoma

Hep3B Human hepatocelluar DMEM
carcinoma

A-549 Human lung RPMI-1640
adenocarcinoma

Propolis7} £ A 2H-gof n|X)= J&k 543

bovine serum(FBS, Gibco. USA)E X 7}el wz|ol] #Z3}o]
37C(5% CO2 incubator, Sanyo, Japan MCO- 175)]|4] 244]
7F viekslgit). Sarcoma 1802 DMEM HjA| S Al-&3}e] uj
Felglon], eix] FPAZSE AepEe SAsht,
A1 2= RPMI(Rosewell Park Memorial Institute, Sigma, USA)-
1640 A S AHE-skTh

3) AHsE ¥ A=
Z7+e] Sarcoma 1809 2J8] FEH Foko] AAAAE
.z‘f'; JS A= Aduekgo® 578 47 ICR mice A
S (PINEZRY Fao }%% ARl A TUZE 1

?SﬂA}E_(pellet)i ARSEIEA g0l AGAHTE 17U <
AAZ] T AREES A2 wet B Y (randomized com-
plete block design)ol] 9l& 2} ¥z HelslHtt

ASA 2L L5 20T ~25T, FEE 60~70%2 FA]
AZeow, 24 1247 HEog 2gsqrt Alae Ald
AHF) Y vh2g A REDHE 20%, ZAY 3%, £
A8 10%, 235 10%, 247 0.6%, <1 04% 5 F98A

I AEe B AALEAEMA ASFEA HES Sth

(1) 4¥=E Propolise =H|

PropolisE o]7] $3F &r) 2= Tween 80(Sigma, USA)
£ Abgslsien o SeiE e vt 2k

Tween 80-8-<¥ 100 4L, 150 X 300 yLE 10 mLe] Fal-
con 7] HHo|| ¥ 25 mg, 75 mg £+ 150 mge] FA 4
3} propolis9} 2 E313F F o] NS 90T Aefe| 2z
o 5~10% H= @7} F83] 83lA7] v deFRelA
27|12 7AW thr] PBS(phosphate buffered saline, Difco,
USAY ZH52 49 mL 3= 4.7 mLA A9 5 mLE 25
91\1} O g FHERHoR S mLQ] propolis 842 A2} gt

S0l 9O woth o F &4Hd] 83 Aol A

«] SER YkE & AF 20 go] Balb/C FFH whg-2eof] Fo
ko] olm) HFAR]! 7R FE 200 L= ST
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1) SRB Assay

SRB(sulforhodamine B) ¥ in vitro WollA A E Tl
A G288 0] 85} tHMartin & Martin 1997). 96well plate®]
7+ wellol] 5x10%/mLe] theFat M XF7F E3HE 100 pLe] Hj
A& 7pste] 37C(5% CO, incubator)o| A 2443t njekslt &
0.1 yg/mL, 1 pg/mL, 10 gg/mL 2 100 pg/mLe] 2z} w2 =
24+ propolise] FFA o2 e F4A4 AR} Eolge
100 gLe] v E 713k & 48A)7F wjokslqitt
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48713} F WA & aspirator®2 A|A5}a W|2] coolingdt TCA
(trichloro acetic acid, #|Z5%= 10%) 100 fLE 7}3}t] 4T
A 1AE BAG D SRe2 58 AlFsle] dzAZ & 7}
wellof] 1% acetic acidol] =<1 SRB(sulforhodamine B) £-9I
100 ALE 718ttt aga 2d2olA] 308 JAT F 1%
acetic acidz 53] A& 3le] AZA1Z] & 10 mM Tris buffer
(pH 10.5)2A4] G2 ll-& Zojx] ELISA reader(Perkin Elmer
HYS-7000, USA)Z 540 nmoj|A] ODZ =338l thekst =k
A EF) vIX| & propolise] 43 M EE AFETh

2) MTT assay

MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium-
bromine) W -2 kA E9] cell viability WalE 2% sh= v}
HoltHRussell & Vindelov 1998).

96 well microtiter plateol] KATO 111, Sarcoma 180, YAC-1
2 10% FBSE 33t RPMI 1640 HAulA] S 1x10°/mLs
EE Z424e] welldl] 180 s Y1 37T, 5% COxlAM 244]
7t incubationdt T 0.1 pg/mL, 1 gg/mL, 5 ug/mL 2 25 ug
fmLe] 7k FEW F24 AF propolise] 84 AEE TF
Aoz ojztsled Hrlskm, HF volumeo] 200 L7} A H
A& A& % 484171 incubationdt THE, MTT 42 mg/
mL)< 50 uLA Z} wellol] 7183 formazang &AJA)7]7)
Y&l 4A]17+ St incubationd & aspirator2 ASN-E A| A
&}, 150 uLo] DMSOE #H7}ele] formazang &8s &9|

g olg

\e

o 540 nmolN FRE e ZHAYT

3) £ ZTjo| Cist S4{ehe

Propolis®] 84 F&E0] U AZF| da el
AZELS FFF 579 B2 dgkor AlFee g7
0.D.3+& Fsled 2 Z(100% ABE&F)e] HF 0.D.3H) o
& YEES &Y AdEdz ok

4) Sarcoma 18001 olsf FEE S| HZ Mz

(1) SLAMZe MT

A dE o2 £7 ICR vl$-29] E7} o 5x10%)
o] Sarcoma 180€ FY3std, 157U ¥ £ g3oz F
F AEFE FASHAT AulFE vh$-20 22 G
T3 &, ut$A HE FHE 70% ethanol EFZ AE3L

=, AF-E Y1 Boe] Ho|H, d¥-& o218 719
E cutting ¥, 5& A5 PBSE E7F Ulof] F3}
WA x&Hor FHYz B W2 $£93) Sarcoma 180

o

= HOMA o AtkiEaaE

A

50 mL Cornical tubeo] BT} & MEE 48 Yo &
A3 A PBSE Fo] 1,000rpmO 2 4T 557 944
el 2 washingsh= # & 33 WHES & 558 £
ICR w}$-29] Eo] 5 x 10°709] Sarcoma 180 A EZ 3}
2 HFoA

) gt A3z "ot

¢ propolis& FF HA ulf-io] AP
T &S Aslstertd tigk 71x 2~38d A
2 AAlekgTh 29k A E<] Sarcoma 1802 HE3 3 70
S, calliper2 F42] 2722 QX 5 mmr} Y= HAES
=t} propolisE T8It Fo W7 FoF, s
<3 2t} Propolis %2 300 mgkeg 600 mgkgo 2 7}
Tl zondeE o]-&3te] BFE ol F3IHTE T3t
T GAT 71739 AolE FaL g 4 (D)ol o8 &el 2
£ =33} o}&2] propolis®] Sarcoma 1809 A =2

43 1 x a’b
— (& HAYAZE, b FFHA)

(€-T)
Control 9] Z9=7)

5) &4 &4

B AgelMe] ZE AF Zoe Ad7E Hd(mean)rE
FHAHSD)E BAIBIA T ZF 7 HER o BAA folA
7% & one way analysis of variance(ANOVA) AZ L 8}
o, t}te] o] statistical analysis software(SAS) pac-
kage & ©]£-3lo] Duncan's new multiple #-testo]] 2]ste] p<
0.059] 2ol A A 89 THThe Bureau of Statistics 1996).

Zdat 9l 1

1. Propolise| &2 Mz Z4] fH &1}

Table 29} Table 32 SRB assay®} MTT assayE £33 2
Holth. B dAL slo] AT & 2z 5x107/well,
Ix107well o] 2 7HX] 2 st A8 A183 BE S
EEo] 38 propolise] F7tol Slajed oiA=eE Lehio
™ 7 FOIME Table 2004 LR} e} Zo] 53] human
breast carcinoma®l MCF-79] 7% 0.1 ug/mlLe] # EFxe]
propolis F7FEollM = A9 FE FHA3MA 10%7} &
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& A 9= JeEP . 1 EQl 25 pg/ml M| Ald=
05 ox) ZI7t B8 2718kl AL Sl ahek 7] 36.8%
9} 33.6%2] f94do] JE &S 9A aE iUt

3+ Sarcoma 1807} YAC-12] 739+ propolisE 5 ug/mL
o] Fma AR 1x10'welle] 79 A Zkzb 28.9%9)
29.8%9] W& A EARE Jehf e propolisE 25 ug
/mLe] FE=Z IR TollA 238 5 oA &It AR
a5 o] 22} 21.3%9) 22.6%5 YERJAITE o] in vitroW]
oM e] o]& MEFol 3t TS AAE AT AHT TS
MCF-73} 2] 25 pg/mLo]3lR] A& AlAlste] F& Aelth

Human gastric carcinoma?] KATO III<f] t3} propolise]
g A ZIE Table 3o UERAICE ©] B¢ 2=
25 ug/mLe) propolis®} ¥H3-A171 5x10%/welle] o4& 38.1
% ~12]31 1x10"/well®] ol ] 49.4%9] 723k whe oAl &
22 JehNQ I 5 ug/mLe) propoliset BHEAZ] 5x10°/well
o] FAME 25.9%, 1x107/welle] Fol|lAE 28%<] &S A

]

Propolis7} Z9F <

Agel vle 9% 345

[}

&2 Jehpgth 1 ug/mLe] propolist ¥HEAIZl 5x10%
welle] o= 11.8%, 1x107/welle] Tl AE 12.1%2] 9
A S BYon, HAEE 0.1 yg/mLe| propolise} ¥k
271 5x10%welle) Al E 7.2% 2] a 1x107 fwelle]
e 8.7%2 A5 AA aHE e

&+ human hepatocellular carcinoma?] Hep3Be] 74-%-+=
25 ug/mLe] propolis®} 28t 5x10°welle] Foll A& 50.1%
a3 1x107welle] FollA 50.7%2 Yelfjo] propolise] 7
S B AgoA] AL Y JHA] FLAEF FAE hu-
man hepatocellular carcinoma®l Hep3Bell 714 733t 4]
) 9ee & 2= i) aElm HGA T A 5499
0] 25 pg/mLol|A] 1x107well2] ol A 44.3%7}
g oA 23E JeEoI
ko] A3}= Banskota et al(2002)e] QT4 B U

HZ=2F methanol 22 propolis®] murine colon 26-L5, muri-

%=
T
= 1%

ol od
o

ne B16-BL6 melanoma 3! human HT-1080 fibrosarcoma cell

Table 2. Inhibitory effect of propolis on the growth of different cancer cell lines I (unit = %)

Cancer cell lines

Concentration of

oropolis(igimL) Sarcoma 180" YAC-1? MCF-7”
5x10%well @ 1x107well @ 5x10°%well @ 1x107well @ 5x10%well  ® 1x107/well
Control 0 0 0 0 0 0
0.1 26413 8.4£1.6 14403 1.0£0.4 14.0£1.9 12.1= 1.7
1 13.4£1.9 14.842.7 7.6£1.3 5.2+1.0 19.9+1.4” 12.6+ 1.6”
5 19.2+2.3% 28.9+5.8” 19.9+5.9 29.843.6” 17.245.27 25.4+ 7.67
25 . 15.043.9 21.348.19 14.9+4.0 22.6+6.57 36.8+8.8” 33.6£12.9Y

Values are means=SD. (n=5), Each data were mean of triplicate, ® Significantly different from control by #-test (p<0.05), Y Sarcoma
180 is murine lymphoma, D YAC-1 is murine T-lymphoma, % MCF-7 is human breast adenocarcinoma.

Table 3. Inhibitory effect of propolis on the growth of different cancer cell lines II (unit = %)

Cancer cell lines

Concentration of

sropolis(ug/nl) KATOT" Hep 3B” A-5497
5x10°/well ® 1x107well 5x10%well @ 1x107/well 5x10°/well 1x10"/well
Control o 0 0 0 0 0
0.1 7.2+1.4 8.7+1.7 5.0£1.4 11.8+ 2.4 4311 3.6£1.3
1 11.842.5 12.1£2.6 75419 13.9+ 3.1 6.322.1 18.2+1.8
5 25.9+3.1 28.03.5 18.4+6.8 23.1% 4.9 35.148.5° 33.543.1°
25 38.142.2 49.446.7° 50.1+7.4° 50.7£12.5° 27.37.9° 44348 6°

Each data were mean of triplicate, * Significantly different from control by -test (p<0.05), Y KATOTI

? Hep3B is human hepatocellular carcinoma, % A-549 is human hung adenocarcinoma.

Values are means+SD. (n=5),
is human gastric carcinoma,
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linesSol AR Akt F% §ol) Aol s} ALEH A|EFS)
afol7} eolE ARG F4 oA EAF e Bash £
ARl 53] B Ao A% AF8-E human lung adenocarci-
noma3! A-549¢] theh Uld@=2kol] it 52 o) & 3ol
o Bane B el FakshA Udxste] propolise] §5-2
Al A e $8% A7 Ziteta Atgddh 99
Song et al(1997), Lee et al(2000)% 2 A9} SAlel Aus
< 2|2 L ESI o]2) 3 propolise] FoF A EF0l olx) A
SHAEQ HT-299} THIA| EF20 HepG2oll thgt 52 4]
© AlEF7) Z GI phasedl|H S phase29] &S #2217
o ojgttn B ausach

olte] AREL 3 BAsla] E nj u] B A¥o] in
vitro “ollA AAHJA L T2 in vivo FEAP] A}
o} Z3%3ted B propolist] 3G theksh ﬂavonmds% a}
gog g 71gA Bz A ssAdel sltkz shath

O

O

2. Propolis2| Sarcoma 180 Z M| AAF ofx|

Propolis®] &% oA 28-2] in vivo2] A& & propolis
7} AAZ AR ol AR FLAEe thyt As) 5o
UAE7E AE87] ¢ske] A5l th Table 49} Table 59]
A1 2% vish o) propolis® Figk 72} 29 shzzo o
Stol WAE FPAE Aol T UL T % Uk

Table 4. Inhibitory effect of propolis on the growth of Sarcoma 180 induced tumor ir vivo

4@

sotAlol Sk iEsfrik

)

&%

A= propolise] Fxol W)Eg EobEA] ok uhyY 16
AR FE 300 mgkg propolis FoIite] ¢ FFe] gH o
272 148.6 mm’el H]5le] 87.8 mm’e] AA g A& =&
< 3R oH, o] & A &2 AP 40.9% s Bt =
gt 600 mg/kg o2 73%% 477 mm’ §$ v Aol
As&e 67.9%01ch 2% B 29970 BSE d2T
o] 7% 1183 mm’9ld] ® %}oﬁ] 300 mgkg ol 575
mm’ 2 A3 &2 51.4%°]%12m E3] 600 mg/kg propolis &
e U IA &S st 195 mm’e] 83.5%2] 73
A& &< JeR o)

Data were calculted by the following formula

€c-7

Inhibit tio =
itory ratio C

C : means tumor size of Sarcoma 180 inoculated groups.
T : means tumor size of propolis treated groups.

Days after Sarcoma 180 innoculation

Dose of propolis (mg/kg)

8 16 22 29 36

Untreated 68.5£5.6 148.6+12.5 127.146.9 118.3+11.3 102.7+13.6
300 69.66.2 87.8+ 7.5 62.9+7.1% 57.5+ 427 63.9+11.5
600 65.348.2 47.7+ 539 23.5+4.4Y 19.5+ 3.6” 38.6+ 5.87

Values are mean=SD. (#=10).
? Significantly different from control by #test (p<0.05).

Table 5. Influence of propelis on inhibitory ratio of Sarcoma 180 induced tumor in vive (unit = %)
Days after Sarcoma 180 innoculation
Dose of propolis (mg/kg)
8 16 22 29 36
Untreated uc 100 100 100 100
300 uc 40.9+5.2% 50.5"+6.3 51.4+6.3” 37.844.6
600 uc 67.9+8.3 81.5 £9.2° 83.5+7.2Y 62.4+5.2”

" UC is uncountable
2 Significantly different from control by #-test (p<0.05).
® Values are means+SD. (n=10).
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Table 6. Change of body weight (unit = g)
Dose of propolis Days after Sarcoma 180 innoculation
(mg/kg) 8 16 22 29 36 43
Untreated 37.243.5 37.6"+2.2 39.124.9 40.4+3.8 40.6+7.1 41.548.6
300 37.242.5” 38.6 +2.77 38.4+3.1% 39.748.2 40.4+3.7" 40.8+5.67
600 37.2+3.9Y 39.8 6.2 39.749.6 41.2+6.6” 42.5+4.5” 41.946.17

¥ Significantly different from control by #-test (p<0.05),

7F AAFShE A& propolis®] Fole WY $74 &2 st
A AA7E A FFAEL Ao H8-E vs B4sE
Jthe Ao|thPark HK). 1] YA E %3 £ propolis

FArH e AFe] Wil v wats g o Table 69
A BE ule} 7o) propolis Fojof wE EE 3 Ajo|= #E
=] eFgheh

olAte] ¢ A= Scheller S(1989)0] ¥.w12+ Ehrlich
carcinoma® FUE ko] X 8ol ojA A2l bleomycin
T} ethanol 5% propolis®] HWEA] &4 X5 TS =9v}
= BadX §58 4 9+ propolise] gt mtel L8}
Jom w3l Suzmukis 2 84 propolisE ascitic Ehrlich
carcinoma® & £83A)7) mlxo] FAAE dEo B B
ofated A7l WET gty
HE T F2eE FolmAl FEAR] S-fluorouracil
mytomycin C<} 83} AM2-3F A7}t A AT
do R getAlel ofsf TAYH = FAEE 2Y +
BatREtl 2 4389 propolis @502 ARESH
uieto 2 g ok B8 AdS by n)S-
At & 5 9l Ao VdEn

Lee $5{2000)9] & A+ ] 40]—‘34 propolis F{+-2] 73
% Sacroma 180°] FE FF koA U4 3_7]7}
ZolEU L AE7|ZIe] ‘jw— Edoke BanE s
B A7t AR 235 UERfGitta S5t Banskota &
2000y = Bebaik porpolise] A& FolA 271x]¢]

Zr A=

==
Aot pd =t Eé—_t_]j_ 1;.! NN

H-0s 1

benzofuran F- 4| &0 Fakd] 3l A EEZAL-S = AR
QA EslEr & A7 A3l propolise] & F
FeEFHRe] AV FFE 5 ATk
Q9 ¥ HE
€ 49 —8— Seluetel A 1995 2 EF A SAjE o] 2
BuENFoR H8T + JES s7kE A FUF A

A 229l propohs/] Sarcoma 180, YAC-1, MCF-7, KATO
I, Hep3B, A-549 5] F4 A3 3 5 JA| =8
stel #4% Arte thea 2ok

O
ANE

" Valyes are means+SD. (7=10).

In vitro’}9)| Al human breast carcinoma?] MCF-72] 7Z-§-
0.1 gg/mLe] #] %9 propolis F7FolE HEe| Fw}
2asA 10% o], %S 25 pgmL HeAldlE AE 5
o whe} z7] 36.8%%} 33.6%2] =4 A EFE JERIUTH

Sarcoma 1802} YAC- 1.4 ALE 5 ygmle] FEE H7t
31 1x107/welle] F9] 7% Zhz} 28.9%9) 29.8%2] Z=2] A

EHE Je e 25 pg/mle] L2 Frker FolA @
58 &2 oA ZAF A AAaEH 47 21.3%9) 22.6%

Human gastric carcinoma?] KATOIIIS] ¢ 115 %91 25
Ug/mL2] propolis9} 9471 5%x10 *fwell €] E-Oﬂl\i—‘g 38.1%,
ga)m 1x107/welle] FolA] 49.4%2] 7}edt 22l &7}
E YERa 5 ug/mLe] propolise} §Hg-A]131 5x10°/well€]
FoME 25.9% 18] AL 1x107/welle] ol A= 28%2] Z4]
AAMEHRE eI 1 pg/mLe] propoliset ®HE-AZ
5x10°/welle] o= 11.8% 223 1x107/welle] oA
12.1%9] 24 EaHE HFom = 0.1 pg/mlL2]
propolis®} ¥FSAIZl 5x10°%welle] FollME 7.2% 183
1x107/welle] P A= 8.7%2] ZA A&7 Jep)ch

Human hepatocellular carcinoma®l Hep3B9] 73-$-+= 25 ug
/mL propolis$} 2] & 5x10°/welle] Zol| e 50.1% 183
1x10"/welle] o4 50.7%F vehle] 713 283 o4 &
A7 A & Ak #Hk AEF A-5499] BLE

TEEQ] 25 pg/mLofA 1x10 well«] oA 443%7F E+
HE A AFHE eI

ool AuE propoliss Apdo] MEZ H e P &
g Ad M4 7154 EHYS & & UeH T AE
2o & F2olv AFe ¥y 55 3 AFe A
4318 B3le] I BAe] Fxlof &8 rleie] & AL
= Amac

=

olo o
N = E

P

3l

HARAE (1977) 2 F3H. g2 E3483).
Banskota AH, Nagaoka T, Sumioka LY, Tezuka Y, Awale S,
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