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This present study aimed to investigate the effect of propolis on cell growth and apoptosis in human histiolytic
tymphoma U937 cells. Exposure of U937 cells to propolis resulted in growth inhibition and the induction of apoptosis
in a dose-dependent manner as measured by MTT, fluorescence microscopy, DNA electrophoresis, flow cytometry and
comet analysis. This increase in apoptosis was associated with the activation of caspase-3. Primary culture of human
peripheral biood mononuclear cells was less sensitive to cytotoxicity relative to U937 cells. Propolis treatment
markedly inhibited the activity of telomerase in a dose-dependent fashion. Combined treatment with mitomycin C or
5-fluoro- uracil and propolis resulted to an increase in the life span of ddY mice bearing sarcoma 180 tumor cells, while

no obvious effect was seen with just propolis pretreatment.

These results indicate that telomerase inhibition may play

a role in the propolis-induced apoptosis of U937 celis, and clinical trials of propolis as an adjuvant in cancer
chemotherapy of mitomycin C or 5-flucrouracil are highly feasible.

Key words: propolis / cytotoxicity / apoptosis / telomerase / antitumor effect

# =

TRy A, T W SAFAATEIOIEHINED HEIR L oA
PEARRSY & T A F OEEES R A DIUEBRE T,
W AFOBROERZIEOT, ERCEGOEAZH Tzl
HRTVWS, 7FrR) AZEFEREEL LT Avbh TEiEER
My O MR EESE D AV A R R
FRCRIR &I T D B, 7 < & GFSITAT 300 ORI ZR
E41% (Ghisalbert, 1976; Raven, 1983) o BARICRUWYCIE, TRl
RIISUEMEER LR, R CE OO RS DU EH
AEFORBEL LTESHERIRTWAESF. §A 1982
Mateesca, 1999; httpr/Awww.iih.gojpleiken; FFd « £55, 2005),

TF981-4358

METTREE MEE 44-1 BUGER A
HHEH

FuRY RCOWTHL, HETIC, PiRdED W EH#,
Jh, T AR FEE, FIRCER. FSOEER, PUEEEE R L
Hix OEBEHEARE ST D Marcuccd, 1955; Burdock, 1998;
Banskota et al, 2001; SO < B, 2005) ., F LT, ETEEORGES
PR ARSYORE., (EFBISE, b MOBITDERRI VT O
LT TV % (Castaldo and Capasso, 2002; T - #43F, 2005),

TR Y AOKENGFERT, BIES L 55%, Tu s R
30%., JMHEWE 10%, 168 5%7e & LV S EER L BIRER TS
v, TA—UE 7TAFE B CRER (AT TR/
B, HERESE, TEREC AT A, a8, 7T U,
TEFLBIOT IR —E, RIGKE (7 2k 8
IESE, o N E T A B AT nA FE EERETE
To, BICOWTHL BEROBOIECHCH, 300 FEELLEL buvb
NoA, HHEONE, syrEEtom EL O REL GLISE
B SO L 2 BN OBEEOHEIMC L Vi8ET T



82 wE T

M A(Walker and Crane, 1987; Marcucdi, 1995; BEIR 5, 2000; Banskota
etal, 2001}, WEFIZLTH, InbORSGETH—207aRY
ATEFNTWHOTIT S FETERER C LicgEh 00
By TR0 F R U A HEIRES OFERSERPRENES £ 1 Ihh
HEz L 0| (bAERE L SRR LR B biode D,
FFRTIBOTL, 77 UNET TR Y AnE T a— btk
VB LA R = (CB ZuiY RY) ofiEEiEE g
SEEEREN L L TOTROABIRIILE,

SRR LUk

s vl 0]

R 2L (CB PR 8 sy o, HE) 0.5%9 A
F AN FOMSOYCHEIR L CEESRER Z 5 Ui, xifess
OEFAE DMSO OAEHETMLT, Bt DMSO BEEE 0.5%(vW)
P E Ui, = w7 2icid, ABEIERCHRL. ke caBE
Hadiz, Z-Asp-CHyDCB 377 FRIFFERT OB A niEA L.,
MEER 7 aR Y A CAMET S 1 EFRRGC 100 pM BEL 7,
PHithymidine (50 pCimmol) . [Hluridine (55 pCiimmol) 38 & T8
PHileucine (60 pC¥mmol) %, NEM BFSEREEE CHE) MBEEAL
foo = boA v C (MMC, [BFEES | S-7ad T T

(-FU, BFERD BIOFOMOREITAT74 722 (5
CATEE ) MREBALTERLE

HTB-26, Al72, T98G 5 LTF LNCapFGC T American
‘Type Culture Collection (Rockville, MD), Kato-IIf, Hep 3B, A549,
MCF-7. PC-3, TO8G BLTRIT4.1 SHAE L = —w 4 f TR
WREER CRED MEMALT, Hela, Hela-TG, U-937 BLUER
1 AR AL A B E R e v & — L b S S, Al
(@x10° #BRYmL) 13221 1100 Bfitml), A P L7 b
(100 pg/mL)TF 10% NEVCTEHVAGR Flnig 45t RPMI 1640
el (£ U0 CIREE 95%, TEE(LESRIREE 5%, 3TCTUEEEL
T, HEEE P U ST A L ORI L,

HAL RS R E HER A 2 — L 0 5 &7 sarcoma-180
(5-180) AEIT, ddY A~ 7 AOREREPNIC I X 1P EZBRELC
FEHERE U7, SRR AL | IERREE L7 AmRaE A Ve,

fEHE

adY = A (22~24g, STS) & BASLC GER) 25
BEA LT L=, RS ei s FEEEE (BAs 1
FE, CE2) LAGEARZBRICERSY, BEBE 1T, BED
5%, 12 BEEES (BHEA 07:00~19:00, BEHH 19:00~-07:00) A
M AR T CEE L,

R e
FAEMT, 344 Sdimethylthiazol-2-y1)-2, 5-diphenyltetrazofium-
bromide (MTT) &2 L G IBE Lz, HMIEE 2 x 10%celishvell DIREE

T o6 AT b MIEE L, 24 BRBICEy 07 i RRET
MR L, PTEORFIZ MTT (mg/ml) % 10 pLiwell Az, 37CT
2 EERE L, BLEE (300xe. Smin) ., LIEERRE, 0.04N HC
EETHEERA 2 ot —sb % 100 iliwell BNz T, 1EEEE, 590 nm
(RS HEEEE % inter-med model NJ-230( Microplate Reader {Z Tl
FELT, AEOETEE (%) 1L mr b ARl OB LV E
H U7 (Kanno eral,, 2003, 2005),

HEOTREH

AfEAE R L CETEOREZ, AlaaEhl Q00 x g, 543 iz
NS HRADL » M D CEERETEAIRR C3EREEL
T, AH =N 25% EYEEEC 30 SHEE L, Fhdat,
HEREE A ) EEEEAER AT S UL RS Ui, e E S
%, M R LA T A FIZREY fHF, 10 pL oD~ A | 33258
(10uv) HAVNE S M I BT P 4 (propidium odide ; PI
T 30 S9RIEER T O, L, IR 360 nm 33 L UMDY 420nm D5
FEFTROERRSS (=Bl Eclipse TE300) TEREL:, 7HRE
— AP, BB S TR Ui R~ A b 33258 CIRE LT
HEL, Pl X0 RERE SNSHEEE R v AR
Uiz, Fa o7k, e &b 300 Eoas o, B
HoH45 100 58 CELE Kanno edal, 2003,2006)

DNA B EE

DNA B {3 fedii o ity Kamno er of, 2003; Uiibe er o,
2005), BRAERECL DT, TR ARFEDRE L A
DA TR R LTI, 10° Ml B ek LT, YT
DNA IL, 14%7 Ha—2 78N CpEiL, BibmF0 Ak Thf
B, AAITEET DNA OFMIEESEET A0 4
SR T CER L

Tu—tAt b A R U—FRT

4 4% 10° cells/ml & 2 ml, -5+ 35 mm dish (T HERE L 24 B4
TR ZEME LT, TR b AR hypodiploid A

{sub-Gy peak) DEERIZ LY SaRY ALES7HE b A EH
LT, B, BOSEECL vHROALEIR L, At h .
VIR AEEERVY CEEEE AR O LT EI L
7o #BER % 10 pgfml RnaseA & 0.5% Triton-X 100 %3 20ug/ml @
o e A G | mL CHER AR S, 0pm D A v I
=TSR LT, HEEEEIR. 30 HERENC CHE R, FACScan
Jr—HA b A U — (BectonDickenso, SanJose, CA, USA) IZ
LV EEB L URRTETT ~ 72 Ujibe eral,, 2005),

Ay RTwEA
DNA ©EEIT, alkaline single cell gel ESHERECL N {To7z
(Kanno er al., 2006),

F 12 A S — B HIE
Fa A S—PiEL Telo TAGGG 71 # 5 —1t PCR ELISA™




R BEEEH L TOTrRY A — FlEEER — 83

¥ w b (Boehringer Mannheim, Germany) %8 L==a7 MIfiE
5 CHIE L7, HIERT, TEP-1, hTR. glyceraldchydes-3-phosphate
dehydrogenase (GAPDH) ¢ mRNA i RT-PCRAZ I Dt
Dong It Park &OJFHE (2005) {2 X V{707,

H AR FEREORE

H R 23 FEEELT color metric assay kit (MBL. &&HEB) %{E
BLema 7o Tl Uiz, B8 4x10° iz 100 pL o Cell
Lysis fEERELZINZTHAEL., #or BRI L, F 08
1225 uL @ DEVD-pNA &A%, 37°CC | BffiRUs &4, Bobk%
A LT, WEYSEEIT: Inter-med modet NJ-2300 Microplate Reader 17T
W5 405 nm CHIE Ui, AUBEEE OB L VISR BEH Li-
(Kanno ¢ al., 2000),

HREEREEORE

FE T 10 [T0= 17 R AV, SR 1 S-180 A 1x 10°
{H%-= 7 AGEXEERE TICEE L., 24 BfiE S 01% & 1%
R AR Y TEBERH DV IHREREENIC 1A
17 10 BRHESE L=, R 18 ki, < v ALHHERE]
B L AR 2 R LR R L REET
gLl EHOLRRIIHTAERES LT, BEERE L
ERET A, SRR R, FRRCHEN L eHROATR R
SREOEHEBEES A, FEERERE RN U, 15k S-180
S8 1108 B %+ 7 REEEECERE L, 24 BERTEA D 01% & 1%
FR Y AR E T 55 B B BERS DL IREELIEEN
121 f 1E5 B Ui, SR 55 Aichr v Lo
AEAEE T, THEFRH L A OB LY | FHEETE
B L, Kamno ef al, 2005)

TEHAE L ERE R B L, HEEHIE Sudent's O tREE
Hvy, faiRe 0.05%:KE bo THERS Ui

EBRER

7Ry AORaER

7R Y ACHEEEFRITU TR R VT, MTTERZ L Vil
ELF, 7rRY A 005, 0.15, 03, 05, 15,3 HDVIS5p/mLl)
% U937 #@lia & 24RHlERl S B 2 0, 375, 536, 636, 783,
8215 BV NI 83.8 % ORURRTEIMSI MO b, TrR T A
I LITHTEEER SR LT (Fig TA),

Aplz, FERY A (03 ul/ml) 2UBTHIGIZL, 2, 3, 4 D
VISERERREER L, 200, 415, 645, 749 DV NIBII%D
PREEIERAMNEE Xh., b D BRI RS U7 UREHE
H#ERUE (Fig 1B)

TR Y AORRERAIER RN & ER MR CHERRA Lo
B, R U R (005, 015, 03, 05, 15, 3 HBWIS

pL/mb) iU937AERAIC R L C212, 303, 613, 803, 815, 953
HHUVNE 98.0%, BEADLLELRE MY o ERai o LT
W00 0. 0. 0, 585, 633H50NI593% ORI ERAEIE
SR, 7R Y A LIERHINIT R L TR L Oy HllaE
HAEEIRNTE Fig 2),

100

Inhibition (% of contiol)

0.15 0.3 9.3 1.5 3 5

0.05
Dose {uL/ntl)
B
]
el
Z
E
<
S
k-]
g
=
=
Z
2
=

Time {days)

Figl

Dose- (A}and time- (B} dependen: cytotoxicity of propolis in U-937 cells

The cells were treated for 24 hr with propolis at the indicated doses {A) and treated with
0.05 puLmL of propolis at each time point (B), Controt cells were treated with DMSO. Cell
viability was determined by MTT assay. The results are presented as the percentage of

absorbance in DMSO-treated cultures. 8.BEM. (not shown) was usually within 1% of the
mean value {(n=6).
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Fig.2
Cytotode effects of propotis on 17937 and nomul mphocyte cells
Ceils were incubated for 24 b, with or withowt propolis, at concentrations from 0.05 to 5 pE/ml.

Control cells were treated with DMSO. The experimental condition and analysis are the
same as in Fig, 1. #: U933, ¢: normallymphocyte cell,
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Fig 3
Cytotoxic effects of propolis on hurman tumor cells
Cells {A: Kato-T, Hep 3B, A549, EJ-1, B: Hela, Hela- TG C:HTB-26, MCF-7, DiPC, LNCapFGC,

E: A172, T98G) were incubated for 24 hr, with or without propolis, at concentrations flom 00510 5
/L. The experimental condition and analysis are the same as inFig. 1.
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Fig 4
Inhibitory effect of propolis on DNA, RNA and protein synthesis in U-937 cells

Cells were incubated with various concentrations of propolis (0.05-5 pL/mL) for I hr, after which
the incorporation of ['H]-labeled thymidine (for monitoring DNA synthesis;®), uridine
(for monitoring RNA synthesis;O) or leucine (for monitoring propolis synthesis; A) during
the following hour was measured. Each point represents the mean of three
determinations. S.E.M (not shown) was usually within 10% of the mean value.
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Fig. 5
Morphological changes of U937 cells treated with propolis

Cells were treated with propolis (0.05-1.5 pL/mL}) or 2 pL/mL DMSO for 24 hr, then
stained with 10 pL of 10 pM H 33258 for 30 min in the dark, and the apoptotic cells
(apoptotic-body formation) were counted under a fluorescence microscope.  Typical results
from three independent experiments are shown in the figwres. Each column represents the
mean of three determinations. S.E.M (not shown) was usually within 10% of the mean
value.
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Fig. 6
Detection of DNA fragmentation in propolis-treated U937 cells by agarose gel
electrophoresis

Cells were treated with with 2 L. DMSO (control: Tane 2) and propolis (0.5 pL/mL), and DNA
fragmentation was analyzed by agarose gel electrophoresis and staining with ethidium
bromide. Hae-dl- digested ¢ fragments were used as mokesular markers (lane 1). Lane 3-5 show
cells reated with propolis for 2, 4, 6and 12 b, rmctwe]y Typmlmuks §Dmt§neemdependml
experiments are shown
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- b
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AA L&)

Fig. 7
Detection of sub-G cells in propelis-treated U937 cells by flow cytometry

Cells were treated with DMSQ (native) or propolis (0.3, 0.5, and 1.5 pl/mL) for 24 hr.
M| indicates the apoptotic peak representing cells with a sub-diplodd comtent.  Cell debris
from analysis by conventional gating of forward-scatter versus side-scatter dot plots.
Resilts are from one representative experiment of three.  5.EM. {not shown) were less
than £10%.
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Fig 8

Apoptosis-induced DNA double-strand breaks as measured by comet assay
The comet moment is 2 fimction of the distance and intensity of DINA. from the center of the comet
bead  Cells ywere treated with various concentrations of propolis (0.5, and 1.5 pl/ml) for § be.

The comet moment was then calculated. Typical results from three independent experiments are
shown in the figures. The graph represents the mean meant- 8 E. of three independent experiments.
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Fig. 9
Anzlysis of the activity of caspase-3 protease during apoptesis induced by propolis

Cells were pretreated with DMSO (open column), 100 uM Z-Asp- CHy-DCB (§ colurmn)
or 20 M curcumin (| column) for 1 &r, followed by treatment with 0.5 pL/mlL propolis
for the indicated tinws and caspase-3 activity was measured. Data indicate the O.D.
values, and are expressed as the mean S E. of three experiments. * Significantly different
from the corresponding control at p<0.05.
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Fig. 10

Inhibition of 1elomerase activity and down-regulation of RTERT by propolis in U937 cells

A:-After 24 br incubation with various concentrations of propolis (0.05-0.5 pl/mL) for 24 hr,
telomerase activity was assayed using a PCR-based teromeric repeat amplification protocol
(TRAP) enzyme-finked -immunosor- bent assay (FLISA) kit (Boehringer Mannheim,
Mansheim, Germany) according to the manufacturer's instructions, The experiments were
pe formed in tripticate and data are presented as a percentage compared with telomerase
activity of the control. *p<0.05 vs, control group. B: After 24 hr incubation with propolis
{0.001-0.1 gL/mL), total RNA was isolated using an RNA Zol B reagent and RT-PCR was
performed using indicated primers, The amplified PCR products were nm on a 1% agarose
gel and visualized by EtBr staining.  Typical results from three independent experiments are
shown. 3 -actin was used as a house-keeping coatrol gene
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= (Fig 10B),
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Fig. 11

Antitumor activity of propolis on the growth of Sarcoma-180 solid tumor in mice

The antitumor activity of propolis was examined against solid-types sarco- ma-180
in mice, Saroma-180 cells suspended in saline were inceulated sub- cutaneously into
the right thigh of 10 mice each {1(Feellymouse). After 24 hr, mice were administered
propolis (0.1 or 1%4) with a bottle ad Ebitum for 18 days. Control mice were
administered water with a botfle. On the 18th day after sarcoma-180 cell inoculation,
mice were sacrificed, and the tumors were removed and weighed Results are
expressed as the inhibitory percentage compared with the control value and are the
meant8.E. of 10 mice. *p<0.05 va. control group.
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Fig 12
Antitumor activity of propolis on the growth of sarcoma-180 liguid tumor in mice

The antitumer activity of propolis was examined against liguid-type sar coma-180in
mice. Sarcoma-180 cells suspended in saline were inoculated intraperitoneally in
mice (10Fcells/mouse). After 24 hr, mice were treated with mitemycin C (0.3 mgke,
1p) and 5-luorouracil (8 mgfke, 7p) once a day for 5 days or propolis (0.1 or 1%) with
bottle ad Zibitum for 55 days. Control mice were administered water with a bottle.
Lethality was obsemad for 55 days Data are expressed as the mean+S.E. of 10

mice.
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Fig. 13
Protective effect of propolis on cisplatin mertality in mice

Mice received cisplatin (175 mgkg, ip), and then propolis (0.1 or 1%) was
administered with a bottle ad Bbifum for 7 days. Control mice were adminis® tered
water with a bottle. The number of dead mice was recorded over the succeeding 7
days. Data are expressed as the mean of 10 mice.
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