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ABSTRACT

Our previous report showed that 13(E)-labd-13-engtB-diol [13(E)] isolated from Brachyglottis monroi
possessed anticancer activity on human cancer ¢aBg9 and Hep2). In this study, we examined thébitory
effect of 13(E) on the proliferation of human bitezancer (MDA-MB-231) cells and its anti-tumor &t in MDA-
MB-231 cells xenografted mice. Also, effect of 13§& biochemical markers (LPO, lipid peroxidatioGSH,
glutathione; ALT, alanine aminotransferase; ASTpatate aminotransferase) was assessed in same. Miee
13(E)was cytotoxic to the MDA-MB-231 cells. The modeetifdeath induced by 13(E)as found to be apoptosis,
which was judged by the morphological alteratiortioé cells as well as by the checking of nucleardemsation
and nuclear fragmentation by 4',6-diamidino-2-pHerdole (DAPI) staining. 13(E) treatment resultedsignificant
decreases in tumor volume without acute side sfféotluding body weight loss and mortality. Bioctieal
parameters such as LPO, GSH, ALT and AST alsofwignily reverted to normal level in 13(E) treatetdce
(p>0.05). The results showed that 13(E) is effectiv inhibiting the tumor growth in ascetic model8(E) has
potential in the development of anti-tumor therapy.
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INTRODUCTION

Herbal therapies, which have been used for mantudes, are used as alternative treatments fowiddals with
cancer [1]. Emerging evidence has demonstratednizaty natural products isolated from plant souqessess
antitumor properties [2-4Brachyglottis monro{Hook. f.) B. Nord. (Asteraceae), previouSgnecio monriis a
shrub endemic to New Zealand [5]. The usé8omonroiby indigenous Maori Polynesians, has been docuedent
widely in relation to the treatment of sores andinds [6].

Apoptosis, which is also known as programmed ceditld, occurs in several pathological situationshirticellular
organisms, and constitutes a component of a commechanism of cell replacement, tissue remodelimg, a
removal of damaged cells [4]. Apoptotic cell demtitharacterized by cell shrinkage, chromatin cosdéon, and
DNA fragmentation [7]. The cytotoxicities of modassical antitumor drugs are thought to be mediatedheir
abilities to induce apoptosis [8].

5-Fluorouracil (5-FU), a water-soluble fluorinatpgrimidine analog, is a popular anti-neoplasticragend used to
treat various types of solid cancers, such as cavfcthe liver, stomach, colon, pancreas, and bredsne or in
combination with leucovorin (LV) [9]. The applicati of its high doses causes adverse side effeaténitiude bone
marrow depression and thombocytopenia [10]. Theeefonew agents possessing chemotherapeutic and
chemopreventive activities should be developed.

In our experiments, 1Bj-labd-13-ene-8,15-diol [13€)] isolated fromBrachyglottis monroishowed anticancer
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activity carcinomic human alveolar basal epithe(iab49) and human larynx carcinoma (Hep2) cellaidose-
dependent manner [11]. In this study, we examiheceffects of 1) on the inhibition of cell proliferation using 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliubromide (MTT) assay and the induction of apopt@sisuman
breast cancer (MDA-MB-231) cells by 4',6-diamidiggzhenylindole (DAPI) staining and DNA fragmentatio
assay. We also were assessed anti-tumor activiy3@) and effect of 13) on biochemical markers (LPO, lipid
peroxidation; GSH, glutathione; ALT, alanine amnaoisferase; AST, Aspartate aminotransferase) in MIB\231
cells xenografted mice.

EXPERIMENTAL SECTION

Céll line, reagents and chemicals

Human breast cancer (MDA-MB-231) cells were pureldatom the Korea Cell Line Bank (KCLB, Seoul, Sout
Korea),and were cultured in Roswell Park Memorial Insgt(RPMI) 1640 medium (Gibco BRL, Grand Island, NY,
USA) supplemented with heat-inactivated fetal bevserum (FBS; Gibco BRL, Grand lIsland, NY, USA) and
0.01% antibiotic-antimycotic solution (Gibco BRLy#&d Island, NY, USA) at 37 in 5% CQ and 95% Qin a
humidified cell incubator. The tissue culture ptateere purchased from Falcon (BD Biosciences, NbA)J3-(4,5-
dimethylthiazol- 2-yl)-2, 5-diphenyl tetrazoliumdmide (MTT), 4',6' diamino-2-phenylindole (DAPI)@&dimethyl
sulfoxide (DMSO) were purchased from Sigma-Aldri¢8t. Louis, MO, USA). 1¥) was isolated from
Brachyglottis monrousing a previously described method [11].

Céll viability assay

For the measurement of cell viability, the 3-(4iBethylthiazol-2-yl)-2,5-diphenyltetrazolium broneid(MTT)
assay was performed as described previously [1#fl3 MDA-MB-231 cells were seeded at 1 x°bells/well in

a 24-well plate, and were treated with various eotrations of 13) for 24 h and 48 h. At the end of culturing, the
cells were washed, and 5@ of MTT (2 mg/mL) was then added to each well.ekfincubation of the plate for 4 h
in the dark, the formed formazan was dissolved MiSD solution, and absorbance was measured at 51Gmy a
microtiter plate reader (Bio-TEK Instruments, USA)pr determination of cell viability, percent vility was
calculated as (absorbance of sample/control absoeba 100).

Apoptosis

DAPI staining was performed according to the prasip described protocol [13]. MDA-MB-231 cells weiiest
cultured on 4-chamber slides at a density of 2 %cklls/chamber. After treatment with E3(for 48 h, cells were
washed twice with PBS and fixed by incubation in g&aformaldehyde for 30 min. After washing in PB®, cells
were incubated in fuig/mL DAPI solution for 30 min in the dark. The celvere then observed with a fluorescence
microscope (Leica DM IRB; Leica, Wetzlar, Germany).

In vivo anti-tumor property

Female Balb/c mice (6 weeks old) were purchased flee Central Laboratory Animal (Seoul, Korea). Exments
were performed in accordance with regulatory stedgland guidelines and were approved by the itistital
Animal Care and Use Committee.

To establish a xenograft carcinoma animal modek, 5° MDA-MB-231 cells were injected into the flanks of
female Balb/c mice. Tumor cells were allowed tovgiato visible masses for 14 days, the mice wergoanly
divided into five groups (10 mice/group), and tezhtvith variable strategies. EB(was intraperitoneally injected
with 20 mg/kg three times per week for 2 weeks a4kl was intraperitoneally injected with 20 mg/kgete times
per week for 2 weeks. Tumor volume for xenograftswetermined by a caliper and was calculated asneo=
length x widtfi x 0.5, where the width is the smallest measuremedtthe length is the longest measurement [14].
The weight of body during animal test monitoredceveach week.

Biochemical parameters

After collection of blood samples, the mice wereriwed. Then the liver was excised, rinsed in éodd normal
saline followed by ice-cold 10% KCI solution, bledt dried and weighed. A 10% (w/v) homogenate wapgred

in ice-cold KCI solution and centrifuged at 1500nrfor 15 min at 4. The supernatant thus obtained was used for
the estimation of LPO by thio-barbituric acid reéawt[15], GSH by enzymatic recycling [16], ALT aiW&T by the
method described by Reitman and Frankel in 1957 [{{&4.

Satistical analyses

The results are presented as mean + S.D. of tipdieates from three independent experiments. Stlsanalysis
was performed using one-way analysis of variancH@XA) and Student’s t test. The values @f0.05 were
considered statistically significant.
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RESULTSAND DISCUSSION

To measure cytotoxic effect of 13(E) on MDA-MB-238¢lls, MDA-MB-231 cells incubated with 1B) at a
concentration of 4, 8, 16, and 88/mL for 24 h showed 92.87% 89.34%, 78.67%, an@#%. viability compared
to the control value, respectively (Fig. 1). In gidesh, MDA-MB-231 cells incubated with 1B at a concentration
of 4, 8, 16, and 32ag/mL for 48 h showed 69.69% 67.07%, 55.23%, an@%.%iability compared to the control
value, respectively (Fig. 1). These results shotiat 13€) inhibited the proliferation of MDA-MB-231, and ith
cytotoxic effect was increased in a time- and dibsgendent manner.
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Fig.1: Cytotoxic effectsand 13(E)-induced cell death in MDA-MB-231 cells

MDA-MB-231 human breast cancer cells were incubatétt 13E) at various concentrations (4, 8, 16, and 32
ug/mL) for 24 and 48 h, and the viability was deteea by the MTT assay. Results are representeldeasi¢éan +
standard error for three independent experimeatd) ith a minimum of three cultures. E3(13E)-labd-13-ene-
8a,15-diol. *representp<0.05 compared to the control after 24 h and **espnt9<0.05 compared to the control
after 48 h.

To confirm that the cytotoxic effect of 18 was induced by apoptosis, E}(was treated in MDA-MB-231 cells.
The changes in cell morphology induced byE)3fere examined by phase-contrast microscopy. dn ZA, 13€)-
treated cells at a concentration of 16 andug4nL for 48 h were detached from the culture disfgerwent cell
rounding and cytoplasmic blebbing, and became utezgn shape. To confirm the induction of apopdai MDA-
MB-231 cells, 13E) was analyzed by the DAPI assay, which specificstidins the nuclei. The assay revealed that
some nuclei of the cells that had been treated ¥8i(E) at a concentration of 16 and 8g8/mL for 48 h exhibited
typical features of apoptosis such as nuclear amsat®n and nuclear fragmentation (Fig. 2B).

After DAPI staining, the images recorded by flu@essce microscope. Photomicrograph of a phase-&intra
microscope (A), photomicrograph of a fluorescenderoscope after MDA-MB-231 cells were stained WRIAPI

(B).

We also investigated the anti-tumor activity of BBih a MDA-MB-231 carcinoma animal model using Balmice.
The MDA-MB-231 tumor-xenograft mice displayed inased tumor volume during test period (Fig. 3A).atingent
with 13() or 5-FU reduced the tumor volume significantlyamhcompared to that of cancer control group (Fig. 3
p<0.05). Treatment with 18j produced tumors similar in size to those produesidg 5-FU (Fig. 3A). Furthermore,
13(E) didn't show acute side effects, including bodyigi loss and mortality (Fig. 3B and 3C). Thististhe best
of our knowledge, the first study demonstratingt thaE) inhibits tumor growth in a MDA-MB-231 carcinoma
animal model.
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Fig. 22 MDA-MB-231 human breast cancer cellswere incubated with 13(E) at concentrations of 16 pg/mL and 32 pg/mL for 48 h
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Fig. 3: Effect of 13(E) on tumor volume (A), body weight (B) and survival (C) in tumor bearing Balb/C mice

MDA-MB-231 cells were inoculated in Balb/C mice atfen after 2 weeks the mice intraperitoneally audstéred
with 20 mg/kg of 13E) three times per week for 2 weeks. Tumor volums determined once per 2 days during
tested period. The weight of body during animal tesnitored twice each week. The survival measarftat tested
period. 13E), 20 mg/kg; 5-FU, 20 mg/kg 5-fluorouracil. B( 13E)-labd-13-ene-8,15-diol. *Significantly
different from normal grouppk0.05).” Significantly different from tumor grougp€0.05).
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The inoculation of MDA-MB-231 cells caused signifit decreases in the levels of the antioxidant mesyGSH
while significantly increasing the levels of LPOLRand AST in liver of MDA-MB-231 animals, when cqared
to the normal group (Table 1). Treatment with B)3(eversed these changes towards the normal leAbisost
similar results were observed with 5-FU treatment.

Table 1: Effect of 13(E) on LPO, GSH, ALT and AST levelsin liver of mice

Group LPO GSH ALT AST
(nmol/g) (umol/g) (Unit/mL) (Unit/mL)
Normal 45.4+1.4 6.0+0.3 205.2+45 160.3+4.1
Tumor 825%22* 3.0x0.6* 4024+6.2* 378.138%
5-FU 642+58 3705 311.3+371 271456
13(E) 51.3+41 58+13 2149+53 199.3+20
Each value represents the mean = S.D. (n=10). *8antly different from normal group (p<0.05] Significantly different from tumor group
(p<0.05). LPO, lipid peroxidation; GSH, glutathion&LT, alanine aminotransferase; AST, Aspartateranmansferase; 13(E), 20 mg/kg 13(E)-
labd-13-ene-8,15-diol; 5-FU, 20 mg/kg 5-fluorouracil.

Labdane diterpenes, which are the predominant camgminC. creticusas well as in the resin “Labdano”, are
known for their cytotoxicities [18]. Labdane-typ#eaidpenes exhibit cytotoxic activity against humeaukemic cell
lines in vitro. The structures of the labdane-type diterpenes hae strong correlation with their cytotoxic
activities. Specifically, the absence of the douid&d between C-7 and C-8 in E}(s essential for its cytotoxic
activity [19]. In a previous report, 18 was reported to be effective against murine leniecell lines [20]. Also,
our previous study showed that EBExhibited dose-dependent inhibitory effects om@%and Hep2 cells [11]. In
this report, 13) showed cytotoxicity in MDA-MB-231 cells.

Rotundifuran, a labdane-type diterpene isolatedhftbe fruit ofVitex rotundifolia,has been shown to inhibit the
proliferation of HL-60 leukemia cells by activatiibe apoptotic pathway [21]. Dimas et al. (198&)orted that

sclareol, a labdane-type diterpene from the leat&istus incanusub. sp creticu@..), kills tumor cells through a
cell cycle-specific mechanism and induces apopt@s results showed that B)(induces apoptosis in MDA-MB-
231 cells.

There is no doubt that reactive oxygen species (Rfl¥y an important role in pathological changeshia liver,
particularly in toxic liver diseases [22]. Oxidatistress induced by an increase in free radicalfoadecrease in
antioxidant defenses is well documented in animadeh[23, 24].

Liver is the largest gland and major site for dragtabolism [25]. Liver injury induced by chemicatkugs, and
viruses is a well-recognized toxicological problgs]. Serum enzymes including ALT and AST are usethe
evaluation of hepatic disorders and a increaskdse enzyme activities reflects active liver danf2@g The serum
levels of GSH also can be used as indices of dxelatress [28]. Our studies revealed thaE) 3 able to decrease
human breast tumor with decreasing in the levelhefantioxidant enzymes GSH and significantly éasing the
levels of LPO, ALT and AST in liver of MDA-MB-231rémals.

The results from the present study have demondttht 13E) induces apoptosis and inhibits tumor growth in
mouse carcinoma MDA-MB-231 in vivo. Moreover, itveesed LPO, GSH, ALT and AST levels towards the
normal levels. Therefore, these findings suggest IBE) is a good source of chemotherapeutic agentsvedain
the inhibition of tumor growth.
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