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ABSTRACT

We used two local Lactobacillus strains (L. paracasei ssp. paracasei NTU 101 and L. plantarum NTU 102) and other 10 lactic

acid bacteria (LAB) strains from the Biosource Collection and Research Center (BCRC) to evaluate the health promoting capa-

bility including inhibitory effects on cancer cell lines and antioxidant activities in vitro. The heat-killed cells (HKC) of Lactoba-
cillus acidophilus BCRC14079 have the highest total antioxidative activity (82.3%). 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical
scavenging effects were in the range of 14.8-32.9%, except for the HKC of L. salivarius ssp. salivarius BCRC 14759 and Bifido-
bacterium breve BCRC 11846. Twelve strains showed varying degrees of reducing activity. The reducing activity of cytoplasmic
fraction (CF) of L. acidophilus BCRC 14079 was found to be significantly more pronounced (six-fold) than that of the HKC of B.
adolescentis BCRC 14606, which was the lowest of all. In the cell viability, the inhibitory effects on cancer cells were very different

which depended on various LAB strains. Flow cytometry study on human breast adenocarcinoma cells (MDA-MB-231) treated with

local lactobacilli strains (L. paracasei ssp. paracasei NTU 101 and L. plantarum NTU 102) isolated in Taiwan showed the highest

percentage of arrested at GO/G1 phase in the cell cycle. These results show that local lactobacilli strains have strong antioxidative

and anticancer activities.
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INTRODUCTION

Lactic acid bacteria (LAB) are widely used in food
industry and are listed as generally recognized as safe
(GRAS). LAB are commonly known to have health-
promoting attributes, including anti-mutagenic activity(",
anti-carcinogenic activity®?®, hypocholesterolemic proper-
ties™, antagonistic actions which can restrain the intes-
tinal and food-borne pathogens® and have immuno-
modulation effects®®. Many reports also suggested
that LAB and their fermented products have anti-tumor
effects®!1?. The fermented products of some LAB, such
as Bifidobacterium infantis and Lactobacillus acidoph-
ilus, are known to have antiproliferative effect against
the growth of breast cancer cells!'). Kefir (YK-1) has
the ability to activate the immunosuppressive response
of spleen cells of a mouse when treated with immuno-
suppressive substances against Ehrlich carcinoma!?). In
addition, certain cancer preventing LAB strains, such as
L. casei'®, L. rhamnosus"?, L. acidaphilus(ls’lé) and B.
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longum1?, all have the abilities of inhibiting tumor
growth in rodents. Different fractions of LAB, such
as the whole cells, heat-killed cells (HKC), cell wall,
peptidoglycan and cytoplasmic fraction (CF), also have
the antiproliferative effects against human cancer cell
lines®?). The CF of Lactococcus lactis ssp. lactis and L.
brevis have strong arginine deiminase (ADI) activity,
which can induce apoptosis of the stomach adenocar-
cinoma cells and human acute leukemia cells, respec-
tively?"22). The HKC of L. plantarum L-137 can induce
the interleukin-12 (IL-12) to inhibit tumor growth in mice
in vivo as well as in vitro®,

High level of reactive oxygen species (ROS) can
cause damage to DNA, protein, lipid and carbohydrate.
These species include the superoxide anion radical,
hydrogen peroxide, hydroxyl radical and singlet oxygen.
The accumulation of ROS in animal body may cause
age-related disorders, such as cancer, atherosclerosis(24),
hypertension and amyloidosis.

Our laboratory has screened two LAB strains, L.
paracasei ssp. paracasei NTU 101 and L. plantarum NTU
102. These strains were isolated from human feces®
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and homemade Korean-style pickles cabbage®®. They
are resistant to gastric juice and bile salt in vitro®"). They
also have “probiotic” characteristics that are effective
in reducing cholesterol in the blood and in the liver®”),
After feeding with L. paracasei ssp. paracasei NTU 101,
the up-regulation of the antigen-presenting ability of
dendritic cells, and expression of natural killer group-2 D
(NKG2D) molecules capable of triggering natural killer
cell-mediated cytotoxicity were observed®®. Lympho-
cyte proliferation and antibody production were also
significantly increased in mice after treatment®®. Soy-
skim milk fermented with L. paracasei ssp. paracasei
NTU 101, and supplemented with or without Momordica
charantia was effective in preventing and slowing hyper-
lipidemia-induced oxidative stress and atherosclerosis®®).
L. plantarum NTU 102 also induces higher superoxide
dismutase (SOD) and phenol oxidase (PO) activities as
immune response in Litopenaeus vannamei®?. In 2009,
soy-skim milk fermented with L. paracasei ssp. para-
casei NTU 101 or L. plantarum NTU 102 is useful for
the prevention of acute gastric ulcers induced by pylorus
ligation and acidified ethanol treatment through PGE, and
significantly enhanced the level of SOD activity®". In
this study, we evaluated the local lactobacilli strains (L.
paracasei ssp. paracasei NTU 101 and L. plantarum NTU
102) and other 10 LAB strains for their potential health
promoting capability including inhibitory effects on
cancer cell lines and antioxidant activities in vitro.

MATERIALS AND METHODS

1. Bacterial Strains

All LAB strains used in this study are listed in Table
1. L. paracasei ssp. paracasei NTU 101 and L. plantarum
NTU 102 were screened in our laboratory. Other LAB
strains were obtained from the Biosource Collection and
Research Center (BCRC), the Food Industry Research
and Development Institute (FIRDI), Hsinchu, Taiwan,
R.O.C.

II. Preparation of HKC

Preparation of HKC was modified as described
previously®?. One percent of LAB was inoculated into
400 mL of MRS broth (Difco, Detroit, MI, USA) and
cultured at 37°C for 20 hr under aerobic conditions. Cells
were harvested by centrifugation for 5 min at 7,000 xg
(High Mac CR21, Hitachi Co., Tokyo, Japan) and the
pellets were washed twice, resuspended in 20 mL of
phosphate-buffered saline (PBS, pH 7.2) buffer, heated
at 100°C for 30 min and lyophilized by Bench Tops3R
(Virtis CO., Gardiner, NY, USA). The lyophilized cells
were resuspended again to 10 mg dry cell/mL, autoclaved
at 121°C for 15 min and stored in 4°C prior to use.
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III. Preparation of CF

Preparation of CF was modified as described previ-
ously®”. One percent of LAB was inoculated into
400 mL of MRS broth (Difco, Detroit, MI, USA) and
cultured at 37°C for 20 hr under aerobic conditions.
LAB cells were harvested by centrifugation for 5 min
at 7,000 xg (High Mac CR21, Hitachi Co.) and the pellet
was washed twice and dissolved in 15 mL of PBS buffer.
Cells were then passed through a French press Emulsi-
Flex-C3 (Avestin, Ottawa, Canada) twice at 15,000 psi,
centrifuged for 15 min at 36,000 xg (L8-M ultracentri-
fuge, Beckman, Palo Alto, CA, USA). The supernatant
were lyophilized using Tops3R. The lyophilized cells
were resuspended 10 mg dry cell/mL and sterilized
by filtration through a 0.22 pum filter and then stored in
-80°C before being used.

IV. Cell Culture

Human cancer cell lines were tested in our study.

Table 1. Lactic acid bacteria used in this study

Strain Characteristics Source or
reference

.
ZI:Iczlf'[tjo [ig;ﬂlus plantarum Pickled vegetables 28
gacclt{ocbalcz(l)l?; acidophilus Commercial yoghurt FIRDI*
;L)?acrftoaiﬁuugcm 11697 77 FIRDI
Bifidobacterium breve BCRC Infant intestine FIRDI
11846
glgﬁ(ébcllz':g;um infantis Infant intestine FIRDI
ﬁzngijjlg%cf:g) }fz)eggk éi SSp- Bulgarian yogurt FIRDI
LBchCl;()é?al(gggg rhamnosus Human feces FIRDI
glgci%bélzztggéum adolescentis Adult intestine FIRDI
Salmriis BORC 14759 T Saiva FIRDI
gggocbﬁg;”m fongum Infant intestine FIRDI
Lactobacillus plantarum Pickled cabbage FIRDI

BCRC 10069

*FIRDI: Food Industry Research and Development Institute.
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The human breast adenocarcinoma cells (MDA-MB-
231) were obtained from BCRC. The epithelial cell line
Intestine 407 (Int 407) and colon adenocarcinoma cells
(HT-29 and Caco-2) were obtained from American Type
Culture Collections (ATCC, Rockville, MD, USA).
MDA-MB-231 was cultured in L-15 medium (Gibco Life
Technologies, Carlsbad, CA, USA). HT-29 was cultured
in RPMI-1640 medium (Gibco); Intestine 407 and
Caco-2 were cultured in DMEM medium (Gibco). All
cell culture media were supplemented with 10-20% (v/v)
fetal bovine serum (FBS) (Gibco), 100 IU/mL penicillin
(Hyclone, Logan, UT, USA), 100 pg/mL streptomycin
(Hyclone) and 250 ng/mL amphotericin (Hyclone) and
cultured in an incubator with 5% CO, at 37°C except for
MDA-MB-231 (without CO,).

V. Total Antioxidant Assay

The antioxidant capacity of the samples was measured
by the method described®® with some modifications®*.
Briefly, 0.25 mL of peroxidase (44 units/mL, Sigma, St.
Louis, MO, USA), H,O, (500 uM, Merck, Germany),
2,2-azino-bis (3-ethylbenz-thiazoline-6-sulphonic acid)
[1000 uM, Sigma] and distilled water (1 mL) were mixed
and kept in the dark for 1 hr. Two hundred and fifty
microliters of LAB samples (10 mg/mL) were subse-
quently added and the absorbance at 734 nm was deter-
mined after 1 min. The antioxidant activity capacity was
calculated as follows:

Total antioxidant activity capacity (%) = [1- (OD7z4,
sample/OD734, blank)] x 100

VL. [,I-diphenyl-2-picryl-hydrazyl (DPPH) Radical Scav-
enging Assay

The capacity of LAB strains to clear DPPH (Sigma)
has been described®. One hundred microliters of LAB
samples (10 mg/mL) were added to 500 pL of freshly
prepared 0.1 mM DPPH solution, mixed and reacted
in the dark for 60 min. The absorbance at 517 nm was
measured using a spectrophotometer (U-2001, Hitachi
Co.). The blank was prepared by replacing the extract
with methanol. The capability of the test material to scav-
enge DPPH radicals was calculated using the following
equation:

DPPH radical scavenging ability (%) = [1- (ODs7,
sample/OD517, blank)] * 100

VIL. Reducing Power Assay

The reducing powers of the HKC and CF of LAB
were determined according to the method described®®).
One hundred microliters of LAB samples (10 mg/mL)
were mixed with an equal volume of 0.2 M phosphate
buffer, pH 6.6, and 1% potassium ferricyanide (w/v). The
mixture was incubated at 50°C for 20 min, during which
time ferricyanide was reduced to ferrocyanide. Half
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milliliter of 10% trichloroacetic acid (w/v) was added to
the mixture and then centrifuged at 3,000 xg for 10 min.
The upper layer of the solution was mixed with deionized
water and 0.1% FeCls (w/v) at a ratio of 1:1:1 (v/v/v) and
the absorbance at 700 nm was measured to determine the
amount of ferric ferrocyanide (Prussian blue) formed.
Increased absorbance of the reaction mixture indicated
increased reducing power of the sample.

VIUI. MTT Assay

The  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) assay was used to evaluate
the cell viability of LAB on cancer cells®”). Cells were
plated at a density of 2 x 10° per milliliter in a 24-well
plate, then various concentrations (100-500 pg/mL) of
HKC and CF of LAB strains were added and incubated
at 37°C for 48 hr. The cells were washed once with PBS
buffer and the MTT solution (0.5 mg/mL) was added to
the cells to induce reaction for 4 hr. The purple MTT-
formazan crystals were dissolved by adding dimethyl
sulfoxide (DMSO). Absorbance at 550 nm was measured
by ELISA reader (Thermo Labsystems, Vantaa, Finland)
for cell viability calculation.

Cell viability = [(control ODs5y - sample ODss0)/
control ODss54] % 100.

IX. Cell Cycle Analyses

To evaluate the effect of the HKC and CF from LAB
strains on the cell cycle, colon adenocarcinoma cells
and breast adenocarcinoma cells were treated for 48 hr,
washed twice with PBS and fixed with 70% ethanol.
After incubation overnight at -20°C, the cells were
washed with PBS, centrifugated (300 xg, 5 min) and
then suspended in staining buffer [10 pg/mL propidium
iodide (PI) and 200 pg/mL RNase A in PBS] and reacted
in the dark for 30 min. Cells (cell debris, cell doublets,
and cell clumps) were removed through a 55 pm filter and
analyzed by BD FACSCanto™ II flow cytometer (BD
Bioscience, San Jose, CA, USA).

X. Statistics Analysis

All data were subjected to one-way analysis of vari-
ance in a statistical analysis system. Duncan’s multiple
range test was performed to compare significant differ-

ences (p < 0.05) in variables between groups. Each set of
experiments was performed in triplicates.

RESULTS AND DISCUSSION
L. Antioxidant Activity of LAB

Antioxidative activities including total antioxidant
activity, DPPH scavenging effects and reducing power
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were determined. Total antioxidative activity of LAB
depended on different fractions and strains used. CF of
L. rhamnosus BCRC16000 showed the highest total anti-
oxidative activity (84.78%) and this activity was unde-
tectable in HKC of L. plantarum BCRC 11697 and B.
adolescentis BCRC 14606 (Table 2). DPPH scavenging
effects of HKC were in the range of 14.8-32.9%, except
for L. salivarius ssp. salivarius BCRC 14759 and B. breve
BCRC 11846. DPPH scavenging effects was also found
in all CF of LAB and ranged between 8.7-29.0%. Twelve
strains showed varying degrees of reducing activity. CF
of L. acidophilus BCRC 14079 (0.45) showed the highest
reducing activity. It was 6 times more than that of HKC
of B. infantis BCRC 14602 (0.07), which was the lowest.

IL. Inhibitory Effects of LAB on Intestine 407 Cell Viability

In our study, we used 12 different LAB strains as
the source of the HKC and the CF. We also used Intes-
tine 407 cell line as the control to evaluate the inhibitory
effects of the HKC and the CF of LAB. With 500 pg/mL
of HKC or CF, no inhibitory effects were seen on Intes-
tine 407. In addition, no effects on the cell viability were
seen after the Intestine 407 cells were incubated with the
LAB samples for 48 hr as compared to the control group
treated with PBS (data not shown).

III. Inhibitory Effects of LAB on Breast Adenocarcinoma
Cell Viability

The HKC of LAB can inhibit the cell growth
of breast adenocarcinoma cells. HKC of B. breve
BCRC 11846 had the strongest inhibitory effect on the
MDA-MB-231 showing 46.3% viability of cancer cells
(Table 3). HKC of B. infantis BCRC 14602, L. rhamnosus
BCRC 16000, and B. adolescentis BCRC 14606 had no
effect on the MDA-MB-231 even at a dose of 500 pg/mL.
When 500 pg HKC/mL was used, the cell viabilities were
between 46.3-91.5%. L. plantarum NTU 102, L. plan-
tarum BCRC 11697, L. plantarum BCRC 10069, B. breve
BCRC 11846 and L. delbrueckii subsp. bulgaricus BCRC
10696 showed inhibitory effects with 100 ng HKC/mL on
the MDA-MB-231 cell. The cell viabilities were 71.5%,
74.0%, 74.4%, 86.1% and 76.8%, respectively.

The CF of LAB, L. plantarum BCRC 11697, L.
delbrueckii ssp. bulgaricus BCRC 10696, L. salivarius
ssp. salivarius BCRC 14759, and L. plantarum BCRC
10069 have no inhibitory effects on the MDA-MB-231.
CF from other LAB strains have significantly inhibi-
tory effect on MAD-MB-231 with 64.5-87.6% viability,
with B. adolescentis BCRC 14606 showing the stron-
gest inhibitory effect (64.5%) at 500 pg CF/mL. With
the same amount of L. paracasei ssp. paracasei NTU
101 and L. plantarum NTU 102, the viability of cancer
cells was 82.0% and 68.6%, respectively. These results
suggest that compared to CF, HKC might have some
heat-stable substances that were more effective than CF
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in inhibiting the growth of breast adenocarcinoma cell
in vitro. However, three-fourth of HKCs and half of CFs
could inhibit the growth of breast adenocarcinoma cell in
this study.

IV. Inhibitory Effects of LAB on Colon Adenocarcinoma
Cell Viability

In this study, we used HT-29 and Caco-2 as the cell
model of colon adenocarcinoma to evaluate the inhibi-
tory effects of HKC and CF of LAB in vitro. CF of L.
rhamnosus BCRC 16000 has no inhibitory effects on
the cell viability of HT-29. The HKC of other LAB
strains reduced the cancer cell viabilities to a range of
29.7-79.6%. L. plantarum NTU 102, L. delbrueckii ssp.
bulgaricus BCRC 10696, L. salivarius ssp. salivarius
BCRC 14759, B. longum BCRC 14634 and L. plantarum
BCRC 10069 could reduce the cell viability to less than
50%, especially the HKC (500 pg/mL) of L. plantarum
NTU 102 (29.7%).

The CF of LAB strains were also evaluated in this
study. At 500 pg/mL, only L. plantarum NTU 102, L.
acidophilus BCRC 14079 and B. longum BCRC 14634
had significant inhibitory effects on the cell viability of
HT-29.

The HKC of B. infantis BCRC 14602 had the stron-
gest inhibitory effect on Caco-2 cells (24.8%) (Table 3),
B. adolescentis BCRC 14606 and L. plantarum BCRC
10069 had no inhibitory effects on Caco-2. Other HKC
of LAB strains could decrease the cell viability to a range
of 24.8-87.0%. L. plantarum NTU 102, L. acidophilus
BCRC 14079, L. salivarius ssp. salivarius BCRC 14759,
B. longum BCRC 14634 and B. infantis BCRC 14602
showed the inhibitory effect of more than 50%.

The CF of B. longum BCRC 14634 had the stron-
gest inhibitory effect on the Caco-2 cells (68.6%). L.
rhamnosus BCRC 16000 and B. breve BCRC 11846
had no growth inhibitory effects on Caco-2. Ten out of
twelve LAB strains can inhibit the cancer cell viability
(68.6-86.6%).

V. Flow Cytometric Analysis of the Cell Cycle Phase of
Cancer Cells

To explore the antiproliferative properties of the
HKC and CF, we performed cell cycle analysis on colon
(HT29 and Caco-2) and breast (MDA-MB-231) adeno-
carcinoma cells treated with HKC and CF of LAB
strains. Effect of HKC and CF of LAB on the cancer cell
lines cell cycle phase distribution is shown in Table 4.
Compared with the untreated control cells, the percent-
ages of MDA-MB-231 in the G0/G1 phase increased by
20.7% and 22.5% after treatment with CF of L. paracasei
ssp. paracasei NTU 101 and L. plantarum NTU 102,
respectively; the percentages of Caco-2 and HT-29 in
the GO/GI phase increased by 8.6% after treatment with
HKC of L. plantarum NTU 102. These results show that



81

“uolBEWLIOJUI SUTRN)S gy 10} [ 9[qeL 298
(600 > d) ua1a1p Apuediyrudis a1e sydrrosiodns JULISIJIP YIIM UWN[0D YOBD UIYIIM San[eA UBA ‘(S F Suedw se pajuasald are ejeq ¢
Juy/Sul | Sem YH JO UOIBIIUAIUO0D A ], T
‘suonjedrdal ¢ Jo a3eIoAR UB ST anjeA yoeq ‘|

Journal of Food and Drug Analysis, Vol. 18, No. 2, 2010

L 95°€ F 007001 395°€ F 007001 »CITF 001001 JTITF 007001 pLO0 F €8T JLOOFES'T VHE

q 0°E F 65YS 96T F €5°Eh 2P I'S F 60T 2q6L'L F 18F1 4€0°0 F 870 Q100 F 810 69001 D¥Od
ap OLTF10°SL +00°0 qS9EFTIIT 2q€6'T F 88°0C o000 F LTO L10°0 ¥ 80°0 909+1 Dd0d
o ISTFI6FL WS EF ECH 5€9F F S6'ST 2000 2200 F S1°0 p00°0 F 1€°0 9811 D¥0d
1299TFHELL +00°0 861 F TTOT pSEEF T6'ST 21070 F 81°0 2oT0°0 F 970 L6911 D¥DE
ap OLTFS9EL »10°€ ¥ 065 5919 F V11T opC9'T F LTST 200 F STO 2q€0°0 F €70 96901009
» 9TTF €TEL oL8TF9E8I WLTEF99°8 FLTFT6TE 2200 F ¥1°0 4200 F 0T°0 vEOrT D¥0d
OO TFIISL 9€°E F 90 1Y q1S°9 F 8591 2000 €00 F ¥T0 #€0°0 F 60°0 6SLYT D809
> T8TF 879 J10°S F 0€°T8 67 % F LY'ST poSO'E F €34T 5€0°0 F S¥°0 700 F 070 6L0%1 D¥Dd
G VST F SLFS LLO'E F 8E°0F PSS F €9°TT 2879 F ¥9°0C 200 F €2°0 2q?0°0 F TT0 00091 D909
@ 9T F81°€8 HFOTFILT SE8F F 0T'LT opCL' T FH1°8T 200 F 8T0 #20°0 F LO'0 209¥1 U049
5 681 F 86°6L ST FSLSL 269°€ F96'ST OV TF LYLT 2200 F LT°0 Q100 F81°0 201 NIN

2 90°€ F 198 STLT F 08'89 981 F 70'8T opS6'Y F LY'LT €00 F 770 2q€0°0 F 40 101 NIN

a0 OMH a0 OMH a0 OMH

(%) A1Aanoe jueprxonue [ej0],

(%) Buraed[d HddA

A)1AT30€ SUIONpaYy

V130 ANAOR JUBPIXONUR 04714 U] T J[qEL



Journal of Food and Drug Analysis, Vol. 18, No. 2, 2010

#ICFEIC O1TFIIC 8VF86Y O6CFILL 9CFET T'NFLIS «CVFLYC CIFVOl «LTFLOS »0TFLOE STFI9I TEFE6r CEF08 ITFI6 «CEFOI8 9CTFO6CI TEFI6 SYPFIOIL O8Il

*CEFCIC VEFEVC +6TFESY  €VFI6l 61FSTC STFYIS «SO0FEVL TTFEEL «61FV09 «SEFIVC 1TFSI «CTFLIS VIFO9 VIFSEl 8TFCLL «CVFCIL 0CTFITL OSFYOL  LO9TI

ATFV8L OCFSLC «IVFLW VEFCEL 9TFOTC «VEFV8Y xCCFO8C €CFOLL VTFLOS +0€FLOC +0VFO661 «80FSCS  STFICUL SYFI0I 0CFSPL POFIOI STFEY CIFLOS 96901
YCFI9C ITFIOC QIFEES YCFII9C ITFIOC SIFEES VEFYIE O1FO6VI ¥TFIO VEFYIE 61F6¥I ¥TFIO LIFS6 9€Fo6Cl SIFEYL LIFS6 9E€F6TCI STF8YL [01UOD

N/TO S 1D/0D N/TO S [5/05 N/TO S 1D/05 W/TO S 1D/0D N/TO S [D/05 N/TO S 1D/0D

49 OMH 40 OMH 40 OMH

¢-03e) [€C-dIN-VAN 6CLH

surens gy SNOLIBA [)IM PIJeAI) S[[00 BWOUTIOIBIOUIPE UOJOD PUE JSeaIq Jo dseyd o[04d 190 Jo SISAJeue O11}0W0}Ad MO[] *f I[qEL

"UOTJBULIOJUT SUTeN}S gV I0J [ 9]qe] 99S 'S
(50°0 > d ) [013U0D WOIJ JUIIIJIP APULOLJIUSIS SBM 4, YIIM ONRA “{

“(¢= u) @S F sueaw se pojuasaid are vl ‘¢

‘001 Se pue Io}Jnq Sgd YHMm pajear) sem [01U00 YL ‘T

001 x [55@0 1onu0d / (955 qQ ojdures - 055qQ [01U0d)] = (%) ANIIGRIA [[2D) '

2BV FCTO9 €CFLB =x69F9L8 *BLFTLY 6E€EFLS6 €SFIOV6 9'¢CF8¢€6 9EFREO 6V FCSVY «LSFIIL =11 F989 LT F07T8 00§

1€C-dIN-VAN
8TFSTCI TTFPO0I 9CFISOI T6F9€C0I I'SFECIOL LYFLIS 9CITF866 STFOCOl 9T FLLL «1'9F1'88 0l F0°¢6 ['€F688 001
CEFVO6 «98FEIL 8V FCE®  60F666 =SLFVIL =CTFIO98 x6VFO8 «VIFO69L *STFE08 =xI'SCFOIL «0LFIIL =S9FV6L 008 oon
6SFLB «STF668 VvSFIV6 TEFIEI «I'€FLI8  LYFGLE «L9FO00L =0€FO6S8 =81F88 »ECFIV8 SOFIG6 +91TFII8 001 co
CT9OFI9S6 9TV F096 9L FLO0OT LYF96S0I TTFILOL TYPFH'S6 «CO0FI168 v TFS00I 6€CFYLOI «6CFESS 01 FTEY 1T F €86 00S
SLFO08 6C€FOEOl €TFTRL LOFITI SFICOL SYFLYO =ITFLI6 VIFE66 CEFSO60I LYFLI6 0L F0601 91 F8VPII 001 oetit
(D) uonoery orwsejdoj)
SIFEE8 =01 F8CH9 €6FCT16 «9LIFEW x9CFO60L = 0VFOV) =€8FCI9C  S1F9€8  CIFREB »LVFEC P LFEI =S8F96L 00S
SIFEIIT =LIF8IL SBFO0L6 =I'6F198 =0vFOVL =CIFVYL S8FVE6 PYLFOB CTIFO0S6 PSFI980I «€9FSIL  TYF¥901 001 freanvan
*C8FEVL CLFOLS «CIFEVYC €SI FLEY *8EFLSL CILFTO0T VI FLTY VI FLTIY SLFOO00I «9SFEVE E€TFSPr 9V FEV9 00S oon
PIFEI0L  TCFIBIL =06 FIPS =SLFVT8 =£TFTI8 CIF60CT TYFTL6 VS8FIOSIT ['SFLIO «C8FVIL 0V FOTL «ELFT08 001 o
ITFE80I x9°€FOCE «CIFIIS «I9FLI99 «PTFOOL +CCFBY =L TFIVE V' IFLOY »CIFO0L 08FLO8 =I'IFLO6C =06FCSTS 00§
VLFTYOL «9CTF 10V *1'€F90L 6V F88L VIFILII »SE€EFOLS VP F899 SCFIT] TEF06 VIFPPo «6SFIIS 60CFL00I 001 octit
00091 96901 c09v1 V811 L6911 69001 yeovl 6SLY1 909171 6L0v1 (Tw/30)
R —— 01 NIN 10T NIN 5107 ur[Red

(D3H) 1199 PaI-1edH

82

(%) Knpiqeip

S[[99 190UBD SNOLIBA JO AJIRIA 9} UO surens gy Jo (D) uonoej orwse[doiAo pue (D H) S[[99 PI[IN-1BY JO SI09JJ0 A1031qIyU] *€ d[qeL,



Journal of Food and Drug Analysis, Vol. 18, No. 2, 2010

Table 4. Continued

Caco-2

MDA-MB-231

HT29

CF

HKC

CF

HKC

CF

HKC

S G2/M GO0/G1 S G2/M GO0/G1 S G2/M GO0/G1 S G2/M GO0/G1 S G2/M GO0/G1 S G2/M

GO0/G1

549+18% 192425 252434% 494+29 214+36 126+40 477+07 198+08 324+25*

77428 539+£25% 152+15 286+ 1.5*

7.8+2.0%

758+15 109+37 131+15 834+35*

14602

481+£32% 250+37 197+45 485+19 230+43 208+0.7*

527+38% 127+29 214+1.7*

23.1+28*

14634 787+£46 70+10* 109+22 728+36 121+14 134+20 586+28* 11.6+1.1

465+24% 260+£23 189422 468+52* 240+42 195+30*

87+14 732448 124+10 134+35 476+24 157+17 329433 523+39*% 163+29 304+3.1*

7.14+19%

829+41

14759

624+3.1% 104£22 26.1+£39*% 453426 204+30*31.7+34 532+12 203+3.1 196+26 51.1+£20 213+58 284+44*

748+3.1 129420 95+21

6.0+14* 141+3.1*

16000  774+75

472+16% 235436 195430 493+13 206+36 302+3.0%

474+43 149+14 347+£25 673+£24* 160+£36 157+1.6%

85+1.1

7.7+16*

75€06 83.0+27*

NTUI01 826+64 95+1.1

494+28 195+19 315+£22*

619+£2.6% 265+£50* 119+3.1

69.1+34* 13014 164+29*

10.7£20 87+08 529+34*29.1+£3.0* 162+1.7*

NTU102 834+36 87+10 7.7+28 780+15
1. The control was treated with PBS buffer.

2. Data are presented as means = SD (n

=3).

3. Value with “*” was significantly different from control ( p < 0.05).

4. Cells were treated with 500 yg/mL HKC and CF of LAB for 48 hr. After the cells were stained with propidium iodide (PI), the DNA content was measured by flow cytometry. The proportion

of nuclei at each phase of the cell cycle was obtained using DNA analysis software of FACSCanto II flow cytometer.

5. See Table 1 for LAB strains information.
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local lactobacilli strains could efficiently inhibit the cell
proliferation of cancer cells via GO/G1 phase arrest in the
cell cycle.

High level of reactive oxygen species®® will cause
host’s DNA, protein, lipid and carbohydrate damage.
Current research in antioxidant ability of LAB has shown
that some LAB strains are not only able to decrease the
risk of ROS accumulation through food ingestion but
can also degrade the superoxide anion and hydrogen
peroxide. In this study, antioxidant activity was found
in the HKC and CF of LAB strains in vitro. In 1993,
Kaizu et al. first reported on antioxidant activity and
demonstrated that hemolysis of red blood cells was
inhibited in rats after treatment with the intracellular
cell-free extract of Lactobacillus sp. SBT 2028 and
can potentially decrease the risk of oxygen stress®®).
Lin and Yen indicated the intact cells and intracellular
cell-free extracts of the intestinal bacteria B. longum
ATCC 15708 and L. acidophilus ATCC 4356 have anti-
oxidant activity including chelating metal ions, scav-
enging reactive oxygen species, or possessing reducing
activity®?). Kullisaar et al. isolated two probiotic strains,
L. fermentum E3 and L. fermentum EI18, and found that
intact cell and cell lysates had some antioxidant proper-
ties and could overcome the oxidative stress“?. Some
reports indicated that CF from L. delbrueckii ssp. lactis,
L. acidophilus, L. delbrueckii ssp. bulgaricus and L.
casei had strong antioxidant activity®"). Our result shows
that almost all the HKC and CF from these strains have
antioxidant activity.

The HKC from LAB strains have some antioxi-
dant activity, which is most probably related to Maillard
reaction, a chemical reaction between an amino acid
and a reducing sugar, usually requiring heat. The Mail-
lard reaction products (MRPs) may have some proper-
ties such as reduction of lipid peroxidation®?, clear-
ance of hydroxyl radicals*?>*), clearance of hydrogen
peroxide? and inhibition of the oxidant activity of LDL
protein in human®®. We speculate that the source of
antioxidant activity may be a result of reaction between
sugar and amino acid in LAB after heating (100°C,
30 min). However, further investigation is needed.

Recently, numerous research studies have focused
on anticancer property as protective adjuncts against a
host of diseases. LAB and its fermented milk have shown
some anticancer effects. Data from epidemiological and
experimental studies have also indicated that the inges-
tion of certain LAB strains or its fermented dairy prod-
ucts might alleviate the risk of certain type of cancers
and inhibit the growth of tumors. Anticancer effects of
LAB include immunogically and non-immunogically-
mediated cytotoxicity. LAB strains have been shown to
affect selected aspects of immune function that include
one or several components of the humoral, cellular or
nonspecific immunity. HKC of L. casei strain Shirota
(LcS) stimulated macrophages to secrete IL-12. It shifted
the cytokine production pattern from Th2 predominance
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to Thl predominance. Such cytokine had the ability of
suppressing the production of IgE™). Peptidoglycan
from Lactobacillus sp. could highly activate the TLR-
NF-kB and Jak-STAT signal pathways; it also appeared
to inhibit the colon tumor cells in vitro and induced a
significant antitumor effect in vivo*®). Fichera and Giese
reported that peptidoglycan from L. casei could inhibit
the viability of various murine (Yac-1, P815, Ehrlich
ascites tumor and mammary carcinoma) and human
(K562 and KB) tumor cell lines through primary cyto-
toxic activity™®”). Its activity was also strongly stimulated
in normal cells and could decrease the cell viability to
25-30%. Kim et al. screened the cytotoxicity of HKC, CF
and peptidoglycan of 10 LAB on 11 types of cancer cell
lines using *H thymidine uptake assay®®. They exerted
significant antiproliferative activities against several
cancer cell lines; the CF had particularly strong inhibi-
tory effects on colon and gastric cancer cell lines.We
screened the HKC and CF of 12 LAB strains for antip-
roliferative effect on the colon and breast adenocarci-
noma cells. In particular, the HKC had strong growth
inhibitory effects on HT29 and Caco-2 cells, whereas
the CF exhibited marked direct antiproliferative activi-
ties against MDA-MB-231. Many reports indicated that
HKC has less growth inhibitory effects than other frac-
tions of LAB strains, such as the CF of L. lactis ssp.
lactis have strong antiproliferative activities both in vitro
and in vivo2049), However, in our study, there are nine
LAB strains (Lactobacillus and Bifdobacterium) that can
effectively inhibit the proliferation of breast adenocar-
cinoma cell (500 pg HKC/mL). These LAB strains may
have some heat-stable substances which can inhibit the
growth of tumor cells. However, the precise mechanism
by which LAB fractions exert anticancer effects remains
unknown.

Most LAB strains currently in use exert their anti-
proliferative effects via the induction of apoptosis and
necrosis. The CF of L. lactis ssp. lactis has been demon-
strated to induce apoptosis in SNU-1 stomach adenocar-
cinoma cells by nuclear staining assay®?. The soluble
polysaccharide from L. acidophilus 606 was observed
to induce apoptosis in the HT-29 cell by PI staining
assay(3?).

Some of LAB such as L. acidophilus, L. plan-
tarum, and B. adolescentis had been demonstrated which
can inhibit the colon and breast adencarcinoma cells in
vitro®®. In this study, we did not use these LAB strains
to analyze the cell cycle phase. Nine other strains of LAB
were used to treat the colon and breast adenocarcinoma
cells and analyzed the cell cycle phase by flow cytometry.
We found that most HKC and CF of L. paracasei ssp.
paracasei NTU 101 and L. plantarum NTU 102 inhibited
the proliferation of cancer cells via cell cycle arrest at
GO0/G1 phase. The mechanism of cancer cell growth inhi-
bition by LAB is poorly understood. Some reports stated
that it is related to modulation of apoptotic signaling-
regulated proteins. Kim ef al. has already demonstrated
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CF of L. lactis ssp. lactis inhibited the proliferation of the
SNUC2A human colon cancer cell line by down-regu-
lation of cyclin-dependent kinase 2 and overexpression
of cyclinA®?. Further study can focus on isolating the
active components from HKC of LAB and determining
the specific apoptosis inducing pathway as cell cycle
blockade to confirm the mechanism of cell cycle arrest
using animal models.

CONCLUSIONS

In conclusion, L. paracasei ssp. paracasei NTU 101
and L. plantarum NTU 102 give a strong evidence of
HKC and CF possessing significant antioxidant activities
and antiproliferative activities against breast and colon
cancer cell lines in vitro. These results suggest that local
lactobacilli strains can be used as adjuncts in fermen-
tation of food and are potential candidates for cancer
prevention. In order to understand the mechanisms of
inhibitory effects, we will continue the research and
investigation from the molecular perspective.
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