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Increased in vitro Anticancer Effects of Potassium Bamboo Salt
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Abstract

Potassium added with bamboo salt showed better antioxidative effects than bamboo salt, solar salt, or purified
salt. It also showed inhibitory effects on the mutagenicity of MNNG (N-methyl-N-nitro-N-nitrosoguanidine)
in a Salmonella Typhimurium TA100 tester strain. At concentrations of 1.25 and 2.5 mg/plate, potassium bamboo
salt and bamboo salt showed weaker co-mutagenicity effects than either purified salt or solar salt, respectively.
Anticancer effects of salts were evaluated using MTT assay in HCT-116 human colon carcinoma cells. At
a 1% salt concentration, the growth inhibitory rate of potassium bamboo salt was 54%, higher than that of
1 time baked bamboo salt (36%). However, purified salt and solar salt showed relatively lower inhibitory effects
of 19% and 23%, respectively. To determine the inhibitory mechanisms of potassium bamboo salt, the expression
levels of Bax and Bcl-2 genes in HCT-116 cells were determined by RT-PCR. Potassium bamboo salt sig—
nificantly increased Bax and decreased Bcl-2 expression levels unlike bamboo salt, purified salt, and solar salt
(p<0.05). Therefore, addition of potassium to salt decreased co-mutagenicity and increased in vitro antioxidative

and anticancer effects.
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1,1-Diphenyl-2-picrylhydrazyl(DPPH) A7 &1}

10%9} 20% v &5 A& 100 uLE 150 yM DPPH
£ 100 pL¢ E¢3te] 96-well platedl] EF3t1 30& 7+
Ao WAAZ F, 540 nmollM EFFE=A(UV/VIS
spectrophotometer, Jasco, Tokyo, Japan)E ©|&3}o &%
& SASIATh A EE Ul & 27 vlasty
radical 2AEHE YEE(%)Z YERNATH12).

EEoi#Ho| e

Ao AV&3F FFE Salmonella Typhimurium TA100
o2 A#3st7] A histidine £74, deep rough(r£) S
o], uvB EAWo], R factor 52 FAFAS s
EdH o] &4l N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG, Sigma Co., St. Louis, MO, USA)& Z&F 50| =
Al A& AT

AR AHgsl7] Holl AR 54 AFE Pst] S49]
YEtUA e ®e A ARy F
Phosphate buffer, 3}5% v = -?IL—,—(1~2><109 cells/mL)
0.1 mL, AlE 50 uL(1.25 mg/plate®} 2.5 mg/plate) 9} =AW
o] f+&EA 50 uLIMNNGE 04 pg/plate) S cap tubeol] ¥
I 7PH A vortex@ 3 37°Coll A 3087 ol B] ul kS T).
45°C9] top agar 2 mLA-& Z} tubedll 31 323t vortexdhe]
minimal glucose agar platedl] =&3}a1 37°Coll A vl &3}
ok wj ek 48A17F & 7} platedl| A BEAES AWl =AE A
ot 2T vustEA] Eddolfd B REAY

o] &£7E ZRAATAI).

OtM| I HHQF 2! MTT assay

RPMI 1640, fetal bovine serum(FBS), 0.05% trypsin-
0.02% EDTA, 100 units/mL penicillin-streptomycin2
GIBCO(Grand Island, NY, USA)Z%H F3to] AR
. A EH|ES 5% CO, incubator(model 311S/N29035,
Forma, Marietta, OH, USA)E AF&-3}59 k. HCT-116 14
AAN A E = American Type Culture Collection(ATCC,
Rockville, MD, USA) 2. 2 F-E] £ofiro} vjFsiHr] A3

o] AF&-3F T HCT-116 214 A& A E= 100 units/mL
penicillin-streptomycin® 10%2] FBS7} /3% RPMI
16402 AF8-31o3 37°C, 5% CO. incubatorol| A Hjj %3} A T}
ke Z47be] FMEE Yol 2~33F] refeedingdtal 6~
74vte] PBSE A3 & 0.05% trypsin-0.02% EDTAZ F
ZHE A X E FElete] AR g 3 Al wiFetea A3

o] AFE3FG T} viFE A E= 96 well plateo] welld 1x

0" cells/mL7} B =2 180 ulL¥ B33k 2447 F2A)7]
T AFAE 20 uLE @7k 37°C, 5% COMl 7101 A 48
AIZE i eFstA Tt A7)l QA A A4l 5 mg/mLe] &
=2 A Z3 3-(4,5-dimethyl-thiazol)-2,5-diphenyltetra-
zolium bromide(MTT) & 20 uLE 3 7}slo] 53 wj &
Z A 42 F<F B wfgst A Th14,15). oW BAEH
formazan 2% S DMSO°| =] A] ELISA reader(Bio—Rad,
Hercules, CA, USA)Z 550 nmolld SF =5 SH3ATH

Bax % Bc29| Reverse
chain reaction(RT-PCR) &44

T3 2AA FHE GAEZE A FE RNAzol B
(TEL-TEST, Inc., Friendswood, TX, USA)E ©]-&3}4
total RNAE £33ttt £33 RNAE A#3 & oligo
dT primer2} AMV reverse transcriptaseE ©] &3} 2 ug
°] RNACIA ss cDNAE @43ttt ©] cDNAE
2 A}8-3}e] Bax 2 Bel-2 4242 polymerase chain re-
action(PCR) W o2 FZ3GthH(Table 1). ©]® house-
keeping 2 A}Q1 glyceraldehyde-3-phosphate dehydro-
genase(GAPDH) A A< internal control AF-&3}53th.
7} PCR AFEE5S 1% agarose gelS o] &3t H7)gEsla
ethidium bromide(EtBr, Sigma)E ©] &3l 423 & UV

transcriptase—polymerase

template

Table 1. Sequences of primer used for RT-PCR

Gene name Sequence
Sense 5-ATG-GAC-GGG-TCC-GGG-
Bax GAG-3
a Antisense 5-TGG-AAG-AAG-ATG-GGC-
TGA-3
Bel-2 Sense 5-CAG-CTG-CAC-CTG-ACG-3
¢ Antisense 5-GCT-GGG-TAG-GTG-CAT-3
Sense 5-GGG-AGT-CAA-CGG-ATT-
GAPDH TGG-TCG-TAT-3

Antisense 5 -AGC-CTT-CTC-CAT-GGT-
GGT-GAA-GAC-3
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x4 AS2RE 92 A8 2959 F948E 4
Asl7] Y5l EAHEA(ANOVA)S 33 & p<0.05 =30l
2] Duncan’s multiple range test2 AA13lgem, I Aates
9 7 (mean) + 3 = A 2} (standard deviation, SD)Z ¥ A3}
o} ZE B4 48 Statistic Analysis System(v9.1, SAS
Institute Inc., Cary, NC, USA) SAZZ2 132 o] 83}
fia kS el=

Zot 3 nE

Z+E=99| DPPH 27 &1}

10%9}F 20%2] T 74A] FxolA A3 A3} 20% FEol
A ZFEFFo] 723%Z 71 =2 DPPH radical &7 &3
5 UE T, detEdd, AdE T ZAAD A 55.7%, 5.0%
9} 1.0%9 2A AHE JER) QA THp<0.05)(Fig. 1). 10%
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Fig. 1. DPPH radical scavenging activity of salt samples.
dA DN Tean values with different letters over the bars are sig—
nificantly different (p<0.05) according to Duncan’s multiple range
test.
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Table 2. Comutagenicities of different kinds of salt on the
mutagenicity induced by N-methyl-N'-nitro-N-nitrosogu-
anidine (MNNG, 0.4 pg/plate) in Salmonella Typhimurium
TA100

Treatment (level of Revertants/plate
sample, mg/plate) 1.25 2.5
Spontaneous 121£11
Control (MNNG) 874:+26°"

MNNG + Purified salt 1021434% (-20)%  1247+23" (-50)

Solar salt 988+33" (-15)  1188+24" (-42)
Bamboo salt 9224+6° (-6) 965+26° (-12)
Potassium 896+3% (-3) 918+18" (-6)

bamboo salt

YValues are mean+SD of revertants/plate.

?The values in parentheses are the inhibition rates (%), — means
the rate of comutagenicity.

A BN Jean values with different letters in the column are sig—
nificantly different (p<0.05) according to Duncan’s multiple
range test.

3k 7ot} 1.25 mg/plate FEANME ZFEHL -3%=E 7}

F e REAHO AHRE HYT, dul=ad HYddn A

Ade 7247t -6%, -18%F -20%9] BREAwo] AHE Vel
.

Wt 25 mg/plate FEANAME dotEd, AL
o] 247} -12%, -42%9}F -50%] HEAM] &
o ZA5=ddo] 6% 71 Yo REAH RS U
Wtk mEkA g2 AT HE Z2EFEL &5 AAER
Awlo] o] 7 wre Aoz vehd 7HE ke
Fo2 AU Jung 52002 AFNME o]} vz
HE Yepl e, A9 REAHe] 397} =%
ARl &4E EFA
FE9 F7lel wel REAW] F4o] ¥
785

£ a3 QA

t
Z 2% 9 Mz A4S JAste EHt
H, E3] =9L& G E apoptosis=S
= ol dvhar AFHoA Aok
A AR &7 AEE v} WA
hva -

HCT-116 A A GAM ] vt 250CFA ) AxE =

AR A7} 100%2 JEPG OB Z N E =2 AR &7
APE 98 05%9 1% T=5 At

A, AL, =4, 2FEFHY w=d WE in wrro
AdENE AT A 1% FEolAM ZBFEF Y0 MU%E
T =L A AT AE S BYon, 49, LY,
AAGo] 27t 36%, 23%F 19%2] AdH&S YeER AT
(p<0.05). 05% F=NAX= ZFEFHC] 371%, =4, LY,
AA Gol 27 22%, 9%t 4% Ad&S B ATHDP<0.05)
(Table 3). Jansson(21)& K : Na'9] H|7} &£& 2lo]& o4&
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Fig. 2. Effect of purified salt with different concentrations
on the growth of HCT-116 human colon carcinoma cells.
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Table 3. Inhibitory effects of purified salt and different kinds
of salt on the growth of HCT-116 human colon carcinoma
cells in 3-(4,5-dimetyl-thiazol)-2,5-diphenyl tetrazolium (MTT)
assay

ODsy (Level of sample, %)

Treatment 05 10

Control 0.595+0.003**

Purified salt 0.571+0.012"> (4)Y  0.480+0.018" (19)
Solar salt 0.54040.005¢ (9) 0.45740.008° (23)
Bamboo salt 0.465+0.010* (22)  0.379+0.007° (36)
Potassium 0.375+0.007° (37)  0.271+0.006% (54)

bamboo salt

DThe values in parentheses are the inhibition rates (%).

e AT\ ean values with different letters in the column are sig—
nificantly different (p<0.05) according to Duncan’s multiple
range test.

< 7HA™, BaxE pro-apoptotic {12 apoptosis®] 2%}
FAZE JTH25). 27 Al s SHE 9 apoptosis it
©] Bcl-2 family®] & Wstel #Ho] e AJAE A

7] #18ke] Bel-2 familyoll &éh= F8 FAA-E59] A}
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o] apoptosis =0 BHo] U= Bax] HHE &F el
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YEFSTHp<0.05). Apoptosis Aol ##H o] 31+ Bel-29]
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Fig. 3. Effects of different kinds of salt (1%) on mRNA expressions of Bax and Bcl-2 in HCT-116 cancer cells. PS: purified
salt, SS: solar salt, BS (1x): bamboo salt, PBS: potassium bamboo salt. The intensity of the band was measured with densitometer
and expressed as fold-rate of control. Fold ration: Sample numerical value/ Control numerical value. * “Mean values with different
letters over the bars are significantly different (p<0.05) according to Duncan’s multiple range test.
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