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Abstract

Purified salt and several different types of sea salts showed comutagenicity in the presence of MNNG
(N-methyl-N'-nitro-N-nitrosoguanidine). However, the salts exhibited anti—cancer effects in HCT-116 human
colon carcinoma cells and AGS human gastric adenocarcinoma cells. Sea salt showed less comutagenicity effects
than purified salt. French sea salt (Salines de Guerande) and Korean sea salt I, which contained higher levels
of minerals, showed less comutagenicity. In MTT assay, when HCT-116 and AGS cancer cells were treated
with the salts, French sea salt (36% and 34%) and Korean sea salt I (35% and 33%) showed higher anticancer
activities than Spanish sea salt (33% and 31%), Italian sea salt (29% and 27%), Korean sea salt II (22% and
22%), or purified salt (18% and 15%) at a salt concentration of 1%. French sea salt and Korean sea salt I
also showed better anticancer activities than the other salt samples at a low concentration of 0.5% (p<0.05).
Apoptosis related genes of Bax and Bcl-2 were regulated by the treatment of the salt in the colon cancer cells.
French sea salt and Korean sea salt I especially increased Bax mRNA expression, but decreased Bcl-2 ex—
pression, indicating that they can induce apoptosis of the cancer cells. From the experimental results, sea salt
showed better health functional effects than the purified salt, and French sea salt and Korean sea salt I which
contained high levels of Ca, K, and Mg showed better effects.
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< =712 AR A AT L (FAHE) A Perkin Elmer$]
Optima 4300DV ICP-OES(Shelton, CT, USA)E AH-31%
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St HCT-116 914 2 ¢M EZ(HCT-116 human colon
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Table 1. Sequences of primer used for RT-PCR

Gene name Sequence
B Sence 5-ATG-GAC-GGG-TCC-GGG-GAG-3'
ax Antisence 5-TGG-AAG-AAG-ATG-GGC-TGA-3
Bel 2 Sence 5-CAG-CTG-CAC-CTG-ACG-3
Antisence 5-GCT-GGG-TAG-GTG-CAT-3'
GAPDH Sence 5-GGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3

Antisence

5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

ELISA reader(Hercules, CA, USA)E 550 nmol A §3 %=
g A9

Bax %  Bo29
chain reaction(RT-PCR) &£44

TS A FHlE GANEE UF = RNAzol B
(TEL-TEST, Inc., Friendswood TX, USA)& ©]§-3}9
total RNAE #2359ttt £21¥ RNAE A3 & oligo
dT primer2} AMV reverse transcriptase® ©]-&3} 2 ng
o] RNAA ss cDNAZE 4333 th ©] cDNAE template
2 AFE3le] Bax ¥ Bel-2 &S polymerase chain re-
action(PCR) WHo 2 ZZ3l9tH(Table 1). o]Wl house-
keeping A A2l glyceraldehyde-3-phosphate dehydro-
genase(GAPDH) &A= internal control2 A}-&3}3th.
7} PCR AFHEE5S 1% agarose gelS ©]-&3te] A7)9Est
ethidium bromide(EtBr, Sigma, St. Louis, MO, USA)E ©]
£3te] GAs T UV stollA gs 3 tH(22).
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Fig. 1. The photographs of purified salt and different kinds
of sea salt under SEM (Scanning Electron Microscope, X 60).
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Table 2. Comparison of mineral contents in purified salt and different kinds of sea salt by ICP-MS(ppm)

Test item Ca Fe K Mg Mn P
Purified salt 281.6 ND 677.3 110.3 ND 2.9
Italian sea salt 751.2 ND 1544.3 6293.8 1.05 3.8
Spanish sea salt 887.8 70.78 1631.9 5035.4 ND 5.8
French sea salt 1326.1 ND 2905.0 7741.3 2.22 3.0
Korean sea salt 1 1115.1 ND 2391.1 8788.7 ND 55
Korean sea salt II 604.0 0.7 1292.7 1372.6 ND 3.7

ND=Not detected.
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Table 3. pH of purified salt and different kinds of sea salt
Sample pH

Purified salt 6.2940.02
Italian sea salt 9.21+0.01¢
Spanish sea salt 9.27+0.02°
French sea salt 9.62+0.01*
Korean sea salt 1 9.59+0.01"
Korean sea salt I 9.13+0.01°

“Means with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.

Table 4. Comutagenicities of purified salt and different Kinds
of sea salt on the mutagenicity induced by N-methyl-N'-
nitro-N-nitrosoguanidine (MNNG, 0.4 pg/plate) in Salmonella
Typhimurium TA100

Treatment Revertants/plate
(Ievel of sample,
mg/plate) 1.25 2.5
Spontaneous 12111
Control 874+ 264"

1247 +23% (-50)

1164+16° (-39)
1162+22° (-38)
1075+ 10" (-27)

1100+ 24" (-30)
1188+24" (-42)

1021 +34* (-30)”
985+8" (-15)
978+22" (-14)
915+ 14° (-5)

927 4+33° (-7)
088+33" (-15)

DValues are mean=SD of revertants/plate.

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

dA )N eans with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.

Purified salt
Italian sea salt
Spanish sea salt
French sea salt

Korean sea salt 1
Korean sea salt II
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Fig. 2. Effect of 2 kinds of salt with different concentrations
on the growth of HCT-116 human colon carcinoma cells by
MTT assay.
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Table 5. Inhibitory effects of purified salt and different kinds
of sea salt on the growth of HCT-116 human colon carcino-
ma cells in 3-(4,5-dimetyl-thiazol)-2,5-diphenyl tetrazolium
(MTT) assay

ODsy (level of sample, %)
05 1.0
0.485+ 0.005**

0.460+0.022" (6)" 0.401+0.009" (18)
0.440+0.010° (10) 0.346+0.006" (29)
0.433+0.014° (11) 0.325+0.015" (33)
0.42440.005" (13) 0.3120.008" (36)
0.427+0.004° (12) 0.315+0.011" (35)
0.447+0.004" (8) 0.381+0.011° (22)
1)The‘ values in parentheses are the inhibition rates (%).
“dA M eans with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.

Treatment

Control
Purified salt

Italian sea salt
Spanish sea salt
French sea salt

Korean sea salt 1
Korean sea salt 11
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Fig. 3. Effects of salt samples (1%6) on mRNA expressions of Bax and Bcl-2 in HCT-116 cancer cells.

PS: purified salt, ISS: Italian sea salt, SSS: Spanish sea salt, FSS: French sea salt, KSS I: Korean sea salt I, KSSII: Korean sea
salt II. The intensity of the band was measured with densitometer and expressed as fold-rate of control. Fold ration: Gene expression
/ GAPDH X control numerical value (control fold ration: 1). * "Means with the different letters are significantly different (p<0.05) by
Duncan’s multiple range test.

Table 6. Inhibitory effects of purified salt and different kinds Q (;t
of sea salt on the growth of AGS human gastric adenocarci—
noma cell in 3-(4,5-dimetyl-thiazol)-2,5-diphenyl tetrazo-

lium (MTT) assay SUAE AAE, AL A4 Y9 59 SEMeIA
Treatment OD?)% e ] Samplei (()%) e, T2 A&, REdHo|9} IdME in vitro 3% 75
- - : 20 =5 ] A o o o olas I A =
Control 0514i0004dA o=se 170 0}93\‘:} Oxﬂ = SEME ] [e] §_ J\’_}-% ] :Il 7]’
s = o B vdke) 3 =
Purified salt 0.488+0.004° (5)" 0.437+0.007° (15) TAAINL AL =AW 725 7 U
Italian sea salt 0.463+0.011¢ (10) 0.375+0.008" (27) o AL E] A71% Aok A ZFE AL =
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