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Effects of Various Kinds of Salt on the Tumor Formation, NK Cell Activity and
Lipid Peroxidation in Sarcoma-180 Cell Transplanted Mice

Keun-Ok Jung, Kang-Youn Lee', Seong-Kap Rhee' and Kun-Young Park

Department of Food Science and Nutrition, Pusan National University, Busan 609-735, Korea
"Department of Food Science and Technology, Hankyong National
University, Anseong, Kyongki 456-749, Korea

There are several types of salts, which are classified into raw salt (Chunil salt, CS),
purified salt (PS) and processed salts (Gueun salt, Bamboo salt) in Korea. Gueun salt
(GS) is made by baking CS in the ceramic vessel at 800°C. Bamboo salt (BS) is produced
by baking CS, bamboo and mud in an oven at 1,300°C. In this study, effects of these
salts on tumor formation, NK (natural killer) cell activity and lipid peroxidation in kidney
and heart were investigated in the sarcoma-180 cell transplanted mice. Sarcoma-180 cells
were transplanted subcutaneously into the left groin of Balb/c mice. Then, various kinds
of salt, including 1 time heat treated KCl mixed BS-A (CS:KCl=3:7) and B (CS:KCl=
5:5), supplemented diet at concentrations of 10% were fed for 21 days from 24 hours
following transplantation. The body weight decreased when 10% salt added diet was fed
to the sarcoma-180 cell treated Balb/c mice. The body weights of CS, PS and GS treated
groups were lower than their initial weights (19~20 g). Spleen and liver index were
lower in the mice administered PS and GS than sarcoma-180 cell treated control group.
KCI mixed BS-A reduced the tumor formation by 46% (36% inhibition/body weight)
compared with the control group, resulting in the smallest tumor weight. The NK cell
activity of splenocytes from the mice fed with PS and GS decreased compared to the
controls while the effects of the KCl mixed BS-A and B on the NK cell activity in
sarcoma-180 cell treated mice were higher than that of the control group. KCl mixed
BS-A and B reduced the content of malondialdehyde (MDA) in the kidney and heart
that increased by the injection of sarcoma-180 cells. The feeding of PS in the diet
increased the levels of MDA in the kidney and heart of sarcoma-180 treated mice
compared to the control group. These results exhibited that KCl mixed BS could suppress
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the mice.

the growth of tumors, increase NK cell activity and inhibit lipid peroxide production in

Key Words: Salt (NaCl), Tumor, NK cell, Lipid peroxidation

Alehe] wkg-2ell 4] 800°C o] Lo

[\*)
rE

A ETEd T, e A TR
I 1,300°C o]} 2o 3 7 AE, F

o] gt} Folo A= 98t ALY, dUF,
15

nd H‘

M =

£FE ARRAE A4 BFA BAZ A
A Folld A7 A Ak, 25 WA 44,
pHSF 4HFebe 243 Fo% 489S Yoh. o
e% o] AR Lstoe] Ful7h 23
slo] 4&4E7t oluba, AAFH, Au), 3=
o A 2ok ol oAl Mok ik ohe
£FEe A BE 4% zelo] Agsle] A%
47t Fo)E Folw Aeedon Ag¥o] i
VgHoz 4A¥ 3 dE Fo¥ zvEe @
& glek)

&3] FHE vl ksl wel 2
Aedst AAG oz WrolAn AGL A
3t Agon BRHT Yk AL A
¥e] g Zob wjopedst vheel ola g
ZUA7 Aoz, Aol Aedel HiE FY
& $7Ae BEAUA S5 oA 2oko] 9
£ AEE AAY 42F, SAULF 5 A9
932 9wk o] Bk ohs FAE AAGE o] em
g o] Gelo] MPotEolA NaCITHS 533 2
o2 FAA WFALE Tk ARG A
g AN AT wlel FEHE, 1A

q.
.“jl
%
X
B

2]
=
o
<
I
2
233
ne
w2
o
of!

=

WS olE W owE ¥
mA ko 2 FAFE AR ol el 1,300~
1,700°CE 7}l £g=lo] Alom S AA
o] Hth 49 FAEE AT vB7HAIE Na
9} clo|Awt AzFANA] U AR = me

AELs A Ho, o 7 3 Ae Ha
FAA7E Uiz o] Aok wizkell A <
2 Hedan F45 2 9o, 3 o))
Sodo] Yol wigkAgeledell el o 3l A
Auarh Qhokar whEsk vl glek

STl A= ARG KC)E o] &3 &aolut 4
ol A= dedl, v=e] AlFeddsds
FNBoll A= NaKe AHu|E 1:11.78 FHe9ch

X

T
L
T

K'Na'e] Aul&e ool 74714 dnet
l6Mu} dom ol7]dl ZaE eEde] oA

HlEe] Z7lotE Heo] gria FAE A gk’
ofg] dgtzAellA] K" :Na'9] H7} &2 Alol&
g A 5 o, AW K9 levelo] o}
A gre] HANIEE ZHEAZ 5 Qdvkar 39l
t}7™™ K7} o3 7FA] messenger, transport L] 3L
cell surface activityoll &g Fo] A|E9] FA 3}
Aol e Foe Bavl 9em” wans-
formed cellsolls K7} ZH4Eo] 92" At
A2 ratell A K] iAol F7kE QlekslH," pre-
malignant cell¥} cancer celloll4] A|ZEuW] K" :Na'9]
Wb dgebE B ek

olof] AsidollA U} KCls &43 =
AL AE3te] in vitro I in vivo Q4 o] fub
AgANA Edel S AESE Ay HY
AT KCI= 3 : 72 E33to] 13] 3 599 4
T 479 EEdWolAdE AT dEAW

ol A& Z7HI7IE AL E vehgrl” B ol
A= in vivo FI4AY g2 Ad
3 KCl& =33k KCl 235939 &85 HE
817] 98l sarcoma-180 ECFAEE Fofgl Balb/cu}
F2=9] Aol AU, dF4F, TELET, 93]
T =4, 13] 7% KCl £8=9 A (NaCLKCl=
3:7)2F B (NaClL:KCl=5:5)5 2+ 10% H7}3to] 21
D7E Hl 5 X Asto] A AA A A, vl

< h=4
W7l wa, Akat Aol Al AAnhas



o

F-2=9 B3l 159 7HH o &2 Altulekst
o] HZE3}3l 9JF sarcoma-180 AH|EE AHE =
FAEZE ALt S AR EEY 57 HollA
15797 wFH sarcoma-180 A|ZE H¢} 7|
Z|3}a1, phosphate buffered saline (PBS)S} 3h7] <1
A1 E2](1,200 rpm, 10 min)3le] ZFA LS He)
staick. £28lE AlEE ohA] PBSol F/-A1A A
x YARg)sl] AENS AAZ X sarcoma-180
AE, 1.0x10° cellsyml7} E| =5 ZokA|E Rg-of
= WEol 1 ml Ae 57 FAte] o)A HES
HA Aol A-gsdct

o

3) Al2Q| =H|

EFAEE WRTOE 3o, 479 &3S

8 Zo] 10% J71e Ao & A zsle] &
CaF AREE AL
A(FP)EAF), TEEFEANE), 549
(FaHAH)E A&t 93] 73 F3
3] 7 KCl EFFRS A9 e u

ki

.

ok

4 THY NF KX A

AYZES 7+ T} gule|go g slo] Al
ANA 1579 ZHH o2 A BEHF FEAE
S8 02 ml (6x10° cells/mouse)d S AF =
12 A R (left groin)oll 3]s} o] A3k &
id g el & FFskth FEA
2294 H= i XARA A" 2t
stal 2 FAIE FA3 F AFe S

IS
l

of
ot ™

AT e R TIA
of e > AL oz

it
" it

o] ok Aol wet FF A AA WS (tumor
growth inhibition ratio, L.R.; %)< AlAFslglch'¥

SEEE

FEANETE BFAE
T HelEe) AT P

AR T BIFAT

5) HIZ ¥ 2 ZIo| FEHs

FopalEol 4] 2UA Hi ¥ npas AR

ol ofsto] HAAIL AZS 4% F )
42 AEelol FAE SAAAT, AFol o)
12 9 7 g ulge Aldkeksie

ar
=
A

i

ja7
~
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Table 1. Effect of various kinds of salts added diet on food intake, weight gain and food efficiency ratio (FER) of

Balb/c mouse after 21 days

Group Food intake (g/day) Weight gain (g) FER
Control (Normal) 22.62.0™ 4.1+1.8" 0.18+0.02°
Sarcoma-180 22.640.6™ 4.8+0.8" 0.21+0.01°
Sarcoma-180+Chunil salt 21.6£1.9° -2.114.2° -0.10+0.02°
+Purified salt 17.4+1.9 -3.64.1° -0.20+0.02°
+Gueun salt 19.2+0.5% -4.8+3.3¢ -0.25+0.01°
+BS9" (Chunil salt) 21.2+32° 2.4%1.0° -0.23+0.03*
+BS17-A (NaCl:KCl=3:7) 29.7+1.3° 2.0+1.2° 0.07+0.01°
+BS1-B (NaCL:KCl=5:5) 25.5+2.5 1.5+2.1° 0.06+0.02"

" 9xheat treated bamboo salt ? 1xheat treated bamboo salt. “* Means with the different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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Table 2. Effects of various kinds of salt on the spleen, liver, heart and kidney weight of Balb/c mouse after 21 days

Spleen/body  Liver/body Heart/body Kidney/body

Sample Body wt. (@) " N we (%) wt (%) wi (%)
Control (Normal) 23.6+0.9° 0.4%0.1 6.7+0.2 0.4%0 1.3%0.1
Sarcoma-180 243+1.0° 0.8%0.1 8.2+0.2 0.4%0 1.7+0.1
Sarcoma-180+Chunil salt 17.4+1.2° 0.5+0.1 3.240.2 0.6+0 1.4%0.1
+Purified salt 15.9+0.5® 0.3+0.1 3.1+0.2 0.6+0 1.4%0.1
+Gueun salt 14.7+0.9° 0.2+0.1 3.140.2 0.7+0 1.2+0.1
+BS9" (Chunil salt) 17.1£0.3™ 0.6+0.1 47403 0.6+0 1.3£0.1
+BS17-A (NaCLKCl=3:7) 21.5+0.2° 0.5+0.1 5.8+0.2 0.5+0 1.6+0.1
+BS1-B (NaCl:KCl=5:5) 21.0+0.8" 0.5+0.1 5.740.2 0.5+0 1.3£0.1

" 9xheat treated bamboo salt ? 1xheat treated bamboo salt. *° Means with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.

Table 3. Effects of various kinds of salt in tumor bearing Balb/c mouse with sarcoma-180 cell after 21 days

Group Tumor wt. (g) Tumor weight/body weight

0.160.02°
0.16+0.01° (-)*
0.20£0.01* (-25)
0.18+0.02 (-13)
0.12+0.02° (25)
0.10+0.01° (36)
0.12+0.01° (25)

3.940.5°
2.8+0.2™ (28)"
3.3+0.2° (15)
2.7+0.2° (31)
2.1£0.3% (46)
2.1+0.3% (46)
2.6£0.2 (33)

Sarcoma-180 (Control)
Sarcoma-180+Chunil salt
+Purified salt
+Gueun salt
+BS9” (Chunil salt)
+BS1Y-A (NaCl:KCl=3:7)
+BS1-B (NaCl:KCl=5:5)

Inhibition rate (%), “Inhibition rate (%) =

% 100. C: tumor weight of control/body weight of control,

T: tumor weight of salt fed group/body weight of salt fed group, Y9xheat treated bamboo salt, “1xheat treated bamboo
salt. “~° Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 1. The influence of various kinds of salt on the nat-
ural killer(NK) cell activity of mouse splenic lymphocytes
after 21 days. (C; Chunil salt, P; Purified salt, G; Gueun
salt, BS9; 9xheat treated bamboo salt, BS1-A; 1xheat
treated bamboo salt (NaCl:KCl=3:7), BS1-B; 1xheat
treated bamboo salt (NaCI:KCl=5:5), * ° Means with the
different letters are significantly different (p<0.05) by
Duncan’s multiple range test.
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Fig. 2. Effect of various kind of salt on the TBARS
concentration of kidney in normal and sarcoma-180 cell
treated Balb/c mice after 21 days. The explanation is the
same as shown in Fig 1.

90 a a ab
. 801 b= O L
g 4 = c
. = o °
23’60-d
S 504
S
£ 401
2 30-
<
& i
@ 20
10
0 T T T T T T T 1
N (\) Q Q QS () () QO
S Ko ¥y D g I OX I,
& RGPy Y Lo
§ IRILOIR IO S @ig 2

Fig. 3. Effect of various kind of salt on the TBARS
concentration of heart in normal and sarcoma-180 cell
treated Balb/c mice after 21 days. The explanation is the
same as shown in Fig 1.
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