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ABSTRACT

Underground seawater is found in the east area of volcanic Jeju island and
is plenty of minerals which is deficient in surface seawater. Recently the deep
seawater in the East sea has been focused to its application for the
improvement of human health. The purpose of the study was to investigate
the effect of the electrodialysed, desalted underground seawater (EDSW) of
Jeju on the metabolic activities in cultured cells and experimental animals.
Supplementation of EDSW to the culture medium (up to 20%, v/v) reduced
the leakage of LDH, however, increased the MTT activity in CHO-IR cells.
EDSW more stimulated insulin-induced glucose wuptake and activities of
ethanol-metabolizing enzymes like as ADH and ALDH. Moreover, we aimed
to investigate the metabolic activities of EDSW in terms of lipid metabolism
in vitro and in vivo. EDSW suppressed intracellular fat accumulation induced
by supplementing palmitate in culture medium in HepG; cells. EDSW reduced
the body weight gain and hepatic lipid accumulation induced by high calorie
diet in mice. Activities of AMP-stimulated protein kinase (AMPK) and acetyl
CoA carboxylase (ACC), enzymes modulating fat metabolism, were changed
by EDSW in HepG; cells toward the suppression of intracellular lipid
accumulation. Taken together, EDSW lead to benefical metabolic activities
including the enhancement of ethanol metabolism, and the suppression of fat
accumulation within cells, and so on. These results suggest a strong
bioavailability of EDSW to control lipid metabolism in order to alleviate

hepatic steatosis.

Keyword : EDSW, ADH, ALDH, AMPK, ACC, steatosis
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Table 1. Composition of underground seawater of Jeju

Sample | TR [gpunza RS
A (06 112 ~ 07. ) ATEF | @RAA 777
BT E (ZAZ) )

6%) e BT
Na(U4E §) 10439 11000 7.2 10762
Mg(=} v %) 1242 1270 2.8 1294
Ca(Z %) 408 474 3.6 413
K(Z§) 407 403 3.4 387
Cu(7-8) 0.0088 0.02 - 0.00015
Mo(& 2] B.Hl) 0.0096 0.00773 - 0.01
V(HIYE) 0.010 - 0.002 0.002
Ge(A 2v}¥) 0.0015 - - 0.0000055
Se(d # &) 0.011 <0.005 - 0.00001
Br(B& 65.4 80.8 - 67
SI(EEEE) 7.22 8.03 - 7.80
SO42-(32kol &) 2210 2570 2 2712
Si(Si02)(7F &~ 4+ 4) [9.93 - - 3.10
Zn(°}4) 0.026 <0.005 5 0.00035
Fe(3) 0.015 <0.03 z 0.00003
Mn (% 31) 0.012 <0.005 z 0.00002
Cl-(E 4 0] 2) 22228 19300 z 19353
B(E &) 3.98 4.69 : 4.5
Pb('2) E4E <0.005 S 0.0000027
F(E2X) 0.70 1.2 2 1.3
As(8] &) 0~0.010 <0.005 4= 0.0012
Hg(+2) ERAE <0.00005 ERAE 0.000000014
CN-(A12H) = s <0.005 BHE -
Cr(Z &) == - . 0.00021
Cd(Ft=¥w) g = <0.005 B2 0.00007
Al(E 77 +) EAE - - 0.00003
AUk (cfu/m)  [0~89 <30 - -
) A T (NDBO) | 2745 ERE - -
AN AL (ug/L) [0.65 - 0.4 0.42
¥ = 7 (mg/L) EAE <0.005 - -
Cr6+(ZE671°l2) |24= <0.005 - -
FLO|2FE(pH) [74~75 7.8 - 7.9~8.4
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Table 2. Composition of ED-desalted magma seawater.

ED "y &

RO €494 | RO 9@
Sampl 92 il o 12m/5)
amp € T eag| Ane(|ead| 85 e A | A,
2HIE d | ow | % |en| F | w | T
17t
Na(Y}E &) 10800 [0.33  [=100 [12090 |=11 [4614 [=96 ote.
Mg(et2ul4)  [1329 [0.06 [=100 [1497 |=12 [1216 |=9
Ca(Z %) 407 (005 [=100 |4772 |=15 [321 =22
17t
K(Z§) 416 010 [=100 [4928 |=15 [17.32 |=96 ole.
Cu(738) 0014 [0.005 | 0021 |- 0.007 |-
Mo(Zgxel) (0011 [0.001 [ 0013 |- 0.003 |-
V(HIYE) 0.022 [0.001 |- 0.023 |- 0.013 |-
Ge(Al2¥¥F) [0.001 |<0.001 |- 0.0022 |- <0.001 |-
Se(d 2 %) 0.008 0.001 |- 0.003 |- 0.022 |-
(]
Br(2 & 612  0.008 |=100 [66.7 |=10 [11.8 |=81 17}“_
St (EEEE) (836 [<0.001 =100 946 |=12 728 =13
o
SO42-(FAro] &) [1691  |E7H= 100  [1983.85| =15 |584 =65 X =
$i(Si02) (7F&-TFAk
USIOD(TE-T 08 00191 o900 374 =22 10 -
<) ot
Zn(o}4) 0016 0013 - 0020 |- 0.010 |-
Fe(2) 0010 % °l 0005 |- 0022 |-
Mn(% 7 0.003 |0.001 |- 0.001 |- 0.004 |-
o
Cl-(@40]€) (19422 (089 |=100 [22875.3/=15 (3630 |=82 17}“_
B(RE) 497 Jo23 [=95 [534 [=7 Js34 |-
F(E2) 082 |E7AZ=1100 (0965 |=15 089 |-
AE 6500 6 7700 5000
A A ek ek EAS ks
Lo e T ek ek EAE ks
PAAdRTT | EAE EAE BEAE BEAE
FAOLEE 7.9 6.2 7.7 75
dEYolHAL | EHE EAE BEAE BEAE
AMZEAAE 0.1 ERE 0.1 0.1
(6712 8) s EHE EASE ks
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Figure 1. Formation of underground seawater of Jeju.
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Figure 2. Regional distribution of underground Seawater of Jeju.
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Figure 3. Effects of ED-desalted magma seawater(EDSW) on the viability of
HepG2 cells. Serum-starved(3h) cells were further incubated for 24h to 48h
with/without EDSW. Cells were stained with H33342, a cell membrane

permeable DNA-specific fluorescent dye.
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Figure 4. Effects of EDSW on the viability of CHO-IR cells. Serum
starved(3h) cells were further incubated for 24h to 48h with/without EDSW.
Cells were stained with H33342, a cell membrane permeable DNA-specific

fluorescent dye.
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Figure 5. Anti-oxidant activity of EDSW. (A) DPPH radical scavenging
activity of concentrated magma seawater and EDSW. (B) Effect of EDSW on

ROS generation induced by hydrogen peroxide in HepG2 and CHO-IR cells.
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Figure 6. The Effect of EDSW on the basal- or insulin-induced glucose

utilization in L6 myocytes. Confluent cells were serum-starved for 3h,

pretreated with EDSW (20%) for 30 min before insulin (100 nM) addition.
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Figure 7. Effect ED-desalted magmaseawater (EDSW) on the basal- or
insulin-stimulated signaling pathways in L6 myocytes. Confluent cells were
serum-starved for 3 h, pretreated with EDSW (20%) for 30 min before insulin
(0 - 100 nM) addition. Cells were lysed, separated on SDS-polyacrylamide

gels, and immunoblotted as described in "Materials and Methods’.
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Figure 8. Effect of EDSW on activities of ADH and ALDH. CTL, control;
Asp,asparagus shoot extract; Asp-L, asparagus leaf-extract; CON,commercial
drink A; Y80, commercial drink B.

_20_



Alcohol
defydropenuase

Ethanal

-

Yol

Al NADH+H™

b

Aretaldehyde
defdr ome mise

Acataldebhyde ﬁ BAcetate
r

Cp NADH+H'® MNADFP 2HyO

b #
‘\m____:h:_ﬂ_ﬂ:____,ﬂ-f'

k.

Mirraozomal effummnl
Chridizing sysiant

HALY NADH+H"

Figure 9. Pathways of ethanol metabolism (= & 9., 1977)

_21_



Glucose Glucose depletion, exercise, etc.

¥
¥

(glycolysis) \
v acc]

¥ IEXYITY® —— (Glucose uptake, efc)
pyruvate | e
i }‘//-7 Malonyl CoA
acetyl CoA
(Fal hesis))
palmitate
Tripalmitine
(triacylglycerol, TG)

adlren aline
ucagon
gcortiEOI

I— insulin

Gluconeogenesis lycerol
(].iveric;e T 8¥

Figure 10. Regulation of glucose and lipid metabolism
AMPK-ACC.

_22_



Bl s

-AMPK
\.'-_f-'-'.p

L ) |

CTL

I L J

PA  PA+ED

PA : palmitate (0.5 mM)
ED : electrodialized magma seawater (10%

Figure 11. Effect of EDSW on activities of AMPK and ACC in HepG2 cells.
Confluent cells were serum-starved overnight in D-Mem, treated with EDSW
(10%) and palmitate (0.5mM) for 24h. Cells were lysed, separated on
SDS-polyacrylamide gels, and immunoblotted as described in "Materials and

Methods’.
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Figure 12. Effect of EDSW on palmitate-induced intracellular lipid
accumulation. (A) Confluent cells were serum-starved overnight in D-Mem,
treated with EDSW (10%) and palmitate (0.5mM) for 24h. Cells were stained
with Oil-red O. (B) Confluent cells were serum-starved overnight in D-Mem,
treated with EDSW (10%) and palmitate (0.5mM) for 48h. Cells were lysed,

TG assay as described in "Materials and Methods’.
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Figure 13. Effect of EDSW on high fat diet-induced hepatic fat accumulation
ICR mice. (A) Effect of EDSW on high-fat diet-induced body weight
gain in mice. (B) Effect of EDSW on high-fat diet-induced hepatic fat

accumulation in mice.
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