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1. Hydrochemistry of Jeju Groundwater

FH 1) HF x|stee| setei(R) E43 2R/
(Hydrochemical characteristics of Jeju Groundwater)

1) HIF XS4 S35 5S40 £5 U 48 #EY
(Hydrochemistry and quality status of Jeju GW)
2) MIFEE X84 W 7154 YEo| 2 54
(Occurrence of functional constituents in Jeju groundwater)
3) 2L H=MEo| £=3}5 E/4u}o| H|u (Bottled Water in Korea)
4) 8jjQ| H=ME0| 435t E/d1ie| H| I (Bottled water in abroad

countries)
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| 1. Hydrochemistry of Jeju Groundwater
= =1 A, AELEL E A H= o] AX S
1) HF X552 =3lct EMu 27 U +H o =t
(Hydrochemistry and quality status of Jeju GW)
- HFE X5t £EAUSY KR 54 (Yun et al., in prep.
2009~2010 Total (N=392)
Variables ' Unit Mean Std.Dev Maximum Median Minimum C.V (%)
pH = 7.7 0.5 8.8 7.7 6.3 7.0
EC us/cm 139.0 3.8 965.0 117.0 8.6 67.5
DS ma/L 138.7 69.0 691.1 123.0 64.0 49.8
ca ma/L 7.0 4.4 55.0 6.0 2.0 62.1
Ma ma/L 5.5 4.3 33.8 4.5 1.4 76.3 i
Na ma/L 11.5 9.1 83.1 9.0 4.2 79.0
K ma/L 3.5 3.0 428 2.8 0.9 84.4
i sio2 ma/L 32.0 46 51.8 s2.1 1.8 14.4
F mo/L 0.1 0.1 0.6 0.1 0.0 49.4
al ma/L 11.0 8.7 85.3 8.1 4.0 79.7
NO3 ma/L 10.3 17.7 250.2 5.1 0.1 172.5
e S04 ma/L 3.4 3.1 23.2 2.4 0.6 88.6
o HoOs  mol 53.9 41.1 460.3 45.0 20.0 76.2
- - 3 ""':\.1.;5;}';:!9-1"‘-"" B %L £ Fids >
‘:1{‘ ¥ s e
N p b1 = [ =i gm]
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| 1. Hydrochemistry of Jeju Groundwater

<04 E Holet M HXIY 213t50] %‘-*g-.-(ﬂol) 24 EIJ} (a) aotaxllf‘é
(b) ﬂolﬁ_r.>

494 208 H9sE £ V1N TR0 EFE (92 of 69%)
L - FEMEIPCHR QR Yo R, FTHE2(PC)E XU HU(E-LAM B3z
T Q, JéﬂiEl .
(Yun et al., in prep)) = i P % R e '
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| 1. Hydrochemistry of Jeju Groundwater
4 ¢ typei
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140 m type3
..3 120 +
@ 100 b
(m]
(]
oot
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55
60
0
i Type 1 Type 2 Type 3
. (N=82)  (N=229)
e W <R ﬁxrfa o5l ASH B
- Type 1: & 20i| oo g3e We A|ESE 2 Na AP‘”EI"| %ﬂﬁ =& E’é‘°|
ﬂ%‘il" s
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| 1. Hydrochemistry of Jeju Groundwater

e ftype1

| <HIF HX|Y X[t £315 1 U EE

| E HOZE HS2E £M ZD> ]

L - 98 13} 3: XIAEQ S-MurSo| Y

2 uh= X3k (HEA)

* 98 12 AFEAM R8|4H20] X|bj

* 98 32 ARo LM B, K

S-otM B2 MEJF MIjMoR Ua. L

- -9 2 olgHel o Y LEH)E x| |
N SRR R0 QM £Z (227 )

(Yunetal,inprep) == .

1. Hydrochemistry of Jeju Groundwater

2) HIFE XI5t Y 7|58 =22 2x &8
(Occurrence of functional constituents in Jeju groundwater)

3 3 . 4ol SChn Y Y.

.Em- Ew - HI""I"E‘% I'“‘,IE%IE'I LHOH -ﬁxll &
&k | B 8 Eo|, B0 B 5
- S g = Q=3 =H R ECc '

3 3 HOgT 9S.

ST HE|71e} HiLtE2| & H[W

Si0, (ppm) ' V {ppb)
Min Max Median Min Max Median

22| ¥l 6.2 26.53 10.95 29| Hels <0.02 13 0.113

2 " 0.47 30.33 7.07 : 2 "YU 0.41 5.51 0.71
HE MY x| 54 31.53 39.85 31.62 HFE =Y x| 0.01 0.04 0.01
BM XY X8 32.87 38.69 33.77 BM XY XI5t N.A
DA K|S X|E}% 35.03 43.7 33.98 oM XY X|sk 7.01 [ 28.78 | 12,22
HF=HE (M) AUF 28.52 W RIFHE ) I 8.14 '
< i ot - 8= Mashs 3Ho| gast ||

of Ztgsto] o] WS =3
SEE 28 sfo] adet o
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1. Hydrochemistry of Jeju Groundwater
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\ 1. Hydrochemistry of Jeju Groundwater
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1. Hydrochemistry of jJeju Groundwater

3) I HEME S35 S4T0| BT
(Hydrochemlstry of bottled water in Korea)

K | Na| ca| Mg |sio,| ca |so,]

1.01| 7.35 17.36| 3.55| 18.41| 4.10| 10.05

 [Maximum 2.91| 21.10| 43.40] 15.00] 45.50| 15.10| 42.50
. ~{Minimum 0.07] 163 315 0.38] 209 1.06] 0.8
T T S = T e <

i

EC E=
F |NOs[HCO;| Al | TDS |(us/c| pH |
. m)
1 0.36/0.87] 77.42| 0.00| 114.8] 151.47.35
1.91[4.33[ 207.4| 0.10] 221.0 314.0[8.17|
0.00[0. oo 2a. 4] 0.00] 35.0] 43.96.08}5%
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83 0| X3 Hon, [jFE
Ca-HCO, 88
. - HFHE (M) SEYEHSE
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[102  1.CaHCOs type

2. Ca-HCO3(CI) type
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4. Na-HCOa type

& Bottled mineral water
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1. Hydrochemistry of Jeju Groundwater

€ Major ions € Minor and trace elements
J :
| (N=39) 104 4 (N=39)
100.00-
% 102 A
= 10.00 2
24 8
5 +E 10
By 58
'O 0107 & 102
g ]
. 107

“Ca Mg Na K[S0]c SO« NOs HG%
X d “ e T sy

e <L By FEE 0|2 A Oj-AL =Y (Y

- #e H2 HFAE RO XY

g  AFE (NS Soe 88 2%
3l R i " - 0| 2: Lower Ca & Higher Kand Si |
“f, . % - 80|2:Lower SO, & NO, (MFY) [
- O|=F21 A Higher V, Rb &Br L
i o . (Munetal, in prep.) [

1. Hydrochemistry of Jeju Groundwater

4) o] H=M=2| w2t 581t2] Hlu
(Hydrochemistry of bottled water in abroad countries)

1Ca My) 504
(Ca, Mg} Crz

Types, qualities, and gediffﬁic
settings of European bottled mineral
waters %4 o

{Na K13 504

Stule. wndulone, (reywacke, quariide,
2 = whal, gneiss
L 7 EZ M+ CuS50.sMSOL (magmane 1och) e
T
S E L i el e 1oek]
S IASQIATIE FOCN wiucsssiei sivesssnssinssnsmenmsirinsssnisss
m Behusl, quariiie. graniewnasions |+FeSz)...

Fipure 2.12. A Piper plot of European bottled mineral waters and their relation 1o the rock type from
which the water has been extracted (modified from Zuurdeeg and Van der Weiden, 1985).
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1. Hydrochemistry of Jeju Groundwater

& Major ions in BMWs of Korea 4 Major ions of BMWs of UK

(N=39) o -
100.00; 100,00 ;_ _g_ E .
Sy g- 1 ‘. C
= o
o ml BB
E = - 3‘ -~ : £
1,00 g 1.00 - - = I
- 0.10+ ¥ 0.10 -
. Data from Smedley (2010) 5
| a1 T T T T T T T T
= é?. I\igNla l:( Silc:le CI:I 564 NE‘):HGO@F _ _s ; Ca Mg Na K __Ct HCO3 S04 NO3-N SI

ZU HelsE g3 US4 FAE
=M Ho{FLt, TDSE} alkalinity=
A Tk

Piper plot of bottled mmeral ‘waters
_ of the Bn 'sh Isles (Smedley, 201 0)

%

(Yun et al., m ptep) Uﬂ—aulﬁ'—lm

Concentration (pg/L)

‘ 1. Hydrochemistry of Jeju Groundwater

© Trace elements in BMWs of UK

| _ _ 8
1000.000 5 . ~ ?
. 128 .- =
=!= - 51 8 - :
i L 8 = o — ¥
100004 & —: i 1 : 4 § ig°
Petl s § e~ B8 §
E T ' § IO lg
RN
L I RN
i g2 B 0 TR
0.001- E S
A ¥ i ! i
T]‘lll[lili]llllll‘[]ll
TEOZE3CB3“RIEBZRHH2TTR

F HE{(MCh)2l HiLbE S (EE 8 ppm)2

%'ﬂ' ”?:l-roll Hlﬁl of < =Ct.
“‘(Vun'et al,, in prep.)
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2. Pyosﬁn Groundwater

FH 2) EM{Y X|t2| e (sE) Sdat Beldet
(Hydrochemical characteristics of Groundwater in the Pyosun
Watershed and the implications for sustainable groundwater

management)
oy S PR S
2

East

Sea
5 s L £ Elevation
e : ; ot = 1285m |-
? : ‘FZIS'E J'L 13III"E

A4 (b) Pyosun
Jeju Island :J> Watershed

© Groundwater sampling
B Soil water sampling - .
© Samdasoo company(Korea bottled water)
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Geology

S Forest

Grassland [ Trachybasalt
Bl Vegelable field [ Basalt ) _
B8 Orchard [ Cinder cone(basaltic scoria)
BEE Residental area ~ Trachyte
B others

|
A Soil series
P [ Pyungdae
: Bl Jeju

R Nogsan GW level (m.a.sl.)
?“i o [ Noro 7

. 74 B ido 0 5 10 Km —— Wet season

& F0 Others ol ------ Dry season
jui™ éﬁ;‘!“ Faw - = | _'k'!'g‘ . 4 X 5
- q‘:- o g,

E
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2. Pyosun Groundwater

1) General hydrochemistry: water type

- The groundwater shows a cluster of the Na+Mg(Ca)-HCO, type. However, there is
. a trend of the progressive increase of Cl and NO;, due to larger degrees of
- anthropogenic contamination toward downstream sites.
- Soil water samples are different in chemistry from groundwater. Upstream samples
- are characteristically SO,-rich, while downstream samples are rich in Cl and NO,.
_ Therefore, observed changes of water chemistry are _ g
generally ccuncldent W|th land use patterns. (Yun et al,, in prep.)

Groundwaler (G.W)
e March 2008
® Seplember 2009
Soil waler (S.W)
4 Upgradient
4 Downgradient

2. Pyosun Groundwater

(o) pH B {b) TS (mgiL) @Na (o) — ) 2) spatial change of

_ ¥ (160 . 17| 1%
] e ¥ iy | 3 # ;__iﬁgﬁx it ﬁﬁ GW quality
ot wmp Iple sf 8 §1 1) Soil waters show the
= o ; . remarkable increases of
- ' « H - TDS, NO,, Cl, SO, K, Ca
T L R of {"""‘""“ é‘ and Na at downstream
Wi : %{l Héﬁ sf i E‘% . sites, due to the influences
3“ LTV i;?ﬁé; af H,;“ 1 f a from agrochemicals and
AN i 2 ¢ ¢ domestic sewage.
:'L: e - mmm 1: e ! 2) Groundwater also show
o i 3 33 ; al {;{ of the similar trends. In
_g_w if% kil """"i %{ s . particular, increases of
i” st "t E+1  NOjand Clare
» ! ! Hﬂ”‘ﬁﬁﬁ ~ remarkable at the sites
— pem—— ‘o0 % m w o with elevations below

+ about 150 m are distinct.

1 3) Compared with soil waters,

Leged ' groundwater is very high in
L LI Rl iyt sl pH, SiO,, HCO,, Ca and
N N N 'wmﬁmfg” w o Mg, due to wir interaction.

PN vk .-'r'."liq %ﬁp) & %“Eﬂ";i%l

26 Hem i
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2. Pyosun Groundwater

3) Relationships between TDS and ions: Es_timation'o_f
hydrogeochemical processes (Yun et al., in-prep.)

7% [arna gmaony o P2 ek mecny **[ 1o ca meaty ** | 1) Overall, there is a general
os e i .‘"i‘n : i i increase of the concentrations of
o _ﬁf‘ 015 s 03 j}ﬁp solutes with increasing TDS,
' y -g’i' 0.10 :.lu o feap ‘o except for K, SO,, NO; and CI.
02 ,;;;s‘.;?e -l * .,s.,-si;is. 01 :;‘9‘?‘:_" 2) S0, is higher in soil water (esp. at
. i = an upstream site) than in
o0 0a 00
e — g groundwater, suggesting its
8 g | 1O M imeal) gn® | o6 (o) S0z fmag/L] %- - - preferential removal (by sorption)
Vi # e s " @':. during infiltration through soils.
Loa e 04 o & o" :—#; ® | 3) Kis very high in soil water
§ 02 .l . e “ samples from a downstream site,
g A _:pz;‘ 2 Lok a suggesting its enrichment by
foir &Fad o1} ghedg O e, dissolving agrochemicals.
- o0 N 4) NO, and Cl are highest in soil
o L CE ] TY B ol e LR O water samples from a
ozl @ . a3 L;:. . in . downstream site. Similarly, their
LS EA )
& ’T.ii . 025 & T 04 H‘ ., enrichments in downstream
o Lok | ) 015 s L e é_,A_. g groundwater samples indicate
‘IID'O‘ T L * - 02 .,5;‘9*3 _,,..c_-ﬁé! anthropogenic contamination.
- ] PO U oul 5) More enrichments of most
o 40 @ @ w0 w80 @ w0 & ¢ @ @ m  w solutes such as Na, K, Ca, Mg,
| Tos (mal) TS tnall) DS (mgl) Si0, and HCO, indicate their
Legend origin from wi/r interaction. Thus,
S R o D S, RSIEmER Kis clearly of both natural and
R — 2 A A% anthropogenic origin.

2. Pyosun Groundwater

4) Factor analysis: estimation of main'hydrochemical processes

10 15
HCQOs3 : )
08} ® ) ® G.W (Downgradient)
/ #Si02 10[ ™
06 | i Ga
Water-rgck 7 eIDS 5 -
N 04f interactipn; ¢ .Mg 7 @
g Lt T eEC t) @
& 02 PH | o sthropbgenic 0.0 0
o o A contaminationg Na W (Upgradient)  Anthropogenic |
i 0.0 ' Lo - SRR .05 | A contamination 3
NOs . A
-0.2 L ~Br
a4 Ay .
F S04 10 vy
04T TO.C S.W (Downgradient)
'u‘s 1 1 L 1 L 1 _'1_5 1 L L L I'
04 02 00 02 04 06 08 10 12 04 -03 -02 -01 00 01 02 03 0O

B 'Factor_1 L

= Factor 1 : Discriminating between natural versus anthropogenic effects;
In particular, Na, Cl and SO, are of typically anthropogenic origin.
= Factor 2 : Discriminating the group controlled dominantly by water-rock
interaction; Especially, HCO, and SiO, are of typically natural origin;
# The other solutes are of both natural and anthropogenic origin with variable contribution.
# The estimated two factors nicely classify the samples according to main

hydrogeochemical processes. ) e
Sk i g . (Yun.et al..in prep.) g =iiTlal

ch:tor1 o
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2. Pyosun Groundwater

5) Quantitative estimation of rock-silicates weathering

25 45
A * Uncontaminated G.W (a) ] A (b)
A a Uncontaminated S.W 4.0 A
20f Average value a5} )
o) 3‘0.
e " Q
ZRT I Q "
= 2.5}
c A = ke =
S A < n
® H.H 8 20f -
410 Iy § el wohy "
‘{“ = [ ] "—. ity 0
. ° 10 ® Cige.
St - o | Rainwater o A
" lg—:i'é 0.5} :
: b | Rainwater . . , , 0.0 L 1 1 1 1 i
o 0.0 0.1 02 03 0.0 04 0.8
Si (meaq/L) HCO3 (meq:‘L)

The generation of most solutes, as well as the enrlchments of HCO; and dissolved silica in
groundwater, can be successfully explained by water-rock interaction as follow:
Primary (Na, Ca, Mg) silicates + H,CO; —
Secondary smcates (clays) + ions (Na Ca, Mg) + HCO,+ H4SI04
N [V =T}
&

KOREA UNIVERSITY

CYun et al., in pr‘ep)

| 2. Pyosun Groundwater

Calculated mass transfer to generate the observed GW chemistry
Wet precipitation - groundwater

Phases Chemical formula

(mmol)
Forsterite 0.076 Mg2si04
Albite 0.164 NaAlSi308
Anorthite 0.120 e CaAl25i208
K-feldspar 0.054 KAISi308
Halite 0.140 MNacCl
Kaolinite -0.229. AIZSIZDS[OH)4

5 \par.lﬁve wvalues |ndn:am d ssolution and negatlve va!ues predpilaﬁnn

Primary (Na, Ca, Mg) si fcates + H,C0y — Secondary silie ; (Na, Ca, Mg) + HCO;+ H,Si0o,
Assumlng the fomaﬂon of kaohm‘te asa secondary minel

0 1&4Na‘§j5i369 + 02453].1;0 + 0184005 | = 158H04(OH).. + _0.164Na  + 0.3278i05| + 0 164HE0s.
« Anorthite compasition ' : R Al g
0120CaASOn: + 035060+ 02C0L = 020 AZSHOs (oFys B oanca e nzscho,

— 0.054KAISI0p  + 00812H,0, ¥  0.054C0;.

VR 002? AI2S|205(CIH}4 + D.U§4K-

\;-,;

i 0i305c0;

Ca o

0.152" 0. 514
w

0.120 6.054

@' ST

KOREA UNIVERSITY
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soil water

6) Assessment of background (natural) levels of nltrate

The cumulatlve probablhty qurves for mtrate concegtratjnns m groundwater and

-To estlmate the nitrate Ievels as a guidelme for GW quality management

T

A)

2. Pyosun Groundwater

B @ Groundwater
@ Soil water
2 | Downdradient 4 | 4k
{contaminated)
area ..
<— |Infleclion points
o 3
&5 = i | o gt = = :
B - 1t {kon et at, 2000) \ °F lnflectlon pomt is
= _ e Z. about 2. 5 mg/L NO
= - 1t —> .m. 1 3' &;«', 2 e
5 ® o ?:y .
Upgradient Group = 'w i
& Gamt il | | 1L i ”'%: Natural bai kgr ﬁ%ﬁ
i Soil water Groundwater L L F'robablhly (%] 5 :-
B 0,9@5_0.99 0.85 0,75_ 05 025 005 001 00053 \’
% ' _ (Yuri et al,, in prep) @ -}}EEH‘E;ZE
2. Pyosun Groundwater
7) ldentification of nitrate sources
30
(N=43)
wl Synthetic fertilizer
0
20 ; T
Micrgbial nitrification
180} = 10~
15} l(& 0 = -10~10 %)
£
= O
L w
N - Soil organic
: 51 matter
i -0 i ; i
i d 10 5 0 5
Jé"";::.

§ N (%)

(Yun et al in prep) @ Eﬂfy:&.ﬂ
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8) Estlmatlon of contamma‘tlon susceptlblhty= |

_L.- |

| 2. Pyosun Groundwater
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(a)

(b}

9) Hydrogeochemlcal evolutlon & recharge-dlscharge

1 dl2{CHStal
-

P : = | 2. Pyosun Groundwater

characteristics of groundwater (monitoring using Iyslmeters

Site Vegetation  Soil Sample depth{cm)

A AUz Lhxjcl =28 20, 40, 60, 80, 100, 120, 140, 160

B. HFE7LT Al HYUTCIY Hoys 18, 30, 45, 60, 75, 90, 105, 120

Jeju Island
20  40Km

.\
:cumhls\’.l 1
; uwwtﬂaa By 1'31
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i o n—zmz 2]

{ Pyosun Watarshed
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2. Pyosun Groundwater
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A2 O K£UXE]  AHE (cm)  [MAESHA[SAESHA]
[ A (12.1.16) 0-20 642 i 2. Pyasun Groundwater
: 20-40 -5.92 -325
., e T—a2%— Monitoring of O and H isotopes of
80~100 -6.44 415 diverse water samples
100-120 -6.03 -37.9
120-140 -6.03 402 | _— . ;
140~160 -6.50 433 | Preliminary interpretation
S &2 0~20 -6.65 -29.5 |
20-40 -5.73 -29.9 .
20~60 5,70 37,0 1) Groundwater of Samdasoo is
aﬁn"fo% -g-:g -:g-: . significantly lower in O and H
b2 5.05 392 |  Iisotope compositions, compared
: 120-140 -6.47 -401 | with soil water and rainwater.
B TCART BN L =i This may indicate that
30~45 -6.16 -32.3 undwater recharge occurs
ré groundwat harg
e . e mainly at higher altitude areas
JE=ap ~6.54 401 | thatare far away from the study |
Tt 90~105 -6.58 -37.5 4 area.
(12.1.1) 0~15 -6.41 -24.0 ! ¥
—= 30-45 6.01 306 | 2) This reflects that Samdasoo
: water is still devoid of
contamination. However,

L
extension of agricultural fields to ||
the upstream areas should be
carefully controlled.
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2. Pyosun Groundwater

9) Summary and suggestions

1) Soil water and groundwater in the Pyosun area, Jeju, were collected and
examined to elucidate both the origin of solutes and hydrogeochemical
processes controlling the water quality in a trachybasaltic volcanic terrain with
steep slopes and variable land use pattern.

2) The hydrochemistry data showed a distinct land use (and land cover in relation
to topography) control. _
- There was an obvious trend of progressive and remarkable increases of Cl
and NO, toward downstream sites, due to larger degrees of anthropogenic
contamination (esp., from agrochemicals and domestic sewages).

3) The PCA analysis showed an excellent grouping of both hydrochemical
parameters and samples. PC1 represents the effect of anthropogenic pollution
and is characteristic in groundwater and soil water samples collected at
downstream sites, whereas PC2 records the effect of a natural process (i.e.,
WIR interaction) which is distinct in groundwater.

B o Ea KOREA UNIVERSITY

~ T
e

rw,m._—_‘_-_-,.:,.._....,..,. Pe—
i

| 2. Pyosun Groundwater

4) To estimate the relative contribution of some solutes (esp., SiO,, HCO;, Na, K,
Ca and Mg) in groundwater, a mass balance inverse modeling was performed.
The results show major roles of water-rock interaction, especially for SiO, and
HCO,. However, K and Na ions are partly of anthropogenic origin. Calcium and
Mg ions are mostly of natural origin with minor contribution from
agrochemicals.

5) The threshold (background) value of nitrate in groundwater was estimated to
be about 2.5 mg/L NO,. This value can be used as a groundwater quality
guideline to be effectively used to estimate the degree of groundwater
contamination.

6) This study implies that strategic groundwater management is needed in the
Pyosun Watershed. In particular, agricultural activities should be better
managed, focussing on better management of fertilization.

AR R [T
[ \ : f 3 KOREA UNIVERSITY
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3. Suggestion
M= X[ot5=2| X|£7ts¢ #el A 0|88 flT M

1) IAAF NN S AHEE 54 X% U U X 2
(Marketing on the Excellency of Jeju Water)

. 2) XY AN - et E4A 715E, 871 &
(Continued R&D)

O 3) ;e XpR0| Z|uS &M K|SHg SR CfA 0p W A _
(Management of groundwater quantity and quality to e
sustainably exploit groundwater)
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Effect of Jeju Ground Water on Antioxidant
Systems

Oxygen Superoxide anion
O2 ‘O
H:O:=OH ‘OrH
Hydrogen Peroxide Hydroxyl radical Hydroxyl ion
H,0,5 - OH OH~
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Oxidative Stress
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Antioxidants

A 22H

1. Superoxide Dismutase @ O,” + O, — 2H + H,0,
2. Catalase 2H,0, — 2H,0 + O,
3. Glutathionine Peroxidase H,0, + 2GSH —» GSSG + 2H,0

4. Glutathionine Reductase GSSG + NADPH + H* -» 2GSH + NADP*
5. Reduced Glutathione (GSH)

6. Heme Oxygenase (HO-1) Heme — Bilirubin + CO + Fe?*

B. HHE A3 (ROS scavenging)

Vitamin C, E, Uric acid, Bilirubin etc.

Jeju Ground Water

HFESe 7txet 229 BHEYR 39
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Cell Culture

Human hepatocyte-derived cell line

Chang iver cols

Media : RPMI -1640 with 10% FBS
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Vanadium ion
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Superoxide dismutase activity
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Figure 5. Effect of VOSO, on SOD
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Conclusion -l

Biol Trace Elem Res
DOI 10.1007/512011-011-9277-5

Jeju Ground Water Containing Vanadium Enhances
Antioxidant Systems in Human Liver Cells

Areum Daseul Kim - Rui Zhang - Kyoung Ah Kang -
Ho Jin You - Kyung Goo Kang - Jin Won Hyun

(2012 in press)
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Defense System

1. Superoxide Dismutase (SOD)
02‘_+ 02._+2H+ ——— H202'

2. Catalase (CAT)
2H202 prt— 2H20 + 02

3. Glutathione Peroxidase (GPx)
H,0O, + 2GSH — GS-GS +2H,0
L-OOH +2GSH —— GS-GS + L-OH + H,0

4. Reduced Glutathione (GSH)

5. Heme Oxygenase (HO-1)
Heme —— Bilirubin + CO + Fe?*

Glutathione (GSH)

@ Glutamate-Cystein-Glycine
¢ Major endogenous antioxidant

¢ Regulation of the nitric oxide cycle

SH . o o 0
o Glutathione IH* E\)k
B " reductase / HO 5/|\g/
NHz = CR) Ny T

i Glutathi ~ % ]
H utatnione
Haj\.‘/\j\n/%\ijﬂ peroxidase\ HOJ\(\)I\H/I\H/ "\J\ou
Nk (GPx) 2H* N,

GSH (reduced form) GSSG (oxidized form)

Cystein Glycine
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GéH -\ / I-EDZ
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VAN
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Figure 1. Jeju ground water increases cellular GSH level
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Figure 2. Vanadyl sulfate increases cellular GSH level and
induces GCLC expression
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Link to
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Modified from National Geographic

“Adipocyte Differentiation”

Increased Adipose Cell Number
Increased Adipose Cell Size
Increased Lipid Metabolism

“Metabolic Disorders”

« Hyperlipidemia

« Hypercholesterolemia

* Hypertension

« Cardiovascular Diseases

» Cancer (Breast and Colon efc)

« Type |l Diabetes & Insulin Resis.
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Cholesterol is preduced by the liver and
we consume it from meat and dairy products
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2. XYMZE 37|57t - 20| ofo|2|A
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Qil Red O staining (MU &)

- differentiation for 2 weeks (48 well)
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Oil Red O staining (14 &)
- differentiation for 2 weeks (48 well)
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Qil Red O staining (11Hi S
- differentiation for 2 weeks (48 well)
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Qil Red O staining (DU &)

- differentiation for 2 weeks (48 well)

14

Abs (500nm)
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Oil Red O staining - Measurement OD at 500nm
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AP- 1 (fos, c-jun, etc.)

O

Adipocyte

Mature
adipocyte

Preadipocyte ——— SHH —* Preosteoblast
— Wnt-p-catenin =
C/EBPa| < pPARy—— | SPT

Prechondrocyte  Chondrocyte

7
S0X8
SOX5
SOX6
RUNX2

Osteablast

Mature
osteoblast

HFEE29] 7tAjgt 28Y BAER 67



C/EBPa

12 ¢

VNYW Jo uoissaidxe aane|ay

festival

&8




e
oes |

HI=HE S &

S0|AHIE W & HET} ﬁtm_ ..
festival

Characteristics Molecular Events
?
Plu ntial /
Twist
Scleraxis
Cther 7
Multipotential Mesenchymal Precursor
© Chondroblast
© Ostecblast
© Myoblast
Pref-1
/ P ECM Alterations
Determined Preadipocyte
© Growth Arrest
© Post-confluent Mitoses and
© Clonal Expansion Y — C/EBPB
) a
Commitled P PPARy Cytoskeletal
Remodeling
= C/EBPa
GBI’!EE! "
Lipogenic
Te al Differentiation Em
— e 1
Pacioree
Othe
Mature Adipocyte '
aP2+/+ macrophage aP2-/- macrophage
Inflammatory stimuli Inflammatory stimuli
|
|nf|ammatory function Anﬁ-inilammatory function
Accelerated cholesterol trafficking

AFESe) 7HHg 22 BASY 69




.,

fe?Fival'

aP2

" 4
ik

<
-

e « <
o o o

VNYW jo uoissaidxa sAle|oy

02 |

festival




AFSSIElS] & SOIAHIE X & HeaT Ne= -
festival

AN T R AR AL S P R

=

¢'o) Terichipoprotein

LS M

Adipocyle

NEFA —» AcylCoA —» TG

oD%
NEFA

[ Fae |
e

Glycerol _pm—h g
- | EEPO)

PPARy target genes and adipocyte metabolism
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51 s2 S3 SS(METER) ofuj e | Xo| ofojAj~

2010.10.5 4225 42.25 42 425 42 41.75
2010.10.12 4375 43,5 435 44.75 44.75 44.25
2010.10.19 45.25 45 44.75 47.75 47.25 46.25
2010.10.26 46.75 46.75 46 50.25 49.75 48.5

2010.11.2 48.5 47.5 47.75 52.75 515 50.75

2010.11.9 50.25 48.75 49.75 53.75 53.25 52.5
2010.11.16 5175 50 51 55.25 54.5 53.75
2010.11.23 52.75 51.25 52.25 56.5 55.5 55
2010.11.30 53.75 52 53.25 57.75 56.5 56
2010.12.07 54.75 53 54.25 59 57.5 57
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Mn (zg/L)
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&2
H ==
“
£ maf 2 CH = 2+
0.2 um ZE0{ 2} + + +
pH 7.4 7.7 8.2
olEtst M EC (us/cm) 130.1 74.4 105.5
Z I (mg/L) 40.5 17.5 23.1
F (mg/L) 0.1 0 0.1
so|2 Cl (mg/L) 12.4 6 5:3
s NO3 (mo/L) 9.7 15 1.2
S04 (mg/L) 8.6 1.7 1.8
Ca (mg/L) 11.6 34 2.7
K (mg/L) 2.4 2.1 4.2
=L o|y & Mg (mg/L) 25 2.6 35
Na (mg/L) 6.3 5.9 9.7
Si02 (mo/L) 8 272 27.4
V (ug/L) 15 75 19.4
Al (uzo/L) 24.3 23 6.7
B (xg/L) 8.2 5.2 7.6
o| el Fe (ualL) 64.2 15 17.3
Cr (ug/L) 0.3 0.2 0.3
Zn (ug/L) 12.7 0.5 8.3
1.7 0.1 0
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SEEREREES

AAMZ (1-B) 80%, 72l +F 0.05

ofgd T (28 Y EXio| M HFX A virtg 27 X5k
o EelM &1}

« CHSIEAM A 7% 0| 2ke| H]| 8: CH =T 50%, M FHE T 74.1%
- EEE 23.5%

HAFZ Al
—_

« ne=nt=((ZaV(2X WYX (1-W))+(ZBV(Pc(1-Pc)+Pt(1-Pt))))/(Pt-
Pc)2
v ((1.96V(2%0.62%(1-0.62))+(0.842V(0.5(1-0.5)+0.741(1-
0.741))))/(0.741-0.5)2=62.6
2t 22 77.39, & 2328 I
. O AEF2HE 23.5%E ZotstH n=62.6+(62.6%0.235)=77.3
« N=77.3+(2X77.3)=232
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NP 32 )

Mg o SelMHS (2339)

Hel 36 F)
- 52135 23 %)
- HE-F2AZ1E 14 F)

SFI2{uig (196 )
ITT (intention-to-treat) &4

I
[ — ]

ss (67 ) 51 (66 ) 52 (63 %)
scwe (7 9) =8 (10 3) SELE 7 W)
- $38 (1 9) || [eH8e9 | semsaw H
- ML EAH 2 W) - SolEs (39) 54l 5 %)
- EE AN @) | 752469

2e (60 ) 2E (56 ) oE (56 F)

PP (Per-protocol) 2 |_ PP (Per-protocol) 2 |_ PP (Per-protocol) £
4 (53 ) o (46 %) o (47 =)
ey JEIU NATIONAL UNIVERSITY HOSPITAL

RfjZECq et REE

.4l O L

*ANOVA or Chi-square test
JEJU NATIONA

" f“w'-b\‘k
Bl

3 = 2)H 5 "J (ITT -‘5‘-‘1?)
olﬂ -
A (/) 55112 421_2__4_ 46!17 o_.057
L}o] (year-old) 58.141.2 58.9+1.1 59.741.0 | 0574
%= X4 (kg/om?) 26.0+0.4 26.0:04 258105 0898
32| E2] (cm) 190.5+0.8 89.5:0.9 904411  0.702
|2|-25o| b 0.95:0.01 0.94+0.01 0.95+0.01 0.227
+20l% (mmHe) 141289 1403i21 | f4zes23 | o7
ol ekr| g et (mmHg) 82. 311 75 84.6+1.3 83.9:1.4 0454
fsﬂﬁéﬂ’* ) 42014 7.43t0 7261012 0575
S FH7|ZH (years) 9.5+0.9 8.1+1.0 8.0+0.8 0.418
EA (%) 224 1885 288 0709
DE (%) 50.7 48.5 50.0 0.965
?J_xngﬁ (%) 49.3 51.5 46.8 0.866
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Percentage of patients
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Weeks

* No siginificance (Logistic regression analysis).
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* Logistic regression analysis.
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7.4 1
" —@— SS

7.3 1 —— S1
—fi— S2

7.2 A

HbA1c (%)

i

6.9

Weeks

+ P<0.05 vs SS (Linear regression analysis).
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Fructosamined ¥3 (ITT %3Y)

320 -|
315

310 -

305 - @ SS

—i— S2

300 -

295 -

290 -

Fructosamine (g mol/L)

285

280

Weeks

+ P<0.05 vs SS (Linear regression analysis).
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M= XIol0] By 8s X
1 HAHUS
| (Immune activation of Jeju water and Its possible mechanism)

College of Veterinary Medicine

Youngheun Jee
Jeju National University

Lab of Neuroimmunology

EHIHR

o HIIRAMOIEY
e Six10] ERY

ME

o SiF1 JIY XSSH

o Ho)|SOHl X WYAEYA
Sard =8 2 T

o Eil
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Properties of Inmune response

{ Immune
System

1
{ =
2
=
3
3
=
=
i
=
o
]
/’
=
o
=1
2
=)
)

gzt M2, Hiolgi=

Lab of Neuroimmunology

Immune System: Magic doctor

e e e e e Ere S A |

WH 2o =T - HAH

THE
IMMUNE SYSTEM: (eabk T
YOUR MAGIC &
Ato| 274! 5
{eytokine : JL-2, o © e
IL-4, IFN-y &) <

HYgHY

(humoral immunity)

@

S 4] (antibody : }’_,
1gM, IgG, IgGl, “y
1G2a &) J};(

College of Veterinary Medicine

Yoshimura A et al., Nat Rev Immunol, 2007
Waldmann Herman et al., Science, 2004
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Overview of Inmune response

Antigen

College of Veterinary Medicine

inm e e

Cell-Mediated Immunity Humoral Immunity

Intra cellular pathogens NKcell
Bacteria \g/ - '-:?" \J

presentation Monocytes

\ni: s S i
IL12,1FN-a, : J’
@ —}1 e 4:.—[1'-4 ("r & Antigen
Ty | presentation
APC
Macrophage activation Autocrine
Autocrine ; -4 @
@ L2 ‘[ Inhibition IL3,

'\ @w" Inhibition
IeG 1PN, 1L- B cell \,\\
ducti = 1L-4,
production L2 ) A

R = IL-3, I1-6 IL-3, IL-6

(Delayed Type Hypersensitivity)

Extra cellular organisms

Allergens
Helminthis

l ()

Eosinophil IgG 1

14, 110 X
IFN-y P C L’:,f;i‘” ié /3?1'

TGF-a, GM-CSF TGF-a, GM-CSF
DTH

Hamid R et al., Kidney Int, 2002

College of - Veterinary Medicine
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Immune system got you down?

© Original Anist
Reprodudion rights obtainsble from
www CartoonStock.com

“ACCORPING TO AlL. OUR. TESTS ,YOUR_
IMMUNE SYSTEM IS'OUT TO LUNCH?

AFge) 7Hig 229 Bdcy 101
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Immune B

oosting foods to the rescue

Lab of Neuroimmunology

College of Veterinary Medicine

Brain consists of
90% waler
\

Reguiales
body
temperature
= \
2 Blood
2 consists \
=  83% water
g Detoxifies
2
= Bone consisis
i;[ ‘of 22% water
% Protecis and
moisturizes our
joints

A i L

Lab of Neuroimmunology

Functions of Water in The Body

Transports nutrients
and oxygen into
cells

Moistunzes the air
in our lungs

Helps with our
metabolism

Prolecs our organs

Helps our organs to
absorb nutrients

better

Muscle consists of
75% water

The human body is anywhere from 55% to 78% water depending on
body size. It is the main component of human body.
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dd@Ed A Akl (1)

e Xanthine oxidaseJt gt ﬁlélt?*i °IE* DONA E”Dil &‘QE!#:H
OiXl= =it 3 [Biochem Bioph Res Co, 19971
g oliMOL =42 OI0 REE HAUMAZ 1D DNA &40 SEFIL
4 OlXl= 273 s A3 [Appl Biochem Biotech, 20061
oS EHULIEE [HC03-101 1 S E OIUIE YEHES 2822t S5A21
UMMM BE Es 55O AS I o] A4 ol =t HP
1] Nutr Heath Aging, 2004]
ety I ZENMLIERO 0| =2 OIUIE HES ST YT
IJIII'-' ST et 2443 [Bone, 20091

o e e B e e e T, T L L8 s 1 B L LT

o OIS HIOIEY S JICgY 0IRA R 0120 HILIE 28 89
FlArtH=0] RO IOl ES(UE SAHHES

eHiLIS 27 MO DAY T{0l 250 (HE YA
[Biomed Res Trace Elements, 17(1),11-16]

e HILIS Bt MO 2tHi-0] HETO 20 LS SEAIY
[OIAIOIS &, 22 9ketiel, SZoI8tHel,79th Annual Meeting of the
Japanese Pharmacological Society.2009]

College of Veterinary Medicine

Lab of Neuroimmunology

=0 et i@y A Al (2)

e ) Xanlnlne oxldaseJI D.am ’iré!*ME 9.'9_' I:IrIA ‘*é!ﬂil ‘étﬂﬂ#?l
-1y 8 OIXl= =1t 23 [Blochem Bioph Res Co, 19971
e S D OIRANM SAMAZ MM 240 22T OIXE
g 2131 [Cytotechnoloay, 2002]
o AT A Ol SEE SHAMALZ I ONA &40 2Tt
nlxl'= YT 3= A3 [Appl Biochem Biotech, 20061

L %%‘HEE ﬁOIOII %3’3 IJIJ:I._ Em ﬁ*“’l:ltal]ﬂ [HE* EQEJT_I
i § M =it 957 [Bio Pham Bull, 20061
8 o S0H TI=tSE0) oI2t MIE HAl0] oifig LT OIXIE BS
; o131 [Cytotechnology, 20051
e ATT} OIRA0] TS AHMIE SZ 0 B0l0 DiXl= 24H =t
E-’.’ ] Kur Sci Jung Sci, 2003]

do Streutuzotuclnﬂil J"* ﬂl’é‘lil[EIMIE_l IIIIIIE %EE Iﬂ 13 "a’hﬁ
8 == TWo| sg X ZE( 4P YL a5 A7 [Life Scl, 2006]

o AlOIH T} MEDIC) WATH= | 28 20| SSRUNM LA}
OlXl= 22 Xol, s3] 45 %2 97 [Bio Pham Bull, 20071

HEEe 7Hxjet 229 2UEY
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a-t e [T =

College of Veterinary Medicine

Lab of Neuroimmunology

ubAlM 24t (Radiation damageloll 2%t
HYJ|skol s& B8 4=

lonizing radiation

———
‘ \‘A

B =% B s )
A=A AR A Y FIER M= Y
PR B CRTE- T s ]

/’ ""
. . l e
ZH A F0 o

EHEE &4 HEE =4
(Direct effect) (Indirect effect)

College of Veterinary Medicine

BLASE SRR
=3¢ mmm«mm — 05

Pitapmien o
02:05 —
i U
| DNA £4 (DNA damage) | « HIZX} AL 2YALHE O] (Acute symptomes)
(Apoptosis) i
. S XY Hematopo:etlc syndrome .
ES:,;E:E:;) '3‘“ (Cancer), 7|§ (B:rth defects)

¥

o
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)5 SAHM0] QT MM &=
(Radiation damage of immune cells)

Radio sensitivity (RS) cell type

= Probability of a cell, tissue or organ of suffering an effect per unit of dose

;E Bergonie and Tribondeau (1906): “RS and Rate of Cell Division Law”

=8l RS will be greater if the cell:

El Is rapidly dividing, poorly differentiation & long mitotic period

3 Very high Sensitivity: ngh Sens:tn ity:
Primitive blood cells Mature red blood cells Gastric mucosa
Splenocytes Muscle cells Mucous membranes
Lymphocytes Ganglion cells Esophageal epithelium
Intestinal epithelium Mature connective Urinary bladder
Bone marrow cells tissues epithelium

Lab of Neuroimmunology

SARMO] It MR =400 IHE HYJIS KO0l ol
HIF=XI0l== 8E& OIXI=IP

Oxidative stress & Jeju water
y-ray radiation

& f.l.”

Free radicals

?
2

Immune cells

2 r:%g 46
S
Eﬁ:::;:;:n“" -‘2 & ‘ Clonal expansion

- “College of Veterinary Medicine

Immune activation
Cell activation '
Differentiation -

4
Proliferation ?
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mopJ|soH SETY (HMEQ y-ray) 715 X BIISH

1@

80Co y- rays

=

T Lok
B Rhat Ezr.

Long term

T
1

10, 80, 180 days

—

rSpIeenweight ” Cell proliferation assay ” FACs analysis ‘ l Comet assay _l

Cells_Agarase el
T

College of Veterinary Medicine

=l B Alkalioe cell lysis
o » i
Micrmcope slide

Illymldme wl.fl:tlmnhunsiu i“:‘—i;“d
ipti u
Blood T modified %

(B NA migration

Lab of Neurcimmunology

HIZ= X0l S5 HAJISXor 22 0l
HIZ S, SAMSls X YXEBGME 5459 Y

=]
e
=]
#*
=

3500

=
=1

2800 -

=
b
(=)

- Spleen weight (g)
b = <
g =)

e

22100 -

-9
Ora00 |

00 ¢

Intracellular ROS
production (%)
= B8 & & B8

College of Veterinary Medicine

™ ™ 51 S2 83 ™ TW 51 s2 83 ™ TW S1 s2 83
Non-IR IR Non-IR IR Non-IR IR
q £,
CWW“H, OH
cl ]
cl H el Sk
CooH I
—rs S 2, 7-dichlorodihydrofluorcecin
(DCF: Fluprecen 1)

Iulrnee!l lnrd um.lin Inrulenu

*p<0.05, **p<0.01 and ***p=<0.005
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Tail DNA (%}

15
10
: il
0
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M= XIok-3 258 HeISHoIZE Q20M
CIO] M| X DNA &2 2 MIZXIeAHapoptosis) i Xl &ilt

TW +4R

60

™

T™W TW 81 52 53

oml
nvement UI.I'I'I)
(=T - -
*
*
*
%
*
Tail length(pm)
= 8 &
*
*
*
Sub G1 populatioin (%)
o (=] £ o -]

TWTWS]SZSS T™W TW S1 52 83 TW TW §1 82 §3

Non- IR IR IR Non-IR IR Non-IR IR Non-1R IR

*p<0.05 and **p<0.01
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- HIZE X|ol-@ S5¢ HY)ISANSZE 0r2201M
SXEHYMEO] 5| HY}

Mouse [gG —>

College of Veterinary Medicine

— Mouse IgG > — CD8 —=>

80
oo £30
- =
= >g40 B>
25.4% 26.2% 27.5% + +10
. 220 2
o, O, U
ﬁ* i! TWTWS] sz s3 'erwmszsa
o el e [1‘3 Non-IR Non-IR
CD4
16.5 % s
g 5 60
;“H.;'é gzo i =é‘.ls L "
{ 215 | i
. ¥ = 230
1gG > 710 g
R 15
42.5% 114 % 14.3% 222% 76% | B S 2
5] 0 s 0 e
TW TW S1 S2 83 TW TW S1 52 §3
ﬁ Non-IR IR Non-IR IR
oW T E o W 3
CD45R/B220 il —
*p<0.05

HE2o) 71Xet 22Y BW@Cs} 107




22

32

= 5 80
=

sl @ 60
= =
£

: RS
s BB

= 20
= 0
(']

=L

i

Lab of Neuroimmunology

H= X058 240 e |SYHIZE 0220
cytokine 3! &Ml HAE Bi%}

8 30
. ' W
E E, 18
£ 2
[
| 3 )
= 2 6
0 i 0
™ TW ™ TW SI s2 53 ™ TW 81 5 83
Non-IR Non-IR Non-IR IR
*p<0.05

-
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Immune System Contributes to
the Pathophysiology of Depression

Stress

\/

Activation of Innate Inmune Response

- - 4 innate immune cytokines TiSS ue
Infection=> - : acute phase proteins Damage

-4 adhos!g}: ::o!ecules @ @ @

\/

Neurcendocrine Function
Monoamine Metabolism
Synaptic Plasticity
Regional Brain Activity

Depression

C. Tsigos et al.. J. Psychosomatic Res, 2002
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Immune Activation In Central and Peripheral
Immune System

—

Central immune system ;
Lymphoid Tissue|

Bone marrow and thymus ~
|
4 \\@' @

r

P I'eﬂt‘erd
T

1-Lmuum@ lvmpliocvle Lymphocyte @u—w

College of Veterinary Medicine

- - Aciivaled =P Memory cols
Peripheral immune system ; 1
Spleen, Lymph nodes, Tonsil etc. Cells (T-immunocytes) — Hg;rng cells “"""
= 2 (B-Immunocyles) &
@ @ @@ *™
Cell-Medialed Humoral
Immunity * o _ -y 12 Immunity }'-:;J
e o IL-4 IL-5 IL-17
Cytokine secretion Antibody production

Yoshimura A et al., Nat Rev Immunol, 2007
Waldmann Herman et al., Science, 2004

Lab of Neuroimmunology

Stress-induced Thymic Atrophy

DNA Damage
(Ionizing radiation)
Viral Infection
(HIV/AIDS)

Thymus

atrophy

Thymosuppressive agents

e.g. LIF, IL-6,0SM

Glucocorticoids ==

. e.g. KGF, hGH, TSLP, IL-7,
Cytokine == Leptin

(Inflammation)

College of Veterinary Medicine

Thymostimulatory agents

Chemotheraphy

Gruver and Sempowski, J leukocyte Biology, 2008
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AEY A0 Olet 2191715 X0l O
HIF=XI0l-= g¥& IXl=TR

GABA-BDZ 5HT
\
Y ff ACh
~ 5 LCNE I 99

i (Catecholamine

4 N\‘\

Inflammatory Tb-

cytokines
TNF
IL-1
L6
IFN-y
PAF

College of Veterinary Medicine

Acute Phase Protein C. Tsigos et al.. J. Psychosomatic Res, 2002

Lab of Neuroimmunology

Ot AEYA (Chronic Stress) OIRA @Y 1=
o mJjury

o == A e e
Long term stress
Chronic stress Acoustic Stress | Water swimming Stress ' . Restraint Stress Heat Stress

63I-1h | 5%|-30min L 58/-1h .58|-30min

y Medicine

0 3weeks, 4 weeks

l Sp[een, Thymus weight ‘ / T

* Serum chemistry test

* DCF-DA assay
UEHAMZO| T cell, B cell, Machrophag®|

XA}

| T cell proliferation assay * EEHAM ZO| cytokines U TH| AJA #S}

TH- Ilwrru in
Kiank C., Brain. Behav. Immun, 20{2006), 359-368 (Acoustic Stress)

Immature
| CD4'CDB*
Proliferstwn Iwakabea K., Immunology Letters. 62(1998), 39-43 (Restrain Stress)
(DNA synthesis) th_\ midine Jung Hwa K., Korean J Medicinal Crop Sci., 14(2006), 206-211 (Swimming and Heat Stress)
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0.2

Thymus weight (g)

0.0

03 r

ol ¢
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Hi= XI0l—# S8t AEYATH OI2AMAM
SMO| FH X BLVSO| WYL

*
8 -
&
b
S8
=%
s3
EE
=h
—
W ™ 51 82 83 ™ ™ s1 s2 k]
Non-Stress Stress Non-Stress Stress

*p<0.05

College of Veterinary Medicine

_ CLIA, Chemiluminescent Inmunoassay

Lab of Neuroimmunology
H= XI0l—it S8 AEY A DY OI22A0M
© S corticosteron sx9| B3}

ADVIA Centaur XP{Siemens, MA, USA)

o
— 2 4 o
E
B s o
] 2
£ ! - 8 3
S os o . -
’ % 8 8 8
0
™ ™ s1 s2 s3
Non-Stress Stress

~MBeI DRI A (SCL) T—
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H= XIol—-@ S50t AEYARY OIA0M
S X =X HYMHIRO| SAls Higt

Thymocytes Splenocytes
="}
:E 250 - 1 2000 N * *
=
T 1600
=
) = 1200
5
.E suo L
i
= 400
fes
o 0
oy ™ TW  S1 sz 83 ™ TW 81 §2  S3
f ] Non-Stress Stress Non-Stress Stress

*p<0.05 and {p<0.1

Lab of Neuroimmunology
HFEfEE S50t AEYATY OIAMAM
SFHYMNIE] Ets Biv]

{53
(=
++

TW + Non-stress TW + Stress

T ——

CD4+CD8- cells (%)
=

]
2 5
E 0
= V
- ™  TW 81 s2 83
= 1wt Non-Stress Stress
= S3 + Stress
=
- —
5t §10 &
e =8
it 2
= “ 6
= & 4
&)
g.
e
lé 10 ATH 8 0
CD4 ™ TW 81 52 S3
Non-Stress Siress
*p<0.05 and {p<0.1
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M= X|ol=-3 S50t AEYADY D20
SENAMEO| & HI}

TW-non stress  TW S1 s2

T b AN 5 [so% o §4o ¢ ok *
T e i & o f .
I e = 60 =30 -
=] —
s . ?‘:40 820 'r
E by
o g 33.1% & 20 =2 10
= % §o - Co
= (™~ TW TW SI S2 S3 TW TW SI §2 §3
g SR e s B8N
o A - Non-Stress  Stress Non-Stress  Stress
< 173 - =
Z B ‘m ! x20 & 3 R o
= G "i nls z 4
= i ?.“_’ S 5
] Hs &3 é 1
- au i 8 0 : a0
= EE‘ TW TW SI 52 83 & TW TW SI 52 S3
b . A Non-Stress  Stress Non-Stress  Stress
= —
= : W 229 % élf " 2 gg * kR
= = 2" A o
a w =9 = 13
&) . o [ o
T NI e e o - S 4+ 6 +]
2 Mouse 12G e - 5
i 1
A 3 ; 5“-""*'.\\ Zo HRE L
o g2 i O TwTwsl 82 83 TW TW S1 S2 3
] ‘ﬁ.: Z - -"? A —— P = Non-Stress  Stress Non-Stress  Stress
—————=—  MoumselgG ———>
*p<0.05 and **p<0.01
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I X0 8 240 ASYADY NISANY
cytokine & &l M B9}

18

12 10
6 5
o SN S . SN BN . ]

™ TW Si1

1L-2 (pg/ml)
IL-4 (pg/ml)

™ TW 81 52 83

College of Veterinary Medicine

- Sticss Non-Stress Stress
&0 L3
’ *
- - 12
E E o9
s } 8
- ~ 08
= Qo
5 b
& 15 [ = 03
o : : 0.0
™ TW SI1 82 S3 ™ TW 51 s2
Non-Stress Stress Non-Stress Stress

*p<0.05
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Jeju water

-

Free radicals

—— Immune cells ——

i
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HIZ= XIoks=Jt Si)IsKol & A5
oio))|s Sl 0IXI=

Immune activation
Cell activation
Differentiation
Proliferation

r—

Lab of Neuroimmunology

YAZY OIL2A0M
Y

Maturation
CD4" CDE* T cell

e

Inflammatory
cytokines l

Lab of Neuroimmunology

Characteristics of Jeju Water

Fan|HE

Na

(mg/L}

Si0;

(ma/L) (pg/L)

2

20104 HIFMRBA XA 24

14 AEZi0
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QE 0|ZAA0) 2o MY AT AR

o HILIS ZTEQ Al NS0 ML HOIAML AL BS o
[Scl Total Environ, 19931

e JI= 1t HILLS 0120] CDA+ T celle] tHet YHURE M=HE
Ojxl= =1t (Toxicology, 2001]

o Hi=TO| HILISO| AIRO] BISHIE Jis 24 & AHIE3H SH0
Ojxl= 22 @13 [Ann Clin Lab Scl, 2002)

o AHES( HILES Z7S0 Al 2E I T M=zl 37t L=l
[Blol Trace Elem Res, 2010]

o HILISZ0] &2t 847t AUSEC| HAMZ2 B celldl ZJt0ll
OiAls 4% o132 [Scl Total Environ, 2002]

i AlBFHE RS0Y MA MUSSUM SEMEL ch! o | 220l
=A|= SiAHY| 2t @13 [Blol Trace Elem Res, 20021

o AIZITHSIDZ =01 Al A¥SEO| HIE T, B cell 2 SAs 2 2HIgE)
ANM =740y e 71 [Eur ) Immunol, 1983]

o MAISA HIEMIZ0 &2]7HSi02) Mal Al BMIZe] EE (plague
forming cells, PFC) 1 =7t &1t immunology, 1982]

College of Veterinary Medicine
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Iil" IIOI’“' W SQE SaME (vanadumE 018
oiojEA J|d A+

Cell viability

i Microplate
mitoghondria Reader

. ; ,
:J T
e I P BN

Optical Density

19 =1 @ TestmenNa¥O sy
2,5-diphenyltetrazolium bromide

© o 5(0.122-3.99uM) ookl

College of Veterinary Medicine

, 60Co y— rays
l:> e l:> @ Treatment:NaVO
© ¢3(0.122-3.99uM) et Agarose gl
ELISA A <
] Cell pruliferatilﬂ "‘: B = _.-" @ Alkaline cell Jysis

(I,
l l—- u @ o 3 Microscope slide
= H-thymidine "
E‘.,;J_.L_.‘ I_l--‘;_,ﬁ ‘L @Elrclmphorusis B %MO
EAFRANR - P (pH10) modified (3
vy (iR rohl'cratmn o
esseme 3 @ (DNA synthesis) . (hymidine s

+ 0122 and 0:245:M NaVO, = 1488 and 2987ppb (/L) ; HIFEAI8I4: S2 3 S3 Ui B9 (15-20ppb, 20-25pph) A

‘Tail DNA migra tion
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R = g S L
Exp. period Sample MDL Result(ppb)
™ Muscle 12 N.D.
90 Days
o ICP—Mass as per US EPA 6020A S3 Muscle 17 N.D.
g Rl e Serum 60 549.9
= and Deteclor
= s.q‘;mum - Liver 83 1981.7
Z Tontmcity Kidney 287 1000.1
E Argon Flamua
e Muscle 7 ; N.D.
2 230 Days
i Serum 79 353.6
= Liver 76 960.3
o 83
2 Kidney 262 1167.3
(j Muscle 6 ND.
- BTN K HADE
Serum 68 281.4
250 Days 53 Liver 107 834
Kidney 240 630.1

MDL : Method Detection Limit (£| X 2 &&); N.D. : Not detected (<MDL) =k & =)

* Main organs of Vanadium accumulation ; Serum, liver, genital organs < kidney < bones< CNS
* Villani P., Toxicology Letters (2007), Leopardi P., Toxicology Letters (2005)
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Effect of Jeju groundwater on atopic dermatitis
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Enviranment
| Environmental | Allergens | Staphylococcus ‘ ; Scratching,
" factors | | i aureus | tissue damage |

|
Tissue-related Atopic genes
genes (cytokines, receptors)

Bleber T.: N. Engl. J. Med. 2008
Genes

Figure 5. Gene—Gene and Gene—Environment interactions in the Natural History of Atopic Dermatitis.

As a result of genetically determined epldermal barrier dysfunction and the effect of environmental factors, non-
atopic dermatitis Is the first manifestation of atopic dermatitis. Subsequently, because of thelr genetic predisposi-
tion for IgE-mediated sensitizatlon, patients become sensitized, This phenomenon |s favored by Staphylococcus
aureus enterotoxin products, Finally, scratching leads to tissue damage and the release of structural proteins, trig:
gering an IgE response in patients with atopic dermatitis. This sensltizatlon to self-protelns can be due 1o the ho-
mology of allergen-derived epitopes and hurnan protelns In the context of molecular mimicry,
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Clinical skin severity score
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2 -O-Tap water - Jeju S1 TrJeju S2
-®-Jeju S3 3 Hard water

o -l

0 1 2 3 4 5 6 71 8
Weeks after treatment

BRERRID 7

Novel scratch analyzer s o~
SCLABA®-Real

x Marking stress QO Marker-léss
x Time-consuming | O Real-time
x Time restriction = quantification

x False recognition of O High accuracy
scratching behavior O Long time analysis

High speed camera b
CMOS, FPGA, PCI

Near-infrared Iight
950 nm
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Extraction of cratdh i
behavior with SCLABA-Real
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Atopic Dermatitis
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Anti-PGP9.5 immunohistochemistry
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é Effect of Jeju groundwater on regulatlon of blood glucose and allergic response
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AMPK (AMP-activated Protein Kinase)

o e T T T e T e P e e TR

@ AIE 2 8 X 22 MZ2 Target - AMPK

AMPKE OLIXI CHAF Z& O B4 Al 01 XH2 AMPKS| S48H= NS M8 R ZE Y S48 £ A0
HIEL S48 XY X A5t ¥ Insulin 22 S 50| MBS XSEISH B

FA oxidation

Mitochondrial (ACC, MCD) Glucose
Oxidative

Gene

Expression

T o

UCP2,3 PPAR o

Effects of AMPK activation on events that could account for its ability to diminish lipid accumulation,
cell dysfunction and insulin resistance (Nature review 2004)

Condition ; Cell Based Assay in L6 myotubes

Normal medium
or
S3 medium

L6 myoblasts [ > 00 > ﬂﬂl__> L6 myotubes

" g (Skeletal muscle cells)
Differenciation 1

7 days

Anti-diabetes and anti-obesity effects ?
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Fig. 1. Jeju ground water samples (S1, S2, and S3) increase glucose uptake
in L6 myotubes

A

DDW S1 S2 S3

S @w B 0| PAMPK
. w— | AMPK
e e = w==| PACC

o

2DG Uptake
{pmole 2DG/min/mg)
(Y] = @
N
- L
b |
i
|
|

DDW 51 s2 s3

Fig. 2. S3 increases phosphorylation of AMPK and glucose uptake in L6
myotubes.
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Fig. 3. S3 stimulates glucose uptake in an AMPK-dependent manner.
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206G Uptake
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.

+ + Insulin {100 nM)

Fig. 4. Effects of pentaoxodivanadium (V,0;) on AMPK activity and glucose
uptake in L6 myotubes.
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Fig.5. 83 activated AMPK induces glucose uptake through CaMKK-

dependent signaling
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Fig.6. S3 decrease blood glucose level in db/db mouse for 4 weeks

700
—&— Wild type
—O— Vehicle
600 —w— Rosiglitazone
N ]
B 500 -
E
a
8 400 4
=2
o
o
2 300 4
[s1]
200 +
100 T T T T T T T
0 -1 10 15 20 25 30
Day

Each value is mean + SE for 6 mice.
*P<0.05 compared with vehicle
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Fig.7. S3 do not decrease body weight in db/db mouse for 4 weeks
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Each value is mean + SE for 6 mice.

Fig.8. S3 do not decrease blood insulin level in db/db mouse for weeks
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00 it
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Each value is mean + SE for 6 mice.
*P<0.05 compared with vehicle

160 A



M= Rlst4ol d 2 Y YRS 2F & ﬁ"m

B R T T TS A S

Fig.9. S3 do not increase adiponectin level in db/db mouse for 4 weeks

Adiponectin (ng/ml)

Each value is mean + SE for 6 mice.
#%+p20,001 compared with vehicle

Table 1. Effects of S3 water on the plasma lipid level in db/db
mice for 4 weeks.

o Total cholesterol  Triglyceride ~ HDL cholesterol  LDL cholesterol Atherogenic

(mg/dl) (mg/dl) (mg/dl) (mg/dl) D index 2
wild type 136.6:17.9 68.743.7 62.0+0.8 45.5:6.9 1.20:0.12
Vehicle 209.3+7.3 142.0+28.8 54.0+7.0 70.0:9.6 2.87+0.50
Rosiglitazone 307.4+29.1* 83.0+13.6* 79618 152.6+29.2* 2.49+0.40
s3 213.3:22.6 127.6+13.2 96.0+2.6** 51.8411.7* 1.22+0.23*

1) Total cholesterol — HDL cholesterol — Triglyceride/5
2) (Total cholesterol-HDL cholesterol)/HDL cholesterol
Each value is mean + SE for 6 mice.

* P<0.05, **P<0.005 compared with vehicle
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Natural vimadium-containing Jeju ground water stimulates

glucose uptake through the activation of AMP-acti

protein kinase in L6 myotubes

Seumg-Lark [wing « Hycun Wook Chong
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ey wrlmetae uptake in LG mymobes and ndipogensesis in 7T3
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Mast cell as a major effector cell in allergy and
inflammation

Chemokine /| Chemokine R i
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Fig. 1. JW (S1) Inhibits IgE/Ag-Mediated PCA reaction
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Fig. 6. JW (S3) Inhibits serum LTC, and PGD, production in IgE/Ag-induced
PSA animal model

35
18
1
1.4
0.7

0.0
1zE - + 3 + + + + +

LTC,generation
(ng/10% cells)

Ag - - + + + + + +
S3 (ui) - - - - w0 zo0 400
Fexo (mg/kg) - - - a » * % 50

3.0

PGD, generation
(ng/10%ells)
=

83 () g3 = = - 100 200 400 -
Fexo (mg/kg) = E = ] < = - 50

Fig. 7. JW (S3) Inhibits degranulation and Ca** Mobilization in IgE/Ag-
induced BMMCs
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Fig. 8. S3 Inhibits COX-2 dependent PGD, and LTC, generation in IgE/Ag-
induced BMMCs
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Fig. 9. V,0; Inhibits IgE/Ag-Mediated PCA reaction
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Fig. 10.V,0; Inhibits COX-2 dependent PGD, and LTC, generation in IgE/Ag-

50

Fig. 11. V,0; Inhibits degranulation and Ca?" Mobilization in IgE/Ag-

induced BMMCs
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Fig. 12. V,0; Inhibits COX-2 dependent PGD, and LTC, generation in
IgE/Ag-induced BMMCs
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Table 1 Effect of JW on Compound 48/80-Induced Systemic Allergic Reaction

(n = 7/group)

C““;gg;‘g’;:g‘;&' = Mortality (%)
None A} SF4) + 100
s1 + 100
s2 + 100
S3 +

67 (*p <0.05)
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