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SUMMARY
1. Title

Development of plant-derived salts that are effective in reducing blood pressure

II. Objectives and significance

O The best reason people want to reduce dietary salt is because salt increases
blood pressure. Therefore, it is necessary to develop a salt that has ability to
reduce blood pressure. It is known that minerals including Mg, K, and Ca are
important in the reduction of blood pressure. Many plants contain substances

(e.g. ACE inhibitors, etc.) that are good in the reduction of blood pressure.

O Halophytes including glasswort contain high contents of minerals such as Mg,
K, and Ca, antioxidants, and angiotensin-converting enzyme inhibitors. Some
halophytes contain large quantity of NaCl. The salt made of only halophyte
extracts contain about 50-60% NaCl. Thus, the salt made of halophyte
extracts and other plant extracts that contain blood pressure-lowering
substances may work in the reduction of blood pressure. In this research, we
screened plant extracts that contain blood-pressure lowering substances and
designed salts that could work in the reduction of blood pressure. Then, the
salt was evaluated using various types of rats and mice including salt-sensitive
rats and type 2 diabetic mice for the activity in lowering blood pressure and

antidiabetic activity.

O Halophytes grow in flat tide or soil that contains salt. They usually have
large quantity of functional substances. People in coastal area have eaten
some halophytes for very long time, which solves safety problem when
halophytes are used as food resources. Furthermore, many halophytes are
very good source of minerals. Recently, mineral deficiency is increasing

rapidly especially in developed countries. It is estimated that more than 50%
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of adults are suffering from mineral-deficiency. However, there are not many
good sources for minerals in traditional agricultural products.  Therefore,

halophytes must be an item to be investigated further as a food resources.

III. Research results and suggestions

Among halophytes, glasswort was used in this study as this plant has been
studied well and contains large quantities of NaCl, minerals, and health-beneficial
substances. The first part was conducted to develop a method to prepare
glasswort-derived salt containing high contents of minerals and health-beneficial
substances.  Then, the salts were evaluated in vitro and in vivo for the

blood-pressure-lowering and antidiabetic activities.

1. Preparation of glasswort-derived salt

Glasswort was extracted with water at 130C for 5 hrs as this condition
extracted higher activities of antioxidant, ACE inhibition, and a-glucosidase
inhibition and higher conténts of phenolic compounds compared to other
conditions tested. The high pressure-hot water extract was used for the
preparation of salt. The extract was spray-dried (GSD) or heat-concentrated
and freeze-dried (GHC). Glasswort heat-concentrated and freeze-dried salt
(GHC) and glasswort spray-dried salt (GSD) had similar NaCl contents and
functional activities such as ACE inhibition and a-glucosidase inhibition activities.
However, sensory evaluation showed that GHC gave burning taste, and was not
good in color and overall acceptability, Therefore, GSD was used for further
experiments,

It is not easy to use GSD in real situation as it is in powder form and easy to
absorb moisture. GSD was specially formulated into a particle (GSDT) that was
coated with carboxymethylcellulose to prevent moisture absorption. There were
no significant differences in sensory evaluation between GSD and GSDT.

However, Formulation of GSD into particle is relatively expensive. Thus, we

= Xii -
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have produced other type of glasswort-derived salts. Dry glasswort was grinded
into fine powder or ultrafine powder (particle size less than 17 pm) and
formulated into particles (termed GMT and GHT, respectively). Both
glasswort-derived salts made of powder were evaluated for health-beneficial
activities including antioxidant, ACE inhibitory, etc and for taste. Both GMT and
GHT showed high health-beneficial activities but were not good in sensory

evaluation. Therefore, we have decided to use GSD for further experiments.
2. Preparation of other types of plant-derived salts

We have screened other plant sources that may contain activities for lowering
blood pressure. We selected two plants, and prepared extracts. These plant
extracts were added to glasswort extracts and formulated into salts. These
plant-derived salts showed higher ACE inhibitory, antioxidative activities and
higher contents of phenolic compounds compared-to GSD. One of plant-derived

salts is termed GG.

3. Animal experiments using GSD and GG for the evaluation of blood

pressure-lowering and antidiabetic actvities

GSD and GG were investigated for antidiabetic activity using db/db mous which
is lacking of leptin receptor, eats too much, and becomes type 2 diabetic mouse.
The db/db mice were fed 1% mineral-rich solar salt (SS), 2% GSD and GG for 6
weeks that had 50% NaCl contents. There were no significant differences in
blood glucose levels and oral glucose tolerance test among the groups. Blood
insulin level was higher in control group (fed no salt), but there was no
statistically significant differences among the other groups. The level of glycated
hemoglobin (HbAlc) was lower in GG and GSD groups than SS and control
groups. GG group showed the lowest HbAlc level, indicating that GG group had
been exposed to the lowest level of blood glucose. GSD group showed the next

lowest level of HbAlc. It is known that the oxidative stress induces most of
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metabolic syndromes including diabetes, high blood pressure, and hyperlipidemia,
etc.. The oxidation of lipids was determined by measuring thiobarbituric acid
reactive substances (TBARS). The TBARS values of plasma in GSD and GG
groups were lower than those in SS and control groups. GG group showed the
lowest TBARS value, indicating that GG group had the lowest oxidative stress.

GSD and GG were investigated for the blood pressure—lowering activity
compared to solar salt (SS). Diets containing three different types of salts (GSD,
GG, and SS) were fed to Dahl salt-sensitive rats and blood pressure was
measured using telemetry blood pressure measurement instrument in which a
sensor was put inside body of rat. GSD and SS groups showed gradual
increments of systolic and diastolic blood pressures. GSD group showed lower
blood pressure than SS group did. Surprisingly, systolic and diastolic blood
pressures of GG group did not increase during 5 week period. We never
expected that there is a salt that does not increase blood pressure in
salt-sensitive rat. The rats fed GSD and GG showed lower ACE activity in
plasma than those fed SS. Expression of VEGF (vescular endothelial growth
factor) increased in GSD and GG group compared to that of SS, which was
determined by immunoblotting using antibody raised against VEGF. This results
partially explain why GSD and GG had lower blood pressure as VEGF induces
relaxation of blood vessel and results in lowering blood pressure. Furthermore,
Rho A, which is involved in increasing blood pressure, decreased in GSD and GG
group

Metabolic profiles of plasma and urine from rats fed SS, GSD and GG were
investigated with UPLC-Q-TOF MS and analysed statistically using multivariant
analysis. The separations between defined class samples in the metabolite data
set were performed with partial least square discriminant analysis (PLS-DA).

Both PLS-DA score plots of plasma and urine showed a clear separation
between SS and plant-derived salt (GSD and GG) along the axes corresponding
to the first two PLS components. The score plot indicated that GSD and GG
group were separated from the SS group, and the S-plot of plasma and urine

indicated that each metabolite contributed to separation between SS and modified
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salt groups along the axes corresponding to the combined weight (w#) and

reliability correlation [p(corr)].
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o] @ olZo] AT/} U ABAY TL A71EHY 4§ 71AE APET Ak FEAL
ozHy dojdl 2EE L $72FF nluTe] TEE £F L T AHH%E W
9y 2 nd¢ o FSEII} Qe AL sy o9 2 FUIEIH FUIE
9 AwBA UEg ATE kAR oAA @m e AAT HHel FEAE
22235 A28 Tt BE0R HBATH IR FAHD Yot FEAEAL
AFHo|d B ABATo| FE s diF FAH 2AE ANG

&

T 71w
up gl

Gz dggsddd] € PPk EWHES e AB2F Aol HFI 2AZ, e HE
% 2 2o 4R AR AA FE1S%) EF i HREZFEH AN &
olg vy gL 43 Ca K, Mg, Fe, Zn 59 g A2& 3*F gHstz Ao
2y v ot o] ABe YolFute] §Eult)(Salicornia herbacea L) Eisd B
R AzZz A9z, TUE 53 7 v A Feie wrkel A8ss

K
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QAo TaE 3 AFEEA>T QR <yFEz>o] 18, & e, H
A AEAE, A2y, 3EAG o M2 AHESTE 7180 A EE 7713, 2
2 olmlxAt @ WS Auatel T SHEHel g B ofde £ HEA dReE, @
G758 QTS FE oA, Bl AP 2F A BAde FY, 2L D
7% mo] Bt WEQ B9 4R FHH Aok g¥A Atk HT Fid
3 gug PP, 83 Zo2HE As, 3 BE V)%, 899 23 7% A4S, 282
nw 2o ik APBAL Z2evhx AsAsd o8 wHAL A% Fxe A ¥
e Ang AAER AYFoR £F A7 o] FraTY A 7MY ALE AT
w3 1 9oE 4 4% 94 2 = T Y HEAENATY F2E EUSA ¥
G A% A4 L FIn BT B UFGE AEAFTES Aike) JsT AR AR

A B AFAE §22EE2 OB 23, 2Ul4 §XETAFT A, a8 @
xazdo] OE B339 718 B3 71540 ¥4 4BLT T& AxHAA
St} = Sxo] o] g vtzule §HE 2T UEF dUE AL £ opY
2 9% 399042 prostacycling Z7H71T FHFAUAR] thromboxaned #H3:A
A Gge YE2: Aoz A Utk EF 28 Fmo 990 FE Asd AZHL
o] WEQH Plavlae 4@ A3ADTE =9 28 FuE ALY Aoz Jgdn.
w3 2 ATE FaaTo §8 ABFEES FUkstd gBE FE OE 7154
FAe 3 AELFE AzsEn Io.

B aTodE $24F 2 $2454TY AZ J1eS THID o) AFY AT
Je Fzatel APASIA 2 9 BHE 2 2FAY HE2F AF AL R A
gz 2oz @ By ANFAE F2aF L HELTY G AT AA R F
Sy A8 A d9, 7 71540 23d o 279 AxFY EE3} Jle ML,
e 93 A 2 7 283 2ELY AFE A4S B3 1P FES
A A

)

o

.

[
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A2 U Jend A%
1. 2@ g g I AT A%

Az WYz FA3 giol FEFel AFHEAM wAFRLE QA3 AE0|
zoletn Qom WHOE A AA Ad49 60%8 A88A 2E, gy, HE, o
o MAATO] AXFT AL BRI 2 F AEAA ABL Sl F
2 AReez ARHL Jon 4IuA du HEHY Aol n@golty ¥R
o nAAdoz Ao A5He A FHE T B ¥ 3N A AVGES
sols 39 A4 F S 437 890 140 mmHg 014, 01271 @kl 90 mmHg
oAy AL nEgon Adsn Uk nER FRAE EHA n¥YF ol L
gato] glom I = EEA nFFL 9 ¢ F @€ nEHe= 2P #FHA
80~90%E AL 9ok BHA 2@ 4Ae A #HA IA gout § VF
g 28 #xke 30~50%F A st dFL 199(200~250 mEq Na*/day)
S AHFPL A g9 10%7+ 7D T9 FAF 2] AA ZesH Y, 2B
A, wEk, AAH e Wz, 499 AoHF T dUe=x st Ao &
274 At B3], 19543 Dahl Loves& Nadl %ol @Sl AgFg WAL Aoz B
g olg) N2AA 2B Ggte] B P A7V TLI APH2 A

gore A4 reﬂin—angiotensin—aldosterone systemoll 93] ZAHE Aoz &
A 91t} &, renin? angiotensinI converting enzyme (ACE)2] ax14 Q) W&ol o3 8
gl FARE FANANE FLF A48F 1F T osdelth. ACES renin°] ¢}l
angiotensinogeno] Al A%d B84 angiotensin I 8439 angiotensin 12 A%
s maz gaix Yk o)2A B39 angiotensin I& ZHY 35S F4E A
aldosteronee AA 3t Qe A5A7E Aoz nusn it ES g s 2
Be £ W ojgg ZASE AL FYATIEE o T WEAHD U39 & o] &R
(Endothelium derived relaxing factor, EDRF)& nitric oxide (NO)°|t}. NOi= NO
synthase(NOS)oll ¢]8] L-arginine & 24-F A 53 o] A2 cytosolic guanylate cyclase
& G4HAA GMPE Z/AA L oAt . EY F@ggo]| #oshs
prostacyclin€ arachidonic acid®] cyclooxygenase Ao o3& AAFNE MEIZ E
iy Az o) A&Hos AU BuHL Baw &3 IA F ot GAdst &7

=
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2 o] o)} WE thromboxane FH5E0 Boshs BAR S 452 FEAIE
Aoz gax 9k A ZFA G-protein-coupled receptorsell i3 243+ F3vl
7§A¢)  enthothellin-1, catecholamines, vasopressin, serotonin, thromboxane &3
agiotensin 1E ¢ oA #d Bd=, 9¢ TL =3 &9 9% Foa B 47
Zo| Busta Urh

g Aao] AAFE FL HEQ 2FL oo Fxo EIE L AHH =
2AE SUste WHAEY J5gel 2 A2ERY J5ANE TAsd e 4
FA7E T A0l 2RAY 3P AL Ao HIuHD Uk oHE HEAFFA
He EAASE st FFe 2FHAE Agstn vk FEAGAA B Aol Ab
29 AZoz: o] A gt 2Foler, vjude] o FFE &7l AP a7
= must Aotk plulZ & Naol K, Ca, Mg 59 plige 8¢ A4e& AAs=
Aoz gEA Utk Z K= NO9 AL F/HAA UHERE o &7 Ca o9F
o Qe FEo|ge] JFL Fro DY AS HE AN g¢e
AT 3 Mgl NO A4 2 @7z So] ¥gE 927 gl 9%2 7=
2 ¢34 U+

N
o -ﬂ

»
lo

2. FFxcl did 9] A7 IR

guHe oado] AMWFHAL AW FHAo) AstHel BT F& ol &IA X3
rwos TEFS WSS BuAl o AL T T A Fad 4EY
msuline ¥9e YEsE zadste z2gez d9 U X299 =7 S/HHE d
o)A insulin BH) 7} 271E0] TG 24 W2 FYAA B W 93 T=o X
T3 52 Sxs= dgg @tk AU F$ AW insulin resistanceStsecretion
9] FYL o]=o] o A AF W el FEHAY insulind] Y F& a4
o] AstEE W2 PFEL ol4dx El €I Ui insuling FEI F7teot. Insulin
resistanceo] 98 Aol Q= A&l Fo] e AxojviEE ETF A g0l o
8 A 3L, °]°ﬂ ezl 43¢ Aoz FAY] daME o B insuling L& Eid= s
olo] mWet insulin resistance® RE37] §ate] thFl insulinol Ayl BojH s @4
o 391438 =(hyperinsulinemia)ol L &k EF, insulin®] #YBHE= AEE ¥
QNS 2AY B ohg ARENE AqAste HgE =Y F ATt

&
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Fede A7 A18 Fudd A28 FuRoR FEEY AlY Bx

d=d gypyoz odadg BHs: A% e AEB-celld) £F2E st A&
Dol Parzt Bujyd A HARTH A2¥ Fuue ALY HYEY o B
o] A4} o]do ol Adoln, &, AY L 3 59 LM d&
o Aee AFolMe e Bul FYol AoF L o LR dFEY TR B
A= A28 Gugoz AHHI] ojdd &Y AFH nUedFFE HEhdTh 9
= =¥sx 2aE AT A28 wxHos APAT. sV A, HIT
A28 Fnd AR Frt F5EHT AT

AsAG] BF ATE 198595E AFe o @A ThF 7)Aol wEHth
el AE2e) insulin receptorol A receptord]l AFULEZE-E AA insulin
receptor substrate(IRS)®] protein tyrosine domain®] Z#3te IRS A 9] tyrosine®]
e14k8}8kh. o]o] phosphotidylinsositol 3,4,5-triphosphate kinase& #/33shil AktE |
A7 e glucose transporter-4 (GLUTHE AETGO 2 translocationA| 71 2. 24 Al
THE EEDE F4ae AFSAY JUAR o] &8A Hol WA 1 o= A&
NzAgAASe wid §47 apoptosis T A JlTel ARFHoR FAHA

e
iy
e

)
)
L

Qe MELAA TL TP Qe BE A, AokETHPdrole T} B A8
Rz we da-zsaAgoeld AAA ol oHI gled, oHT ATE ok A o]
37t e o olgde HWstn glch @xol AFAY BAE 9l a-glucosidase
AAE 249 a-glucosidase B #%9l a-glucosidase® HAsted =3 gegEe] &
32 gaARoEs TEDY FFE AQAA @R A I AF gddse
AANZ & 9T, A& BHE FAIA Fot ABFY Al ke FHol Ao
Te BPnd $5% FE4EANEe 22 ¢ F2x B BA VAL protein
tyrosine phosphatase (PTP1B)¢} a-glucosidased] th¥ i A 3) ARARE 49 ol %
31 glth. E3] PTPIB &A¥E insulin receptor (IR)8 A% golatst Zgo Fodt=
G4z %A gom, o] ANFORA ATW Aedd FHA TG R AF =
sk 2Hge) AQ &} 7A@

S, £4% NaCl Bx 4802 72 A4dE AP o1& 2534 #Had 47
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e 239 A4/ QA APl 922 MDD Basn Yok F 439 3
A= DU §o RAVS AU F 91, FAksh BAse] Fuy 5ol Yol

& 5
He Aoz NunH3 k. @A AEE uiel go] K9 2& g Fid 259
AL A& A3 AGES FFANGT RudH U,

3. ¥z U Iu-9 AT ¥

239 AFBEx7A>AE "$2'2 R HEx>de "AEWE) B 'S
B "JR(EE)'Z V259 glon. o AL F o Y 529 SuHE s,
<, n8eL, I, AN NSAS, A 7R, AR, #EY T AR o A
ettty & B UL AFAS, 238F, 9, 3, A Tl AHEE
I Qu}h 2 754 ATE A¥EY FuFd FRE oS W Fxxol o3 yE
AERE AL JAs 28T 2 A ESE gAY on EF Frd o3| T4
7} glucose 6-phosphatase®} A% glutathione-S—transferase (GST)9 4= T2 %
A3 54 BAL Ao JEAE ZFH7 Avka 23nE v gtk EY AEEEs
(CClyel g8) 7+ &4 & FEFH Aoy Fxs AHAN FAx iz Hs)
transaminase?] B4-& ¥°|3 albumin o] F7HA71= WA bilirubin FFE H2AT)
= 592 ey 7 BE a9} J8E ¢ & AR FRFEEC] 4=EF 49T
Propionibacterium acnes®) A5 A%t #ehd A4 B4 tyrosinase A3 AFE YER
2 $HENYG g ARG IR EA4FI GHE (SK-MEL-5)9] 54 A &35 Jehil
o o 9ol FxE 3, 85 ZA2HE As, P, T, T BE V)T, WY
24 71% 4, gz 1Y S e Aol RauHx ok 2 1Al 7IF
B gar} e o%F a9 &y Aot 22 AYHL o

gzo] FHE AR F WPy B$ AFANE 100 g T ZF 440 mg, v
% 350 mg, 28 930 mg, 3 60 mg, 2 I3t 6.2 mglE FL HYELE o3 A
glor oldoE ge=, T, YA, IYE T thFd T THH U =,
fEAAZE BEdite] 50%8 FAFL Jon B ofpxite = Wil(valine),
A(leucine), T2 (proline), ol&Fol4l, Eded, sdgehd, WX Ld, o], 32
Ejge] o] Zolujat FF o ¢ 40%E AA IR Utk Fxel ¥FE HABH =
Ao P&t AFIHE H=A FEQ isorhamnetin 3-B-~D-glucopyranoside, quercetin

rr

rr
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3-0-B-D-glucopyranoside 283l tungtungmatic acid (3-caffeoyl-4-dihydrocaffeoyl
quinic acid)7} 43 &4 EF=2 wEA v 9. 53] isorhamnetin 3-0-B
-D-glucopyranoside™= streptozotocin F1E Fx # A i L WU & F
= aldose reductase$}t sorbitol AL At Fx A& ATV} vtaw B vt Aok
sy xRy 288 UPHE tumor necrosis factor®t interleukin T3 T
cytokine AL Z7MA71E WY7)% F4o 9gE Foa Fh. I Y= ZhelM A
u 27 dald |AsE Y, 28I T % BRI BsE WEA T REEE
o] &5 AL 2 Tz FHE Y EF diF 7B AFE oA HF
o Aot

Fxo ooks P8 L F84R] HEARA G Fes FEET T, AA
FAHAY B Foz 9 gon, Fxead, ¢29E, 8%, ¥ 9 4F ¥R
NER FxaF, Fx3v), 27, GauF, 29 59 FEAFEC] FAHD T
3 Sz HEZTY ZL FHES o843 F2AFTY Ax WEL 532 dd9 oy
| 230 2= WY A% 34 2 I 59 71540 g AFE A9 o FA w8l

o,

B
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A3F AT ML FP Ws R 2H
1. 0]23 g 4393 A=W

Fxol ®o] 9E vladlg §BHE 239 UEF HAS AN B oW B
gapo1Ael prostacycling 2717132 G#&2AA thromboxaned #H&AH EHE
gas Aoz gElA o EF 28 Fxd 99lo] F2 ded AzHL Fol HE
Ad vladge 949 AEALS B9 28 FuE AdsE A2 ¢HA A

Tg, muge] TR AF Z AEALFY AF Uvgel A A 2T v
&8 AsADA negative 28R insulin receptor substrate-1 (IRS-1) serine
phosphorylation®] Wdg Asldths Aldg $E4YE Tt waxzn o =@
my@o] E2d 2Zo] tly@o] A gl ko] H3l glucose uptake® FA e
o}, ol wuTe] g aFo] ululde] e 2F B d&d AR Sl
Aoz AAE a8g d4%EY nvide] $HE L AFCNEALDIE LA
T AZuEoz: AF 1¥Y, F9n, 2T 9T T oA 28 £Y 7 UE
F77F ATk NaClel 9149 A% Ag Ashe NaClol 94 A3z &4 i o
U AoZ FHA = Fxol: st AL Wol FhEn Yo ARH &4
g =d Q¢ AE AP =4S Z Ao sUEnh 2R F22 VE LFS
gote waty Eds g 99 PSS 2n Y3 gL EW JEd A5AR
w0 BT dtd AT 9% GAEIAYL FFw EFH7L JlHEH
B a7l gxaz 2 4BATY AR 714 §Hsa o) AFY ARTAS
Azgd dodadAl T PP AFE e nFAY HE2F AF L R A3t
3 2how @oh BYh AASAE $24F 2 42T B¢ A5 94 7 I8k
g 7134 89, M3 71sAdel FAE 9 o] AZFH EF3 J1e AL, ZA
A 918 AuAM 2 3%, 283 ¥ Qe B3 nRsHA ZFEsa

o,
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E2=Hd :

2. A7+ E

22T H2R F2AELTY Az 71&¢ FYIL T AFY IFFTES
AEL Bt G4 2 3= AFJE %%‘_ AFAY JELF AFE NEE =
Hoz i
O $zag B AELZY €% 4% 94 2 3= F& 713 33
O o5 239 AxFH & 7l N
O YFAAAE g AL &/ 75
dFAEe ER ArALe] &
L 223 2 42279 d¢4¥% 94 2 ¥9x= &3 37
O ¥ A% BY Ax A &4 B
59 A g4

b
all
we

e

3
g
b Pl
L
2

X

of o
o
oo W

kob
£ o

o%
oft

37

- in vitro 9 A angiotensin converting enzyme 3
EN

O FxAF R HEAFTY F2x BYEY}

- Protein tyrosine phosphatase A 3] &4 ZA}

- a-glucosidase A3 A ZA

ZAHFE7] R o1g7] "¢ ¥
- 8% NO % ¥ ACE &4 =4
3. Agd ¥xAF L AELT
- in vivo AN EEAP g8 FIx= EFH ZA}
- F &4 (glucose uptake) ¥ insulin T ZA}

~ QOral glucose tolerance test

9. A FRAE P AZaFol Y s dA FALo "AE
~ in vivo ANA salt-sensitive rate] &3 FF AE A4 &3

o] A&¥ A& MAE IF

™
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AFNee) BE

ATALY e

rlo

%
AdAg
o) g%
Nerge A4

71e &9

P

=

Jlolr

o

- gz 25 3L A52EEL 018F IH 35 27 B
- 2R Y 2 2R, 9%, 54 59 A4 Az Py 24

- 24 FxEEE g

3. 8k A5 dAd Adrt de AdAdLE
o] 8% HEAF Ax PH HY

- Fx4aF A2 A AEAY F2E9] 9F 2Y 24
4. 20 A AEALELT AR R o] o] & FEAF WL

- E4718 ol & A AEAAET Az WY &Y

- 2UH AEALET 2 Fx2FE ETFY SEAFND
5 Add §xAF TL& HELFY olggy 5 A

- 9= R udE g% 24

- &%, 2744, ze9d 59 #§F 24

- Holdfr, F¥wd AFEY FF A

- A R oopmxat FF 24}

2 % A3 B4E 7154 4R 24

HEgaFo) ZE
a9 ¥+ 9
2 3w
e &%
AA %

= o
@
b

i
a2
ol b
ok
of P

b

e

2 2 EAFo AAFANM dF e gA Lol
T
- in vivo Al BAAFAC 8 ¢ FedA &aH A
- 8% FAsANa’, CI', K, Ca) &% A}
-8 NO 5% 2 ACE 84 =4}
2. d9AFY AAANAY L A5 FEAUA WA= 4F A
- renin-angiotenstion-aldosterone system<] #&A 1At} A3}5HH
4
- g orolgk 3o B AxH(d], prostacyclin)e] A3}3t7E 4
3. Awtg Fx4F 9 754 AEAT] AAFANA Fxd WX ¥
3
- in vivo AN FEAG g3 FFx &I 2Ab

- 2&F%(glucose uptake) 2 insulin ¥= ZAb

)

- Qral glucose tolerance test
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A7 BE ATFALY WE

2 7154 4 9URAS AAFHAMY Qe AE AGAA FA= ¥
Ngago] | - IRS, AKT, GLUT4 59 A3y, #4584 £4

&g} A4 oA | - IRS-19) serine phosphorylation 59 84 2 FdA #d

2 ¥ - PTPIB 59 ¢&d A3 Age ARHHoz tXE IAEY
aste] 2§ Ageta £, EAAAESE B4

714 31

2. AL A FxLF I HELFT AFY AT EEH
- 989 A4 Wg vg 24
-4dE ¢ Fg nyg JR9 §F FA
- Y AFY AL A Fx4F) BEEF 2H 2
o] ¥ ¥FF A
3. FAFRAAN T24F L F2AZLFY AAF AL

Tt

O
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NEESS

3. 472

("

2o BE AWAAA B5F Bz AW ARy 2% FEAFE AL
AAYAE 2PEQ AR AT ARG 4 Fo M TAI
NaClo] gt A4A7)e 7H3 2 9902 uagwdA 1d¢e FEA7IE § &%
o FEo] Agglel BE 2T Wg 2RF uw ZxgAUch Ty AREES A
qux, Asts) e A7 o8 AYAY $5F WU FF 3] BAGA ¥
3 @RAse AAEY tyge] TR 4F F AWAAG A% vl AL §
2o HE Q€8 AsADIAM negative ZEUAR  insulin receptor
substrate—1 (IRS-1) serine phosphorylation®] @& Asfdths AL &8 wd
o] TRF ATo] ulu]Zo] A 9E 4Fo] M8 glucose uptake® FA MERE FIH
Zo] ERF ATo] HlUTo] A= 270 HlE AeW AYYL o Folv ALE BRI
sy, = Az AR tAE 4L aFe] F B opl 27 FHIF E3
Q dlo] B 5 &S AAEU

Aude oy T §FL T FeHe] AR L aFLE EA Joh Y &
Z usozE 1¥Y, ¥9%, 2T WL T WA A8 EL T
o o}d 74X A3l W BAA Ao B 2T A€ FERA Fo%k ke
FZo] A&Hx e Aol

Hxe 9y SEol)d 2940, et Asidolt i, AR =, ATe, &
=t T3 e AW wEol g sigoly AW, dA ¥l FA Abeke
zo QFoza, AEsd BEHEE WolFH  Chenopodiaceae®) &an, YL
Salicornia herbacra L. o\th. 279 981 AFALzRE %ol FA AT 3
o $x E= Axz BISUE HeH, Eo]lx 10~ 40cm, &71¥& viH7F B, 7HA
= 2733 ZeAN pFERH, gsdon Hgsith £, 678dAN= 4 o] ATH7}
ool Bd A} He TA4ez W dF F4& /MAE Aecltt gxE A4
oy ge) E2sm, B9d 4E8F} ¥ 288 F& L2FAYR Hel& FH-star
glo] zhel ABALo] ¢ F4F JER A geH, old we T A, S
A5 AA, By AM, A4y Add Fx, ok R BIHS FAA N 7154
QEol} TyT Fo] Bol Sof glo] QA ¢ FEF Ao HuHD Atk 539,
AgAEEH RS AHsn IREAA AE) ¥ NaCl &Fel o] ¢ Fo} HZhe]
e 2FHEo2 AHEHT ST

fo
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INE=2-—DSIE

3-1. T2AFLEFFEES 4T Fx2FY A=

$2ol $48 NaCl @ §848¢ 8831 YE2TE ALAA AP BE
54 B EAe BAE BAS FraFE AZ S9lch

7t AE 2 ¥

2o Az

28 o4 TxATY Az W Fig 1d Zrh B AP ABY =
2008do] AL E FENH AT Aoz, ol AAT F Ad BEAA AH-E-8F3
o A%E( k)E F 10 L2 130T X3¢ 2% b A3stq fxadd
z2zzde A9t Aol FRxI1JIFEENE BEAZ, 7HEFE, 233 $4A=
oo Az Hhdd wel YEuGAFEFTAFGSD), HERAFIFINETFLET
(GHC)E Azt

|[130c.5nr | F2AgITFET LS

B2FuxE 7E=s
2FU=EAS ngEs8as
(GSD) {GHC)

gzagdF7149% 548 (GHO)

Fig. 1. The manufacturing procedure and products of glasswort-derived salts.
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NEEX

U A3

1) NaCl &% &3

NaCl #ee 2ZZAd) wel Mohrfez EAagith A& 1 g& #H3hd 100 mL
2 449 %, 2 F 10 mLE AT AR $9 10 mLol 10% KoCrOs A% 2~3
Weg 715t 0.IN AgNOs S0z AAsto] Adtae] whet A4S NaCle] 4o
2 BAESTH

NaCl(%) = 0.00585 XVXFXDx100/S

V : 0.1 N AgNOs §8¢ 3A 24 %F(ml)

F : 0.1 N AgNO; €99] 97}

D : 34

S AEAHF

0.00585 : 0.1 N AgNO; €9 1 mLol 433t= NaClél ¥g)

2) & % 4

#Be 105C A Azl met 23Rk & 5~10 g9 A8E AT F, FAE
A5k 105C AZ7)o) 5AZE o1 =& OvernightAlZl &, dAAIHAM F71&
st F71e] FAE RS

3) pH ¥3& &34
pHE pH meter (Orion 420A, Thermo Scientific, USA)E °©]-8-8t4 Z A3 e

4) A% W3z &3
Mg AFA(CM-3500d, Minolta Japan)& AHgetd L (BE), a (AAE), b &
Ax) oz JehiSdd.

5) Angiotensin I converting enzyme (ACE) A& 84 54
F2ET @ griue] LujEYEL gdos ACE A I8 FnEYL 24

=89t 24zt Al 89 50 plel 300 mM NaClel ##€ 0.1 M sodium

..16..
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borate buffer (pH 8.3) 100 uL¢ 5 mM hyppuryl-histidyl-leucine (Sigma-Aldrich
Co) &9 50 uLE E¢3 &, 97]o] ACE Z&EAH(lung acetone powder from
rabbit (Sigma-Aldrich Co.) 100 pL& 7}t 37TelA 60€3t WA AT o] WS
2do] 1 N HCI€9® 200 uL$} ethyl acetate(EtOAc) 2 mL& Y2 E¥¥ t= &
9000 rpmolA 587 4AEs EtOAcE 1.5 mLE FHsR- dojz EtOAcE=
et =& e 1 M NaCl 1 mLE £33t 228 nmelX FFEE SRS &
227 9 xBwe LHRYESY tF ACE As AL od A o8 A8t
Atk

ACE A3 4(%) =[(1-(A-B)/C)}*100

At NEE A7Me 48T FFE
B: A2E Fslehn IM HCIZ ¥82 270 AAAY FA=
C: AU FF5TE WG da2TY FIE

6) a-Glucosidase A3 54

FzEa 2 FgxBde) £H28Es Yoz FE ¥ a-glucosidase (Sigma,
St. Louis, USA)l 9% 8% A%t a#e ZAIAT & A8 400 4L, 2= 4
A 1 g 493l reaction buffer [100 mM phosphate (pH 7.0), 2 g/L bovine
serum albumin, 0.2 g/L NaNa)] 50 Lt &4 $R(HFFE 07 U, 10 pl)& 7+
t}S, reaction buffere] €31¥ p-nitrophenyl a-D-glucoside (5 mM, 50 pL)& 7t&}
o] 37C9 incubatorold 582k EAHEE AR o WEEAS 405 nmol A &%
=& 23390} o-Glucosidase Ad] AL A2E ¥A &3 VAN FFE= o
g 7ae< JAEE Ul

7) Protein tyrosine phosphatase (PTP1B) A3 €4 73

xeg 2 gxEue] SulEHEL WL E protein tyrosine phosphatase®ll ¢
% 3 TR =AYtk F AR §38(30 ul)el reaction buffer (50 mM
citrate pH 6.0, 0.1 M NaCl, 1.0 mM EDTA, 1.0 mM dithiorthreito!, 100 pl)¢ &
A 2N(HEEE 1 pg 20 pL)E 7HE oE, B (800 uL)$} p-nitrophenylphosphate
(20 mM, 20 pL)& 7}te] Ejtsle] 37C2) incubatorel A 3087 E&NEES AR
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t}, o] WS-8 AL 405 nmolA FFEE FAAUT
8) DPPH free radical-scavenging 84 &3

FzryEg 2 FgxBEde LojidEg ooz DPPH  (1,1-Diphenyl-2-
picrylhydrazyl, Sigma) radical-scavenging®] ¢3t 33t #A4& ZAGH =F A
2 52 ggd & £9(100 pL)ol 100 mM Tris-HCI buffer (pH 7.4, 400 ul)e}
500 pM DPPH ethanol £%(J3F%%= 100 pM, 900 pL)& 7}8t] voltex mixer®
PaA B oS, GaoA 3087 wEAZIch o] ¥HEAE spectrophotometer
(UV-Visible, Varian)& ©]-23t4] 517 nmolx FFE=E AU

9) ABTS* radical-scavenging 84 $3

ABTS' 2}tz £94<& 1.0mM9 2,3'-azobis(2-amidino-propane) dihydrochloride
(AAPH)S phosphate-buffered saline (PBS)o] ¢ 2.5 mMe] ABSTS EWate
70T &-exoA 308z wSAA wEo] APl ALgsdrh. Aol AHE PBS
= 100mM potassium phosphate buffer(pH 7.4)24 150 mM NaCl& 3% £
2 Al239th o)u Blue-green ABST radical®] X% spectrophotometerg AHg
8t} 734 nmo)A] 0.7+0.02(mean + SD)7} dx2 zAQAY. 4 AEE 20 nlA
A8)A 980 uL ABST radical§ 9ol 718 thg 37CelA 247 Adsd W<
A7)EA 734nmolA] Z4dE FFE ALE =R A|&2e ABST @tz &A%
HEe zAEAY. dE2Fe Aad4 100% A9 20 uLe F7rehith

10) &34 S8E §F 53

Fzyw 9 Fziue RURYEY ¥E4 HFE FFS Folin-Ciocalteu kY
oz =A39ck AlZH 20 plo] Folin-Ciocalteu’s phenol reagent (Sigma-Aldrich
Co. St. Louis, Mo, USA)E 100 4L ¥% 30% ¥ ¥ o5, 17191 Na,COs 100
uL& 7}sa 20°C ol A 90EZ+  HHEAIFT o] wggAs  UV/VIS
spectrophotometer(V-550, JASCO, USA)E ol-&38t4 735 nmelM FIF=E EA 38191
0. o] EF% e AW caffeic acid & gallic acid®] EEFHNLRZFH 2} AR
£ W §Fom FAFQALY caffeic acid T2 gallic acid B (mg/L)= bt

11) HPLCel 2]& Caffeic acid 2 ferulic acid®] £4

gzo] 5@ 7154 222 <23 chlorogenic acidfi= quinic acidel]l ferulic

_18_

NBEM: 2 A5 SHEQ MSEE A3 9 &Ys Ils MY/ SESMAMSF



N2 EX

acid T caffeic acid7t 2@F] or o HFBL Fzo F2 Y2o= T
vud v ok FxEDo] 49 chlorogenic acidd] FFHE Ao E FotruR
AsREHE Bile] FxPoe HE ferulic acid B caffeic acidel W¥
ODS-HPLC &4jo] 98 £A48%t}. &, Symmetry C18-column (Waters, 4.6X250
mm, 5 wm)°] ##F HPLC (Younglin, Korea)® o]&38td #A3RT olF4L
0.1% acetic acid7} @HE 35%2 $&dR2ed, 5 £% 1 mL, FE7IUVNVIS
detector)®l T 280 nm, B =& 40CoIATH 4 AR EY FHBHLE REE
A9 retention time (3 WEstd FANCH, AFL EFELR FFAE A
st Bergich F2EY 50 g B2 AT F, 2N HCl §9E 7Isted 90TAA
3083 SR the AR o] AT §99] EtOAc 100 mLE 7hske
Bujstgon olg 33 WiEsid &gk g FEBE FLYEIHA 50%
MeOHZ £3]%F the .45 /m filter (Millipore, Waters)® o] #3t9 HPLC HE o] A}
&3t

12) #5337}
Agol g FsBsE B 29 1090 53 BAUCE & FE 3l FFE

Bojatel Hmwalgivh ASE F, B, VR D 2% A= obF gt AARH
F Ao GH7HA, AAFQA ABEE ofF Jun(IEFE oF Fo GH)7A
o) g9y,

_19_
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F22 A5z 235 FRAFL A2 AMs T2 FFHE NaClF v

So B4y 2 APV $5T AR Y 32T 5 A FFE2VY
ggo) Wy 228 AR AAFYT € ATYE APATFAN F2o dFFexd
2 gedtd & 130CAA 5 hrES 3&F TYLFFERT 0TAA 1 hrEd FE

3 9NASRERL GAoE EWEA SHE 59 /%A A &% 3 4994 %
e E5te o 4525248 AED ¥ Yok 2 dF o) 8w, 130TA 5 hr
2ol 223 NYIAFEEEY A$ AENaCDE % 55%% 90TeA 1 hrgdd F2
dulas2EET HEagt 218G Fxa¢dFFEEC] DPPH R ABTS' radicall
8 =& scavenging BA4e UYEHler ACE ¥ a-glucosidase A3 4= w7 153
Byt T8 $xagd$EEEdE e d8E ¥¥ol v e I=
o g HE 2 512l chlorogenic aciddl 2R caffeic acid TF= BA WeEtE
® olal K, Mg, 281 Ca®} 2& Wudsd FFE FxaGIFFEE] o Zol
AT, 2, B %4 4E B3 $5 BPEHS 2E F2E 130CTIM S
AzZFESL motd4E 253 FRuGESFFER] 90TAA 1A FEdE T duk
942280 B} AT Ax 4T 242 wEHAT

olo] B ATFNE F2E 130CoIAN 5 AVES nFEFE FEF FraddrF
z2de YAos BR d¥EE 1291 52 §9 Az ¥y we FRIAQEFFE
2o Bursle 93 Hd AzPde FEsnA stk F AF20Q.0 keel & 10 L
2 130T 5AZFE 228 9L disid ol qag Rz o3 Fxut
AFEEALZ(GSD)E AZFPHFig. 1. o] 28 4 =
gdd T & AZTEd He) % =goAth EF F2I¢IFFEAE e EF
so] A2d F2IYAFEEFZAFGHOE FRIFGEFEFEFGSD) Hg] &

140 A9 AT Aoy BoE Y AL yePer wgte] Fdn F

21YISFETALIGSD)F HxF ARE et B = APRFFETHLTS
Azdy 2 ZAL B¢ HAFeEA Az FEES AP ol &} Mailliard ¥k-&
o zZHay Aez 2&HAch wepA FERaF Az gl g8 A2 gz #A
FAMNE A 5249 Az e FragAFrFEIE EFAXE gAE AT, F
Aol J% FRAUIEFEFFLT ¥4 223 FAME B54E Eod
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] U2 23 NaCl Sol ds Fuj 2g& A5 doA F2aQdTFEN
o Azl AGsA e Ao BHH, og EY il AR

D $x42F9 055y 54
Azd F2423U Fx 1¢3E $F2F(08 GHOH T2 I¥FE 22T
3 GSD)g BAd AdE Table 19 Uehigich 28 130CE 5A 5%
o A0jA e BEAZSAE AZY GSDY FEE 554%™ GHC (49.9%)
o) W8l 55% B IEE Uk GHCol $xaddFEFLF (GSD)I #lsf B
dxg Uedd AL Fxagds3E9e td5EsE A3 F NaCl9 3
g8 ARG FAsZo] $Ed ¥ FxAFL IAFse FAHAN TAHE 42 F
2350}, 2 &9k A$ GSDIF 7.0%2 GHCE Hl¥ ¥ &FE vehllg. A3
29 A9 gANE T 4F BF - kg Yo ALH 140 mV Bo WA v
U #9898 AT e & & AT EF, F £F RS BEAF 43 GHCH
GSDETH L, a, b 3 % &/ 24¥AeH 53, L foA 2 Fojg B4 252
Azro] Fol7k Y-S & F ATk oA T A7 Aoy Ax x4 3 TAT
RoB GSDE &£7HAQ meo] o8 &7+ AAo] o] FAPAT GHC] B AHHe
2 3o =EH3Y HELE dEdn

(o

(o)

Table 1. The general composition of glasswort-derived salts

ORP A x
[+) )-;:-li_ 0,
Als A% (%) F8(%) pH (mV) > ) "
GHC 499 * 0.0 420 + 000 600 50 580 009 194
GSD 554 + 0.6 704 £ 018 654 ~77 481 002 163

GHC: heat-concentrated glasswort salt, GSD: spray-dried glasswort.

2) grATO MMT BF
GSDSF GHCS] wlilE $%e 24@ AoE Table 29 2T F AR 2% I3
o Wz o] ws) vy ol 953 BA Uehdh AT GSD FME FF
o] GHCET} Mg AT EE N2 & Aoz BMFAT. GSD 2 GHC9 vl

__21_
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g & sol= sk LA g Aoz B & ot JHE FFel 8 Azd &
Fo] AS dutrow Ko FFo] W& AFE 2 AR FAR FFE UERT.
94 %o 9% Ca, Fe 59 nly@ JES0 3dd oz FAH 14 3%

49¢ ¢+ Ak

e

ol

Table 2. Mineral composition of glasswort-derived salt

Mineral content (mg/Kg)

Glasswort
salts
K Mg Ca Fe Zn Cu
GHC 3,6680 22,350 7,793 189.8 21.8 42.8
GSD 30,636 14,210 21,170 3,371 1,103 520

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort salt

3) 3439 Agiontensinl Converting Enzyme (ACE) A3 &4
o7 EoA FgT E9 HYL e FLY AL Renin-angiotensin-
aldosterone systemo]th. E3] z+o] Al angiotensin AZ Fxol 25} 44 E angiotensin
£ renin-angiotensin-aldosterone systemd] S19lA B¢ AFA7IE F8 94U B2
olth, LB B2 angiotensin A% HA2E ANFoEH £ B ¢ A5 AANZ
& 9e Ao /YE AT 2AA GHCH GSDL WA ez ACE As 4L HAK
o] oo W AF ARE Fig. 20 AN F2LFEL & dENE ACE
As) BAo) 2rEg oy F AY B FoHQ Aole RolA kT WM Tx
oGSz de BREAZSAY HdEEd di FxaFEL AXIAUH/E oS
2329 ACE A3l 84L& ¥3sx &+& ¢ 5 I
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Fig. 2. ACE inhibitory activities of GHC and GSD.

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort salt

4) §z2229 a-glucosidase A& &4

a-Glucosidase® 2FA 281G L o|FHE GFHE 7Hridldie qE< &
=4, o] &4 AL 79¥oz AL FolM F 284 T=F FFE AQMNA
43¢ Fzozy ¥3n A}E 7Y £ Atk 1AM a-glucosidase A8 B
9 Ao $54% AALaAY B34 glo] AF AEEHIT As AW F shtelnh
AzY F2435¢ WALE a-glucosidase A A4S FAIHRLH ol WF 2
3} Fig. 3] AN GHCE 17% =9 Asig4& ekl ¥ha GSD= 10% #
2 9 AP e Yehin F x4 F BT positive control {1 acarbosed] ¥4
(100 pg, 41®)ETh 2A et Control2 AME®  acarbose® ZHE a
—glucosidase AMNBAE JelY It} B& A d27g, FE R BF Y% 5o 5
goz we 2Foz ALHD JAT FPFu AWNE vudE 7FEFAR AHEET
= gx2439) g-glucosidase A8} B4 L acarboseo] Bl oF 250 e FHE B
ol BRg glo] % #d auE e A2Fod Jwe) Y AR AAHEUG.
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Fig. 3. a-Glucosidase inhibitory activities of GHC and GSD.

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort salt.

5) §=x&F9 PTP1B A8 &4

Protein tyrosine phosphatase (PTP1B)E MEWolA insulin receptord] BU4tst
o Bjste EAZE, AXZUE ¥ F5E JAGSE Aed AE AEe negative
regulator® & Itk PTPIB A8 84 ARWL a-glucosidase A3 43 &7
g Ao 5% AALAS B AF ALHT A AR F Folth 53
AQo) EAEE FEA F3PESo| A PTPIB Al 4L i sidich T2
Foe Fxol EAsts U HEA HFEE TR Qo) o EHEC] PTPIBE
A8A AsEH] insulin AE AYS FIANA Aoz FHATG. aHA GHC R
GSDE WAto= PTPIB A# A< A4l & Hristuxt sick. 28y g24
2o} W) BAS0] A5 Qo] 4] PTPIB Ash 84 &3] E7FssAth
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NBEH: @ o0 SUHC A=

6) &=xAF9 DPPH radical-scavenging &4

e 2EAE AW AL 2 9d 59 AX A AESS AL A
Wee 2AANA AXLE AN/ 9F, &, 2D $933 T oI F¥e &
Azt galA Aok wEkA FAs Ao S5 AEFAHE A SEHERS
H BEE 4 9e Aoz sldgtt Fo8 43 s AFH 2Edzd] 9% F
02 7)& A2EY $5d FAE 8L e aF0] AdHodgE we o] AR
r@olgt @ 4 Uk B3] A B0 $Fvia A F2E ojgdtd W= B
AT HAE /)& 4T 98 =832 AT B ohiE} AsH 2EHLZRH
Hgse WS dud = e Aoz gt =8 AW A3 2Edad 2
BA} 9= G 2 PG I F AL Aoz ARHUT EF Fxo] EA
= oK, Mg, Zn, CHES FAFEAER &7 Aels 487 2EHSE F9
z23 99 44 94 2 Qed AZAY P = F A2 Y4drh aHA =
agdEazae Azuge gy Az FEAIEY G443 Y 9%E F
Q=4 golmmAl GSDY GHCE w4e= DPPH (HFs=E, 100 uM)
radical-scavenging BA< ZA}eth 2 AF(Fig. 4), T £F EF FTE 932
2 DPPH radical-scavenging @4o] Z7Fte A%< BAch a8 GHC 2A%
#o] GSDHRU} %<& DPPH radical-scavenging ¥A4<& e EF o]E
radical-scavenging &4 2228 50% DPPH radical< scavengingdte FE(SCso)E
75 AINE 3), GHCE 211ug2o-2 GSD (389 ug)el vs] oF 1.9 & 4% 23
T F AF Az AHEY F2agdsFEde $U9E 4802 Az o] Aozt
oo E BREm AdEEd o8 Az® GHC/L BFAzd o8 Azd GSDEH
& DPPH radical-scavenging B4< B{® Re 7HE%5344 T #= 7€
AFUEFY BT o)L WMol o3 Fas FHFAS MFA 44E Ao F
FHAUT
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Table 3. DPPH radical-scavenging activities of glasswort—derived salts

Salts DPPH radical-scavenging &% (SCso, 1g)
GHC 211
GSD 389
Trolox 9.01

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort salt.
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Fig. 4. DPPH radical-scavenging activities of GHC and GSD.

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort salt.

7) #2439 ABTS' radical-scavenging 84

w8 GSDSF GHCE w22 ABTS+ radical-scavenging g4< A48 2A(Fig.
5), & ¥xAFE< DPPH radical-scavenging 27 AL AFgE Bt F F
Fxir3 25 = 9EHOF ABTS' radical-scavenging g4l FIstE AgE
Bqch 3 GHC/l GSDEW frIHoz ¥ ABTS' radical-scavenging 84& 1
gt ojate] A¥ATHE S BE  GHCH GSDE T} %& radical-scavengings
21 9&e ¢ F AN
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Fig. 5. ABTS + radical scavenging activities of GHC and GSD.

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort salt.

8) BxAF F¥EA AFE ¥F

¥4 ST AUelM Fats g g3 A &Fg vop FYFTAIR
Zo| tjopst Aue] $HE Zoln ZH2HE FFL BFE T TER LA
saE3m Qo ol AzE FRAFEL AR FWed AFE IS
Folin-Ciocalteu's ¥l o8l &4sgict. 2 Z3(Fig. 6), GHCS M4 #TE
sere 41 mg/ge = GSDET £ vehwoen Fad T d@ A FAMEE A
e g 28RS oS 479 £dEd SR TS FA} A ARH

J A% F Aoz AAEAT
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Fig. 6. Total phenolic contents of GHC and GSD.

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort sait.

9) 2479 caffeic acid B ferulic acid =¥

Caffeic acids @43, ¥ S AggAol $58 B4z, g2 A= 7
A Bl chlorogenic acid®t dicaffeoylquinic acid¥ < TRz oy u Y. E
3 AFAAE BHAAE AT chlorogenic acidF el quinic acidell caffeic acid
9 dehroxycaffeic acid®lolE ferulic acid7t 2#% A& 7454 o] Z3tAl AIAFA A
o @ gzolE= caffeic acidsh ferulic acid7t MBA Z& 718 3gEF =g 2
Fe ez 24T e A= BA AAEAS A GHCs GSD& At7hri3)
8 oo o] Z&EL ODS-HPLC ¥4 93l caffeic acid®t ferulic acid A 35
2o AN 2 AL PR A FxAFY AHESNAES HPLC chromatogram

o

Aol (Fig.7)= caffeic acid (tx 7.9 min)¢} ferulic acid (tr 13.5 min)olA BFHAL
W o]5e FZFEAEY HPLC retention timed A¥3] AATS gelstsich. maekA
#2aTol= caffeic acid} ferulic acid7t M@A FL 71E 3 E dEH= AT
Py 2450 dee ¢ 5 AW Y WA BE A EAFoAE ol
= 5§20 A&5A o ABaFdE FUPY caffeic acid 2 ferulic acid?}
gAY ddIE 2 FFo| wl$ de Ao FEHAT gxarFol EAsE caffeic

= 31
=54

acid®} ferulic acid® ALz}, EZEA9 caffeic acid 2 ferulic acid¥ EE
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& Asgor] £ ol FPEY A AL 0.02 pgolith HEARFH A7HTE
B2 2E caffeic acid R ferulic acid® &FE FFH Z4(Fig. 8), o1& AFYEES
& GHC’} GSDETH & #%g ey, 838 1 AREL E7ad 7HdsSel 9
3 A3k =2 Bart o 2 5o GSD7F GHCRTF o @2 & usiier 21 4
B3 992 & F AN

HERUEEEUHS)|
CA
[\ FA
Il r\ ,u\ ,J\ A
o i ﬁ'_;;;
{ i i
! a ,
| N

Fig. 7. HPLC chromatograms of acidic hydrolysates of glasswort—derived salts.
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Fig. 8. Caffeic acid and ferulic acid contents of GHC and GSD.

GHC, heat-concentrated glasswort salt; GSD, Spray-dried glasswort salit,
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ok AFs npe} o] FEo|E chlorogenic acid®k dicaffeoylquinic acidg7t
2 Fosm Q. AT AF  dicaffeolyquinic acid® EFHE T
chlogogenic acid=o] 2@ Hl IthFig. 9). &3 caffeic acide °l€ 3#FEH °l
262 AL 1 AL T F URTH WA caffeic acide ROl WA F2
7 HEEH e 2%y Fhd FFE Yoz a2 APE OFd
gRrEz =453 9 Aoz AZNINL FxAF) EAGE caffeic acidg X
o RABsA 2AlE] QAL ALSEHAET rtEREE B AAstd FExa
29 caffeic acid 2L ferulic acid TFol W G AZFo] a7d

o,
SuA
tlo

Fig. 9. Structure of dicaffeoylquinic acids isolated from glasswort.
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10) $zAF9 BBt

GHCS GSD& tiadez #AFHALE AAEYTE 1 A3 (Table 4), GHC= £93
Bl e A4S wgtth GHCY GSDY 4xt A #A#=E 73 GH
7} GSDETH § BEHE A8 =72 4 A& &AL 7HE 5 olsl 73k &9
ge) ARE AHA =7 AcE 2R} wHe] GSDE A2 BRI B AF
2 wigr=g) o AuuTh g L Ao Fol AAFH RN B FFE L
L Roz [EEHAUT

Table 4. Sensory evaluation of glasswort-derived salts
w597 5
A&
A 7z U ey 295\s &9 AA7NEE
GHC 15 2.1 3.3 2.2 38 3.1
GSD 43 19 29 40 2.0 4.2

HEEH: 8@ 200 S

GHC, heat~concentrated glasswort salt; GSD, spray-dried glasswort salt.

GSDol W& F¥E4d APE FF w1

e v TME Bl &

=

ol}e] Asztg FYs EHE GHC=
DPPH$} ABTS' radical-scavenging®] 9% ¥2k3to]
o & Q) F AF EF &L fABIRLH ACE$} a-glucosidase A3 &
Sabekath ey GSDE GHCRT #eirtda & 35S U0 71573l
He Bz 2 A% FRagdFREAS M FFH} Azd GHCo] A
ool s} 2% Awetnz stE FxaFY FF UANA F5F ojulg A5
Tre FAA7E ZrEEAY 24L 18] B o L6Ade g2
Azo] o8 Azd GSDE ©§ A5¥ oz duHAT EF T

ol g FxaAF AR glo] BFAZ 5 A==€ GSD7}

o2 1*}54%14

2
=
o)

-
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3-2. §xAYFEET2FH FRALDTS ]84T Fxddy A=

A 3-1004 AFH viet G222 AXE Y8 FRAPLEFFERL HEFFH, =5

AZ S AZPYL 2Ysd FRIFIFEF2FGSD)H FE2ILFEFIEEFA
sh9l3, olEe o3tga B4, 71%A, 2 AFTHALE AT

I A%, $2a¢IFRTAZ(GSD) AFol F2IYIAF/MAFEFLF(GHORT 4F
Az Fawa opet AESF sMsAdel A AAEAG 2Ry o] &FL AF
TAL AU z2d AL W 44 g3 AHgdl BHE & ¥vl opgE, oY W)
g QB 238 Mgd Ca TF0) 2ol 7% Al F& FFoz A8 AFY F4E doj=
g 237t e Aoz wEHY oA EARE FEIY) HAstd FragdrT T
AZGSD)Y  $EHEm (F)FATY EHE WPl FxF FHI okd 05%
carboxymethyl cellulose® H78te] 523978 o435ty FxugdFETFLTH
SH(GSDT)E A=A

8, FEIGAFEELTY FEF o] 2 /A FAFEC] AN S F
2WGAFERAZ(GSD)NE o) EAste FNLREY FVIHEES T2 F2
3e] o] gat ol mEtA olE FEAFEAE Il 8 $&dE = A T
ARBRET §714850 a%%E Az & F Atk 2 oF &8 Ax AA
Z stxzo] EAstE ks AREE 2 dFd $3FA G HJoAH T £ 4%
So] th 247 Aoz AAFATH E3 4rb] dE BAPLE FRIFITFET
Bazo] AL 1Kgd 12%gel FFol Hn xr8g 272 &8arlde anatd
Aol 2 2gg 2 4 duE 9o AZHNAT HLol FRAFIFFEELR A
o o WA Bae) o8 BT @Y @402 Aol Bgtow Azte] o] wet
2are] EAo] 98 Aol7(caking) @A) LAt FHol A 54E UEHA
o, ole] ¥z 1 AME T JE2AR FLL AT 9B F2E VA £EFH
SAY 20 umol sty Ul MELE g oS¢ FEIRINE o8t FFAET
AHGMT)H FEETARLTAFIHGCHDE Axsat s

olo] B Aol AETHE A% 94/t TAHY mAY FA FEE AT IS4
& s FxaF Ax FAE FEstaA

>
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7t As 2 W
1) AEAFY AX

(1) F2IFLFRRLF(GSD)S o] 47 F2EFLFAHGSDDE A=
A 3-1014 AAW GSDY EAFEL Bgsr] 98 $Eustn F)FHD =&
< wro} 823 8E7} o} 0.5% carboxymethyl cellulose® A7t #5527

718 ol4dtd FEIAPYLFEFLTIARGSDTIE AZATH(Fig. 10).

(2) FzuAELAIGCMDY A=x
F2U) AR TAHGMT)IE AF2E IuEgr]d s 230 mesh °|32 £
o MARTE JL TS ol 05% CMCE F78tn F8F2B71E °185t4 3}
20 2T YHHCT)IE Az (Fig. 11).

(3) Fx2u|ARTAHGHD)Y A=
Frzul R dAdge 2uH 2472 245 20 umoldte] 2PAELE FF
23972 220 AR TLHCHDE Az gtk g2 204 247
= 2% A3Fig 12), 43 FREuAEEe A4 Arls B 17.97 um=
el o]& 0.5% carboxyl methyl cellulose (CMC)& 37+ o +E5FIY
718 o] &std 2z HMELLHGHDS AXA

. A8 8d
2 A AHEE AY ge 3-1004 AxE P BAsA ABEAAT
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Fig. 10. The manufacturing of spray dried glasswort salt particle (GSDT) using

the glasswort hot water extract.

Mgt
RBAE
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ghxaut
Ea 2t
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Fig. 11. Preparation of GMT using glasswort salt powder.
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(GHT)
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Fig. 12. The manufacturing of GHMT using glasswort ultra fin powder.
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o 4 3

D $23¢EFEFLFGSD)E o4 F2EFLFLI(GSDTIY A=

F2aGIFEF2FGSD) $4UgR (F)TADY =S ol Fx3 JHI}
o}d 0.5% carboxymethyl cellulose® F7}8t 5FEZR7|E ©]&Fto Fxa4
FREAFAHGSDT)E Az cHFig. 10). F2EFAFTIAHGSDTIE SEFH
1¢ YAoln Ree 7L et ayeR FxaddsEF4LS(GSD)E ©l
& F2IAYIFEFLTARGSDDY AFLS 28 A Aol £oldtn /8 &
ABse AME A FE FE5E JAE £ 2oz Zodr.

ob

2) FEARTAHGCGMDH Fx2uAETAHGHMD Y A=

FzoAETAS(GMD)E AT AukR 7)o o8 230 mesh ol&Z £t
oA £4E 4 og olg 0.5% CMCE A7Metn frEsa¥7lE ol 88 F=v
AETLSFHCDE AZFHYH(Fig 11). ol AFS TAAY £ Al AHgo] §9
g Aoz BoHy FERAYAFEFLFTAHGCSDDH Zo] 2D a2 Aol
Z15te 39 Feo) AR £F FoAETATGCMDE HAE W £84 4
ol ol F2APIAFEFAFTADGSDT) Bt AR S343 A%t BT oA =4
At

FxulAETIHCMDIE 4F5AE W AR Fgo] A ol& Fo17] A%ty =
oAl £37]12 Ea5te) 20 pmolste] 2uAE LY FEFIPIZ FEREIAL
DAHGHT)E Az nz siglch Ag2E zvA 2472 2438 d3Fig. 12),
AR FxzrAEZY YA A7)e FFE 1797 imB YEXT g  0.5%
carboxyl methyl cellulose (CMC)& A7 o F552R7IE 838t Fx=z7]
AETAHGHD)S AZsJAt AZE T2 AELAHGCHD S FxrAEddd
(GMDel M3 Qolr AR E7to] F8hA =ARS B F22=vHAETE o83}
o FxzuAHRLAHGHDS AxTozn FZuHRT 247 AL TE
F54 3A & A2 ) gEch 28y F22uAETIdGHDS = IAE
20 umol3t2 ZlAETH7] A% A% T AAFurt gREFEFAD] ¥
o AR Wo] Evhe @] Urh

o
P
il
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3) Fx2FAGH FxETIDY 0|8y 4
7t Wl wE Fx2FEDY olFsE EAL Table 50 Vet T2y
=1 188t AxdE FxIYLEFEFL2FIE (GSDDY HE=E
FxugErEFAT (GSD, 55%) Hls] @A vetth ol GSDTH A=
H}AY F 0.5%¢ carboxymethyl cellulose®] H7}o] 23 Aoz BT AFRE v
A EL zulA BEE o] &9 Azd GMTH GSDTY d=& &% 25.5%% 23.5%
2 FRaREFFEATEN vl8 F 29AE W2 € F AN FE FF S
GSDTE GSDEUT 9zt @2 £ #%& Jed 4 AzxHAA F 7Mdx443E AX™
A okzhe] FRPAAIF HAY AR A4dd. GMTH GHMTY 2% 4%
3.9%% 3.2%4& & F AU pH &9 B GSDT7F 7Hg wskony R g3
GSD7F 7} A veht & R me} o|gsty 540 tate AME ¢ 5 AN
o F2AYDFFE AL o5y AxE FRAFEY AA[LAAE T2 E 2
atd Azg FERTIDE HE $EE & & ARk GSDTE GSDET Hunter
a ¢ b 2 ¥%t3 Hunter L & W3tch Astd4ANge] 34 GSD7F 7HF %
=3

Q
2]
s
o

<

Table 5. Physicochemical properties of various glasswort-derived salts.

Color
sample NaCl (%) Moisture (%) pH ORP (mV3
L a b
GSD 55.4+0.6 7.0+0.2 6.5 =77 481 0.02 1.63
GSDT 53.01£1.2 4510.0 5.9 =21 3.41 0.42 2.50
GMT 25.510.4 3.920.1 6.2 3 7.28 -0.35 152
GHMT 23.5+0.4 3.2+0.1 6.4 -9 5.01 -0.05 0.27

GSD; HZ=uAIFEELT, GSDT, F=xigdF 274549, GMT, FxrAEZd
% GHMT; $rxzoAEddd
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4) Fx42FY0% F2 2T ACE A3l 4
g2iT99Y FEERIGES A2 ACE Al 84L& BAE 23 Fig

133 2ot RE FxddeNE ACE A8l 84¢ dvehde FAskAs. GSDE
GSDTHT} & ACE Adl 84< etk GSDE o] &3t 4dE Axd GSDT=
7}ERA F 7tdel o8] ACE As) @4 BAE0] ReHol I FFo] FaE s
o A gAo] B Aoz AAEATH GMT ¥ GHMTE frAte ACE A3 &4
& vedlon GSDY GSDTe) vl& d4dldez & &4& BRI

80
9
2
£ 60
o ~+GSD
c
S 40 --GSDT
:-_2 ~~GMT
£ 20 ~~GHMT
LL)
1@
5 g

0

100 250 500 (p@/mL)

Fig. 13. ACE inhibitory activities of various glasswort—derived salts.
GSD; 21 QAFERELF, GSDT; #x F2a¢d5EF4T 49,

GMT; &xrAEgdd, GHMT; &xz2uAE2d.
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5) §24FEEH FxETLAD a—glucosidase A3 &4

BERUddEg o2 a-glucosidase AWBEE AAsN.
I AFig. 14), T2 92L& control & acarbosedl| ¥&te] *& AL H4Th &
299E % GSDT7 7MF 52 a-glucosidase AEAE YERer AR 2ol &
9l zol2 JeElAth F§RELITE(GMT, GHMT)L #AMg a-glucosidase A
8 45 veplAT

50
40
30

20

wJIIl
0

GSD GSDT GMT GHMT Acarbose

a-glucosidase inhibition ability(%)

Fig. 14. a-Glucosidase inhibitory activities of various glasswort-derived salts.
GSD; §xaYPSFREAFE, GSDT: &2 $2x1PIdFEFLF 94,
GMT; §xoAE229d, GHMT: §x22vjA2T4d.

_39_

NEEH: 8 250 GUHQ ASFE A30 4AHE Il N/ SEFUANSE 2017/03/22 14188



6) FxirTdtyt FrETYe] DPPH radical-scavenging &4

FzA2907 xEudue] ol DPPH radical-scavenging 4<& 4% 2%
= Fig 159 2th #$zaIFeed FREUAEEL FE HEHoR DPPH
radical-scavenging 840 Z718ks A¥L U £3) GSDT7F GSDO Hls) &2
scavenging 84<¢ uElY. $2ETYEESGMT, GHMDS #AH DPPH
radical-scavenging #4& Yehiith

100
35
2
£ 80
[4:1
g
B 60 ~~GSD
Q
; 20 -=GSDT
i —+GMT
T o ~~GHMT
XI
[a
&
0

100 250 500 600 (ug/mL)

Fig. 15. DPPH radical-scavenging activities of various glasswort-derived salts.
GSD; 2 31otd4EEAF GSDT; ¥ §2IPIFETLTE 49T,
GMT; &2uH2Zdd, GHMT; gF2xxxv] AT,
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7) Fxa2F99H F2ELI39 ABTS' radical-scavenging B4

Frirzdvn dxPaddded @ ABTS' radical-scavenging® F3E 2=
Fig 163 2t} ¥xA2799d8 $2E2L9DE9 ABTS' radical-scavenginge
DPPH radical- scavenging 843 nla/tA g2 & JEHoz F/iete Z4E 2
9t} £3) GSDT7F GSDol Hl8) %L scavenging 4% Yetdllch. FxEdd9=s
(GMT, GHMT)& &4A}3t ABTS' radical-scavenging 84& YelAS. &4 Fx2F
AT +e] §oAHQ Aolx YehA gston GSDT/ B Algel sty vlud ¥
& AARHE BT

_. 80
3
£
2 60
N
=
=) —~~GSD
Q 3
E 40 - GSDT
w
= ~-GMT
& 20 ~=GHMT
+
B, L _ a

0 25 50 100 (rg/mL)

Fig. 16. ABTS* radical-scavenging activities of various glasswort—derived salts.
GSD; 2 IYISRELF, GSDT: &2 F2IYIFETFLT €4,
GMT; $2eARTAY, GHMT; §x2zeA2TA,
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8) Fz2F99d F2ETYT FVEA SA¥E FF

2422997 FEEAddd] g e HFEY VL Fig 177 AT
GSD, GMT, GHMT®] ¥ =4 3gE2FL oF 23~27 mg/ge 2 & Aol& HolX| &
toi} GSDTE ¢k 42 mg/go 2 F93<Q Aol& Yenlidt. 424 GSDE d&
2 o] GSDTE Azste T A&t #9849 Jolg RolA &4E Ao AEHA
o1} DPPH radical 274 2499 7154 EA0lA GSDT7F ¥4 E4E U

ﬂ.?l.'.

50
40

30

20
10
0

GSDT GHMT

Gallic acid equivalents(mg/q)

Fig. 17. Total phenolic compounds of various glasswort—derived salts.

A=}

GSD; $xua4EREAF, GSDT; 2 F2ugdrEFad 49, GMT;
2o AETY Y, GHMT; 22V AE2d
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NEEXN

9) §xA2TAI} FEETAT ANGFEAEY caffeic acid 2 ferulic acid FF
7}2 W] wWE Caffeic acid 2 ferulic acid®] %<& A% A= Fig. 18%
Abst A4S YEldor EE 4

o= 9

199 YR, caffeic acid ¢ ferulic acid BF #
E A2 % GSDT9 o] caffeic acid®t ferulic acid &7 48.63 mg/100g, 97.17

mg/100g2.2 7F4 EA Uehdth ol F¥E4 H¢E 2 8 v¥& B3 £4
& Aspel FAMEHA JERET

60
__ 50
S
9 40
(=]
E
5 30
£
-2 20
&

Nl B

GsD GMT

GSDT GHMT

Fig. 18. Caffeic acid contents of various glasswort—-derived salts.

GSD; 21 d4EZ AT GSDT; ¥ FzngdsiEfas 494,

GMT; 2o T9d, GHMT: 2z2uA82dd.

120
__ 100
§ 80
S
5 60
2
(")
E 40

sl B

° | B I I =

GsD GSDT GMT GHMT

Fig. 19. Ferulic acid contents of various glasswort—-derived salts.

GSD; #zxugd4ETAF, GSDT; &£ FxagdTEFAE 949,

GMT; 20482 9d, GHMT; §x22m 24
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NEEA

AF Ayl e 4gade F5YhE BNY BB Table 63 Byth WA
£ 2old ggtth 2 AR R YRANE T Aol
Rgen o Az 34 3 QA da 4B2F9 B Aol W4T o=

Table 6. Sensory evaluation of various glasswort—derived salts.

#5975

AlB
W st ks &gt AA7IEE
GSD 19 29 4.0 2.0 42
GSDT 19 3.0 3.8 2.2 4.0
GMT 22 22 3.1 2.0 4.0
GHMT 25 36 25 4.1

2.1
GSD; F=APIEFEELT, GSDT; = Tx=i1g¢dFERLEF 99, GMT; &=vA
BEadd GHMT; SxzzvAEadd

11) A7t % GSDY S832 g

AR F F2EFTES FEEFL BH@ 2HE Table 79 ANHUG. GSDE
4iHoz mRAHol Y MU BB ®ob FEI Fuol 1635401 Az BAE

Aol LASATE o) 2 AFsy) & 929 JuHE Az 4D Az BE
FziAZo) FEIFS A AT GSDRT RE HEATINA FETF ¥ A
o8 EMEYL oL 25T, ¥E 70%9 FAoNA 5693 FEFFTHFS AR 2
3 GSDE HZE 5694 10.1%2 27180 & 3%9 FEFFF FIEIAT. 1 9
AHEL 1% i) FEFEFFS Byt 2822 FxAFY A= 3o CMC A
o o3 9t AxE FE F&L PAe aGEA Y F AULL € 7 AN
123

- A4 -

ot 25H0 SUEQ MSHE A3 MY3 JE MY/ SEFLUMNESR 2017/03/22 147195
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Table 7. The change of moisture content during storageof various

glasswort—derived salts.

Moisture (%)

(day)
GSD GSDT GMT GHMT
0 7.02 41 3.9 3.2
14 7.8 42 40 3.3
28 8.3 43 40 35
42 9.8 43 41 3.6

56 10.1 46 46 4.1
GSD; BRI ETAT, GSDT; U% G2iggTETLas 49, GMT G=9A
g, GHMT; SazzrAR2dn

o)Ate] Ax}o] 98, GSDT7} GSD 2 GMT, GHMTET #4ks}, ACE A&, 2
@3l a-glucosidaseA 3l EAo] $FF& AT £ FriF Al glof
FE FHL WA 48 wHeE $5IRE 839 Fraw FEEFSS
A s Qo) ALt g0l Ao FEHAT FRAELFE T FAHY B

ol em 7154 A g% Aold g3 FxAELFT A= ¥y 2
Z 34L& GSDT 9 Waez ARG 28 TxaF9 AT 47 A
G
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3-3. §29 HEALE o §F FxHELTY A=

ol AFet upsl Zo] #2E Y AF FEF g Aol g 2F DX
AzE F2AF(GSD)S #2443, ACE A, 282 a-glucosidase As) &S UEH
AN ouZ 0] 5S¢ FUAPY. EF o] £FE FFHNAAMRE g2 FE
dov AAH ZHAME GSD7F MY AFY T2LFoE VIAHUG. F2LF
23978 o]4dld Az F2FITL & HJIFAART o FE FF IA
a371 glo] AE37L M5 Aoz AAEUY. g4 AmE upe}p o] FAts, ACE
A&, 223 a-glucosidase AF BHL 2 FRAFA 7§ AEFEEL HUIEHS
Qs B O 71540 TS FAE HELFE Az ok 5 siE
E 2 E4 AZYRdE g ABERY ¢ Y5t 719sE ACE A &40
2tn 239 v gk o2 AEALH F2E EFSA Y, A 2ED

]

e F2HBLFTES A2 ST
AR R

1) AE4AFY A=

Astzo] WEAL) A IES gt EFE & & 10 L2 130TAA 5MHE
223 1S oFste Qoln g BREAzSY FxABLF(GEHE Az tHFig
20). £ GLARL GGAEY Azl 43 oz AXFA

gtz A=AT2 e )
! !
nULES BEEE -
{ {
B2RUx ERAUZ

0.5% CMC #2t

h 4 h 4

0.5% CMC #7I

[k g B gEDA
BUAS gaaz
(GL) (GG)

Fig. 20. Manufacturing process of glasswort and plant—-derived salts
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ANE2EX

. 49 P8
B oA AgE A9 Ee 3-14904 A9 st $Ysh Bk

o}, A3

D §2482FE9 333 54

BEAASS EFHG AzD  FRABLITY oaEy B4 AT 2R
Table 8% T} GGAF(GGI1, GG7S pH WHE 4.34~4.480I% 20 AerA 3
heo] Z74@4E pH7F %7 Aot ASFLHORPIE Fadgich =& 9
o A4 WBAA A Fe WEFE o #FAFHE AFE UBHT. GLAE(GLIL
GL73)¢] pH WHE 4.83~5.542 GGAFRT 47 whor A2 F7HFel 371
$4% pH7F 47 A530E BE4A A7MFol F/MEFS ORPE #a Ud 9=
£ gz #Zadte B3%E dEt

frt

Table 8. Physicochemical properties of glasswort—plant derived salts

Sample pH ORP (mV) NaCl(%)
GL91 (9:1, w/w) 4.83 162 46.0
GL73 (7:3, w/w) 5.54 139 45.0
GGI1 (9:1, w/w) 4.34 193 38.0
GG73 (7:3, w/w) 4.48 167 35.5

2) ¥xAE2FE9] ACE AHBA
PJEANES EsE AZE GGAETH GLATE UHoE ACE AsEdE 53
3 A3 (Table 9), AEALFT ¥ GG&a=7 7:3 w/w (GG73)7} 67.11%=% 7}F =& A
gxe U gxd ABAA #7kgel /1SS ACE A3l ¥4 BaE UE
O TAlelnThe @Eo] ACE As 840 o ¥& Aoz F&dAth a2y GGaF
How ABAA AAFe] Z/HEFE ACE A B4 3748 Yehith o 482
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rlr

2o ACE As) 84< 21 9ol o5 fa#le] ACE A3l 820l o 1 &40
F7% Aoz AN,

Table 9. ACE inhibitory activities of glasswort and plant—derived salts

Samples ACE inhibition activity (%)
GL91 (9:1, w/w) 63.26
GL73 (7:3, w/w) 54.62
GGI1 (9:1, w/w) 60.00
GGT73(7:3, w/w) 67.11

3) §2AB2F9 a-glucosidase AHEA

H2202A2E5L YAOS a-glucosidase A3 B4 FA o3 ¥k BHS %
etant. 2 AT (Fig. 20), AELEFE T GGET 7:3 w/w (GG73)°] 7FF ®L2 a
_glucosidase B4& B¢ wE GG2F 911 w/w (GGIDel 7H3 S A G4 2
%t} ACE A#l €47 n@AAR A8LA A7bFo] B2TF a-glucosidase A &
g1o] 2712 YehY o] AE2AAE a-glucosidase A& EA | Fgzxrr}t Yol Ti3dt

1 gE g FEHAD

A1 O
o o o

N
o

= w
o o

a-glucosidase inhibition activity(%)

o
|
|

GL91 GL73 GGal GG73

Fig. 20. a—-Glucosidase inhibitory activities of glasswort and plant-derived salts.
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D F2ABLTY FhE4 HRE 2

GGAZH GLAZL Yoz 2dE4 3EE §3e 54T ZFFig 21, Gl
2o A9 BERAA /NP BLFE I Ho| Frtse AFE RAUh FERe O
e A2 v = Ay FUBL FHHDL Yot o] B2V O BS FFEL
Fostn Q= AoZ AANFAT. GCAEY A% AEaA Ao BEFF o E
% W=y FUE FFo] A Ushton ze A WMFwst 7:3 (w/w)d
GG73A 7hd & @3 Bt

ol

140
B 120
E

: 100
5 80
=)

g 60
3

5 40
3 20

0 A dnes

GL91 GL73 GGo1 GG73

Fig. 21. The total phenolic contents of glasswort and plant—derived salts.

5) 2 B8AF9 caffeic acid9} ferulic acid T

GLAZo| &8 7154 229 caffeic acid9} ferulic acid IF= ololH IR}, &
2o AH5Es e g o] ODS-HPLC B4 & #aich 2 A3H(Table 10). GL=
Zo| A caffeic acid’} ferulic aciddth &2 FFe= A9tk AELA FTEF
o] BLEE o= AR o] it AFE ek Fxo] EAST caffeic
acid 9lo] WE2AANE TUF EAT dE Ro2 A=Y £ RN s 42
A0 dS2S 2 e caffeic acidd ferulic acid®) FFE& ZAMSHA ot AA
o] Azz o & AUt GG2FY A% HPLC chromatogram’del ferulic acid %
caffeic acid®] RSl Tl peakEo) EATT ol olE v FY R AT

< Erbedah.

.,
o
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Table 10. Caffeic acid and ferulic acid contents of glasswort and plant—derived

salts.
(mg/100g)
Samples caffeic acid ferulic acid
GL91 (9:1, w/w) 14.59 0.94
GL73 (7:3, w/w) 57.48 2.43

6) ¥xAE2F F3 84

H2AEAFTEL YACE DPPHT ABTS' A% &9z &4 84 A< <= ¥
A8 B4e PrHEgch GGAT 2 GLAZES DPPH3 ABTS' A Stz &7
849& ACES} a-Glucosidase A& &4¢ Aspel FAE 23E ATk 42425 T
GGAF 7:3 w/w (GG73)0] 713 &L 848 24 ¥ GG2F 91 w/w (GG91)7}
g Ee Ad BAS HATHFig. 22, Fig. 23). & AELA F71F] BWETH o
—glucosidase A3 @4°] Z71& et AEAAE Fxo| radical-scavenging ¥4

ol o & A2 AAHIU.

120
£
E 100
2 80
g ~GL91
g 60 -GL73
T 10 - GGI1
g ~GG73
% 20 x

0 —
1 15 3 5 {(wg/mL)

Fig. 22. DPPH radical scavenging activities of glasswort and plant-derived salts.
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100
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Fig. 23. ABTS+ radical-scavenging activities of glasswort and plant—derived salts.

o)A AT ARE FFE B, 4B2F Ax A Fxo ABEAY IThFel B
oa2 2y FPEe FFo] Frlstn FRLEAA, F3w, 2L TS F
o BFAo] /S ¢ F AT B3, o5 FE ARFFAA T2 W=
F3t A5E ARazd TR AT ol AEaFol AA FEULIA &
stasolA & 9n ATz A AYAAGeR 1 /%S AP LA A
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o
i
B
=
X
H

FAHGMT)H T2 2| A2 TIHGSDT)IE AxsHer, ol &
22L& i vitro’}e] AGAHNN EGAFAA, F9x, 23T FAE L4 T 7
o Vet =3 Eaol % AP JEE FvEte EdedA 2R
A Bt ZstE §24823S Azxdd 58 FRIGIFETLTIHGSDDH
F2ABAZ(GE)0] GASAA, T3, 2T T4} B4 T 715HE HERS
mal ol @5 PAA £ A4E TR

ol e AT wat g VAAE ol 43 FRAYIFEFLFGSDIT T2
222(CG)Y Fn8Y L F¥x AHE JrstnA sk old @A AWHAE
23 M3 AT A 2 A, J URAT o4 JEAAY FuIY ATl of
3 A7 o Rag v Jou Fdn add Wg dFe Bad ¢t itk B
o WmzHE guuc 108 o)Ak 26-28TY) HAL ¥ FEFEHL 4077}
By WEo 1 SEAYHF} ¢ Wol 228 AL ALHUT. 2WAM & 2¥s ¥
a7 Aol He Fo g URAR dn) APE Ax U B A7AAME dEdde
2 o upHol 8% NaCle] vlujzre] E2g 2SS, A4 R vivlgol A9 =
A2ZRS)O] FHE AFRE AAANA €Y 2 ¥ BYL FristnA sk

7t Ad" WY
1) A45E
B Ao ALeE AYEERS 9 FH(240 g )Y Sprague-Dawley rats A=Y
(F) ) oz E FYHAT
2) AHS =31

AEBAE L% 21~24T, FE 507 60%7F =S FANAL, FLL 12X 7H(day
light 06:00~ 18:00)& #7112 8td] A}& AolAF 2vii4 o] 229zt &7 F&
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=)

AR & 4

o

3

3) A7 Az L Ty

2E Ho)7el AlRo] NaCl §%E 8% 71F2o2, 8%9) vvgo] TXE £3(HY
Q) 2ol Z(SS) R 8%9 THZo] AY Y& 2F AoTRS)LE TEINLH, E
FZ(Control, O)dlE B4 Aol & AN en, Bx @A AHFA 95 T¢ 4R
=2 59

H AR L 8 AAF HolEE
2 AREe ugez Ad AFFHEe 4P 1ne B AAE 2IAFeE
o} 13 & 957 2AAAT. NoldAFL HolFFFA UT AP % £ ¢

2 Asan AP, B AHAFL F 13 F 95T &AAT Aol A& (food
efficiency ratio: FER) AFZ7} tig 2ol FHF o2 Uro] AR

5) A¥FE ¢ SAYH

RE AYEEY £27)9 o]y LS tail-cuff PR AU AFFE
Holzg AA" FHLL st 23 Bk A4 A AN2"2F L AFM Ao
AL N F, tail-cuff ¥El 93 AT AFAS ¥HAE HA&F}7]980
89249 Zro] o] Pressure meter(Panlab, Spain)¢] 30C heating chamber®l
A 10 JEBZ¢ A o md cuffE 719 FF719 o7l ¢S FASN
o gL Aoy B¢ F 132 sd 53 o FAsE P ¢S WIS
HolE| 2 A8-3t3A.

6) X=F WA AAHOGTT; Oral glucose tolerance test)

2o] 9% 3 FHA 194d 1243 AN F EFE A oF, 5% LETU
g/Kg)& AL AT F4s5ier oF 30, 60, 120, 180%0] e AHHozHE F
2 AAsT. G FSAVAGH, 547, FE o83t FAsUAT

7 Az2A L 252H)Me] EEF o &-&(glucose uptake) 3
AYst7) 1243 A AN F ethyl etherZ FHAANA Y oS EFFAR

(400 mg)& &9 Az AHsAth AFHE £FE& S Kreb Henseleit buffer=
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AAsA 24 well plated] ¥l 37ColA 1587 AulF dkdch AuMYF F dgdeol
A7} 2o 2AsNE ugAoR o] 2-deoxy-D-glucoseE 7He ThE 37TCAA
3027 HjeFalqit) weol By & 09 % BHAEFE AHE g AAIRE F5
YEAFA ~70CHA RASEA BEAd) gt mad AgdA 20 mgs A¥=
A 289 0.1 N HCl 400 uLe #7) homogenizingdte] 95TelA 1683 71 %
e, Z29] 0.1 N NaOH$} 0.5 M TEA (triehtanolamine, pH 8.1) 200 yL& #H7}
& % 15,000 rpmolAl 1027 44%ste] 4548& At olo] ¥-&d 50 pLel
assay cocktail (Diaphorase-NADP amplifying system) 150 uL& &% 3t 37T
A 9087+ wr3-AA fluorescence (excitation 530 nm, emission 590 nm)E o] &8}

o] 24389t} EZ2TAL 2-deoxy-D-glucose® ©] &3t FAs.

8) A=A

B 3¥aTe EAAYE SPSS (v 18.0)0% ol §sted HEd BEFVAEZ UEMI
. RE A= w2 =39 (repeated measure)E AFEE R 2P Z Ade] ©E FE
7+ FFol= One-way ANOVAS AFEZAA(Duncan's test)E AAIBR2H 4 Al #
9 ¢FL a=0.052 A3t SAIUD.
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AAEEH

. A3

) @ ARFNA AFo] Aol WXE AF

SS 2ol & RS 4o]T&& 973t Aol 3k ¥, 2} 2o]F Y +F7] E¢H 0|47 BRES
&8ttt 2 A7 (Fig. 24), F%7] @¢e] B9 A2 ol#2 140 mmHgRE 2444
olio] HlE] @Y A4ol AUtk 2L} SS Ao]FL 175 mmHg, RS 2o]TE 242
mmHg2 & Zo2 453l en] ¥ A 9] oA aHo)& epllth E3 SS 4]

2 RS 2o]7r ) ¢ 70 mmHgAES] ¥ ¢ 450 JARHRE B3lor o] A}
EAYATF Ao} A G ojy] Bt Bd 75 7] oA HA AEE HJe
M F A 7ke] oA Aol g etk 23 2E o UgFHAAA vuZo] T4 &F
(ALY AAE vvZo) A9 e 2FRT EQdF 44 ax7 A5 FUH
A},

300 250
e, C:
=250 + 3 =
e = 200 + a
= =
N E
» 200 + b v
E £ 150 4 b
e 7]
d vi
2150 + ¢ )
L] [=% C
2 2 100 +
2100 + 8
° i)
= 2 50 +
2 50 + g
& g
Q 1
0 1 0 L
C SS RS

© SS RS

Fig. 24. Systolic and diastolic blood pressure in Dahl salt-sensitive rats fed diet

containing 8% salt.

C, control; SS, Dahl salt-sensitive rats fed diet 8% Mineral-rich salt; RS, Dahl

salt-sensitive rats fed diet 8% reagent salt.
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2) 99ZAF £Fo] Gl HXE IF

SS 2ol % RS 2lo|Z& 9577t Ao F, 2+ o] g E=F 55 A AALE
Patick 2 A3, F A e FAFA Aol BolA ¥strt (Fig. 25). £F 54 &
7t o) 29 & L AEAL AHT & o] 8¢l ti# glucose uptakeE AR A3}
(Fig. 26), AzA 3 22F A E SS 4 o]Fo] RS 4 o]FHT} glucose TFo] FA
Vel ou F Aa 7he] f9H Aol & Bl gttt

180

160
140
120

100

——C
40 -~m=SS

20 —+-R$

Blood glucose concentration (mg/dl)

0 30 60 90 120 150 130 210

Time (min)

Fig. 25. Glucose tolerance test in Dahl salt-sensitive rats fed diet containing 8% salt.
C, control; SS, Dahl salt-sensitive rats fed diet 8% Mineral-rich salt; RS, Dahl

salt-sensitive rats fed diet 8% reagent salt,
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NEEM:

2DG Conoatration (nmol/mg wet tissuc)

2DG Concentration mmolfing wel lissue)
o

Fig. 26. Glucose uptakes in adipose tissue and skeletal muscle of Dahl salt—sensitive

rats fed diet containing 8% salt.

C, control; SS, Dahl salt-sensitive rats fed diet 8% Mineral-rich salt; RS, Dahl

salt-sensitive rats fed diet 8% reagent salt.

olre] Az EE, FuTol TR &Fol TlulZel AY flE Tl HlE T
R @8 ads ey, 71 9 977 2 A4FAA B APAFeG dAEE F
9ok 2 uyZe] ERE 4£FH vZo] A g £FL TETFHILA
A} 2 glucose uptakeold felHQ xpolE UERHA ot F 2Fol Bmo FlAE
g8 aole FAE 4 Ach 2N G VTHAA FRIFIFEFLSGSDIFH
F2A222(GG)2) LAE A4 I g Frie tesht 089 ¥k EF
o) H§ Wrle BrMsE Aoz weHI
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3-5. 3NN AEAFEC ¢} B AR ¥F

A 3-40A AT upg o] ouAgez g VAAHN FLEH BFAEE Holstd
Hol A% 94 R P EHGE BIY uke] Jad @ WNAHANAE BLYG Holzol
Ax @A ol HE g 45 &3 aFE FAY F AR, FIF HolTH HA
Q Aol TEFRIPAAAAN L glucose uptaked) A FHA Aol WERRA &
o} ol 227te] Foyn Ad g 2RF FfolE AAY & YA 2R ¢ 0
AR F2AIEe IS dA Ao W ok s AR JAHY o)
o 33 A U Hrle BT Ao BEHUG.

A2 B aFAME= FAH(Sprague-Dawley rat)olx vliZe] F23 AdF0l
myde] A gl 20 vE Q&P AFYL Fo Fu Y F5E JAS T A0
AT AHAZRY o= A%y 2EY2AZ F9 FE EFHE WHT 2AM BLRES
B §xE olgdd AzxE FxuFIFEFLF (GSD), AFHzE 24 £2=E &
e Az8 FEREUAETLD (GHP), 281 F2aFe] e BB AX7F
qe AN HE BHes AP BEALE TS AXF GGAFH GLaw A
Ao g i ¢ Fx E9E Frit s

7t 4% As R P

D A¥EFE

YT 9572l Spraque-Dawley ¥R HE THE Alojd22RH FYs3 oA
Aol @ 2vfE ¥ wol ALtk ASFAL 2E 21~24T, 5 50~60%7F HE
= X593, WYL 12417Hday light 06:00~18:000& F712 st 25Ut R
A g AFE FAsAT |

2) A4AY

0Z7} 87 ALL vlA AWFE G 95 7+ 2FF vy, AZTH B=
Zog Ukn PuTe oA yzEd §24F 4o]FE(GG, GL, GSD, GHP)E 7
Bagdnh, AAFES AlRE AIN-03Ge]l 98 Azd YWAIRE FFIAPL, FxT o
AL 28 Fun HUS EHoz e NaCldw)e F7etch F 2 di&2Tol
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= 4% NaCle A7, 247 o289 25, & AP A8 F22FE9
NaCl #8o] ¢ 50%AAL 78, AIN-93Gel NaCl 3.56%% &x48 198 7t
(& NaCl &% 4%)3t9 AL2E A=zech old, Alast & AFFA AFALS 3
52 Fgon, 4377 AYIRES AT ARG B I WY, AT F 19
Z43stdth

3) £33 WA AAHOGTT; Oral glucose tolerance test)

2o 4% F 54 1940 1242 AN F, €9& A5 M2 5% =T
(2g/Kg)&Ng ZAF Todsted 30, 60, 120, 180, 240%o] me] AHozHE AL
dag AHsoen 3L GFEA7 (A, S4A, 5HE o83t SAHIANU

9 8 A

Mol 4% % AT ) ARoRH AL ARste] Aol A §7)0 ¥
o 3,000 rpmel A 1583 AREAHA 8Fe ARed FojA FHL 70T 2
ashaA Adol ALgsh

5) 8% A4 ¥= 53
oA o] FHAY, EZd26E, HDL ZH2HEY FFE a2ATH A4
kit(o}A| ek, §3)8 ol &3t SAGATE 4714 FEHA &S ol&std okl A
93 LDL Ed=HES FFS AN
LDL Zel2HE= Zd26E - HDL Ea2HE -(FAHAY/5)
(343 A"<400 mg/dLg 3-$)

6) 4% 54

AYEEe 9Y2A A2 FLL f5td 2F T A 3 AN2EH FLL B
AN He TAL A F, tail-cuff Pl gl AU AFFAS AL F
2337198 dgEH4 Eo] ¥ol Pressure meter(Panlab, Spain)] 30T
heating chambero]Al 10 AEF IAAD thg &I cuffE 79 F5719 og
7] dore =Asgih, dghe Aoyt B F 132 st 53] o]} s o
A gote] FFS dHolEH=E AR
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7 AR A7

E A¥Ane] EAXEE SPSS (v 18.002 o489 BEF FFEUAE YeEhldT-
BE AdRE 9HE &34 (repeated measure) AMEEHSG T 2+ A3t e FJd 3L
Z}o]= One-way ANOVAS Al¥EZAA(Duncan's test)& AASALH B4 Al foF
£2& a=0.052 4Asq 543U
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. A%

D AF F4F 2 Ao A%

ANBAFSL 4% NaClet @7 Spraque-Dawley F o 453t A o) stgirt. Ao] 45
3 AR o) ZN)e] AFL o 110 go 2 Fra ey 439 43¢ 4HA d=T
(C)3} 212 210] ZFE(GG, GL, GSD, GHP)2 A4 olgrtt ¥ AF F7H&E B
(Fig. 27). AZB AEAZEL 53 AFste $¢ o] AL A o) A9 Zel7}
Q19ith (Fig. 28). 2R = BT5tT AF0] $Fd ARE AN 22O AT T
g0l 7b4 Rgkon] ABAFAEESE out ¥ AF F/HEE BT o= H
Fo) AT AN AFAY dUAAY AF F/4ES dX s 2HE U W
A AZ ARE 99 4% 2 943 A 5 F2AD AW A 2EH2
o gere Zn g3 A #Fe wada nug u o] o2 A AF FHECl W
g Aow AAEQT Ty AEATHo|EE et AF F7HEe] AolE B oy
ol BB/} R TR B AF FAEES 3P AL T27F AW A 2EHSE

=2
A =3 BF AW QAR ARFHOE o] RAAEE EFE FE AT A= A2 A

AFE AT}
140
120 |
__ 100}
K2
=
-a 80 L
o
il
"5, 60 |-
(<]
=
40}
20 }
0

N Cc GG GL GSD GHP

Fig. 27. Body weight gain of rats fed various glasswort—derived salt.
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30

Food intake (g/day)

N C GG GL GSD GHP

Fig. 28. Food intake of rats fed various glasswort—derived salt.

2) I3 WA 49

TEFATRUALG S 4 A 1243 o4 AYNZ F 5% E=F(2e/Ke)d
2EARGd Tg, 94 BHoz A g4& A e SAHAT A
479 lean (N B o & 120874 A&z F/5T7t ol F Fag Ue
ok 2t ABATES AAAZD Holgel me BFFA F 3094 120 74
ThopstAl @9o] A4d the ddo) gaste A%E Yelth 23y GSD HlT
GG Nolg¢ Tgd z+ A ke FYAA Aol & vdehiA Sy
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170
160 |
150 |-
140 |‘
130 |-
120 |

110 |

Plasma glucose level (mg/dL)

100

90
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Fig. 29. Glucose tolerance of rats fed various glasswort-derived salt.

3) B s

thopst A BEATEE 4% NaCls} §7 Spraque-Dawley ol HFHA7I™A 359 4
Zald] £Z7)9 olgr]e VYL FAUTHFig. 30). LY BEE HolToM FF
719} o)sk7)e] Eetzre] YA Y& AFo) BolA Fol MATY & v BHE U3l
o E Agel 4dyde] vF B ¢ I¢ZA0] tail-cuff o2 AL W FA
7 2850 Ho BE 2EH2E FY7) dEd Aol g A=E i R A
o7 FPHUT
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. 3rd

R ath

AT S

I Sh e IO

S

LSS

G5 v T

TE ,
WL SHELEA AL

e DUEAT,TAY

180

i L i "
o [~ (=4 =
~ (] n <
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130 |
120
1
100

(BHww) aunssaid poojq 21j03shs

GL GSD GHP

GG

110

(6Hww) ainssaad poojq 21j0)seiq

60 °

GL GSD GHP

GG

Fig. 30. Systolic and diastolic blood pressure of rats fed various glasswort—

derived salt(3 and 4 weeks).
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4) 8% FAAZA 2 FH=HE TF

22 Aold 43 F YA He Ao 2RE BT AN FAEAL,
£33 28 2(CHOL), LDL-C, 2183 HDL-CY ¥E& ZAsIdth 8% $442 &

o) A AAT 120 mg/dlE ERtoy 2F€ AW Jo|EL AT Hd
e we £XE JEckFig 3D, o I 27 AAXRL W F4AD 43
o] Fagtie A% AN old] v#) JEALFAU)TE & GG HelEF GHP

HolZe 2AAD ¥l ¥A UEhd WA GL AolF3} GSD HolF & HETH &
Attt 22 EY TR EE 2o]FEc] FAALY GHP 4olT¥ £&
Za262 $2Fe Yeioh LDL-C 35& $Td26889 $=9 & A% EY
o HDL-C¢| 5% Ed A 719 £9AQ stole HolA kot GG Holzol =
& FFE UEH-

-
=1
(=3

-
@
o

-
™y
o

@

S

80

eb 40

40 ¢
20

»
(=3

Total Cholesterol content In plasma (mg/dL)

Triglyceride content in plasma ( mg/dL)

o

N c GG GL GSD GHP

’y
-]

8
LDL content in plasma {mg/dL)
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(=]

-
=3

N c GG GL GSD GHP

Fig. 31. Triglyceride and cholesterol contents in bloods of rats fed various

glasswort—derived salts for 4 weeks.
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ol AFJ}E FHs) =W, ABLFEL DPPHY ABTS’ radical-scavenging,
angiotensin converting enzyme A3, 18] i a-glucosidase 3} =9 T} Agd
He 2i Yeg uE ABEATESo] B47Q Male Sprague-Dawley ratld F%
2 g3 a9s BT 2 A2AFEL 22Y YA AAS AT R 2%
24049 glucose uptake $¢ FIx T4 B IS GAA dETH HEX
2Ho)2E 7t MTE FolE Yeh)A gtk EY tE2TY AT E=F WA
AAb @ dote] AdE AFATNA doj Aspel vj g 2 AHE & T AN
o olgd olg= BT 4L ¢ F g FEL AgsE U 53 ¢ =4
A AgAo] oRERE A% AEH2AE 7] dE F& ARE A X A
gaH At

A o]F ABAT F FRUL olEsd Az FEAPAFELLFGSDH T
29 ARTSA0) S48 ABAAE EFF F2YBAFGEHE WE2E leptin
receptor’} AYH o] A BLo A Ao v Agd APl FEH

= db/db micedlA FFx EFNE, AF HHE U3 ALz o] FedHe @
w7429l Dahl sali-sensitive ratold 8¢ 4% A4 &34E B7pstnx s
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3-6. db/db micedlA AEA2FY FFx 2 FAitst 534

o} oA AFe upel o] AEB2AFEL Male Sprague-Dawley ratol RAANA &
Sy 2 gAs ZRE grstgod & AdE 94X 2% AoE dwgHAT 1A
leptin receptor AF02 % W} Feoz 5] ALHoz HRd A& AYA
] §2E= db/db miceold ABAFEY P L A3 A4S BrAstnA s
= 99 Y22BAFTE( GSD, GGY NaCl §%: 50%)& 27 HA7tstel AzE ARE
o 727} 53 B¢ AHAAA, Ao] 77 5 AF, BAANT, 2z I ¥HE,
A4 F aa, A%, 7, 2524 52 2gdd AF%E EHL AT,

=4

7t A9 As 2 ¥y

D AYESE 2 Yo =4

B 7o) o]8d AYERL 5539 C57BLKS/J db/db mice $R3} C57BLKS/]
db/lean mice FAL FAAFETF)(AE, FH2ZHE FI3A, AAZ 2vt4
Yol AR AMSBAL LE 21~24T, §E 50~60%7t HEF FARKAL, B
o} 12A17H(day light 06:00~18:000& F712 8te) 2574zt #A T3 F
5o 285ttt APEe AYE(db/lean mice)Td FrT(db/db mice)2E TR
T, PuTe oA dage o8 UzF(C), YYESS), Frufdredrad
(GSD), 28l 248 AFEGELE, ¥ 5749 APEn=6)2 EFIAT. Z4T
7 u fEREe dukoldd AIN-93GE Fdatgla, UeiA 374 A& AT B+
GSDS GGol g8 NaCl dFo] ¢ 50%¢ A& iziste], AIN-93Gel NaCl 1%
gFe 7120z, SSEIE 1% ALY, GSDToE 2% F2IFAFEILT, GGT
e 2% F2-AE A2FL F7Fete] AZ(Table 1DE F, 55 ¢ 34 74 A+
A H3E F J=F AT

i
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Table 11. Composition of AIN-93G diet

Composition s o 55 GSD -
(g/kg) (g/kg) (g/kg) (g/kg)

Casein 200.000 198.000 196.000 196.000
Corn starch 397.486 393.511 389.536 389.536
Dextrose 132.000 130.680 129.360 129.360
Sucrose 100.000 99.000 98.000 98.000
Cellulose 50.000 49.500 49.000 459,000
Soybean oil 70.000 69.300 68.600 68.600
t-Butylhydroquinone 0.014 0.014 0.014 0.014
Mineral mix 35.000 34.650 34.300 34,300
Vitamin mix 10.000 9.900 9.800 9.800
L—Cystine 3.000 2.970 2.940 2.940
Choline bitartrate 2.500 2.475 2.450 2.450
Solar salt (1%) = 10.000 - =
GSD (2%) - = 20.000 =
GG (2%) - = - 20.000

Total 1,000 1,000 1,000 1,000

AIN-93G: the American Institute of Nutrition recognized diet for gestating and
growing rodents in 1993. SS, Y %; GSD, FxA¢EFEEALT; GG, J2AE 2
2. GSD¢ GG 50% NaCl &+

2) ¥ (Blood glucose) &3
Ao Almae] Am A FEE F 152 1243 AN g mIFHAA A
g3l dF=RA7(AGH, 547, FF)E ol&std FAsAS.

3) 258 A4 (HbAlc) 53
3y AAr= A2 557 F AL AFF b NycoCard kit (AXIS-SHIELD

PoC AS, Norway)E o] &% NycoCard readerII o] <3l SA3}31)

4) £53 B3 U4 FAHIPGTT; Intraperitoneal glucose tolerance test)
TEg B U AAE 98 Agdol 557 3 12430l AR F, 5% XX
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22 ghe)e 27 Ed@ ohg, 0, 30, 60, 120, 180% Aoz mFYH Y
& AHse] WBe ARG WHe A A¥Y (@ Y FA'D BYY Yoo
2 23895,

5) 54 & A8 P4

AREES 4 A 1247 FAAA, dhag o AFd F, ZFEd o8 35
gth, SEEo ERARE F37A MABsn AFFel FAHDL e SHE AR
A AR AdsA} J8Y 9 ASL lithium heparin F2oj ¥ 3000 rpmo]
A 1587 94588 ¥ €48 sy, 4%, 3, A 24& 29 o8, AL
2 o]g3 3 A F, -70CAA BAEH ARE AHEEAT

6) A A 9 insulin FF 54

NEEg 5% F9 Ao|g the ddo] i insulin FHE Folwr] Astd AAd
Ao AR 4L Ak FolA AN insulin FFE B 10 uLE
Mouse Insulin Elisa Kit (TMB, Shibayagi, Japan)el 7}8ted ¥H-3A1Z1 o 450 nm
9 620 nm= A3 ¥ ELISA readerg °]&3t9 FA35310h

7) @30} A ¢] Thiobarbituric Acid Reactive Substance (TBARS) 74

oo zrE B 8F 100 ulol 20% trichloroacetic acid (TCA) 500 uLe} 1
M thiobarbituric acid (TBA) 300 yL& E%¢ o2 907 95TeIA] 2083 W3AR
o, o]% WA uLLNS p-butanol 800 pLE  BHiEm 94 EAsh
malondialdehyde (MDA)-TBA 4-3Eol ##8 n-butanol T+ ARtk A
n-butanol & gAoZ 532 nmolA FFEE SANPL, o § AEE EEEA
MDAL A|lEgds U wygom weAA EEIAE A IR FiE
MDA #%& T3t

8) Western blotting
AW zAS lysis buffer [1% Triton X-100, 50 mM HEPES (pH 7.4), 100 mM
sodium pyrophosphate, 10 mM NF, 10 mM EDTA, 2 mM phenylmethylsulfonyl
fluoride, 1 pg/mL pepstatin, 1 pg/mL leupeptin, 10 mM NazVO, and 0.1 mg/mL
aprotinin] @ 7] FAFE F, 4TAA 241 T ESAA A4 £2 (15,000 rpm,
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4C, 15 min)3he, 9489 A5 AL Bradford assayel 9@ @id& BFagith

o]Z 400 pge ©H¥F £4L 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)® R719%3% & polyvinylidene fluoride (PVDF)
transfer membraned] 1A13F 402 E<t AolA At} Hol¥ membranes 3% bovine
serum albumin (BSA)o] #$® 0.05% Tween-20 (TBST) buffereld 1R
blocking® ¥, primary antibody® Anti-NFkB p65 (polyclonal antibody, Upstate,
USA)l  A&sd  overnight AlFTh  Secondary antibodyZ+x  horseradish
peroxidase (HRP)-conjugated goat anti-rabbit immunoglobulin G (Millipore, CA,
USAYE Alg3ta] 1A17FE<E weAZ & AAse luminole]l #¥ enhanced
chemiluminescence (ECL) §%3} ¥+3-AA FEo] B4t

9) =X A}

7t Ho|Foz e AHT 7‘]‘%, A%, ada & A7 2% paraformaldehydeg}
2% glutaldehyde A%o) #4¥ 0.1 M PBS HHE o83t 1AHsAI, 0504
g S0 wel 23} nHE ¥ ASEFH o]F YA ¥ ARER A7 1S e a=
o) AEE PBS bufferst EFFZ AFF O, v ZFARE AA LR
white @Ao] TAA TR 24L& 2 FU/)E 0|83 500-1000 nm 57
Ae e g Ar|Foz FFSIUIL, £3 50-70 nm FAZ Z¥ FWE 23
=9 =3 Az AuA(TEMOZ B3 of o 8 Iv|F ez 3T 35
NEEL toluidine blue} 22 60-80T2] Hot plate oA oF 1-28 24 g o4,
200} ZA e FzE FEHY EF £ IvAeE FFIHT) A 2% uranyl
acetate® 10% lead citrate® 5% A8 x, HBF Al 50 ul®d AR F, 2

2=(150 HADE HAAN FAF o, A BESAT

100 AEAE P .
2 A¥dne EAANE SPSS (v 1801 ol4stdl W7 FEAAZ Hehidl
o mE AgE= W2 =3¥(repeated measure)S AHERLH 7 At we e
7} 3}o]= One-way ANOVAS} AF¥7#(Duncan's test) & AA8H32H 2N Al
422 p<0.052 AA3 FAHFNUT
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. 4 3

D AF F7VF 93t

db/db miced] AF 7|7 F<te AF9 A3 Fig. 3200 YN db/db miced]
AN ZE Ho|ZEL Ao/ 57 U ASH o2 AFo| FUARY A
(Lean, N)ETHE #F 71 Zo] Yk WERT(C)F GSD Hol&& GG 4ol SS
Aolgol HlE o AF Frte Bou A e F93A Aojg BolA Fhot

ocoUToT

Body weight (g)

0 1 2 3 4 5

Time (week)

Fig. 32. Change of body weight of mice fed glasswort and plant-derived salt.
N(db/lean) AT (B¢}, AIN-93G) C, 2|2 F(FAA o], AIN-93G); SS, 1%
299 Ao Z GSD, 2% VEIALFETEF 40T GG, 2% F2HE2F A°IT.
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2) 8 AAF us
GSD Ao]Z3 GG Aol B 4#F WgE Fig. 337 2th AAN, Lean)d] &
A e Hol77k B A9 War} ek 2E db/db miced] AN EE 2] o]
F22 Ao|7|7F T B AHFo] BeL ¢ F Ak db/db mice= leptin receptor7}
AR o] glo] T4 B he-& A& dA Hid ol AH H|gto] {¢= 3 insulin
Aago) dolu AEHLE Purt $LHE Ao A 3ok db/db miceel X & A
ko) Mo B AL ThY T O WA Fuot HEHelN Ao Btk ER &
Zo) AL NaCl §Fo] 542 & B HAFE ndvka 2ug v Aok a3y F4d
% NaCl $be QA= B8 GSD Aol 23 GG HelFel e Helzel vl
i =& 2 A3 YA #2xdsfEEL 27 9= E HAE wole 29 A
= Aoz Alsd

50 |

40 |-

30

20 |

Water intake (mL)

10

o O——— O o a
1 2 3 4
Time (week)

Fig. 33. Change of water intake of mice fed glasswort and plant—derived salt.
N(db/lean) BAZ (B34l AIN-93G); C, Y zZ (A A4 ol, AIN-93G) SS, 1%
A 2o]F; GSD, 2% FRAFETETEE Aol GG, 2% TEAZLF 2T,

_72_

N2EH: =2 2510 SUEQ ASFE A3 &YS lE Y/ sELMASR D017/03/22 141062 NS U/ E 0

i



3) ¥4 13

db/db mice®] GG} GSDE A= 55 F¢ F 135 83e S92 2+,
329 Lean (N)9] A% 2L oF 150 mg/dL AEZE 55 < A< W7l 9ol a0
2 4AF 3 YAk db/db miced] AS 40717t 4F74A A&H o2 FII8Tr} 534
By 7tasts AP BYHFig. 34). 829 ASHA 45& 2 AAFH IAHE 2
B2 vt} §A Frt SEE Sl FAHAT B SR A, 2008)E 4ol
717t 4F7AA A&Hoz ZF7hErt 5FARE A AFe AR T Y
GSD dojZ GG HolF¢ T z+ A e FoH Aole YEA &Yt 2
oz 53 S ANG B A7 GSD Aol GG Aol Aoj7t 37t
A 9Fe =2 g Aoz vegth FxAYIFEFALFTGSD)H FxHELT
(GG)2) At ante FAst7] AsiXE Z712 Aolo] & xAF T80

700
650 -
600 |-
550
600
450
400
350

L

200 -

Blood glucose contents (mg/dL)

100 L 1 L i 1 1
0 1 2 3 4 5

Time (week)

Fig. 34. Change of blood glucose contents of mice fed glasswort and

plant—derived salt.

N(db/lean) B4F (A44)0], AIN-93G); C, Bx=Hl
AF 2

ZF (A4 ], AIN-93G): SS, 1%
A 2ol GSD, 2% T2IAYITETEF HolT;

; GG, 2% T2AELF HolT.
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4) =% A WA FA

TG WA AAE Ao] 57 F 1242 o] AN F 5% EETQe/Ke)e F
AEAR g, 94 pAoz mHHHRoN g AAse FIE FAHASG A4
A9 db/lean (N)& 27 T4 602 o|F 7tAE Bgor A&AA F4E UetlT
28 db/db micesl FA2 o2 WREC)S A% BAFA 120 £ 1FFH B
Fo| Zasts Ae el 2y GSD AolEF GG dolTE EUE A AV
2+9] $ro A ]l Aol YehtA F%T

_. 80+ <N b

= —--C b

K, —O— SS —— b

Ew 750 _g GsD

- -0 GG

8 700}

c

i)

C 650 |

o]

Q

§ 600 |

o C

= 550 |

o

o b

8 500/, a a ;ﬁ

m 300 . a
200
100 1 § I i

0 30 60 90 120

Time (min)

Fig. 35. Intraperitoneal glucose tolerance test of mice fed glasswort and

plant-derived salts.
N(db/lean) BT (BA2]o], AIN-93G); C, Gtz (A o], AIN-93G); SS, 1%
AYP 2o|F; GSD, 2% HE2ILFEFETAT Aol GG, 2% ST2A AT 2o
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NBEH: 8 2510 SWEQ MNEFE

5) @% Insulin §F

2 gdFEELBZ(GSD)H FEHELFZGEE 4Y 55 F, A5 g
Bo) M9 insulin FFE ZASSIT 2 A3H(Fig. 36), db/db micedlA BEHolT
z2(C)9 insulin #FE BAHAQ lean (N) Bt} ¥ X & HERT. db/db mice
= g4 Estg AU T 49 9o &7 WE APl A& BYIE Bl &
Hoz ARG RO vsl FFe 23 AT ZYFHZ(SS)E =T ()
BT W P2 insulin £HE Ve # 23 4HE EF insulin FA7 oAt
AT Anet dAsAT. etk GSD AolZT GG Aol AYFH TSR

=& WZ insulin £AE 2R J o FHA FolE HolA FT bRl
oz 23 AFZEH ¥€F insulin $A7F ZAdeE 27} insulin EHE EF3134
GSD 2lo]#o] GG AolZxth H& ¥F insulin FAE B AR AZE. £=3
GGAol 29 insulin FFE GSDAolZHT} © ¥ FAE U HE°] Fxrt
insulin BH]S ¥ 228 Aoz AAFATH 9% 3 PP PEAAE AE” £
nE 2A5e B £AE BEE aRE Zevhs 2uso Ao, ¥ T3 e
2uE 2A5= A4S Foein JdE Ao FAHT FUEAE @A Ch R
7vo] GSD 0|23 GG AolE& HEZ(C)el H& EF insulin FFOl HALAE &

Sgs Aolds Eok Y FAE dRTY AR ARE A ol CESA S

BEAZE G2ABADE Aed BHE 2JY By ol EF ded 238 A4
ALY el AsAY P T FE AR EA 5o HE SAE T AL
z 2=gd. oo Y@ Bt AAF 7 FF 27
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Plasma insulin content (ng/mL.)

S8 GSD

N

Fig. 36. plasma insulin content of mice fed glasswort and plant~derived salt.
N(db/lean) AT (R3]0}, AIN-93G): C, Feo2Z(AA4 o], AIN-93G); SS, 1%
AQQ AolF; GSD, 2% FELYAFEELF 4ol F; GG, 20 FEAEATF Aol T

6) 33842 (HbAlc) &F

o8 2o FATWe Y hemoglobing ALE $WIE oI F2F AYE Wk
o dmezae 49 ye TE9 AAGHeE APEN IRANLE FYRE
4 QAss HETA AolgE 2-309 B¢ BAHA Dok IRWAL FFRWE
AT L5906 w2d 7103 89 U TEF 5Eol 28 ARHW FuBAe A
goluth 78902 1 SA7 e goha eoh 58 d9e o4 24 59 AE @
Aol wWeh 0 W% wse Zo| e 2} YHYAAE VA 9% 2 g3 @
957 9n FA7 24 FAEY, 9Dz Fugdd 39 €9 SYLozE A
WAe) 89 432 @sy] ojgth T8 BEALHbAI) FAE A7 BT
szg o 4 o) B 22 A% §EE9 Pud ogHw Aok

SN BEIPEEEATT GRABAT) db/db micedld FHEML B4 o
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AEEH

Ao AL FQREA Solr A, Ao] 55 F AL A IHREH: FFe
Aty 2 Z3Fig. 37), A2FQ lean () HbAlc ¥ 4.6+0.19%= A4
A2 UEbd ¥HA db/db mice® WET (C)L 12.110.69%% BxaA Aol i3t
232 Uebdch db/db miced] 2ol& Ao]FE9 HbAle ¥FE AHEA GG ol
o] /4% weroem GSDAolFo 1 fge Byt ¥xIF A Y E=T F=E
2o BHE YL FAHL JAT Ao HNHUT. AN g TR FF
NAP 2D ety E S5 2L xS fEF g Aoz €A Ao 29
U g2 1%9 233EALE ZolA 7 I w2y 4234, Hu, vAE
2R 783 BEERAY 5o AW FAA7 L HFHOR FuE A AFE]
21BAE DAYt Bod v gk W, = FEEE Streptozotocin® 2 FE
g A 18 3N £33 ¢== FPaA(Rat Lens Aldose Reductase) R &H]
= %7 (Sorbitol Accumulation)g Asste BAL Ve WU 2L g¥5e W
s PG &7 2edn B3 b v mekd Bk @xe B39 Fxe 3
A FAL Z2AA B FHF 53 AT LS FaAF REE VidE

e Mol A Je

flo

14

HbA1c (%)

Fig. 37. Glycated hemoglobin (HbAlc) content of mice fed glasswort and

plant—derived salt.
N(db/lean) HAZ (A o], AIN-93G); C, BndZT(FE4el, AIN-93G); SS, 1%
ALy o)L, GSD, 2% FzagdFEFLae A elF; GG, 2% F2AELT 2] o] .
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7) 8% AAANSNE FF ¥

27 BoAE 9x AEd2 Axte] o3 Fele AL BAHEH, o] TAAY
2e XA, @A, DNA 59 AZTHAEES &3NA ¢, T933T, 38,
Z2 AEANZ Y, ARG, okET, 1¥a (NeY T oFE AW FLANIH

Jzxm ). AuelxE ZHNAE AAHI N3] superoxide dismutase
(SOD), catalase, glutahione peroxidase (GSHPx) 59 #Atst&ast EA3S A3
Aoz Hol 71%e st YA FF AN EAT A¢ Aol T
8 ol 750 @A WoAA Bk Y7 AsH £4& Foly] AT IS
N5Aol &% ATL JRury FFHAAF 8 oY AF2AE LI =
weo] s AAHT A o] F FRE B TR ol I, 2L VY
24 7% 4 59 T AABAL 23 3o 7& AF A2 20AA B4
& w3 glth

olo) FzuYIFEFAF(GSD)H F2HE2F(GO) 2lo}7} db/db micedll A 4ts}
% ~E#2(oxidative stress)E #AAZ|EA Folnuxy, FIFAA ADAAEE
(malondialdehyde, MDA) 3¢ thiobarbituric acid reactive substance (TBARS) ¥
of o8} ZAFskelch. 2 ZH(Fig. 38), db/db micedlA g =2F(C)e] MDA & 23.6
nmol/dLE AL leanF(C)8] 2AF v)$ v&sAch. FUIEAE db/db miceolA
GSDAl o] 23 GG2lolZel MDA #ako] giZF(C)el Hlstel < 2MA= FelFezm W
A et (o <0.05). GG ool GSD AolZrrh o W& MDA ¥¥& WS
Bzol shzo) AvbE AR AN AF 2EHxd] oF PPHEE BHAx F
o AA ARE SL AAY £ Y= T GHE AT ' o2 AHHUS

b

K
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30

TBARS content (nmol/mL) in plasma

N(lean) C(diabetes) S8 GSD GG

Fig. 38. Plasma lipid peroxide contents of mice fed diets containing glasswort and
plant—derived salt.
N(db/lean) AAZ (B¢, AIN-93G): C, BuulZT(@&4ol, AIN-93G); SS, 1%
A9 o) GSD, 2% FaIYEFEFTAF Yol GG, 2% T2 ELF Ho|T.

8) 7+9) AAAAAE §F WA
F2nYGFEF2FGSD)F F2AELF(GG) A7k db/db miceol A At3H &
e ~(oxidative stress)E HaAEA Lotruzl, HelA AAis AtEE
(malondialdehyde, MDA) &% thiobarbituric acid reactive substance (TBARS)
wol ojs) ZAVSHGTH 2 ARHFig. 36), db/db micesld HET(O)S MDA BFE
A4 leanZ(C)ET EA Ueskth db/db micelA GSD 41T GG 2ol 9|
MDA ko] tlzZ(C)ol vlstd faHoz v vehkt (p <0.08). GSD 2] o]
o] GG dolZrt ¥ ¥ MDA % uehl €% AdALHE sregat wbo) A%
& UEhac o =@ dxe fxel A8 2Eo] AA A 2EF 2 o
AHHE AL 2L A HHE T AAY F A TS ang A3 &
o AP 2 2 F (Food chemistry, 2011)2 o EAste Faks &4
EdZ isorhamnetin 3- O-B-D-glucopyranoside quercetin 3-0-8
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—D-glucopyranoside 59 flavonol #|23# AFEES L thol dicaffeoyl quinic
acid SEASo] X v gk E£d o5 HIABEL FEAFS LAl copper
ion®® ST cholesteryl ester hydroperoxide #4 A3l%&°l =% T3t
7 WA, ohnz e s 34 471829 8 Bl a9 8 ol 2
qo] T esta Q= GSDE AUAA 4std 2E#HxE ol ¢ f8

AELAY Aoz BwgAT.

3.0

25}

20

1.5 |

10 |

0.5 |

TBARS content (nmol/mL) in liver

0.0 Hatc.
N(lean) C(diabetes) SS GSD GG

Fig. 39. Lipid peroxide contents in liver tissue of mice fed diets containing
glasswort and plant-derived salt.
N(db/lean) A4 (B4320], AIN-93G); C, G| 22 (R4 o], AIN-93G); SS, 1%

A0 Aol F; GSD, 2% VEAYIFETLF HolF GG, 2% FEABET 4T,

9) AWz o)A NF-kB9 2¢&F

NgH AEd 20 #Hadts TNFa A2)M NF-kBE AA 45 = AEA7E &
quga A glon wd A&d A% A= IFE 23 LA gk F=
P SERELFGSD)T FE2ABAFGE) A017 db/db micedl A HEY ZEw~
(oxidative stress)® Zoltd FIF< =rz oolrmzr Az oA NF-kBY &

22 western blottingoll &8l ZARIAS. GSD 2ol 23 GG 2olFe A& (0)FH
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SS AolZRTt ¢zt WFe NF-kBY 2@FE Ho} & Xol& RolX] FUrHFie.
40). 2P 22 FERIYIFEFLT(GSD)F F2AEBAF(GG) Hol7t 3 EFAA
AAFIE B0 Al EdE verfod A8y 2Edxd 98 L@ NF-kB
9 LRole A 4% FA Gt A= HYHAU

NF-kB
GAPDH

C S GSD GG

Fig. 40. Expression level of NF-kB in adipose tissue of mice fed diets containing
glasswort and plant-derived salt.

C, Itz T4 0], AIN-93G); SS, 1% ALY 4ol GSD, 2% H=iFEFE
BaF AolE; GG, 2% T2 ELT AT,

10) A)"¥%3 9] Histologic photomicrogram

db/db miceolA] B2AFLFEEALZ(GSD)F F2AZALF(GE) A2 A A
WzA A PEEH apolrt AeA Folrmal, 7+ Aol ALz (Adipose)E
2% paraform aldehyde$t 2% glutaldehyde TN 2 AU 0sOF &3t
o 23 AL T AT A FL& ALE YyolA o]EF PBS H{H &A4F FHTE
AR T ez 44 AR LR White o] Eojsigich. 2ojg 238 =
uh gW 7o) &8 500-1000 nm FAZ AAE ohg F @AM BFERT.
a2 AT(Fig. 41), Zt Hol2e N ZHJAE crown-like structure® FHHE ¥
97} BREQY. Axd =3 BEALNA crown-like structured] 4L HF T
ded ARNTH e B o Ruda ok F VA Argely AAFe 2
9 F Az AT T 40%040] WAALRE ojFolA gled WAHMEES 9
=4 Ao|EFQIETR 7 AFAEE AEAA AYAHMEE F9  crown-like
structure® ¥A@ciz g3 ok 29 tisld EFAH AR gH E83=
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woty BAE insulin resistance® ST FEA Qed AFRAAN EITA
X}l EF}Q] TNF-q, IL-6, JNK, &)1 IKKE insulin resistances} @x' &a=°l
A aA 278agn nng o Utk 3 YelE AFA 2EdS, AXAY ZEY
2 aga AzAel o] 2@ H59| insulin resistances} #AAHA 9= ALz
wada 9o 24 B A A& db/db mice= leptin receptor’t A=
glo] A&AQ Tz FHgoz <l vgte] 4r7ln o] A8} insulin resistance’}
Jojut AutzA oA A MEG BFA Al EFI 93 crown-like structure7}
A Ho1d 7HeAe] vk RTEHAG.

olo) 7 Ao|Z ke AWzAe) FHRF AoE Rt A AMEE FIAQ
lean (N)2] < Xz o)A crown-like structures A Holx &gttt ¥ o
238 AzANE crown-like structure7t THF #EHO] AL R AHo R
913 crown-like structure’t HAE Roz FEHJTH WHA FRagIFRTE
22(GSD)H F2ABEAFE AFE(GE)E AEZ(C)F SS HojFel sl crown-like
structure FAF7} AA BEHYT ol 9FA AlESAS 44& JAFeEA
R zA)A =& AU ES(crown-like structure)7} A7) f&EQ AR
z=Hr, 924 Al EFQE AgHA 2L WY DA BEEH BF <
59 AsATRE QLA G ANE wek Zo] FrugdFETE
GSD)S) AW AwHasE A4 A4 &, = FAs At dge Ao A
o] B o, ¥xaYALETALFT Hols BRAYRANA A5H 2EH 2
TNF-a pathwayol 2433 93¥E& F°] crown-like structure FAHE AAT A
Z AALE AT

T3 =3 Az AL o434 crown-like structurest AWTE #2333
2 Az Lead? AA2ol2(N)¢ 2zA% vms] & ¥ db/db micedl WET(C)
7+ 2|4 slo] MyPHo] g0 BAHUTHFig. 42). ©IE leptin receptors] A%
oz Q¥ B}e3} oz U ol FPE Fo &FH dE Ao FIHIUT
2E gue 7t 23 7 2%, AXIY AgEs AdgelA 13 A8 F24

BA2F Yol RY=7 /M SR

rE
PJL
o
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¢ - -

Fig. 41. Light microscopic images (XZQO) of adipose tissues in mice fed diets

containing hot water extract of glasswort.
N(db/lean) AT (A2 ol, AIN-93G); C, g2 F (A2 0], AIN-93G); SS, 1%

AU Aol i GSD, 2% BEIYLFEREAT ol F; GG, 2% BEATLT AT,
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GG

Fig. 42. Transmission electron microscopic (TEM) images of adipose tissues in mice fed

diets containing hot water extract of glasswort.
N(db/lean) AT (B4 e], AIN-93G): C, G Z2F (R4 0], AIN-93G); SS, 1%
Ad9g 2old; GSD, 2% Stz agFELLT Yol GG, 2% g2 A BAF 4oL,
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11) 3 2RIHe) ART BE

7 Nojze 7 AL TANSHA P Av)goz BFW A3, AFYITNY
Bz AT Ao BEHA Qkod UnE olF e YHE BYHFie
44). ool W) db/db micedl BEZC)E T ZHANE AWTEol s BEHo
F90% Qe Awo] 24P Aoz 22HATk 7 24IA SS AolFI GSD el
2o APTE RO W o A4 BFY A GG Ho|Fe WRTH FA
AU o Be ATE0 #2HA,

T8 £ Ax FuAAIAE AT BEs A9 2ol zold UehArkFig.
45), QY T8lm FRAEAZ AolPd AL AR FAAN Holx AT T=
g Bolg T2E BF T F AAed ART ALH FHEY AZo] WA
9 AL BEF T S YT AXAG HEE= ol AW Ao FFE FE AE
W argos 2Ed JAsd, FRIYASEFLIE Hold I %0l sl A4
o FAaolE B AAAANME olfg 27]@e] AY FEEA Aol F AL 4
A BE g+ 9o BET, 199, 183 F2HNELTE Ho@ AL o
g8 728 2= AT WEs g

Nrmal Liver Fatty Liver
Wy 1' 1 g

Fig. 43. Light microscopic images of normal and fatty livers.

(Cited from WEB: http://www.e]em’ents4health.com/exercise-plans-prevent-liver—disease.

html)
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Normal

SS

GSD

Fig. 44. Light microscopic images (X200) of lipid droplets or vacuoles in livers of mice
fed diets containing hot water extract of glasswort.
N(db/lean) AAE (BAF2le], AIN-93G); C, g2 (A4 0], AIN-93G); SS, 1%

AAd Ao GSD, 2% FRIAJAFRELF Jol T GG, 2% F2AELT 4ol
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Normal Control
Solar Salt GSD

Fig. 45. Transmission Electron Microscopic images of lipid droplets in livers of

mice fed various salts.
N(db/lean) RAAT (B2 0], AIN-93G); C, BxNZTF( 44 l, AIN-93@®); SS, 1%
Adg 2ol&; GSD, 2% FxagdFETLETE 2AolE; GG, 2% FxAEAT £ ol .
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12) A #A=%7 9] Histologic photomicrogram
F2ATE Hoj7t Ao oW FFE FHEA o] 55 F mice® Azt ¢
o}A Z+ AolFe AL FT @wjAos #FRY. 2 A3 (Fig. 47), db/db mice
9 YzZE(C)e AT NF HFRTH ol A9 Ux Aoz yuxoen =
ol

2 Qs A% A% o) UL AS, A EEEEL wESE 714 Z(endothelium)
9 7% 2 Zd AFe £ M54l Atkn BEHAT A ZF HolEY ARl
A basement membrane endothelium®) 23 W37t A=A QolR A WA F
G AL o) gstd FEPT FHEvg AolM A9 basement membrane}
endothelium FZ ol= 7+ 2olFo) wet FAHA Fhoh ole F2A2FETF Ad
o] AF 7)o T o]AL FA F& AR AAHAT A 7%l o)Fo] A7l
27) gAAY 7150 ASIAL AS e 2 AF=s 5 £ AR d9A
& o)gsld #BAI|UT. 2 AIKFig. 50), T3 AAAY B NN FZEE basement
membrane® endothelium® F2= 2z} 2lo]Fo] wal & Folg YA &gkeyt
o Sro} 9lo] ¥zt Aot AL T 4 AU ol Z HolFe JNALY FAE
2x8te) 1 ATHE Table 110] Uitk 4% 714 FAE Z Holzol weh Zol
7 et AY 7re 4= gtk & 7 AolE F db/db miceol A dxkAold
fZ2Z(C)S) 71Tl 713 FARCH lean micedld dHoldt FAZN)Ol 7HF
SFg}t}. db/db mices leptin receptor’t 2R Ho} A3} HFoz Js) AP mice$)
lean (N)ET} Ao 714 o] 792 Aoz AAE AT db/db miced) A Flvlol
Zrg AYAe AHAY SSHo|FL HRFERT 7IAYe] gkskeh. db/db miceZt PIY]
o) TR AYAL HHAFOZMN s|A ] FAI lean miced] 2R JHAA L
= Aoz AP T Ak AF A A AR 7ol FHD JA T
EAQAGT dEA Qo] T F4Y B4l NaClg 7HsAel ivkm AXHAT A
Qo] 48 TuE HESo] wulZo] AL gl 2Tl w AF JvE & o
#A7) 1 71AEY Tx W] ¥ 4FL FeAd A d7E FF JE} 27€
o}, 20] tdted db/dbel F2AFE 4R GSD HolE# GG Aoz e W= ()
g SS Alojza] HE 7)Aol gkgtom lean miced LuHA ol FFHMN) H%
ARQ E3 GG AolFo] AR AF At NIALY FAE YERIT
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- . J“. . 0
of Bowman's capsule
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Fig. 47. Light microscopic images of kidney in normal, control and various salt
diet mice.

N(db/lean) BT (AA4e], AIN-93G): C, G 2T (A4 0], AIN-93G); SS, 1%
29 2olF; GSD, 2% F2AGETFETET Aol GG, 2% FxAELF HolT.
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B t Mem
asemen brane TS Red Blood Cell

Endothelium

Podocytes

Fig. 48. Diagram shows detailed structure of glomerulus (WEB)

Normal Control

Fig 49. TEM images of glomerulus in kidneys of mice fed various salts.
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Fig. 50. TEM images of glomerulus in kidneys of mice fed various salts.
N(db/lean) BT (F32e], AIN-93G) C, a2 E (A A o], AIN-93G); SS, 1%
HAYA Ho|F; GSD, 2% F2uFdFEFAE HolTi GG, 2% FG2AEAF 2 olE.
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Table 11. Thickness of basal membranes in glomerulus of mice fed various salts

Groups thickness (nm) of basal membrane in glomerulus
Normal 120.70+18.85
Control 138.80% 9.41

SS 131.77+£28.30

GSD 121.85+15.43

GG 126.48+ 3.68

N(db/lean) AAE (A4 o], AIN-93G); C, BatlZZ(F40l, AIN-93G); SS, 1%
A Ao]F; GSD, 2% UEAFIFEFLF HolF; GG, 2% F2AELF 2] o| T,

ol 4ol ATE F%s) 2B, leptin receptors] AFoE AT HAFH FFo= Ad
Al wukd A& Aol FUHE db/dd micedlH 2 F F22FE[GSD, GO
o Yo|7} AP AA(HbAI)Y FFE WRE EIE AR =T UL 49§
o FFw ma] AYASS) 2olgk & A& nolA Pk A F2E o183
q AzZY FEIFAFEFLFTGSDIF F29 AB75H0 5T AHAH &
gt AZF TRABAFGCOS B3 BFA AZRARE B A ZAE U
B AZoRRE oE A3d 2EdaE EAFEW TV AEE JASAS 2
o) Hatal olg NBAZEE AMERFdN APAE7} ABHA AYHE crown-like
structure H4 F7F AL AR J1de® sl 59 FUHA AHE HA I WA
.

fr
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3-7. 4BATE0] FARANN BF 4% A0l A= 9%

oF AME ule} o] leptin receptor7t 2PH o] FAFH HFo2 A LA
wetg dgd JPAol FLHE db/db micedld 2 F FHAEFE(GSD, GO 4l
7} e Ax(HbAIC)S] TS Y ARE Adsin 22F W8 49 59 8=
o] AAA(SS) Aols} 2 Aolg Holn &yt 2V FEE ol8dtd Axd )
274ASFREAZGSD)T s ARl S5 HERALT TR Azd
22(GOE 3 FAN AAFHNE Y4 JA EHE VR £FoRHEH

ox AsH AEdaE Z9FEd Zdv A FAEh a9 Hate ol 42
2228 AwzAoA ALzFo] AlEH o] AAHE crown-like structure FA A

2 oA 22 ogstd AP FRuYIFEFLF(GSDF Fxo AA7S
gol ¢ ’51%1}%13} 2R A2F FRAB2FGES Yo7t 27 HH=Z I
oz HAgto]l A%ste ¥ WHFAL Dahl salt-sensitive ratol Al 8¢ A5 A
EHE Hr skaAt 3}93\:} 3% NaCle] =2 99%0]149] 2% NaCl# 2% Fx=1%
BB A32(GSD, 50% NaCDT #2482F(GG, 50% NaCh) % 3% NaCld JLST
o @Ased AZE AREL 27 57 B AFANY F A%E SASAG 53 A
3-580) 4 AR EHRD tail-cuff SA7IE mEd FEFAHVIZ AAFLEA PR
B ot pe 2EY2E Fo BAY dFA Wiyt E 9 e AW L2ty
gy, 2TA olBFd EAPE EiF7 Astd B FA A8 EAFAIE TEY
W 9o dYEH sensor® AP 940w AFFA W FAY 7 AT
DSI PhysioTel® PA-C40 telemetry system (Data Sciences International:DSI, USA)
& olgdta 5719 o97) WL FAHAA.

7t As 2P

D AE R AF

oy g T£RE AYGTH AE2FSL W% e e 439 A8
Trichloracetic acid, Malondialdehyde(MDA), 2,4-Dinitrophenylhydrazine (DNPH),
9 lanthanum chloride Sigma-Aldrich Co. (St Louis, MO, USA)ZXH,

=~
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Anti~Akt2/PKBBE Upstate Biotech Inc. (NY, USA)S2RE T3} A}-g-3}5iT.
3 Rabbit anti-GAPDH polyclonal antibody: Ab Frontier (Seoul, Korea)Z2%H,
Horseradish peroxidase (HRP)-conjugated goat anti-rabbit immunoglobin G o}
anti-NF kB p65% Millipore (CA, USA)Z2H-E, 123 Anti-VEGF and RhoAT
Santa Cruz Biotechnology (Seoul, Korea)25 8 T3t AH-&83ioh

2) APFE & Hol=A

B T AMLE AUSEL 8% %o Male Dahl salt-sensitive rate2 ThEALC]
AxA(MA, FHZHE TRt AAZ 2vtAY Yo A ASRE S 2E
91~ 24C, &% 50~ 60%7t =B FAYT, BEE 1243(day light 06:007
18:00)& F712 ste] 25U 87 H$ AQ F AFL FYPIAU. ol B
AZ2L 390420 gola, wudel 93 ALASS)E, FEIFEFEFLF(GSD)T,
F2ABAT(GRHTLE, F 3719 APTn=4)2o2 EFsAT & 4PLY MRS
AIN-93GE 7]Fo2 3%9 NaCl §Fe FHI=E AP F, SSTH Hols
39 FAA GSDRE 209 ALFTH 2% FEAFIFEFLFNaCl TF &
50%) HA7tetm, GGEAE 2% FYET 2%9 F2AEBAF(NaCl &% o 50%)
2 g 1gAo) ARE AR 4F7 BF A AFEA AL + UAES

3N E AT R Yolad

7t NRTSS ez Aod A AF F4Fe A B MRS 2
AZoz st F13 457 SANAG AoldAFL HolFFFl U@ FAF R
£ e AT Adsgen BAZFE F13 F4FT SHSANTG Holng
(food efficiency ratio, FER)& MZZ7teo] e Hold#AR ez o] Adsan

7]

4) g 53

of FolA] AT FTEAYL Fotd AEAFTEY A AdE AL A8 A
a8 9% 2AWE tail-cuff§o R, YL EAY W AEL FL cageol ¥oIA &
Aol @ W7 BE Aol 2881 B mejo] FAVIE FoL2A A¥EREH ¥
o rEH2E B Ho BAY FdFAe Bt 2 L etk IHA ol
& EAAL BT 29 F7) S5t 27] $29 Q=T 9 ol EU4SFA sensord
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Ae the 9A02 AREA d%E AT 5 T PA-C40 Transmitter (Data
Sciences International: DSI, USA)EA71& =8t 2olste T F&719} o] &)
dore A8 oldl dg A7 = ok 2 Pk

| Digital Signaling Interface(DS1) Transmitter l

Thin-wailed tipwith

Fluid-filled catheter | anti-thrombogenic film applisd
i /
™,

won | ovedop | wenainygngion 1
_____ [P R A e
E == o
] (¥ I oot ]
O e L L T |

“ T
: Non-compressibie fluid | Biocompatiblegel |

Battery _iHighlysable Thermoplastlc
\ sanscy housing
weeht T
Vilame 44ml
Gllegle, & apths
Cuter Material Silicone Huwmar

Tempipyw Qpenting Range.  Mo41°G
SheH LYe (hattery/stevility 1yesr

Epoxy encapsulated Blocompatible Graphiiiion’” g aiBgEiR ARG g
electronics module outer layer Pressure Range 1010 400 mmg
. , AwblonsPresunstanes 1 GE50DMTHE 4
Transmitters contain a battery and a reusable iy SYwan

electronics module, encipsed in advanced T ot -« 5 i

biocompatible packaging. hplapit < (jpar g e S
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Fig. 51. DSI PhysioTel® PA-C40 telemetry systems for blood pressure

measurement.

5) 3|4 2 ¥
AgEge 54 A 1243 A2 g b2 HHE F AZE 93 3
yegicy, SEo EXo|NEH FRaA ARsta AFEEel fAHL de dH=
2 Jo

gg)d A7 ARG olF pzd, AUz, THEAE YT O olE 4P
oz A7 AEAAEZ AN F -70CAA £ AL W 7HA RESHAT

6) Angiotensin I —converting enzyme (ACE) ¥73

= 4o]29 ACE ¥4< Cushman $(197D0] AAE WyPe2 AANIAT =
g34(50 pL)ol 713 300 mM NaClg ##-8ha flE 100 mM sodium borate buffer
gel(pH 8.3)9] £814171 5 mM substrate (Hip-His-Leu, HHL) 150 uL& 7}t &
%3 % 37 C 458 B¢ wgAZTh o] wegde] 2N HCl 200 L2 A
Aue g RAXAZ g 7)o 2.0 mLe ethyl acetate= 2ujstdch €03l ethyl
acetate® 108 29+ 1000xg2 QARYE F 454 1.5 mLE glass tubex A
e @t BE2HAY. FE2Y F28 1 mLe FFHRTE 7bstel A7 o
098 nmold FBEE ZAHAT o] FTIE e A4 F 249 (hippuric acid)®]
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N2EH

AFZAEL o] &3sle z} Ao]F¢ ACE 84< hippuric acid QRFEo 2 BT

7 AFNA Y F714 §F £4

RE AYASL Ao]7]3t 2719 7)o metabolic cagedlX AEH o= AGstd
A 24XZHEQ 8 AASHD. ARY xE -20°Col R@sta 4 AHgsgith
A8 AYE heparinized tubedl ¥ AMEF3 EFE AUTh wo BHS 7
714 §%& atomic absorption spectrophotometer (AVANTA, GBC Scientific
Equipment Pty Ltd, VIC, Australia)& ©°]-§3}4 =450 28 49474 33
HHE B4 E

8)a %) AN E §F 54

o)A 9] AAFAE % TBARS Hol 93 5A8A. 5, plasma 0.1 mL
£ 20% trichloroacetic acid®] 0.6 M HCl 0.5 mL¢} 0.67% thiobarbituric acid9 1
M NaOHE 4 0.3 mL® 7bste] E¢® thg 95CoIA 208 B¢ HEAZT o) &
2 gl Yzhaj7l o} n-butanol 0.8 mL= B2ajstdl 1500xg® 10 ¥ < 94

0

2elaelth 9ol n-butanol 59 FFEE 532 nmolA AR olE e

e Y BEEEY (malonaldehyde, MDA)9 FETPL o] &3t AN A
ADAHE Fgoz FASIT

9) ¢Wa st=rds HFEPCos) FF 54

Protein carbonyl #F& Reznick & Packer (1994)% ¢ el o3 AR
10 mM DNPHS 2 M HCl &9 100 pLel] 3 ZHozRe dojx @#d 2 mgs
% e AL D FAolA 1Az B¢ M-SR oh 156% DBL2 vortexd}
93"4' o] Bhe-gdo] dgo2 YA 10% trichloroacetic acid (w/v) 1 mLE 718
o 3% The 3000xg2 10 ¥ ¢ AEIHAG. 4o @4 H ¥ (pellet) &
ethanol/ethyl acetate (1:1, v/v) €9 2 mL2 33 WEsto] A3 g & o]E 6 M
guanidine hydrochloride (pH 2.3) 1.5 mLZ SHAA 37CAA 10 & B wBgA
71 % 370 nmolAd FFEES - SAEHAT. Fg=gol dlg DNPHE molar
extinction coefficient (= 2.2 X 104 cm-1 M-DE& Wve xzAo 4 ¢ protein
carbonyl #&Foz 4HETH

_97_

. mo US| SBEQ ASEE A MG JIE Y/ SERUAST 2017/03/22 14:26-



10) Western blotting

2739 ANz : AR, 2, AHEFL lysis buffer [1% Triton X-100, 50 mM
HEPES (pH 7.4), 100 mM sodium pyrophosphate, 10 mM NF, 10 mM EDTA, 2 mM
phenylmethylsulfonyl fluoride, 1 ug/ml pepstatin, 1 pg/ml leupeptin, 10 mM NazVOq
and 0.1 mg/ml aprotinin]& polytron (PT1200E, Kinematicca AG, Switzerland)& °l-&
3lo) homogenizing@ 3, 4TolA 2412+ F¢ AAE ARAIA 94122 (15000 rpm,
4C, 20 min)3tgith doix 35 %L Bradford assayE ol &-3te] T AL AHH3A
o}

western blotting : A=z 9] VEFGS RhoA @A e FAFL 2AMs7] 943, z
HolZEe] wud £9(50 pg, 10 uL)ol Tricine sample buffer (Biorad) 10 uLE 7}
sl 95Co]A] 5% St denaturation 3t%%. Denaturation® ©@¥d &< 12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)® A7NDF
3] AAY @ AEL polyvinylidene fluoride (PVDF) transfer membrane2.2 °| %
A7l ©& o] membrane® 3% bovine serum albumin (BSA)el & 0.05%
Tween-20 (TBST) buffer 1417k 5¢ blockingdt®th. ©]o} TBST &40z A
% primary antibody® Anti-VEGF (Santa Cruz Biotechnology, Seoul, Korea)®}
RhoA (Santa Cruz Biotechnology, Seoul, Korea)el * &t} overnight 7H-&-3 ATk
Secondary antibody2 horseradish peroxidase (HRP)-conjugated goat anti-rabbit
immunoglobulin G (Millipore, CA, USA)& AH&-3te] 1A1FE < w8 A7) F, luminol
o] 4% enhanced chemiluminescence (ECL) &3} w&A1A BEol @A

(11D SAAE
B A9A%9 EAAYE SPSS (v 18.00¢ ol&dtd BFFd EEHUAZ YEI
o} R= A= wE =¥ (repeated measure)S AHEEIF P ZH Akl wE e
7+ #o]E= One-way ANOVASH A57A(Duncan's tes)& AA&oH 4 Al
e p<0.052 AAst] FA3HUT

_98_

NREH: HY 250l BUEO ASES A3 MY IS HY / SFUNER 2017/03/22 1426~ 8 N FLH/H £}



U a3 % 1@

D 4w 54

@ NRH ABATEN LGl A ARE RAANA 4F FTL AT WRE A
a9t 71 A(Fig. 51), ZE 20|25 AFL Yo7zt B¢ A&4H Y F7HE Helnd
7} Ao] 4F o] ¥zt Fadte AFE RATH E@ GSD ol GG HolTd i
2 yojo] ALAFANZ(SS) A AF 7t whovt 7 A e froHA #
o]& BolA egtrt. W] AL AAFL SS Ao)Fo] GSD R GG HelTrT wiT
(Fig. 52). 99 B A3AFL F 65 mLi9) 2 yeiovt 24 @ ] /oA Aol e
B olA gk (Fig. 53).

500

-O-s8
480 | —= GsD
- GG

460 |
440 s

420

400 |-

Body weight (g)

380 |-

360 |

340 I 1 1 1 1
0 1 2 3 4
Time(week)

Fig. 51. Body weight in rats fed diets containing glasswort and plant-derived

salt.
SS, 3% WYY AolF; GSD, 2% VYETH 2% FzagdFETLEF AolT GG, 2%

AL 2% FEAEALF HolT.
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35} —-O—SS
—&- GSD
—- GG
= 30
©
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=
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Time (week)

Fig. 52. Food intake in rats fed diets containing glasswort and plant—derived salt.
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Fig. 53. Water intake in rats fed diets containing glasswort and plant—derived salt.

B AT

SS, 3% RAY AolT GSD, 2% BEFTH 2% FzaPgdFERELF AolE GG, 2%
AQdH 2% F2AEBLT HolT.
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2) 8%

(1) #5718%

o] MPHNA F2AFSE HolsE B¢ telemetry systemE ©83H F57

dote) WaE 243U 1 A3}(Fig. 54), SS HolEH GSDHO|ZE A7t T
AR oz &7 dgo] F5aAT o)t @ WHF Dahl sali-sensitive rat&
AZe NAFRS v Yol A&sed o Ade XY 2 GSDHIE
o 55 AolZRT e 4% EL Yriioy Jw e §94 Aol AT 3l
SAE GGAolEL o] 6UAA F&7) Bo] FFFHAY olF Aol 71 T
2 237} 35EA g3 2 §AsE AFE 2Pk 53] ©] GG HelT& GSD
ol @ SS HojZo] Hal W& $&7] dgE AASFEH Ho) 184FFH 2 i
A7F AATA Fole Byow Ho| 4FFAE FA Aol et Btk &F
AR 1dY, T 59 g FEZ AFHA IFE FeH, A4A 2 81
A4 2o Ty FEAYRIL FiA wdZe) TRE £F0] ujyjZe] A9 §i
= azpg 99 A5 gdAATL Bag v Uk £ 494 vehd v z
o] @ WRANA FRAZAFGEe] PHZel FHE £F F AL ASS)H 2
227 G Aol A AW AL uulE YRED ohz A2l FHAE 3
7154 7 AEEC B A ‘4*1]01] 7193 Ao FSHET
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200

190 |

180

170 |

Systolic pressure (mmHg)

Time (week)

Fig. 54. Changes of systolic blood pressure in rats fed diets containing glasswort
and plant-derived salt.

SS, 3% A9 AolT; GSD, 2% FYRF 29 FRuGIFERAEF HolT: GG, 2%
ALdeH 2% F2HNELFE HolT.

(2) ol 718 %

wak o NBHNN FR2FEES Ao FU telemetry systemE ©] &34 °]
9y Hate WEE 24 FFFig 55), & Holz &7 ke Hol3tE T
2%y 4 AT §AHEAT. F, SS Aol GSDAClTE Hol71t F ASH
o2 o|gty] @gto) Aesiglen], B GSDAOTE SS Nolgrt ¥ A5 F&
gegou Jg el f93 ot ik FUFAE GG 2ol 4ol 647HA
olgt7] "ote] Aot ofF Ao 7|z F A= GA s AFE B 7
7 € Ao AAFL ¢ 5 ANk o GG HolTZ GSD 2ol 2 SS AolE
o ujs} Fe o9y e Yoy A % FeH Aol gtk Y F
27 €9 AR AN E Fr2FEC 187 gL AEA7A ¥ AR
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AEQT 18R 4% 45 dA ERE 2 AELFY AL H5E AR

7l =t
-0O— SS
140 _g Gsp
= —- GG
E
§, 130 |
=
S
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© 10}
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0 1 2 3 4
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Fig. 55. Changes of diastolic blood pressure in rats fed diets containing glasswort
and plant—derived salt.

SS, 3% AYYP 2lolF; GSD, 2% HIEH 2% F2agIdFRFAF HolT; GG, 2%
ALQAF 2% F2AELFE Yol

3) 9% ACE 84

Renin-angiotensin-aldosterone system< - B d¢T B HPL 2Hde
%89 hormone 71 o]t} & $-8 Bl o] #5354 HA A A Ao A renine] EH 5L
o]6] Zkel A AAFek angiotensin®] B#E FFA17| 3L o] w aldosterone T22 9 A
Jozre 23 Nag Fdd o] g¢E FsAITL g#A Uk 53] tAlA

angiotensin A3} FEol o5 AAHE angiotensin< renin-angiotensin-aldosterone
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&

fole

systemel] QolM g F5A71E F4 49 EAolth 22 ER angiotensin A3}
o) wrdgo] Are AL AY Y o] WrkE ouz AN § Yot A FriLTE
Aolo] wWE Dahl salt-sensitive rat®] @3 ACE B4& A 23}, SS AojT#
GSD HolEzte] fe]Mal AolE HolA @skort GSD Aol@s} SSHolEuTt k3t
@ ACE A3) 84¢ v ol ¢t dste} gAsAth FREAR GG HolT2
GSD 40|23} SS AolFxt} foFor & ACE 84E& Bt 2822 GGaw
o 23 A g8 Yo] A& @ WAH AHAANNHBE EFo] FesA ¥

I ACE A E Yol d¢ 4% oA &3/ d&e oS L & AN

80

70

60

50

Hippuric acid (nM)

40

30

GSD GG

Fig. 56. Levels of ACE activity in serum of rats fed diets containing glasswort

and plant—derived salt.
SS, 3% AYR AlojF GSD, 2% AIEH 2% FgzagAFEFAF Aol GG, 2%

AYGH 2% FENBLT AT,
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4) 8 =3 QRS EAF

7 2o]2e A% QM ¥t 28 QAR Vascular Endothelial Growth Factor
(VEGF)8] '2d& western blottingd] 3] 2AMstgint. 1 23k(Fig. 57), Aggrt
< 2o SSAol#o] 7 %& VEGF 2dFE vellen §x4F0 GSD A o] &
3 GG AojF BF SS Aol nrh e YBFS BT EF GSD AolZ#} GG
Ho|2 7+¢] VEGF w@d®e A¢ #A8Ich. VEGFE NO synthase® LPAA NO
Ae SEsE Ydeq BGe 2WIE ARE T AUE, QRS F@Fo|
BosE NO A4FE Z7HA ¢ *FE 4%e I g Yo Carie S.
Facemire, 2009). 5 #xiF Ao]FoA SS Ao|Ert™ & VEGF HEAFS 1
g AL NO A4S o ¢ @& Aoz HYHAT oI FzaF A olEo] 4ol
AN7F B SS Aol W £37] D oy d¢E FAHRE Aot 4R
.

wg 7 Ao|Ee) AFEAGN Z8o|¢% L FHL ZA= ras homolog gene
family member A (RhoA)d] #@%& FAHY Z23HFig. 58), Z} o] FE9] RhoA ¥
Here VEGF T@Z3) v A%¢¢ Btk & SS AojZ& /M8 ¥ RhoA 23F
o poon T PxaFAo]FEL W& RhoA TEFE UEHIT. =3 F AER
o3 7el= GGAolZo] GSDACIZETH W& RhoA W&FE uepinh. SHZ
XN RhoAt myosin phosphatase® # 3]} 714 E(vascular tone)E & Y
& AaAntn 2ug vk THAngela Wirth; Stefan Offermanns, 2008). &
A= T FaaFHolTo] SSHOTRT W& RhoA 2@ vEdts A
mysoin phosphatase® A3sHA Fotd RIFEE U Acz M AT i
Bl 5 ABATEE RhoAd BPE AP EBAF=EE wio] A% A5E
A Aoz AAEAT E3) GGAFE] GSDAFRT ] RhoAe] @& A&
Aoz e} A d 4% AdA ARt de A= #aE A
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Fig. 57. Protein expressions level of VEGF in kidney by western blotting

analysis.

---— Hypertension'

Fig. 58. Protein expressions level of RhoA in kidney by western blotting analysis.

Ss, 3% AU Ao F; GSD, 2% VYYFH 29 FEIYAFEFAF Hol i GG, 2%
ARG 20 FEAELT AT

5) AgolA 9 AN FF

8z Na, K, Ca, Mg 59 P2 42 AXe F4P& 283 AE A2 of
2o zdse S 208 ARER, ¥¢d AEAY 9T FToL LA =
Szazo] 427 BF UZ 4RO 4T FATA ForRIA, 453ke) 2o F,
AR5 dojd WAel ¥HE Na, K Ca, Mg AA 471 23] 2459 8
= Na %S 44.12744.40 mmol/LE FAH) Z Aol Tl F9HQ Aol R
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o]7] SrgrtH(Table 12). Ed 84 K9 =& ¢ 3.067 546 mmol/LE FAHAAL
W g ol 493 AolE BTk GG HJolEe M ¥& B K S HEEle
o S Ao]23 GSD AolEH foA Folg Rtk BF Cad) F=E L1727
1.86 mg/LE BAHQo A ol FoA ol molA Ashth Med A% g
wo] Was Bz +2 gude AT AXRY Ca®, Na’, K'Y 5l #H5}7]
% 50 ATPased] ZE& 4&L $0ix ¢8R U £, NOI Ao dofsirl 58
o) e U)A YL ZAHVE @} 8 Mg FEE 1.28~1.66 mg/L= 35
oot 43 MgsEE A 7+e] Jpol & vpeior] 227 HolTol L4 Aol ZRTh
£ 8% Mg %< e

Table 12. Mineral composition in the plasma of rats fed diets containing

glasswort and plant—derived salt

Content (mmol/L)

Groups i : = _—
Na K Ca Mg
SS 44.40+0.66" 5.46+0.28* 1.77+£0.08™ 1.28+0.05°
GSD 44.120.84 4.69+0.28° 1.86+0.06 1.59+0.13%°
GG 46.33+0.97 3.06£0.37b 1.72+0.23 1.66+0.08*

5S. 3% AAS Aol GoD, 2% AYFH 2% FEIULFTTET o= GG, 2%
AYd 29 F2AELT Yol

6) koM wvlE &F

g Na, K, Ca, Mg 59 mlig A 9 93 za5ed, $F &8 43
= Q) FFA §AS 98 FF] Nag Bujste Ae= 484 vk & DFFANA
Hxaz A7 w2 2agE Odg A8 §F wE e 4TS GolraA,
TE AYHSL o7 27|18k TV metabolic cageolA] /EHOE ALEIEA
24X 7+E B AT T, o atomic absorption spectrophotometer® ©}-&38+4
=89y, 2 A3} (Table 13), 24T Add< st Azd AR AR A
3 AF 4% Fo) no] §Hd PuE FHE vius BE, 4% F9] wolE Na Tl
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Mo =A UEYD Cadt Mg ¥%F E# g ¥A dehgod, K 3% A4

i=}
23 A% A8 KE AP e g YL

o3 dEA gesd o] Hgo
2o N/KHE AHEE Hojdolt Ho] 43 Fox 7 A e} FAA Fele
Qg et Ao] 43 F SS HolFol M B NKWE vehler GG HelEel
A Fe& N/KNZE BT ol $24F F GGaFol ALJES)T HAY @ 2k
ge @ehe e Roz AMEn A AXNE F5719% 0|y a4 AAet dAT
gk, 7+ Aojze 99 xw B A% GSD AojTe wuFo| /Mg Rkow GG
7} 2 tes, ada SS Aoldel AR Be 29 w wERS UrE}LH FxiaE
AR7 AGAE)T HANE W Bt 49 = WEF] HHE € T ARt oo &
HolZe 749 9d k wuF Ry AES E whe 3R 4ol Aol o] 4=
2z 7} Ho]ZE 79 #9FQ Hol= WAtk Aol 4F Fo) MgH Nao) dd ¥
e No| AR & Aoz vEwter K# Cad dIEuFE Ot wAY AL+
Ashgieh 7 Aol ke 9 muZ BulFe] AP SS AolFelM Na FFel £
ou Sl glolch B 1 99 nuZ AE FFe OE AolFETH AT

Table 13. Mineral composition in the urines of rats fed diets containing glasswort

and plant—derived salt.

. Concentration (mmol/) Urine Excretion (mmolday)
Group Na:K
Mg K Ca Na (ml/day) Mg K Ca Na

Urine:W0, ' ] " h
sSs 401£1.15% 53288237 135%0.45™ 34,88£12 555 0.642021™ 10.8832.49™ 0.042340.00% 0.56:0.10™ 0.01+0.00™ 035%0.09%

GSD 3004060 5202170 129042 27.04+740 0512013  12.00%2.72 0.04+0.01 0.62%0.13 0.02£0.00 0.3340.12

GG 3624087 52402153 1.600.39 33.78+£8 40 06240,15  13.38%2.19 0.05£0.01 0.70:0.11 002000 0462017
UkneWsd . ' o w :
2942057 30.4855.04%  1.14:0.49™ 53,9641 5.48% 16432020 2725%5.56* 007x0.00™  0.7520.08™ 00250002 1240.17%

SS
GSD 5.7122.87 51.13%109* 2424064  90.3528.03 1602010  9.25k1.4%  0.06+0.03 0472007 0022000 0862019

GG 5472300 41.6426.16% 2305064 623981276 1472011 18.132574%  0.08+0.01 0.70£0.16 0063001 1133027

SS, 3% BQA AolF; GSD, 2% BYFH 2% FRIFAFEFEF HolT GG, 2%
A993 2% FRABLF 4T,
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7) BFY AAH}AEHE FF

Dahl salt sensitive rate]ld % #=2AFZ(GSD, GG) 4lol7t Asd 2EdHx
(oxidative  stress)ol F¥E F=A Lolpauz, EFdA ADRARE
(malondialdehyde, MDA) & thiobarbituric acid reactive substance (TBARS)
Wol o8] ZAMEATH 2 A3HFig. 59), AYPA|F(SS)Y EF MDA &%o] 713
A Yelwd. vl EEF AF(AEALDE tvlge] A fe &FET @
z AAJARE §Fo] o Po} AFOERE ok A 2EHALE 9 FHL
vag v o 2y & AFolRE AR gk £F AHE ASH 2EH:
Ziie AL AFASHT GSD HolEH} GG HolF SS Hojzol Hd ¥EF
MDA o] WAl Uyeldon AEAF F GG HolFo] GSD AolzEn HE B
FFL B}, vugo] ERF AYA] wge] A9 P AFRT A% 2EH
29 & UFgE P22 o]Red Azd F2RAF(GSD)e| B A3 2EH
zazE Roz BRHAAY. 29 it Fxol iz @40 ¢ A4
} Bgste AzE T2AELZGOL €F AdAREE A4S oS A3A 94
1= Aoz Ut IYEE F ABAF 4AE AU Aty 2EHE £
J=d e §8 AFLAZ L] M5 Aoz JidEnh

Ul

>
T

|

rlr

C

(r

- -
[+, <
T

-
N
T

MDA content in plasma (M/mL)

88 GSD GG

Fig. 59. Lipid peroxidation in plasma of rats fed diets containing glasswort and

plant-derived salt.
SS, 3% AYY AolF; GSD, 2% AAYH 2% TRIAFAFERLF HolTi GG, 2%
A9G3 2% FEHELT AT,
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(8) el A9 DR s SgE FF
we = A BAZ(GSD, GG) Aol zFA AEH 2~ E#l&(oxidative stress)®
vy gAEHE gua 43 SREECO9Y FFE EAE A3 (Fig. 58), YDA
o}Z(SS)e] PCOs @%ol 714 &A Jehxteh. GSDAelE GGAl ol F& SSA ol
v 49dez ¥& PCOs T B4 BT AADEEe] AL AR} FAME 2
dg 9q = H2AFATE BdE FHA Holg BolA Wghent GSD4] o] &
o] GGAo|ZRT & W& PCOs ¥FE BT F A2AFE AFHARRE 2=
A8d 2EH2AS Q8 pxAe TR ¢y AHE g9 FE Aoz B
). B3 GGE 8% AAFNE 44 JAd), GSDE FEHAA @ 4ts A
g &dst QE Aoz AAEAG. 122 F HELF AAE ARNA Ay £E

gag Zoltd e §& AFAAZ /Lol 5T ALE JHER

25

20

T

15+

10 |

PCOs (nmol/mg protein)

S8 GSD GG

Fig. 60. PCOs in liver of rats fed diets containing glasswort and plant-derived salt.
SS, 3% AYY 2olE; GSD, 2% ALFH 2% H2IGAFETAET HolT GG, 2%
AQd3 2% FRAELF HolT.
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9) W= A oA pIRS1*="e] L@F

AdelA A8H ~Edzd T@stE TNFast dedATAGE 45 23T a4
g 3 gdn Rusz YckFig D). =3 TNFaOHHQI NF-kB$} PPARy=
insulin receptor substrate-1 (IRS-1)¢] A&HE F7HI712 o= 918} PI3-kinase
Bde Zolx IRS-19 EBAHL HEZ 27 ohie} NF-kB% PPARydl 9% <&
Do) Aoz WAHE GLUT4E Asigozd Jd&d d3dLs Azt Qe
AgRe guAATT A Aok 2AN F22FGSD, GOE HlF 9 ke
o] xzAA IRS-19] Qlatzte] #ajsle Ea pIRSISFTE YAZE ZALEFAT
- A3 (Fig. 62), pIRSIS7e] WAFE F2LTEGSD, GOE Hold & VHAA
AupzA o)A GSD Aol GG Holie] SSAelTRT WA vEbdkth ©lE T
2E(GG, GSD)o) @ WAANA Q& W5 AGo) negative £H AR pIRS1%%"7
o BRe ANFoRA AW A5AG AR B AE A2 AAEHAT. FA
A3e vloh 2ol FrATE Aok WA AAFAE 4T AU zt
AAE Td ASARNE gkl Wk B ofuF) pIRSISTTS W @A &
329 w}a} ol=3 BARP A3y 2Ed2xd B TNFo 2= 173%—1?1 %3
$o 292 Ao AAELT 28H AgEANN NF-kB 59 TNFool a4
A2 W@ Bt AT7E A A Tl Atk

—_—

r&

TNFoa/FFA Insulin receptor
IRS 1ser’? Insulin receptor
IKK e : substrate-1 (IR S-1)

PKC,mTOR, 86K

} |

1kB PI3-Kinase

L 3 \L
NF-kB (p65) Akt

-I-C_ofactor exchange

PPARy —> TranscriptionoflRS-2 — GLUT-4

Fig. 61. Schematic shows mechanisms of TNF/FFA-mediated inhibition of insulin

signaling pathway.
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Fig. 62. Protein expressions level of pIRS1%Y in adipose tissue by western
blotting analysis.

SS, 3% AL Aol GSD, 2% ALFH 2% FRAGITETFET 2ol GG, 2%
AQRH 2% F2AELT 4ol

10) Metabolic profiling

HEAom AL A¥ A=st S4E oF F3IEH AP ITEL Y3 genomicsst
proteomics& B&£% AF7F FF3) JYHAD JAT o)tz Ay #T HE
T 2R84 ATE 5 oA AFA =94 Rel alFA AA=EE BAF
1000-1500 ®lEre] AEAEAQ thAAl(metabolite) & #43k3L dFste tiAAE
(metabolomics) © B3 AR : ek, EF tAAlE AAel 1000-3000 N A
T E2Fsts AL ¢HA o W 2L 2P ANHE godes AL ¢
Aok 2dA $223(GSD, GAE Aol § VFHS Z} Ao dArAel T3
v Qg Fopmzxl, BAT ol wdked UPLC-Q-TOF MS 242 P& o
PLS-DA score plot, PLS-DA loading plot, 22 S-plot Z9 ot SFAEYE
ANEaD. 1 A3KFig. 63), B A% GG Aol GSD 2ol F & FAFRIR LT
SS Aol ko) ot ABHAL F GG HolTH GSD Aol FL AR dALEA
2ulstz T SSAolE tE tAEEEC] e dee ¢ F AAXT
b owe] Ae 7 Aol2E zke) ojzt BEH A HolEel ng 2Hse diEd
o] g AMIE & & UASUTHFig. 64). B & Ao|gollM Bolxeoz HEH
PAEdES 79 FoA AT

i
tlo

i
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Fig. 63. PLS-DA score plot (A), PLS-DA loading plot (B) and S-plot (C) of

UPLC-Q-TOF MS data set of metabolites in plasma of rats fed diets containing

glasswort and plant-derived salt
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Fig. 64. PLS-DA score plot (A), PLS-DA loading plot (B) and S-plot (C) of
UPLC-Q-TOF MS data set of metabolites in urine of rats fed diets containing 3%

of solar salt
SS, 3% AYY 2o]F; GSD, 2% HEEH 2% F2APEFEFLF HolT GG, 2%

AQAdz} 295 F2ABEALT 2oL,
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oo ATE EYs BW, §2E o Axd F24FGSD)H Tz A4
71540 ¢4 AR EFsd AxH F2ABAF(GG)Y Hol7t £F HAZ
Q8] Awyom el Adts ¢ UHEFY Dahl salt-sensitive rato]ld st A4S
oA aIe et 53 gz a3rI154 +5E NEALS EFE A=
FRABAT(GE)E A7) B £FAAZ As) 9 q7# e dgtol Festoord
qE BTetn 2o A A #AIE $F79% ol97] BEe verach £28 F Fx
A22Ee AYP(SS)9) B8 W*& ACE As) 84& Be® NO RRAFE F/HMA
gole waiw #este VEGFY Wdo] ¥°]3L, myosin phosphatase® 313}
o] d#7AE(vascular tone)E ¥ S AaA 7= @®stE RhoA 2dF0]
gzol ¢ A4S dAsE AL vewch 2 HEq olg Fx2FS EFY
AA SR ZrolAe) gd AstEe] FIFo] ol It A2FHF2TH o= &
#5 2EHAE 29 F Ao Ut IHER #=2E o] &% F2AF(GSD)H
Fxo] AR7ISAl ¢4 JEALY EHA AxdE F2ABAFGEHE R
22 oA AYolN AFF zEALE BT AF2AS o) e R
7l €.
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A4 ERINE L BRI VA=

AR ATEE e A7 FANE
F2UPATZSEL o) 8F FxAF A=Y A=
1. 3xa2gd Az & ¥ 100 28 AYst o] o)L FRIYIFFELTUG
9 ol FRAFE MT 2 Azzgn ARRE 2vA ZL& HAZEA =
nAEgde 2 dxzufEgdeE A Z5H 2.
2. "ol A%F Aol &dE U F29] ACE A8 ¥4 =9 Aol 5% 239
= HAAEE o437 HEAF 100 RELANE £33 2N ELFTES A Z8 5.
o Az Wy g3 -
1325355;%; %;é}ii YraAESS Pos 9= pH, ORP, agam A
54 AR, adm 498 5 29 oy =4L AL, FHEASEEY
A %7} 150 23 caffeic acid &% 9 7154 4E2E& EAT =
& ACE A8 84, a-glucosidase A3} g4, datst
gy 29 AYBAYE HUEH AR 5A ) +FE
F2AELFTEL ALRAE.
4, e gxAEagEe ¥% FEA2GOD)F HEAF(GEe 27 A= U9
As A AL vlAEe 4T AgAR o2 gtol e AnAHA
' Salt-sensitive Dahl ratellAl ¢ 4% 94 AFAE
- Yl g, £ AYA(SS)el ulEl R ACE A &
A& ngon VEGFY 2@Fo] ¥°|I RhoA EAF
o] ¥ o9} fEo] EF9 AANIASEN 7hol A 2]
A AgEe] gegol ol B AFAAERE L
E—ﬂﬂ'i}’l’l i‘:EEil;‘:-& =0 & &;%EJJ&E};]&E-% =
 mrmeo o ZANEAZEL db/db miced] B8F 5% HFE T
ietivigeekaiiy G G BRNA gsted ¥F YHUAL 34
100 & A5t Bx PHF dUE 2o A QA }iE
AN A 5o AgH £4¢ HA Fu A%, L A
W Zo| 23] 7% FAAL YL T A= et
%lg"i%' [+ = 1= .
6. Griz T ABAE dxaa éi_ﬁ-:{:%‘t—ﬂ}c} ﬁ%{.‘#}f-_jre] ox &
AZe A 24 IS 4 AdeE 7-3-5};1) A ska AYolA e 2EHE
90 g Zol= &I} wo} AE A4S dE o] 4

=g FATRAN dFAL L BEHE F T

3

HE=H et A5 SR ABFEE A3 SYE JlE N/ sESMASE
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O 47IHd T4
- QYEAE: APl FUHA R AN B 2 A&A AGA WA=
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- A GAAAE: 20094
- g YA AFSF: 29

3. B3, 2%, £F 5 AYANA $2A8 T
O 2 2 FASSERE
1. 9d g, 248, ’:_ ] 3 wu)o], =A%, o1Z4d, §744. (2009) F= agked
>22% 2 9UISFEES 4484 B =4 F G e, Pe-121

9. o|AY, ZAS, AL, HAg, 44, (2010) zzz7d e FEIAFF
229 AN L FE4E HaL 2] E553]. P09-017
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and Food Chemistry, FiL¢%
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. AAF

- $JA}4 #: The 9th International Symposium on Salt
- ANEE: F2EY

- A FF ol

- 2HNH: FFELFTAL

- F{dx: 20099

2. AN

— APEA: 2009 GFFIAAEA

- ANZE: gaid A4y, EXAT, FERET,
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