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Effect of Mineral-rich Salt Intake on Diabetic Goto-Kakizaki Rats

Yong-Xie Jin, Haeng-Ryan Kim, and So-Young Kim'

Div. of Functional Food & Nutrition, National Academy of Agricultural Science,
Rural Development Administration (RDA), Gyeonggi 441-853, Korea

ABSTRACT The objective of this study was to determine the hyperglycemic effects of mineral-rich salt in type
2 diabetic Goto-Kakizaki (GK) rats and normal Wistar rats. Animals were divided into five groups, including a normal
group, fed three different experimental salts [purified salt (PS), mineral-rich salt (WS1 and WS2), and bamboo salt
(BS)] in the form of 1% salt solution for 12 weeks. Liver, kidney, and spleen weights were significantly increased
in GK rats of salt groups as compared to Wistar normal group without salt. However, there was no difference among
the salt groups. For serum lipids, total cholesterol level in the BS group and triglyceride level in the WS group were
significantly reduced compared to those of the PS group. The concentration of blood glucose in the GK-PS group
increased continuously during the experimental period, whereas that in the GK-WS group was significantly reduced
at 12 weeks. In GK rats, glucose levels among the salt groups in OGTT by glucose were not significantly different
compared to normal rats. Insulin and glucagon levels in blood were not significantly different among the groups,
and no such association was observed for insulin. Pancreatic Islets of Langerhans in the PS group showed irregular
formation compared to those of the normal, WS, and BS groups.

Key words: mineral-rich salt, blood glucose, insulin, Goto-Kakizaki (GK) rat
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2 Aol AFRE AEE F T4 A A (purified salt,
PS)& A#d A FEEHE AIEE TY3IN A, HeEolA
Aikete] 3dzE 43t kg AlAS Y (white
mineral-rich salt, WS1)¥} 51337 <43 A A (WS2), H
w25 AaT2 9 (bamboo salt, BS)2 iAo A A

A #gstel ALgssin.

o 32

N

9F 8 o] 7 Goto-Kakizaki rats(eF 200~240 g)<}
A3+ F2 9 Wistar rats(2F 290~300 g)& (F)F42d
E(Seoul, Korea)oll Al &g itol Uzt 4-8717HS A
% AFol vt W3 ¥ (randomized complete block de-
sign)ell 2J 3l 8rtE] A, A 3w (Normal), A A 9FAT(PS),
AL AFATLWSL), ALFFA72(WS2) 2 FAFAT
(BS)eg2 Tt 12537k ARSIt AU 5
AIN-76A(1DE 7[E2o= g APF5EE LPAEE AHE
3L B Ao]l& Algk §lo] Tkl o (ad libitum)
A AFFEAL AUREE 20+2°C, FUlEE 45+5%
2 FAAH A P& 12417H08:00~20:00)& F71 =2 2

PN
s AT AT A FAY 252 AT 1 kgD

L offt off

il
t}. 2ol g S (food efficiency ratio, FER

q ye A9 A 717
AFFNEe e AW B AT Holgon vy

215 58] 9 ¥ 3] (Institutional Animal Care and
Use Committee, IACUC)®] <1 ol =3} th(-AH
% NAAS-1113).

[=}
10 AREE me ol g APt
o] One Touch Ultra Blood Glucose Monitoring Sys—
tem(Lifescan Inc., Milpitas, CA, USA)o.2 d3-& A3}
e,

AT R ANE ARER 159 Wl 1247 2AS
A5 75% E=F NS o8t ATke)D 1.5 g=
AT Folskdnh S5, 30, 60, 90, 120, 180%-cl v]4 =]
gag Aotol FFL FAHAL

¢
.
o

X

A
13 TE A APTES 1242 ZAA7)a COE mH
715 AFwEwel skel Basta, 10 mL FA|E
g3l Aol el Ak AAT Faje Qe
24 3083 A% & 3,000 rpmol| A 1583
A& Atk F7l= A AH & =
of A deE AAstar oA 2 W i/
5z A7 FAE S78skaL AlF 100 goll g
index(WI, %)& AlMtstiom 7)ot d3 e &
-70°C o]3te] w&Eatel A Bttt
Total cholesterol, triglyceride, HDL cholesterol,
leptin, BUN % glucagon 59| daAslst B8 ()54
ZHYongin, Korea)ell 9|5 3to] 418 AAeqitt &
< insulin enzyme-linked immunosorbent assay kit
(Shibayagi Co., Gunma, Japan)& A}&38}o] 413181t

a3

Zt ARaE R A 248 wo] o AYAgsRE 7y
A % 10% 574 2299 & uysta, L3t
MG AFg3}e] 2441 7F <ol tissue capsule©] ¥Wol A
St AEs I2EHF 7] (automatic tissue pro-—
cessor)oll Yo 24& F3}l A7l & 22 L] (tissue
embedding center)oll A tissue capsule®l] paraffine 3%
AlA E5& W 20 A" 7] (automatic rotary mi-
critim)® 5 um® FAZ A3} slide glassell #&A171
3 hematoxylin & eosin® 2 GA&te] Fstyn|H o2 3
Zatait.
SHENM

2 AT Ay Avte A¥Ewd H(mean)dt TEHAF
(SD)E YEeElNA L, SAS(Statistical Analysis System)
program(9.2, SAS Institute Inc., Cary, NC, USA)S o] &
to] A=A F4FHE4 (one-way analysis of variance)
S AAIZ 3 X0.05 5o A Duncan's multiple range
testell o]3l Zt APt HrA| 1He] Fo)AdS HASU

=< =
HEE71E, Mo[MHAYE L Ao|gE HE}

I A7 S HAAS 23S A5ES AT FA
3 T BaAd 5o AT Wl Ho|dF E Hojag
o] ¥3lE #e Ay Table 13 2o A+ 7]
Aol Ao ASE vwgt 479 £HE FLshAw BAFHA
Wistar ratell H]3l] d35E52 20 GK rat] Fa AT
fro)d oz AA Yebstth A8 7|3 U] At AFTIHE
& Agfofaro] A HE) foA o R A AT
S ROy 2g3FdT FE el 25 Aol e
WA ekt Kwon 5(9)¢] sl 433,E LAl= ¢ 484
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Table 1. Initial body weight, body weight gain, daily gain, diet intake, and food efficiency ratio between the normal and GK rats

Group” Initial weight (g) Body weight gain (g) Daily gain (g/day) Diet intake (g/day) Food efficiency ratio
Normal 290.73+5.67* 181.6335.56" 1.95+0.38" 22.29+1.53" 0.09+0.02°
PS 214.84+10.90° 126.50+£20.13° 1.36+0.22° 17.83+2.14° 0.07£0.01°
WSl 215.00+12.43° 121.05+16.30° 1.30+0.18° 18.011.94° 0.07£0.01°
WS2 216.40+7.94° 114.16+14.72° 1.23+0.16° 18.26+2.09° 0.07+0.01°
BS 214.2249 55" 103.40+7.24° 1.11£0.08° 18.54+1.96° 0.06£0.00°

YNormal, Wistar rat without salt; PS, purified salt; WSI1, white mineral-rich salt (3 year); WS2, white mineral-rich salt (5 year);

BS, bamboo salt.

'Values with all common superscripts within the same column are not significantly different (P<0.05).

T %= A FE M3l Gozel zpolr} LERLFA] ekgkt).
w2 AFZ7EE g Ao Ao 7k AT 7le] So
A9l gk zfol 7k §1AaL, Aol E &S gl wto] Gl
1) 3] TT‘*/];H 07 Zhdle 4TS HYoU AFFALE
o= el A9l Mk yelhuA] g9tk & drdss
Etﬂi 2 Rl W AF wskel Aol &g GK ratel

A #EEA ook, 2 ARl hE G WAL 5 e

Ao ARAT,

§

2712 Hsl

Table 291 &AgFo7t &
FAl 2= WEE A Ed 7 A v s
Ale afFolato] B4l Wistar ratel]l vl 94
F7HE BAFAoY LuFod Aol = frolAd o] e
A gFektl. Kubota 5(12)2] 28 Aol A= Wistar rat
o H]3l| GK ratwroll A%k 313} AFAZL frol 8o g F7t
3t AES Vet E AT fARgE g HoFint

Table 2. Relative organ weight of liver, kidney, and spleen be-
tween the normal and GK rats

B Relative organ weight (g/100 g body weight)

Group Liver Kidney Spleen
Normal 24120137V 0.60+0.04° 0.13+0.01°
PS 2.83+0.10" 0.79+0.05" 0.18+0.01"
WS1 2.74+0.07" 0.79+0.05" 0.17+0.01°
WS2 2.7440.16" 0.79+0.05" 0.17+0.01°
BS 2.70+0.14° 0.81£0.06" 0.18+0.01°
)Groups are the same as in Table 1.

Mean+SD.

“Values with all common superscripts within the same column
are not significantly different (P<0.05).

TR 4 dFsEe] HAE 24 vH=

At @3 F FA AL (rigly-
cerides) & A o (PS)o] Agrol vzl tha
A ERs ”:] BE ALGFAT(WS)e] PSTel vl
o] (#X0.05) &= #FAE YERNATE AP Fof ol A
g4 ?:L‘%k«] A Aol A A AL wAES
SR ZN AU A FEE WEE o= AlsHTh
%z ZY2HE TP AFFTo] HAT(63.71%
11.97 mg/dL)ell ¥8f 92 S718 BHoFglon A
AFATE ol FYAQ ztol= YERA 2%kl AT
o] 7+(75.20£5.22 mg/dL)°] PSF]7*(86.71+2.81 mg/
dDyell Hlal o)Al HAE YER it HDL S48 &

Fe el val ATelTAAE thi F7hEE 4
g melFAOU 2FFOIT Aol e frelge e
A gk

A epting A7) Wkl o)) FPE Lo 3
CRUOE R R RS SR
S EH7E A Ao ohelA k1), Bel W
A arelite] Rl Hal frolHoR gash
s HYom WS1, WS29F BSFoj 72 PSHFol ol H] 3]
F71ohe ARe RGAW BAA fo4E ehtA

lo
ol
o, 2 2 el

[

|

A 4 $F(blood urea nitrogen, BUN)2 2l
HAEE g2 18 G, 5%, A
Zhettha SR TH(14). Aw Tl G
13 Zaske A ioﬂ o AA a5F Fhelle felAd
SAAR A AGFA F7ret

[e

Table 3. Effect of salt on the concentration of serum lipids between normal and GK rats

Groupl) Triglyceride (mg/dL)  t-Cholesterol (mg/dL) HDL-Cholesterol (mg/dL) Leptin (ng/mL)  BUN (mg/dL)
Normal 90.86+18.09"2% 63.71+11.97° 53.86+9.55° 5.40+0.75° 15.13£0.93"%
PS 74.71£14.27° 86.71+2.81° 76.17+£2.14° 3.97+0.70° 14.27+1.98
AT 46.67£12.34° 82.50+5.96% 74.83+5.42° 4.10+£0.35" 13.77+1.66
WS2 34.33+9.56° 84.17+5.12° 77.67+3.83° 4.13+0.50" 13.57+1.49
BS 28.20+5.45° 75.20+5.22° 70.20+4.87° 4.22+0.68" 13.7242.13
)Groups are the same as in Table 1.

YMean=SD.

3)Values with all common superscripts within the same column are not significantly different (P<0.05).

NS, not significant.
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Fig. 1. Effect of the salt administration on blood glucose level
in normal and GK rats. Groups are the same as in Table 1.
Values with all common superscripts within the same column
are not significantly different (P<0.05).
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Fig. 2. Effect of the salt administration on oral glucose tolerance
test (OGTT) in normal and GK rats for 11 weeks. Groups are
the same as in Table 1.
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Table 4. The change of blood insulin and glucagon levels in
normal and GK rats

Groupl) Insulin (ng/mL) Glucagon (pg/mL)
Normal 0.95+0.06">” 309.86+105.18™
PS 0.70£0.08" 380.67+£207.07
WSl 0.70+0.17° 358.50+78.50
WS2 0.74+0.18" 367.00+£99.50
BS 0.78+0.17% 368.80::49.57
l)Groups are the same as in Table 1.
IMean+SD.

?Values with all common superscripts within the same column
are not significantly different (P<0.05).
“NS, not significant.

g

B

Fig. 3. Histological observations for insulin of pancreas in treat-
ed GK rats (X400). Groups are the same as in Table 1.
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