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Effects of Salicornia Herbacea L. Supplementation on Antioxidative Enzyme Activities in
Streptozotocin-Induced Diabetic Rats™

Kim, Myung Wha'
Department of Food and Nutrition, Duksung Women’s University, Seoul 132-714, Korea

ABSTRACT

This study was designed to examine the effects of Salicornia herbacea L. (glasswort: GW) on hepatic antioxidative
enzyme activities in diabetic rats. Diabetes mellitus was induced in male Sprague-Dawley rats weighing 200-220g by
an injection of streptozotocin (STZ) dissolved in a citrate buffer into the tail vein at a dose of 45 mg/kg of body weight.
Sprague-Dawley rats were fed an AIN-93 recommended diet and the experimental groups were fed a modified diet
containing 10% and 20% of glasswort powder for 4 weeks. The experimental groups were divided into 6 groups which
consisted of normal (N)-control group, N-GW 10% and N-GW 20% treated groups, STZ-control, STZ-GW 10% and
STZ-GW 20% treated groups. The activities of Xanthine oxidase (XOD), glutathione- S-transferase (GST), glutathione
peroxidase (GPX), glutathione reductase (GR), superoxide dismutase (SOD) and CAT (CAT) were measured in the
homogenates of liver. The activity of CAT was lower in the supplementary group with glasswort compare to the STZ-
control group but it was not significantly different. The activity of SOD was not significant in all of experimental
groups. The activity of GR was significantly increased in the normal supplementary group with glasswort, and GPX
activity was significantly increased in STZ-GW 10% group compare to the STZ-control group. The activity of XOD
was significantly decreased in the all of supplementary groups with glasswort. The activity of GST was significantly
increased in the N-GW 20% group and it was significantly decreased in the STZ-GW 20% group. These results show
that the supplementation of glasswort may have favorable influence on antioxidative status in diabetic rats and it may
be useful for the diabetic complications as functional food. (Korean J Nutr 2008; 41(7): 583~593)

KEY WORDS : salicornia herbacea L. (glasswort), diabetes mellitus, streptozotocin, antioxidative enzyme activities.
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Table 1. Compostion of control and experimental diets (g/kg
diet)

Experimental diet”

Components Control diet”
10% 20%
Cornstarch 465.692 404.792  343.892
Casein 140.0 129.4 118.8
Dextrinized cornstarch 155.0 155.0 155.0
Sucrose 100.0 100.0 100.0
Soybean oll 40.0 36.5 33.0
Fiber 50.0 25.0 0.0
Mineral mix” 35.0 35.0 35.0
Vitamin mix” 10.0 10.0 10.0
L-Cystine 1.8 1.8 1.8
Choline bitartrate 25 25 25
Tert-butylhydroquinone 0.008 0.008 0.008
Glasswort - 100.0 200.0

1) Control diet: AIN-93 diet

2) Experimental diet: control diet + glasswort powder

3) AIN-93 Mineral mixture (g/kg): Calcium carbohante anhy-
drous 357.0, Potassium phosphate monobasic 250.0, Potassium
citrate (tripotassium monohydrate) 28.0, sodium chloride 74.0,
Potassium sulfate 46.6, Magnesium oxide 24.0, Ferric citrate 6.06,
Zinc carbonate 1.65, Sodium meta-siicate - 9 H,O 1.45, Manga-
nous carbonate 0.63, Cupric carbonate 0.30, Chromium potas-
sium sulfate - 12 H,O 0.275, Boric acid (mg) 81.5, Sodium flu-
oride (mg) 63.5, Nickel carbonate (mg) 31.8, Lithium chloride
(mg) 17.4, Sodium selenate anhydrous (mg) 10.25, Potassium
iodate (mg) 10.0, Ammonium paramolybdate - 4 H.O 7.95,
Ammonium vanadate (mg) 6.6, Powdered sucrose 209.806

4) AIN-93 Vitamin mixture (g/kg): Nicotinic acid 3.0, Ca panto-
thenate 1.6, Pyridoxine-HCI 0.7, Thiamin-HCI 0.6, Riboflavin 0.6,
Folic acid 0.2, Biotin 0.02, Vitamin B, (cyanocobalamin) 2.5,
Vitamin E (all-rac-« -tocopheryl acetate) 15.0, Vitamin A (all-
trans-retinyl palmitate) 0.8, Vitamin Ds; (cholecalciferol) 0.25,
Vitamin K; (phylloquinone) 0.075, Powdered sucrose 974.655

TN TEET S
7|82 015 W st %—4%
10%%} 20%4 37173
473 Fasielal a@@olﬂ = AHEAl AFEHES 8t
At} (Table 1).
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Fig. 1. Effects of glasswort on xanthine oxidase (XOD) activity in
liver cytosol of normal and diabetic rats (unit/min/mg protein).
Values are mean *+ S.D.. Values with different alphabets are
significantly different in the groups by Duncan’s multiple range
test. Normal (n = 10): normal control, N-GW 10% (n = 10):
normal-glasswort 10%, N-GW 20% (n = 9) : normal-glasswort 20%,
STZ-control (n = 9): diabetic control, STZ-GW 10% (n = 12): dia-
betic-glasswort 10%, STZ-GW 20% (n = 14): diabetic-glasswort
20%.
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Glutathione-S-transferase (GST) &4y
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Glutathione reductase (GR) 28T

el GR B EelM = Aozl vlsl] dietizr
ol A FAVE SV o oAl Aol o Slar HA
Aol Azl vls)] gz 10% 9k 20% H7ktolA] &
Al =gron SR 10% Brk= 20% H7HA] (1.05
+ 0.19) Y402 =2 FFolnt FrAlele s
M7 GR SAETt S7Fehe ?%01213‘% Tz
o Bl 3% 20% A7HE BUF 10% A7brelA 49
x% OE lr_o )\Zoi xﬂ/\l—;g]_,] sLi 20% ﬁﬂ:j 3’:
Bl APl (Fig. 4). FEPW A7h a9
A Brhe Aol f)291 Wake weth

Superoxide dismutase (SOD) Z¥k

el SOD 4> Bs A¥TE 1holl f-2%o] po]
T ARy Al gzl Hl‘SH % 10% %
HE B 20% H7kEelAd W A
20% H7RrelME o AP
 f-o) el atol= OM At Al w
ToA SOD E4o] Gtz B} ti 7}0}; >z
oo {8 Al iPOI% HolA| Attt (Fig. 5).

Catalase (CAT) 2§
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Fig. 2. Effects of glasswort on glutathione-S transferase (GST) ac-
tivity in liver cytosol of normal and diabetic rats (nmol/CDNB/
mg protein). Values are mean = S.D.. Values with different al-
phabets are significantly different in the groups by Duncan’s
multiple range test.
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Fig. 3. Effects of glasswort on glutathione peroxidase (GPX) ac-
tivity in liver cytosol of normal and diabetic rats (unit/min/mg
protein). Values are mean = S.D.. Values with different alpha-
bets are significantly different in the groups by Duncan’s multiple
range test.
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Fig. 4. Effects of glasswort on glutathione reductase (GR) activity
in liver cytosol of normal and diabetic rats (unit/min/mg protein) .
Values are mean * S.D.. Values with different alphabets are
significantly different in the groups by Duncan’s multiple range
test.
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w
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Fig. 5. Effects of glasswort on superoxide dismutase (SOD) acti-
vity in liver cytosol of normal and diabetic rats (unit/min/mg
protein). Values are mean = S.D.. Values with different alpha-
bets are significantly different in the groups by Duncan’s multi-
ple range test.

gzt vlE fodog w& FFoldith Y AT
oM FntRdtel HlE] gk 20% 7oA CAT
R A

7F Gl YERgow 19491 xPOlL ol Qit},
s Ficof o3 CAT &

2] 9] AT =7 SAlet
Holx] okgitt (Fig. 6). &
Z A7MEe wet g s Bled &
7%3011*1 CAT &9 o] dopx] fhash=

Fig. 6. Effects of glasswort on catalase (CAT) activity in liver cy-
tosol of normal and diabetic rats (unit/min/mg protein). Values
are mean * S.D.. Values with different alphabets are signifi-
cantly differentin the groups by Duncan’s multiple range test.
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STZ3 alloxan®Z Pt Fi e
AE7E SR GaAl BdAtATE dA8) FUkehs
gl Yoo$t Rhee'” 2] <19} #o] fe]7] A|AAQl GPX
AR T7HE TR E AURRILE W WdAIeE DAl
A A A teE] A Askar, Gz 7HEA A
superoxide radical %% At FAksts AR EE
b= g2 59 WS AR Absh4
A5 AT o= SODY GPX9 e AkshA
AA Agow A e wolar AEe] 7%
S WAL Cho 779 dAFrellA TumAl F AF Al
GPX9 /M ES fodor dshzith= Hart Q=
g £ A n dAl $2H7F 10% Boks 20%14
GPX %7t 7haE 9t

Ar»el Axtdnte] oshd Al % 20% A7t
oAl de] A BT F 7P weka, MDA
FEE oA Ed 9 T3tk & AFelA= SOD
o] el FEist Ws} glo] YiFelA GPX €A%
AR gy AuaArE BaZith GPXy g3 oA

Absl B71A9 wErF grod ksl 549 FAET}
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GRS BE ¥fFFE9 ZAoA WA= flavoprotein

0= cytosolol]l EA8}1 9lar, GPXell 28] BAE GSSG

S st GRS o] AbslshdRke-S w3l Ay glu-
tathione pools LM EHZ FAEoZHN 7PHACE A
32 BT WA fA 7)ogt) GRS ARACE I
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MehE s dov sbEkEay {7tk
2helol] AR5 glutathione ] A/8Ake]l #ofsh= 210
dHA AT ¥ ATAdd 19 GR EHEE AR

10% H7lrelM o802 GR BT S7kehs 5
O AAlelE FEEY WUt vlEo] 555 Y5t
S7¥etolch

Atalay 5779 TtelN= GrdAtelr w2 Zn-SOD
o} CAT &S vehon, GRY 84 ¥4 Vel
Lim" 2] o1te] oJ3hd, 7ke] GR i g/d<tel i3
Frrfzaro] folH o FrIsIirtal skl om, Bang
TP AFelME Fx BEA 18 GR YUt ST
3191 A= GR SR} HAasiitky Baste] &
VR UE AolE B F Utk # AFelAE Al
Z Aol o] whgh 12l GRE] B EE thh EoMAE
S Bk

STZOo % Tix kA AAR-2]7]9] tiEA Q] superoxide
radical (0,7) S A% A3} Aot vls] 116% &
T 71, STZO % Jafdh Al SOD B4 tha A
Sobe Aol glov FHbellA = Ao YeRdth
3 B Song@ Chyun® e @Ttol]l 2)sbd vlE}
A AFARL HEl 7R ARt A BEAFHAl SOD
A2 T7HE I CAT 48 #aAZivka Buskgit.

Aed!” £ AFelrs JieAl SOD E40] Fx 10% A
7heeld = S7kshs Aol dslod Fthzel ns)

frel2Ql Apol= BolA] okgkal GPX % & 20%

A
S EE RIGEE EE 21 I P P RN T3

Aol 91, CAT B4 2
A FABBY FFE FE T2 TRk N5YER
o Fustggon SR,

SOD BHEE H) Rl iy

JhEel A iR T Ry foHoR =2 £FoR
SOD g2 =2 AL ou Gntfzrto] nls) st
[e)

I7)AUAE she BEAlE Ak 721719 4E super-
oxideE AAsH= &A% SODE Zta Qlo] AAa #e]7]
HEg-oll oJgh &Adell tisto] oj= AHEe] wolgs {48t
3 glom® wpgdAoR ke Atk frEl71e AA
Z Y8 1 ST} moE Ao® dEA ok S, ub
o

radicals XA H,0,2 v AAE HO0.8 f7]
rbsEe GPXSE CATS) 28l 93] HO=E wjdgo
2R AT o7 HE YAE BEsHs a4olth o)A,
BAE R A EE superoxide radicals SOD HES-of 9]
3 AAFCEA AEE BTITLY Kim 59 AgelA
= STZHRS: Folah Yzgtolx] Aaktel vlske] SOD
ST Z7HEQIT . Rusdied 2 Ao 1
9] SOD A2 AAA] 8% 209% F7krolld Az
R e i B L v P B o S sl e K
L o4 el ol oIty Gl ® g% 10% H7t
Al SOD #Ho] Gtz Bt thh F7lshs 5019
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