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The Effects of Alisma canaliculatum Butanol Fraction with Selenium on Glycogen Level,
Lipid Metabolism and Lipid Peroxidation in Streptozotocin-Induced Diabetic Rats
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Department of Food and Nutrition, College of Natural Sciences, Duksung Women's University, Seoul 132-714, Korea

ABSTRACT

The purpose of this study was to investigate the effect of butanol (BuOH) fraction of Alisma canaliculatum (Ac)
and/or selenium (Se) treatment on glycogen level, lipid metabolism and lipid peroxidation in streptozotocin (STZ) -
induced diabetic rats. Male Sprague-Dawley rats were assigned to one of the five groups: normal, STZ-control, and
three experimental groups (Ac group, Ac-Se group, and Se group). Diabetes was experimentally induced by intra-
venous administration of 45 mg/kg of STZ in citrate buffer. The BuOH fraction of Ac (400 mg/kg bw) was orally
administered for 3 weeks. The Se group were fed a AIN-93 recommended diet mixed with Na,SeQ; (2 mg/kg diet).
The liver glycogen level of Ac and Ac-Se groups were significantly higher, when compared with the STZ-control
groups. The muscle glycogen level was not significantly differ among all groups. The levels of liver triglyceride were
higher in Ac-Se group than the STZ-control group. Pancreas protein levels were significantly increased in Ac-Se group
than STZ-control group. The concentration of liver malondialdehyde (MDA) was significantly decreased in Ac and Se
groups and decreased in Ac-Se group. Administration of BuOH fraction of Alisma canaliculatum and selenium supple-
mentation increased the liver glycogen and triglyceride levels, and reduced peroxidative liver damage in STZ induced
diabetic rats. These results suggest that treatment with a BuOH fraction of Alisma canaliculatum in combination with
selenium has no synergistic antioxidative effect. Selenium supplementation may lead a decrease MDA of liver in dia-
betic rats. (Korean J Nutrition 37(1): 15~22, 2004)

KEY WORDS : diabetic rats, Alisma canaliculatum, selenium, malondialdehyde.
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16 /At $2127 Selenium 5o] A|Aslel WA 9

& ©IAL (Alisma canaliculatum) & 9 A7\ 3%
& A ehd AlZol). Akl AR R 25%, T
A 7%, A (essential oil) ¢ furfural, resin?} triterpe-
noidAlg} alisol A, B, C 9 1 acetate®} FF=A D—glu-
cose, D~fructose, sucrose ¥ g —sitosterold} ZF& of
oAt 5ol dfge} glew, dx (&, 271 B Heh oM
K, Na, Ca ¥ Cag 59 F7AE ggog AEHA
thy g} Bl e gigiolia] APEt AAzEF of
ragog AMgHT Q1 Axe oy, 4, s ¢ &
5 5ol AH 1 e

Selenium (Se)2 FAEHE-& AASH: S Fl8]
glutathione peroxidase (GSH~Px) 9 942 744
22 AARNBE WAHH o8 8¢S ¥
HAch® =3 Dol Sell Hrh= ujgl E 2R
o3t 7+ 229 &8 o= AKX BIIHTE IS g}
3 BaEen Sed FEAZ A9 7+ malondialde-
hyde (MDA) FF°]) @A Jebdtis gtk Sed T
FHold ndFoz QA Atgt AEYAR o] HAtHE
RS golEths BUE JY9em¥ McNeill 59 A7
9} Bzaki 59 A7 o= Seo) QA L J8e 3}
= Aoz RuFRnt v Fitgeld Sed FAtsh
of71Ael st A7F AAHT e st FeAl Sed
Aghe o}zl WakshA WA gkgtom ¥ Zael 24
Se?| okt A HAF 715l s B2 A7 AUA
o o} 7kA] Sel) FEE 7)5S 3] ojaE 1 A ¢
o' ESE Seo] Aol P oR HAEY 548 Yol
e 2aTUE glt @A) dAY) Se Feol diE
WY ATz ME Ak A7E Busta Qloh Na
varro—Alarcon 78 @ 327} AdRle] vlg) 4 Se
T2t RgFor @A Yebdttiy B skl ou Arms-
trong 52 G Bxpe} A/dlo] e AEke el
o B sk Gebre—Medhin 2% Cser S22 &
A FE08 AEEAAY A0 i dRAL) FHLs)
Hol7]do 2 Q) B 82 d4F Se $57} 23819
gt foly oz EA Vet B usigich

A GizofAje) Se] HEE o F oJafisky] YA
o2& AF7F s, Sedl WFo| Al AAdApel
A zAtglel] vixE Gl disiyE A+ asdivin
AZEe] B AForE ARPATV AN st a7t
Eld ®lAke) butanol (BuOH) ¥8E3} Sed streptozo-
tocin (STZ) 22 Zud IR ARAANA @5 = o
£ Fojsle] Blxl B3B3 Seo] B Z27A T
Arl D A AR ) vlR)E Gaks dobHE na) B8k
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1. NERfg
dil= AEAFNA ARY AEE FYsk] 2R g
& % methanol MeOH)® 5X|7¥%qt 84 0 85

P
{ 05

BZAAE Fasl] 53 F iR o9, #
HoZ 33 vHE &3l BE A4E gt Y
31 MeOH #2&& ¥9ith MeOH %525 hexane,
chioroform, ethylacetate, BUOH % H,09] A4 #3
3lo] Polxl RIFES AP A S a2t
2 BuOH 2EES Ag o133t

2 NHUFEANS Y B /Y

A% 220 g L) Sprague—Dawley Al F73 BHE 4
E}Z2HE TP} on) ARSS ¥ drd 7V 57
o 1] 3 vlely Relsk] ARSIt AEEES ¢
A2 W3S doli s YA EEE W Sedl B4R gt
AT E AvRY] S8 AT Normal) 3 BaTo8
wrglon, duie BE STZOoZ 9nug AUAA @
=UET (STZ—control), ®A} BuOH ¥8 8% (Ac),
gx} BuOH #3832 Sed B8l £93 7 (Ac—Se)
9 Sedt Tt T (Se) 22 o] At

AETE Fud {F2A7)7) At 1641z AR o
2 STZ (45 mg/kg bw)S 0.01 M citrate buffer (pH
4.5)off o ma|uhe] FABEIL, 2447 Fof AW
ZoflA ddg Fsjo] A4 Held ¥ d9E 44 8
B Fo] X5% 5571 300 me/dl oI} AE Gt f
el AoF 7hgsiod Ay ARSIt

i FuAdFE AIN-93 2Ao] (Table 1)
S} B8 Aol ARAAMAD AR dutiRT 5%
Tween 80 §A4&, drtdgFE HALY BuOH 2 &S
400 mg/kg bw8 FEZ 5% Tween 80 $Hdof} FAkA|
713 19 18] 37 Yy ARkl AT Fo83it) Se
(Na,Se0s: BDH Laboratory, England) & 4l0]E g3}
7] AR 71E40)ql AIN-93 FA2)o)o) 2 mg/kg diet
BZ3e) FFEAT Ac—SeT2 YAl BuOH #E&
(400 mg/keg bw) 3 Se (2 mglkg diet) 2 H4 T35tk

3. Moy BN

AP EES HEZ nFHAA GFEZ AT FA
e} 213, A H @ HAS gy, I/ o
ol Azalol —70T AEe] B4 el AREsisith
g 250 27 §eS Hassid®} Abraham®| %
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HPol o] B8, 1+ F2 A Trindery]
(FZEAD,® YA AL E0A7 ) & AZH kit (I
AP E ARt S80I 1, A%, 5 2 A
A ek 1.15% KCl $4& Hrlsiel gAse &

Lowry 9 W) me} Ao, 2+, A%, ¥
2 Gl FREY e AAIALEE MDA) 9 &
Uchiyama®} Mihara® ¢] 98-8 o]831o #4431t

4, UM

BE Ay 3¢ 9 EF33E AL, #24
AEL PC- Stat program®-& o€l one—way ANO-
VA testZ 3 & Least Square Difference (L.S.D) AA}
How E}‘?lo}?xi‘:}.

Table 1. Compostion of control diet and experimental diets
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A9} Se9) WE Ex M EFO STZ £ P 8
Hell mlA= f% b wEstuzt Ar s STZ /i B
TOE Wry Jurd Futizs (STZ-control), ¥
[e)

A} BuOH T—,E?rcﬂv_f (Ac), ®A} BuOH B&8E¢] Se-g
Ba3te] Eojdk F (Ac—Se) @ Sedt il £ (Se) 2
Z o} Atk

24 2El3A0 2 Aol visl Fudlxro] #
ojd o7 v Yehgon, Fthzr ol vis) Acr Ac—
Sexo] FolA o2 A Jeh} A vlsst =55 Y
BRI, Sedd FuulRael Hl8] ok out felAql
AJolE Ho)XE= Ukt (Fig. 1). STZO® 9wl

(g/kgdieh 5 o= 7HE< glycogen synthase phosphatase &
gomponenfs Control Xo| 7tag) Moz Uehton] Qgale BES Zamal
omstarch 465.7
Casein 1400 < Eash= 549 glycogen phosphorylase«] s F
' Jako 32)
Dextrinized cornstarch 185.0 7A e SR EA #RE AT 0 2 A
Sucrose 100.0 TFoA Gtz 7 S8z gego] Aikatel vls|
Soybean oif 400 Aoz A vept A3 p-HE B2 AT Qe
Fier 50.0 Bxoz Qs 73 Zelma $eo] wolnl Aoz
N il
oA 350 M2HET AcE T Ac—SePolME Turhzzol w8 &
o 1o e 0 19 208 $98 AR
Cy. .
Choline bitartrate 2.5 ol A¥ A7V ¥F 2= FEH 4341101 R
TBHQ,mg 8.0 2 (158.1 £ 12.5 mg/dD ol =l w2 (807.2 =
1) AIN-93 Mineral mixture (g/kg) o Aoag =o } T} gkl
2) AIN-93 Vitamin mixture (g/kg) 744 mg/dD ]_w“] HOE B R S wEe s
3) TBHQ: fertButylhydroquinone o, FuAdTNNE Act (6685 & 147.3 mg/dD
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Fig. 1. Glycogen levels (mg/g) in liver and muscle of normal and diabetic rats fed the BUOH fraction of Alisma canaliculatum with
selenium, Each bar is the means + S.D. for triplicate experiment (n = 7). Different alphabet in bar are significantly different at p <0.05.

NS: not significant at p <0.05.

Normal: Reference group, STZ-control: Diabetic-control group, Ac: STZ-group supplemented with BUOH fraction of Alisma canalicu-
latum, Ac-Se: STZ-group supplemented with BUOH fraction of Alisma canaliculatum+selenium, Se: STZ-group supplemented with

selenium,



18 / &A} B85} Selenium XEo] ARkl wlxj= Gk

2 Sed (654.7 + 154.3 mg/d) o] Gzl vla] &
o7 YA Yl Ac—Sed (680.8 + 138.6 mg/d)
< AL Aol ASAY FutizrE W g
Uekjol, giAt B880) 18YL dpAA 714 272
gleks Worea)x] 9y AAET H|LgE £ 02 9|4
1 Aoz Azhdr) Lizuka $7& Sed gdy 22 o
sy }D# %‘51*] io}ﬂl @ﬂ FEs WL A% A
e, B ATAME
Se?] Foi7} G Zhiel ;@P} AL - Sl
sty 5-o)Ael xjoj= o}qgix]u} g zERo 7}
5ol Seol BixAl & FFHo0= gt I A
Aol BT} e Ao si_odc}.

-5 23 g2 (Fig. 1)< A4l vl8l oz
ol 7P W2 AEe eI, AcE, Ac—SeT
4 SewolXE FatRTHT ol A4 vix
oot BE FuAdToA fAHd AolE UERR
okt el vl Gz 2% 2|3l Fgol
FAHP oY T gFo] oA 9} 2ol FHeH vERtA]
£ skt Felld STZ F9 & vehbke dad AdS
BAZR el we) Yehisl, EA2ME STZ 9
F 14%Y0] A 7 Gl &As] vehA] gkt B
UEQIY Bx 2EE E Sea Fojgk 7o) 25 :Lalq
7o) e At vl FEoR vEeRY, gAl £
2 Sed) WSRO} YAl Vehks 2% 29
o] g AaAPPlE Aoz Bl

2. IP%, VY, W 9 S SN B
39, A%, A D Age) WA 9L Fig. 290 vehd
otk 23 B GRS AT PR AcE 2

Ac-Se Alole] F181 Rol7k ehtx) egtort 4

23} 2

Aol la) SeZold feHow B £2& e,

ARl e e
i,

FRRT Alelof] §2Fl xtolzt
Gzl vl3] Ace Ac—Seo] ¥ &
e P CY F Q1 Aol opin) o] g
ek AT Y e, Acy U Sere) visd 4
& HERSH, Ac—SeT2 thE AP Tl Hl3l] A
UEeptth # dld e Aot vld] dndlEd
I AcTolA FYAoE 1A Vet ot Ac—Sew ) Se
T2 FutZFE Ao R ol AT e F
=& Yehit

7t & AEHA o dAS oy Yoz ARE-
7] 9181 branched chain keto acid dehydrogenase
9] g/do] F7t=lo] A9 olglatio] F7tE ), o)y

Protein (mg/g)

Pancreas

Liver Kidney Lung

[ Nommal [ Sizcontrol BB Ac AcSe B Sej

Fig. 2. Profein levels (mg/g) in liver, kidney, lung and pancreas
of normal and diabetic rats fed the BuOH fraction of Alisma
candliculatum with selenium. Each bar is the mean + S.D. for
friplicate experiment (n = 7). Different dlphabet in bar are sig-
nificantly different at p <0.06. NS: not significant at p <0.05.
Normal: Reference group, STZ-control: Diabetic-conftrol group,
Ac: STZ-group supplemented with BUOH fraction of Alisma can-
aliculatum, Ac-Se: STZ-group supplemented with BUOH fraction
of Alisma canaliculatum+selenium, Se: STZ-group supplemented
with selenium.
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Fig. 3. Liver cholesterol levels (mg/g) of normal and diabetic
rats fed the BUOH fraction of Alisma canaliculatum with sele-
nium. Each bar is the mean + S.D. for triplicate experiment (n =
7). Different alphabet in bar are significantly different at p <0.05.
Normal: Reference group, STZ-control: Diabetic-control group,
Ac: STZ-group supplemented with BUOH fraction of Alisma can-
aliculatum, Ac-Se: STZ-group supplemented with BUOH fraction
of Alisma canaliculatum~+selenium, Se: STZ-group supplemented
with selenium.
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oA A et oy f-2) A9l Aol of3l, Ac—~Se
7 Sew AT 2 FdiEdel vl fdFoz ¥
ﬁ“—c— et (Fig. 3). Cho 59 A7 oA STZ
H FuF 7 FUAHE o] folgez
—7}54319_1% Usd £ F2EY Fo= foge= g
o A9 BgrEeE vethn it vt =
AR 2 Al e ellA SALEA G (VLDL)
9] AAdo] Z71x]o] % VLDLH AYEA |G (LDL) 9
FEE VA 8 FAEHE o) S 3k
Ac—SeT# SeT2 F& MY FH2HE 522 e
Qe o] 272 B Sed] Forl duAl TMR 1 &
A ES FE e 23 Yo esl8 9 Sk
Ro7 ®art
g A e Aol vlE gadix
Ho|X| = AT ¥ AgS 1} (Fig. 4).
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Fig. 4. Liver triglyceride levels (mg/g) of normal and diabetic
rats fed the BUOH fraction of Alisma candliculatum with sele-
nium. Each bar is the mean = S.D. for triplicate experiment (n =
7). Different alphabet in bar are significantly different at p <0.05.
Normal: Reference group, STZ-control: Diabetic-control group,
Ac: STZ-group supplemented with BUOH fraction of Alisma can-
aliculatum, Ac-Se: STZ-group supplemented with BUOH fraction
of Alisma canaliculatum+selenium, Se: STZ-group supplemented
with selenium.
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GaFfA 7k EAA]uto)
01§84 Raka Zlolt
2539 AL AUALOE ol§3p] BB AF) 7
a9} tie] BTSN Aasle Holeka sl 2
A7 Ac-SeF B Seitel 7h¢ FHAY Bl B
dzzur 5 Jehd 28 28 9819 dgo oy
Aoz 1 FHARE olgo] AaE RO walh
4. NS DN FY
ARABNEE dothur] I 74 A, A @ el
MDA =& EA38It} (Table 2). 7+ MDA 22 4
Aol e FrozTol F0E FrhHg), ol
Bl f1el B4 IS AT DR T
BE. Puizae] v BE 3ud8Te MDAY
S Yelstost 1 L FoIE AcES Sezol 9144 7
0% Mol HA $HE U Sed| BEFoI7L 1139 4}
ase e oz wold, dAREEE Seol 8T

Mokl o

fl DR S )

o2 Qs A% ETH= ¢tk Cho 59 AF¥ X T STZ
07 g = gukdl 879 7Vg} MDAS9] F&0] H| G
wr} fojHow %z—o}ﬁbﬂl e & $EE9 FoIE 2
2 MDA 528 7 ]Zi\:]—_’ﬂ_ gt} Ses AHE FFHe=
NHER] e uh_goﬂ v 7+l MDA 557 W) o

el ol el vlF FX" STZ 4 FeF
A Ak} WHgo] Sed] ARG FFoZ AR o
3 AEE wWoi7| 78 AeaA 23] sk &8
$3IA 7| 719 Fche ARl YR]Bch Mukher-
jee S99 AFM G moused 7+ MDA Fo] 3
e vlE fFAHeg F7HEYPEH Ses 25 5905
pg? ATFAERE W AFrF o2 Ropx Seol 4kt
AEHA ZHro] EFpFo)2k MGtk A Sed B

Table 2. MDA levels (nmol/mg protein) in liver, kidney, lung and pancreas of normal and diabetic ratfs fed the BuOH fraction of

Alisma canaliculatum with selenium”

Groups Liver MDA Kidney MDA Lung MDA Pancreas MDA
Normal 1.60 £ 0,18 2,65 = 059" 1.30 = 0.20™ 2.49 = 1.09"
STZ-Control 2.38 + 0.28° 2,57 = 0.26 1.15 + 0.09 1.90 + 0.35
Ac 1.68 + 0.45% 2.80 + 0.60 1.18 = 0.35 2.82 £ 029
Ac-Se 2.09 + 0.52% 2.34 +0.29 1.07 +0.34 2.74 + 0.40
Se 1.85 + 0.37%° 2.45 + 0.70 0.97 £ 0.19 227 £0.73

1) Values are mean £ S0, n=7

2) Values with different superscript within the column are significantly different at p<0.05

3) NS: not significant at p <0.05

Normat: Reference group, STZ-control: Diabetic-control group, Ac: STZ-group supplemented with BUOH fraction of Alisma canaii-
culatum, Ac-Se: 812 -group supplemented with BUOH fraction of Alisma canaliculdtum+selenium, Se: STZ-group supplemented with

selenium
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F3t] HAANZ ATME Seol AAFNEE AT
= 5371 Ql2ler, MDA 53 Se 5, 18]31 MDA
23 GSH-Px @AE Alolelle SA4ATLAT vepitt
I’. _é—l_‘;}_'lz)

A2 MDA 52 A gdzFAlldl #94
9 zpol7}t giglen, Gtz Ty B8 FAldT Alo)d
ME FolAQl zlo)7t vepEA gkt A Aadle] o)
At oA AR =HES A7 B S &
o E0i9lx SAEA =& 7|37} ol AuelA A
Aitsle-g A 2 FH o2 st Atk of
FabstEo] £AH7] A€ FAolgka 311 oP” Ugoch-
ukwu 572 dtellA] st HAAFHS] A3 MDA &
= £93]1 Ao)7t Ydtke Bustgch Yue 59 &
TFoAME STZo 2 Fud FE3e o A vd 3
=FoA ¥} g MDA 52 f93 oz Eolxo
A2 AE 12371A] a7t Qe Ao Yeht 1™
Fog Qg Alsl AEHA Hk3o] ZAuit thEA et
wrkar e}, gzl vlsl Ac-Sed# SeTd Al
7 MDA o] ¥l Yebgtou F93e ol itk
T 529 dFeME FEESFEER Sed 273
HE 2093 A9 geF ] 4% MDA 50| fodoz
Rolx] Seol BZEo] NAIZRE AFE HIH &
4 Akx 315t Reddi $192 Se? BFo] FdFcA
Abs} AEg A Batolg) A F2AQ ST oAyt
ta Byl on) B AFoae AgelA Se] ditsta
W7} A e R st

Hg} #49 MDA £F2 ZE AP T Alolo] F94
Zo]7} YERYA] ¢kgtet. BiAl BuOH 8 & Foi& 719
AQIEE ZAar7ied B3 e Ao Yehgo
o, O A7lole 93 vXA] e AoE JeRich 4
Agl Sed] AFHE FuoR A% AFEe e F
Abeld wel7) 78 AEAA 229 s &8 st
A7V A 71egickn sR=dl el Sed] FEkol
2 vehtar glouy, A3 3 2 #gelA Se] datslant
 FEskA vepdAl ox Stk xR e AAEE
S EARIE T Sed GEOT Fof3iGlE u FaH
Ao} BAHEE B} Sed L5 S90S ol D)
ZT3 o7} Qe F o= JEh} B 857} dEFoR
o a7} gl Ao E JEhdt

Streptozotocin® . FxwdE A7 FFH S dG7ts}l

AHE 29 #ile) BuOH #3E (400 mg/kg bw) 3} Se
(2 mg/kg diet) & 3F ¢ @5 T HEF0E o
234 3 AAdit 2 AR dstel v de
skt

1) 7+ 2g34 ke g g8 folyes Za
HARAou AcFH Ac—~SeTolA Fdez F7tE] A9
g FFo2 BT A5 I5F FHE el
Z7ol vls] AcTH SeollA] FoF oz A YeRteH
Ac—SeT& W& g Bo] gnFe] BAl REET Se
o] Foj7t 1dG Mol APl e RoE Yeldth 2
& 3 gL BE AT Al £ ApolE
VERAA] st

2) 7P Sy e Ay FtiRTAlele] £
]l zjolE Holx] gigton SeFo] AAERTE F2F o
2 ¥ 558 19tk A%, 1 A #8] 9l e
FrAlel FAEY, H U HelA FroizEdte] vl
Ac-Se HEFI TN 5& A4S vehdo] Acst Sed]
GEFAET Ac—Sel] WEF7L H 9 ] ez
& vhed g3 Qe ZAoR Bl

3) 7] FHAHE TS Pzl vls] Ac—Se
7 Seo] FAFog A Ueptoy AcTe WH3E
Bolz] st 2 AR EFE Ac—Sedo] Gt
Z7f v feFez FrpEAch

4) ZxA) P MDA 52 el vjsl felzes
F7HERAoY AcE D Sevd] MDA 58 FuzT
o val FH o2 Wb, Ac—SeT& W HFL B
Rt A, 3 9 Ao e AT BE gk A8TA
olefl f+2]AQl zlo7} VfeRA] dsket. BAREEE B Se
o] GERE Gug A% 7 MDA 58 ZaAl7led
A7 o A, H 2 AR E FEo] Yt

oe] AT GFo GAREIEES TS 9
vEF 3ol g Fel2A s 9 ko) Ak}
AAle] 3} IR, Sed] Fole= n¥F3} 2 7k X
ARELE A= 371 Ath BARREET Sed]
Hesds 183 o8, g el g T A
o] gld F2& FoledE A} ey g Al
F 229 NAIEE Farzled AsEIE s A
° 2 Jepsitt
m NS 2

o] AT 20028hdE YA IRt ABAAATA
A7H] 2 el 3 A= ool ZAI=HYLh
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