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Effects of Dietary Supplementation with Allium hookeri Root on Hepatic Enzyme
Contents in Streptozotocin-induced Diabetic Rats

Myung-Wha Kim'

Dept. of Food and Nutrition, Duksung Women's University, Seoul 01369, Korea

ABSTRACT

The purpose of this study was to examine the effect of Allium hookeri (AH) root on hepatic antioxidative enzyme contents
in streptozotocin (STZ)-induced rats. Diabetes mellitus was induced in male Sprague-Dawley rats through injection of STZ
dissolved in citrate buffer into tail veins at a dose of 45 mg/kg body weight. Sprague-Dawley rats were fed an AIN-93
recommended diet, and the experimental groups were fed a modified diet containing 5% and 10% of AH root powder for
4 weeks. The experimental groups were divided into four groups: a normal control (N-control), STZ-control, STZ-AH 5%,
and STZ-AH 10% supplemented groups. The STZ-AH 5% group showed a significant increase in liver glycogen compared
to the STZ-control group. Muscle glycogen and liver protein contents significantly increased in the AH-supplemented groups
compared to the STZ-control group. The liver malondialdehyde content of the AH-supplemented group was significantly lower
than that of the STZ-control group. Xanthine oxidase content was significantly reduced in all experimental groups.
Glutathione-S-transferase content was significantly elevated in the AH-treated groups compared to the STZ-control group.
Superoxide dismutase content was not significantly different among the experimental groups. Catalase content was significantly
higher in the STZ-AH 10% group compared to the STZ-control group. These results show that supplementation with AH root
may be useful for diabetic therapy and damage from oxidative stress.
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ol A Al daS FTHUllah A 5 2016). EA9} H| F A2 <]
HEgol o]ste] @dH ROSE 3291 el & B4
=™, super oxide anion(O;, ), hydroxyl radical( -+ OH), hydrogen
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T 2003), AESA A okeldt &Y AL F A Fe
(Borborah K % 2014). F=3219] 30%7F A1 2 &2
3 thA] 2 (Raman BV 5 2012)2 AF&-3ta 9o, 4t
St Al theket eElAls B vkAl= AF o] A%
Je) 2 o] &5 2 tiJun HI 5 2014). Allium % 2152
A 9] allicin®} alkyl thiosulfinate®] 3+8t3}gta-& dgd7}s}
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2#4 9THRhyu DY & Park SH 2013; Roh SS
A FEELE Patsl 249 fEl7lE w5ol(Yang HS &
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1. &8 M=

B Ao A g2 ARE-3E Al (Allium hookeri) BE]E A
A FURET A712% e AR EAEEN S 204-
92-77858)=HH P eVt AREE dFT
Z% 1044004 opA Afuliste] 2015 7€l 83 RS A}
A AFxAA BE]S E(HMF-3450S, Hanil, Seoul, Korea)

2 WEol Wi wag F AP ARE s,

2 UHEE AR U HEA0
AHTES AF 220 g W2 7525 <] Sprague-Dawley Al
F7 8F#HE 2434} AElE BIO KOREA(NTacSam: SD,
Osan, Korea)ZFF T43}o] stainless steel cageol &+ wle]
A by 2% 22424 113 A& (Feedlap, Guri, Korea)=
157 dB] AT £ 55 A8 9ol 554
21939 F(FHAHT 2015-017-001)S B ZF A
& e 9 o] & #gk Ao B0l AAsith A
& Gl & 47 o= o] ARgSGith AE
& AT 1] 72 STZO 2 GRs fadl 9 A%
VR wer ZF SR vk F 28viE] S ARSIt
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(N-control), @i A& Foll= A E HUlskA] &L &
SO ZT(STZ-control) & 48] & BEE 3t 247t 5%
(STZ-AH 5%)} 10%(STZ-AH 10%)Z H7}ste] 2&s19]
ot A= 717 A 54 e 7R AL oA A s EE0l
AT F A=F 10% olstR 2ol & 24310 THLee SH &
2015). N-control¥} STZ-control> AIN-93 Z=A]2]o](Reeves PG
1997 & T3l aL, Pl 2ol= AIN-93 A4 0]
E Wgste] sk te] EdE 5% 10%% H7Eske] 247t
T Aol 2 457t FFoti e, d@2ole}t &2 AHrEAl
AF == 3l thTable 1). 2Haj¥e]e] J 2L 100 ¢
F eRskE 11.36 g, @A 2,60 g, AW 1.34 g, 3] 1.07
g, 2ol df 5.07 g, = 78.57 g2 A& o] 1l corn starch,
casein, soybean oil, fiber ¥ F7]2 o] A4S ZHdlo] A
T3] 2ol 2ol BUIEE 3} th(Park JY & Yoon KY
2014; Ayam VS 2011).

3. St

A s FEAT7] fste] 1641 SA4A1R F
STZ(Sigma-Aldrich, St. Louis, Mo, USA)Z 45 mg/kg body
weight F=2 g FU3FS T N-control 0.01 M

Table 1. Composition of control and experimental diets

(g/kg diet)

Control Experimental diet”

Components diet" ; :

5% 10%
Corn starch 465.692 439.192  412.692
Casein 140.000 133.900  127.900
Dextrinized corn starch 155.000 155.000  155.000
Sucrose 100.000 100.000  100.000
Soybean oil 40.000 36.900 33.800
Fiber 50.000 38.200 26.300
Mineral mix” 35.000 32,500  30.000
Vitamin mix” 10.000 10.000  10.000
L-Cystine 1.800 1.800 1.800
Choline bitartrate 2.500 2.500 2.500
Tert-butylhydroquinone 0.008 0.008 0.008
Allium hookeri root - 50.000  100.000

" Control diet : AIN-93 diet.

2 Experimental diet: control diet + Allium hookeri (AH) root powder.
9 AIN-93 mineral mixture.

9 AIN-93 vitamin mixture.
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citrate buffer 895 TFoR djo] Y ATy 2 W
Mo FARSIGITE B o] Sl 24413 £ kg
FoA Aet] dAEeld F dedE FAskd 4 T4
EEY F%7F 300 mg/dL o3l TES Bt fdE A
oz Felate] P FIdS A4 042 st} T Al

il
) 259 2237 g2 Hassid$} Abraham W (Ha-
ssid WZ & Abraham X 1978)°l 2J3ll 620 nmol|A] SF=E
3ot 7 L= vlwste] A @Skt 1] 24
I},+8}E(malondialdehyde; MDA)S] &-&-2 Mihara®} Uchi-
yama "' (Mihara M & Uchiyama M 1957)°l w2} 535 nm
ol A2} 520 nmoll A FF=2] Aol & AL AL, ©]E nmol/
mg protein® 2 YEFSITE 7he] whld &5F2 1.15% KCI
gdoz #4358 &, Lowry WH(Lowry OH 5 1951)°l] u}
2} el Sheke A skt

ok

2) ettatea

okl g Ao He2]= 7hell Tris KCI buffer(0.1 M Tris ace-
tate, 0.1 M KCl, 0.1 mM EDTA, pH 7.49)& A 7}Veke] vl sk
T A TEAL 8,000xglA 307 A4 EE] (model RC
5C, DuPont sorvall instrument, Wilmington, DE, USA)3}+ & 1
2k e AUk 121 5= 10,000xgell A 30327t 4
welste] 22 AEdS ATk 24} A5 F 38k 105,000
xgol| Al 907t 241 H-2](L-80, Beckman Co. Ltd, Setauket-
East Setauket, NY, USA)A|A M EA 132 X3 & —70
Tell A7ste] gitstash she-s B Th

Xanthine oxidase(XOD) ¥41-2 Bergmeyer 52| %' (Berg-
meyer HU 5 1974), glutathione-S-transferase(GST)2] &2
Habig 52| "% (Habig WH 5 1974), superoxide dismutase
(SOD)= Maklund¢} Marklund(Maklund S & Marklund G
1974)2] BPH 28] 31 catalase(CAT)S] T3S Aebi ¥ (Aebi
H 1984)cl w2} £-2435}99 T} Glutathione reductase(GR)- 340
nmolA F3E AaEEE 545t NADPHO| A3
ATE 283l 433519 tHMavis RD & Stellwagen E 1968).
Glutathione peroxidase(GPX)2] $h&-2 Lawrence®} Burke] W
H(Lawrence RA & Burk RF 1976)°] @&} cumene hydrope-
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roxide S 7|4 = slo] AlPaltt. SFEE]20] cumene hydro-
peroxide?} ¥H-g-5t] 4Hs}e =FEFE] 20| 9431, NADPH
2 AsA7HA SREE 2R YR EE 340 nmol|A]
NADPH $Hl&Fs S3stod AlLksiih
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RE A¥ flo]El & SPSS(version 23) packaged .2 EA|
st a, ¥4 X P2 F5FH 2K (standard deviation:
SD)E Al A@wt 1He] AFo]= one way analysis of
variance(ANOVA) & 5313131, 2F A 7he] sdtgke] 2t
ool th3t 2142 Duncan's multiple range testE ©]-8-3}]
p<0.05 F<EollA H7Fsld
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A e 7o) Z]ZAY FASHAl N-controloll A &2

o]} 31, STZ-control@} 2] A Q1 Z}o| At} STZ-control o]
A 7P gk daFo 2 STZ-AH 5%}t STZ-AH 10% 25
A=A VER e, o] ARl xfolE HATHTable 2).

Table 2. Effects of Allium hookeri root on liver glycogen
and muscle glycogen contents in normal and diabetic rats

Group” Liver glycogen (g/g) Muscle glycogen (mg/g)

N-control 37.0+ 4.89 481.6£163.0°
STZ-control 13.7+ 7.2% 219.7+101.1°
STZ-AH 5% 30.5+16.8" 468.4+240.3°
STZ-AH 10% 203+ 7.0 581.3£179.7°

! N-control: normal control group, STZ-control: diabetic control
group, STZ-AH 5%: diabetic fed with root of AH 5% treated
group, STZ-AH 10%: diabetic fed with root of AH 10% treated
group.

? Values are meantS.D. (n=7).

) Values with different superscripts within the same column are
significantly different at the p<0.05 by Duncan's multiple range
test.
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STZ| 93] Fxrt e FHoM e 3 242 w5 2
2|22 tiAlel] FeS wol Pz ZHol|A] glucose phosphoy-
lation®] &1 &S 3= glucokinase &4Jo] A3lEo] 18
gol] F7] 791, 2827 synthetase 7| 5= As|F o] 18
FOoZ 213t glucose transports} 2|2 I I T =4
oA Mo E48 T dle] ©kRoslan J 5 2017).
STZ T led Ao Qls) 1+o] el shekol
ol th(Sexton WL 1994). & Ao A= F=A] Kamala-
kkanan 52] 9174 (Kamalakkanan N % 2003)] 4] ¢} Zo] STZ
o2 ghE fdeldS uf 3 S g Aol B
om Al SR gt vlaste] oA o g ol
Hae stk

59 FE AL A "I felHo g =olA STZ-
control#} x}o] & K=t /A< H]S=gk hko]glom, o]
£ Z8]324 phosphorylase”} &A3lE 11, FelzAle] Ea)j7}
S7telo] 2re] Al e Ay, S50 S
< Aol 7 R AZHETtHRhee SIS 1996).

A3PATH(Kim MW 2016) 23k Gl Akxj2e] A7)
AR 4577 feldom S $Fernz ST379 o]
sla}go] Fhawo] E5o] FE I T JFs Fo #
Agol|A Gzl vl F7heh Aoz Helrh

2. 7to| CieHEl o2k
Zte] v A &aF2 N-controlZ} STZ-controlol| A& #2124
[

ol 2| & Holx| gherort T AdFol A& STZ-control
Bt} AH 37kt RSl felx o2 &k, N-control 2
o} =& 3aEko| Atk Table 3). He Q& zgd] 231 7]
ol _

2}
FHFrancés DE 5 2010)0.2 Tz Q3 2ksl ~EYAS

SN A

Table 3. Effects of Allium hookeri root on liver protein and
malondialdehyde (MDA) contents in normal and diabetic rats

Group” Protein (mg/mL) MDA (nmol/mg protein)

N-control 25,742,029 0.5120.06°
STZ-control 28.0+2.7° 0.94+0.10°
STZ-AH 5% 33.747.1° 0.54+0.14°
STZ-AH 10% 34.0+4.3° 0.57+0.09°

" N-control: normal control group, STZ-control: diabetic control
group, STZ-AH 5%: diabetic fed with root of AH 5% treated
group, STZ-AH 10%: diabetic fed with root of AH 10% treated
group.

? Values are mean£S.D. (n=7).

% Values with different superscripts within the same column are
significantly different at the p<0.05 by Duncan's multiple range
test.

s}

oA oF GAEEHEEE

WA ok Gt 2 A 8HA o A U e
2 A18317] $138ke] branched chain keto acid dehydrogenase
o] &Ado] F7tE o] ThAE o] o] g} 2k-go] F7FETHLombar-
do YB % 1999). ¢Hk& 02 AMP-activated protein kinase
(AMPK)= Ftoll A A ks Woa] Ga 2 5E A4t
o7 Agste] UAE FFTTH(Foretz M 5 2005; Kim JS
S 2015). 4= S-allyl-L-cysteine-sulfoxide 52 543t o}
H) Ak} AFEA-S SRl 2% (Ayam VS 2011) 2.2 AMPK
285 DASAA frel7lel og Alxete] A dRitskE
oln, T S JAIst Tt A FE I 2ol g
frAlet=Hl Aol 8ol S Ao R FEKForetz
5 2005; Kim JS 5 2015). ¥ AolA] Gl AR E B
SIS o Zte] whild Fheo] Eolxl Ao Kol g

o8 T 5% 4 9 Aol

O o Z oo miy

3. 7+2| Malondialdehyde(MDA) &2t

7re] MDA & N-control 2.t} STZ-controlol| A F-2] &
2 =4 Jeldt}h @3 Tol| A= STZ-control®] MDA
Zro] RE AH 7oA MDA} el o' ygte
©]:= N-control7-¢] ]2} FA}SHA] UERHTH Table 3). & A
T A e} Zo] o] Aa A4-E(Oyenihi OR & 2015; Ha-
djzadeh MA 5 2017)°I4 = B=A] 7F MDA &9 715
2 & 92tk MDA &2 ROSO 28 e skA
o] Ftals A3l theoixe EAE wACl A5
et o] AP ZgaiH, Udsol &35 T d
Ao Gyt AHEH MDA 3Heko] Eola] GuZitS
2}3}1] 71t Suryakumar G & Gupta A 2011). MDAS] Z7H=
A&l ol 2hgo] Ao} e o] g x o
S FtH(Wang X 5 2014). B4 A&7 ndg2 2
T Astel vl gl whildo] FalE Bl AtAfe] 7]
A& S7MZITE MDAE tHEEspA ke 4bshA] 2
sl g8k dlstel =2 AR 7| 7F 2 QIx[AE ] A
Arprtsls zste] A A4ks} A9 520 MDA &S 57t
A|7]=H|(Wolff SP & Dean RT 1987), ¥ Aol &= Ak
7] MDA o] Yol wke] f2]7] A5 A5t
ksl A Aol 284S & oz Helth

&
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1) Xanthine Oxidase(XOD) &zt

7re] A Ao A gatslgs =S =73t 2= Table
49} 2t} XOD 3 N-control 2t} STZ-controlol| A -5-2]
Aoz A Yehtoy, U9 feruloyl oligosaccharides
£ BFfEF oAl AFFAA(Ou SY 5 2007) & del] H]
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Table 4. Effects of Allium hookeri root on hepatic enzyme contents in cytosol of normal and diabetic rats

XOD? GST SOD CAT GR GPX
Group”
(unit/min/mg protein)

N-control 62.1+3.5%9% 27.3+1.6" 0.5140.06° 4.66+2.87" 0.53+0.27 1.0440.22
STZ-control 59.044.4° 16.540.8° 0.92+0.14° 3.11£2.30° 0.44+0.20 0.9540.34
STZ-AH 5% 56.0+3.6° 20.8+0.8" 0.87+0.24° 4.09+2.54 0.49+0.20 0.92+0.46
STZ-AH 10% 52.3+1.6" 24.1+0.7° 0.78+0.08° 6.30+2.95° 0.54+0.20 0.47+0.37

" N-control: normal control group, STZ-control: diabetic control group, STZ-AH 5%: diabetic fed with root of AH 5% treated group,

STZ-AH 10%: diabetic fed with root of AH 10% treated group.

2 XOD: xanthine oxidase, GST: glutathione-S-transferase, SOD: superoxide dismutase, CAT: catalase, GR: glutathione reductase, GPX:

glutathione peroxidase.
% Values are mean+S.D.

9 Values with different superscripts within the same column are significantly different at the p<0.05 by Duncan's multiple range test.

I St zaoA Feldor e ZAE Bk STZ T
F Al TH A XOD+= 3ho| 24 ] AkskE £31A17]
Zul B4R FAS 4kslh F7bE o] XODe| el
7}54Eﬂ 0, 7} H0,9] Ao Bix Al A5W-32 AlAL
o] f1Qlo] o] DNAol| Wdo] dojdrh(Saggu S &
Kumar R 2008). B3zA] myocytesell412] ROS AAo] 71+
o] NADPH oxidase®} XOD Z-g-o] vl HH, 7o
ROSE FE|A W4k} 288t MDA A= S ubA dth

ol

ol ofx r[r kr

(Moore CJ 5 2013).
G F o A= STZ-control .t} STZ-AH 5%%} STZ-

AH 10% 7oA ol e s ghasiitt. e AH A7k
< STZ-control3} H] w3} dose-dependentdt XOD &&Fe]
A By B o 73_?4. XOD fﬂ—ako] rolx] /\Dliﬂﬁ,‘i
WA fel7lel 4SS Ao 4

2) Glutathione-S-Transferase(GST) &tz¢

GST &#& N-controldl] H]&] STZ-controlol| A& 22
o2 +As9al, STZ-controlw ) Hlwaled STZ-AH 5%<}
STZ-AH 10%9] GST & folz oz Zrlelgin) & 49
M A2 HEA] GST ko] =olx=dl, oS (Momor-
dica charantia) FZ=25 0|83 &4kel ~Eg 2 A (Tripathi
UN & Chandra D 2009)9 4= GST $tao] TizA] zolA,
B ool fAKE A4S Bt} GSTE Akshdl] oa) &4
HE AlEo AH B2 B3l gdy) gaksl ~Efy A

marker24] @A MDA o] =845 GST o] wo}
HEH(Sharma M 5 2016), ¥ A= FAE Zart
A A

3) Superoxide Dismutase(SOD) &zt
SOD &2 N-control 2T} STZ-controlol| 4] o)A o2 =

ko, YuAdF F STZ-AH 10%°H Solxle 4
oo SAA roldS ASEHA &% th SOD= 0, &
AAsI] H,0,2 HEA7]= Fujasz 28t Bowler

C 5 1992). A= ROS A S At 547 3ite) &

AL Hol= Az o2 Y FA¢l Asleka g4 A8 A

AT =2 g479 SOD A3 9 #2719 DPPH A}

48 A3 gt Kubola J & Siriamornpun S 2008). Hamissou

59| 94 (Hamissou M 5 2013)°llA 4kx17} SOD &4 =}

oIS B0, & Bt A2 B, A2 2

elyel o2 ola) SOD W6 TR HolF 1

ojA STt

F

i

Wi

4) Catalase(CAT) &zt

N-control@} STZ-control®] CAT & H-2o]22l
AR o}, HERI YR AEKim MW 2013)94 % FAFSE
A¥E Bt EE AH 72 STZ-control¥} W] n3}e]
dose-dependentd+ CAT o] 715 Bty £ A4 Az
= ok frd &
SF A FlA] MDASH CAT FHeke]
3k oS B Qlti(Rahimi-Madiseh M &
AR =W 2 ROS A o= Qlste] FiA] B-A|Ee] 7]
o] Z o] Fo]R)A OL“T;}(Ullah A 5 2016). CAT<= H,0,
7F OR =& A& 22AA ﬂ”‘é’&ig s7)ed &

Aol7}

==

-3 (Allium ampeloprasum) 225 alloxan f-
Zteke A3t #4)
s 2017). CAT =2}-g-0]

S slo] FafakAhs A43] Ae]sh, "dAAle] £
E m‘o]"l‘jl ‘ﬂ—l— iis‘}oﬂ "ﬂ—w—v/] ?—So}b o% ‘IQFX] 73]’ﬂ] ;l'
t}. CATS} SODE HllA FAZQ] ¥ 01 7es g Ue
gz B Agdis SoD oA =l gdak 2lo) & B
o|A] ¢kgtou} CAT FaFol| A= STZ-AH 10% H7HA] 9
A9l 2folE Hof 4bie] o3 wislEE &3l s o
Feo] Ho)7) 2 AEs o g FHEr)
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5) Glutathione Reductase(GR) &zt

GR &2 N-control¥} STZ-controlol| A 2] A o] A ¢k3k
on, AT It ME Fo A<l Apo] & HolA] gtk
GR2 A Aoz ItslES LA o, SFEEL
o] ANk ZHgate] Aol 3 SfrAleth(Jang YS &
1998). GR®] &2 Atalay 59 A7+(Atalay M 5 1997)°]]
°l3t =7, Park 52 A (Park SA & 2006)°l4+= GRE]
TS g5 Aol 7| gld=dl, £ ATl A= STZ-control 5
o AR A7 meAle el oy, feldo] ASEA
ol &g Al x| Y FAE Hg STFEAY A
At ZHgo] A& Aot

6) Glutathione Peroxidase(GPX) &fzF

GPX &2 N-controlZ} STZ-controloll A #-2] & o] A] &3k
on, AT = FoF oA FUdTh GPXE H0.9
BAA] Fu) dE-E s, TollA] Alznlo] QEl 10| HAS
&l =3l Tl gtl(Ting HC 5 2011). B32A] H,0,00 <
g Fao] BEZASIE Qlg AkstA ~Ed oA ARV
2 Qlate] ol o, £FAAE 714 ROS 54 sl 5ell=

#elHel Aol 2 HolA sk
2 o

B ATE streptozotocin(STZ) L2 TS A1 Spra-
gue-DawleyZl =7 B1F ol Al 4523t 2320 (Allium hookeri; AH)
B S oo BF3 FAUZT normal-control(N-control)
¥} STZ-control, STZ-AH 5%%} STZ-AH 10% A7H& @k
Ao =2 sto] Ahafe] AR tsl AR s 2R o] -8
AE ZRJABIATE sl & 4570 FFe & 1t 259
2234, 7ke] Tl s MDA, 7te] Al 44 X0D, GST,
SOD, CAT, GR % GPX9] dMitstas s EAlste o
=+ 2 ARE AUk

7ol Z8913 A4 a2 N-controloll H|&| STZ-controlol A
fre|d oz vioky, G ol M= STZ-AH 5%°l1A STZ-
control Bt} F2 5 0 2 =2 e 2jo]|E HAY Z§9] &
2] 32 3= N-controlol] H|3l STZ-controlol| A 2] o=
$kokal, STZ-controlol]l ¥l STZ-AH 5%<} STZ-AH 10%¢]l
A feldo g =2 Aolglrh 7he] TlA 2 N-control
T} STZ-controlol| A= F]4Q1 2] & HolA| &kefor), STZ-
control Bt} STZ-AH H7k 2o feld oz =9t 1t
9] MDA &3 N-control 2t} STZ-controlol| A #e]x o &
=2 glako])a, STZ-control 2T} STZ-AH A7kt 25l A
wre Fhkol Atk

o] A¥EAA =43 XOD &2 N-control@} STZ-

o rlo
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control & 2] A2l x}olE HYm, BT E STZ-
control 2.0} STZ-AH 5%¢} STZ-AH 10% H7b RSl
fFo]H oz vo g 2ol & HHt) GST €32 N-control
o] ¥]a] STZ-controlol| M= frel&H o2 ka1, STZ-control
BT} STZ-AH 5%%} STZ-AH 10% 7kt B5olA 24
o7 =2 ol SODE N-control®}t STZ-control ol A]
oA Ql e ApolE Hou, YT e STZ-
controlZ} F-2]A& Holx] ¢t} CATE N-control@} STZ-
controlol|A] F2]& Q1 z}o]& ol oy, STZ-control@} H]
sk} STZ-AH 10%14 FolH o e i 2po]& B3l
o GR¥} GPX ol A= F]AQ1 Apol & HolA] sk
ol’de] A, A e FES Aol& AUk Wl
FEAl 1 259 ST k] dA o] Eolx]
e

el Bprale] o8] S7hE TaEe] AgelAlsh =
A A e see s padgoz AA Gas
YolB g Z/HA1Z 5 glowl, Fi o L NRE 9% 2

Ateo] o] 7hsd AFo R AlmHL

2016 A% HAdoiAti gt af 17] Al e wol 3
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