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ABSTRACT

179

This study examined the effects of Allium hookeri (AH) root on the antioxidant defense in streptozotocin (STZ)-induced
diabetic rats. Rats were rendered diabetic by STZ (45 mg/kg body weight) administration. 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 N-control
and STZ-control group were fed an AIN-93 diet, and the experimental groups were fed a modified diet containing 5% and 10%
of AH root powder for 4 weeks. The activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
glutathione reductase (GR), glutathione S-transferase (GST), and xanthine oxidase (XOD) were measured in the kidney, lung,
and brain. The SOD activities in the lung and brain were significantly lower in the STZ-AH 10% group than in the STZ-control
group. The activity of CAT in the kidney was significantly higher in the STZ-AH 10% group than in the STZ-control group.
The GR activities in the kidney and lung were reduced in STZ-AH 5% and STZ-AH 10% group, respectively. In the kidney,
the activity of GPx was significantly higher in the STZ-AH 5% group than in the STZ-control group. Similar results were
observed for the lung. The GST activity was significantly lower in the STZ-AH 5% group in the kidney but significantly higher
in the STZ-AH 10% group in the lung compared to the STZ-control group. The XOD activities in the kidney and brain were
significantly lower in the STZ-AH 10% group than in the STZ-control group. Allium hookeri root contains bioactive compounds

that possess important antioxidant properties and protected the kidneys, lung and brain from hyperglycemia damage.
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ZItK(Figueroa-Romero C & 2008; Forbes JM % 2008;
Kowluru RA & Chan PS 2007).

SOD= B44 3tstAldA 71 Fag 84 F shol

t} o] AL superoxide anion(0, )= IMIEFEAR FAFAIA
2719 o8] orld SARTE 3E
=3} #HAE CATE superoxide anion(Q, ")l 2]3]A
3l¥thSoon YY & Tan BK 2002). CATE Z-H-5EA
B A Fol| EAlet] 22 ol EAlsh= Aksk
o] AE Irkslras A7 9E2 St
freEA e EAlste Itsra AARLE
2 Holn, o] iy RS AdwS
(Nunoshiba T 5 2002). GPx& ¥HFslE49]
AEgS 3} o]RAL glutathione(GSH) S AR
hydroperoxide & 47| A2 H 1% o] ) tH(Pereira B
S 1995). Glutathione S-transferase(GST)= 24438 2] A=
= 94¥ GSHeF ZFAIA vl ez Aol A Al
ke 93 gtk

Superoxide anion(O, ~)Z} hydroxy radical(OH - )& %
A71e Thget £ oA & T ks Ad e vt
A e 3 SEES &4 dF e dA gl
7198 4= ). 23 =2 superoxide anion(O, )2} hydroxy
radical(OH - ) AAE 7 &2 WA A F9] shto]
THLin IM & 1995). 2 & EA8te datst 21854 45
< ST AAS L WA FAsAS] nas WA
THManonmani G % 2005; Ravi K 5 2004). AHxN(Allium
hookeri; AH)+ W3t} (Liliaceae) I}:(Allium L)l &3l
2157 a2ty B2 Borborah K 5 2014). Ak
= AAZ43 A (Cho HS 5 2015), F4F3KLee EB 5
2015; Lee JY & Lee KK 2014; Lee YR 2015), 3+<5(Bae
GC & Bae DY 2012; Jang JY ‘& 2017, Kim CH & 2012;
Roh SS 5 2016)°] Z2°] =& thafet @S 71t
o FHA Utk gk A R Wil AF A
o] 2 AAANA S W Gtz vja] 89 FF0] ot
HLm(Kim MW 2016), 7t cytosol2] CATS} GSTS] S =
7} FolH o2 FHolxal, xanthine oxidase(XOD) A=+
gelm oz Yoltky X st thKim MW 2017).
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E 104-40| A opA Afufiated 20153 7€) 3 AL AFA
AZAA E(HMF-3450S, Hanil, Seoul, Korea)® ¥
A2 ol ARgsI3Th

2. Yo w2 AFHAQ|

AZ 220 g W= 75790 Sprague-DawleyZl 7 215
[72)3] A} AlE}= BIO KOREA(NTacSam: SD, Osan, Korea)]
28012] = Gy ol o8] 47] Lo ® Yol Algslitt B
SAETE 16413 5 F 45 mg/kg®] STZ(Sigma-Aldrich,
St. Louis, Mo, USA)< ZLe|g W] FALSte] Bing A
Zth. STZ FAF 24413 &= 87 Fo X=d FE71 300
mg/dL o3} FES Gt i AR dRlsiinh &
doizwede AEtel S H7kskAl 22 normal-control(N-
control), G A= e E H7ekA] &S G
Z(STZ-control) 2} A 2] & 2= Sto] 242} 5%(STZ-
AH 5%)29} 10%(STZ-AH 10%)Z H7leke] 4331 233513
o} ) 2TE AIN-93%4)]2] o] (Reeves PG 1997)&, G2
Tt ETa]olo Akt S 247t 5%9F 10%4 A7t
it & Ade 9oy sEAdEEAddY &
AU T 2015-017-001)& e ¥, AFFE #el 3 of

Gl &3 A3l gtFo] AAJsisit

N oot

99 45F A28 7104, A 2 e Ak pho-
sphate buffered saline(PBS)ol| A2i3F & —70Cel A
t} 524" %222 Tris KCI buffer(0.1 M Tris acetate, 0.1 M
KCI, 0.1 mM EDTA, pH 7.4)% #2335+ th2 8,000xgoll A
30%7F Y4152l (model RC 5C, DuPont sorvall instrument,
Wilmington, DE, USA)3}e] 13} A5dS ALt 13 4%
A2 10,000xgo A 3047t ATl ste] 23} AFe S A
ok 23k A5dS #H3ke] 105,000xgoll A 90%-7F 2P A&
(L-80, Beckman Co. Ltd, Setauket-East Setauket, NY, USA)
Al1A cytosol &S —70TCel A7 & Frkstas SA=
£ Attt dd S Lowry 59 WiH(Lowry OH
S 1951)°ll oJaiA S eksith

SOD &4 =+ pyrogallol] A4S 50% <AlshH= &
S 7122 ko] Maklund<} Marklund®] *'H(Maklund S &
Marklund G 1974)°l 2l SAsksivh. CATS] 4=+
Aebi " (Aebi H 1984)°] we} 240 nmel|A] H,0, &<l wh
2 3359 A2 =359t GPxe A E+= Lawrence
9} Burk®] ' (Lawrence RA & Burk RF 1976)°l e} 340
nmol|A] NADPH $Hl &5 S ste] A4St Glutathione
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reductase(GR)E 340 nmollA] SF = AALEEE =743l Aol SOD A EE STZ-controldl] Bla] @il 3l 2o
NADPHS] BAEHRE A4S Agslo] BAsGtHMavis A Xpo] S Holx| gkol 2lolo] o3t &x}= Vehlx] 9t
RD & Stellwagen E 1968). GSTS] &/ == Habig 5 W t}. # 9} ¥ o] 72 STZ-controldl] B3 STZ-AH 10%
W (Habig WH & 1974)°] wie} 71491 I-chloro-2,4-dinithro- oA H2]8 & YrolAth. Sanders RA 5(2001)2] 7ol 4]
benzene(CDNB)¥} #9138 GSHE WH2-A1# 340 nmoilA] = abaje] TR querceting Do EAAL w)
Bre] F7He 53t X0De| 4=+ Bergmeyer AR} Ho| A EHE Holx] ol GiAteldAe] soDE
o] Wi (Bergmeyer HU 5 1974)c] W} xanthine 2 23]  Awi 2Ad wehx th2 27E Jehch
A= 84te] e pmole® WERARITH
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2. Catalase(CAT) %“}J':
4. EAX 2 CATE SOD®} 37 83 SA4ts LATAZA AL
ZE 4A3¥ de]H+ Statistical Package for the Social B2E IFSE AFXU EAste A
Science(SPSS) software package version 242 SAA 2|5} N-control¥} B]wste] FA] AAFe] CAT =] A
1, BE 3= Ho¥ FFHXK(Standard Deviation; SD) & (Kedzmra-Kornatowska KZ & 2000; Maritim AC 5 1999;
FEATBIE T AdET 712] AFo]= one way analysis of variance Rauscher FM 5 2001; Sanders RA 5 2001)7} &¥kdolt}.,

(ANOVA)& HZsllar, 2 A zhe] kel Aol 27, H 9 5‘4«] cytosolol|A] CAT BAHEE 4% 27
3t A2 2 Duncan's multiple range testS ©]-83}o] p<0.05 (Table 2), Al &7] FolA Ho| =7}t 71 =8k, A%
FEolM Frleksith I H= A vtk A ite] Aol ok CATY &
A= AlAro] 749 STZ-controldl] ¥l 5% =7Fate] om,
o o nE STZ-AH 10%°14E Fo8o 2 Z718k ). STZ-controlell
v He] 9 STZ-AH 10%, 2] $-lr = STZ-AH

1. Superoxide Dismutase(SOD) &4 T 50,014 Z7Fskl ot GolAel xpol= Holx] ekgieh
217, = 9 ¥ 9 cytosolol|A] SOD S =E S 27 BEA CATE] AL HAE o] G40 SRS A8}
(Table 1) N-controlell H]3] STZ-controlo|X] =& BHEE £ ROS2] A4S S7HA717] W&ot Wohaieb SA & Godin

oy FoAQl Aol gty 3714 gALE st A DV 1987). Stanely Mainzen Prince P 5(2011)°] gallic acidg‘
A2 Fre]71e] dFQl superoxideE Al A s Haxl T3S Wt o] & AFoA] CAT @4 =] A=
SODE Zta glof 4kA fe]7] whgell ofgh &2 tiste A7} A7) 2ARE YE = A3 Aok o] A& %31/‘1
o FHro] WolE S FXxkaL 2l 2 (Chow CK 1979), H] superoxide anion(O, )3} hydroxy radical(OH - )o] ] gto]]
AR F7 }3}*‘& M fEl7]e] AAE Aal 1 2= upel o7l == e A}l sl el o] 2 28-S vERH
7} ol Ao ® deA thMcCord JM & Fridovich I Tk Zhang L 5(2016)2] A--ollA 2] sfjnfe} 5] ddlA CAT
1969). =7t A A8k =l curcumin X 57T HE
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Table 1. Effect of Allium hookeri root on the activity of superoxide dismutase(SOD) in the kidney, lung and brain in

cytosol of normal and diabetic rats (unit/min/mg_protein)®
Group? Kidney Lung Brain
N-control 0.610.26"Y 4.81£0.18" 2.43+0.23%
STZ-control 0.64+0.11 4.94+0.44° 2.69+0.38°
STZ-AH 5% 0.61+0.13 4.98+0.42° 2.46+0.31%
STZ-AH 10% 0.70£0.39 4.43+023° 2.30+0.23

" One unit was defined as the amount of enzyme that causes half maximal inhibition of pyrogallol autoxidation.

? 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.

# NS: not significant.

% 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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Table 2. Effect of Allium hookeri root on the activity of catalase(CAT) in the kidney, lung and brain in cytosol of normal

and diabetic rats

(unit/min/mg_ protein)”

Group? Kidney Lung Brain
N-control 3.47+0.7879 4.98+2.12° 7.33+2.71°
STZ-control 2.76+0.45" 3.43+1.93° 5424257
STZ-AH 5% 3.30£0.25" 3.25+0.84° 7.03+2.27®
STZ-AH 10% 3.73+0.43° 3.97+0.75® 5.16+2.09*

D One unit was defined as the amount of enzyme required to decompose 1 pmole of H,O,.
2 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.

Y Values are meantS.D.

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

O % CAT ZAHEE Fo¥o=z IR sl
VanGilder RL 5(2009)2] Aol = AAbE= A2d 2
# 7} superoxide 2} peroxynitrite A/d2] THAZ CAT S =
HollA fejHoz FUAZLE AbAlite s A itkelEe
/IR AketA &go) Jigeld w, gatsl aadle] SH=
2 7713, AL ~Eg 2o o8 27 £432 93k
T oz gednh ek AbAliEe] 432 s CAT
A= VM AE AR A Absleke-E A3 Ao
2 A S Ao Bzt B ddd), Ao AREn
= AN CAT 8= SV 71998 & F AUk
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3. Glutathione Peroxidase(GPx) &&=
A7k H Bl 9] cytosolol] Al GPx BAEE =43 Ay}
(Table 3) Al7gollAe] G771 =%k vh=el = 218
1 Ho] e=AAJT BE ZF A STZ-control©] N-controlol]
HIB)A ol o, 229l Apol& Hol#] eishrh T

Aol GPx BAEe] S7ke nd gl od fatEe 73
ek 45 dAI3TH(Kamuren ZT 5 2006). Srinivasan
M 59 A2005)14 i FHe Hx2A GPx =7}
STZ-controlol| A N-controlol] H]3l] FojAlL gloy thah
& AE Bl Aot ARtk GPx9] wE FA=
o digh AslEd 2Ef o] THIAQ] o] ol A A
g} Aol GPxe ARSIl &40 2R E MEXE Hagh
THde Haan JB & 2004; Esposito LA 5 2000; Fu Y 5 1999;
Tanaka Y 5 2002).

A&} ol Al STZ-controlol] H]& STZ-AH 5%°l A 2]
Hog 2238k om™, N-control?} xto]E Holz] Skt
Derosa G 5(2016)2] 7oA a-lipoic acid7} <] afjvlol| A
GPxo| ZAEE FFQeH oA AESAR] J&d 4t
sHd £ o 72 HE f7)A1E Bl Aol st
olg|et Ayt= WHEUY e FJAsEA Fola] 7hg e
upe}t e GPxe] FH=rh FUHSIHE Okatani Y &

Table 3. Effect of Allium hookeri root on the activity of glutathione peroxidase(GPx) in the kidney, lung and brain in

cytosol of normal and diabetic rats

(unit/min/mg_protein)®

Group? Kidney Lung Brain
N-control 10.8+2.5%%9 2.54+0.80N 7.16+3.44°
STZ-control 11.122.4° 2.64+0.81 7.7242.69
STZ-AH 5% 9.6+2.8" 2.16£0.92 5.2643.23"
STZ-AH 10% 10.3+£1.9% 2.37+0.61 6.40+2.66™

Y One unit was catalyzed the oxidation by H,O, of 1 pmole of reduced glutathione to oxidized glutathione per minute at pH 7.0 at 25C.
? 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.

9 Values are meantS.D.

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

% NS: not significant.
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GEAl S7FkE CAT9 GPxE H0,9] #allel <JslA] 4t
3}20) £2d) el MES B3 s 3Haks} Gao]t) CAT
£ 353 29 H00H &3} o, GPxe W &
oA H,0,5 sIEAIZIE 21FolA STZ-AH  10%14
GPx9] #2142l Wslglo] CAT A= T7le HASAIE
9] 3}J o] H0, A4 WlEY A o]tiDoroshow JH 5 1980).
adBeR gl AR GPxe E1d X EE BA e
Ag 71w ndPHA SbE sk Es El
o Yen HW 5 2006).

4. Glutathione Reductase(GR) &zt
GRE BE EfEEdA == flavoproteinS = cy-

tosolol] EA08taL a1 GPxell &3] A 4ksld GSHE

NADPHZ J_Lz‘s}tﬂ Al GSHEZ A7) & 28-S ?‘ﬂﬂr GR
£ o] 2k} Y Hkg-S 3l AlE W GSH pool= -1 AHE]
2 1A ?;‘Eii’%i Ao 2 AE He 9 g ﬂ of 7]

] HCho YJ 5 2002).

217, = 2 9] cytosolol|A] GR E=E 5743 Aot
Table 4o vhelt gich A1l 4] N-controle]l M3 STZ-
fFolror Zrlsllen, STZ-controlol] B]&l
st ol BxAdl <l

control©]
STZ-AH 5%ollA] frold oz 7ha

F2E AFAXNAE W GRY EAHZI) HAAsHuE B
(Bang MA 5 2002)9} L *|3+ A3}o|t), H ol 4= N-control

2} STZ-controlel] 2}Fo]S Ho]x] ¢3ko ™ STZ-controlol] H]
dl STZ-AH 10%°l4 fedoz 7asldth HoAle
N-control®l] H]3ll STZ-controlollA] Fe]& o g2 7HAsls] o
STZ-controlol] H]3] STZ-AH 5%clA Z7lslsiou #2=
9l Aol Holx| 9kskth Zhang L 5(2016)2] AFolME
GR A =7} H o sfjulell A oA oz FHastai=t, cur-
cumin X 57} GR =S FAFEor A 7T
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Jung HS 5(2003) STZ 3= 524 GPx2t GRe| &4
ol A #astla, F9 dHe HaEzl gatst
et s R E‘r}\ Z7MZItk . B aslith Lee JO 5(2003)
Dh‘z*o*ﬂ% ANx= 7] Aol St o] ksl TaA o
o] %7}*}‘34*1 wolshr] §dk Al=E sk, Alek 4kshA
|27} Aol wet 2219 Akt 7hEstE = Ao s
AAAH FFo] HHe 249 e dAlsk=d 23t

= Vet weba] F39k 2o dllium: A=)

?2%%% %5‘@}5‘ 7 Fl=sihE 59l o2 Ae
3} 2A G X5 HEA R AMEE
9e oz sudch
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A AN = T oAl

5. Glutathione S-Transferase(GST)

AA W A28 GSTE= U

ol =i oA AAAA A o 3138 GSHE LA
7] glutathione thioester(R-S-G)& A= WHg-S ZulA|7]
THBompart GJ 5 1990).

A7, B 9 9] cytosolol| A GST BA=E =43 23
7} Table 5 Yeld o} Al 7oA N-controlZ} STZ-control
2 F9HQ1 AolE Holx] k9kom STZ-controlol] H|3|
STZ-AH 5%°lA] o4 o2 7HAasiqith o= AAjite] &
TS 5% AFA TiA] el tigh akskd BhgE A7t
A A AES FFE 5 Uk #HollA = N-controlel H]3)
STZ-controlol|A] felH oz e I TE Bt} STZ-AH
10%7} STZ-controlol] H] OH GST ZA TV} Fodoz A
Uebst=d], Abel 234 &

g3lgtEo] GST HHEES =
A2 okl AIE W GSHY nag WAEE Ao
B35 9 (Kang HY 5 2016). whebA] aajete] 4417}

Table 4. Effect of Allium hookeri root on the activity of glutathione reductase(GR) in the kidney, lung and brain in cytosol

of normal and diabetic rats

(unit/min/mg_ protein)”

Group? Kidney Lung Brain
N-control 0.74+0.03%9 0.850.07° 0.41£0.20°
STZ-control 0.77+0.05° 0.86+0.07° 0.29+0.17°
STZ-AH 5% 0.69+0.06° 0.84:£0.05" 0.36+0.18%
STZ-AH 10% 0.75+0.05™ 0.80:£0.05 0.27+0.10°

D One unit was reduced 1 pmole of oxidized glutathione per minute at pH 7.6 at 25T.
2 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.

9 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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Table 5. Effect of Allium hookeri root on the activity of glutathione S-transferase(GST) in the kidney, lung and brain in

cytosol of normal and diabetic rats

(unit/min/mg_ protein)”

Group? Kidney Lung Brain
N-control 6.83+0.38"9 3.39+0.22° 5.20£0.31™Y
STZ-control 6.84+0.65° 2.85+0.21° 5.17+0.34
STZ-AH 5% 5.8620.46" 2.8440.15° 5.11+0.27
STZ-AH 10% 6.27+0.40° 3.400.24° 5.05+0.44

) One unit was increase 1 nmole of 2,4-dinitrobenzene glutathione conjugate per minute.
2 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.

Y Values are meantS.D.

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

% NS: not significant.
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6. Xanthine Oxidase(XOD) &AM T

At AGA 42 deiz]l XoDo| A =7} Table
60l Yeld itk =& 22 9] N-control®} STZ-control A}°]
oAl FodQl ztel 7} giAAIRY, STZ-controlel] B3l 41742}
=9] cytosolol| Al STZ-AH 10%= Foldoz v SIS
ek

AA W ATz AAdAIe] Ul XOD+= purine,
pyrimidine, pteridine, aldehyde % heterocyclic compounds
9] tiAtel] #HAstE HISold BARA T2 F diA}
229l hypoxanthine= xanthine ©. 2, xanthine= T}A] Aks}
AlA 24 AAshe Rhge] Zu= 283t Xanthine

dehydrogenase(XD)$} xanthine oxidase(X0)2] F 712 S|
7F e Ao delA e, A = A9l dehy-
drogenase FENZ EABHAI R 4Fsld ~EF 2 of g 714
Aol = XD7F XOZ ¥ EY, X0 =) 5
7}=]© superoxide anion(O, )3 H,0,5 A/d A1 71 tHBursch
W & Schulte-Hermann R 1986). 28 2] #H7l2] XOD
YA =7} STZ-control 2t} Feld o7 vre o7 Hol 4F
Amels) 4712 Bgaddl Zuoh Ao, Aa71e) 4
o] AL Fe PEE el gl B AR 47

Ein=g
2 o
B A= FA) Z7(N-control), Bzt Z74(STZ-control)

2 A A 23 BH(STZ-AH 5%} STZ-AH 10%)2] 41
A, o 2 HolA kel e Ee X 9T A

Table 6. Effect of Allium hookeri root on the activity of xanthine oxidase(XOD) in the kidney, lung and brain in cytosol

of normal and diabetic rats

(unit/min/mg_protein)”

Group? Kidney Lung Brain
N-control 32.6+1.2%4 94.6+6.3N 114.2412.0°
STZ-control 33.2+1.3° 94.2+5.1 117.2+11.0°
STZ-AH 5% 33.1£1.2° 92.0+7.1 112.2+7.6®
STZ-AH 10% 30.8+1.3 91.244.2 107.6+6.2*

Y One unit converted 1 pmole of xanthine to uric acid per minute at pH 7.5 at 25C.

? 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.

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

% NS: not significant.
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