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Effects of S-allylcysteine on Oxidative Stress
in Streptozotocin—-Induced Diabetic Rats
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ABSTRACT

Background: An increase in oxidative stress is postulated to contribute to the development of diabetic
complications and the use of antioxidant therapy could be protective against these processes. This study was
performed to investigate the role of the antioxidant S-allylcysteine (SAC), a water-soluble component of aged
garlic, for reducing levels of oxidative stress that occurs in diabetic rats.

Methods: SAC (100 mg/head/day) was administered orally to streptozotocin-induced diabetic rats for eight
weeks. The effects of SAC on the levels of markers of oxidative stress (malondialdehyde and glutathione) and
mRNA expression of antioxidant enzymes were measured in the liver and kidney.

Results: SAC-fed rats showed lower cholesterol and triacylglyceride levels than untreated diabetic rats.
Malondialdehyde levels were increased in the liver and kidney of diabetic rats and SAC administration lowered
the levels in both organs. Glutathione levels were lower in the liver and kidney of diabetic rats, and SAC
administration restored the glutathione to a level similar in non-diabetic rats. In the liver and kidney of
untreated diabetic rats, mRNA expression of catalase, superoxide dismutase and glutathione reductase were
down regulated, and administration of SAC increased expression of these enzymes.

Conclusion: Our results have shown that administration of SAC to diabetic rats can lower blood lipid levels
and alleviate oxidative stress in the diabetic tissues, suggesting that SAC might have beneficial effects in a

prevention trial for diabetic complications. (J Korean Endocr Soc 23:129~136, 2008)
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oei1]. Hats

HEeAe] 2 EEEE Aol ¢

(- OH)o] WA= o] ZhZ-2 A3}, Zal
o sl A AdhEAl EFE € 5 ek

[e)
£ Bk 49 37h e 3t 5

L

Fadrkom Qlelo] ofe] el ola] ThkA

9y Abao] Tk AN 5

H

>

HAedat: 2007 129

Yol A Aol At X el(scavenging) 2
79

o] 7442 Q)
=

N[O

Sole, IR AAAHE} e
2 Fatsleh)
A7
ol

Z

CigLly

R

2ol

E7dz) 200841 29 13Y

AR} YA, A71dgka o|uet sehAy

* Bl 20063MdE A7|dgta gl a|(PntakA) A
ol oJslo] FHY=| N

Sfol AES} 2ol =g & 5 lom, Frhel ks &

Edlat gy W) GEEe) el F93F 39S o2l

2} AR} 2-4].

- 129 -



— tiRhHER|SH)A]: A]23 A A2 & 2008 —

Aol o|HE A AALSE9] ARlERE] AEE W
ofst= g3 WolAIAPL Jedl, o F EAA ZleE
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (Gpx), glutathione reductase (Gred) 52| &H&k
8 37} QElS). oSS A ALESol Slat QlakSel
MAE Asfislel SOD+ #Hbe Folg AR vt
FolFal, CATE IS Fallshozs It S
29 ZgogHe] AEE Ho3ltk Gpxe Gred?t 37
2gslo] IR AE B AR 28l AlFIvh 5, Gpx
= IS4} 3198 glutathione (GSH)2ZHE] &3}
A58 elutathione (GSSG) BHE3L, Gredi= GSSGE th
Al GSHZ 2HaA7Iek

vl=(Allium sativum L) #fAFE 25 AW X8
oF oy BHo g da| Agnolglrhe]. L5dells o<k
Foll AgslolA . glom, PFAAZ A, FWESHEA,
A, g-3aAl, FadshAl, dAl, FUAl, FEES
2 Qg FA dli=A|, RS, Wzl avprt qlvkar
B3 =cH7~8]. 2L o3l Z|H R o]HE B5E
o] Yep}=AE ofF] & 4EAA] & Qick

ulsolle Bolgh WA} g A AEEH frEAol
UE fr71¥Horganosulfur) 3FeteEo] EdEo] SrHel.
oldl F713 AFEEL vis Al Wl vt & ¥
g2 YePdeH9]. o] & &5o] B2 Aged Garlic Extract
(AGE)T A-2ollA vl=E 20719 o 15~20% ¢
ol SAAIA QA El=dl[10,11]. o] IAllA EHFs}
373t WA 7HR S22 Ee] HEE A WA Sle
240 EA7 w3lElth12]. AGEd] 7Ha ol Zxfsl
+= S-allylcysteine (SAC)2 a3l 371 9o =4
ghelZe] AlAA|(scavenger) Z E31E|QIvH13~18] (Fig.
1.

ulgo] Z= o] o|EF F5Eol vk AEE T F
2 SACol oJgkctar Bargl vl 9lel19]. SACE TRk
&5 AlA(scavenge)sh= Z8-5 s}k=2[13,17] IS4
of] o3k Al A4 ks 55 AAIZIe12]. w=gt
SACE X33t nh= Ao Wyl 713 sREaE2 Ad e
Akl el e Ee] J3} gl A3E A7l ol gt
Zhgo| nlze] AdaA Ao 2He]o] B aylel] 7]oi
Zolel= Eart glek20].

SAC7} W IS vbe ol =2 84T 7, <

A, vlEERE AAE o2 EX-(allicin, diallyl-disulfide

NH,

/\/S\/\COOH

Fig. 1. Structure of S-allylcysteine (SAC).

el vlall 22 FA3 =2 LD50[11], F2 AL
A (bioavailability) 2} B3 Zhckslar #3dstA| TAI=]7]
wlitelh21,22]. ol#dk SACT} o= &} Ak
=9y QT Zaph mnd ob Qe vlEed wua
F3te] SR AAEE 2 whde] B3ARl HF
23 AE(Advanced Glycation End products)] %42
T S HAel g3k FH AR gl o3t
37} chiA o] 2pEAkskE FHA1A)7] =, SACY A W
oflA] HE FeHbae] S AT A elelzs Al
Ashe Ao AE|gIri23,24]. B3t G 3iRjollA o]
u| R3] AR el el elEe] 4Bt 3l 937t SAC
FolE HAEAL olF kAo dAellA] Askd CAT 9
Gpx2| A2 S7H=E e 25].

B AFeAe ol o] 33 aap) lrka gEiRl
SACE ZEHEZEX(streptozotocin, STZ)el 2J3l] =]
i wAfel] Folle] B FEO] A ofA] wiskE 4t
3} B8 A58} g8 f420] W]l ofwl ddkE v
A=A dobaa} s ik
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S-allylcysteine (SAC)<> TCI Organic Chemical (Tokyo,
Japan)oll4, GSH, STZ, GSSG reductase, NADPH, TBA+=
SigmaAKSt.Louis, MO)©ll4], Protein assay kit<- BioRadA}
(Hercules, CA)°llA] #1823, Trizol reagent, DEPC,
GADPH, RNAlater= QIAGENAKHilden, Germany)2] A
= AHEsigiek

CF AR A B

Sprague-Dawley "84 5555 715 Fslod(AEl=, 3t
) 109 &t ABAREE, ot EE Ao E(ad
libitum) 5= 27l gt A5 A171 & 1 AlF<] 300
gQl WIS vk, B, SAC Fo] B Al 7
© 7 o] JidSolli= 5 mM citrate buffer (pH 4.5)0ll
=% STZS A5 kg3 60 mg®] &FoF H7F tof] =4+
slo] s FUslar vldi dlzTelle 2 Ho]9]
citrate buffers ARSIk

STZE Foi3t Firg-soll thslo] thy 3] Glucotest
sticks o]83lo] 2 AAE AXBlel A, el ol A
AWEE Felo] GlucometerZ & Z4sle] 300
mg/dL ©]4Q] 75 JiHe] fiE Zlo g gt
Frro] fikEl $HE] SAC Fof Fhvole ol &
3% SACE whel® 100 mg/day¥] 877 747 Foisls]
b AZAY] 5= 22~25TCE fAIs 40~50%2] %
T 2704 12417k dFz71o s Al
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STZ 71 85 ¥ ollH|2E nHslol] AWE-E Adsio]
47CNA 3000 ipmeE 1027F LA Helsle] XAE =&
T} &5 -70 Coll Hapsisick 7+ 9l 3= AL %3]
o] X7k AelAlsdol AP 3 27kg o] -70Cell Kt

31933, LdEE= RNAlaterol] Yo] -20Cel] Baksiich
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4) Malondialdehyde (MDA) s& &3

AAe] B AxE VeplE AR shtE A1 T3]
A9l MDA®] FEE  thionbarbituric acid
substance (TBARS) BP0 @ 243191cH26]. MDA (OHC
-CH,-CHO)”7} thionbarbituric acid (TBA)%} Hl-gslo] B
Ae] ubal B3Il MDA-(TBA) & @Ash= Zle 71 4l
ZollA 33712 A8k 7F 22 0 ZHE] 4CollA
10% (w/v) homogenate (in cold 1.15% KCD)E WH= 3
15,000 rpmellA] 57 441 Felste] e thild &
55 ZA3180c) o] 45 200 pL (A 2,000 ug E3H
7} 50 puL2] 0.56 M SDS, 500 pL2] 5.0 M acetic acid (pH
3.5), 750 uL2] 0.8% TBA, 500 pL2] ZFFE 4o 95C
2 1AZFERE 7Hdslsick Ao A8l E3telol] 0.5 ml
o] Z5752} 15:1 (v/v)2] n-butanol/pyridine= 2.5 mL 7}t
T slE 587 &% vha 4,000 rpmellA] 1027 A4 &
glslo] AeHlA] 33575 o]E3tod 532 nmollA9]
FAEE ZAIH E s = 1.56 x 10° M'em™).

reactive

5) Glutathione (GSH) H&f
7y =2 g9 sullol] dlldsl= 5% S-sulfosalicylic acid
WUy 27 FANSG wkEo] 4°CollA] 587 YA Helgt

f

=
=
% 45N Heek E GSH A $lsto] 700 uLe
NADPH (0.248 mg/ml)$} 100 uLe] 6 mM DTNB, 180
UL FHFE 4lo] vjg] 30CE 255 W3Ea 99 4

W8] At Edlol] gk S-Allyleysteine®] g&F —

S8 20 pLe} 10 uLe] GSSG reductase (266 unit/mL)E
Z7Fslo] Wh3-5 A1AFslSick ELISA readerg ©]83lod 10
Z Her 337 F3E W3k glo] VIeTIE ek
100 mM GSH ZFF=£07} 7]187]5 n|asio] Aekslodch27).

6) Real time RT-PCRZ2 0|28t Z=Z0|M2| &itst
22 mRNA 25

7} zZollA] Trizol reagentd ©|-83le] RNAE &l8}3d
I, M-MLV 9GR8 A 3 RNA 1 ug B CAT, SOD, Gpx
2} Gredol] thal ZH2+9] primerE Yol RNA/primer 352
Fasl9ickTable 1). $] £35S Exicycler'™ Quantitative
Thermal Block (Bioneer, Deajeon, Korea)oll %ol 95 CoflA]
1587 1558E, 94 CollA] 5%, 50TCollA 152 18]aL 72°Coll
A 10%4] 45 3ks10] real time RT-PCREZ 45 3}9ir)
GADPHZ %73fsi0] Adld Aekg slsick

4. SHAzE|

dlolels B + IFAXRE JERNRICL dlole] 412
MedCalc program (Mariakerke, Belgium)E ©]-&3}o]
Aol thet ZAHE-AH8)3 ol oA - E BE 1]
szsto] UERALaL, SAE el P < 0.052 313tk

2 1

1. YAl HF W3t A AR 2H|

o

F 8T AT AFY W92 4% A vlgRT
HZol FEs] F7kslol 40% S71I9aL FadT) SAC F
o] PuT-S H|ZFo] 72t 14%, 10% 72313k Table 2).
A nlgld 9 HF AR A0S 9FY ez =4
& A, vlgnTS AR L] A A nh, G
T SAC o] B vlgieitel wlel 27t 43%, 41%
o] AEE v £H|s9rKTable 2).

v Hol ddo] Hxs] =9k, SAC
Fol B2 JhaiEr) dde] 13% Ugrhp < 0.02,
Table 3). B3FAALE P 725 vldi thzaEct
77% =9k31, SAC Fof By Fioll vl 11% I
o} FARLE FoElAlE grKTable 3).

Table 1. Primers used for antioxidant enzymes

Forward Reverse
CAT CTC AGC TTT TCA TTC AGA GG TGT ACG TAG GTG TGA ATT GC
SOD GCA GGA CCT CAT TTT AAT CC AGT CAT CTT GTT TCT CGT GG
Gpx GAG GTG AAT GGT GAG AAG G GAC CAA ATG ATG TAG TTG GG
Gred GAC GTC TCT TAT GAT CAG GC TTT GGA GAA GTA TTC CTT GC
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Table 2. Body weight changes and daily food consumption

Body weight (g)

Daily food consumption(g/day)

G N
roup 0 wk 8 wk 0 wk 8 wk
Control 9 304.3 + 3.2 4263 + 9.8 247 + 29 280 * 3.2
Diabetic 10 3019 + 3.5 259.0 + 322" 255 + 2.1 479 + 6.1
Diabetic + SAC 10 3024 + 9.0 73.6 + 21.0° 251 + 2.7 478 + 6.0°
Values are means + SD. * P < 0.01 vs. control.
Table 3. Plasma glucose, cholesterol, triacylglyceride and HbA;c levels
Group N Plasma glucose Plasma cholesterol Plasma triacylglyceride HbA (%)
(mg/dL) (mg/dL) (mg/dL)

Control 9 156.5 + 31.8 122.7 + 42.5 101.8 + 463 35 + 02
Diabetic 10 583.7 + 68.1" 200.3 + 30.5" 4378 + 1727 62 + 03
Diabetic + SAC 10 508.3 + 63.5" 126.3 + 35.4° 163.4 + 83.3° 55 + 0.7

Values are means + SD. * P < 0.001 vs. control. ¥ P < 0.002 vs. control. ¥ P < 0.02 vs. diabetic. § P < 0.002 vs. diabetic.

Table 4. MDA (malondialdehyde) levels in the liver and kidney

MDA (nmol/mg protein)

Group N Liver Kidney
Control 9 027 + 0.05 10 + 03
Diabetic 10 0.38 + 0.07° 1.6 + 03"
Diabetic + SAC 10 0.31 + 0.04 12 + 04°

Values are means = SD. * P < 0.002 vs. control. ¥ P < 0.001 vs. control. ¥ P < 0.02 vs. diabetic. § P < 0.05 vs. diabetic.

Table 5. GSH (glutathione) levels in the liver and kidney

GSH (nmol/g)

Group N

Liver Kidney
Control 9 306 = 7.1 09 + 02
Diabetic 10 215 + 48 0.6 + 0.1
Diabetic + SAC 10 31.8 + 6.0' 1.0 + 0.1°

Values are means + SD. * P < 0.001 vs. control. ¥ P < 0.005 vs. control. ¥ P < 0.005 vs. diabetic. § P < 0.001 vs. diabetic.

3. Y| AHSER SHAL HE

FuoAE vl vl ZElzElEe] s%t
63% =943l SAC Fo FhyolAE vkl 63% 9
OoKP < 0.002) v FABIACE FAAAME Fad
A= vlFETHr) 4302 E9%31, SAC Fof Gl
A= gl Levl o} JhErl folsiAl Uk
(P < 0.002, Table 3).

4. MDA Sk HN&k

ZrollA MDA 55+ Biirolie vlgaa e} 41%
E9k1, SAC Fo] vl dadErt 18% ISkthp
< 0.02). AT FagolA v|gaTEet MDAY] &
57b 66% =%, SAC Fol "hyelrle ik
25% YIcHP < 0.05, Table 4).

5. Glutathione (GSH)2| A2f

75} AAlA 2] GSH -2 BinvollA] v|dinol] vzl
Tl ZHa=lo] 99911, SAC Fof g Tl
w3l FosiAl o} HdnT TS Ktk Table 5).

6. =39| Sl §4 mRNA &6 £H-

ABlrElag Qe B4 Wolw g4t a4
9] mRNA Holle g5 mX|A| Hrk ZhllA9] CAT,
SOD, Gpx % Gred2] mRNA W2 ghiiol|lA] v|dad
of] nlal B fofslAl A=Al SAC Fof B 3
Yitol] wlzl B fofsiAl SRk Fig. 2). AlgelA 9]
3}443} E4 mRNA H1S CAT, SOD ¥ Gred®] 7% o
IrarollA] vyl vlal] FoJsiAl A 9laL, SAC FoF
a2 Fiell vlEl feoletA S1EYiekFg. 2). A%
ollA2] Gpx9] WL T Tholl f2lgt Xol= gigiek
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Fig. 2. Messenger RNA expression levels of antioxidant enzymes in the liver and kidney. * P < 0.005 vs.
control, ¥ P < 0.05 vs. control. ¥ P < 0.005 vs. diabetic. § P < 0.01 vs. diabetic.
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GSH= AlErtollA] thilAle] redox FelE 2424
AR o gie AlEets Ho3iel36,37]. T
74t AAelA] GSH 557} vlgatoll vlste] oAl o
%], SAC Fo7} o]F ML FEoE FoFiich
ol2]3t GSH 9] 7k sll2& ehelZell tish ZrAs
oA G A =27 SFoRRE Hid A
oJck

ARIAEdAR QlEl ST} oAl g4kt 40
mRNA ol e o3k v|X]A] Hck dar Aelelld] g4k
st AL Wl 2ol Jiare] E, g V)
7k 3ol vheh ciebsiAl Hars|oly, STZoR Fire] 2
Ao 3Rk 40 mRNA WL =7 gl gy
717k 5ol whe} chekslAl Har Hivk38~40]. g4k
o]l 77} 9le 749 HA3-S(compensatory induction)
g whiroE Al B dFollie 7kt AlgollA] i
TollA v|irol] vlsl] 4R 4529 mRNA Walo] o
o} Fh3k By el wWiAoflA] BHARRE 71Ke] WelE
k2 Zlo g HRltk SAC ol Bl dingrell vlsf o]
= M aae] wde] el SkEod, o]k 71Ke]
SACY] Hitstakgol| 71018 7S ARSI

ARHog H odfolAs STZ-H i wiAoll4
SAC 737 Folv s AA7stawet A 2kt A%
zAol|A] ARstEd|2m0] FARES] HsHE A AYBHA
7= Aol aa ek ol Ay B
W SEAjollA] A3 dddzAd ==} 9 SACe] Fo7t
AA7yelaT v Aere-S Sl Jae] uky
o] HbA gl Z19] ofiel] 8 7hsAS AR

0]
o}

AT oA AskiErl~e] Frhe v
Zo) WA} imkslo] glov] A Felz Biode] 3
o] =AY Zego] Aol 754l k. & <l
A 44 vhee) S84 Ao Tk Mol
ek HuEl S-allyleysteine (SAC)o] BiHollA] Z71=l
A3} el wAE ke dohaa) slieh

HH:  streptozotocin  (STZ)22 Wik 4

1
=
SAC (100 mg/day) S 857+ AT Foldh ¥ ¥

=

o> HbAlc;
o] FalmeE 8l FAANE SA8AL Tt 417l

Al MDA®} GSH &% 9 g4k3kg4-°] mRNA H3E &
Alo] vy Bl SACE HelslA| gk D@t vlash
Ark.

Aok SAC Fof Fua-e vl vlsl ddde] 13%
LIk oL} HbA & % 1 7+ frol3t Xlol7t glodr). SAC +
o] Py ol vl SHElElEd FAAMe] $A]
3] Uojrh FigellA vl SAC FoiwellA] 7kt Al =

2] MDA %71 felsiAl Yokar, ubol] 7kt Al =3
GSH F5& sl =9kvth 7t AlgollA datskgst
(CAT, SOD, Gpx, Gred)2] W32 Fiioll4] vyl
H|3l] Ukl SAC TR o] 59| o] {oalA TSI
Ak

ZE: ] Aelelld SACe] Foirt A sta) 9l
ABsHAE-S Bl B e v g Ay 1l X1

gl fold 5 ik

kL

to 2 3
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