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Abstract

In this study, cysteine compounds found in genus A/lium plants, including N-acetyl cysteine(NAC), S-allyl cysteine(SAC),
S-ethyl cysteine(SEC), and S-methyl cysteine(SMC), were examined for effects on blood glucose, glucose tolerance, and plasma
lipid concentrations in streptozotocin(STZ)-induced diabetic mice. In the mice, the ingestion of these cysteine compounds
did not affect blood glucose levels significantly. However, their ingestion did improve the diabetic symptoms of polydipsia,
polyphagia, polyuria, and weight loss. Glucose tolerance was also found to be improved in the STZ diabetic animals by
feeding the cysteine compounds. Treatment of the compounds also caused a slight decrease in plasma concentrations of
total cholesterol along with increases in HDL-cholesterol and slight decreases in LDL-cholesterol, resulting in a significant
decrease in the atherogenic index of plasma in the diabetic animals. They also showed reductions of liver triglyceride content
to relieve diabetic fatty liver syndrome. In summary, the cysteine compounds such as NAC, SAC, SEC, and SMC, found
in genus Allium plants, had certain beneficial effects on blood glucose metabolism along with preventing abnormalities in
lipid metabolism, a complication of diabetes, by improving the atherogenic index of plasma and fatty liver in STZ-induced

diabetic mice.
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(SEC), S-methyl cysteine(SMC) 2 S-propyl cysteine(SPC)2 1}
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S Fut T Allium &(5) A&l A= cysteine BHgH=
B2A e, A 5 ot AEAdE 7R Slk Takada
5(1997)3} Vijayaraghavan $(2000)°]] 2]3}9H cysteineZ} SMC
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Algof| ARE3E streptozotocin(STZ) I} N-acetyl cysteine(NAC),
S-ethyl cysteine(SEC), S-methyl cysteine(SMC)T} S-propyl cysteine
(SPC)-2 Sigma-Aldrich(St. Louis, MO, USA)®{| 4], S-allyl cysteine
(SAC)2 Tokyo Chemical Industry Co.(Tokyo, Japan)oj| 4], total
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OF2 o}ibA| 2K Hwaseong, Korea)o| Al F{d3tgE o, RE A
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N-acetyl cysteine(NAC), S-allyl cysteine(SAC), S-ethyl cysteine
(SEC) ¥ S-methyl cysteine(SMC) 5 Z} cysteine SIHES2
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plasma, AIP)= W43 PHFES ST = e Wl
2 Dobiasova & Frohlich(2001)9] whe} log(plasma TG/HDL-
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(1:1, vv)ell &A1zl eh

8. & Glucose, GOT %! GPT &3

7 glucose 5=+ glucose oxidase® ol 2J5le] =431
31, 8% GOT(glutamic oxaloacetic transaminase)2} GPT(glutamic
pyruvic transaminase)+= Reitman & Frankel(1957)2] ®#o] 2]
o) ZAsiec
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A A= meantS.D.E FEASHG oH, ZF AT Alo] 9
G942 SPSS 15.0 program(SPSS Korea)Z o]-235}o] EAME
X(ANOVA) 3 p<0.05 50| 4] Duncan's Multiple Range Test
2 Bl ATt
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1. AT Az dFE & ST

Streptozotocin o] 2J5)] GeE 3 Z N-acetyl cysteine
(NAC), S-allyl cysteine(SAC), S-ethyl cysteine(SEC) ¥ S-methyl
cysteine(SMC) 5 Z} cysteine SFES 0.1% =2 =0 &
of 23 B ARSRE A, Al AR AFE 2 SF Table
1o forsheith. AR HAFS e BhEASTZ control)o]
% dix2Hnormal)o]l H]ste] ESroUt AlFE B 2
o] tha: W2 ZhE HArth o|H ¥ T AY FEOIA AR
AFEol F7Holx ASol S718HA] ¢ 3|8 st

Table 1. Feed and water consumption during experimental
periods

Cysteine 3}31Eof 9§t T F AAhAr 24 363

£ @2 STZ oo 93 =¥ T ZdS o] 83t &
Aol el ATtst GARRH ATFE MY OB (Preston 5 1991;
Park 5 2009a,b; Yoon & Son 2009), Q1&g o] HE0Z A3
W Zrg o850 st 7k &5, AE2 9 At
il go] BE3 oUAE ABAbst=dl o]8E 7] wEed
Ao g AtmHr) Cysteine 33HE FoFES T 2T
(STZ control)o]] BIs}o] W2 Alm HHFE Hoh Ae2
W22 gkot cysteine 3HE9] Fo|7h G ® QITF o] AT
As A2 4 deA7le ALz AlREnh 5T o
AXNE Fiof gt the(%ER) S4do] cysteine 3}3HE F

2 g8 fAEE RS T 5 8T ol AuE 4
HE o) Allium % cysteine SHE2] FoI7} thg, Th, T,
AF AL 5 T T4 MAsted =& F= AL

Az E,
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Table 2+= STZ Fojo] o3 F=¥ B Fof cysteine 23}
ES Fofgt T 2k A A% v 5 Y] FAY WsE
UEbTh STZ Fofof 93t T F= AAF Bld e F<} 4|
wate] A7) 7A 9] syt HEE G om, £3] 7k RA 7}
Z75t= Ao 2 LR} Han 5(2009)9] Aute} SASH A}
£ Bqch Biof 9% 2t FAY F7t= Allium 4 cysteine
e Bl o) tha Hadte AFS BAou, 5A4
o7 {Ogt Afol= WHE A &tk 2+ 99 A7 F A%
I AL Gt cysteine SHE Folof oJsf W FFS W
A G= ATE Yo, v FAE cysteine 3RHE Fo
o] 2o H|gte] AT AL & 5 AUk

3. Bt Wa U LD
A F7 A9 -2 Table 39 YepiQlch ZA iz
o] x| 80.64+7.81 mgdlo|g o, STZ Xa&2 gurg
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Table 2. Effects of cysteine compounds on weights of
liver, heart, kidney and spleen

Body weight Feed consumption Water drinking Liver Heart Kidney Spleen
(9 (g/day) (nt/day) (%) (%) (%) (%)
Normal 3226£237" 6.54+031° 16.40+ 3.20° Normal 42140.57° 0.60+0.10™ 1.80+0.16™ 0.54+0.20"
STZ control ~ 29.86+3.19 7.59+0.70° 27.62+ 621° STZ control  53540.59° 0.49+0.13 1.85+033  0.62+0.39"
STZHNAC  30.11+2.28 6.08+1.15" 22.89+ 5.55% STZ+NAC ~ 5.15+0.30° 0.55+0.14 1.84+030  0.34+0.08"
STZ+SAC  30.66+1.04 5.81+0.97° 18.54+ 2.86° STZASAC ~ 4.84+0.59™ 0.57+0.10 197+0.19  0.42+0.07°
STZ+SEC 32.4942.34 6.25+1.83° 22.86+10.02° STZ+SEC  5.04+0.67" 0.5140.06 1.79+033  0.40+0.08"
STZ+SMC  31.85+231 5.7141.25° 1673+ 3.82° STZASMC  4.98+0.58™ 0.49+0.11  1.79+0.15  0.42+0.04°

Mean+SD. Means sharing a common superscript letter(s) are not
significantly different(p>0.05). ™: not significantly different(p>0.05).

MeantS.D.(n=6). Means sharing a common superscript letter(s) are
not significantly different(p>0.05). ™: not significantly different (p>0.05).
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T 279 PG| 387.93£39.15 mgdbE FAF =]
H|3l] @A3] &2 FAE HAth STZ Fofof o) A¥
&9 dgo] 76l A2 STZ T Z Ao nitric oxide
radical(NO ")o] A= 31, A E nitric oxide radical©] super-
oxide anion(O, )3} W5} peroxinitrite anion(ONOO )&
A3} (Matkovics 5 1998), peroxinitrite anion< FJ&F S -cell
< sto] e AYPS 2HstER Z=gto] thgt Scell
9] dUEE A3 7]= L 3t} Peroxinitrite aniono]] <]
g ey B Aste AlZW 22T o] 855 ASHAY]
I, AL SN A 18 2 5HA H=dl, 2= 18
&2 vascular oxidation TAte] oS Z st {271 A
AsHA Ha, BAE 7l Bcelld] A5 HY 7eS @
Ao =N o] AUstEA] Zeta AL 1 %EHE +r
X]E]E](Kahn CR 1985).
Folof o3 F=H T Fof cysteine SRHES F
s 7:‘4 thaeo] gy e A HAou, ot A==
oP 9{ckTable 3). 221} F2A| Te] EES Folgh &
o] HalE Tashs Wl Y551 A glucose tolerance
test, GTT)S] A¥E ArH X H(Fig. 1) N-acetyl cysteine(NAC),
S-allyl cysteine(SAC), S-ethyl cysteine(SEC) 2 S-methyl cysteine
(SMC) 5 7 cysteine 313tE FAZE9 s F 24E
TJF’I‘-_}?—-_} T U Fig. 1914 B4 HGedS 22T &Y
BT Fod = @‘:*01 AE F7Fshe] 302 Fof 21 @

%‘Oﬂ =gstglon, O 3 AZko] Age] wet wWE L
Aasto] 902 Fol= 2= N A Fo Mo 27] @
FOE EHEFo} gtk

T ) ZHSTZ control)—fj— :‘T’;E%" Eo & gdgo] F4%
A5 Hol 3089 21 g HYon, 60Eo= 30"r‘-|—]’
SISV 8 Al FABE ¥ 4 At o A 23
e B uiggl viste] BAls) Sgkom, 1 % Aol

Aol whet HA o] Fasiglot, A4 Hlgzo] 90

Table 3. Effects of cysteine compounds on plasma glucose
concentration in STZ-induced diabetic mice

Plasma glucose

(mg/dl)
Normal 80.64+ 7.81°
STZ control 387.93+39.15
STZ+NAC 359.92+36.78"
STZ+SAC 336.83+45.36"
STZ+SEC 346.29+54.60°
STZ+SMC 343.45+58.40°

Mean+SD(n=6). Means sharing a common superscript letter(s) are
not significantly different(p>0.05).

A=A Fetal
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50 1

0 30 60 90 120
Time after glucose feeding (min)

Fig. 1. Changes in blood glucose level after glucose
feeding for glucose tolerance test.

EEY Rof 5 30%o] S 3
WOk 53] 608 Fofli=
g Do, oS A Az 4 STZ Rl o)
A G 0] U o S FA 43 A
AT 48 bl A Bl SHT ol B
& wed ool 27 AFOR HEoho L ATHE
24000 24 STZ Felol ofal 28 Fie U 4% 3
G Ao B8 FORA the, H, thie 5 P A
gatshy) slofaks Aoz Argch

H m
Mo el S u}i Ag

&z GOT, GPT

STZ Fojo 93 F-=H T Fof cysteine FHE2 Fo
3 % 84 GOTS GPT ¥3HS Table 4] e ich 8%
GOT2} GPTE: 71o] Z9Fo|L} 9= = 7h4|E 2] &) A] Eol
o2 o fEHol Yo FTHEoEN T A4S UEH
£ AEZ o] gEE aiolrh B Ao &3 GOTS}F GPT
T AR BF Gk 2 T2 A4 vl Hs)
FE FAZE BEEHYLoH, o= STZ Fojo o3 f=d T
e RE-S o] &3 B A At AR Adtolm(Han T
2009), STZo] 23t Fie Sutm} TGO 2 2l 7} 7|5 of
Are] AMet2 AtgE ok $HA, cysteine FHE FoTtol| A=
S T2 Z(STZ control)ol M]3t} A}t o0& Lo GOT,
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Table 4. Effects of cysteine compounds on plasma GOT
and GPT activities

Cysteine 3}31Eof 9§t T F AAhAr 24 365

Table 5. Plasma concentrations of total cholesterol, HDL-
cholesterol and LDI-~cholesterol

GOT GPT

(Karmen/m) (Karmen/m{)
Normal 32.7343.26° 15.9342.11°
STZ control 56.12+6.38" 31.6043.42°
STZ+NAC 43.86+5.35 22514277
STZ+SAC 41.52+7.03% 23.96+2.98"
STZ+SEC 43.34+5.86° 21.9543.10°
STZ+SMC 44.01+6.42° 24.13£2.87

Mean£S.D.(n=6). Means sharing a common superscript letter(s) are
not significantly different(p>0.05).

f

(e]

GPTZfo] TEE O] o] cysteine 3FgHE0] A4S A4 5
35t STZ Je 9] 71 715 AL AsLE dF AIs)
AoZ Atz Hrh

[

5 & X& Y SHASIX|

P 20 A FA| F Shbe AAEFOEAN B F
A2 SHXAY =71 Z7HE 7§74 LDL-cholesterol
9] F7}e} HDL-cholesterol o] ZHa~E 4=Rlsto] A @A Agh
9] 38 YRlog g3t STZ Fojof 93 GE =3t
F cysteine FHEE Folgt B Y X FH2EHESL F
A W FHHESFUA| 5 HIE Table 59} 60f] YepRct.
Pt B vl v EF F S 2EEL T4
A& 9 LDL-cholesterol =7} 275t Kim HS(2004)2] 2
e} AR 23S R o], HDL-cholesterol®] H=7} 74
sto] FHFSFLAFE FsAl7l= 245 E4ch B,
cysteine &L Foj= @ F SH2HEL FHAAE 5
EE tha ZH4AA]7]) a1, HDL-cholesterol @] = x=2] Z7}19H.DL-
cholesterol F&=9] ZaE 749 Mutdos FuAslad
A5 HAA7= A2 BT

T 2] =8 gAY EAL Y =9 st A
A AL H]AAFA] o] tHCoulston & Hollenbeck 1988). T
RS oF 90% oS RSk Qled H|oEY Tt B
oA 7P B AR ALY BASAES SR St
9 HDL-ZY AHES ZF40]H(Goldberg RB 1981; Reaven
KM 1987), o|¢} 22 12| @ZF3} @5 HDL-ZY2HE 5%
o e B9 T2 ESQ WY deo fde
A2 FIEUTHWest 5 1983). BFsWHES A=
HIZ23E 37| A41F 23] WA o EF AE, E3] Z2H|
£9Y =7t 2 AR Ag3th= AL g dEA gtk
webA G BN 7Y Fa% AolayY 8 B3R
= 89 249 /AT B 85 A 2 AT sEE

Total cholesterol HDL-cholesterol LDL-cholesterol

Normal 60.04+5.34° 13.64+1.72° 27.3243.99°
STZ control ~ 81.24+9.68" 9.10+1.05" 34.46+5.76"
STZANAC  75.53+9.58" 12.96+1.83"  29.93+6.73"
STZ+SAC ~ 73.58+9.35" 1190£2.42°  28.56+6.18"
STZ+SEC 75.71+8.18" 11.71£1.90°  29.86+5.82°
STZ+SMC ~ 73.58+8.88" 1246+1.86°  26.88+5.93"

Mean£S.D.(n=6). Means sharing a common superscript letter(s) are
not significantly different(p>0.05).

Table 6. Effects of cysteine compounds on plasma trigly-
ceride concentration and atherogenic index of plasma

Triglyceride AIP
Normal 95.358+9.89" 0.85+0.08°
STZ control 188.37+19.79° 1.32+0.05"
STZ+NAC 163.26£18.57" 1.10+0.07°
STZ+SAC 165.58+17.08° 1.15+0.11°
STZ+SEC 170.70+18.88" 1.17+0.11°
STZ+SMC 171.16£18.41° 1.14+0.08°

AIP: atherogenic index of plasma. Values are mean+S.D.(n=6).
Means sharing a common superscript letter(s) are not significantly
different (p>0.05).

SR RN PYSUAT FEZY PG PAAIIE A
olct,

T FAEA LAEF FHEC] 2 ol TR
IEE Qled 2H|9 75 AstE Al W 2T o]-§E0]
AA ] HastaA ALY oA YR gt thil A
0] 83}7] ¢4 very low density lipoprotein(VLDL) 3+ 0]
Z7}=]31(Sheng 5 1988), P2 213t high density lipoprotein
(HDL)9] +Z% W3sle} HDLQ] apolipoprotein A-19] 3}z
HDL-ZJ| A H|Z0] cholesteryl ester transfer protein®] 2J3j]
VLDL, low density lipoprotein(LDL) 52 2 o]|5 7] fjE2S
2 AZ+E tFranois B 1996).

Morel & Chisolm(1989)2 STZ Fojo 9J5] GtE T F
oA A IteEo] F74EL, % A 5 VIDL} LDL
9] AkE7F EX1E| AL, o]of] o5t Al FAdo] et B
sttt Fiegol MY A Bk F7F A= B3 @M
2 9899 24 A=, f4 71 9%, @8 85 +
5 S AnATE e, o2gt X Bpiske] F7ke A
Aeke] 20} 7159 W3} 52 Foto] B IS T
A1t AE 4= QItkLalla 5 2000).
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Table 7. Effects of cysteine compounds on cholesterol
and triglyceride contents in liver

Cholesterol Triglyceride
(ng/g) (mg/g)

Normal 2.10£0.18™ 4.99+0.46"
STZ control 2.09+0.17 6.31£0.58"
STZANAC 1.93+0.18 4.27+0.56"
STZASAC 2.05+0.23 435+0.51°
STZASEC 1.98+0.22 3.97+0.43°
STZ+SMC 1.9440.23 4.05+0.44™

MeantS.D.(n=6). Means sharing a common superscript letter(s) are
not significantly different(p>0.05). ™: not significantly different(p>0.05).

6. Z+ X|&

IAEF T T A Y FA F E Shhs 1o
Ao wol H2Eo| 3t 7]50] AstE= AUt S
o]t} Table 7-& Allium < cysteine 3}¢HES Foldt G F9J
7 AA F=E Uehd Zoltk 7t 24 9] FHAEHE sE=
B S}t et Atolo]] 2 Zpol7h TEEHZA| ghgre
o, 3} cysteine IHES Fog 7 & ZolE HolA] o
Utk W, SAAE s Fato] B4 iRl Blste]
2 Ao® Yehgon, G 5 cysteine 2RHE FoldE
< BF Gk 2o HIste] Wkom, cysteine StE F
o7& ¥ 53] SEC Folito] 7MY W& g ERth

e o

Streptozotocin(STZ) 2.2 =% G FoJA nhs, dut 5
Allium £(/8) A& $-F5o] 9= N-acetyl cysteine(NAC),
S-allyl cysteine(SAC), S-ethyl cysteine(SEC) L S-methyl cysteine
(SMC) 5 organocysteine 3}gtEo] @dat =g i 4 &
it 7F 229 21 FEo vAE GRS A EITh NAC,
SAC, SEC ¥ SMC 5 cysteine 3}3HE Foj= STZ G2 2
gt ok, oHA, o E AT A FAIE G5 AT,
W3se FIA7I= 235 HATk T Foll ol cysteine
IRHEY Fo= 84 ¥ SU2HES THAE sRoe
=2 gL u|x x| gk or} HDL-cholesterol@] %9 =7}
2} LDL-cholesterol s%=2] ZAE E3] Autdgoz ZwMAs}
FEAFE WA= 2HE BYew, 7t 23] F4XE
FEE W50 oY AP FAE S3NT o2
G4 GOT, GPT /& A2AA IF B3 anE Hrh o]
= 2= & 1 NAC, SAC, SEC ¥ SMC 5 cysteine 33H&E
& STZof) e8] = T FHol Slol Beat 283}
AR 28 Fol AR ooz gt B S

e T2l E g A
S g3 5 Qe 7heAol ok AlmE:

ZHAle| =
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