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ABSTRACT

Elevation of homocysteine levels is a risk factor for cardiovascular diseases and liver diseases. It has been
reported that both streptozotocin-induced type I diabetic rats and obese type Il diabetic rats have plasma total
homocysteine lower than each control rats. We determined the effects of lean type I diabetes on homocysteine
levels using type 2 diabetic Goto-Kakizaki rats. The concentrations of serum glucose were increased to ~two-
fold of control levels and the total cholesterol levels were also increased in GK rats. Hepatic aspartate, histidine,
threonine, alanine and methionine levels were significantly increased in GK rats. Plasma aspartate and gluta-
mate levels were elevated, but threonine and arginine levels were decreased in GK rats. Plasma total homocys-
teine levels were not changed in GK rats, but hepatic total homocysteine levels were increased to ~three-fold of
control levels. These results suggest that hepatic metabolism of sulfur-amino acid may be altered in diabetic
condition.
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homocysteine?] wjALZ#-E Hled g1} (Finkelstein
and Martin, 2000). &, 7+l 4] homocysteine] A
Aukgo] elAl=o}, 7 Az 2AIA homocys-
teineo] 2H =3 Aoz {2y} 275k Homo-
cysteine2 & FH3tL U= o) xAlCE me-
thionines] jA}shgelx] A4 R ool A
methionine-2 S-adenosylmethionine (SAM), S-adeno-
sylhomocysteine (SAH)E 713 homocysteine 2.2
A= Zzke] <A = methoinine adenosyltrans-
ferase (MAT), Z+%& SAM 2|24 methyltransferase
¢} SAH hydrolasedl] 2]s] vi7f=ic} (Finkelstein,
2000). Homocysteine- cystathionine beta-synthase
(CPS)$} cystathionine gamma-ligase (CyL)ell 2]f
cystathionine2 A *] cysteine© 2 3% trans-
sulfuration pathway Al 2 A AZ A Y me-
thyl-tetrahydrofolate & cofactor2 ©]£-3}+ methio-
nine synthase (MS) =+ betaine& methyl donor=
0]-8-3}= betaine homocysteine methyltransferase
(BHMT)o] 2J3) methylation® o] ©}A] methionine
© 2 Zgk5)c}(Stipanuk, 2005).
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cysteinemiaZ-2 FiWol| A Ay A A gz APt
& P 2o YA 325 Mun-
shi et al., 1996; Hoogeveen et al., 2000). =3t Fon-
seca et al. (1998)2 Ql&H A7} AAlelAE
homocysteine®] =5 14X 71 ¥ky e
NS FagdAld A 237} g Basly
o} 28} Jacobs er al. (1998)2- streptozotocing-
Aefste] fug 13 Fud FEAM homocys-
teine®] transsulfuration® =7§8= CBSe] &AJ o)
Z7}ste] "% homocysteine?] w7} 7tA s
insulin H2je) Ssted WYL B YUZ
Aol A et Ak Aog Rysigich =3 2 )
uh8] o] w}yn mwlq) Zucker diabetic fatty (ZDF)
HPEJA 3 homocysteine?] w7} 7+AshH
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el Aoz B 1= gvl(Wijekoon er al., 2005).
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homocysteine2] =& &3Xsle] o|A dpA=}s}
v watazt 3=l GK P EE vk ketone
bodys] 717 FRSA @t 28 wn zds
glucose tolerance] A-FE-Eo|A] upper limitS 7}
A Wistar FEZ ZAWAA F2E Fu 2
= o]t} (Portha, 2005). GK 1 E = AA} Wistar @&
of wlsted of 200e) Weke FAm BRAS $U
F% ] Wistar PLEo] w]3le] F3]o] wpel of 10~
30%7} ) B 7= 7hol| 4] homocysteine?] o
ARE olaljsl7] 3l Al 7)swt 727 AR
9 F o] GK HEE AlL-51¢dt} (Witte et al., 2002;
Schrijvers et al., 2004).
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Amino acid standards, homocysteine, 1-heptane-
sulfonic acid, ammonium phosphate monobasic, boric
acid 28]3 O-phthalaldehyde &= Sigma Chemical
Co. (St. Louis, MO, USA) oA 39]5}<¢]t}. Ethanol
£ Merck (Darmstadt, Germany)ollA] 7 3}e] 1,
High performance liquid chromatography (HPLC) &
Aol A}8-3F methanol-2 Burdick and Jackson A}
(Muskegon, MI, USA)ellA] F9lstsdcth 2 9 AlE
of Al&8F = E A]<k2 reagent grade X T oA}
o} Aol odek
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o] AElgl 1.5mL tubeel] 7F5k3 3,000 rpm
ol A 287F fAEEEte] EAE A Ao 2
v 239 ice-cold methanol-& 7}3k3 YAl B-=)s}
of ARhT F AFAE 2w 39 FAEh
Mzl —T0°ColA B 7 oF 192 3u)
Byle] 1.15% KClollA polytron®o 2 23}m 2
A 0.4mLol] 2w 232 ice-cold methanolS 7}
3 BAEAs Asisich gaRelelA 2
o7 AEAE 2u) 319 FAL ER4 A4
g & -70°Cell A ®3s}ode).

o}u] AFE O-phthalaldehyde S o] &38hed 3¢
EAEst 4.6x75mme] A} column (3.5 um
Symmetry C18 column; Waters, Milford, MA, USA)
7} fluorometric 7327] (RF-10A fluorescence detec-
tor, Shimadze, Tokyo, Japan)& #A23 HPLC
(pump, model LC-10AT; system controller, model
SCL-10A; injector, 20-uL loop7} A% Rheodyne)
2 _‘;!_g] u] X—]E‘:é]-ﬁl;}- o}-u]i}\]—g,] _‘i'_a u] z%al:
& 98 22FL W7 240 Hold) ALgskd
om glutamineT-2- W = F FAM Ao
w3 opliabe] o} Qi mE goo] Aol &
Akl HPCLE 4 2712 o|d ¥ ug wih
o} (Kim and Kim, 2005).

Homocysteine-2- sulfhydryl 7]& iodoacetate Z.
masking3}3. O-phthalaldehyde & o]-8-3}e] 3§
=4 Fslg vt 242 3.5 um Kromasil C18 column
(4.6 X 100 mm; Eka, Bohus, Sweden)® fluorometric
AE718 433 HPLCE AM-sheh 24
o]d B 3E w3ttt (Kim and Kim, 2005).
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A AGSRIL AdLol WAste] $3A1Z] % 10,000

rpmel| A 2087 AE st HAS Halgoh
PP}l A& automatic blood chemistry
analyzer, Selectra II (Merck, Darmstadt, Germany)Z
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AR N AEH ez AHSE GK PES o
9 Aolgsh Hage A7 86+16ghed 111+
13mL/kgo 2 AA} Wistar A ES] 7kel 8747 g/kg
3} 102+ 13 mLke 2149 2ol7h ggich 95
3 GK HEY BFALE 198+11gez 722 F&
2] Wistar P 2] E-A ) B)3le] oF 80%= A0
B} (Table 1). Zeivt 7H5-Al= Abel7} glslom
ARH oz BRAZ e AHA AR 36+
0.2%9M 4.5+01%2 Z7}315

A QA EAHAIAE Table 20) A5l
o} A glucose T2 GK P EAA oF 202 =
7¥eted ZxAdeid Aoz FAFHAG 5A A
9] AST (aspartate aminotransferase), ALT (alanine
aminotransferase), ALP (alkaline phosphatase), pro-
tein, albumin, total-bilirubin kel = g-2]Hql ¥
b Aok =3 A4 54 A&l BUN (blood
urea nitrogen)3} creatinine = HQA] A} S=Fo)
Aot AP ez FAAW FFS A} $Fo
s12+t cholesterol Zko] o4 o2 A3l of
o) Aok 973 GK 9=} A% Fuis
A glem el Aol B4l §leg A

Table 1. Body weight, liver weight and relative liver weight

of diabetic GK rats
Control rats GK rats
Body weight (g) 25047 198 4 | [ #**
Liver weight (g) 9.0+0.3 8.9+0.6
Relative liver weight (%) 3.6+02 4540, 1%%*

Each value represents the mean + SD for 4 rats
***Significantly different from the control, P<0.001 (Student’s -
test).



168 J. ENVIRON. TOXICOL.

Table 2. Serum biochemical values of diabetic GK rats
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Table 4. Plasma amino acid levels in diabetic GK rats

Control rats GK rats Control rats GK rats
AST (IU/L) 75.1%6.7 75.0+£6.4 Aspartate (UM) 10.3£1.2 15.1 4 1.2%*
ALT (UML) 38.2+5.2 36.1£3.7 Glutamate (UM) 51.3£2.7 133.34£13.7%**
ALP (IU/L) 42524417 38544346 Asparagine (UM) 61.3+4.2 62.2+6.3
BUN (mg/dL) 14.6+1.7 13.0£2.8 Serine (UM) 219.8£26.2 194.8+£21.3
Creatinine (mg/dL) 0.27+0.08 0.24+0.09 Glutamine (UM) 712.3+£354 726.7+£24.3
Glucose (mg/dL) 165.3+7.2 332.1£45 k%% Histidine (UM) 432146 454+54
Cholesterol (mg/dL) 64.8+3.2 94.2 £ 3 5% Glycine (UM) 24524342 232.74£30.8
Protein (g/dL) 5.740.3 59+04 Threonine (UM) 302.1+£23.2 206.1 £22.1%*
Albumin (mg/dL) 3.1+0.2 32102 Arginine (UM) 70.2+7.3 38414 3%*
Total-bilirubin (mg/dL) 0.15+£0.03 0.16+£0.05 Alanine (UM) 327.1+19.7 339.0£20.2
Triglyceride (mg/dL) 1043+24.1 107.21243 Tyrosine (LM) 71.2+8.2 66.4+8.7
AST, aspartate aminotransferase; ALT, alanine aminotransferase; Valine (uM) 2023134 2024+£21.4
ALP, alkaline phosphatase; BUN, blood urea nitrogen; CPK, crea- Methionine (M) 36.2+3.6 37.0+42
tine phosphokinase. Tryptophan (LM) 102.7£8.3 104.2+124
Each value represents the mean=+SD for 4 rats. Phenylalanine (UM) 502436 623+6.4
***Significantly different from the control, P<0.001 (Student’s Isoleucine (UM) 98.2+12.3 90.4+12.1
tesD). Leucine (tM) 130.3+8.7 12324124
Lysine (UM) 236.0x27.4 21874245

Table 3. Hepatic amino acid levels in diabetic GK rats

Control rats GK rats
Aspartate (umol/g liver) 824441144  1432.24247.2%
Glutamate (Ltmol/g liver) 1270.1+874 1267.54£137.7
Asparagine (Lmol/g liver) 72.7+£84 7713+124
Serine (umol/g liver) 548.2+73.2 4874 +£63.3
Glutamine (mol/g liver) 4883.0+267.3  5231.744273
Histidine (umol/g liver) 874.0£63.2 1121.2467.2*
Glycine (umol/g liver) 1543.5£1763  1662.0+£188.2
Threonine (umol/g liver) 1075241326 1513.3+75.6*
Arginine (nmol/g liver) 176.5+85.5 168.6145.0
Alanine (umol/g liver) 13254+273.6  1942.7+226.6*
Tyrosine (umol/g liver) 278+62 30.9£16.8
Valine (umol/g liver) 166.7£16.9 180.0+36.4
Methionine (Lmol/g liver) 292439 44 8+8.7*
Tryptophan (umol/g liver) 275432 30.1+£5.6
Phenylalanine (umol/g liver) 55.1+£32 60.3£12.7
Isoleucine (umol/g liver) 103.1+21.2 102.04£23.2
Leucine (umol/g liver) 170.2+16.3 180.24£33.7
Lysine (umol/g liver) 22024347 230.7+323

Each value represents the mean=+ SD for 4 rats.
*Significantly different from the control, P<0.05 (Student’s t-test).

2. GK S Ed|M homocysieined] H3s}

GK #Eo|A] 7zF(Table 3) 2! A} (Table 4)0l]A]
oful:cAte] S FHA3IGIch 7oA aspartate,

Each value represents the mean+ SD for 4 rats.
** *x*Significantly different from the control, P<0.0] or P<0.001,
respectively (Student’s r-test).

histidine, threonine, alanine W methionine2] &}eko)
TR oz Zrlelgich AgelA AR glutamate,
asparagine, serine, glutamine, glycine, arginine, tyro-
sine, valine, tryptophan, phenylalanine, isoleucine,
leucine 3 Tysine®] ol $211el skt @)
gvt. Ao A aspartate®} glutamate?] ks =
7Fskgl o ubH threonine¥} arginine®] ¥eFe- 7}
48193} (Table 4). GK A=) Fgeln 244 o}
WA ohulAbe feldes wanA sk
Homocysteine®| 555 7t} FA oM 431
v} (Fig. 1). AA} Wistar 1 E.2] &Ael|A] homocys-
teine®] F = FAE olu|xAl FollA s} sk
2w GK HEANAM 2=l #Hirt et vk
Zkoll A homocysteine®] i o 3uj2 Zr}sly
v} o] A3 7rel|A] homocysteined] HAlZE ME
HAS 7PeA3E AARIE viRte] FREEE ol
YW #H<ql ZDF Y E 9 streptozotocin ] 2]l £
g d3 ol FHolA ZF homocysteined] =
7} Zrasgen A EE o] 83 AN
homocysteine2] AE Fdsls= CESE w3l o)
A& Aol &) Pashe Aow wusoc
(Jacobs et al., 1998; Ratnam er al., 2002; Wijekoon
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Fig. 1. Homocysteine levels in liver and plasma of GK rats.
Each value represents the mean+SD for 4 rats.
**Significantly different from the control, P<0.01
(Student’s t-test)
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% CLE &5k w7k AQl cysteine o 2o} A ko]
7h=3lc} (Stipanuk, 2004). 7be|4] homocysteine 2]
=7l Abest A2 homocysteine?] THAle]] Fhed
3= &40 oy #Xe] zrAaslE 7hsA
£ AAREEEL & ATFAl M) ofw] I A} CRS
o =izl wE e GK PEA 23l W}
FAE) R @ere)(data not shown). 12} CBSS)
allosteric activatorgl SAM (Finkelstein, 2000)2] %=
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