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Homocysteine (Hcy) is a sulfer - containing amino acid formed during the metabolism
of methionine. Hcy is metabolized either by remethylation or by a transulfuration process, both
of which need several kinds of vitamins as cofactors. Hyperhomocysteinemia can be caused
by enzymatic defects, vitamin deficiencies, medication, and chronic medical disorders including
end stage renal disease and post - kidney transplantation states. Accumulating evidence has .
shown that hyperhomocysteinemia is a risk factor for atherosclerosis and atherothrombotic
vascular disease. Hyperhomocysteinemia can increase the conversion of methionine to
homocysteine thiolactone (Hcy thiolactone), the reactive cyclic internal lactone of Hey. The free
amino groups of low density lipoprotein (LDL) are thiolated by Hcy thiolactone, causing
aggregation and increased uptake of LDL by macrophages. Hcy thiolactone released from
homocysteinylated LDL within vascular walls promotes internal injury, oxidation of cholesterol
and unsaturated lipids, platelet aggregation, thrombogenic factors, myointernal hyperplasia,
deposition of sulfated glycodaminoglycans, fibrosis and calcification of atherosclerosis
plagues. Hyperhomocysteinemia via Hcy thiolactone can also cause cancer. Treatment of
hyperhomocysteinemia includes prevention of predisposing factors and supplementation of

vitamins.
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Hey anaasiinnudAty lunaifinatherosclerosis
Tnenawes Hcy thiolactone Lﬁl'ﬂ Hcy thiolactone 1N
Uijfiteniu LDL azdaas homocysteinyl group un
apo B protein W4 thiolated LDL Faqz ey
LDL luiradlngsinumiedaiui miagaduaziinnis
Az@N129 cholesterol luiaaa macrophage 16 LDL 7
HAUILAUNAS thiolation A=RANNMUN LAY T
electrophoretic mobility e uasfidnuou apo B
protein AAA thiolated LDL mmmﬁ%munziw?ﬁu
fuesldlaginun1e homocysteinylated amino groups
Tnavng disulfide wazlnannsa¥qe diketopiperozine

ﬂ@qﬂuﬁfadﬁmﬂﬂﬁlﬂuuﬂawm lipoprotein
Tasaniy LDL lunnaaluas@ainen sinlfifiunts
\im atherogenicity tae LDL fidsuulasiiens
AEHIUTLIUNIT acetylation, acetoacetylation 138
cobamylation Fanuiminliaed macrophage finnz
el T cholesterol azaumnawld TunnsAnwuun
in vitro "liwudn thiolated LDL az\fin oxidative LDL
wiiwwudnd thiolated LDL Tuia@ macrophage i
TneanaassnunFsLTin A macrophage 3o
{aeinng phagocytosis Haiinnstienaanelngidude
Tuaagduaafiaziinisdaey Hey wazls oxidative
degradation 184 lipid A3 WANANTNATA LDL &
AT AIALINMNILUNTT thiolation T84
apo B protein Aaziilan14iiin oxidative modifecation
289 LDL 1dunnau@ndas

WU Hey Auaidesia endothelial cell Tneimin
Wi H,0, deacilua@aramadiians cystathionine
synthase 1nndTadUng a1auflana@eddlanly
pyridoxine

RN ANEILLL in vitro 7R madWL LDL

azil peroxidation WxAWlATaeld homocysteine,

TsAniAgiia9iu homocysteine 451

cysteine, mercaptoethanol UazN17am glutathione
WUINEAR macrophage AzHNNTALANT8Y oxidized
LDL mntulagttuniesiuitamas wananinudn
ol . | o Y & vl
ansdseneund thiol ataziflusonsesulilauqung
peroxidation 184 lipid Inelfeandaunazilszq
waalansdanluauounis tdaqtunudagifmaniie
waauA fenitin g4 iladt@enluniaiia myocardium
infarction Taeiin191nN91An atherogenesis Tneitlsyq
wundn (ferric ions) uar Hey Ngnuaateaanun
a1n homocysteinylated LDL lun1liinauaunis
peroxidation 184 lipoproteins A% cholesterol Aenia
VRINARALADAUAY
Hcy thiolactone TuseALIgas IR NTLAL
WaN4N1 cholesterol, LDL uay VLDL ‘&7 usilsinunns
Waguulaeae9ssiunwanann HDL
homocysteinylated LDL azidnldluisadeas
artery wall TAgINUNN LDL receptor uarlpgauoung
L o e vl o £ o4
phagocystosis ¥ lifinsazansaslaiunnauiaes
= 1 N .
uazazinisUaat homocysteine thiolactone aanunlu
arterial intema M WAim intema necrosis Tuu3osm
homocysteine thiolactone gniaaaaanun dn1sanad
284 thioretinaco 41N internal cell WATANITANT LY
ARTIEIUTENIN thiaco/thioretinaco NTAHNATELEN
TLAUNAT oxidative phosphorylation (31#i 7) 1ians
ALANLA reactive oxygen radical species Aatiu 1 1E
AR ANY UBNANTNITATRTIEIUTEUIN thioco A
. . Gnl 4" & ar & ©° Soad
thioretinaco WnTulwaaTaINIRINARAIAEA V1T
3/ 1 e al a & v 4“’
nsnseFunfTuLafauaLinIsALTAIaUEa AN A 1ML
waeptlanaaniden Tnaazfinnsaes growth factors
- o T v d” + 4: ) 4 ('Y
waziinnsaenesasgasndatniiomaniidn iy e
<4 v =l v
naaniaansuluanaae
9. Smooth muscle cell proliferation
Hcy mmmmw’ju smooth muscle cell 284
p [ . , o Lo
naaalaan il proliferation IaaIN1FIAN transcription

rate 184 cyclin A ¥ ¥R arteriosclerosis (AT
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A. Endothelial function

Hey anunsngsaansmulaeed endothelial cell
Tuawnnaasuaznnlfiiia endothelial detachment
1509 wanannil Hey daanunsna¥a H O, an 0, R
AW endothelial dysfunction uaz damage a7n
platelet activation, coagulation LALNITAARIUDY
fibrinolysis Stamler wazAME" WUIN endothelium
fiunfiawmnraden nitric oxide (NO) ¥nliEinnssan
sl Hey W S-NO-homocysteine Wwailae homocysteine
azinliauantifreadwaandsll vnliliamasn
@519 NO 1#f auiiim endothelial dysfunction Wasszsi
Hey gatu W lifnnadhaAnesie endothelium &
4. Functions of Blood platelets

Harpit wazAns"” wudn Hey anunsadiufanng
1419 ecto/ADPase i endothelial cell & ADP
{ugnsiinlside aggregration 194 platelet inlide
41 Hey ¥inlifia aggregation 994 platelet Ay
3. Coagulation & natural anticoagulants

A19% hyperhomocysteinemia W liin sfn
Fugnagrsiv WiRanmsuiasnaeaden laawuinting
AARIYRY Fc VIl c waz AT-lIl Hey anaasiidauifiendaa
Fun1sa¥ieremnmani ™ 1iesainamnsaudla
nazsananalilaanaslf pyridoxine sanriu folic acid
ludtlag coronary heart disease WudngEALABY Hey
HanudunuslnansaiuseAu fibrinogen uae plasma
viscosity WBnanns Hey flanszéfu tissue factor Bndiag

(18)

Van den Bag™® wuanfinn3ifinaueed thrombomodulin

‘lué’ﬁﬁ peripheral arterial occlusion WaTn1lY
hyperhomocysteinemia el pyridoxine $aufiu folic
acid WU1ALAanTEALYDY thrombomodulin adlél

Hey fUgRNsUamIaen (activity) 199 endothelial
cell surface thrombomodulin 4iflu thrombin cofactor
PasmaLALBNFANINTYSULER anticoagulant A& protein

1 v o 8 yal .

Cuan’anu Hey a1 lFinnsanatag anticoagulant

heparan sulfate proteoglycan U284 endothelial cell

Chula Med J

Tudaamaass uazann139uAL anticogulant Faudng
(AT

mMsAneaiia In vivo wudinnsiiniag hyper-
homocysteinemia %Lﬁlu coagulation Wax fibrinolysis
Tﬂﬂﬂ?quudﬁﬁﬂﬁiLﬁu%umﬂd thrombin-antithrombin
complex Was D-dimers
. Fibrinolysis

Tugfhefidin stroke WLMERLTRINANEIN Hoy
fanudunuslnensaiLssAUTRTEAL plasminogen
activator (tPA)

Hajjar"™® 'léiwwudn Hey aNATagLEaN1IdITeq
tPA U endothelial cell 18 vinl¥TinssunausiagLI
N7 fibrinolysis 11 endothelial surface
Y. wasia Gene expression

Kokame wazamlfAn® umbilical vein
endothelial cell 1BaNYEEWLAY Hoy 1115 gene nane
1Rad mﬂ,ﬂ?iﬂuuﬂmmuvyhﬁnmﬁu%umm stress
protein Fam1¥iiAa atherosclerosis ANNA

4.1.3 n15\Am fibrous arteriosclerotic plaque

L‘Haﬁnﬁ'}ndﬂuuﬁuﬁuﬁﬂm (intemal smcoth
muscle cells) hyperplasia, Anra¥ glycosamino-
glycan Wag collagen :J’m‘i‘l,u Tmﬁmi'l.ﬁl u"%llu‘llm
glycosaminoglycan # Anannnsulaen homocysteine
thiolactone T iflu phosphoadenosine phosphosulfate

°

3l A 5 . el -
NN extracellular matrix IANNINTU matrix NAN
1

AuilarlUqdudu LDL AMNNINTWATY intema uaL

he

media 189UTIMAEAIAAANNNIATINTR NS UTEY
permeability Lﬂmmnumm homocysteinylated LDL
fin17dvanaed calcium appatite u extracellular matrix
wazlu collogen Wiaflu plague Anau ludauaed
elastic 109y intema azidelyl a1nnnsiinnsatng
tetrahydrothiazine ﬁtﬁmmnﬂﬁﬁ’rmmwﬁwm
aldehyde groups 194 tropoelastin 11 homocysteine
yinlsfinstiudaauaunindansienn (cross links) 184

desmosine LAY isodesmosine W8
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1 fibrolipid plagues azfidaudsznauiily
cholesterol cystals B¢ 41197 cholesterol By
4 9ldannnseianaate cholesterol ester Aulaatn
a1n LDL ﬁgn phagocystosin 1 uazfleidl LDL-
glycosaminoglycan complex $auatj#asl

nsifiafunsasety intema 189HTUaen
@eafifinan circulating homocysteinylated LDL a#
indndaaduniznguiuuaciinislass growth
factors Way prostagrandin nladTnnsimauuas
(fin thrombosis AN Tudauas homocysteinylated
LDL ﬁqn phagocytosis azinisnszsuliinIsinzngs
fureanNAnLAan ﬁf\aLﬂumamnmmﬂnqw“ﬁrﬁmﬁwm
INARAeA uﬂnmnﬁqw“ﬁrmmn'mﬁm thrombus 294 Hey
4 intema dafimarnniansziiu protein C, Maiiaid
U8 lipoprotein(a) was coagulation factorﬁlu I ansing

lun1ny arteriosclerosis a¥in1591M thiore-

etiological factors generalized depletion of

o - o R
Tsﬁﬁl.nu'uuaonu homocysteine 453

tinaco (4uagU mitochondrial LAY microsomal
. - o X 4 4 o L a v
membrain) lugasaLuazitiaiiadunnlfinanisa¥ia
homocysteinylated LDL WNNINAU (RANITRIAE
arterialintemal cell W WA WeluWsRA fibrolipid plaque
UATNNIRARURINNT TUIREWLIINI997A thioretinaco
i nsuReuudasliduigaduzifaiissanniinng
#5149 homocysteine thiolactone WNTIUAINNTINA
thioretinaco NTANAULD homocysteine thiolactone
M IAAULIUNIT homocysteinylation 184N uuada
TuaannIiianuinUnRaes chromatin lufiowndssa
Fanvuluwsaguziia wanainil homocysteine thiolactone
fazgnidesesnuiainiadnziiminliinanimmie
.5 dl' | % o < a . .
radillaitiesay q AeuuziFarannaniafia fibrosis,
NeCrosis, angiogenesis, nslndureadulszam uas
ANEALINAY8 epithelial tissue (FLI7 8) (A3 uazidun
ﬂl - o dl
IRNIBANABUUAY uazgLil 12)

increased ratio of homocysteinyl-LDL

for arteriosclerosis —® thioretinaco from = thioco/thioretinaco in = transported to

somatic cells

etiological factors cellular depletion of

increased ratio of

arterial intima

l

atherogenesis

somatic cells

altered respiration

for cancer————¥ thioretinaco from — thioco/thioretinaco in —®homocysteinylation of

transformed cells

transformed cells

cellular macromolecules

The depletion of thioretinaco and increased thioco/thioretinaco ratios of l

somatic cells and transformed cells in arteriosclerosis and cancer are

supported by indirect evidence.

carcinogenesis

o y - oo . - . . .
5% 8. nauanuuavresumuedtiYeq thiolactone Tunaifim atherogenesis wax carcinogenesis
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4.2 UNUNYaI homocysteine nulsalam

4.2.1 End Stage Renal Disease (ESRD)
n. auAN1T

Andrew G uazae® iAnmlaguiRnisnas
\NnN19% hyperhomocysteinemia ugilael ESRD Firin
mafneAag dialysis WLAIZ hyperhomocysteinemia
(fasting Hey > 13.9 lulasluasadns) atefauas 83
103¢tl0e dialysis Tnenfisduita 105 wiwm'qu“ﬁmiﬁ
wulunguatuax

N9V dialysis ariin1Tgoy 1A water-soluble
vitamin 1@ua Fasaniclannfut wenaniinnag uremia
anaazR i nnsiiy hydrolysis 189Wa4NY PLP
M Win17ana9229 coenzyme mani luibeidadou
dane uddeudfilaenguilaziliannndscdlunisana
coenzyme unszuaunMauatLedte uaidnalaiy
lapfiunauny (folic acid, B6, B12) Tummrﬂﬁmnnd'\
RDA (recommended dialy allowance)

Wilcken uazAmus?” wudaflaudunus sy
NI1992AU cysteine-homocysteine mixed disulfide
(MDS) Tus2AU creatinine Hultberg uazamuz® 14
ansAnwafilos ESRD wudnsedu Hey Tugilos
predialysis 8% hemodialysis AmaNgNRUsTUTEFiU
creatinine, red blood cell folate, serum albumin 49u
sxiulamnfin B12 AAURUETL Hoy Wumamdwug
sanatanzlugilae chronic ambulatory peritoneal
dialysis (CAPD) liwudnsesuans Hey Haanuduiug
fiua A EeINI9fin ESRD sT82981N1IM0 dialysis
A5 dialysis AMNIAEENALDY dialysis WANITHA
hemodialysis @IN1508ANAYANT Hey tdssunn
%atay 30 $9AAINNNTIEA nonprotein bound Hcy
WUANTEAUTRY Hey AsnauNNgsval predialysis T
24 daTug

flalififeagUuridndn hyperhomocysteinemia
4 ESRD azfianuduiusiunnaifia cardiovascular

disease IA8IAINNITAN®IULLL cross-section 289

Chuia Med J

CANUSA study® ladwudnfiaannduiussendnesssiy
WA1ANT Hey Tun1siim myocardial infarction wag
cardiovascular disease 971 Framingham Offspring
Study WuiN3AU Hey finnidn 15.8 lulastuasiedns

siitldtdealunaifin cerebrovascular disease 19
1 odds ratio WAL 33.0 UtusTiseiy HOL Rtfaandn
35 § odds ratio Wiy 3.3, dauaduAulalings
mi@uqvﬁ; WATINUINUN odds ratio WML 2.4, 2.4
WAL 15.0 MNRIAL  WUINTSALTDY Hey Faiduneing
ffadnAynadflunguifianuuusesnizanad

289 GFR Uunana (51 + 10 Naddnssiaund)

25

20

Frequency, %
&
]

—
<
1

[]
5 9 13 17 21 25 29 33 37 41 45 49 53
Total Hey, nmol/ml

@11‘7'1 9. MINTLAFIBITEAL fasting Hey Tugfilas
ESRD fi¥in dialysis (N = 71) WATNANAILAN
(matched 91, (WA, \amAive Framingham
Offspring /Omni study) :
(.) ESRD (Boston AG, Lathrop L.

Hyperhomocysteinemia in end - stage renal

disease : Prevalence , eticlogy, and potential
relationship to arteriosclerotic outcome .
Kidney Int 1997 Jul; 52(1):10-20) @
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WA A NEaiudn hyperhomocysteinemia lu
N1z ESRD (inannnisgayidaadinatnisalunisdu
Hey aannnatiagnnz radluanaainniag uremia sin
Hcy-metabolizing enzyme %QLLﬁfiﬂué’ﬂfm ESRD
arfin1719m Hey WA unanndng uddiesann
GFR 1avlmanann sadufilanmaniiaedandisi
WA Hey 4andnd 2-3 wi Wedaufuaulng
atinlsfmuilaqiiudedanisgayde normal renal
metabolism Fanuntsalamiudnalfifianing
hyperhomocysteinemia lufjilae ESRD WLFANAS
FAmreanatani Hey Lﬁu%uiugﬂqzj ESRD iasann
fin1sfindm Hoy anas TagAnAssdanfinann 3.5 Faluq
Wil 11 Falualu ESRD wudnIa4nTadwangun
Hey anasiaeas 70 Tu ESRD Dewddnlunms@nmuuy
in vitro axnU B wa R ifeadetuma e aduae
Hey Tulm wifgeifufnsuuidadumueade
Hey Tulmiluasinals

lun1az ESRD Wun erythrocyte membrane
ﬁmflummm'lunmﬂ?v"ﬂugﬂs’ﬁmmm finnfnay
2494 osmotic fragility?i membrane protein finn7anaq
124 CI7HCO, anion exchanger uax Na'/K* pump #
AEmLNG9I Na®, K*, 2 Clcotransporter il
saagadnwsuialnAly Tagwusaufiunisifiszsy
284 AdoHcy luadifadudszinm 7 wiespung
(gﬂﬁ' 2)
v. ﬁuﬁ'mmwauﬂ'lam%vaan'rw
hyperhomocysteinemia Imjﬂ'w ESRD®

NAN19E hyperhomocysteinemia l#annag
217 folate Uaz cobalamine laeaduNatIUNIIAIN
AnUnA98e methionine pathway (iieeandesiinis
14 methyltetra-hydrofolate usa i methy! group
usaen15ld cobalamine 1w cofactor lunszuaunis
remethylation 284 homocysteine BeNANEEINLITEA
984 Hey Qﬂué’ﬂfmﬁﬁm glomerular filtration rate A
e q Aalilinsiiazdu Hey eenfidndty Wasan

I )
TsAntie2iiasny homocysteine 455

wudnil Hey aanunlutlaanasdszunm 0.25 Tuinsiva
sataluawini Instlssunndanas 99 164 Hey azgn
AATNNALN N tubular cell  Taelnaraasiinauddty
Taenfuunasaansued Hey

Anne B. Guttonnsen uazamz® 18Anm
aauAtanfees Hey luftlas CRF Tngld Hey loading
test WudgasRiinnazlnaneiiA area under the
concentration-time curve (AUC) 43 LLﬂ:ﬁﬁﬁﬂ‘ﬁid%mm
Hey gandnluauiinditszunns 4 it n1sadanatasn
Hey teundinguaduaniasas 29.8 (31 NaaanssawT
vs. 104 faddassaui) Widaruuansieluudzes
bioavailability (0.6) WarUsnitunITnszanasia daulu
flaa folate uaz cobalamine HuiiA1N1594R Hoy ot
lunauailnd fadunsifinsfiadures Hey asunaz
Arannmniisugesnedu Hey AMNITAFNIGWAIAN
wafineiiwirfiraslnaaasidamainlinigedn Hey
anassog a1 liim hyperhomocysteinemia Fnau
uglae ESRD Tmemudniiniszda Hey il
IiteFataz 70 ﬁaﬁu’lm‘ffnLflwafimwﬁaﬁﬁwﬁ”ry'lumi
n14;A Hey

ftlae ESRD axfiAriugiuvesnisdy Hey
Tutlagnazwiiy 1.4 TulasTuasiadalug Gegeandnau
Und (0.25 lulastuasedalng iesandinisnses
(filtration) Unfiaed Hoy winiy 20 ulastuasedalin
wamsdnliieniasay 1 whﬁuﬁgn‘ﬁ’mmnmqﬁmqu
WuINT W folic acid uazlamiiu B lifinasiansean
194 Hey lugtlos ESRD

4.2.2 Kidney transplantation®

FLALTBINENANN Hoy Buiiigeiuseuutin
1931Aanae uld1u1edauazgniueanineniai
hemodialysis wifi linntin n1sineuaesinasiidou

e [ % t

d1ATysaszAUNITIRNTEY Hey Aadunisdgnangls
Aniasilirziiuaes Hey naungundld  usingu
Lnaswuduasainiinislgnanalagaiuisoansedy

fasting Hey adlilssnnnifesas 33 Hefitasgendn
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Tuandnfitlszun 2 Wi uasiinasdu Hey 4andruni
&8 methionine load ¢ #an1sRszALTE
WANANN Hey ﬁaﬂqqqmm:ﬁmma’é‘uimawudw:ﬁu
184 cyclosporin azlAuENNUTInaRTITUTE ALY
Hcy (gﬂﬁ 10)

RBC AdoHcy concentration, uM
i

4
2.
0 LR L2 LA U S N B [N B | T
5 10 15 20 25 30 35 40 45
Plasma Hcy concentration. pM
< o & ' o R
319 10. wamsAuduWUsITNINTEAY cyclosporin

waensulAsuilanes Hey ( AHey) &
correlation coefficient iy 0.29 (P < 0.05)
(Perna S, Imgrosso D, DE Sants NG,

Galletti P, Zoppia V. Mechanism of
erythroucyte accumulation of methylation
inhibitor S — adenosylhomocysteine in
uremia. Kidney Int 1995 Jan;47(1):247-53) %

\ o P ) ) . =
WudeAL83Fiu folic acid azlifiniaw/aen
[ o 9 o ] 43 o/
wasatsdnaulufihendalgndrela wanainiid

(T

o o ' o < o o
nudngiasinianisdgnanevialaliszAuees Hey i

a
14
= R

audFesaz 70 Wuiulneluawnsoeiueinaande
sziuredlomiuld Fufidadadnssdures Hoy figa
TuersazAm i eAdEuNaaIn immuno-
suppressants # Hcy Tneannznslasy cyclosporin
#71 prednisolone WAL azathioprine‘lﬂﬁu@ﬁ‘ﬁ'mﬁu&i@

FLAU Hey
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iaeannnwdn Hey {Tutladedevdasesianis
{fin atherosclerosis uazMsAnLAEIiINInignene
nflgrAnnsnfaasmsifia atherosclerosis §931a1Ail
douRaadaiusziuas Hey Al
unn3¥nn hyperhomocysteinemia 'Lué*?fﬂqn
dellmbuit W folic acid TAG WUINAHNTNARTE AL
Hey aaldl ustsziuaes Hey luilemdnlgndneladl
AnuAnseiunn Aedvhififeagidaiau
4.3 UNUINYBI homocysteine NulsAnzLF?”
4.3.1 methionine metabolism wag
carcinogenesis
WA g ad R I uan s il choline way
methionine 17 ATl uNzI3 93 W WA aaAuns W ans
sthionine Rl¢ifs methionine metabolism al¥EnNz
anad1ed ATP danalfiaaiin1sazanead adenosyl
ethionine 13w fasinsAailunzdannaudon
iy
T gaaNsFNLTINITIIATLIIUNNT methyla-
tion 184 deoxyribonucleic acid (DNA), ﬂn'mﬁu‘ﬁwnm
t-ribonucleic acid (+-RNA) methylase WALINAALIUNIT
methylation 189419 purine 11 t-RNA
Wuiinsuiueginlusedusdaziiauauns
aerobic glycolysis Faflunnsaing lactate nngiag
Tuanusi Reendauieas linulugadng wudnans
methionine mmmﬁu&q aerobic glycolysis 103 Ia8
3K KathunnsW methionine unnswnyiaearag
nzidEnmsosudinsduinreasadusials
4.3.2 Homocysteine thiolactone metabolism
LAY carcinogenesis
IaFRINA cystationine synthase aziinas
Waem Hey thiolactone liifluansisenay sulfate
Faaznanefludauiaing proteoglycan ANN1INAKDY
wziasaiiaif eRamisadiniiana cystathionine
synthase Wazil homocysteinuria wudnfinnsfiaauees

sulfated extracellular matrix WazERWUANIINTHUTR
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YDIUTARNYNA cystathionine synthase Haziidnuole
wilauiuwaduzis

Twrad Unfaziininidasu Hey thiolactone
1y cysteine waz homoserine 16 uiiluiraguzifa
nwuiinisilaau homocysteine thiolactone lilifluans
senay sulfate WATHNITAUNL protein NNTUANALE
(U7 4 uaz 17)

INN1IMAAEIAR Hey thiolactone 1 T lwies

13 )

LIUYNARBY WU RN TAeTaslieiEendion
4o e A4 eava o X,
Agnan siu le wareduazBuinliiAnnisfinide lutdes
wiaduazaeluiige 1leda Hey thilactone InAuile
-3 | d’l dll o dld a o dll
finudnfinnsmneeilaifietsnunlalaeasiiaiiie
ar <4 dl < [ . . al
Wale, waaidaw, vanalaanlui (angiogenesis), ns
o . - R alo X
dniavagsau e leiny usreraasiilnduaedu
Uszamiinirissyat wiaUnfraaadiomisdndon
d2un17l9a13R8 Hey thiolactone nLF1atuliamila
wliiAauns, nisdniay waznniuinfliadnfves
Fomialiiguiu G9 Hey thiolactone aaazifusianseeu
nn3a%13 keratin NAsLa3cyRRALNG n31fia fibrin thrombi
Tunassadesnuasiuansniansida (quUn 11)

faudid1asnud1sEAU Hey thiolactone tnau
luaduz3e uAd137 16an Hey thiolactone fiflviasia
q; o v a [~3 3 &’ ai o t/ 1 <
anlFinanzSaldunlunazansnauganimanzis
(3% 12)
5. N155N¥1A128 hyperhomocysteinemia

Alenanuniaifinauseswanann Hey duae
TuAugeeng wavaesluaineesgifiniag hyperhomo-
cysteinemia azilnnaznisaaliafudusaniuum
ANuREe N laiunaunuatisoinliseey
BINAIANT Hey nauNagIndA g 16l

5.1 Normal Renal Function

Tudtlaefiin1az Homozygous cystathionine

beta synthase (CPS) deficiency sinaxiiszsiu Hey 49

dd 4 o :
Tsafifsniiaenu homocysteine 457

N (100 - 400 IulasTuasiadns) vinisineningld
e msil methionine wazllamniin B6, lamiiiu
B12, folate, betaine Tuaunm supraphysiologic dose
Feasinlirzdusesnanam Hoy anas s PELT LR
artherothrombosis kazandAm luglosii L
finstin micronutrient anlHifle¥nu fasting
hyperhomocysteinemia #iagl 1114
n. Folic acid 11A 0.65-5.0 uNn.Aadu azanm fasting
Hey 16’1’%@‘114%‘7{3111’1'): hyperhomocysteinemia U14NaN
WAz normohomocysteinaemia 17‘;13Jﬁ renal insufficiency
wazldfinnsmnalomnfiu B12
2. Vitamin B12 (0.4 - 2.0 un. fiadw) 'Lﬂu;ﬁﬁmsmm
Vit B12 wasfisvsiuues fasting Hey g9
A. Vitamin B6 1117 20-250 un. fadu Wludifiszay
WA14N1 Hey gaantiaemaalifulseniu methionine
(post methionine loading, PML) Aol cardio-
vascular disease laganseiu Hey avldiszunn
faeiny 15-50
9. Vitamin B6 250 §n. siadu + Folic acid 5 un. fadu
‘:*mzmﬁlﬁ fasting %78 PML WL4181322ARLAUEIMAY
S liunu 6-12 ained
5.2 ESRD
iesannlaifinsAnmiidnguasuau (control
trial) Wgloel ESRD wsfiimamaaadlfun
f. Folic acid 5-10 un.Aadu uazlmfuld wudnam
vAl fasting Hey Ussuntu¥asas 30-50
9. Folic acid 16 §N.A95W aATLAL fasting Hey
sz Yesay 25-30
a. Lififeyaiieaty vitamin B12 uas B6 fusziu
fasting Hey
3. serine Wag betaine lufinasaszdiu fasting tHey
9. N-acetylcysteine (NAC) 1.2 nfNAaYU AATEAL non

fasting pre-hemodialysis Hey Ussnnousatiay 16
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1. AUUATAY hyperhomocysteinemia lAun aniiu
Cystathionine B - synthase deficiency

Folic acid deficiency

Vitamin B1 deficiency

Chronic renal failure
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Psoriasis
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. Vitamin B6
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A. Vitamin B12
4. Betaine
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N. protein
4. carbohydrate
A. magnesium amino acid
4. sulfur amino acid
A. phosphate amino acid
4. m’li‘mﬁiﬁ’aﬂh remethylation process lun17a§14 homocysteine A8
5Me -THF
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Vitamin B
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cystathione
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9. AdoHcy
A. Vitamin B6
{. Dimethyl glycine Betaine
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