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Homocysteine Metabolism
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Homocysteine, a sulfur amino acid, is an intermediate metabolite of methionine. In 1969, McCully reported au-
topsy evidence of extensive arterial thrombosis and atherosclerosis in children with elevated plasma homocysteine con-
centrations and homocystinuria. On the basis of this observation, he proposed that elevated plasma homocysteine
(hyperhomocysteinemia) can cause atherosclerotic vascular disease. Hyperhomocysteinemia is now well established as
an independent risk factor for atherosclerotic vascular disease. Mild hyperhomocysteinemia is quite prevalent in the
general population. It can be caused by genetic defects in the enzymes involved in homocysteine metabolism or nutrition-
al deficiencies in vitamin cofactors, certain medications or renal disease. An increase of 5 umol per liter in the plasma
homocysteine concentration raises the risk of coronary artery disease by as much as an increase of 20 mg per deciliter in
the cholesterol concentration. In this article, we review the biochemical, experimental and clinical studies on
hyperhomocysteinemia, with emphasis on the metabolism and pharmacokinetics of homocysteine.
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Fig. 1. Homocysteine Metabolism and the Enzymes and Vitamins Involved

N5 7 HAFIIAIT2EO R > -BHR, Tk
bEAFAFZ 27— (MS) KURY A -
REZATA D AFINEBEEFE (BHMT) I2XLD
frons. MSIZEX I B2 2HiltE L LT, 5-
AFI)VT b Tk FOERE (Methyl-THF) /nH AT
NWHEBREATA BT S, AFIVEMEGR
TdH 5 Methyl- THF I3 A F L > 5 b T & RO
RICEE#E (MTHFR) OfEH T 5,10- AFL > T b
St ROiERE (Methylene-THF) M5 ERKT 5. b
D1 DDAFIVILEEFE TH S BHMT |IXRY A1 > %
AFIWHMBEEGREL TAFF 2 2ERT S, —
F, A ATEBRETIE, PRAYFFZ -2
¥ —1t (CBS) ICLDKREIATA it > L
HGLTIAIFAZEBRL, DWTIRAYFF
Z>y-U7—F (CGL) XD MKpfREINT>
ATA 2 E2-FFVEIEIZ/R%. CBS, CGL i3 &
HIZEY I B6 iR L L TERT S, 5
DR TR I NBNKREL AT A O HHIIRADN S
MEHICBITT 5.

3. MBARESZATA >

MR TIE, FESATA > ELTHET 2EE
EHOTMNT, TNHERMOF A=)V EEROLE
W, BIZIESATA 2 NIBEEP AT 1 R
WMOZEBRLTHEET S (Fig.2). )8\ 78&
WAL TWARESATA 228 NIRRT
SATA Y, REZATA 2RO FTF A —
IMEEMEFREG L TVWBRESATA %Y 2N
FEFRABRELRATA WD, @, MmERT
ATA REE, YONTHEERREIATA &

FREERTEIATA D OEHEDTVRKREI X
TAELTHES NS, BEHFOMPERFES X
T A 2L 3-15 nmol/ml R TH 5. 19 F/-,
Ueland 512 & 28 B2 X D, FED
ZTA > ELTmERICEET 2EEITDTH 1%
BETHD, FONIHERMRESATA 20 70-
80%, FROMEZ I\ IEERKREI AT A EL
THEHETDZENRINTVDS, MEFREFTEI AT
A 2REMN 15 nmol/ml DL EZEHRES AT 1 I
JE MW, EEOEKBES AT ZIME Tid 100
nmol/ml LA Fi2725.

4. MBPBRAKRES AT M L REDREX

MEEREES AT > OFERIZFEIC HPLC IT X
DITHbNTWS. 9 ZHiX, ABD-F,SBD-F/2ED
FF — IV EITRIRICHE G 3 5 2OEHE B L A1 %
DTT, TBP, TCEP 72 E D Y Z )V 7 1 REEG DEIC
KIS NPAFE I NI EICED E2A0% 0. 4 H
TlE, GC-MS, LC-MS, EIA 72 EIC X 54 OHIE
FOWREEFEINTVS (Fig. 3).

EESIT, REFRMEEREEZNEEDEEL T
FAWT GC-MS-SIM IZ X D MMIEH DA FF = > K&
ORETATA 22RO RERT 5 HiE%E %
L3 hbt, filkEfNTW5 DL-[3,3,4,4-
Hyl AF A= (DL-[PH AFF=>) KU DL-
(3,3,3",3,4,4,4" 4 ?Hg] R E > A F > (DL-[*Hgl 7R
EIATF ) O—ERESITEHNEEDEE LT
MAEREBHCINA 72D 5, dithiothreitol 12k 0 ¥ 2 )L
74 MG EYE L, EMEMHLZ05, N(O,S)-
isobutoxycarbonyl ethyl ester i5& /A & L T GC-MS
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LTWBZ LA L. £k, IHNETIIEHE

Priciples for Determination of Total Homocysteine
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ERT D HEIL, GC ORFFFIC K2 nEi s EE
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PO ERZ EL, ULadFEMAEFHR>ETH
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%O TCEINHEZ HERICHIE CE 5FDOENNSD 5.
5. MPARESRXTA > REDLAER
MAERES AT RED EFITIX, M, S

BREDEMMERN, FEZAT1 o RFICHLERE
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i1 — b —BRGEDEERERORESATA
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A A IEBRIEDOEZETH 2 CBS DRIEIIFE
PAFURIEDORRK ER S TEEDOEREIATA
CIMEZBZS L, HFEMICOMEREZBET
%.D CBS RIEFEHRHZIZ AL 20 FAIC T A& fiiD
THTH5. —F, BEGRESATA VIMEDH
HD1D&ELTEZLNTWS DM MTHFR %
I—RI5BEBETOHEELE C6TTT TH 5.2
COEAEFEIZED MTHFR O 226 ZHO 7 2 J
MY T Z2ipENY I AZEHLES N, MTHFR (32
ANEEEBROIEEME T T 5 Z &Y in vitro B %R
ERWEEBRICEODHESMNIINTNS. 2D ZOE
.13 common mutation TH VD, HAEAAZZIE <
DANFEIZBWTTERY LIIVEEN033 THBZ
&, TTHOE b TIRENMNTHEXRTIERES X T
A RENEN ENAISNT NS, 2620 HEHRE
BEELRVNEEEE T TERY VIVEENRE
NT0.42, 0.45 SfRHEHRE SR THERICER
LTWBbZE, MEREIRATA VEED MRS
XTEEZ-RT I &G, MTHFR C677T £l
ENLERESATA VRED LA SLDMERED
BEMENIERHM SN TN 5. 20 bbb A A Bt %
FHIZ LTI 2098 TIE CC BID b b TR IR 2
BIZEHOLTHRESATA VBEIIKEZRL,
CTRITIRERBENMIVERES AT VBEMN
EWERICH 572, TTERTIIFRES AT ViEE
W E 2 R SIEADGEERD 5, FERRIEE & LN
KEZRTEMICH o=, TTRTH> ThHiMEd
RESATA VRBENEFHANICH DD HL N
ZEMS, EREZDESY I BRHEBRAEDER
BHERNOEELZITHWVWIEDEZLN, TDXD
BHEBHALND. W

Z DOfic & MTHFR A1298C £ %I MS A2756G
%7, CBS ins84bp ZAl/x & L EBEI AT 1 1
fiE & DRIHPEDFFE SN TN DA, EEMSHE N
2’703, 29-34)

6. KREZXTALCLDMEEZHF

BARESATA VMIEN E DK D /st TOmniE
RERERET DONCDNTIE, £EAHZENEL
WY, invitro R COWRICEDREI AT A1 ik
I8 P R MR P 2, of 5 V-3 R A 3 i, /AR
Ak, MmiABRREDERND S Z ENASN TN
5.3 FRbs, REVATA NI AT 14 R
EEZEERT 2B TE U @RI AKFEDCRA—/N—
FFRIPHIBENBIEA N L AE LU THNEM
fzEETLEEZILNTND, N5 DIEMNEE
FEIX, WD NO 2 ARG ML L TN B AE
K FS¥7/20, LDL #F{t LDLIZ& M85, £
7z, REZATA I 00 MkGEEFIF—F
TEMEZ TUE U Tl I i o 4y 4L - H5H % (e i
T2, B, FEVATA NIERE O HE
RN T EAELZD, B VRFEEELEL 2
DU CRETIEREZF ISR ZT—F, PO HRE
Dal > ORENE, Taor1 > CiEEoH
W, BT IR ) =TI FR—F—DT 3 F
3 N ADFEEIE 2 & OPTEEER 2K F X4,
MR ERLZ LG WIREZS[ SR I I & bRE
INTNW3D,

BRET AT A VIMAERE TN DR E S X
TAVRELEWI ENHRIND., EERERIED
FEITIEZ < DA FIVEEBIENEEG L T3
N, TOEFELENKREL AT > ORIBME TH
% SAM Z A FI)VEPEEHREL TS, ZTDORIRIE
DNA O A FIUEIZ K D ERTFHBIFAEH, RNA
%5 2N E OIS K D HERERITHE, AMIEETY I >
RIVLTYFOEK R ELILICIES. RET
ZTA4 NEELDT 14— RNy 7HREIZK D SAM
KRB AFIUERIRZIHIT D EEZ NS T En
5, RESATA ARBOBEEN A F LIS E
% DNA ORIBIFMEE /L E2N L TllufEEIC
RO 2 RN D 5.

RESATA OHBRILL TERTERESATA
CFFIT R COMEREEITD VTR
Jakubowski IZ X > THEHEI N TS 404 & 2 )N
BRI IR AFF = 2 -tRNA SRLDBEIZE S
THEKRTHHRES AT A > tRNA 253 f# T % iR
TREATA TF IV bNEKT S, 20
HONTBEDOY DR EET IVMEL Y VN
BEEMIEL ZENMERELFET 5 REED
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DEDESIZ, RESRATA > OMmMEREMRICIX
MIEN DR E S X T 1 A OMEAE T K 2 ML NER
BOEE S MEH A INZEREORES R
TA K DM S DBIR LN D 2 kDB X
511 TW5,

7. RERMEEZRA F4 =& 5HR

BRESATA RBORFE R R ZHIETE1 D0
FERELTAFAZ VAMBBRINITHODN TN
5.9 g, AFAZEKE kg %720 100
mg ZROWRAL, 2-4KEBOMERES X 71
CEEQ EAEZHMETSZHDOTHD. I OAMMAR
3ok CBS 7B 59 2 R 2T 5201
BAINZDHDT, 1A UEBRKICEENA SN
H56, COAFAZVAMICKDIMERES AT
1 UBENEATS, UL, HBAFIERERICE
HEWRALNLEGETHIMPERES A T1 VEEN L
B2 bHDTE9P, AMLEAFAZ M
SELERESATA ENREDREL AT A
SEDRPMTERNT EMS, RBEE DL 2
BETDHZEMTERVWENRZAEL TWS,

7 2B EDERKS D in vivo 12BNV B EH)
BT A2EMBTEELT, BERMAKNL —
B —iENH 5.4 ZOHIER, BREICERS
ERHWSZ LT, LMz RO & MR
MOFEHRAEZXNLTHET S ZENARETD

5. EFES, BEFRMAEERLIEATFT 228
532 ZEICE0REIRATA RHORE R Z
BET2HEEMETHZE2HIBEL T FICRT
MR =T 7.

e R EE S, A 7 = > 5 53 Bk O fENE % Fig.
AITRUTZ. AFFHZ 2D 340 KUS- AFILEIT
H/k#EZE AL~ [3,3,4,4,S-methyl [2H,] X F 4+ =
> (PHAAFAZY) 2#E5T 5L, KNTH A
FIALEINTI[3,3,44°HAFES AT A > ([PHyl
REZATA D) WEKRT S, ZNDPHAFIVES
Ns &, AFIVEIINEMEYE dk O IEEE A F )L
MBAINDZDTPHIAFAZDNERT S, —
H, Y EMET S E3,3,44H A FAZ
> (PHJ YA FAZY) BNEKRT S, PH AF
F=, PHIAF A= RUONRERES 2T
JiFENTNEEENSRKHIL THIETE %, [k
12, PHBRESZATA D ERNRBERESZATA >,
PHU S A FA D ENRES A TFF %K
MLUTHETE S, 20X ICE&REYZ2NRMEY
BEGHERTEDZENG, HAFIV, BAFIL
B OA F BRI 2 E EAYICFE S 5 Z S AVATRE
Th5.

7-1. RERMEEHREDOER £, &5H
DNEFRONTICNE S/ 5 SHERTY I JBOS
B & 1T > 72,59 Figure 5 I2IZ PH A F A 22 0 &
RikER L. ZOBMRTHROEER I &I, ER

Methyl-THF THF

S-CDs SH i : S—CHj
72 \ A 72 betaine DMG 72
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WTH2PH] AF A= OHFIZFEITH 5 [PHy] A
FAZCNBALRNWI &, §7/b5 PHy AFA
Z2m5 S-CHy A ZEEBMICHRS Z&ITH - 7.
WETHDFT NI DTL/ERT BT TREAF
IMELanWZ &, FRUTLAZRUTFULIIEAZSZ
WL o TERFETHAFIVEDNEI T T2 L2 R
HUZ BoNZDL-PHURESATA >FAT
ZF I PH] 3B AF IV EMAEAFILEL,
DL-[*H;] AFF =2 %1%/=. 'HNMR, "CNMR K&
N GC-MS 12X BHIET, DL-PH ] AFF =D
IZDL-PHA AFFZ 2 DRAL TWRWTZ &NV
WT&E. DWT, DL-PHJAFF =& N-T &
FILL 1%, 7o o= Tk RL, JthE
DEWVL-PHIAF A= 255ZEMTE. [H
MOFEEZHNT, L-PHIAFAZ>, L-PH] R
TIATAFFAT I N, DL-[BClIHREIAF
IR EMBEIERHAEGRL TV 5.

72 AFAZCOMmMBPEFE T EEHLR
E U TRERNAREER A F A = > #5535 D FL R
WMETSZ Y IRES AT A O BRI 2 %
HiB TRET 27-DICRRGEORENEETH
%, MEAFAZ D REEIZHSMFICETL, BRI
K15 LRI 22908 MEHRES AT A EE
BERFOBIUCEEINT, HNEHNEEALER
W MIERES AT VIREMNIIE - EITRZN
TNWBDIE, AFFZ2n6EKREINS SAM N7k
EATACORBEHIEL TWiZDEEZLN
TW3, Thbb, SAM T F 7B RREEEZ Ui
LTAFAZ 2 HEL, BAFIVERERZHET
5., DY, BEIESAMNEREICRD ALY
AR 2 TTHE L, HUERIFIE T A F L LR Y
JUEL TAF A 2RI 5. L2AD, BITETT

BN TN IEEHRAF 4= > Al B TIZRE kg
W=D 100mg B, RAICBITS1HSED
DAFF = HEE 13mg/kg’ Ll THRE
DERREERD2D, REFTOMPEPFAFA >
REZBEED OELBVWREICETERISI N
5, EHNAGTICBT 2 RBHERZFMT 252 &
IXREETH 2.

RAD 1 AKEREDORK 1/3 ThH5 5mg/kg D
PHIAFAZ>%Ty MCEIRNIEES L, s
ONEEAF A=, REZATA 2% PHAF
F=, PHIAFAZ, PHIREI AT A&
EBHIT GC-MS-SIM z W/ ZEHARS L TE
'L NRAEAFAZ O ROFESATA VIRE
WEPHAAF A Z 2GR &EIFEEAERIL LN
7, e, BE5EZDOPH] ATV RBEIZNK
HAFAZVRELFFIFRCTHo I ENS, T
DFH &R SITABMS AT VIREE T ORGEHERE
B TESEEA. BELEPHIAFAZ
335 O TIHAET S 2 &, £2PHIFRE
SATA ERITIEFICRETH B ENEH S NI
f2ofz. 6T, HELEAFAZ D EHAFIVE
THERTDZAFAZZKGLTHIETE, [*Hy]
AFFAZ NS PHIRESATA > ERHLT
PH A FF =2 ANOEBOFMATATEEIT IR S /2.

73. RECATACRBEEREEZORRE
RERMAERATF A= 2537252 EICKD kR
EIATA ARE B E R 2T T 2 HEEBET
H5ZEEHEELT, FREATA ACGHHEREICE
53585 I VEORZEARTHEYT % Z & TIERK
U7 A T IR R T v b RO F U R %
BEE Ty MIBT S PH] AFF 2> ol EhE
2% gt U7z, 59
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MS OHE L7520 155 %/, BHMT OEE TH
LRI CORBEMETY >, KU CBS OHfilE#HE
ThHH2EXYI VB MRZUIEETT v h&fFAE
Licklh, HERRZE, ¥EREa) > OmRZE
TERESATA VMEICR> A, 2 R2Z
B, EYICB6RZHEDIMERES AT A1 VEE
WRBEESIFERCEZ. IN5D0T Y MIZ
PH ] AFF =2 % 5mg/keg #RNEE G L, MiEd
DPH] AFF =2 KOREY D PHI KR ES A TA
DRUOPHIAFAZCOREZRE L. Z0OkK
B, PHIAFAZ > OMmEFREEZEIVWTNORD
BAERIMA Td % 120 min £ CTHHARE S A Z 2213
RBHENT, PHIAFAZCOWHEIZINSEDR
ZIEDEEBZIZEAERNI ENHLNITES
. R#TH2 PHIBFES ZTA 2 KU [PHy] A
FAZ 2 OMmBEFREIZESRZBHITHENA SN
(Figs. 6 and 7). %#iZ, %51 5Smin O RED
JHETHY, ERRZHETEPHIFEI AT >
BEO LR, 23U RZETIIPHIAFAZ
EOMKT, %EEE - U O RZHETIIPHIFES R
TAVRED LR EPHIAT A VREDOEKT,
E4 32 B6 RZBTIIPHIFES AT A iE
DEFRNAENTZ, ERRZHEEIESY I B6RZ

abc

BBV THREEBRDOPHIREI AT A VIRED
FENEHBETEHRINZN, EBERZETIE 120
min FCHAEREFZT2DICx L TEY I > B6
RZFETIE 60min DIED ERNA SN D T2,
DEoZEms, PHIATFFZ 5% 5min &
O 60 min @ PH, ) HRES ATA > KR [PH] AFF
Z2OMBERREEZNET S EICRORES AT
A > OACHFREE D FLH TR &2 H B T & 5 nlREMEAVR
Bz

MS KU BHMT idW TN BHHRES AT A 2D A
FILEEZETH DM, Tv MW TMSIZ2eHy
DIFRIT A L TWB DI LT, BHMT IZHFIC
REAL TWD ZERMSENTNDS, 857 UL,
invivo TBWTHBEENEDL D REZEZ2#H 5T
WD MMIARHZ RN LW, EREICREHE U 72 [PHy] A
FAZ U ERBICBWT, ERRZ BT MmED
PHARESATA VEENERLEZICHHKRDST
PHU A TFF 2V REIIEEEEZNRN>7ZDIC
HLUT, U REZETIEMER PHIAF A=
BEMETLZZENS, MS XU BHMT OF 5
B L TFig8 ICmRT LI RRiZ2IER L=, T/
HE, MSICXK OIS NTA R L 72 PHy A F A
ZERMRENTS 2N X3 SAM O ERRICHWN S

abc abe

abc

7

control
folate deficient
~ choline deficient
£ E folate+choline deficient
= B vitamin B, deficient
£ 9.
[} . abc abc
£
)
v -
g 15
S
(e}
L
<t
T 14
IR
0.5
0 :

Fig. 6.
body weight) to Vitamin-deficient Rats

30

Time (min)

Plasma Concentrations of Total [2H,] homocysteine after a Bolas Intravenous Administration of [2H,] methionine (5 mg/kg

Each value represents the mean+S.D. (n=6) . a: p<<0.05 compared with control group, b: p<<0.05 compared with folate deficient group, c: p<<0.05 compared

with vitamin B6 deficient group.
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Fig. 7. Plasma Concentration of [2H,]methionine after a Bolas Intravenous Administration of [2H,]methionine (5 mg/kg body

weight) to Vitamin-deficient Rats

Each value represents the mean+S.D. (n=6). a: p<<0.05 compared with control group, b: p<{0.05 compared with folate deficient group.
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Fig. 8. Contribution to Plasma Levels of [2H,]homocysteine and [2H,] methionine by 5-Methyl-THF and Betaine

N5OT, MEFITIXFEEAEBITLRN, EEA
ETIEMSITEARISNHEEINS DO TUHEL &
Nieh-o 2B O PHI RES AT >IN
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Fig. 9. Plasma Concentration versus Time Profiles for [2H,]
homocysteine and [?H,]methionine after a Bolus In-
travenous Administration of [2H,]homocysteine (30 umol/
kg body weight) to Uninephrectomized and Control Rats
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Fig. 10. Comparison of Plasma Total Homocysteine Concen-
tration among Clinical Types of Hyperuricemia
OP: overproduction type. UE: underexcretory. Mix: the combined type.
*p<0.05.
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