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Hyperhomocysteinemia in CAPD patients : peritoneal transport of total homocysteine at peritoneal
equilibration test and daily elimination of total homocysteine

Satoru HIROSE, Rika KONO, Tetsuya MITARALI,
Kazuo ISODA, Songsu KIM*, and Hiromi SHIMOY AMA

Fourth Department of Internal Medicine, Saitama Medical Center, *Yuai Clinic, Saitama, Japan

Peritoneal equilibration tests (PET) were performed in patients on continuous ambulatory and
automated peritoneal dialysis (CAPD, APD) to evaluate the peritoneal transport capabilities for total
homocysteine (tHcy) and other amino acids. Forty-five patients (24 males, 21 females, 50.6+12.8 years
old) maintained on PD for 43.4+30.3 months participated in the study.

PET revealed a markedly lower dialysate to plasma (D/P) ratio of tHcy at 4 hours (0.148+0.047)
than those of other amino acids. A significant positive correlation between the D/P ratio of tHcy and the
D/P ratio of creatinine was found, as well as between the D/P ratio of tHcy and the D/P ratio of albumin.
The most significant positive correlation was found between dialysate and plasma levels of tHcy at 4 hours.
There was no difference in the D/P ratio of tHcy between patients with D/P ratios of creatinine higher
than the sample median of 0.68 and with D/P ratios of creatinine below 0.68, while the D/P ratios of other
amino acids except threonine in the former patients tended to be higher than those of the latter patients.
The D/P ratio of tHcy in patients with serum levels of albumin higher than 4.0 g/d/ was significantly
higher than that in patients with a ratio less than the sample median of 3.9 g/d/, whereas there were no
significant differences in the D/P ratios of other amino acids. These observations suggest that the dialysate
level of tHcy is primarily affected by the plasma level of tHcy, and that protein-bound Hcy mainly
regulates the D/P ratio of tHcy.

Daily peritoneal elimination of tHcy in 20 PD patients was 40.64+28.4 micromol. A significant
positive correlation between the elimination of tHcy and plasma level of tHcy was also found. Daily
elimination of tHcy in 7 patients with APD tended to be lower than that in 13 patients with CAPD. These
findngs indicate that the daily peritoneal elimination of tHcy does not compensate for the daily amount
of tHcy metabolized in normal kidney, and that other therapies, such as folic acid administration, are
required to improve hyperhomocysteinemia in patients on PD.
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Table 1. Characteristics of 45 peritoneal dialysis patients

Mean®*SD  Median
Age (year) 50.6*+12.8 50.3
Sex (male/female) 24/21

Duration of peritoneal dialysis(months) 43.4+30.3 41.7

Etiology of chronic renal failure

Chronic glomerulonephritis 26
Diabetic nephropathy 5
Nephrosclerosis 3
Others 5
Unknown 6

35.9+36.6 24.0
6.5+0.7 6.5
3.9%£0.4 3.9
59.2x11.6 57.0
[1.2£3.5 10.8

Plasma total homocysteine (uzmol//)
Serum total protein(mg/d/)

Serum albumin(mg/d/)

Blood urea nitrogen(mg/d!/)

Serum creatinine (mg/d/)

Data are expressed as mean = SD.
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Table 2. Dialysate to plasma ratio of total

& IR B

D/P tHey and D/P creatinine D/P tHcy and D/P albumin

homocysteine, amino acids, creatinine and 0.02
albumin at 4 hours in peritoneal equilibra-
tion test
*
Mean = SD Median .
homocysteine 0.148£0.047 0.149 é E G
tryptophan 0.629+0.493 0.438 3 2 0014
= ] N
aspartic acid 0.413£0.169 0.439 - &
. = a
threonine 0.641+0.696 0.528 =
serine 0.526%0.112 0.521 04
asparagine 0.585+0. 157 0.545 ‘ . “:6‘259 . “=(;‘§60
. X + 0.34 r=0. r=0.
glutamic acid 0.222£0.091 0.218 p<0.001 p<0.001
glutamine 0.588+£0.127 0.569 02 . . 0.00 T T
proline 0.562+0.126 0.573 0 01 0.2 0.3 0 0.1 02 0.3
glycine 0.618+0.125 0.619 D/P tHey D/P tHey
alanine 0.571+0.137 0.569 Fig. 1. Relationship between D/P total homocysteine and D/P
valine 0.516+0.117 0.502 creatinine, D/P albumin
cysteine 0.750+0.240 0.726 D/P : dialysate to plasma ratio at 4 hours in peritoneal equilibration
methionine 0.529+0.136 0.540 test, tHey : total homocysteine
isoleucine 0.504£0.128 0.501
leucine 0.481£0.116 0.488
tyrosine 0.521+0.124 0.514 Dialysate tHey and plasma tHey Dialysate tHcy and D/P tHey
phenylalanine 0.481£0.120 0.463 250 0.30
histidine 0.496£0.124 0.477
arginine 0.569+£0.153 0.557 1 e
2004 . 0254 °,
lysine 0.475+0.122 0.460 5
£ - .
creatinine 0.700%0. 155 0.677 g 0204 , .
albumin 0.008+0.003 0.007 g 10 Y ot
] T 015 fee
Data are expressed as mean=*SD. - & P . .
2 100- a ¥
5 0.104 ¢
% n=45 o n=45
P Fig.2. Relationship between dialysate total = 504 r=0.960 L r=0.283
homocysteine and plasma total homocys- p<0.001 0.0543 NS
teine, D/P total homocysteine
D/P : dialysate to plasma ratio at 4 hours in per- 0 L e T 0.00 c o e o e 4
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

itoneal equilibration test, tHcy : total homocysteine
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Table 3.

amino acids, creatinine, albumin between group

Comparison of dialysate total homocysteine,

high D/P creatinine and group low D/P creatinine

Group highD/P Cr Group lowD/P Cr

D/P Crz0.68 D/P Cr<0.68 p value
n=22 n=23

homocysteine (umol//) ~ 5.4%5.1 5.4%6.6 NS
tryptophan 8.5%x12.2 7.3£10.7 NS
aspartic acid 0.6x1.4 0.4%1.1 NS
threonine 87.8+30.7 101.5x152.1 NS
serine 73.0%£21.9 58.1%20.4 0.023
asparagine 47.9+14.8 43.0x11.0 NS
glutamic acid 13.0%7.1 I1.8+5.7 NS
glutamine 424.7%£83.2 357.9£88.2 0.012
proline 183.2%£55.2 150.4+66.2 NS
glycine 255.3+122.0 215.7%£74.3 NS
alanine 321.1%+80.0 239.9+63.6 0.001
valine 98.5+27.9 84.4+23.8 NS
cysteine 45.4+16.1 43.7*14.9 NS
methionine 15.3%+4.3 12.4%£3.3 0.018
isoleucine 35.8+9.8 28.9%+8.8 0.017
leucine 52.0%£15.3 43.0%11.3 0.031
tyrosine 29.9%10.4 23.7%8.3 0.036
phenylalanine 38.5%8.1 31.0%£9.0 0.006
histidine 49.3*+13.9 42.4+9.9 NS
arginine 73.4%+19.4 54.1x16.4 0.001
lysine 100.6+30.3 83.6%£19.5 0.032
creatinine (mg/d/) 7.7£2.2 7.5%2.5 NS
albumin(mg//) 334.5+93.9 255.8+63.5 0.002

D/P : dialysate to plasma ratio at 4 hours in peritoneal equili-
bration test, Cr : creatinine. Data are expressed as mean = SD.
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sAlb) ¥ 40 ¢g/dl LI EDOE 7 V7 2 »#E(group high sAlb)
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59.0+8.8 mg/dl, 12.4+3.4mg/dl, 43+02g/dl T, I
VT FIVEBELMET VTS VEBECEEEERD
7zo Table 412783 & 51248 Hey D/P b HoMET v 7
SUBTHERECE o, FOMO7 S /# D/P HIZH
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67.0+37.4 » H, MK Hey #2513 31.7+13.8 gmol//, [l
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Table 4.
D/P amino acids between group low sAlb and group
high sAlb

Comparison of D/P total homocysteine and

Table 5. Daily peritoneal elimination of total homocysteine

Mean*+SD  Median

plasma total homocysteine level 33.8x21.1 28.9

Group low sAlb Group high sAlb (umol/ 1)
sAIb=3.9 sAlb>4.0 p value serum albumin level (g/d/) 3.7%+0.4 3.6
n=23 n=22 serum creatinine level (mg/d/) I1.6x4.1 1.3
homocysteine 0.163£0.045 0.132£0.045 0.028 dialysate total homocysteine level 4.9£3.1 3.9
tryptophan 0.677+0.611 0.640+0.47] NS (umol/1)
aspartic acid 0.342+0.183 0.499+0.161 NS dialysate albumin IeveI(mg/Z) 466.4%315.4 345.0
threonine 0.764+0.962 0.513+0.103 NS dialysate creatinine level (mg/d/) 7.1%2.4 6.8
serine 0.549+0.501 0.501£0.088 NS dialy effluent volume (ml/day) 8,486+2,548 8,540
asparagine 0.606%0.177 0.563%0.134 NS dialy elimination of total homocysteine ~ 40.6+28.4  27.5
glutamic acid ~ 0.215+0.080 0.228+0.104 NS (wmol/day)
glutamine 0.615+0.138 0.559+0.111 NS dialy elimination of albumin(mg/day) 3,411 £1262 3,253
proline 0.584+0.135 0.539+0.114 NS dialy elimination of creatinine (mg/day) 610£280 568
glycine 0.639+0.137 0.597+0. 111 NS Data are expressed as mean = SD.
alanine 0.603£0. 151 0.535%0.115 NS
valine 0.534£0.130 0.498£0.102 NS ®oL7h . Hey » . S LT
A . N -
cysteine 0.761%£0.276  0.739£0.202 NS 7§ H & L Jc homocystine % Hey & cysteine #3iii &
methionine 0.552+0. 139 0.505+0.13] NS cysteine-homocysteine mixed disulfide & LT, —3H% Hey
isoleucine 0.522+0.142 0.485+0.112 NS ELTHEHRET b, Hey O 3 T 213 13521 T H % 73,
leucine 0.496%0.122  0.466%0.110 NS homocystine (& 268.40, MDS i3 254.37 129 %, Zh 5D
tyrosine 0.535%0.137 0.506%0.109 NS "
Hix— N7 2 ORI 2 BT , ¥ Hcy D/P
phenylalanine 0.496%0.129 0.464=%0.111 NS ﬁ‘jﬁi g MO 2METHY, # Hey D/
histidine 0.523%0.140  0.469%0.10] NS HAMECEANLEN EHZ SN D, &z, Hey IZEAR
arginine 0.570%0.149 0.568+0. 159 NS BEOFHOT I VB THL I EBHSNT W DY,
lysine 0.505%0.137 0.444%0.096 NS Vychytil 521348 Hey % HEHER & B HFHE SN0 T D/P

D/P : dialysate to plasma ratio at 4 hours in peritoneal equili-
bration test. Data are expressed as mean=*=SD.
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Elimination of tHey and plasma tHcy

5

fth S #4 783

Elimination of tHcy and D/P tHey

120.0 0.30
L)
_100.0+ 0.254 °
5
T 8001 0204 . .
c B .
3 2 o
E 600 =015 ¢ °
z S oo
z s :
g 40.04 0.109 =
E] n=20 ) n=20
~ 20.04 . 1=0.733 0 05_1 r=0.318 Fig.3. Relationship between daily elimination of
% p<0.001 * NS total homocysteine and plasma total homocys-
0.0 0.00 teine, D/P total homocysteine
0 T T . T T
0 50 100 150 0 50 100 150 D/P : dialysate to plasma ratio at 4 hours in per-

Elimination of tHcy (micromol/day)

Daily elimination of tHey

0.25

Elimination of tHey (micromol/day) itoneal equilibration test, tHcy @ total homocysteine

D/P tHcy at 24 hours

80.0

T
p<0.001
70.0+
0.20+
60.0
=
g 200 0.15+
= i
g 40.0+ Fig.4. Daily peritoneal elimination of total
g 30.04 0.10+ homocysteine and dialysate to plasma ratio of
~ total homocysteine at 24 hours in patients
20.04 0.054 with continuous ambulatory peritoneal dialysis
10.04 and automated peritoneal dialysis
D/P : dialysate to plasma ratio at 24 hours,
0.0 0.00 . : . . .
CAPD APD CAPD APD CAPD : continuous arT1buIatory- per.ltoneal dialysis,
n=13 n=7 n=13 n=7 APD : automated peritoneal dialysis
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Hey o | HEREE L 4 REfE H D/P H & 1 3MHEI € 37 M AR
EECIEMHBA L 72 2 e o, MEBEREN—FANC | HERERE
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RE—HL T, BEEFHEHEIC S T %48 Hey O 41
ME D/P o | HEERZHE T 2 2 L ITWEE L FH 2
5 M7z, Vychytil 5 @ FE ¥ 1 #8 Hey 32 B 13 7.59+3.94
umol/l T, SEIOFHERIVETEHOEE L Z> T 5,
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BF BT 5 Hey IMFEDRREIC L, MENToLR
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serine & #f5 & L C cystathionine 12 & % & 11 2 $& & &,
homocysteine methyltransferase 12 X U X F &3 T
methionine |2 & 2 AR #FE5 2, wiha» b L I3MW
HOREEIC X V& Hey MUEVSAEL 5, bitbLiZZEN
HaRWMRE L MBEERT S/ BIRE & methionine £ fif
RER DN &, BHTEE T A F VARG O EE DL
T2 EHELTWDY, IEFETIE, SMEEPREIEE
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IR TZR(67T H/E OHEEN C o TICER) % T L
TeEREDPRD oL, Lrl, ZOEHERITINSDE
FHICRHERbDOTE L, BROKLWEHICH & Hey MUE
BELET 22 L5, & Hey MED KK TIE 7z < TR
FLLTHBIRETH S, —J, EFBFRERMED X
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@ D/P ki3 0.148+£0.047 T, fid7 2 /RO D/P LD
FHLETL T,

2) #3 homocysteine @ 4 ffiH D/P thix, 7v 75 =
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homocysteine 2 & IEAHEI L 72,
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Hig 3 % &, threonine #fx < 3 _XTD7 2 /[ D/P thik
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B

(ER (R 785

7) ¥ Hcy @ 1 HErEARIZMAHA Hey 275 L IEMEIL 72,

8) APD 2B J 2# Hey O | HER % & 13 CAPD
BHE L VEOER 2R L7,

9) APDEHZHICBIT 2 HeyD | H¥¥D/PH I
CAPD B#EH L DEL &> T2,

KEXOBE L, 5 42 [/l H AR BT 27 e (Bis) TRk L
720

Xk

1. Mudd SH, Finkelstein JD, Irrevere F, Laster L. Homocys-
tinuria, an enzymatic defect. Science 1964 ; 143 : 1443-5.

2. Mudd SH, Levy HL, Skovby F. Disorders of transsulfura-
tion. In : Scriver C, Beaudet AL, Sly WS, Valle D (eds) The
metabolic basis of inherited disease. 6th ed. Vol. 1. New
York : McGraw-Hill, 1989 ; 693-734.

3. Clarke R, Dary L, Robinson K, Naughten E, Cahalane S,
Fowler B, Graham 1. Hyperhomocysteinemia . An indepen-
dent risk factor for vascular disease. N Engl J Med 1991 ;
324 : 1149-55.

4. Wilcken DEL, Gupta VJ. Sulphur containing amino acids
in chronic renal failure with particular reference to
homocysteine and cysteine-homocysteine mixed disulphide.
Eur J Clin Invest 1979 ; 9 : 301-7.

5. BEWE TR, < Bk MITURE, BEHAIME D EATEAE
B 1F % & homocysteine IfILiE O MR —FE i BEEL & DB
HIZDOWT—, BEHTERE 1996 ;29 1 195-204,

6. Twardowski ZJ, Nolph KD, Kanna R, Prowant B, Ryan L,
Moore H, Nielsen M. Peritoneal equilibration test. Perit
Dial Bull 1987 ; 7 : 138-47.

7. IOREsA, fEE BR KIS, FRE R KRR, W
WHET, SES, AEHE, REMN. Sk s o
<~ N7 7 74— & A Il # homocysteine B X O &
cystein WIEE DBHFE. EGR/INRRI 1989 5 37 1 109-13,

8) Suliman ME, Anderstam B, Lindholm B, Bergstrom J.
Total, free, and protein-bound sulphur amino acids in
uraemic patients. Nephrol Dial Transplant 1997 ; 12 :
2332-8.

9. Vychytil A, Fodinger M, Papagiannopoulos M, Wolfl G,
Horl WH, Sunder-Plassmann G. Peritoneal elimination of
homocysteine moieties in continuous ambulatory peritoneal
dialysis patients. Kidney Int 1999 ; 55 : 2054-61.

10, Hultberg B, Andersson A, Sterner G. Plasma homocysteine
in renal failure. Clin Nephrol 1993 ; 40 : 230-5.

11, Kang SS, Wong PW, Bidani A, Milanez S. Plasma protein-
bound homocyst(e)ine in patients requiring chronic
haemodialysis. Clin Sci 1983 ; 65 : 335-6.

12, Selhub J, Miller JW. The pathogenesis of homocys-
teinemia : interruption of the cocodinate regulation by S-
adenosylmethionine of the remethylation and transsulfura-
tion of homocysteine. Am J Clin Nutr 1992 ; 55 : 131-8.



786

13,

15.

16,

18.

EE 1B, & Bk MHEBE, WETR, #FREt,
TEHEFRE. EATEE 12 B 1T % 5 homocysteine [(IE O 5T
—methionine B sAEE—. FHTEEE 1997 ; 30 2 967-73.
Fodinger M, Mannhalter C, Wolfl G, Pabinger I, Muller E,
Schmid R, Horl WH, Sunder-Plassmann G. Mutation (677
C to T) in the methylenetetrahydrofolate reductase gene
aggravates hyperhomocysteinemia in hemodialysis patients.
Kidney Int 1997 ; 52 : 517-23.

Vychytil A, Fodinger M, Wolfl G, Enzenberger B, Auinger
M, Prischl F, Buxbaum M, Wiesholzer M, Mannhalter C,
Horl WH, Sunder-Plassmann G. Major determinants of
hyperhomocysteinemia in peritoneal dialysis patients. Kid-
ney Int 1998 ; 53 1 1775-82.

Bostom AG, Lathrop L. Hyperhomocysteinemia in end-
stage renal disease . Prevalence, etiology, and potential
relationship to arteriosclerotic outcomes. Kidney Int 1997 ;
52 1 10-20.

. Mudd SH, Poole JR. Labile methyl balances for normal

humans on various dietary regimens. Metabolism 1975 ;
24 1 721-35.

Kaniowska E, Chwatko G, Glowacki R, Kubalczyk P, Bald
E. Urinary excretion measurement of cysteine and homocys-

20.

21,

22,

23,

homocysteine & JEIE - ERER

teine in the form of their S-pyridinium derivatives by high-
performance liquid chromatography with ultraviolet detec-
tion. J Chromatogr A 1998 ; 798 (1-2) : 27-35.

Wilcken DEL, Dudman NPB, Tyrrell PA, Robertson MR.
Folic acid lowers elevated plasma homocysteine in chronic
renal insufficiency : Possible implication for prevention of
vascular disease. Metabolism 1988 ; 37 : 697-701.
Arnadottir M, Brattsrom L, Simonsen H, Thysell H, Hult-
berg B, Andersson A, Nilsson-Ehle P. The effect of high
dose pyridoxine and folic acid supplementation on serum
lipid and plasma homocysteine concentrations in dialysis
patients. Clin Nephrol 1993 ; 40 : 236-40.

Bostom AG, Shemin D, Lapane KL, Hume AL, Yoburn D,
Nadeau MR, Bendich A, Selhub J, Rosenberg IH. High dose
B-vitamin treatment of hyperhomocysteinemia in dialysis
patients. Kidney Int 1996 ; 49 : 147-52.

B FE, & B, MHEREE, REfTR, BN E, |
FE—, REHER, EFRTH, BEMHE CAPD &3
07 homocysteine I 12 34 3 2 HEREHL 5 O B aT— R AT
NEWTEAN DR —. HEXEE 1998 5 40 : 8-16,

Ross R. Atherosclerosis—an inflammatory disease. N Engl
J Med 1999 ; 340(2) : 115-126.



