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Abstract: Cardiovascular disease has been the leading cause of death among patients with
chronic renal failure. Many reports have been described that homocysteine is one of the independent
risk factor to the occulsive vascular disease. In this study, HPLC/FLD (high performance liquid
chromatography-fluorescence detector) technique was used to measure homocysteine level in
patients with chronic renal failure and normal control group. The detection limit and recovery of
total plasma homocysteine using HPLC/FLD were 98.6-5.8% and 0.2 nmol/ml, respectively.
The linearity of this method was established in concentration range of 2~50 nmol/ml (correlation
coefficient=0.9997). The concentrations of total plasma homocysteine were 6.81+1.54 nmol/ml and
27.28 +14.94 nmol/ml in normal control (n=20) and patient group (n=90), respectively (p<0.05).
In this study, the HPLC/FLD method showed high sensitivity and reproducibility for a routine
clinical laboratory testing. Moreover determination of homocysteine level in plasma might be
useful for a biochemical marker for predicting the cardiovascular diseases and for monitoring of
therapeutic effect of lowering homocysteine in patients with chronic renal failure.
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Clinically, elevated homocysteine levels are
INTRODUCTION significant because they may indicate cobalamin,
pyridoxine, or folate deficiency. More im-

Homocysteine is a thiol-containing amino portantly, elevated homocysteine levels can be

+acid ‘metabolized by remethylation to methion-
ine or by transsulfuration to cysteine (Fig. 1).
Elevated homocysteine levels may occur as a
result of inherited disorders that alter enzyme
activity in the transsulfuration and remethy-
lation pathways. Alternatively, nutritional de-
ficiencies of cobalamin (vitamin By,;), folate,
or pyridoxine (vitamin Beg), can result in
blockade of homocysteine metabolic pathways”.
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an independent risk factor for thrombosis and
occulsive vascular disease*'”. It is known that
the elevated homocysteine level is related to
the function of the kidney in mainftaining the
overall sulphur economy, and supporis the
view that the principal sulphur-containing am-
ino acids, except methionine, accumulate be-
cause of reduced renal excretion®. Homo-
cysteine in high concentration produces en-
dothelial cell injury and enhances detachment
of endothelial cells from their substrates, the
changes that in vivo often lead to arterioscle-



rosis”. During the past several years, evidences
have been accumulating that cardiovascular
disease is the major cause of death among pa-
tients undergoing chronic hemodialysis thera-
py**'*®. Between 40% and 60% of all such
deaths have been from cardiovascular causes,
and by far the leading contributor has been
heart disease'®. Patients undergoing chronic
hemodialysis therapy are subject to a number
of well known cardiovascular risk factors such
as hypertension, hyperuricemia and glucose in-
tolerance>™. The possibility of homocysteinemia
might be an additional risk factor for vascular
disease in chronic renal insufficiency has been
supported by a number of recent studies™.

A variety of methods including ion-exchange
chromatography®, radioenzymatic assays'”, gas
chromatography-mass spectrometry (GC-MS)™,
HPLC/FLD (high performance liquid chro-
matography-fluorescence detector)” and a fully
automated method using fluorescein® has been
described to quantitate sulphur containing amino
acid levels. Among several detection methods,
in the present study, HPLC/FLD technique
was used for the determination of plasma
homocyteine level and elevated for the routine

clinical laboratory test.

MATERIALS AND METHODS
Subjects

The subjects were 90 patients diagnosed
with chronic renal failure from S-private hos-
pital. Distribution of their age was 22~82
years old No patients have received folic acid
supplements before entering the study. Control
subjects (n=20) were normal healthy volunteer
whose serum creatinine level was below 1.4
mg/dL.

Reagents

SBD-F (Ammonium-7-fluorobenzo-2-oxa-1,
3-diazole-4-sulphonate) was purchased from
Wako (Kyoto, Japan). Homocysteine, tri-n-bu-
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tylphosphine (TBP) and dimethylformamide
(DMF) were purchased from Sigma (St. Louis,
MO, US.A). All other chemicals were of
analytical reagent grade. A C-18 reverse-phase
column (15 cm X 46 mm LD 5 um) with
fluorescence detector (exitation at 385 nm and
emission at 515 nm) was used for HPLC sys-
tem. Acetate buffer (pH 4.0, MeOH 2%) was
used as mobile phase and buffer solution was
filtered through 0.45 pm membrane and de-
gassed just prior to use. The flow-rate of the
eluent was 1.0 ml/min.

Sample preparation

Venous blood samples from patients and
control subjects were collected into tubes con-
taining EDTA (disodium salt) after fasting for
overnight. The plasma was rapidly separated
and stored at -20°C. Total homocysteine was
measured using HPLC/FLD technique des-
cribed by Vester and Rasmussen (1991)* and
Ubbink et al (1991)*?, For the determination
of total homocysteine, 0.24 ml of plasma was
treated with 30 ul of 10% (v/v) tri-n-bu-
tylphosphine (TBP)
(DMF) to reduce thiols and to decouple pro-
tein-bounded thiols. The samples were in-
cubated at 4°C for 30 min and 300 pl of 0.6
M HCIO, containing 1 mM EDTA was added
to precipitate proteins and then centrifuged at
3,000 xg for 10 min. A fifty microliter of the
clear supernatant was mixed with 10 ul of
NaOH (1.55 M), 125 ul of potassium tetra-
borate (0.125 M) pH 9.6 containing EDTA 4
mM and 50 pl of SBD-F (1.0 mg/ml) of po-
tassium tetraborate. The mixture was incubated
in a shaking waterbath for 60 min at 60°C. Aft-
er terminating the reaction, the solution was

in dimethylformamide

cooled in crushed ice. The reaction mixture
was filtered through a 045 pm filter. An ali-
quots of 25 pl was injected into the HPLC
1090 series II (Hewlett-Packard, San Fernando,
CA, USA).
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Calibration & Statics

The calibration curve was obtained by ad-
ding five different concentrations of homo-
cysteine (3, 6, 10, 20, 40, 80 nmol/ml) to a
plasma pool. The plasma pool was used in
each run. Results are given as the mean and
standard deviation. All data analysis was done
by using Microsoft Excel program. The pro-
bability (p) values are two-tailed and were con-
sidered significant when <0.05.

RESULTS

In the present experiments, total plasma
homocysteine level was determined by using
HPLC/FLD technique both in patients with
chronic renal failure and normal control sub-
jects to investigate the association with car-
diovascular disease. The recovery of this
method was 98.6+5.8% and its detection lim-
it was 0.2 nmol/ml. The detector response in
concentration range of 2~50 nmol/ml was
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Fig. 1. Homocysteine metabolic pathways. Reaction 1 is catalyzed by choline oxidase; reaction 2, betaine-
homocysteine methyltransferase; reaction 3, 5-methyltetrahydrofolate-homocysteine methyltransferase; reaction 4,
phosphatidylethanolamine methyl transferase; reaction 6, glycine methyltransferase; reaction 7, cystathionine B
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Table 1. Concentration of total homocysteine in
plasma from patients with chronic renal failure
and control subjects.

(nmo¥/mL)
Total homocysteine P value
(Mean £ SD)
Control subjects 6.81+1.54
(n=20) < 0.05
Patients 27.28+14.94
(n=90)

* SD: standard deviation.

linear (correlation coefficient = 0.9997). Plas-
ma concentration of total homocysteine in
both control subjects and patients were sum-
marized in Table 1. The level of total homo-
cysteine in control (n=20) and patients (n=90)
were 6.81+1.54 nmol/ml and 27.28+14.94
nmol/ml, respectively. A significant difference
was shown in the concentrations of homo-
cysteine between patients and control subjects
(p<0.05) (Table 1). Fig. 2 shows the HPLC
chromatograms of SBD-F derivatized thiols in
plasma. Homocysteine level in Figure (A) and
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Fig. 2. HPLC chromatograms of SBD-F derivatized thiols in plasma. Homocysteine level in Figure (A) and
(B) were 5.31 nmol/ml and 37.45 nmol/ml, respectively. Peak: 1=cysteine, 2=homocysteine, 3=cysteinylglycine,
4=glutathione. Eleuent: 0.1 M acetate buffer (pH 4.0) + MeOH 2%, FLD: excitation 385, emission 515 nm,

Detection limit: 0.2 nmol/ml.

(B) were 5.31 nmol/ml and 37.45 nmol/ml,
respectively.

DISCUSSION

Homocysteinemia is known to be associated
with precocious vascular disease®. The study
by Kang et al (1979) was the first to de-
monstrate differences in basal levels of homo-
cysteine in patients with cardiovascular disease
when cases were diagnosed on the basis of
coronary angiograpy"
morbidity and early mortality among these pa-

. The major cause of

tients, irrespective of the simultaneous oc-
currence of hyper- or hypomethioninemia, is
the development of thrombosis and throm-
boembolism with resultant strokes, coronary
occlusions, and other complications'”. Patho-
logical changes similar to those observed in ar-
teriosclerosis have been described in homo-
cystinuric patients and the accumulation of
homocysteine and its derivatives in tissue
fluids appears to be the primary factor as-
sociated with pathological changes in the in-
timal cells'. These findings suggest that the
vascular disease is a homocysteine-induced
response'®.
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The measurement of plasma homocysteine
which has usually been determined by ion ex-
change chromatography, has been replaced by
HPLC and electrochemical or fluorometric de-
tection or by mass spectroscopy®. In this study,
homocysteine concentration in plasma was det-
ermined using HPLC/FLD in Korean; normal
control (n=20) and chronic renal failure (n=90).
The recovery and detection limit of total plas-
ma homocysteine using HPLC/FLD was 98.6
5.8% and 0.2 nmol/ml. The amounts of homo-
cysteine in chronic renal failure was sig-
nificantly hign in patient group (p<0.05)
(Table 1). These results were consistent with
those of Wilcken and Gupta (1970)*. Soria et
al. (1990)” reported that concentrations of
homocysteine in moderate (n=25) and severe
renal failure group (n=28) and normal controls
(n=45) were 18.241.7 nmol/ml vs 27.3+3.2
nmol/ml and 8.0:£0.3 nmol/ml, respectively,
in Caucacians. It also has been reported that to-
tal homocysteine was increased in the early
stage of chronic renal failure, and that this con-
centration progresses with the worsening of re-
nal failure’®. Elevation of basal homocysteine
levels has been defined as mild (15~24 nmol/
ml), moderate (25~-100 nmol/ml), or severe (>



100 nmol/mi)*”. More recently, collaborative
studies of vascular disease and homocysteine
levels suggest that the upper limit of normal
should be reduced to 12 nmol/ml®.

From this study, this analytic method has
sufficient sensitivity and reproducibility for the
routine determination of plasma homocysteine.
Further studies are needed for (i) the accurate
reference ranges of sex and age group among
Koreans (if) whether there is prolonged ac-
cumulation of homocysteine in the development
of increased vascular disease in chronic renal
failure.
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