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Summary. The oxidative status of plasma proteins after incubation with el-
evated homocysteine levels has been examined in the presence and absence of
transition metal ions. 200#M homocysteine alone does not provoke any loss
of plasma thiols groups, but their oxidation significantly enhances as copper
concentration increases. No plasma proteins carbonyl groups enhancement
has been concurrently found.

The physiological relevance of the study is discussed in relationship with
the metal-catalyzed oxidation system increment connected with age and nu-
tritional deficiences.
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Introduction

It is well known that elevated plasma homocysteine results in the damage
of endothelial cells (Wall et al., 1980), an event considered to occur early in
the process of atherogenesis (Starkebaum and Harlan, 1986). The toxic effect
is mediated by oxygen radicals and H,O, producted by the autooxidation of
thiolcontaining amino acids (Olszewski and McCully, 1993). Oxygen radicals
are known to interact with a variety of macromolecules, leading to lipid
peroxidation, DNA strand breakage and a variety of changes in proteins,
including thiols oxidation.

Bloom et al. (1992) have recently reported that plasma lipid peroxidation
is not involved in the pathogenesis of hyperhomocysteinemia.

The present communication deals with the oxidative status of plasma
proteins in the presence of elevated homocysteine amounts. The physiological
level of homocysteine in human plasma is about 5-15uM (Ueland et al., 1993).
Homocysteine concentrations occurring in plasma of untreated individuals
with inherited homocystinuria are at least tenfold. More moderate elevations
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have been found in 20-30% of individuals with coronary heart disease, pe-
ripheral vascular disease and stroke (Ueland and Refsum, 1989). We have
chosen two amino acid levels: the greater one, 200uM, typical of subjects with
homocystinuria, the lower one, 50u4M, near to mild homocysteinemia found in
subjects with premature cardiovascular diseases.

Materials and methods

DL - homocysteine, 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) were purchased from
Sigma; 2 ,4-dinitrophenylhydrazine (DNPH) from B. D. H.; copper (II) sulphate -5H,0
from Carlo Erba; guanidine HCI ultrapure from USB. All other chemicals used were of
reagent grade.

Highly purified water (resistivity = 18 Mohm-cm) obtained through a Milli-Q water
purification system (Millipore) was used for all solutions. Reagents were freshly prepared
in 20mM phosphate buffered saline (PBS), pH 7.4, and kept in a sealed tube on ice until
used.

Blood was obtained by venipuncture after an overnight fast from healthy individuals,
collected over heparin and immediately centrifuged (1500 X g for 10min at +4°C); the
plasma was pooled, stored at +4°C and used within six days.

Oxidation state of homocysteine and plasma thiol groups was determined according to
Wayner et al. (1987), using DTNB, and the sulphydryl groups concentration calculated
from the absorbance at 412nm after 5min of reaction (¢ = 13,600M~'-cm™).

Protein carbonyl groups assay was performed according to Reznick et al. (1992).

Erythrocytes lytic assays were performed according to Hider et al. (1983) on cells
suspensions (5 and 10%) prepared from freshly drawn heparinized blood centrifuged for
10min at 5,000 X g; plasma and buffy coat were removed by aspiration and the packed
cells washed three times in cold saline. At various intervals of red bood cells incubation
at 37°C with homocysteine, samples were withdrawn and centrifuged for 30s on a
Eppendorf Microfuge. 0.1ml of the supernatant was diluted to 1ml with saline and its
absorbance monitored at 578 nm.

Absorbance was measured with a Hewlett-Packard 8450 A UV/Vis spectrophoto-
meter equipped with a cuvette stirring apparatus and a constant temperature cell
holder.

Measurements of pH were made with a PHM 84 Research pHmeter (Radiometer);
the electrode response was corrected for temperature.

Results and discussion
Influence of copper on homocysteine oxidation

In 20mM PBS, pH 7.4, containing only trace amounts of cationic metals, 50
and 200uM homocysteine lost 45 = 5% and 30 =+ 3% of thiols groups (n = 3),
respectively, after 90min exposure to air at 37°C. However, the addition of
increasing amounts of Cu(II) in PBS caused increased oxidation of the thiols
groups. 50uM homocysteine was completely oxidized in about 30min in the
presence of only 10uM copper sulphate; 200uM homocysteine was com-
pletely oxidized in about 60 and 30min in the presence of 10 and 20uM copper
ions, respectively (inset of Fig. 1).

Our results are in perfect agreement with the finding of Starkebaum
and Harlan (1986) that micromolar amounts of copper catalyze an oxygen-
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Fig. 1. Loss of total thiols in plasma containing homocysteine with or without redox-
active metal ions addition. At various intervals plasma samples were withdrawn during
incubation at 37°C with 200uM homocysteine in absence (&) and presence (®) of 20uM
copper (II) and analyzed for thiols groups as described under “Materials and methods”.
Results are reported as difference (%) in respect to thiols concentration of plasma alone.
Copper sulphate was added before homocysteine addition. Oxidation of plasma in pres-
ence of 20uM copper (II) without homocysteine addition is also shown (#). Thiols level
of plasma alone did not change during incubation. Inset: Oxidation of 200uM homo-
cysteine in 20mM PBS, pH 7.4 in absence (A) and presence (@) of 20uM copper (II).
Data in figure are representative of a typical result obtained in three separate
experiments

dependent oxidation of homocysteine. So the sulphydryl group of
homocysteine is found to act with cupric ions in a metal-catalyzed oxidation
system to generate hydrogen peroxide, oxygen radicals and homocysteinyl

radicals. These reactive species may interact with plasma macromolecules or
cause injury to cells.

Effect of homocysteine on plasma proteins

The addition of 50 and 200uM homocysteine to fresh or outdated plasma
caused an initial thiols groups enhancement of about 8 + 2 and 41 * 5%,
respectively (Table 1). In these conditions total sulphydryls groups loss after
90min incubation can be ascribed to the amino acid oxidation, due essentially
to plasma ceruloplasmin (Starkebaum and Harlan, 1986), as well as to the
binding of homocysteine to plasma proteins. In fact, it is well known that a
major fraction of total homocysteine in plasma from normal subjects is
complexed with serum albumin, probably via a disulfide bond (Ueland et al.,
1993). The binding seems to be saturable and this implies that the free fraction
of homocysteine increases more than protein-bound homocysteine does when
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Table 1. Influence of transition metal ions on homocysteine and plasma proteins
thiols oxidation

Condition Thiols Thiols oxidation®,
enhancement* Copper (IT) added, uM

0 10 20 40
Plasma alone 0 11 2=x1 10=x4 17x7
Plasma + 50u4M Homocysteine 8§x2 71 8x2 112 ND
Plasma + 200uM Homocysteine 41 * 4 216 32x3 44x5 49%3

sthiols enhancement (%) in respect to plasma alone measured immediately after
homocysteine addition. Pthiols loss (%) after 90 min incubation in respect to initial time.
Samples were withdrawn after incubation at 37°C with or without 50 and 200uM
homocysteine and copper ions and analyzed for thiols groups as described under “Mate-
rials and methods”. Copper sulphate was added before homocysteine addition. Values
are means = SD of three separate determinations in duplicate. ND not determined.

total amino acid is markedly increased. In vitro redistribution is found to take
place within 24h at room temperature (Ueland et al., 1993). In absence of
metals addition, finall detectable amount of total thiols groups was equal or
greater than initial plasma thiols groups level after incubation with 50 and
200uM homocysteine, respectively (Fig. 1).

When micromolar amounts of copper sulphate were added to the plasma,
a much greater thiols groups loss was observed after incubation (Table 1). The
finding could well reflect an increase in the production of H,0,. Even though
H,O, is itself a weak oxidizing agent, its toxic effects are likely to be mediated
by the HO*® which is readily formed in the presence of transition metal ions
and may produce oxidative damages to biological macromolecules. In particu-
lar at high homocysteine and redox-active metal ion concentrations the final
thiols groups amounts were much lower in respect to those found in plasma
alone. 50uM homocysteine caused a low decrease (3—4%) in plasma thiols
groups only in the presence of at least 20uM copper ions, whereas 200uM
homocysteine provoked a plasma thiols groups oxidation of about 6 = 1%, 20
+ 3% and 33 = 3% in the presence of 10, 20 and 40uM copper (II), respec-
tively (Fig. 1). Starkebaum and Harlan (1986) did not report any oxidation of
serum sulphydryl groups, but it is worthnoting that their experiments were
performed after a very short incubation period (i.e., 10min only).

Even considering the oxidative effect of copper alone (Table I), our results
clearly indicate a loss of plasma thiols groups due to the metal-catalyzed
system at amino acid and redox-active metal ions concentrations found in
vivo in different pathological conditions (Olszewski and McCully, 1993).

Furthermore, our studies suggest that protein sulphydryls could serve as
sacrificial antioxidants, as well as being targets for oxidative damage. This
argument is supported by the carbonyl-group assay, which provides a con-
venient technique for detecting and quantifying another protein oxidative
modification. No protein carbonyl groups increase was found after 90min
incubation with 50 and 200uM homocysteine, even in the presence of 40uM
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copper (II) (data not shown), so confirming the specificity of the thiols
oxidative attack.

Effect of homocysteine on erythrocytes

Homocysteine (0.25 to 3.0mM) could not lyse red blood cells neither in the
absence nor in the presence of 20uM copper ions, even after 6h of incubation
(data not shown). On the contrary, endothelial cells were seen to lyse after 4h
of incubation with homocysteine plus copper (Starkebaum and Harlan, 1986).
At the present it is not clear the reason of this difference; nevertheless the
data elucidate that injury to endothelial cells in very specific.

Conclusions

Homocysteine is an amino acid of special interest for its claimed link with the
development of atherosclerosis. Vascular occlusive disease is the primary
cause of premature death in homocystinuria and mild homocysteinemia has
been found to be an independent risk factor in coronary, cerebral and peri-
pheral atherosclerosis. Age, menopausal status and nutritional deficiences of
folate, pyridoxine or cobalamin increase the basal plasma level of homo-
cysteine. Redox-active metal ions concentrations increase in many pathologi-
cal conditions by decompartmentalisation of metal-complexes. These
evidences, together with our results, raise the possibility that this physiological
metal-catalyzed system can cause oxidative modifications of plasma proteins
in addition to the damages already known.

Caution is necessary in trying to extrapolate in vitro observation to an
in vivo situation. Our communication clearly suggests the need for in-depth
analyses of oxidative status of plasma proteins isolated from subjects with
high homocysteine levels.

Nevertheless the data confirm the findings of Radi et al. (1991) on
xanthine oxidase-derived oxidants that plasma proteins are a more sensitive
and specific indicators of oxidant stress than assessment of lipid oxidation
byproducts. Moreover, the present study supports a strategy for control of
homocysteinemia by micronutrients, such as folate, which could ameliorate
the metabolic abnormalities characteristic of hyperhomocysteinemia and
contribute to human health and longevity.
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