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Plasma Concentrations of Homocysteine and Other
Aminothiol Compounds Are Related to Food Intake
in Healthy Human Subjects 1,2
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ABSTRACT We investigated total, free and protein
bound plasma homocysteine, cysteine and cysteinyl
glycine in 13 subjects aged 24-29 y after a breakfast at
0900 h containing 15-18 g of protein and a dinner at
1500 h containing -50 g of protein. Twelve subjects had
normal fasting homocysteine (mean ± SD, 7.6 ± 1.1
Itmol/L) and methionine concentrations (22.7 ± 3.5
Itmol/L) and were included in the statistical analyses.
Breakfast caused a small but significant increase in
plasma methionine (22.2 ± 20.6%) and a brief, nonsig
nificant increase followed by a significant decline in free
homocysteine. However, changes in total and bound
homocysteine were small. After dinner, there was a
marked increase in plasma methionine by 16.7 ± 8.9
Itmol/L (87.9 ±49%), which was associated with a rapid
and marked increase in free homocysteine (33.7 ±
19.6%, 4h after dinner) and a moderate and slow in
crease in total (13.5 ± 7.5%, 8 h) and protein-bound
(12.6 ± 9.4%, 8 h) homocysteine. After both meals,
cysteine and cysteinylglycine concentrations seemed
related to changes in homocysteine, because there were
parallel fluctuations in the free:bound ratios of all three
thiols. Dietary changes in plasma homocysteine will
probably not affect the evaluation of vitamin defi
ciency states associated with moderate to severe
hyperhomocysteinemia but may be of concern in the risk
assessment of cardiovascular disease in patients
with mild hyperhomocysteinemia. Synchronous fluctua
tions in the free:bound ratio of the plasma aminothiol
compounds indicate that biological effects of
homocysteine may be difficult to separate from effects
due to associated changes in other aminothiol com
pounds. J. Nutr. 124: 1934-1941, 1994.
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Plasma homocysteine is a risk factor for cardiovas
cular disease (Kang et a1. 1992( Ueland et a1. 1992),
Moreover, it has been shown to be a valuable measure
to assess the function of cobalamin and folate (Ueland

et a1. 1993). For these reasons, homocysteine determi
nation in serum or plasma may become a useful
routine clinical assay. Recommended procedures for
sample collection, preparation and storage are
therefore warranted (Ueland et a1. 1993).

In several clinical studies on plasma or serum
homocysteine, fasting blood samples have been col
lected, but samples from non-fasting subjects have
also been used, especially in prospective studies based
on stored samples (Arnesen, E., Refsum, H., B0naa, K.
H., Ueland, P. M., F0rde, O. H. and Nordrehaug, J. E.,
unpublished results; Stampfer et a1. 1992). Firm
recommendations regarding the necessity of fasting
samples cannot be made because data on the effect of
food intake on plasma homocysteine are sparse.

We have previously observed that in cancer pa
tients, urinary homocysteine excretion shows diurnal
changes, being low at night and higher during the day
(Refsum et a1. 1986). Similar diurnal homocysteine
fluctuations have not been looked for in plasma but it
has been reported that plasma samples from fasting
and non-fasting subjects have similar homocysteine
concentrations (Malinow et a1. 1989). In a recent
study, it was shown that plasma homocysteine even
declines after a breakfast with moderate protein
content (Ubbink et a1. 1992). This is a somewhat
unexpected finding because protein contains
methionine, which is the precursor of homocysteine
(Fig. 1) (Finkelstein 1990).
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The aim of the present study was to investigate
whether food intake affects plasma concentration of
homocysteine and other aminothiol compounds.
Plasma homocysteine and the two major circulating
aminothiol compounds, cysteine and cysteinyl
glycine, were measured in healthy subjects who
received two meals over a 14-h period. The first meal
(at 0900 h) had a moderate protein content, which is
characteristic of breakfast, lunch and evening meals
in Norway. The dinner, served at 1500 h, provided
-70% of average daily protein intake. Multiple blood
samples were obtained to follow both the early re
sponse reported for plasma sulfur amino acids derived
from digested protein (Ashley et al. 1982, Ljungqvist
1978) and possible late effects related to metabolic
formation, release into and elimination of homocys
teine and related aminothiol compounds from
plasma.

SUBJECTS AND METHODS

Subjects. Thirteen healthy volunteers, 10 women
and three men aged 24-29 y (Table 1), participated in
the study. Subjects 1-12 had concentrations of folate,
cobalamin, total homocysteine, total cysteine,
methionine and creatinine in plasma within the
normal range. Subject 13 had a mild folate deficiency
with moderate hyperhomocysteinemia and was ex
cluded from the statistical analyses. The charac
teristics of the participants and the fasting concentra
tions of homocysteine, cysteine, methionine, folate,
cobalamin and creatinine are listed in Table 1.

All subjects gave their written informed consent
for participation in the study.

Protocol. Between 0900 and 1000 h, after overnight
fasting, seven persons received a breakfast consisting
of two slices of bread with butter and cheese, coffee or
tea, and a glass of orange juice, and six persons had
one egg and two strips of bacon, a slice of bread
(without butter and cheese), orange juice, and coffee
or tea. Estimated amounts for energy and protein
intake (Blaker and Rimestad 1991) for the first group
were 1860 kJ and 18.6 g protein (12 g was derived
from animal or milk protein). The second group
received 1200 kJ and IS g of protein (11.5 g of animal
origin). The protein content in the breakfast was
about 20-25% of the average daily intake of protein
by Norwegians (Drevon and Sander 1992). Because
the animal-derived protein contents were quite
similar, the amount of methionine probably did not
substantially differ in the two types of breakfast (Orr
and Watt 1968).

Dinner was served exactly 6 h after breakfast, i.e.,
between 1500 and 1600 h. All participants received
the same meal, which consisted of a small steak
[150-200 g), two to four potatoes, and a mixed salad.
They had only water to drink. For dessert, they had a
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The absence of an increase in homocysteine after
food intake (Malinow et a1. 1989, Ubbink et a1. 1992)
may possibly be related to methionine content of the
meal, or that the intake of nutrients may stimulate
homocysteine metabolism !Ubbink et a1. 1992). An
alternative explanation is that the enhanced
homocysteine formation is buffered by the concurrent
production of cystcine, glutathione and cysteinyl
glycine, which interact with plasma homocysteine
through complex processes (Mansoor et a1. 1992 and
1993), including competition for protein-binding sites
(Wiley et a1. 1988 and 1989) and thiol-disulfide ex
change reactions (Munday 1989) (Fig. 1).

FIGURE 1 Interrelation among different forms of
homocysteine, cysteine and cysteinylglycine. Upper left
panel: The formation of aminothiol compounds from
protein and methionine in the intracellular compartment.
Upper right panel: The extracellular compartment with the
plasma compartment (inner square). A minor fraction of the
plasma aminothiol compounds is reduced, i.e., they exist as
thiols. The remainder has undergone oxidation with for
mation of disulfide bonds with another free circulating thiol
[free (mixed) disulfide] or with thiol groups in protein
(protein-mixed disulfide). Cysteinylglycine in plasma is de- ,
rived from glutathionine and cystine in plasma. Lower
panel: Oxidation and reduction reactions of the aminothiol
compounds include 1) autoxidation, 2) disulfide-disulfide
exchange reactions in the presence of catalytic amounts of a
thiol, and 3) thiol-disulfide exchange reactions.

Abbreviations used: AdoHcy, adenosylhomocysteine;
AdoMet, adenosylmethionine; CySH, reduced cysteine;
CySSCy, cystine; CySSR, free (mixed) disulfide of cysteine;
CySHGly, reduced cysteinylglycine; GSH, reduced
glutathione; HcySH and HcySSR, reduced and free (mixed)
disulfide of homocysteine; P, protein; RSH, reduced unde
fined plasma thiol; RSSCyGly, (mixed) disulfide of cys
teinylg1ycine; RSSR, (mixed) disulfide of undefined plasma
thiols; PSSCy, PSSCyGly, PSSHcy and PSSR, protein-bound
forms of cysteine, cysteinylg1ycine, homocysteine and
undefined thiol, respectively.
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TABLE 1

Characteristics of sub;ects

Subject Age Sex l Weight Height Breakfast2 Hcy3 Cysteine Methionine Folate Cobalamin Creatinine

y kg em Ilmo1!L Ilmo1!L Ilmo1!L nmol/L pmol/L Ilmo1/L

1 25 M 100 192 1 10.1 252.2 23.3 7.0 362 108
2 23 F 54 168 1 6.5 245.7 19.7 15.4 274 90
3 25 F 50 165 1 6.5 261.5 27.8 18.3 663 85
4 23 F 67 1 7.2 237.5 26.8 16.8 505 101
5 23 F 60 166 1 6.9 247.8 24.7 11.6 393 93
6 27 F 54 170 1 7.5 226.0 21.9 8.9 615 87
7 23 F 57 173 2 7.4 254.7 16.6 11.3 401 95
8 22 M 64 174 2 8.3 294.5 23.2 12.4 322 92
9 24 F 70 175 2 8.0 268.8 18.8 13.6 338 93
10 22 F 54 166 2 6.9 254.0 26.1 11.3 437 79
11 24 F 55 163 2 6.9 262.3 24.1 11.8 294 86
12 29 F 62 172 2 9.4 273.0 19.1 19.5 364 103

Mean 24 62 171 7.6 256.5 22.7 13.2 414 93
SD 2 13 8 1.1 17.7 3.5 3.7 123 8

134 22 M 67 181 32.0 298.2 27.8 4.8 286 115

1M = male, F = female.
2Breakfast type 1: bacon and egg. Breakfast type 2: bread with cheese. See text for details.
3Hcy = homocysteine.
4Subject with folate deficiency. Excluded from the statistical analyses.

cream cake and black coffee. Estimated energy intake
was -2750 kJ. Protein content was -51 g, of which 43
g was of animal or milk origin. This meal contained
-70% of the daily protein intake for Norwegians
(Drevon and Sander 1992).

To obtain blood samples, a canula (1.7 mm) was
inserted into a cubital vein. Immediately prior to
breakfast, blood was collected for determination of
plasma folate, cobalamin and creatinine and fasting
concentrations of the plasma aminothiol compounds
and methionine. Blood samples were collected 0.5, I,
2,3,4 and 6 h after breakfast. The sample collected at
6 h was imn1.ediately before dinner. Blood samples
were collected at 0.5, I, 2, 3, 4, 6 and 8 h after dinner.
The subjects then went home, and most subjects had
a meal before going to bed. The next morning a blood
sample was obtained from each subject in the fasting
state.

Sample collection and processing. Blood was col
lected into a cooled evacuated tube with EDTA that
was immediately placed on ice. Plasma used for deter
mination of total aminothiol levels was prepared by
centrifuging the blood at 2000 x g for 5 min at 0-2'C.

Acid-precipitated plasma was used for the determi
nation of free concentrations of the aminothiol com
pounds. Blood cells were immediately removed by
centrifugation for -0.5 min at 10,000 x g. Within 2
min after collection of the blood, plasma (1 mL) was
mixed with 100 j.tL of 500 g/L sulfosalicylic acid. The
acid-treated plasma was then allowed to stand for
5-15 min in ice before removal of the acid precipitate
by centrifugation for -1 min at 10,000 x g (Fisker
strand et al. 1993).

Plasma and acid-precipitated plasma were stored at
-20'C until analysis.

Analytical methods. The method for determi
nation of total and free plasma homocysteine, cys
teine and cysteinylglycine was described previously
[Fiskerstrand et al. 1993, Refsum et al. 1989). Briefly,
a programmable sample processor was used for auto
mated sample derivatization and sample injection.
Oxidized species of aminothiol compounds in plasma
or the acid supernatant were reduced by adding
NaBH4. The sample was then diluted with an
ethylmorpholine buffer and the aminothiol com
pounds derivatized with monobromobimane. The
reaction was stopped by adding glacial acetic acid, and
the sample was injected into a 150 x 4.6 mm ODS
Hypersil column, equilibrated with an ammonium
nitrate-ammonium formate buffer, pH 3.65 (total con
centrations) or pH 3.5 (free concentrations). The three
thiols were eluted from the column, using a linear
acetonitrile gradient, and the concentrations were
measured by fluorescence detection. The temperature
used was 50'C, and the flow rate was 2 mL/min. The
retention times for cysteine, cysteinylglycine and
homocysteine were approximately 8, 9 and 10.5 min,
respectively. The between-day CV of this method is
2-4 % for both free and total aminothiol compounds
(Fiskerstrand et al. 1993).

Methionine was determined in deproteinized
plasma with an assay based on derivatization with 0

phthaldialdehyde and fluorescence detection (Krish
namurti et al. 1984).
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FIGURE 2 Plasma methionine concentrations in 12 sub
jects with normal total plasma homocysteine after receiving
breakfast (B) and dinner (D). Breakfast contained 15-18.6 g
of protein; dinner contained -51 g of protein. Values shown
are means with a 95% confidence interval. *Significantly
different from fasting level lP < 0.05). tSignificantly
different from level immediately prior to dinner (P < 0.05).

Plasma cobalamin was determined with a
microparticle enzyme intrinsic factor assay run on an
IMx system from Abbott (Abbott Park, IL), and
plasma folate was assayed using the Quantaphase
folate radioassay produced by BioRad [Hercules, CAl.

Statistical methods. Results are expressed as
means ± SD. In the figures, means with a 95% confi
dence interval (CI) are shown. Comparison between
the two different breakfasts was performed using the
Mann Whitney U test (Johnson and Wichern 1982). In
addition to confidence intervals, changes in plasma
aminothiol compounds during the day were compared
using nonparametric tests (Friedman nonparametric
ANOVA and the Wilcoxon signed rank test) (Johnson
and Wichern 1982). Correlation between variables
was tested by using a Spearman's Rank correlation
coefficient (Johnson and Wichern 1982). Correlation
in fluctuations in free:bound ratios during the day
was tested by categorizing a change from one time
point to the next either as a reduction (including
unchanged) or as an increase in free:bound ratio and
then performing a Spearman's Rank correlation coeffi
cient. Significance level was set at 0.05.
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RESULTS

Plasma methionine. Plasma methionine started to
increase within 1 h after breakfast, reached a
maximum (22.2 ± 20.6% above fasting level; P < 0.05)
after 2 h, and returned to the fasting level after 4 h
(Fig. 2). There was no significant difference in
methionine response between subjects fed the two
types of breakfast (data not shown).

After dinner, plasma methionine response was
much higher, and plasma methionine started to in
crease within 30 min and reached a plateau of -90%
above pre-dinner level (P < 0.05) after 4-6 h. Plasma
methionine then decreased slowly toward fasting con
centrations (Fig. 2).

Maximum increase in plasma methionine (16.7 ±
8.9 ~mol/q after dinner was 3.3 times higher than
after breakfast (5.0 ± 4.6 ~mol/L), and in line with the
ratio [3.6:1) of animal-derived protein content in the
two meals. This confirms that there is a relation
between methionine content in the food and plasma
methionine response. Still, there were marked in
terindividual differences in maximal methionine in
crease both after breakfast (range 0-15.1 ~mol/L

above fasting concentration) and after dinner (range
8.2-64.8 ~mol/L above pre-dinner concentration),
which were not related to body weight, serum folate,
serum cobalamin or the maximal homocysteine re
sponse [data not shown). This agrees with previous
studies that the amount of protein digested does not
correlate well with postprandial plasma amino acid
concentration (Longenecker and Hause 1959, Sarwar
1987, Yearick and Nadeau 1967).

Plasma homocysteine, cysteine and cysteinyl
glycine. There was no significant difference in the
plasma aminothiol response between subjects fed the
two types of breakfasts (data not shown), and they are
therefore treated as one group.

Total, free and protein-bound homocysteine
showed small variations for 6 h after breakfast (Fig. 3).
After a transient increase in free homocysteine, there
was a small decrease in total and free homocysteine,
which reached significance for the free faction after 4
h. Protein-bound homocysteine tended to change in
the opposite direction of free homocysteine (a de
crease followed by increase) in this time interval,
creating a biphasic curve for the free:bound ratio (Fig.
4). The levels of total, free and protein-bound cysteine
and cysteinylglycine showed profiles similar to those
of the homocysteine species [Fig. 3).

After dinner, total homocysteine started to rise
slowly, and maximum increase (13.5 ± 7.5%, 1.0 ± 0.6
~mol/L, P < 0.05) was measured after 8 h. Among the
subjects, maximum increase varied from 3 to 21 %
and was observed 3-8 h after dinner. Bound
homocysteine followed a similar response pattern,
with maximal increase (12.6 ± 9.4%,0.7 ± 0.5 ~mol/L,

P< 0.05) after 8 h. Free homocysteine increased
rapidly and more extensively. Already 30 min after
dinner, it was significantly higher (14 ± 11 %, P < 0.05)
than before dinner, and after 4 h, the maximum in
crease was 33.7 ± 19.6% (0.6 ± 0.3 ~mol/L, P < 0.05)
above the pre-dinner concentration.

The changes in plasma cysteine and cysteinyl
glycine concentrations after dinner were similar, but
they differed from that of homocysteine. Except for a
brief but significant [at 30 min post-meal) increase in
total cysteine, total concentrations of these thiol
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(P < 0.05) for homocysteine and cysteine after
breakfast and for all three thiol compounds after
dinner IP < 0.05) (Fig. 4, upper panel).

The next morning, plasma homocysteine and the
other aminothiol compounds had not returned to the
levels measured before dinner. In particular, the con
centration of free plasma aminothiol compounds was
still markedly elevated (Fig. 3). Compared with values
for the previous morning, both free and total plasma
homocysteine were significantly higher IP < 0.05).

During the 24-h follow-up of these subjects who
received two ordinary meals, the maximum change in
total homocysteine in the individuals was between 15
and 39% of the morning fasting level (mean 24 ± 8%J.
The same values for free homocysteine were 23 and
60% (mean 38 ± 14%). The ratio between free and
bound plasma homocysteine showed the greatest
change during the 24 h, with maximum variation

FIGURE 4 Percentage change in free:bound ratio of
plasma homocysteine (Hcy), cysteine and cysteinylglycine
after breakfast IB) and dinner (0). Upper panel: Subjects In =
12) with normal total plasma Hcy. The mean (± SD) free:
bound ratio before breakfast was 0.38 ± 0.05 for Hey, 1.17 ±
0.38 for cysteine and 1.38 ± 0.55 for cysteinylglycine. Values
shown are means with a 95 % confidence interval.
·Significantly different from fasting level (P < 0.05).
tSignificantly different from level immediately prior to
dinner (P < 0.05). Lower panel: Subject 13 with elevated
total plasma Hcy (fasting level 32.0 p,mol/LI due to a mild
folate deficiency. The free:bound ratios before breakfast was
0.34, 1.08 and 1.18 for Hcy, cysteine and cysteinylglycine,
respectively.
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FIGURE 3 Percentage change in total, free and bound
plasma homocysteine (Hcy), cysteine and cysteinylglycine
in 12 subjects with normal total plasma Hcy after receiving
breakfast (BI and dinner (0). The mean (± SD) total, free and
bound fasting concentrations were 7.6 ± 1.1, 2.1 ± 0.2 and
5.6 ± 1.0 p,mol/L for Hcy, 213.7 ± 14.7, 112.1 ± 15.2 and
101.7 ± 21.9 1-l-mol/L for cysteine and 25.8 ± 4.7, 14.2 ± 1.7
and 11.6 ± 4.1 p,mol/L for cysteinylglycine. Values shown
are means with a 95% confidence interval. ·Significantly
different from fasting level (P < 0.05). tSignificantly
different from level immediately prior to dinner (P < 0.05).

compounds declined (by 5-12%) in the time interval
2-8 h after dinner. There was a more pronounced
reduction in bound concentrations (almost 20%). This
corresponded to a mean reduction of bound cysteine
and cysteinylglycine of 20 and 2.7 ItmoljL, respec
tively. Notably, these changes in cysteine and cys
teinylglycine caused fluctuations in the free:bound
ratios, which were similar and significantly correlated
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between 23 and 81 % [mean 49 ± 16%) (data not
shown).

Plasma aminothiol compounds in a folate-defi
cient subject. Subject 13 had low serum folate and
hyperhomocysteinemia (Table 1) but no clinical
symptoms. Total, free and protein-bound forms (data
not shown) and the free:bound ratios (Fig. 4, lower
panel) of homocysteine, cysteine and cysteinylglycine
in plasma from this subject showed the same profile
as the average response of the 12 subjects with
normal plasma homocysteine. Also in this subject,
the fluctuations in the free:bound ratios of the three
aminothiol compounds were significantly correlated
(P < 0.05). The maximum change during the day was
9.4 J-tmol/L [29% of morning fasting level) for total
homocysteine and 2.8 J-tmol/L (35% of morning
fasting level) for free homocysteine.

DISCUSSION

The fluctuatiuns in plasma homocysteine during
the day may be related to at least two different
processes. First, intake of food is associated with in
creased consumption of the amino acids, and second,
these diet-induced changes may lead to altered distri
bution between free and bound forms of
homocysteine and other aminothiol compounds in
plasma.

Plasma homocysteine and food intake. The es
sential amino acid methionine, which is especially
rich in protein of animal origin [Orr and Watt 1968),
is the only source of homocysteine in humans
[Finkelstein 1990). Homocysteine is formed when
methionine is utilized in the numerous adeno
sylmethionine-dependent transmethylation reactions
(Fig. 1) and represents a branch-point in methionine
metabolism (Finkelstein 1990). During periods of ade
quate intake of methionine, a greater fraction of
homocysteine becomes irreversibly degraded via the
transsulfuration pathway. Conversely, during fasting,
most of the homocysteine formed is remethylated to
methionine (Fig. 1) (Storch et a1. 1988).

We have shown that homocysteine export in
creases from a variety of cell types with increasing
extracellular methionine concentrations in vitro.
Except for liver cells, the most marked increase
occurs between 15 and 150 J-tmol/L of methionine
[Christensen et .11. 1991). Liver cells export more
homocysteine than any other cell type investigated,
also at low methionine concentrations [Christensen
et a1. 1991). These in vitro data indicate that a meal
leading to moderately enhanced plasma methionine
may lead to increased plasma homocysteine concen
tration.

In the present study, we found that breakfast led to
a small increase in plasma methionine [-5 J-tmol/L)
(Fig. 2), which was associated with a brief elevation of

free homocysteine followed by a decline until intake
of dinner. Total homocysteine and protein-bound
homocysteine were essentially stable. Notably, two
different types of breakfasts with approximately the
same amount of methionine (Orr and Watt 1968) were
associated with the same response in both plasma
methionine and the other plasma aminothiol com
pounds. Thus, the small amount of methionine fur
nished by an ordinary breakfast is probably not suffi
cient to induce a markedly enhanced cellular
homocysteine export. These results confirm previous
studies that have shown that there is no difference
between samples from fasting and non-fasting sub
jects (Malinow et a1. 1989) or that a meal may even be
associated with a decline in plasma homocysteine
(Ubbink et a1. 1992).

In contrast to results following breakfast, there was
a marked and persistent increase in plasma
methionine following dinner (Fig. 2). The increase in
plasma methionine was associated with a concurrent
increase in free homocysteine. Total and protein
bound homocysteine also increased, hut the elevation
was delayed and less pronounced (Fig. 3). The
homocysteine response showed similarities with the
elevation of homocysteine species provoked by a
methionine-loading test. After intake of pure
methionine (100 mg methionine/kg body wt),
maximum plasma methionine is obtained within 1-2
h, free plasma homocysteine peaks after 2-4 h, and
total homocysteine and bound homocysteine reach a
maximum 2-4 h later and remains elevated for 12-24
h (Mansoor et .11. 1992, Refsum et al. 1989, Sardhar
walla et al. 1974,· Ueland et a1. 1992). The
homocysteine response following dinner is probably
due to a supply of methionine from proteins, and the
slow kinetics relative to that of a methionine loading
is probably related to the time required for protein
breakdown and methionine absorption. These results
demonstrate that a protein-rich meal may affect
plasma homocysteine for at least 8 h.

In the fasting blood samples obtained the following
morning, both total and free plasma homocysteine
were significantly higher (P < 0.05) than on the
previous morning. This day-to-day variation was
higher than, but not significantly different (P > 0.05)
from, the day-to-day variation in total and free plasma
homocysteine in nine healthy subjects (Guttormsen,
A. B. and Refsum, H. M., unpublished results). Most
of the participants in the present study had eaten a
small meal between 2400 and 0200 h, which may
explain the elevated plasma homocysteine concen
tration the second morning. However, it may also be
a persistent effect of the protein-rich dinner. This is
supported by our recent finding that homocysteine is
slowly eliminated from plasma with a half-life of
about 3-4 h at both high (Guttormsen et al. 1993) and
normal [Guttormsen, A. B., Christensen, B., Mella,
0., Lenning, P. 0., Ueland, P. M. and Refsum, H. M.,
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unpublished results) plasma homocysteine concentra
tions. Such kinetics predicts elevated plasma
homocysteine for 12-20 h following intake of a
protein-rich meal. Thus, the deeline in plasma
homocysteine after breakfast observed by Ubbink et
al. (1992) and by us 3) may represent elimination
of plasma homocysteine derived from a precedent
protein-rich meal.

Cysteine and cysteinylglycine. We observed that
elevation of plasma homocysteine was associated
with a marked decrease in protein-bound cysteine and
cysteinylglycine and moderate decrease in the total
levels, whereas free concentrations of these
aminothiol compounds were relatively stable (Fig. 3).
The resulting profiles for free:bound ratios of
homocysteine, cysteine and cysteinylglycine showed
a remarkable synchrony (Fig. 4).

The changes in cysteine and cysteinylglycine
mimic the alterations in these aminothiol compounds
observed during the marked hyperhomocysteinemia
following methionine (Mansoor et al. 1992) or
homocysteine loading (Mansoor et al. 1993). Such a
response may be related to competition for protein
binding sites, i.e., that bound cysteine and cysteinyl
glycine are displaced by homocysteine. This is in
accordance with the presence in plasma of binding
sites with apparent higher affinity for homocysteine
than for cysteine (Smolin and Benevenga 1984, Wiley
et al. 1988). However, the reduction of protein-bound
cysteinylglycine and cysteine occurred 4 h before and
was 35 times higher than the maximum increase in
bound homocysteine [Fig. 3), which suggests that dis
placement reactions cannot fully explain the observed
changes. The synchronous fluctuation in free:bound
ratios for the three thiols points to a probable expla
nation, Le., that change in one of the thiol com
pounds, possibly homocysteine, results in a cascade of
thiol-disulfide exchange reactions [Fig. ll, leading to
altered ratios between free and bound plasma
aminothiol compounds.

Implications. Our data show that a protein-rich
meal leads to elevated plasma homocysteine concen
tration. The duration [>8 h) of the homocysteine re
sponse after a protein-rich meal points to dietary
protein content as an important determinant of
plasma homocysteine level. Total homocysteine
seemed to undergo less variations than free
homocysteine, and this supports the view (Ueland et
al. 1993) that measurement of total homocysteine is
preferable in the clinical setting.

The daily variation in total homocysteine observed
in our subjects was -25%. This may be even greater
in other subjects such as those heterozygous for cys
tathionine l3-synthase deficiency, who respond with
marked elevation of plasma homocysteine after a
peroral methionine load (Boers et al. 1985, Clarke et
al. 1991). Variations in plasma homocysteine related
to food intake will probably not affect the diagnostic
value of plasma homocysteine concentration in folate

or cobalamin deficiencies (Ueland et al. 1993) or in
homocystinuria (Mudd et al. 1989). In contrast,
moderate elevation in plasma homocysteine is as
sociated with increased risk of cardiovascular disease
(Ueland et al. 1992), and it has been shown that for
every 4 p,mol/L increase in homocysteine, the risk of
developing a cardiac infarction increases 40% (Ar
nesen, E., Benaa, K., Ferde, O. H., Nordrehaug, J. E.,
Refsum, H. and Ueland, P. M. unpublished results). In
an adult male population in Norway, a variation of
25% in plasma homocysteine (-2.5 p,mol/Ll
represents 25 % difference in risk. Thus, in risk as
sessment for cardiovascular disease, attention should
be paid to sampling time in relation to food intake.

This study confirms previous results (Mansoor et
al. 1992 and 1993, Wiley et al. 1989) that there is a
dynamic relation between plasma homocysteine and
other aminothiol compounds. In addition} we showed
that even small fluctuations in total concentrations of
plasma aminothiol compounds lead to marked
changes in free and bound concentrations of all three
aminothiol compounds. These findings indicate that
the biological effects of increased plasma
homocysteine in vivo may be difficult to separate
from associated changes in other plasma aminothiol
compounds. Interestingly, most in vitro effects of
homocysteine related to atherogenesis are not re
stricted to homocysteine but can also be produced by
other thiols, including cysteine /Dudman et aL 1991,
Fryer et al. 1993, Harpel et al. 1992} Jia and Furchgott
1993} Stamler et al. 1988, Ueland et al. 1992).
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