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Summary. This study investigates the relationship between changes
in plasma sodium and changes in amino acid levels in a patient with
post-traumatic sepsis and prolonged critical illness. Ninety-two con-
secutive measurements were performed at regular intervals over a
period of many weeks; these consisted in the determination of full
amino-acidograms, plasma sodium and complementary variables.
A unique, highly significant inverse correlation between taurine
and plasma sodium was found (1> = 0.48, p < 0.001). All other
amino acids were unrelated, or much more weakly related, to
sodium. Taurine was also strongly and directly related to
phosphoethanolamine, glutamate and aspartate. Changes in sodium
and in levels of these amino acids explained up to 86% of the
variability of taurine. Besides, levels of these amino acids main-
tained a high degree of co-variation, remaining reciprocally related
one to each other, directly, with r2 ranging between 0.33 and 0.59 (p
< 0.001 for all). There were similar findings for $-alanine, which
however was measured inconsistently. These data provide gross
clinical evidence of a specific link binding plasma sodium and tau-
rine levels, and may be consistent with occurrence of opposite and
interdependent shifts of sodium and taurine between intravascular
and extravascular space, to maintain osmoregulation. Co-variation
of taurine with the other amino acids may be related to the same
phenomenon, and/or to similarities in transport systems and chemi-
cal structure, or true metabolic interactions.

Keywords: Amino acids — Osmoregulation — Sepsis — Acute-phase
response — Taurine — Phosphoethanolamine

Introduction

In critical illness and sepsis, changes in amino acid
(AA) plasma levels have been linked to protein
hypercatabolism, cytokine-mediated changes in intra-
cellular AA transport systems, hepatic dysfunction

*Presented at the 7" International Congress on Amino Acids and
Proteins, Vienna (Austria), August 6-10, 2001.

and dysregulation of individual AA metabolism
(Siegel et al., 1979; Cerra et al., 1980; Pittiruti et al.,
1985; Hasselgren et al., 1986, Chiarla et al., 1997).
Little is known about the relationship with changes in
other plasma components, in particular those involved
in fluid-electrolyte and osmotic balance. The issue
has received considerable interest in experimental
settings, while adequate “in vivo” characterization in
human critical illness is still lacking. Also, recognition
of these effects in large clinical samples is limited by
inter-patient variability. We have investigated in a
large number of measurements performed along the
clinical course of a critically ill patient the relationship
between plasma sodium (Na*, the major extracellular
ion involved in fluid-electrolyte and osmotic balance)
and plasma AA, thus providing evidence of a signifi-
cant inverse correlation binding taurine (TAU) to Na*
levels (accounting for 48% of their variability), and
of simultaneous co-variation of TAU with phospho-
ethanolamine (PEA), aspartate (ASP) and glutamate
(GLU) levels.

Methods

Consecutive measurements were collected in a patient with post-
traumatic sepsis and prolonged illness: after surgical repair of liver
injury, he developed abdominal sepsis, then prolonged ventilatory
insufficiency and finally a mild form of multiple organ dysfunction
syndrome, before recovering. Measurements consisted in the deter-
mination of full amino-acidograms, plasma Na* (mEgq/L), chloride
(Cl, mEq/L) and complementary variables. These were performed
twice every day, for a total of 92 measurements; $-alanine (5-ALA)
was measured inconstantly and excluded from main results. In-
formed consent was obtained. The patient was undergoing total
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parenteral nutrition with glucose (6.3 * 2.0g/Kg/day, mean = SD),
amino acids (1.1 = 0.4 g/Kg/day) and discontinuous fat (1.4 = 0.8 g/
Kg/day). Analysis of data was based on regression analysis by the
least square technique, with skewness and kurtosis control, analysis
of residuals and confidence limits, with a “simplest best fit” pro-
cedure allowing to select the simplest possible regressions yielding
the largest control of variability of independent variables, based
on Mallows’ Cp criteria.

Results

Regression analysis, performed extensively over the
whole sample of measurements, showed a highly sig-
nificant inverse correlation between plasma TAU and
Na* concentration (r> = 0.48, p < 0.001); all other AA
were directly correlated or not correlated to Na*, with
the partial exception of PEA, GLU and ASP, which
maintained with Na* weak inverse correlations of
borderline significance.

The relationship between TAU and the other AA
levels was then explored. While most AA levels were
inversely and weakly correlated or not correlated
to TAU, there were relatively strong correlations
between PEA, GLU, ASP and TAU (12 = 0.59, 0.41
and 0.39, respectively, p < 0.001 for all). The r? for
ASP was decreased by tendency for a looser correla-
tion at low TAU levels (TAU < 40u4M/L). The simul-
taneous relationships between TAU, Na* and levels of
each one of these AA are quantified in regressions in
which changes in Na* and in levels of these AA ex-
plained from 70% to 86% of the variability of TAU
(multiple r? from 0.70 to 0.86, Table 1 and Fig. 1).
Besides, PEA, GLU and ASP maintained a high de-
gree of co-variation, remaining reciprocally related
one to each other, directly, with r’s ranging between
0.33 and 0.59 (p < 0.001 for all). Neither TAU nor
these AA were infused with the parenteral nutrition.
It is worth mentioning that also -ALA, measured
inconstantly, was related directly to TAU (p < 0.01),
and maintained patterns of correlation with the other
AA similar to those of TAU.

As expectable, Cl- concentration was directly and
strongly related to Na* (1> = 0.71, p < 0.001), and
maintained with other variables relationships similar
to those found for Na*, although with lower r?s; Cl-
was also related inversely to TAU (r> = 0.27, p <
0.001), but lost significance as a correlate of TAU
when considered together with Na* in the same
regression.

Finally, it is worth mentioning that the inverse rela-
tionship found between TAU and Na* (12 = 0.48) was

Table 1. Simultaneous relationships between plasma taurine (TAU,
uM/L), sodium (Na*, mEq/L) and levels of phosphoethanolamine
(PEA, uM/L), aspartate (ASP, uM/L) and glutamate (GLU, uM/L)

TAU = 707.1 + 7.3(PEA) — 4.6(Na*) 2 = 0.86, p < 0.001*
TAU = 968.5 + 10.5(ASP) — 6.5(Na*) 2= 0.72, p < 0.001
TAU = 7564 + 1.0(GLU) — 4.8(Na*) 12 = 0.70, p < 0.001

Mean =+ SD values (and ranges): Na* = 145 = 8mEq/L (132-159),
TAU = 95 + 69uM/L (18-280), PEA = 8 + 6uM/L (1-32), ASP =
7 + 3uM/L (1-18), GLU = 39 + 34uM/L (6-173).

* Graphical display in Fig. 1
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Fig. 1. Changes in plasma taurine are related simultaneously to
directionally similar changes in phosphoethanolamine and to oppo-
site changes in sodium (measurement points labeled and encircled
according to sodium levels). Similar displays are obtainable by
substituting aspartate or glutamate for phosphoethanolamine. Exact
quantification of these relationships in Table 1

not influenced along the clinical course by changing
patterns of illness (apart from tendency for lower
TAU levels in stages with more severe respiratory and
metabolic decompensation). Besides, ? of the same
relationship rose from 0.48 to 0.68 when Na' was
converted into the corresponding estimate of plasma
osmolality (Goldberger, 1975). Also, it was not influ-
enced by the discontinuous infusion of fat, and by
changes in doses of other parenteral substrates and in
urine output.
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Discussion

Our results demonstrate, as a unique feature of TAU,
a strong inverse correlation with Na*, accounting for
48% of its variability (r> = 0.48), and a simultaneous
link between changes in TAU and changes in levels
of PEA, ASP and GLU (and -ALA). While some
degree of direct correlation among different AA, and
among Na* and AA concentrations, could be predict-
able (for instance, as a consequence of hemodilution
or hemoconcentration) the strong inverse correlation
found between TAU and Na* is an important excep-
tion, suggesting that a specific link is binding these two
variables. Our findings in this patient are consistent
with occurrence of opposite and interdependent shifts
of TAU and Na* between intravascular and extravas-
cular space, and probably with clinical evidence of a
contribution of TAU to osmoregulation (although our
study does not assess other possibly contributing fac-
tors, such as TAU and Na* interactions at renal level)
(Hayes et al., 1988; Kohashi et al., 1989; Chesney
et al., 1990; McBroom et al., 1998; Ciechanowska,
1997). This effect has been described extensively over
the years, in a large body of experimental studies
(Thurston et al., 1980; Kregenov, 1981; Hoffman et al.,
1992; Atlas et al., 1984; Solis et al., 1988; Trachtman
et al., 1988, 1990, 1995; Lien et al., 1990; Huxtable,
1992; Burg, 1995; Stummer et al., 1995; Law, 1998;
Guizouarn et al., 2000; Schaffer et al., 2000; De Luca et
al., 2001); it involves co-transport of Cl~ together with
TAU and Na*, and has not yet been assessed fully
in its complexity. TAU is one of the more important
organic osmolytes, whose advantage is the possibility
to contribute to osmoregulation without interfering
excessively with physico-chemical patterns and Gibbs-
Donnan equilibrium at cellular level. In particular, the
protective effect of TAU on the brain in response to
osmotic stress is a well-known feature, and may in-
volve also protection from central pontine myelinoly-
sis during correction of hyponatremia (Lien et al.,
1991, 1995). Osmoregulation as the underlying mecha-
nism for the inverse relationship found between Na*
and TAU is also consistent with the co-variation of
levels of TAU with PEA, ASP, and GLU (and S-
ALA). Co-variation of these AA in extracellular fluid
has been observed already in many experimental
settings. These AA have very high intracellular con-
centrations, and co-variation in their plasma levels
may be related to shifts in intracellular/extracellular
AA pools to maintain osmotic balance (a role which

seems to be common to all of them, although more
relevant for TAU), to similarities in intracellular AA
transport systems, analogies in chemical structure and
membrane receptor binding, interactions in neuro-
transmission and co-release from cells (Griffith,
1983, 1986; Shotwell et al., 1983; Lehmann et al., 1985,
1990; Milakofsky et al., 1985, 1989; Solis et al., 1988;
Trachtman et al., 1988; Lien et al., 1991, 1995; Becquet
et al., 1993; Hamberger et al., 1993; Klunk et al., 1995;
Schaffer et al., 1995; Hofford et al., 1996; Song et al.,
1998; Phillis et al., 1999). Also true metabolic relation-
ships may be involved, based on the metabolic balance
existing between GLU and ASP, and on the notion
that GLU may be a substrate for TAU synthesis
(through cysteinesulfinate) (Stipanuk, 1986; Hayes,
1988; Skeie et al. 1990).

For completeness it is worth mentioning that the
best fit between TAU and Na* in our patient was a
nonlinear one. However, deviation from linearity was
related to changes in PEA, ASP or GLU, so that use of
nonlinear functions was not necessary any more when
those variables were included in the regression
together with TAU and Na* (such as in Table 1). Also,
the looser correlation found between TAU and ASP
for TAU < 40uM/L was related to abnormal changes
in Na* (Na* > 150mEq/L), so that the cut-off at TAU
< 40uM/L was not necessary any more when TAU,
ASP and Na* were considered together in the same
regression (such as in Table 1). These observations
provide additional evidence of interdependency of
changes in TAU, Na*, PEA, ASP and GLU levels.
Furthermore, a pattern similar to that described in this
patient (that is, evidence of an inverse correlation
between TAU and Na* on graphical display) was ob-
served in 13 additional patients with trauma and sepsis
in whom these measurements were available. In all of
them, however, number of measurements, length and
complexity of illness and ranges of variation of TAU
and Na* were smaller than in the case described in the
manuscript, so that statistical significance was reached
in only 6 cases (in 3 with r’s between 0.40 and 0.69, p <
0.05 for all). When pooling all available measurements
from all patients together, the same relationship was
reconfirmed, however with a lower r? (12 = 0.15, p <
0.001, n = 353). This was due to differences in the
ranges of TAU and Na* in different patients, causing
dispersion of observations in the general distribution.
Again, inclusion of PEA, ASP or GLU in the regres-
sion together with TAU and Na*' increased largely
the r2, thus suggesting that the observed inter-patient
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variability was related to differences in levels of these
AA, and reconfirming once more their link with TAU
and Na* levels.

In spite of all these findings, caution must still be
used in relating results of specific experiments on

13

TAU and osmoregulation, performed mostly “in
vitro” and in animal tissues, to our findings on human
plasma. Besides, there is specificity of TAU release
and uptake in different tissues, and it may be an over-
simplification to consider changes in plasma levels of
TAU as reflecting a general balance for whole body
districts. Nevertheless, the highly significant relation-
ship found between TAU and Na* in our critically ill
patient suggests that thisis a more general phenom-
enon, well quantifiable also in human illness.
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