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Objectives: Sepsis is associated with oxidative stress. Due to oxidative stress, three tyrosine isoforms, para-,
meta-, and ortho-tyrosine (p-, m-, and o-Tyr), can be formed non-enzymatically in smaller amounts. p-Tyr is
mainly formed physiologically in the kidneys through the activity of the phenylalanine hydroxylase enzyme.
The three tyrosine isoforms may undergo different renal handling.
Methods: Twenty septic patients were involved in the study and 25 healthy individuals served as controls.
Blood and urine levels of p-, m-, and o-Tyr were measured on admission and four consecutive days.
Results: Serum m-Tyr levels were higher in septic patients than in controls on days 2 (P= 0.031) and 3 (P=
0.035). Serum p-Tyr levels were lower in the cases than in controls on days 1 (P= 0.005) and 2 (P= 0.040),
and subsequently normalized due to a day-by-day elevation (P= 0.002). The tendency of urinary
m-Tyr concentration was decreasing (P= 0.041), while that of urinary p-Tyr concentration was increasing
(P= 0.001). Fractional excretion of m-Tyr (FEm-Tyr) showed a decreasing tendency (P= 0.009), and was,
on all days, higher than FEp-Tyr, which remained near-normal, less than 4%. Procalcitonin showed
significant correlation with FEm-Tyr (r= 0.454; P< 0.001).
Discussion: Our data suggest that the oxidative stress marker m-Tyr and physiologic p-Tyr may be handled
differently in septic patients. The excretion of m-Tyr correlates with inflammation. m-Tyr may be actively
secreted or produced in the kidney in some patients, whereas the decreased serum level of p-Tyr is a
consequence of diminished renal production and not of renal loss.
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Introduction
Inflammation and tissue hypoxia may play a central
role in the generation of reactive oxygen species
(ROS) in septic patients, and ROS can directly exert
renal parenchymal damage and may intensify renal
microvascular and functional dysregulation.1–4

Moreover, inflammatory cytokines activate the
NADPH oxidase enzyme in the kidney, leading to
NADPH oxidase-derived ROS production playing a
detrimental role in circulatory system dysfunction
and capillary bed plugging.5

We found elevated levels of malondialdehyde
(MDA) and myeloperoxidase (MPO) in the early

phase of sepsis.6 Production of phorbol-12-myristate-
13-acetate-stimulated ROS in whole blood was
increased in septic patients on the first and second
days of hospitalization.6

Lipids are susceptible targets of oxidation, so pro-
ducts of lipid peroxidation (e.g. MDA) are commonly
used markers of oxidative stress. Higher levels of lipid
peroxidation products like plasma F2-isoprostane and
isofuran were found in septic patients with the devel-
opment of organ failure.7

Damage to amino acids is mediated by reactive
oxygen/nitrogen species. Overproduction of hydroxyl
radical converts L-phenylalanine (Phe) into para-,
meta-, and ortho-tyrosine ( p-, m-, and o-Tyr).8–10 p-
Tyr (which is used by other organs for protein syn-
thesis) is formed enzymatically from Phe under physio-
logical circumstances in the kidney. Thus, p-Tyr may
be formed physiologically and in oxidative processes,
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while m- and o-Tyr are oxidative stress markers only.
Consequently, elevated levels of m- and o-Tyr refer
to hydroxyl radical-induced damage of tissues.
Several studies have justified the correlation of m-
and o-Tyr levels with other oxidative stress
markers.11–13

There was only a small number of clinical studies
assessing serum and urinary Tyr isoforms in different
pathological conditions. We found lower plasma p-
Tyr levels in the chronic kidney disease (CKD)
group, and an increased urinary excretion of o-Tyr in
diabetic/CKD patients.14 In another study we found
that albuminuria (both total and non-immuno-
reactive) showed a good correlation with urinary
o-Tyr/creatinine ratio in patients suffering from
ischemic stroke.15 Additionally, we detected higher
levels of m-Tyr and o-Tyr in total homogenates of cat-
aractous lenses.16

Hypotheses of the study were as following: (i) The
hydroxyl free radical-derived Tyr isoforms are elevated
in the sera and urine of septic patients as compared to
controls. (ii) Serum levels and urinary excretion of
hydroxyl radical-derived Tyr isoforms decrease with
amelioration of severity of inflammation in the
patients. (iii) Serum levels and kinetics of m- and
o-Tyr are determined rather by oxidative stress than
by renal handling. (iv) Because of a potential tubular
damage, synthesis, and therefore serum levels as well
as urinary excretion of the physiological isoform
p-Tyr, is lower in septic patients as compared to con-
trols. (v) Despite the potential tubular damage we pos-
tulated that p-Tyr still would be effectively retained by
the kidneys in most patients. (vi) With the improve-
ment of the patients due to the therapy, p-Tyr levels
in the blood of septic patients may normalize. (vii)
The renal handling of the structural isomers p-Tyr
vs. m- and o-Tyr would be substantially different,
despite the minor structural difference.

Materials and methods
Subjects and study design
The study protocol was completed in accordance with
the ethical guidelines of the 2003 Declaration of
Helsinki. After receiving permission from the Local
Ethics Committee (4422/2012), patients or nearest
relatives provided a signed informed consent after
they were informed clearly about details of the study
and blood sampling. This prospective study was per-
formed on 20 patients admitted to our intensive
ward between September 2012 and October 2013.
Demographic data, Intensive Care Unit (ICU) survi-
val, and source of infections are summarized in
Table 1.
Inclusion criteria were presence of severe sepsis or

septic shock at admission. Patients in which sepsis
developed as a complication during hospitalization

were not featured. Diagnosis of sepsis was based on
the American College of Chest Physicians/Society of
Critical Care Medicine consensus guideline17 and
positive microbiology cultures.
Medication (e.g. chronic steroid use, immunosup-

pressive medication) or treatment (e.g. radiotherapy,
chemotherapy) affecting immune response, hematolo-
gic malignant disease, and oliguria at admission
(impossible collection of urine) were all exclusion
criteria.
In the overall study period, 75 patients were categor-

ized during the course at ICU as having severe sepsis
and, 47 as being in septic shock. Fifty-eight patients
met the inclusion criteria (severe sepsis or septic
shock at admission). Twenty-six patients were
excluded (18 due to oliguria, 6 because of chronic
steroid use, and 2 for having malignant diseases).
Positive microbiology results were gained in only 20
out of the 32 patients; only these patients were
included in the study and they were treated according
to the recent sepsis guideline.18 Additionally, 25
healthy individuals were invited to serve as controls
for comparison (age: 60± 9.15 years; male/female:
7/18, which was not significantly different compared
to cases).
Blood samples were taken on admission (day 1) and

for four consecutive days (days 2–5) at 7 a.m. Urine
was collected every 24 hours and the daily amount
was noted. Serum and urinary creatinine levels were
measured. To standardize results, urinary levels of
the assessed substances were corrected for urinary
creatinine, and fractional excretion (FE) was also cal-
culated. FE of a certain substance can be used to

Table 1 Demographic and clinical data of patients

All
patients Survivors

Non-
survivors

P
value

n 20 15 5
Age (years) 69(60–77) 65(48–74) 75(69–80) 0.116
Male 9 7 2 0.604
Female 11 8 3
Source of

sepsis
Lung 13 9 4
Kidney 2 2 0
Burned skin 2 2 0
Wound 1 1 0
Abdomen 2 1 1

Death on day 2 3 0 3
Death on day 3 2 0 2
APACHE II 18(15–22) 17(14–22) 18(14–21) 0.860
MODS 6(3–10) 4(3–8) 8(4–11) 0.354
SAPS II 42(28–47) 39(27–45) 43(41–59) 0.137

Abbreviations: APACHE II, Acute Physiology And Chronic
Health Evaluation II; MODS, Multiple Organ Dysfunction Score;
SAPS II, Simplified Acute Physiology Score II.
P value represents statistical significance between survivors
and non-survivors.
Data are expressed as median (twenty-fifth to seventy-fifth
percentile).
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examine renal handling of that particular substance. It
is calculated by dividing the clearance of the measured
substance by the clearance of creatinine. FE shows the
amount of the filtered substance excreted with the
urine. It therefore indicates whether clearance of the
particular substance is greater or smaller than or
equal to the clearance of creatinine. If FE of a sub-
stance is 100%, it is freely filtered, and the net renal
reabsorption and secretion is zero. In case FE is
smaller than 100%, it refers to an active renal reab-
sorption of the substance. If FE exceeds 100%, it indi-
cates active secretion, or in loco renal production of the
substance. For calculating 24-hour clearance and FE,
the respective blood sample has to be obtained
during urine collection.
C-reactive protein (CRP), procalcitonin (PCT), and

creatinine levels were measured simultaneously, at the
Department of Laboratory Medicine of the University
of Pécs.
A 5-day-long study period was chosen because it

was presumed that a period of this length would
open a time window sufficiently wide for detecting
early changes inm-, o-, and p-Tyr levels in patients suf-
fering from sepsis.

Measurement of m-, o-, and p-Tyr levels
Blood samples of septic patients were obtained from
central venous catheter while peripheral blood
samples were taken from healthy individuals. Serum
was obtained through centrifugation (3000 rpm,
10 minutes). Serum and urine samples were stored at
−80°C until further examinations. Serum and

urinary m-, o-, p-Tyr and Phe levels were determined
using a reverse-phase HPLC method as described
earlier14 (Fig. 1).

Statistical analysis
SPSS version 20.0 (IBM Corporation, USA) was
used for statistical analysis. Data were expressed as
mean± SD or as median and inter-quartile range
(IQR), and depicted on standard box plot. Multiple
comparisons (days 1–5) were initiated using the
Kruskal–Wallis test, as most parameters were non-
normally distributed according to results of the
Kolmogorov–Smirnov test. Accordingly, another
non-parametric method, the Jonckheere–Terpstra
test, was used to detect significant trends. For pairwise
comparison of days and groups Student’s t-test or
Mann–Whitney U test was used, depending on the
normal, or non-normal distribution of the variables.
Correlational analyses were performed using the
non-parametric Spearman’s rho test. Values of P<
0.05 were considered as significant.

Results
Serum tyrosine levels
Serum m-Tyr levels did not show significant changes
during the study period (using Kruskal–Wallis test or
using Jonckheere–Terpstra’s test; P= 0.457). Serum
m-Tyr levels were significantly higher in septic patients
on days 2 (median [IQR]: 16 [38] nM; P= 0.031) and 3
(21 [26] nM; P= 0.035), when compared with those of
controls (4 [20] nM) (Fig. 2A).

Serum o-Tyr levels did not show significant changes
during the study period (P= 0.194). Differences of
serum o-Tyr levels between cases and controls were
not significant (Fig. 2B).

Serum p-Tyr levels were lower in septic patients on
days 1 (31 [21] μM; P= 0.005) and 2 (39 [26] μM;
P= 0.040) as compared to controls. Serum p-Tyr
levels showed a day-by-day elevation (P= 0.002),
which reached the level of significance on days 3 (48
[39] μM; P= 0.026), 4 (52 [28] μM; P= 0.013), and 5
(50 [28] μM; P= 0.004) compared to day 1, and lead
to disappearance of difference compared to controls
on days 3–5 (Fig. 2C).

Urinary tyrosine concentrations
Urinarym-Tyr concentration showed a decreasing ten-
dency (P= 0.041) with a significant difference when
comparing day 1 (248 [1651] nM) with day 4 (121
[175] nM; P= 0.029). No significant differences
could be observed between cases and controls (data
not shown). Urinary o-Tyr concentration did not
show any tendency during the study period (P=
0.206), although its level was significantly higher on
day 3 (87 [424] nM) when compared to day 1 (575
[3576] nM; P= 0.048) and it was significantly higher

Figure 1 Chromatograms of a standard (STD: 9.375 μmol/l
p-Tyr; 187.5 nmol/l m-Tyr; 187.5 nmol/l o-Tyr; 14.062 μmol/l
Phe), of sera of a control subject (CONTR), and a septic
patient (SE) and chromatogram of a urine sample of a septic
patient (SE-U). On the SE-U curve, p-Tyr and Phe show much
smaller peaks (at 8.5 and 20.5 minutes, respectively), as they
are present in urine in relatively small amounts because of the
high rate of their reabsorption. Abbreviations: p-Tyr, para-
tyrosine; m-Tyr, meta-tyrosine; o-Tyr, ortho-tyrosine; Phe,
phenylalanine.
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in cases (575 [3576] nM, day 1; 255 [1041] nM, day 2;
87 [424] nM, day 3; 107 [616] nM, day 4; 391
[1116] nM, day 5) compared to controls (1 [28] nM)
during the whole study period (P< 0.001) (data not
shown). Urinary p-Tyr concentrations showed a mark-
edly increasing tendency (P< 0.001) with significant
differences on days 3 (27 [73] μM; P= 0.015), 4 (38
[53] μM; P< 0.001), and 5 (45 [78] μM; P< 0.001)
when compared with day 1 (11 [16] μM). Its levels
were significantly lower on day 1 (P= 0.049)
and significantly higher on days 4 and 5 (P= 0.011,
P= 0.003, respectively) in cases compared with con-
trols (20 [40] μM; data not shown).

Urinary tyrosine/creatinine ratios
Urinary m-Tyr/creatinine ratios showed a decreasing
tendency (P= 0.018) and there was a significant differ-
ence between days 1 (63 [542] μM/mM) and 4 (23
[72] μM/mM; P= 0.037). Differences of urinary m-
Tyr/creatinine ratios between cases and controls
were not significant (Fig. 3A).
Urinary o-Tyr/creatinine ratios did not show any

tendency during the study period; o their data were sig-
nificantly higher in cases than in controls (12 [35] μM/

mM) on days 1 (209 [950] μM/mM) and 2 (60
[177] μM/mM; P= 0.009 and P= 0.041, respect-
ively). o-Tyr/creatinine ratios were significantly lower
on day 3 (16 [136] μM/mM) vs. day 1 (P= 0.009)
(Fig. 3B).
Urinary p-Tyr/creatinine ratios showed a marked

increase (P= 0.001), with significant differences on
days 4 (11 [24] μM/mM; P= 0.001) and 5 (11
[25] μM/mM; P= 0.006) compared to day 1 (4
[6] μM/mM). Urinary p-Tyr/creatinine ratios were
higher in septic patients on days 2 (7 [10] μM/mM;
P= 0.037), 3 (10 [12] μM/mM; P= 0.006), 4 (P<
0.001) and 5 (P< 0.001) compared to those of controls
(4 [3] μM/mM) (Fig. 3C).

FE of the tyrosine isomers
FE of m-Tyr (FEm-Tyr) showed a decreasing tendency
(P= 0.009) and on day 5 (25.0 [50.9] %) a significant
difference could be observed compared to day 1
(61.0 [149.0] %; P= 0.023), while FEo-Tyr and
FEp-Tyr remained unchanged (Fig. 4A and B).
FEp-Tyr was higher on day 4 (2.8 [4.9] %) than on
day 1 (1.6 [1.7] %; P= 0.031).

Figure 2 Serum levels of (A) m-Tyr, (B) o-Tyr, and (C) p-Tyr in septic patients. Data are expressed as median and IQR (standard
twenty-fifth to seventy-fifth percentile and fifth and ninety-fifth confidence interval). Asterisks indicate statistical differences
within the septic group compared to day 1 (*: P< 0.05; **: P< 0.01). The ‘#’ symbols show significant differences between patients
and controls. (#: P< 0.05; ##: P< 0.01). Serum p-Tyr levels showed a significant day-by-day elevation with trend analysis
(P= 0.002).
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FEm-Tyr values in cases were significantly lower on
days 3 (21.8 [42.5] %), 4 (18.7 [64.8] %), and 5 (P=
0.030; P= 0.026; P= 0.009, respectively) than those
of controls (87.5 [171.3] %). FEo-Tyr was significantly
higher in cases on days 1 (243.0 [598.6] %) and 2
(147.9 [693.2] %; P= 0.006; P= 0.020, respectively)
in comparison with controls (5.2 [37.6] %) (Fig. 4A).
FEp-Tyr levels were significantly higher in cases than
in controls (0.6 [0.4] %) during the whole study
period (1.6 [1.7] %; P= 0.027, day 1; 1.8 [1.8] %;
P< 0.001, day 2; 2.1 [2.5] %; P= 0.007, day 3; 2.8
[4.9] %; P< 0.001, day 4; 1.6 [2.4] %; P= 0.003, day
5) (Fig. 4B).
FEm-Tyr was significantly higher than FEp-Tyr

throughout almost the whole study period (61.0
[149.0] vs. 1.6 [1.7] %; P< 0.001, day 1; 53.6 [217.7]
vs. 1.8 [1.8] %; P< 0.001, day 2; 21.8 [42.5] vs. 2.1
[2.5] %; P< 0.001, day 3; 18.7 [64.8] vs. 2.8 [4.9] %;
P= 0.054, day 4; 25.0 [50.9] vs. 1.6 [2.4] %; P<
0.001, day 5, respectively). FEo-Tyr was significantly
higher than FEp-Tyr almost throughout the entire
study period (243.0 [598.6] vs. 1.6 [1.7] %; P< 0.001,
day 1; 147.9 [693.2] vs. 1.8 [1.8] %; P< 0.001, day 2;
17.4 [205.8] vs. 2.1 [2.5] %; P= 0.007, day 3; 23.7

[306.7] vs. 2.8 [4.9]; P= 0.002, day 4; 25.7 [205.2] vs.
1.6 [2.4] %; P< 0.001, day 5, respectively).
Interestingly, FEm-Tyr (87.5 [171.3] %) and
FEo-Tyr(5.2 [37.6] %) were also significantly higher
compared to FEp-Tyr (0.6 [0.4] %; P< 0.001 and P=
0.019, respectively) in the case of controls. On days 1
and 2, 6 out of 20 cases (30%) had an FEm-Tyr value
above 100%, while all FEp-Tyr values remained less
than 4% throughout the study.

Although we found no significant differences
between survivor and non-survivor patients regarding
FEm-Tyr, FEo-Tyr, or FEp-Tyr on day 1, a notable differ-
ence in FEo-Tyr between survivor and non-survivor
groups was observed as near significant (P= 0.057)
(Table 2).

Clinical parameters and their correlation with
tyrosine values
Serum CRP levels showed a decreasing tendency as
judged by Jonckheere–Terpstra’s test (P= 0.015).
Assessing data of the entire study period, serum
levels of p-Tyr (r=−0.536; P< 0.001), Phe
(r=−0.266; P= 0.019), and serum p-Tyr/Phe ratio
(r=−0.284; P= 0.012) showed negative correlation

Figure 3 Urinary (A)m-Tyr/creatinine, (B) o-Tyr/creatinine, and (C) p-Tyr/creatinine ratio in septic patients. Data are expressed
as median and IQR ((standard twenty-fifth to seventy-fifth percentile and fifth and ninety-fifth confidence interval). Asterisks
indicate statistical differences within the septic group compared to day 1 (*: P< 0.05; **: P< 0.01; ***: P< 0.001). The ‘#’ symbols
show significant differences between patients and controls. (#: P< 0.05; ##: P< 0.01; ###: P< 0.001). Urinary m-Tyr/creatinine
ratios had a decreasing tendency (P= 0.018), while urinary p-Tyr/creatinine ratios showed a marked increase (P= 0.001).
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with CRP. Serum m-Tyr/p-Tyr (r= 0.267; P= 0.021)
and o-Tyr/p-Tyr ratios (r= 0.268; P= 0.019) showed
positive correlation with CRP (data not shown).
Serum PCT levels showed a decreasing tendency

(P= 0.027) with the highest level on day 2 (Fig. 5A).
Assessing the data of the entire study period, urinary
m-Tyr concentration (r= 0.302; P< 0.001), urinary
m-Tyr/creatinine ratio (r= 0.319; P< 0.001), and
FEm-Tyr (r= 0.454; P< 0.001) showed a positive cor-
relation with PCT. Urinary p-Tyr concentration
(r=−0.291; P= 0.001) and urinary p-Tyr/creatinine
ratio (r=−0.202; P= 0.028) showed a negative corre-
lation with PCT (data not shown).
Serum creatinine showed a decreasing tendency

(P= 0.033), with the highest level on day 2
(Fig. 5B). Its levels correlated with urinary m-Tyr con-
centration (r= 0.178; P= 0.031), urinary m-Tyr/crea-
tinine ratio (r= 0.232; P= 0.004), urinary o-Tyr/
creatinine ratio (r= 0.166; P= 0.046), FEm-Tyr (r=
0.411; P< 0.001), FEo-Tyr (r= 0.361; P< 0.001),
urinary p-Tyr concentration (r=−0.514; P< 0.001),

and p-Tyr/creatinine ratio (r=−0.416; P< 0.001)
(data not shown).
Furthermore, comparing survivor and non-survivor

patients, we found significant differences in urine pro-
duction on day 1 (P= 0.006). Regarding all the other
clinical parameters, we did not find any significant
differences when comparing survivors and non-survi-
vors on day 1 (Table 2).

Potential confounder role of antibiotic therapy
Patients regarding their antibiotic treatment have been
compared. As most of the subjects are given a combi-
nation of different antibiotic medications, we per-
formed a comparison concerning, whether or not a
patient has received antibiotics of a certain class (peni-
cillins and cephalosporins, aminoglycosides, fluoro-
quinolones, macrolides, glycopeptides, carbapenems,
polymyxines, or tetracyclines). In case of three
classes of antibiotics, we found interesting differences
in Tyr parameters. FEp-Tyr was significantly lower in
patients given penicillin or cephalosporin treatment
(1.1 [1.4] %) as compared to those not receiving
these drugs (2.2 [2.0] %; P= 0.003). Similarly, subjects
with aminoglycoside treatment had lower FEp-Tyr (1.6
[1.9] %) than subjects not receiving aminoglycosides
(2.3 [2.5] %; P= 0.015). Finally, patients with carba-
penem treatment had lower serum level of p-Tyr (31
[22] μM) and higher FEo-Tyr (158.5 [432.9] %) than
subjects without carbapenem treatment (50 [22] μM;
P< 0.001, 22.6 [243.5] %; P= 0.043, respectively).
We did not find any difference in Tyr parameters
regarding administration of fluoroquinolones (data
not shown). There were only a few patients given
macrolide, glycopeptide, polymyxine, or tetracycline
treatment, in which cases statistical comparison was
impossible.

Discussion
The main findings of our study were that serum levels
of m-Tyr were significantly higher in septic patients on
days 2 and 3 than in those of the controls. Urinary
m-Tyr/creatinine ratios and also FEm-Tyr showed a sig-
nificant tendency of decrease during the study period.
Serum levels of p-Tyr were lower in septic patients on
days 1 and 2 than in those of controls and this showed
a significant day-by-day elevation, which led to a dis-
appearance of the differences between cases and con-
trols on days 3–5. Urinary p-Tyr/creatinine ratios
increased during the 5 days of our observation. The
level of FEp-Tyr was significantly lower than that of
FEm-Tyr during the whole study period. Measured
tyrosines showed correlations with relevant clinical
parameters of inflammation and renal function.
In the human body, three isoforms of L-tyrosine can

be detected, namely m-, o-, and p-Tyr. The earlier two
(m- and o-Tyr) are mainly formed non-enzymatically

Figure 4 (A) FE of p-, m-, and o-Tyr (IQR; standard twenty-
fifth to seventy-fifth percentile and fifth and ninety-fifth
confidence interval). FE of m-Tyr showed a decreasing
tendency (P= 0.009). (B) FE of p-Tyr (IQR; standard twenty-
fifth to seventy-fifth percentile and fifth and ninety-fifth
confidence interval). Asterisk indicates a statistically relevant
difference within the septic group compared to day 1 (*: P<
0.05). The ‘#’ symbols show significant differences between
cases and controls (#: P< 0.05; ##: P< 0.01; ###: P< 0.001).
The ‘+’ symbols show significant differences between FE of
m- or o-Tyr and that of p-Tyr (+: P< 0.05; ++: P< 0.01; +++:
P< 0.001).
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Table 2 Clinical data of patients on day 1

All patients Survivors Non-survivors P value

N 20 15 5
Serum sodium (mmol/l) 134(7) 135(6) 134(16) 0.868
Serum potassium (mmol/l) 4.3± 0.8 4.4± 0.8 4.2± 1.0 0.755
BUN (mmol/l) 9.7(11.3) 9.0(10.0) 11.3(14.1) 0.283
Serum creatinine (μmol/l) 112(124) 106(150) 125(91) 0.741
Urine output (ml/day) 2336± 1503 2780± 1485 1077± 556 0.001
Urinary creatinine (μmol/l) 3636(4480) 3041(3266) 4344(12 677) 0.401
Serum bilirubin (μmol/l) 17(24) 16(11) 57(76) 0.117
Serum albumin (g/l) 24± 7 25± 7 20± 4 0.114
WBC count (g/l) 16.2(16.4) 14.6(16.6) 16.2(22.6) 0.509
Htc (%) 34.7± 7.9 29.7± 8.7 33.0± 4.4 0.424
Platelet count (g/l) 165± 90 175± 97 133± 58 0.371
hsCRP (mg/l) 199± 83 206± 83 176± 88 0.499
PCT (ng/ml) 6.18(22.27) 6.68(27.56) 6.18(39.54) 0.832
Serum p-Tyr (μmol/l) 31.07(21.12) 31.90(25.95) 28.83(14.21) 0.689
Serum m-Tyr (nmol/l) 11.25(187.34) 11.25(126.14) 134.93(545.08) 0.915
Serum o-Tyr (nmol/l) 19.78(27.87) 19.78(18.95) 22.92(55.62) 0.841
Serum Phe (μmol/l) 54.46± 21.47 53.56± 21.88 57.83± 22.63 0.734
Serum p-Tyr/Phe (μmol/μmol) 0.677± 0.288 0.685± 0.285 0.650± 0.342 0.840
Serum m-Tyr/Phe (nmol/μmol) 0.249(2.55) 0.249(1.516) 1.538(12.264) 0.750
Serum o-Tyr/Phe (nmol/μmol) 0.386(0.626) 0.386(0.549) 0.477(0.719) 1.000
Serum m-Tyr/p-Tyr (nmol/μmol) 0.308(4.917) 0.308(2.639) 4.755(12.577) 0.832
Serum o-Tyr/p-Tyr (nmol/μmol) 0.441(1.944) 0.441(1.944) 0.813(1.989) 0.920
Serum (m-Tyr+ o-Tyr)/Phe (nmol/μmol) 0.923(4.141) 0.770(3.930) 2.328(12.141) 0.457
Serum (m-Tyr+ o-Tyr)/p-Tyr (nmol/μmol) 1.362(8.392) 1.157(6.383) 6.581(12.614) 0.457
Urinary p-Tyr (μmol/l) 10.8(15.5) 12.4(15.7) 10.7(21.7) 1.000
Urinary m-Tyr (nmol/l) 248(1651) 244(1521) 248* 0.911
Urinary o-Tyr (nmol/l) 575(3576) 511(1938) 2973(7771) 0.219
Urinary m-Tyr/p-Tyr (nmol/μmol) 12.82(225.20) 15.92(206.51) 7.09* 1.000
Urinary o-Tyr/p-Tyr (nmol/μmol) 55.5(417.8) 36.2(350.5) 418.5(806.7) 0.257
Urinary (m-Tyr+ o-Tyr)/p-Tyr (nmol/μmol) 176(477) 171(457) 176* 0.823
Urinary p-Tyr/creatinine (μmol/mmol) 4.24(6.19) 4.24(5.77) 5.29(10.55) 0.850
Urinary m-Tyr/creatinine (nmol/mmol) 62.6(542.2) 59.2(505.9) 96.3* 0.737
Urinary o-Tyr/creatinine (nmol/mmol) 209(950) 190(636) 1230(1638) 0.108
Urinary p-Tyr excretion (μmol/day) 31.7(51.8) 35.1(56.2) 11.9(44.2) 0.395
Urinary m-Tyr excretion (nmol/day) 535(4193) 595(4075) 476* 0.911
Urinary o-Tyr excretion (nmol/day) 1732(4992) 1358(3534) 3760(8900) 0.299
FEp-Tyr (%) 1.605(1.692) 1.818(1.591) 0.866* 0.545
FEm-Tyr (%) 61.0(149.0) 61.0(180.9) 91.8* 0.850
FEo-Tyr (%) 243(599) 148(470) 2074* 0.051
Clearance of p-Tyr (ml/min) 0.424(1.157) 0.685(1.421) 0.282* 0.131
Clearance of m-Tyr (ml/min) 42.5(43.6) 42.5(45.3) 25.0* 0.734
Clearance of o-Tyr (ml/min) 65.7(167.6) 40.8(135.2) 674.6* 0.078

*Percentiles 25 and 75 cannot be calculated because of low number of cases.
P value represents statistical significance between survivors and non-survivors.
Abbreviation: FE, fractional excretion.
Data are expressed as mean± SD or median (IQR).

Figure 5 Serum levels of (A) PCTand (B) creatinine in septic patients. Data are expressed as median and IQR (standard twenty-
fifth to seventy-fifth percentile and fifth and ninety-fifth confidence interval). A significant decreasing tendency was found in both
parameters (P= 0.027; P= 0.033, respectively).
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due to the attack by hydroxyl free radical on Phe mol-
ecules, while the latter ( p-Tyr) is mainly formed in
enzymatic reactions (by phenylalanine hydroxylase
(PAH)) from Phe.8,19

We found higher serum m-Tyr levels in septic
patients compared with controls on days 2 and 3. A
significant decreasing tendency in serum m-Tyr has
led to the disappearance of differences between cases
and controls on days 4 and 5. Additionally, serum
PCT levels (the marker of bacterial infection)20 have
shown a significant decreasing tendency in parallel
with the decrease of serum m-Tyr levels. Similar to
our results, several other studies have shown similar
tendencies regarding PCT, MDA, and MPO in case
of adequate antibiotic treatment.6,21,22

Another factor that might have an influence on
initial serum m-Tyr levels and their subsequent
changes might be impaired renal function, because
serum creatinine levels changed in parallel with
serum m-Tyr levels, and renal injury has been shown
to induce oxidative stress.23 A further possible expla-
nation of the initially high serum levels of m-Tyr (as
compared to controls) might be an initial low renal
clearance leading to its accumulation, which might
improve alongside the amelioration of renal function,
and could eventually also lead to the normalization
of m-Tyr levels.
We found decreasing urinary m-Tyr/creatinine

ratios throughout the study. A decrease in the
urinary excretion of a substance can be explained by
(i) decreasing serum levels with the same rate of
renal transport, (ii) normal serum levels and decreas-
ing rate of renal transport, or (iii) combination of
decreasing serum levels and decreasing rates of renal
transport. In order to gain more information on
renal transport of m-Tyr, FE of m-Tyr was also ana-
lyzed. A substantial proportion (30%) of patients
had FEm-Tyr levels above 100% at the beginning of
the study. This suggests that in these patients m-Tyr
is either secreted actively by the kidney, or is produced
in loco in the kidney, due to hydroxyl free radical
attack. This is also supported by the correlation
between PCT levels and the urinary m-Tyr/creatinine
ratio or FEm-Tyr. FEm-Tyr showed a decreasing ten-
dency during the study, which was also in line with a
decrease in inflammation resulting from therapy.
Furthermore, our data suggest that initial high

serum levels of m-Tyr (as compared to controls) do
not occur as a result of renal retention of m-Tyr (in
this case FEm-Tyr should be <100% in all cases), but
rather to a systemic overproduction of the substance
due to oxidative stress processes. Based on these find-
ings, we can also hypothesize that the decreasing ten-
dency of the urinary concentration of m-Tyr occurs
due to a combination of the continuously decreasing

serum m-Tyr levels and decreased urinary clearance
independent of the glomerular filtration rate as
suggested by a decrease in FEm-Tyr (i.e. possibility
(iii), see above).
As to o-Tyr, no significant tendency was observed

during the course of the study for urinary o-Tyr/crea-
tinine levels or FEo-Tyr. However, FEo-Tyr exceeded
100% in 50, 35, 30, 25, and 25% of our cases on
days 1–5, respectively. This result suggests that o-Tyr
is actively excreted, or produced in loco in the
kidney. This is in line with our previous findings in
other patient populations, namely in patients with
type 2 diabetes mellitus±CKD14 and in patients
with hypertension± type 2 diabetes mellitus±CKD,
where we have found patients having FEo-Tyr >100%
in up to 30% of the cases (partially unpublished
data).24 Different behavior of m- and o-Tyr is an inter-
esting finding of our study, supported by the data of
others as well, an explanation of which is unknown
as yet.9

Regarding p-Tyr, serum levels of the physiological
amino acid were lower at the beginning of the study
compared to those of controls. During the study
period, serum p-Tyr showed an increasing tendency,
which finally led to the normalization of p-Tyr levels.
Potential explanations for initial low serum p-Tyr
levels in septic patients might be the following: (i) a
catabolic condition that leads to lower levels of
amino acids, (ii) impaired renal synthesis of p-Tyr, or
(iii) increased renal loss due to lack of proximal
tubular reabsorption. Amelioration of any of the
above mentioned three processes could explain nor-
malization of p-Tyr serum levels.
(i) In fact, a catabolic state can be found in sepsis due

to increased levels of pro-inflammatory cytokines
and stress hormones.25 However, in our study we
found that serum Phe levels of our patients were
not lower than those of controls (data not shown),
thereby excluding the possibility that a general
amino acid metabolic problem due to a catabolic
state could be, per se, responsible for the lower
serum levels of p-Tyr. In order to obtain further
information about the other two possible options,
urinary excretion and FE of p-Tyr needed to be
analyzed.

(ii) Low serum p-Tyr levels due to low PAH activity are
mainly known from patients with severe impair-
ment of glomerular function, including those on
hemodialysis. In our study, no correlation could
be found between serum creatinine levels and
serum p-Tyr levels (data not shown), which suggests
that in this phase of renal damage, lower p-Tyr
levels could occur without severe impairment of
glomerular function. Another explanation for low
PAH activity and resulting low p-Tyr level could
be deficiency of the cofactor used in the enzymatic
reaction. In fact, several studies reported higher
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levels of Phe in septic patients,26–28 moreover
maximum values of Phe were significantly associ-
ated with mortality in patients with sepsis.29 The
underlying cause of elevated serum Phe levels
may indeed be the decreased PAH activity.
Namely, as a result of oxidative stress, the enzyme
cofactor tetrahydrobiopterin (BH4) is oxidized
non-enzymatically to dihydrobiopterin.30

Administration of BH4 could improve microcircu-
lation and outcome in an ovine sepsis model.31

Although there was a tendency of higher Phe
levels, this did not prove to be significant. It can
be explained by the relatively low number of
cases, or by the fact that our patients were hypoal-
buminemic (median [IQR]: 25.7 [6.9] g/l for whole
study period, 26.9 [5.4] g/l maximum on day 3) and
hypoproteinemic (42.8 [12.9] g/l for whole study
period, 44.0 [21.2] g/l maximum on day 1) (data
not shown). Therefore, excessive amounts of Phe
would be used up in protein synthesis.
Nevertheless, the potential role of BH4 deficiency
is also feasible.

(iii) FEp-Tyr remained well below 100% throughout the
study, but it was higher than the 1% suggested by
the literature32 or our earlier data on controls,14

indicating a slight impairment of renal tubular
reabsorption, which could in fact influence serum
p-Tyr levels. Another possibility could be active
secretion of in loco produced p-Tyr into the
tubular lumen.33

The lack of a correlation between serum creatinine and
FEp-Tyr values suggests that glomerular and tubular
functions (marked by serum creatinine and FEp-Tyr,
respectively) are not affected to the same extent in
these patients. Our data might suggest that lower
serum p-Tyr levels could be a consequence of lower
enzymatic production in the kidney due, for example,
to damage of the tubulointerstitial part (possibility
(ii)), although the contribution of tubular loss of
p-Tyr cannot be ruled out either (possibility (iii)).
Antibiotic treatment might have an effect on renal

function, including tubular function (e.g. aminoglyco-
sides may be directly nephrotoxic), and it could also
have an influence on amino acid transport and metab-
olism. To investigate this issue, we compared patients
regarding their antibiotic treatment. We found that
use of beta-lactams, aminoglycosides, and carbape-
nem had an effect on Tyr parameters. This connection
could be described by different approaches, e.g. poten-
tial tubular effect of these agents, or role of the under-
lying primary disease, which determines both
antibiotic treatment, and which could also have an
effect on amino acid metabolism, transport, etc.
Thus, the confounder role of these medications
cannot be excluded. The exact effect of the antibiotics
would need further analyses that are out of scope of
this study.

Limitations of our study are: (i) the number of
patients was too low to allow us to draw negative con-
clusions concerning the tendencies of the measured
parameters. As indicated in the title, this is a pilot
study; (ii) previous data on the distinct isomers do
not exist in sepsis. The necessary number of cases for
a future study has to be calculated based on these data.

The striking differences between FEm-Tyr and
FEp-Tyr may indicate that the two amino acids
( p-Tyr and m-Tyr) showing only minor structural
differences are handled by the kidneys in a completely
different way in septic patients.
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