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stable and are superior for this purpose (Vinton et al.,
1986).

Among several actions (Gaull et al., 1979), taurine
has protective effects on cell membrane stabilization
and it has been implicated in the immune response
because of its ability to modulate antimicrobial
function (McLoughlin et al., 1982). The polymorpho-
nuclear neutrophils (PMNs) are the main proinflam-
matory cells activated in the initial host response to
sepsis or surgical trauma. Taurine constitutes 76% of
the free amino acid pool (Fukuda et al., 1982):¸human
leukocytes contain 26 mM of taurine and human
neutrophils 22 mM, while the average extracellular
concentration in human serum is 50 µM (Anderson
et al., 1988). One reason for its abundance in the
neutrophil cytosol is to trap chlorinated oxidants
(Marcinkiewicz et al., 1998) or free radicals during the
oxidative burst induced by phagocytosis. The majority
of studies on the interrelationship between taurine and
neutrophil function have centered upon the modula-
tion of this oxidative pathway.

The ability of phagocytes to reduce the almost
colorless compound nitroblue tetrazolium (NBT)
to dark blue formazan reflects the increased oxi-
dative metabolism of these cells during phagocyto-
sis. By means of this property, the quantitative
NBT reduction assay provides rapid information on
the intracellular superoxide anion produced during
the oxidative burst and is the basis for measuring
phagocytosis.

Summary. This study determines the effects of taurine (Tau) on
phagocytosis of polymorphonuclear neutrophils (PMN) isolated
from normal subjects (n � 41) and severely burned patients
(n � 20). Phagocytosis was measured by nitroblue of tetrazolium
(NBT) reduction in samples with and without latex bead stimula-
tion. Taurine was added at doses of 0.2, 0.4, 0.8 and 1.6 mM to
stimulated samples. In control cells there were statistically signifi-
cant increases in phagocytosis after addition of Tau 0.8 mM and
1.6 mM to as compared to samples without Tau addition (295 �

23% and 330 � 35% vs. 248 � 18%; mean � S.E.; p � 0.05).
A statistically significant increase in phagocytosis was observed in
cells from the burned population after addition of Tau 1.6 mM
(288 � 38% vs. 198 � 13%; mean � S.E.; p � 0.05). No changes in
phagocytosis were found in cells from a subgroup of burn patients (n
� 13) followed over 7, 15 and 21 days. These results indicate that
taurine supplementation in vitro at doses of 0.8 to 1.6 mM improves
the phagocytic capacity of neutrophils in healthy subjects and in
patients with severe burn injury, mainly when neutrophil function is
unaltered.
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Introduction

Taurine (Tau), a sulfur amino acid with a molecular
mass of 125 daltons, is the major end product of
methionine-cysteine metabolism. Taurine is present in
several food sources (Laidlaw et al., 1990), is a normal
constituent of animal (O’Donnell et al., 1981) and hu-
man diets (Erbersdobler et al., 1984), and is found
in almost all mammalian tissues. Taurine levels in
plasma, subject to high variation, are not a good indi-
cation of the status of this amino acid in the body.
Deposits found in the leukocytes or platelets are more
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Neutrophil function is impaired after thermal injury
and this could increase the risk of infection (Bjornson
et al., 1981). The reason for this impairment has not
been elucidated and the exact mechanisms involved in
the process are not known.

The aim of the present study was to determine the
effects produced by taurine on the phagocytic function
of polymorphonuclear neutrophils in vitro, as meas-
ured by the NBT reduction test. The work was carried
out in samples from healthy subjects and severely
burned patients up to 21 days after injury.

Materials and methods

NBT assay

Polymorphonuclear cells were isolated in all samples by
PolymorphrepTM (d � 1.113), a sodium metrizoate/dextran solution.
The quantitative NBT test was carried out on aliquots of 250 µL (2.5
� 105 cells) mixed with 20 µL phosphate buffer (PBS; pH 7.4) in
non-stimulated samples or with 20 µL of latex bead suspension (par-
ticle diameter 1.094 µ, Sigma: LB-11) in stimulated samples. A vol-
ume of 250 µL of 0.1% nitroblue of tetrazolium (Sigma: N-6876) was
added to all samples. After 30 min of incubation at 37°C the reaction
was stopped, tubes were centrifuged at 3000 � g during 30 min,
supernatants were discarded and the reduced NBT was extracted
with dioxan (Sigma). Supernatant optical density (O.D.) was mea-
sured at 525 nm using dioxan as a blank control, as described (De la
Fuente et al., 1991). The results, expressed in percentage, were
calculated considering the OD of the non-stimulated sample to be
100% and dividing this value by the OD of the latex-stimulated
sample.

Phagocyte function study

The study was approved by our hospital Ethical Committee. Two
groups were included. The control group consisted of 41 healthy
volunteers from the hospital staff, 15 men and 26 women, 37.4 �

13.2 years old, who had a complete hemogram as part of the hospi-
tal’s standard health control program. The burn group contained 20
patients with severe thermal injury [more than 12% body surface
area; (BSA)], 18 men and 2 woman, 41.7 � 18.8 years old. In 11
patients, 12–30% of the BSA was affected, in 6 others, 30–50% and
in 3, more than 50%. Samples were obtained within the first 24 hours
in all patients and at 7, 15 and 21 days after hospital admission in

13 of them. All patients survived the burn and were ultimately
discharged.

In both cases and controls, 6 aliquots of isolated cells were pre-
pared for each individual studied: one non-stimulated with 20 µL
phosphate buffer (pH 7.4); one stimulated with 20 µL of latex bead
suspension and 4 latex-stimulated with the addition of Tau (0.2, 0.4,
0.8 and 1.6 mM) at levels between 2 and 20 times over our estab-
lished physiological range (31–82 µmol/L).

Statistical analysis

For statistical purposes we used the Wilk’s normality test, analysis
of variance for repeated measurements (ANOVA), the Wilcoxon
test for paired samples and the Spearman correlation analysis
(SPSS 8.0 software). P-values of less than 0.05 were considered
significant.

Results

Burn patients presented normal initial mean values for
hemoglobin (13.54 � 3.14 g/dL), hematocrit (39.53 �
9.68%) and RBC count (4.50 � 1.13 � 1012/L), and a
high leukocyte count (12.24 � 6.27 � 109/L). Eight
patients presented neutrophilia (83.2 � 3.8 %) and
one neutropenia. Plasma levels of cholesterol (120 �
39 mg/dL) and triglycerides (110 � 51 mg/dL) were
within the normal range (�200 and �150 mg/dL
respectively).

Calculation of the reproducibility of the NBT assay
gave a CV of 8.2% for a pool of stimulated samples.
The purity of the PMN isolates was between 95 and
100%. In the normal subjects, O.D. results were 0.057
� 0.024 for unstimulated and 0.134 � 0.06 for stimu-
lated cells (248 � 15%; mean � S.E.), values that are
within our normal range (140–360%; 25th to 75th

percentiles).
Results of Tau addition to stimulated cells in normal

patients are shown in Table 1. Statistically significant
differences were observed in the stimulated samples
vs. stimulated plus Tau 0.8 mM and 1.6 mM (p � 0.05).
Results expressed in percentage term (mean � S.E.)

Table 1. Phagocytosis results (NBT reduction test)

Tau addition Control (O.D.) Control (%) Burn (O.D.) Burn (%)
(mM)

Without 0.134 � 0.06 248 � 18 0.129 � 0.05 198 � 13
0.2 0.157 � 0.09 297 � 28 0.153 � 0.11 238 � 37
0.4 0.146 � 0.07 283 � 23 0.152 � 0.10 234 � 37
0.8 0.158 � 0.08* 295 � 23* 0.159 � 0.07* 241 � 18
1.6 0.188 � 0.11* 330 � 35* 0.193 � 0.09* 288 � 38*

* Statistically significant differences vs. samples without added taurine (P � 0.05)
O.D values: mean � S.D. and % values: mean � S.E.
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were: without Tau, 248 � 18%; Tau 0.2 mM, 297 �

28%; Tau 0.4 mM, 283 � 23%; Tau 0.8 mM, 295 �

23% and Tau 1.6 mM, 330 � 35%.
At day 0 (first 24 hours) O.D. results in the burn

group were 0.057 � 0.024 for unstimulated and
0.129 � 0.05 for stimulated cells. Results of Tau
addition (O.D.) showed statistically significant dif-
ferences in stimulated samples vs. stimulated plus
Tau 0.8 mM and 1.6 mM (p � 0.05) (Table 1). When
results were expressed in percentage term, statistically
significant increases in phagocytosis were observed
in samples with Tau 1.6 mM (p � 0.05). Subsequently,
we created a subgroup of patients with phagocytosis
levels in the normal range and studied the effects
of taurine addition on day 0. At a dose of 1.6 mM,
statistically significant increases were observed with
respect to samples without taurine (300 � 31% vs.
220 � 15%; p � 0.05). The addition of taurine to
samples collected at 7, 15 and 21 days showed
no significant differences vs. samples without Tau
(Table 2; n � 13).

The Spearman analysis showed a no correlations for
phagocytosis versus triglycerides (r � �0.071), choles-
terol (r � �0.395) or burned area (r � 0.407).

Discussion

The causes of the changes in neutrophil function after
injury are not completely understood but appear to be
multifactorial. Two main lines of thought have at-
tempted to explain these changes; one is focussed on
the presence of serum inhibitors (microenvironment)
that directly influence neutrophil function (Bjornson
et al., 1978), and the other on intrinsic cellular defects
(Dahlgren et al., 1999; Holmes et al., 1967). With
regard to the first, it has been described that

hyperlipidemia can affect phagocytosis by modifying
membrane lipid composition (Masuda et al., 1986).
We explored this hypothesis in our samples from burn
patients with normolipidemia, but found no statistical
association between phagoytosis and cholesterol or
triglyceride serum concentrations. Hence we believe
that neutrophil function was not affected by normo-
lipidemia plasma status.

Focussing more specifically on burn injury, it is
paradoxical that both depressed neutrophil activity
(mainly chemotaxis) and increased neutrophil func-
tion have been reported as secondary phenomena in
non-infectious processes involving active inflamma-
tion (Bogomolski-Yahalom and Matzner, 1995). It is
accepted that there is a general activation of circulat-
ing neutrophils after thermal injury, followed by im-
pairment of neutrophil microbicidal mechanisms. The
contributions of numerous authors over the years
illustrate this duality (Bjerknes et al., 1990; Zapata-
Sirvent and Hansbrough, 1993). Also, data obtained
from various sources clearly point to a multifactorial
cause for the change in phagocytic response. Our
results, evidencing a highly individualized phagocytic
response in burn patients, are in keeping with this
concept.

Another related fact is that burn patients show
an increased demand for sulphurated amino acids
(Martenson et al., 1987). This increased demand coin-
cides with the time of greatest resynthesis of scar pro-
teins. In parallel, during the first hours there is an
increase (of unknown origin) in total antioxidant ca-
pacity, which does not correlate with the severity or
extension of the burn (Farriol et al., 2001). All this
evidence suggests that the neutrophil response in this
phase is dictated by multiple factors (Rosenthal et al.,
1996; Rodeberg et al., 1997).

Table 2. Results of phagocytosis after taurine addition. Burn patients after 21 days of injury

Taurine addition Day 0 Day 7 Day 15 Day 21
(mM)

Without 198 � 13 246 � 108 179 � 18 270 � 47
0.2 238 � 37 253 � 139 160 � 25 221 � 19
0.4 234 � 37 261 � 129 182 � 28 259 � 22
0.8 241 � 18 280 � 169 187 � 28 241 � 45
1.6 288 � 38* 322 � 184 214 � 30 308 � 78

Calculation of results: OD increase vs. OD in the unstimulated samples (without latex); O.D
values: mean � S.D. and % values: mean � S.E. (n � 20); * Statistically significant differences
vs. samples without added taurine (p � 0.05)
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In practice, all the components of phagocytosis
(chemotaxis, adhesion, aggregation, granular content,
degranulation processes, respiratory burst and bacte-
rial killing) are not completely evaluated due to the
complexity of this task. Assessment of neutrophil
functional capacity with the NBT test is simple and
perfectly valid (Niculescu et al., 1995). We chose this
method because of its ease of execution and excellent
cost-effectiveness (i.e. regarding the information pro-
vided), and our results in burn patients coincide with
those reported (Zapata-Sirvent et al., 1993) using flow
cytometry.

With regard to taurine, it is known that because of
its antioxidant capacity it protects cells from self-
destruction during processes that generate oxidants.
Its effects on phagocytosis may be secondary to its
membrane-stabilizing effects or to inhibition of
apoptosis (Wang et al., 1996), but the major function
of taurine in leukocytes is to trap chlorinated oxidants
to produce the long-lived taurine cloramine (Odajima
and Yamazaki, 1998). An extensive review explaining
the role of taurine in host defense has been published
(Stapleton et al., 1998). Supplementation with taurine
appears to result in a rise of bacterial phagocytosis
with impairment of oxidative pathways. However, the
optimum levels of intra and extracellular oxidants and
antioxidants are unknown.

The results obtained with the simple, fast ex vivo
method used in the present study demonstrate that
taurine doses of around 1 mM produced a positive
effect on the activation of phagocytosis as a general
anti-inflammatory mechanism. Hence, we believe that
dietary supplementation with taurine in the post ag-
gression phase of severe burn injury could improve
immunological defense.

Acknowledgements

We thank Ms. Celine Cavallo for her linguistic help and the nurses of
the Burns Unit for their courtesy during the long period of the study.
This work is part of the doctoral thesis of Ms. Yusimy Venereo.

References

Anderson GM, Durkin TA, Chakraborty M, Cohen DJ (1988)
Liquid chromatographic determination of taurine in whole blood,
plasma and platelets. J Chromatogr 431: 400–405

Bjerknes R, Vindenes H, Laerum OD (1990) Altered neutrophil
functions in patients with large burns. Blood Cells 16: 127–
141

Bjornson AB, Alteimer WA, Bjornson HS, Tang T, Iserson ML
(1978) Host defense against trauma. I. Studies to determine the

association between changes in humoral components of host
defense and septicemia in burned patients. Ann Surg 188: 93–101

Bjornson AB, Bjornson S, Altemeir WA (1981) Serum-mediated
inhibition of polymorphonuclear leukocyte function following
burn injury. Arch Surg 194: 568–575

Bogomolski-Yahalom V, Matzner Y (1995) Disorders of neutrophil
function. Blood Rev 9: 183–190

Dahlgren C, Karlsson A (1999) Respiratory burst in human
neutrophils. J Immunol Meth 232: 3–14

De la Fuente M, Del Rio M, Fernandez D, Hernanz A (1991)
Modulation of phagocytic function in murine peritoneal macro-
phages by bombesin, gastrin-releasing peptide and neuromedin C.
Immunology 73: 205–211

Erbersdobler HF, Trautwein E, Greulich HG (1984) Determina-
tions of taurine in milk and infant formula diets. Eur J Pediatr 142:
133–134

Farriol M, Fuentes F, Venereo Y, Solano I, Orta X, Segovia T
(2001) Antioxidant capacity in severely burned patients. Pathol
Biol 49: 227–231

Fukuda K, Hirai Y, Yoshida H, Nakajima T, Usui T (1982) Free
amino acid content of lymphocytes and granulocytes compared.
Clin Chem 28: 1758–1761

Gaull GE, Rassin DK (1979) Taurine in development and nutrition.
Ciba Found Symp 72: 271–272

Holmes B, Page AR, Good RA (1967) Studies of the metabolic
activity of leukocytes from patients with a genetic abnormality of
phagocytic function. J Clin Invest 46: 1422–1432

Laidlaw SA, Grosvenor M, Kopple JD (1990) The taurine content
of common foodstuffs. JPEN 14: 183–188

Marcinkiewicz J, Grabowska A, Bereta J, Stelmaszynska T (1995)
Taurine chloramine, a product of activated neutrophils, inhibits
in vitro the generation of nitric oxide and other macrophage
inflammatory mediators. J Leukoc Biol 58: 667–674

Martenson J, Larsson J, Nordstrom H (1987) Amino acid metabo-
lism during the anabolic phase of severely burned patients: with
special reference to sulphur amino acids. Eur J Clin Invest 17:
130–135

McLoughlin DM, Stapleton PP, Bloomfield FJ (1982) Influence of
taurine and a substituted taurine burst pathway in the inflamma-
tory response. Biochem Soc Trans 19: 73–78

Masuda M, Horiksaka K, Koeda T (1986) Effects of taurine on
functions of rat neutrophil function in hyperlipidemic rats. Jpn J
Pharmacol 40: 478–480

Niculescu T, Cojocaru M (1995) Demonstration of the neutrophil
granulocyte functional capacity in silicosis, using the NBT test.
Rom J Inter Med 33: 73–76

Odajima T, Yamazaki I (1998) Myeloperoxidase of the leukocyte of
normal blood. I. Reaction of myeloperoxidase with hydrogen
peroxide. Biochim Biophys Acta 206: 71–77

O’Donnell JA, Rogers QR, Morris JG (1981) Effect of diet on
plasma taurine in the cat. J Nutr 111: 1111–11116

Rodeberg DA, Bass RC, Alexander JW, Warden GD, Babcock GF
(1997) Neutrophils from burn patients are unable to increase the
expression of CD11b/CD18 in response to inflammatory stimuli.
J Leukoc Biol 61: 575–582

Rosenthal J, Thurman GW, Cusak N, Peterson VM, Malech HL,
Ambruso DR (1996) Neutrophils from patients after burn injury
express a deficiency of the oxidase components p47-phox and p67-
phox. Blood 88: 4321–4329

Stapleton PP, O’Flaherty L, Redmond P, Bouchier-Hayes D (1998)
Host defense. A role for the amino acid taurine? JPEN 22: 42–48

Vinton NE, Laidlaw SA, Ament ME, Kopple JD (1986) Taurine
concentrations in plasma and blood cells of patients undergoing
long-term parenteral nutrition. Am J Clin Nutr 44: 398–404



Taurine and phagocytosis 445

Wang JH, Redmond HP, Watson RWG, Condron C, Bouchier-
Hayes D (1996) The beneficial effect of taurine on the prevention
of human endothelial cell death. Shock 6: 331–338

Zapata-Sirvent RL, Hansbrough JF (1993) Temporal analysis of
human leukocyte surface antigen expression and neutrophil respi-
ratory burst activity after thermal injury. Burns 19: 5–11

Authors’ address: Dr. Mireia Farriol, Centre d’Investigacions
Bioquímicas i Biología Molecular (CIBBIM), Hospital General Vall
d’Hebron Passeig Vall d’Hebron 119-129, E-08035 Barcelona,
Spain, Fax: 34-93-2746831, E-mail: farriol@hg.vhebron.es


