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Abstract

This work evaluated the in vitro influence of digitalis and furosemide on the phagocytic function of neutrophils of healthy
individuals. Phagocytosis of Saccharomyces cerevisiae by peripheral blood neutrophils of 20 healthy individuals was assessed
in the absence or presence of deslanoside or furosemide. The Wilcoxon test was employed to compare the data expressed as
median and extreme values. Digitalis reduced the number of yeasts ingested by neutrophils (2.23, 1.23-4.01 versus 1.89, 0.87—
2.79; p=0.019). It did not influence the percentage of these cells engaged in phagocytosis, although there was a tendency for
reduction (71%, 23—95% versus 57%, 8—93%; p=0.11), which resulted in decreasing the phagocytic index from 192 (30—381)
to 125 (10-218) (p=0.028). Furosemide had no significant influence on the number of S. cerevisiae phagocytosed (2.23,
1.23-4.01 versus 1.96, 0.70—4.45; p=0.89), the percent of phagocytosing neutrophils (71%, 23-95% versus 73%, 9—96%;
p=0.86) and the phagocytic index (192, 30—381 versus 152, 10—428; p=0.95). These findings indicate the inhibitory
influence of digitalis on in vitro neutrophil phagocytic function of healthy subjects, and suggest that this effect might impair the
innate immune defense response. On this basis, they could contribute to improve digitalis therapy and advise that this drug class
should not be associated with other drugs that may also impair the immune function, or might be used with caution or even
avoided in subjects with infections.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Neutrophils play an important role in defense
against extracellular pathogens by means of phagocy-
tosis clearing these bacteria from blood stream and
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infected tissues [1]. Patients with deficiencies in
number or function of phagocytes are prone to devel-
op pyogenic infections that might be life-threatening
[2]. Moreover, secondary immunodeficiencies caused
by inadequate function of these cells may complicate
several diseases [3].

The complex process of phagocytosis is triggered
by the initial interaction between the phagocyte and the
particle to be ingested. After this phagocyte—particle
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contact, intracellular signals are triggered with cyto-
skeletal rearrangement, alterations in membrane traf-
ficking, activation of microbial killing mechanisms,
and production of pro- and anti-inflammatory cyto-
kines and chemokines [4]. Initial interaction of the
particle and the phagocyte occurs through several
receptors, whose engagement can induce a complex
series of intracellular events that may subsequently
activate or inhibit biologic cell responses [4].

There are several data suggesting that digitalis and
diuretics may influence immune function. It was
observed that digoxin might impair mobilization of
neutrophils during pneumococcal pneumonia in mice
[5]. In addition, digitalis may stimulate calcium influx
to cell [6], providing calcium intracellular for the
contractile protein performs phagocytosis. The diuret-
ic furosemide may decrease the production of the pro-
inflammatory cytokines TNF-a, IL-6, IL-8 by periph-
eral blood mononuclear cells, and high concentration
of this drug in culture may be cytotoxic for phag-
ocytes [7]. It may also block C1™ transport altering the
ion transport through cell membrane [8]. These are
essential steps on phagocytosis process, and altera-
tions in these aspects may influence phagocyte func-
tions.

Congestive heart failure is a very common clinical
condition in which digitalis and furosemide drugs
are often employed. This syndrome has long been
observed to be associated with infections due to
Streptococcus pneumoniae [9], and with increased
frequency of extracellular bacteria pulmonary infec-
tions [10]. In addition, patients with congestive heart
failure and/or in use of digitalis have more risk for
community-acquired pneumonia according to some
epidemiological surveys [11,12]. Several factors often
associated with heart failure, such as pulmonary
edema, hypoxemia and dehydration, can disrupt
lung-host defense and enhance susceptibility to infec-
tions with bacterial pathogens [13]. However, it has
been observed that such factors are frequently absent
in patients with pneumococcal pneumonia [14], while
the use of digitalis and furosemide appears to be usual
among congestive heart failure patients with acute
bronchus-pulmonary infection [14]. Although cardiac
disease is recognized as a high-risk condition to
secondary pulmonary infection, the mechanism by
which it predisposes to infections it is not fully
established [13].

It remains still unclear the influence of digitalis and
furosemide on phagocytosis, which represents the first
line of defense of organism against extracellular patho-
gens. Therefore, in the present work, we aimed to
evaluate the in vitro influence of the digitalis drug class
deslanoside and the furosemide on the phagocytic
function of neutrophils of healthy adult individuals.
Such evaluation may be important in understanding
possible effects on phagocytes in patients treated with
these drugs.

2. Material and methods
2.1. Individuals and blood samples

Peripheral venous blood samples were obtained
from 20 healthy adult volunteer subjects, 13 men
and 7 women, aged 18—45 years (24.6 = 7.8 years),
for in vitro evaluation of neutrophil phagocytic func-
tion. Possible influencing factors on the immunolog-
ical functions were ruled out in the evaluated subjects
and none was using any drug.

The ethical rules of the Helsinki Declaration and
those from the Brazilian National Council of Health
for experimentation in human beings were strictly
followed throughout this work. The Human Research
Ethical Committee of the School of Medicine of the
University of Brasilia approved the experimental
protocol, and each volunteer gave written informed
consent for blood donation and participation. This
study was exclusively designed and conducted with
full autonomy by the authors, and no conflict of
interest was present.

2.2. Phagocytosis evaluation and test of drugs

Phagocytosis of Saccharomyces cerevisiae was
adapted from the technique previously described by
Brandi [15]. Briefly, samples of 40 ul per area of
whole heparinized peripheral blood obtained by
means of venopuncture from each subject were placed
on clean glass slides containing eight marked areas of
7-mm diameter each, in duplicate preparations, and
incubated in a wet chamber for 45 min at 37 °C. The
slides were then rinsed with 0.15 M phosphate-buft-
ered saline (PBS), pH 7.2, at 37 °C, to remove
nonadherent cells. Adhered cells (12,534 + 5050
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cells; 93.5 £ 1.08% neutrophils) were or were not
incubated for 30 min with therapeutic concentration
of deslanoside (Sandoz) (2 pg/l) [16] or furosemide
(Hipolabor) (8 mg/l) [17] in Hanks—Tris solution.
After 30-min incubation, slides were washed, and
treated or control neutrophils were incubated for 30
min with a suspension of 2.5 X 10° S. cerevisiae in 20
pl Hanks—Tris solution (Sigma, St. Louis, MO, USA),
pH 7.2, with 10% human serum from the donor
individual, and with the same previously described
drug concentrations, in a wet chamber at 37 °C, to
allow phagocytosis. Slides were rinsed with 0.15 M
PBS at 37 °C to get rid of non-phagocytosed S.
cerevisiae and the final washing was made with
30% serum in Hanks—Tris. The slides were fixed
with absolute methanol and stained with 10% Giemsa
solution. The number of S. cerevisiae bounded to or
ingested by 200 neutrophils in individual preparations
was assessed by optic microscopy. Microscopic fields
distributed throughout the slide were randomly select-
ed and all neutrophils in each particular field were
examined. The phagocytic index was calculated as the
average number of attached plus ingested S. cerevisiae
per phagocytosing neutrophils multiplied by the per-
centage of these cells engaged in phagocytosis [18].

Digitalis drug was used in the concentration of 2
pg/l to test the effect on the phagocytic function of
neutrophils, considering that pharmacokinetic studies
had shown that the upper limit range of therapeutic
concentration of the drug is between 1.7 and 2.5 pg/
1 [16], and that some subjects may present manifes-
tations of toxicity when digitalis attains plasma level
above 2 ng/l [16,19]. In addition, phagocytes were
treated for 30 min with digitalis before adding S.
cerevisiae to be phagocytosed, considering that after
a single therapeutic dose administered to subjects with
a variety of conditions, a peak level of about 2 pg/l of
the drug remains for approximately 30 min, and after
1.5-2 h, the concentration of the drug decreases to a
very small value of 10 times lower, which remains for
16—36 h [20]. Furthermore, mature neutrophils have a
small span of life, remaining in blood stream for only
a few hours (6—8 h) [21].

Furosemide also presents a very similar pharma-
cokinetic. After a single therapeutic dose administered
to healthy individuals, a peak level of about 8 mg/l of
the drug is attained, which remains for approximately
30 min. One hour after the administration, the serum

level falls to lower than 1 mg/l, remaining at this level
for a few hours (7—-8 h) [22].

2.3. Yeast preparation

Baking yeast (S. cerevisiae) was prepared accord-
ing to the technique of Lachmann and Hobart [23]. In
short, 50 g of fresh live yeast (Fleischmann, Brazil)
was suspended in 220 ml of PBS, pH 7.2, autoclaved
at 120 °C for 30 min, washed in PBS until a clear
supernatant was obtained, and the sediment was
suspended in 28 ml of a 0.1 M 2-mercaptoethanol
solution in PBS. After 2-h incubation with stirring,
yeasts were washed again and suspended in 55 ml of
0.02 M iodoacetamide in PBS. After additional 2-
h incubation at room temperature with stirring, they
were washed three times, and suspended in 220 ml of
PBS, pH 7.2. Yeasts were again autoclaved, washed
and suspended in 110 ml of veronal-buffered saline,
pH 7.2, containing sodium azide, and stored at 4 °C
until use. For each experiment, yeast suspension were
washed in PBS, quantified and sensitized with 10%
fresh serum from the donor individual in Hanks—Tris
solution for 30 min at 37 °C.

2.4. Statistical analysis

The variables expressing the phagocytic function
were previously tested employing the Kolmogorov—
Smirnov test for the normality of their distribution,
before paired comparative analysis. Considering that
some distributions were nonnormal, the Wilcoxon
nonparametric statistic test was uniformly employed
to compare pair-wise samples in the absence or pres-
ence of the drugs, and the statistics are expressed as
median, quartiles and extreme values. The Spearman’s
rank correlation coefficient (7;) was estimated to eval-
uate the correlation between the phagocytic index and
age of the subjects. Differences with a two-tail value of
p<0.05 were considered statistically significant. The
Prism® software package (GraphPad, USA, 1997) was
employed for analysis and graphical design of the data.

3. Results

No significant correlation was found between the
in vitro phagocytic index of neutrophils and the age of
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Fig. 1. In vitro influence of digitalis on phagocytic capacity of
neutrophils of 20 healthy adult individuals. Individual values are
shown for the number of S. cerevisiae (2.5 X 10° per marked area)
ingested by phagocytes (top), proportion of phagocytes engaged in
phagocytosis (middle), and the respective phagocytic index
(bottom). Median, upper and lower quartiles and extreme values
are also shown. The effects of the drug were tested by the Wilcoxon
test.

the subjects from which the blood samples were
obtained for control (r;=0.03, p=0.89) and treated
with digital (r¢=0.15, p=0.53) or furosemide
(rs=—0.27, p=0.25) groups.

The phagocytic function of neutrophils observed
comparatively in the absence or presence of digitalis

is illustrated in Fig. 1. The median (extremes) of
phagocytic index of neutrophils of healthy subjects
significantly decreased from 192 (30—381) in the
absence of digitalis to 125 (10—218) in the presence
of therapeutic concentration of the drug (p=0.028)
(Fig. 1, bottom). This reduced phagocytic index was

p=0.89

Number of S. cerevisiae
ingested by neutrophils

% Neutrophils engaged
in phagocytosis

p=0.95

Neutrophil
phagocytic index

100 4

Control Furosemide
Fig. 2. In vitro influence of furosemide on phagocytic capacity of
neutrophils of 20 healthy adult individuals. Individual values are
shown for the number of S. cerevisiae (2.5 % 10° per marked area)
ingested by phagocytes (top), proportion of phagocytes engaged in
phagocytosis (middle), and the respective phagocytic index
(bottom). Median, upper and lower quartiles and extreme values
are also shown. The effects of the drug were tested by the Wilcoxon
test.



M.I. Muniz-Junqueira et al. / International Immunopharmacology 3 (2003) 1439—1445 1443

due to the lower number of ingested S. cerevisiae that
decreased from 2.23 (1.23-4.01) to 1.89 (0.87-2.79)
(p=0.019) (Fig. 1, top). There was only a tendency
for decrease, without statistical significance, of the
number of neutrophils engaged on phagocytosis, from
71% (23-95%) to 57% (8-93%) (p=0.11) (Fig. 1,
middle). Phagocytic function of neutrophils observed
in the absence or presence of furosemide is compar-
atively illustrated in Fig. 2. Differently of digitalis,
furosemide had no influence on median and extreme
values of phagocytic index (192, 30—381 versus 152,
10—428) (p=0.95) (Fig. 2, bottom), percentage of
neutrophils engaged in phagocytosis (71%, 23—-95%
versus 73%, 9-96%) (p=0.86) (Fig. 2, middle) and
number of S. cerevisiae ingested by neutrophils (2.23,
1.23-4.01 versus 1.96, 0.71-4.45) (p=0.89) (Fig. 2,

top).

4. Discussion

The objective of the present work was to evaluate
the in vitro influence of the often-employed digitalis
and furosemide drugs on the phagocytic function of
neutrophils of healthy individuals in order to contrib-
ute to better understand the action of these therapies in
different clinical settings. Our data showed that car-
diac glycoside deslanoside in therapeutic concentra-
tion decreased the in vitro phagocytic capacity of
neutrophils of healthy adult individuals by 35% after
about 1-h incubation with these cells. Differently,
furosemide had no influence on phagocytic function
of neutrophils. There is only one work assessing the
influence of digitalis on phagocytosis by neutrophils
of healthy individuals, by Esposito et al. [24], and
they were unable to demonstrate this effect of the
cardiac glycoside on phagocytes, possibly due to the
very small number of individuals (only three) evalu-
ated.

The present findings suggest that unfavorable con-
sequences, as predisposition to infections, might result
in individuals under treatment with digitalis due to
inadequate phagocytosis by neutrophils, adding an-
other factor to those already influencing neutrophil
function due to the clinical condition under treatment,
as for example, the heart failure syndrome. Treatment
with deslanoside might constrain neutrophils to cope
with bacteria that depend on these phagocytes for

clearing up the infection. In fact, it has been described
in mice that digitalis may impair the host defense
against S. pneumoniae [13]. Such findings may broad-
en the understanding of the increased susceptibility of
patients with congestive heart failure to infections
with S. pneumoniae [14], and the increased frequency
of extracellular bacteria pulmonary infections in these
patients [10]. The inhibitory influence of digitalis on
phagocytes may concur to decrease the clearance of
these bacteria from blood stream and pulmonary
tissue by neutrophils. This fact suggests that, in
addition to the disturbed pulmonary blood flow due
to congestive heart failure, the associated phagocytic
function deficiency might also contribute to impair
pulmonary defense against bacteria, increasing the
susceptibility to infections, as observed in these indi-
viduals. In addition, congestive heart failure may be
associated with altered cytokine production [25,26],
and the deregulated production of cytokines may alter
phagocyte functions [27]. Thus, digitalis drugs may
superimpose its inhibitory influence on phagocytes
whose function has been previously altered in conse-
quence of the subjacent clinical condition. Further-
more, several antibiotics currently used to treat
infections in clinical medicine may influence phago-
cytosis, by decreasing or increasing this function [28].
Based on these observations, the inhibition of phago-
cytic function should be taken into consideration
when it is necessary to prescribe therapy against
infections in patients under treatment with cardiac
glycoside to avoid possible summing undesirable side
effects of different drugs, such as antibiotics and
digital, in the same patient.

These considerations on the heart failure are only
speculative, considering the findings of neutrophils
derived from healthy subjects, since we did not study
subjects with this syndrome to evaluate directly the
possible effects of digitalis and furosemide on the
phagocytic function of these immune cells. There are
several concerns to study individuals with this syn-
drome in order to evaluate the influence of these drugs
without bias. Different etiological agents or factors
can cause heart failure, such as infectious (Chagas’
disease, viruses), toxic, autoimmune, atherosclerotic,
and others [10,29-31], able to differently influence
immune function [32-34, Muniz-Junqueira et al.,
submitted for publication]. Furthermore, it has been
observed that the presence of heart failure per se may
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influence immune function, due possibly to a deregu-
lated production of cytokines [25,26]. In addition,
patients with heart failure are usually concomitantly
treated with several other drugs [35].

Additionally, it should be pointed out that we chose
to study young healthy adult individuals to evaluate
the influence of digitalis and furosemide on phago-
cytic function in order to avoid possible age-related
intervening factors able to interfere with phagocytosis
by neutrophils. Although the higher prevalence of
heart failure is observed in elderly individuals, there
are several inconveniences in evaluating immune
function in the elderly, due to the underlying patho-
logical processes and nutritional alterations often
present in these individuals [36], which may influence
phagocytosis by neutrophils [37,38]. Furthermore,
heart failure syndrome may occur in any age in
dependence of its etiology. Those caused by congen-
ital heart disease, acute and chronic rheumatic cardi-
opathy, Chagas’ heart disease, different primary or
secondary cardiomyopathy and virus myocarditis pre-
dominate in young individuals [10,39].

On the other hand, with respect to furosemide, we
found that this diuretic drug had no in vitro influence
on phagocytic response after incubation with neutro-
phils. Differently of digitalis, the phagocytes of
healthy subjects treated with furosemide showed var-
iable individual phagocytic response, resulting in no
effect on median of the sample examined.

Concluding, our data showed that cardiac glyco-
side inhibits the in vitro phagocytic function of
neutrophils of healthy subjects. This fact needs to be
considered when prescribing this drug, particularly in
patients with congestive heart failure, because it may
impair the most important innate immune response
against bacteria invasion, to which these subjects are
more susceptible. Our findings can contribute to
broaden the understanding of the relationship between
phagocytes and two drugs often used in clinical
medicine. In the case of the digitalis, it is suggested
that this drug may impair the phagocytic function by
decreasing the uptake of the particle to be phagocy-
tosed, which represents the first line of defense against
several pathogens that complicate the outcome of
individuals treated with this therapy. The knowledge
of this side effect of digitalis might improve the
employment of this drug and, consequently, the out-
come of individuals treated with it.
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