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The nitroblue tetrazolium reduction test (NBT) is an assay based on the activation per-
centage of neutrophils in peripheral blood, that has been proposed for the follow up of
canine leishmaniosis owing to the narrow relationship between the molecules involved in
the oxidative burst and the leishmanicidal activity of phagocytes. Domperidone is a drug
used for the treatment of canine leishmaniosis having been claimed to stimulate the dogs’
cell-mediated immune response. The aim of this study was to evaluate the degree and the
Domperidone lasting of phagocytic activation induced by a 30-day course treatment with Domperidone
Immunity (0.5 mg/kg/day) in healthy dogs, by using the NBT. A statistically significant increase in
Dog the percentages of activated phagocytes was observed in the treated group during treat-
ment, thereafter remaining high for up to one month after the end of treatment. In contrast,
untreated dogs maintained the baseline percentage of activated neutrophils all along the
study. It is concluded that the NBT is a useful tool for the follow up of the stimulating effects
of Domperidone on the neutrophilic response of healthy dogs and that these effects persist
for up to one month after treatment with this molecule.
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1. Introduction the activated neutrophils inside the phagocytic vacuole.

The rate of NBT reduction is obtained calculating the per-

The Nitroblue tetrazolium reduction test (NBT) was
introduced in 1968 (Baehner and Nathan, 1968) as the main
diagnostic test for chronic infant granulomatous disease.
Since then tetrazolium salts have become the most widely
used tools in cell biology for measuring the metabolic
activity of mammalian and microbial cells (Berridge et al.,
2005). The basis of the test is the same in all mammals:
nitroblue tetrazolium, soluble and colourless, is trans-
formed into formazan, which is insoluble and blue-grey
in colour, when it is reduced by the NADPH-oxidase of
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centage of neutrophils with formazan in the cytoplasm
by conventional light microscopy. The amount of NBT
reduced is directly proportional to the amount of oxygen
radicals produced by phagocytes in the oxidative burst
(Muniz-Junqueira and de Paula-Coelho, 2008). The NBT
has remained as an efficient and simple screening test for
canine phagocytosis (Nagahata et al., 1991), but in veteri-
nary clinical practice there are very few references in the
literature regarding the use of this test (Lechowski et al.,
1991). Recently NBT test has been proposed for the fol-
low up of canine leishmaniosis (Gomez-Ochoa et al., 2010)
owing to the narrow relationship between the molecules
of the oxidative burst and the leishmanicidal proper-
ties of phagocytes (Underhill and Ozinsky, 2002). Dogs
with mild disease (Stages I showed a high NBT reduction
rate, meanwhile dogs with severe leishmaniosis (Stage IV)
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exhibited a low NBT reduction rate (Gomez-Ochoa et al.,
2010).

Domperidone, a dopamine D, receptor antagonist, has
been included in the list of anti-Leishmania drugs in the
current consensus guidelines for treatment of canine leish-
maniosis (Oliva et al., 2010). Repeated administration of
this drug has been claimed to activate dogs’ cell-mediated
immune response through an increase of prolactin blood
levels (Berczi et al., 2000; Gomez-Ochoa et al., 2009).
Prolactin has a central role in the immune reaction,
being classified as a proinflammatory lymphocyte-derived
cytokine (Hinterberger-Fischer et al., 2000). An increase in
serum prolactin concentration generates an increment in
CD4+Th1 subsets, and in interleukin (IL)-2, IL-12, inter-
feron (INF)-y and tumour necrosis factor (TNF)-a release,
leading to a natural killer (NK) cell and macrophage activa-
tion, followed by a decrease in CD4+ Th2 subsets and TNF-3
(Di Carlo et al., 1993; Majumder et al., 2002; Richards et al.,
1998). The goal of this study was to evaluate the degree
and the duration of the activation of neutrophils in healthy
dogs under a 30-day course treatment with Domperidone,
by using the NBT reduction test.

2. Materials and methods

Twenty healthy dogs of different breeds that came into
the Veterinary Faculty of Zaragoza, were entered in the
study and divided into two groups. Group A (n=10) con-
sisted of 7 females and 3 males, with ages ranging from 2
to 7 years (mean+SD=4.7 +1.9), and weights from 7 to
32kg (mean+SD=21.44+7.5). Group B (n=10) consisted
of 6 females and 4 males, with ages ranging from 2 to 8
years (mean+SD=4.2 +2.1), and weights from 7 to 34kg
(mean+SD=17.24+9.1). The females were not pregnant
and all dogs were clinically healthy, with normal haemato-
logical and biochemical parameters. Dogs were negative
against the most common infections in the region (erli-
chiosis, anaplasmosis, heart worm disease, Lyme disease)
to rule out causes of chronic subclinical infections non
related with leishmaniosis. Moreover all dogs had a nega-
tive serological test for leishmaniosis (Direct Agglutination
Test, DAT<1/400), and negative results for isolation of
leishmania parasites from popliteal lymph node and bone
marrow aspiration inoculated in Novy-MacNeal-Nicolle
(NNN) culture media. All the procedures were performed in
accordance with the University of Zaragoza Ethics Commit-
tee guidelines and the owners gave prior informed consent.

Dogs from group A did not receive any product while
dogs from group B received 0.5 mg/kg of Domperidone
PO every day during the morning for one month. On
days 0, 15, 30, 60 and 90 all dogs underwent a clin-
ical examination and blood sampling, drawing 5ml of
blood from a jugular venopuncture. At each examina-
tion a complete blood count, a biochemistry profile and
serologic tests against (leishmaniosis, erlichiosis, anaplas-
mosis, heart worm disease, Lyme disease) were performed.
The neutrophil phagocytic activity was assessed using the
NBT reduction test. Three ml of blood were collected in
tubes with EDTA (Aquifer S.L., Barcelona, Spain) and left
at room temperature for 15 min. After mild agitation, two
Win Trobe tubes were filled per sample and centrifuged at

4000 x g for 10 min to obtain the leukocyte pellet which
was extracted using a Pasteur pipette and placed in ster-
ile plastic tubes. Incubation with NBT was performed
depositing 0.05 ml of the leukocyte suspension in the same
quantity of 0.1% concentration NBT (N6876, Sigma-Aldrich
Co., St. Louis, USA) solution in a phosphate buffer in a
heater at 38°C for 15 min, with a partial CO, pressure of
5% and at saturation humidity, and then for another 15 min
at room temperature. The blood smears were performed
on glass slides and stained with Diff Quick (GmbH, Dud-
ing, Switzerland). Ordinary light microscopy was used to
evaluate exclusively the neutrophils of unequivocal mor-
phology, rejecting those aggregated or broken. At least 100
neutrophils were counted in every slide. The percentage
of activated neutrophils, as defined by cells that present
cytoplasmic formazan, the NBTreductionrate, is presented.

Statistical analysis of data was performed using the soft-
ware packages SPSS 12.5 for Windows (SPSS Inc., Chicago,
IL, USA) and GraphPad Prism 5.0 (GraphPad Software Inc.,
San Diego, CA, USA). The Kolmogorov-Smirnov test was
used to assess normality in the variable analysed (activa-
tion percentage in NBT). Values from every sampling were
compared between groups using Student’s t-test. Moreover
a variance Analysis (ANOVA) and a Dunnett post hoc test
were applied to determine significant differences compar-
ing every value against the baseline activation percentage.
Results were considered statistically significant when p
value was <0.05.

3. Results and discussion

All the animals remained negative against (leishman-
iosis, erlichiosis, anaplasmosis, heart worm disease, Lyme
disease) during the entire experiment. The haematological
values and the biochemistry profile were between the nor-
mal limits in all the dogs. The owners notified no clinical
signs or any side effect during the study.

There was not significant association between NBT
reduction rate and gender or age within any group. Table 1
show the mean £ SD values for the percentages of activated
(NBT-positive) neutrophils and its statistical comparison in
both groups along the study. As specified, statistic signifi-
cant differences (p <0.01) were retrieved between groups
on days 15, 30 and 60. In day 90 NBT reduction rate lev-
els had returned to baseline levels retrieving no significant
differences between groups. Figs. 1 and 2 show the indi-
vidual values and the evolution of the NBT reduction rate

Table 1
Mean + SD activation percentages and its statistical comparison in both
groups along the study.

Group A Group B p value
(Domperidone)

n Mean +SD n Mean +SD
Day 0 10 5.900 + 1.595 10 5.700 £ 2.541 0.8354
Day15 10 5.700 £+ 1.160 10 38.50 + 9.192 <0.0001
Day30 10 5.200 + 1.549 10 40.00 + 7.498  <0.0001
Day60 10 4.600 + 1.075 10 15.10 + 3.985 <0.0001
Day90 10 6.000 + 2.108 10 5.900 + 1.853 09115

Mean + SD. NBT reduction rate (percentage of activated neutrophils) and
its statistical comparison between both groups along the study.
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Fig. 1. Evolution of the NBT reduction rate during the study in group A
(non-treated dogs).
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Fig. 2. Evolution of the NBT reduction rate during the study in group B
(Domperidone treated dogs).

percentage in both groups. As depicted, the percentage of
activated (NBT-positive) neutrophilsin group A (untreated)
remained without changes during the study. In contrast,
percentage of activated neutrophils in group B (treated)
showed a rapid increase. Statistically differences were
retrieved in the treated group respect from the baseline
on days 15,30 and 60, but not in day 90. According to these
results, the effects of a 30-day course treatment with Dom-
peridone on neutrophilic function last at least up to one
month after termination of treatment. This increase in the
NBT reduction rate is clearly related to the amount of oxy-
gen radicals produced by phagocytes in the oxidative burst
(Muniz-Junqueira and de Paula-Coelho, 2008). Although
further studies are needed to elucidate the cytokine

environment related, we can conclude that according to
the results of the present study, the NBT is a useful tool
for the follow up of the stimulating effects of Domperidone
on the neutrophilic function of healthy dogs and that these
effects persist for up to one month after a 30-day course
treatment.
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