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Abstract

Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used in veterinary medicine.

Additionally, interest regarding the anti-inflammatory properties of phytochemicals has

emerged in recent years. In the present study, we aim to investigate the in vitro effects of

meloxicam, flunixin meglumine, and harpagoside on the respiratory burst of porcine poly-

morphonuclear neutrophils (PMNs). We observed that harpagoside was able to suppress the

respiratory burst, similarly to flunixin meglumine. Conversely, meloxicam enhanced the PMNs

response. However, these effects were only detected at concentrations higher than those achiev-

able in plasma and tissues. The present study intends to offer insights into the role of these

molecules on phagocytosis mechanisms in animals to complement what is already known re-

garding human PMNs.
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Introduction
Polymorphonuclear neutrophils (PMNs) play a lead-
ing role in innate immunity, and the generation of
Reactive Oxygen Species (ROS) represents a power-
ful antimicrobial tool that promotes pathogen killing
by direct oxidative damage (Hampton et al., 1998).
Non-steroidal anti-inflammatory drugs (NSAIDs) rep-
resent a heterogeneous group of therapeutic agents.
Their main mechanism consists of the inhibition of
cyclooxygenase enzymes (COX), but additional anti-
inflammatory mechanisms have been described in
PMNs (Dı́az-González and Sánchez-Madrid, 2015).

In recent decades the immunoregulatory proper-
ties of phytochemicals have been investigated with
great interest in human medicine. Iridoid glycosides
are a group of chemical compounds known to have
anti-inflammatory properties, particularly abundant in
extracts of the tuberiferous xerophyte “devil’s claw”
[Harpagophytum procumbens (Hp)]. Although Hp ex-
tracts consist of a heterogeneous mixture of iridoid gly-
cosides (i.e., harpagoside, procumbide, harpagide, and
8-para-coumaroyl-harpagide), their anti-inflammatory
activity is mainly related to the harpagoside content
(Menghini et al., 2019). In the present study, we aim
to investigate the in vitro effects of meloxicam, flunixin

meglumine and harpagoside on the respiratory burst of
porcine circulating PMNs, considering that little data
is available in veterinary literature about the influence
of these molecules on phagocytosis mechanisms.

Materials and Methods
Ethical approval

All samples were collected from animals routinely
slaughtered in an abattoir approved by the European
Community (Centro Carni Val Tordino, CE IT 2425
M, Mosciano Sant’Angelo, Teramo, Italy). Slaughter-
ing procedures were performed strictly respecting the
European legislation about the protection of animals
at the time of killing (European Community Council
Regulation No 1099/2009).

Animals and PMNs isolation

A total of 35 pigs were included in the present study.
Pigs were homogeneous in terms of breed (Landrace
x Large White), age (9-10 months), and body weight
(155-165 kgs). Animals were characterized by normal
clinical presentation and absence of pathological find-
ings at postmortem examination. Pigs were regularly
slaughtered at a commercial abattoir, and blood was
collected just after jugulation directly from the drain-
ing carotid artery into EDTA-containing tubes. Sam-
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ples were refrigerated at 4°C and referred to the labo-
ratory within 15 min.

PMNs were isolated according to previous meth-
ods (Bonilla et al., 2020) with slight modifications.
Briefly, blood samples were diluted with Phosphate
Buffered Saline (138 mM NaCl, 2.7 mM KCl, 8 mM
Na2HPO4, 1.47 mM KH2PO4, pH 7.2, 1:1 v/v), lay-
ered onto Histopaque®-1077 (Merck, Germany), and
centrifuged at 400 xg for 30 min. The pellet was resus-
pended and incubated in lysis buffer (155 mM NH4Cl,
10 mM NaHCO3, 0.12 mM EDTA, pH 7.4) to com-
pletely remove the erythrocytes. After additional cen-
trifugation at 400 ×g for 10 min, a pellet mainly con-
taining PMNs was obtained, washed twice, and finally
resuspended in Phosphate-Buffered Saline (PBS). The
purity of PMNs from each sample was microscopically
assessed by a modified Giemsa stain (Hemacolor®
rapid stain kit, Merck, Germany) by direct counting
cells in at least 10 different microscopic fields. In ad-
dition, an automated cell analyzer (Vi-Cell, Beckman
Coulter, USA) was used to measure the concentration
of the PMNs from each sample and the cell viability
using the trypan blue dye exclusion method. Finally,
the PMNs concentration was adjusted to 5x106/ml.To
evaluate the effect of the single molecules on the cell
viability and count, PMNs of each sample were incu-
bated for 2 hrs with 400 µg/ml of meloxicam, flunixin
meglumine, and harpagoside (Merck, Germany)(i.e.,
the highest concentrations used in the present study).
Then, the viability and concentration of the PMNs
were measured by a cell analyzer (Vi-Cell®, Beckman
Coulter, USA).

Effects of single molecules on the respiratory burst
of PMNs
The effect of the single molecules on the respi-
ratory burst of PMNs was evaluated employing a
chemiluminescence-based assay (Di Teodoro et al.,
2018). PMNs suspensions from each pig were
aliquoted, placed in 96-well plates (1x106 cells/well)
and incubated with harpagoside, flunixin meglumine
and meloxicam at different concentrations (1, 10, 50,
100, 200, 400 µg/ml in PBS) for 2 hours at 37°C.
Next, the PMNs were washed twice and resuspended
with PBS supplemented with 1 mM CaCl2, 0.2 mM
MgCl2, and 5 mM glucose. After pre-incubation for 10
min with 1 mM luminol (Merck, Germany), the PMNs
respiratory burst was stimulated with Saccharomyces
cerevisiae (Baker’s yeasts) at the final concentration of
5x107 yeasts cells/well for 2 hrs.

The chemiluminescence was monitored by a multi-
mode plate reader (Sinergy H1, Bio-Tek, USA) for 2
hours, with 1 min time intervals between consecutive
readings of the same well. The intensity of the chemi-
luminescence was calculated by integrating the area
under curve (AUC). Data from all animals were ag-
gregated and graphically reported as the mean AUC
± standard deviation (SD) for each concentration of
the molecules. For each sample, positive control was
represented by yeasts-stimulated PMNs, which were
not previously incubated with the molecules. On the
other hand, the negative control was represented by

non yeasts-stimulated PMNs, both previously incu-
bated and not with the molecules. Blank controls were
represented by wells containing only luminol and by
wells containing luminol plus the single molecules. All
the reagents were purchased from Sigma-Aldrich, ex-
cept for the PBS and lysis buffer, which were home-
made.

Statistical analysis

Data were analyzed by one-way ANOVA followed by
Tukey’s post-hoc test (XLSTAT software). The level
for accepted statistical significance was p<0.01.

Results
The purification protocol yielded PMNs suspensions
with a mean purity and viability ≥90% for all blood
samples under investigation. The exposure of PMNs to
the highest concentration of the single molecules (400
µg/ml) did not induce significant changes in their via-
bility or count (data not shown).

As graphically shown in Figure 1, pre-incubation
with higher concentrations of harpagoside (between
100 to 400 µg/ml) significantly decreased the chemilu-
minescence response of PMNs challenged with yeasts
in comparison to positive control (p<0.01).

Similarly, flunixin meglumine was able to inhibit
the respiratory burst (p<0.01) at concentrations rang-
ing from 50 to 400 µg/ml when compared with the
positive controls (Figure 2). On the contrary, meloxi-
cam induced a dose-dependent increase of the chemilu-
minescence response, significant (p<0.01) at 100, 200,
and 400 µg/ml (Figure 3).

Discussion
Little data is currently available regarding the anti-
inflammatory activity of phytoextracts on PMNs of
domestic animals (Kori et al., 2009). The present
study indicated that in vitro harpagoside was able to
suppress the respiratory burst of porcine PMNs, as was
previously described by other authors in a macrophage
cell line (Huang et al., 2006) and murine peritoneal
macrophages (Gyurkovska et al., 2011). The molec-
ular basis of harpagoside’s effect on the respiratory
burst is still largely unknown, but it is unlikely to be
related to any scavenger property towards ROS (Grant
et al., 2009). Instead, it more likely could be mediated
by the inhibitory effects on NADPH-oxidase (Maho-
moodally et al., 2012) and myeloperoxidase (Tsumbu
et al., 2012).

In agreement with previous studies (Qi et al., 2006;
Gyurkovska et al., 2011), we observed a significant ef-
fect of harpagoside at concentrations of ≥100 µg/ml,
which are much higher when compared with the plasma
levels (25-55 ng/ml) detected in experimental animal
studies (Axmann et al., 2019). However, as prolonged
duration therapy is recommended for humans, the
cumulative dosing effects must be considered in-vivo
(Grant et al., 2009). In addition, other iridoid gly-
cosides in the Hp extracts could contribute to the
anti-inflammatory activity of the harpagoside through
additive mechanisms (Abdelouahab and Heard, 2008).
Flunixin meglumine is a non-selective inhibitor of
COX enzymes; however additional anti-inflammatory
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Figure 1: The luminescence response of yeasts-stimulated PMNs after pre-incubation with harpagoside at
different concentrations for 2 hrs. The negative control corresponded to PMNs w/o stimulation. The positive
control was represented by PMNs stimulated but not pre-incubated with harpagoside (*p<0.01 vs. positive
control). Data represent the mean aggregate values of the PMNs luminescence from 15 animals ±SD

Figure 2: The luminescence response of yeasts-stimulated PMNs after pre-incubation with flunixin meglumine
at different concentrations for 2 hrs. The negative control corresponded to PMNs w/o stimulation. The posi-
tive control was represented by PMNs stimulated but not pre-incubated with flunixin meglumine (*p<0.01 vs.
positive control). Data represent the mean aggregate values of the PMNs luminescence from 10 animals ± SD

mechanisms have also been presumed. In this regard,
Flunixin meglumine decreases the serum levels of cy-
tokines (Bednarek et al., 2003) and acute-phase serum
proteiens during inflammation (Peters et al., 2012).

It also inhibits the activation of the nitric oxide
synthase gene (Bryant et al., 2003) and more gener-
ally, seems to possess antioxidant activity (Konyalioglu
et al., 2007).

Meloxicam is considered to be a COX-2 preferen-
tial NSAID in several species. As with the activities
observed for FM, additional anti-inflammatory actions
have been described (Bednarek et al., 2003; Van Engen
et al., 2014). In the present study, Flunixin meglumine
exerted a negative influence on the luminescence activ-
ity of PMNs, whereas meloxicam strongly enhanced the

PMNs response. The opposite effects of different types
of NSAIDs on the respiratory burst were previously
described in human PMNs (Parij et al., 1998). The
ability of some NSAIDs to inhibit NADPH-oxidase was
considered a primary mechanism for the inhibition of
the respiratory burst in PMNs (Umeki, 1990). Besides,
scavenging effects on free radicals have been described
for various NSAIDs (Fernandes et al., 2004). On the
contrary, the ability of some NSAID to enhance the
luminescence response of PMNs has been thought to
be an indirect consequence of COX inhibition, thus
causing the accumulation of arachidonic acid, which
shifts versus LOX pathways with the generation of
leukotrienes (Leone et al., 2007).

In the present study, the effects of NSAIDs were
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Figure 3: The luminescence response of yeasts-stimulated PMNs after pre-incubation with meloxicam at dif-
ferent concentrations for 2 hrs. The negative control corresponded to PMNs without stimulation. The positive
control was represented by PMNs stimulated but not pre-incubated with meloxicam (*p<0.01 vs. positive
control). Data represent the mean aggregate values of the PMNs luminescence from 10 animals ± SD

observed at concentrations of ≥50 µg/ml and ≥100
µg/ml for flunixin and meloxicam, respectively. These
levels are not achieved in plasma or target organs.
Indeed, peak plasma concentrations in pigs after in-
tramuscular administration are in the order of 1.8-2.8
µg/mL for flunixin meglumine and 0.7-2.8 µg/mL for
meloxicam. In contrast, tissue concentrations are in
the order of ng/g (Nixon et al., 2020). However, the
accumulation of NSAIDs in inflamed tissues represents
a variable that should be considered (Brune, 2007).

In conclusion, the present study highlights that
NSAIDs are characterized by additional effects with a
different activity profile on inflammatory cells in ani-
mals, as seen in investigations in human medicine. To
the best of our knowledge, this is the first study fo-
cusing on the effects of harpagoside on the respiratory
burst of PMNs in domestic animals.
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non-steroidal anti-inflammatory drugs on the luminol and lu-

cigenin amplified chemiluminescence of human neutrophils.

European Journal of Pharmacology 352, 299–305. 10.1016/

s0014-2999(98)00370-7.

Peters, S.M., Yancy, H., Deaver, C., Jones, Y.L., Kenyon, E.,

Chiesa, O.A., Esparza, J., Screven, R., Lancaster, V., Stubbs,

J.T., Yang, M., Wiesenfeld, P.L., Myers, M.J., 2012. In

vivo characterization of inflammatory biomarkers in swine

and the impact of flunixin meglumine administration. Vet-

erinary Immunology and Immunopathology 148, 236–242.

10.1016/j.vetimm.2012.05.001.

Qi, J., Chen, J.J., Cheng, Z.H., Zhou, J.H., Yu, B.Y., Qiu,

S.X., 2006. Iridoid glycosides from harpagophytum procum-

bens d.c. (devil’s claw). Phytochemistry 67, 1372–1377.

10.1016/j.phytochem.2006.05.029.

Tsumbu, C.N., Deby-Dupont, G., Tits, M., Angenot, L., Fred-

erich, M., Kohnen, S., Mouithys-Mickalad, A., Serteyn, D.,

Franck, T., 2012. Polyphenol content and modulatory ac-

tivities of some tropical dietary plant extracts on the oxi-

dant activities of neutrophils and myeloperoxidase. Interna-

tional Journal of Molecular Sciences 13, 628–650. 10.3390/

ijms13010628.

Umeki, S., 1990. Effects of non-steroidal anti-inflammatory drugs

on human neutrophil NADPH oxidase in both whole cell and

cell-free systems. Biochemical Pharmacology 40, 559–564.

10.1016/0006-2952(90)90556-z.

Van Engen, N.K., Stock, M.L., Engelken, T., Vann, R.C., Wulf,

L.W., Karriker, L.A., Busby, W.D., Lakritz, J., Carpenter,

A.J., Bradford, B.J., Hsu, W.H., Wang, C., Coetzee, J.F.,

2014. Impact of oral meloxicam on circulating physiologi-

cal biomarkers of stress and inflammation in beef steers after

long-distance transportation. Journal of Animal Science 92,

498–510. 10.2527/jas.2013-6857.

12

http://dx.doi.org/10.1002/ptr.2570
http://dx.doi.org/10.1016/j.foodchem.2010.08.056
http://dx.doi.org/10.1016/j.foodchem.2010.08.056
http://dx.doi.org/10.1182/blood.V92.9.3007
http://dx.doi.org/10.1182/blood.V92.9.3007
http://dx.doi.org/10.1016/j.jep.2005.08.055
http://dx.doi.org/10.1016/j.jep.2005.08.055
http://dx.doi.org/10.2298/{AVB0703241K}
http://dx.doi.org/10.1016/j.intimp.2009.06.003
http://dx.doi.org/10.2174/156802607779941341
http://dx.doi.org/10.1016/S1995-7645(12)60075-3
http://dx.doi.org/10.1002/ptr.6395
http://dx.doi.org/10.1186/s12917-020-02556-4
http://dx.doi.org/10.1016/s0014-2999(98)00370-7
http://dx.doi.org/10.1016/s0014-2999(98)00370-7
http://dx.doi.org/10.1016/j.vetimm.2012.05.001
http://dx.doi.org/10.1016/j.phytochem.2006.05.029
http://dx.doi.org/10.3390/ijms13010628
http://dx.doi.org/10.3390/ijms13010628
http://dx.doi.org/10.1016/0006-2952(90)90556-z
http://dx.doi.org/10.2527/jas.2013-6857

