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Simple Summary: The present study investigated the immunomodulatory effects of the unspecific
cyclooxygenase inhibitor lornoxicam on the immunophenotype and some functions of dromedary
camel blood leukocytes. Intravenous injection of camels with a single dose of lornoxicam induced a
significant change in the camel leukogram, which is characterized by reduced cell numbers of all
leukocyte subpopulations. In vitro analysis of cell vitality revealed a pro-apoptotic effect of lornoxi-
cam on camel leukocytes, which may be responsible for the lornoxicam-induced leukocytopenia
in vivo. Functional ex vivo and in vitro analysis of the key antimicrobial functions, phagocytosis and
ROS production indicates inhibitory effects of lornoxicam on the antimicrobial capacity of the blood
phagocytes, monocytes and neutrophils. Furthermore, lornoxicam induced an anti-inflammatory
phenotype of monocytes, characterized by reduced expression of major histocompatibility complex
(MHC) class II molecules and increased expression of CD163 molecules. The present study identified
for the first time inhibitory effects of the COX-inhibitor lornoxicam on some phenotypic and func-
tional properties of camel blood immune cells and recommends considering these effects when using
lornoxicam in camel medicine.

Abstract: (1) Background: Lornoxicam is a nonsteroidal anti-inflammatory drug (NSAID) with
analgesic, antiphlogistic and antipyretic effects. The improved tolerance of lornoxicam due to the
relatively shorter elimination half-life in comparison to other members of the oxicams may favor
its application in the management of pain and inflammation in race dromedary camels. There
are no studies conducted yet on the immunomodulatory or immunotoxilogic effect of lornoxicam
in camels. Therefore, the current study aimed to evaluate the immunomodulatory effects of the
cyclooxygenase inhibitor lornoxicam on some phenotypic and functional properties of camel blood
leukocytes; (2) Methods: Using flow cytometry, blood leukocyte composition, monocyte phenotype,
and antimicrobial functions of neutrophils and monocytes were analyzed ex vivo after a single dose
injection with lornoxicam. In addition, the effect of in vitro incubation of camel blood with lornoxicam
on leukocyte cell vitality and antimicrobial functions were evaluated; (3) Results: The injection of
camels with a single dose of lornoxicam resulted in a significant change in their leukogram with
reduced numbers of total leukocytes, neutrophils, eosinophils, monocytes, and lymphocytes. Within
the lymphocyte population, the numbers of CD4+ T cells, γδ T cells, and B cells decreased significantly
in blood after injection of camels with lornoxicam. In addition, injection of lornoxicam resulted in
decreased abundance of major histocompatibility complex (MHC) class II molecules and increased
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abundance of the scavenger receptor CD163 on blood monocytes, indicating an anti-inflammatory
phenotype of monocytes. Functionally, administration of lornoxicam decreased the capacity of camel
neutrophils and monocytes to uptake bacteria and to produce reactive oxygen species (ROS) after
bacterial stimulation. Similarly, the in vitro whole blood incubation with lornoxicam resulted in
reduced phagocytosis and ROS production activity of the camel blood phagocytes. Flow cytometric
analysis of cell vitality, including cell necrosis and apoptosis, revealed a pro-apoptotic effect of
lornoxicam on camel leukocytes; (4) Conclusions: Lornoxicam administration, at the dose and
intervals utilized herein, induces significant changes in the phenotype and function of camel blood
leukocytes. The reduced cell numbers of all studied leukocyte subpopulations in lornoxicam-treated
camels, which seems to be a result of enhanced cell apoptosis, indicates an inhibitory effect rather
than a modulatory effect of lornoxicam on the camel immune system, which need to be considered
when using lornoxicam in camel medicine.

Keywords: dromedary camel; lornoxicam; leukocytes; flow cytometry; ROS; phagocytosis; apoptosis

1. Introduction

The importance of pain management in animals has increased significantly in recent
decades [1–5]. Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most frequently
used analgesic drugs in veterinary practice, especially when pain is associated with in-
flammation such as in muscular and orthopedic injuries [6]. The mode of action of NSAID
depends primarily on the inhibition of cyclooxygenases, the enzymes that promote the syn-
thesis of prostaglandins which are significantly increased in inflammation [7–9]. Depending
on their structure, NSAIDs can be classified into two main groups, including carboxylic
acid and enolic acid derivatives. Oxicams, including piroxicam, isoxicam, meloxicam,
tenoxicam, and lornoxicam, are a class of NSAIDs structurally related to the enolic acid sub-
group [10]. Although oxicams are mainly used in human medicine, some of the members
were also introduced to veterinary medicine [11].

Lornoxicam (chlortenoxicam) is a type of oxicams with analgesic, anti-inflammatory,
and antipyretic properties mainly mediated by the inhibition of prostaglandins, with a
better tolerance due to the relatively shorter elimination half-life in comparison to other
members of the oxicams class [12–16]. In addition, the inhibitory potential of lornoxicam
on in vitro prostaglandin synthesis in rat neutrophils was found 100-fold more than tenoxi-
cam and prevented the arachidonic acid-induced lethality in mice more efficiently than
indomethacin or piroxicam [12,15,17]. In human monocytes and macrophages stimulated
with lipopolysaccharide (LPS), lornoxicam induced a higher potent anti-inflammatory effect
than other NSAD, including piroxicam, diclofenac, ibuprofen, ketorolac, and naproxen [17].

In humans, a dose of lornoxicam is rapidly absorbed from the gastro-intestinal system
with a plasma half-life of 4 h after dosing [18]. After catabolization, lornoxicam is converted
to the 5′-hydroxy-metabolite, which is inert in pharmacological tests [15]. The oxidative
metabolism of lornoxicam is made by cytochrome CYP2C9 (member of the family of cy-
tochrome P450) [19]. The pharmacokinetics of lornoxicam is influenced by the CYP2C9
polymorphism. The presence of the CYP2C9*3 allele reduced the oral clearance of lornoxi-
cam [19]. Furthermore, the CYP2C9*1/*13 genotype has been linked to a considerable
decrease in lornoxicam metabolism [20].

The shorter half-life of lornoxicam makes its application appear advantageous in the
management of pain and inflammation in racing dromedary camels. However, oxicams,
like all other NSAIDs, have shown the potential for several adverse effects that should be
considered [21]. To the best of our knowledge, there are no studies conducted yet on the
immunomodulatory or immunotoxologic effect of lornoxicam in camels. The aim of the
present work was, therefore, to evaluate the effect of a single injection dose with lornoxicam
on some phenotypic and functional characteristics of camel blood leukocytes, and to inves-
tigate the in vitro impact of lornoxicam on leukocyte viability and antimicrobial functions.



Animals 2021, 11, 2023 3 of 18

2. Materials and Methods
2.1. Animals Handling, Drug Administration, and Blood Collection

Six adult female Arabian camels (Camelus dromedarius) aged between 9 and 12 years
(median age 10.3 ± 1) were included in the present study. The camels were reared at the
research farm of the Camel Research Center at King Faisal University (Al-Hofuf, Saudi
Arabia). The animals were housed in a conventional free-stall pen. All animals were fed on
hay and barley in addition to a mineral supplement. Water was available ad libitum. The
animals were checked for apparent health conditions and normal health indicators. For
all animals, a general clinical examination was performed to exclude animals with fever,
infectious diseases such as mastitis, metritis, or respiratory infections, or inflammatory
disorders such as joint and bone inflammation. Using blood samples collected before
treatment, leukocyte count and composition were also estimated, and only animals with
a normal (non-inflammatory, non-stressed) leukogram were included in the study. The
ethics committee of King Faisal University approved all animal procedures (approval no.
KFU-REC/2020-03-02). Lornoxicam (trade name is Xefo) was obtained from Nycomed,
Zürich, Switzerland. Camels were injected with a single dose of lornoxicam (0.13 mg/kg by
the intravenous route). Six hours after injection, blood samples collection was performed
by venipuncture of the vena jugularis externa into blood collection tubes containing the
anticoagulant EDTA. The animals are kept only for experimental purposes, and there was
no clinical indication for using lornoxicam.

2.2. In Vitro Incubation of Whole Blood with Lornoxicam

The in vitro whole blood assay was performed as previously described with modifica-
tions [22]. Camel EDTA blood (1 mL) was mixed (1:2) with the cell culture medium RPMI
1640 in sterile 12 × 75 mm tubes (BD Biosciences, Heidelberg, Germany). The samples
were then incubated (37 ◦C, 5% CO2) with 0.1, 1, 10 or 100 µmol/L lornoxicam (final
concentration) for 6 h. After incubation, leukocytes were separated by lysing erythrocytes.
Separated leukocytes were used for cell viability, phagocytosis, and ROS analysis studies.

2.3. Separation of Blood Leukocytes

For blood leukocytes separation, erythrocytes were removed by hypotonic lysis [23].
Briefly, camel blood was diluted with PBS (1:2) and the diluted samples were centrifuged
for 10 min at 1000× g and 4 ◦C. For removing erythrocytes, 5 mL of distilled water were
added to the cell pellet for 20 s followed by the addition of a similar volume of double-
concentrated PBS. In the case of non-complete erythrolysis, the procedure was repeated
until having a clear white pellet of leukocytes.

2.4. Monoclonal Antibodies

The primary and secondary antibodies used for cell labeling in the present study are
shown in Table 1.

Table 1. List of antibodies.

Antigen Antibody Clone Labeling Source Isotype

CD14 TÜK4 - WSU Mouse IgG1
MHCII TH81A5 - Kingfisher Mouse IgG2a
CD163 LND68A - WSU Mouse IgG1

CD4 GC50A1 - WSU Mouse IgM
WC1 BAQ128A - WSU Mouse IgG1

Mouse IgM poly APC Thermofisher Goat IgG
Mouse IgG1 poly FITC Thermofisher Goat IgG

Mouse IgG2a poly PE Thermofisher Goat IgG
CD: cluster of differentiation; Ig: immunoglobulin; MHC: major histocompatibility complex; APC: allophyco-
cyanin; FITC: fluorescein isothiocyanate; PE: phycoerythrin; poly: polyclonal.



Animals 2021, 11, 2023 4 of 18

2.5. Membrane Immunofluorescence and Flow Cytometry

The expression levels of several cell markers were analyzed using membrane immune
cell labeling and flow cytometry [24]. Isolated camel blood leukocytes were suspended in
PBS supplemented with bovine serum albumin (5 g/L) and NaN3 (0.1 g/L) (MIF buffer;
membrane immunofluorescence buffer) at 5 × 106 cells/mL. Leukocyte suspension (100 µL
containing 4 × 105 cells) was incubated with primary monoclonal antibodies (mAbs)
against the following cluster of differentiation (CD) antigens: CD4, WC-1, CD14, CD163,
and major histocompatibility complex (MHC) class II molecules [25]. To remove the
unbound antibodies, the cells were washed twice with MIF buffer (by addition of 150 µL
buffer followed by centrifugation for 3 min at 300× g and 4 ◦C). To detect the cells labeled
with mouse primary antibodies, fluorochrome-conjugated secondary antibodies directed
against mouse isotypes (IgM, IgG1, IgG2a; Invitrogen; Schwerte, Germany) were added to
the cells. Control set-ups were stained with isotype control antibodies. Finally, labeled cells
were washed twice with MIF buffer and analyzed using flow cytometry (Accurie C6 flow
cytometer, BD Biosciences). After the measurement of 100.000 total leukocytes, data were
analyzed using the CFlow Software (BD Biosciences; Heidelberg, Germany).

2.6. Analysis of Cell Viability and Apoptosis

Cell necrosis was measured by the dye exclusion assay [26]. Briefly, camel leuko-
cytes were labeled with propidium iodide (PI) at a final concentration of 2 µg/mL (Cal-
biochem, Germany) and PI-fluorescence was measured by flow cytometry (detected in
FL-3). PI-positive dead cells with permeable cell membranes were distinguished from
PI-negative live cells. For the measurement of cell apoptosis, separated leukocytes (100µL
in RPMI-1640 cell culture medium) were incubated with JC-1 (5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetraethylbenzimidazolcarbocyanine iodide) in a 96-well microtiter plate [27–29]. JC-1
solution (100µL of 2µmol/L final concentration) was added to the cells in each well for
15 min (5% CO2) at 37 ◦C. Finally, labeled cells were washed twice with PBS, suspended
in 200µL PBS, and analyzed on the Acuri C6 flow cytometer (BD Biosciences). Apoptotic
cells with JC-1 monomers (increased green fluorescence) were distinguished from nor-
mal non-apoptotic cells with orange JC-1 aggregations (increased orange fluorescence in
FL-2). Hydrogen peroxide (H2O2; 180 uM)) has been used to establish a positive control
of apoptosis.

2.7. Phagocytosis Assay

The phagocytosis activity was measured after the incubation of camel leukocytes with
heat-killed bacteria. S. aureus bacteria (Pansorbin®, Calbiochem, Merck, Nottingham, UK)
were labeled with fluoresceinisothiocyanate labeling kit (FITC, Sigma-Aldrich, Germany)
according to the instructions of the manufacturer. Labeled S. aureus (30 bacteria/cell)
were added to separated leukocytes (100 µL RPMI medium containing 4 × 105 cells) for
30 min at 37 ◦C. After two washing rounds (by addition of 150 µL RPMI medium followed
by centrifugation for 3 min at 300× g and 4 ◦C), the samples were analyzed on the flow
cytometer. The percentage of green fluorescing cells among the total cell population was
used to indicate the phagocytic activity of monocytes and neutrophils, while the mean
fluorescence intensity (MFI) of positive cells was used to indicate the number of bacteria
ingested by each cell.

2.8. Reactive Oxygen Species (ROS) Generation Assay

Monocytes and neutrophils ROS production was measured using the labeling with
dihydrorhodamine (DHR)-123 as previously described [30]. Leukocytes (1×106/well) were
incubated in RPMI medium with S. aureus with the addition of DHR-123 (500 ng/mL) for
20 min at 37 ◦C. After two washes, the labeled cells were analyzed by flow cytometry. ROS
generation was determined using the MFI of DHR-positive cells after the acquisition of
10.000 monocytes or neutrophils.
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2.9. Statistical Analyses

The statistical software program GraphPad Prism (GraphPad software version 5,
GraphPad Software, San Diego, CA, USA) was used to perform statistical analysis. The
results were expressed as mean ± standard error of the mean (SEM). Data normal distri-
bution was explored using the Kolmogorov Smirnov test. The student t-test was used to
test the difference between the means of the analyzed parameters before and after adminis-
tration of lornoxicam. The differences between the means of more than two groups were
compared using the one-way ANOVA. Bonferroni’s multiple comparison test has been
performed to compare all pairs of means. A difference between the means was considered
statistically significant if the p-value was less than 0.05.

3. Results
3.1. The Impact of Lornoxicam on the Leukogram of Dromedary Camels

The total cell number of leukocytes (WBC) in blood was significantly (p < 0.05) reduced
after injection of camels with lornoxicam (6.7 ± 0.7) in comparison to WBC count before
treatment (14.8 ± 1.4 × 103/µL). The differential flow cytometric analysis of the main
leukocyte subpopulations (Figure 1A) revealed significantly lower numbers of neutrophils
(4.7 ± 0.4 versus 9.1 ± 1.2 × 103/µL before treatment), eosinophils (0.4 ± 0.1 versus
0.7± 0.1× 103/µL before treatment), monocytes (0.4± 0.1 versus 0.7± 0.1× 103/µL before
treatment), and lymphocytes (1.4 ± 0.3 versus 4.4 ± 0.3 × 103/µL before treatment) in
blood of camels after treatment with lornoxicam than before treatment (Figure 1B) (p < 0.05).
The treatment induced a decrease in neutrophils numbers resulting in significantly higher
values of neutrophil to lymphocyte ratio (NLR) in blood after treatment with lornoxicam
than before treatment (Figure 1B). The mean leukocyte viability in our experiments was
above 94% with no impact of treatment with lornoxicam on the percentage of viable
leukocytes (PI-negative cells).

3.2. Lymphocyte Composition in the Blood of Lornoxicam-Injected Camels

In comparison to their cell counts before the injection with lornoxicam, the number
of CD4+ T cells (293.3 ± 50.2 versus 913.7 ± 210.4 cell/µL before treatment), γδ T cells
(62.9 ± 13.0 versus 322.4 ± 61.9 cell/µL before treatment) and B cells (352.4 ± 112.1 versus
982.5 ± 80.2 cell/µL before treatment) in the blood of camels decreased significantly
(p < 0.05) after treatment with lornoxicam (Figure 2A,B).

3.3. Lornoxicam Modulates the Phenotype of Blood Monocytes

The expression density (mean fluorescence intensity, MFI) of the cell surface antigens
CD14, CD163, and MHC-II on blood monocytes was significantly changed after treatment
with lornoxicam (Figure 3). In comparison to their basic MFI values (before treatment), the
expression density of MHC-II molecules on blood monocytes was significantly (p < 0.05)
decreased after treatment with lornoxicam (MFI= 5243.5 ± 1063.5 versus 10450.9 ± 3654.2
before treatment). In contrast to this, monocytes significantly increased their CD163
expression after treatment with lornoxicam (MFI= 56333.1± 7710.0 versus 45978.9± 8041.6
before treatment). The expression density of CD14 on monocytes did not show a significant
change after treatment (Figure 3).

3.4. Lornoxicam Injection Reduces the Phagocytosis and ROS Generation Capacity of
Blood Phagocytes

The phagocytosis activity of blood neutrophils and monocytes was negatively af-
fected by lornoxicam (Figure 4). The percentage of cells that phagocytized bacteria was
significantly (p < 0.05) reduced for both neutrophils (33.3 ± 2.9 versus 40.5 ± 3.0% before
treatment) and monocytes (51.4 ± 2.3 versus 56.8 ± 3.1% before treatment) in the blood of
camels after treatment with lornoxicam when compared to their basic values (Figure 4).
This was also the case for the phagocytosis capacity, which was estimated by the MFI of
phagocytosing cells, indicating the relative amount of bacteria phagocytosed by each cell,
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which was significantly (p < 0.05) lower for both neutrophils and monocytes after treatment
than before treatment with lornoxicam.
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Figure 1. Ex vivo analysis of the leukogram of lornoxicam-treated camels. (A) Flow cytometric
gating strategy for the analysis of leukocyte subpopulations. Doublets were excluded in a side
scatter height (SSC-H) against SSC-Aria (SSC-A). In a SSC-A against forward scatter (FSC)-A dot plot,
granulocytes (G) and peripheral blood mononuclear cells (PBMC) were identified based on their
scatter characteristics. Based on their different autofluorescence intensities in the green FL-1 channel,
eosinophils (E) were distinguished from neutrophils (N) [25]. Monocytes (M) and lymphocytes (L)
were identified as CD14-positive and CD14-negative PBMC, respectively. (B) Whole white blood
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cells (WBC) were counted under the microscope after erythrolysis using Turk solution. The cell
numbers of leukocyte populations were estimated by multiplication their percentages in blood
leukocytes with the absolute number of WBC. Mean cell numbers and standard error of the mean
were presented for all leukocyte subsets before and after treatment. Differences between the means
were considered significant (*) if p < 0.05.
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Figure 2. Lymphocyte composition in the blood of lornoxicam-treated animals. (A) Flow cytometric
gating strategy for the identification of selected lymphocyte subsets in camel blood. After gating on
lymphocytes within the mononuclear cell population in a SSC-A/FSC-A dot plot, CD4+ T cells and
γδ T cells were identified based on their single-staining with CD4 and WC-1, respectively. In a CD14
against MHC-II dot plot, camel B cells were identified as MHC-II+CD14- cells. The cell numbers of
camel B cells, CD4+ T cells, and γδ T cells were estimated by multiplication of their percentages in
blood lymphocytes with the absolute number of lymphocytes. Mean cell numbers and standard error
of the mean were presented for all subsets before and after treatment. (B) Differences between the
means were considered significant (*) if p < 0.05.
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Figure 3. Ex vivo analysis of the abundance of the cell surface molecules CD14, MHC-II, and CD163
on camel blood monocytes. Leukocytes were labeled with mAbs to the cell antigens CD14, MHCII,
and CD163, and the cell membrane fluorescence was measured on the flow cytometer. (A) After the
identification of monocytes, based on their positive staining with CD14, the expression levels (MFI)
of CD14, MHC-II, and CD163 were estimated for samples collected before and after treatment with
lornoxicam. (B) Differences between the means were considered significant (*) if p < 0.05.
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Figure 4. Ex vivo analysis of the phagocytosis activity of camel neutrophils and monocytes. Separated
leukocytes were stimulated with FITC-labeled bacteria (S. aureus) and the immunofluorescence signals
were detected by flow cytometry. (A) After gating on neutrophils and monocytes, the fraction and
the MFI of phagocytosing cells were determined based on the increased green fluorescence in FL-1.
(B) Data were presented for neutrophils and monocytes from camels before and after treatment with
lornoxicam and were presented as means ± SEM. Differences between the means were considered
significant (*) if p < 0.05.

Similarly, treatment with lornoxicam negatively affected ROS production in neu-
trophils and monocytes after bacterial in vitro stimulation. In comparison to their ROS
production activity before treatment, neutrophils (DHR MFI= 7330.3 ± 272.8 versus
9376.1 ± 297.0 before treatment) and monocytes (DHR MFI= 32392.2 ± 959.5 versus
39594.5 ± 717.0 before treatment) collected from the animals after treatment with lornoxi-
cam showed significantly (p < 0.05) lower ROS values (Figure 5).

3.5. Impact of In Vitro Incubation with Lornoxicam on Cell Vitality of Camel Leukocytes

In vitro incubation of camel blood with increasing concentrations of lornoxicam for
6 h did not significantly (p > 0.05) change the percentage of necrotic cells (propidium iodide-
permeable cells) within the whole cell population of camel granulocytes, lymphocytes, or
monocytes (Figure 6A,B).

The analysis of cell apoptosis, however, revealed lornoxicam-induced changes in
the percentage of apoptotic leukocytes (cells containing JC-1 monomers) (Figure 7). The
percentage of apoptotic granulocytes and lymphocytes increased significantly (p < 0.05)
in whole blood incubated with high concentrations of 10 and 100 µmol/L of lornoxicam.
For granulocytes, the differences were significant between the concentrations 10 and
100 µmol/L and also between each of them and all other concentrations. For lymphocytes,
the differences were significant between the concentrations 10 and 100 µmol/L and also
between each of them and all other concentrations except the 1 µmol/L concentration.
For monocytes, however, only incubation with 100 µmol/L of lornoxicam resulted in a
higher percentage (p < 0.05) of apoptotic monocytes (Figure 8). There was no significant
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change (p > 0.05) in the percentage of apoptotic cells after incubation with lornoxicam in
the concentrations 0.1 or 1 µmol/L (Figure 8).
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Figure 6. The impact of in vitro incubation with lornoxicam on camel leukocytes cell necrosis. Leukocytes were labeled
with propidium iodide (PI) and PI-uptake versus exclusion was measured by flow cytometry. (A) Gating strategy for the
measurement of leukocytes cell necrosis. In a FSC-A/SSC-A density plot, cell debris was excluded by gating on leukocytes
according to their FSC and SSC properties. Within singlets (as identified in a FSC-H/FSC-A density plot), granulocytes (G),
lymphocytes (L), and monocytes (M) were gated according to the cell-specific FSC and SSC characteristics. Viable (PIlow)
cells and necrotic (PIhigh cells) were identified in a SSC-A/PI density plot. (B) The percentages of necrotic cells within the
whole population of granulocytes, lymphocytes, and monocytes were presented as mean ± SEM. The differences between
the treatments were considered significant if the p value was less than 0.05 (one-way ANOVA; repeated measures).
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Figure 7. Analysis of leukocytes cell apoptosis using flow cytometry. Leukocytes were loaded with
the JC-1 dye and the cell populations of granulocytes, lymphocytes, and monocytes were identified
within singular cells based on cell type-specific FSC and SSC properties. The percentage of cells
with orange JC-1 aggregates (non-apoptotic cells with increased fluorescence in FL-2) and cells with
green JC-1 monomers (apoptotic cells with increased fluorescence in FL-1) were estimated for cells
in medium and those collected from blood incubated with lornoxicam in vitro. Hydrogen peroxide
(H2O2) has been used to establish a positive control of apoptosis.
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Figure 8. The impact of in vitro incubation with lornoxicam on leukocytes cell apoptosis. Leukocytes
were separated from camel blood after incubation with different concentrations of lornoxicam in vitro.
Leukocytes were labeled with the JC-1 dye and cell fluorescence signals were measured by the flow
cytometer. The fraction of apoptotic cells within the whole populations of granulocytes, lymphocytes,
and monocytes was calculated. Significant differences between the groups were indicated by different
lower case letters (One-way ANOVA, repeated measures (p < 0.05)).
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3.6. Impact of In Vitro Incubation with Lornoxicam on Bacterial Phagocytosis and ROS Production
Capacity of Camel Granulocytes and Monocytes

While the phagocytosis activity of monocytes did not show a significant change
(p > 0.05) after in vitro incubation of camel blood with any lornoxicam concentration, only
incubation with 100 µmol/L of lornoxicam resulted in a lower (p < 0.05) percentage of
phagocytosis-positive granulocytes (Figure 9A). S. aureus-induced ROS production in gran-
ulocytes was significantly lower in blood incubated with lornoxicam at any concentration
(0.1, 1, 10, and 100 µmol/L). For monocytes, a similar inhibitory effect (p < 0.05) of lornoxi-
cam on ROS production was detected in blood incubated with the concentrations 1, 10, and
100 µmol/L (Figure 9B).

Animals 2021, 11, x FOR PEER REVIEW 14 of 18 
 

3.6. Impact of In Vitro Incubation with Lornoxicam on Bacterial Phagocytosis and ROS 
Production Capacity of Camel Granulocytes and Monocytes 

While the phagocytosis activity of monocytes did not show a significant change (p > 
0.05) after in vitro incubation of camel blood with any lornoxicam concentration, only in-
cubation with 100 µmol/L of lornoxicam resulted in a lower (p < 0.05) percentage of phag-
ocytosis-positive granulocytes (Figure 9A). S. aureus-induced ROS production in granulo-
cytes was significantly lower in blood incubated with lornoxicam at any concentration 
(0.1, 1, 10, and 100 µmol/L). For monocytes, a similar inhibitory effect (p < 0.05) of lornox-
icam on ROS production was detected in blood incubated with the concentrations 1, 10, 
and 100 µmol/L (Figure 9B). 

 
Figure 9. The impact of in vitro incubation with lornoxicam on phagocytosis and ROS production 
by camel granulocytes and monocytes. (A) Leukocytes were stimulated with FITC-labeled bacteria 
and the percentage of cells with ingested bacteria was determined by flow cytometry. * indicates 
significant differences between the means. (B) Impact of in vitro incubation with lornoxicam on 
ROS production by S. aureus-stimulated camel granulocytes and monocytes. Leukocytes were in-
cubated with killed bacteria and dihydrorohdamin-123 (DHR-123) dye. Statistically significant 
differences between the treatments were measured using the one-way ANOVA (different lower 
case letters indicate a p < 0.05). 

0

20

40

60
*

0       0.1     1       10     100

Ph
ag

oc
yt

os
is 

(%
)

Granulocytes Monocytes

Lornoxicam
(µmoL/L)

0       0.1     1       10     100

0

5000

10000

15000

20000
a

ab b b b

0       0.1     1       10     100

Rh
od

am
in

e-
12

3 
(M

FI
)

Granulocytes Monocytes

Lornoxicam
(µmoL/L)

0       0.1     1       10     100

A) Phagocytosis

B) ROS production

p = 0.01 

0

20

40

60

0

5000

10000

15000

20000

a

b b b b

Figure 9. The impact of in vitro incubation with lornoxicam on phagocytosis and ROS production
by camel granulocytes and monocytes. (A) Leukocytes were stimulated with FITC-labeled bacteria
and the percentage of cells with ingested bacteria was determined by flow cytometry. * indicates
significant differences between the means. (B) Impact of in vitro incubation with lornoxicam on ROS
production by S. aureus-stimulated camel granulocytes and monocytes. Leukocytes were incubated
with killed bacteria and dihydrorohdamin-123 (DHR-123) dye. Statistically significant differences
between the treatments were measured using the one-way ANOVA (different lower case letters
indicate a p < 0.05).
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4. Discussion

Lornoxicam, a member of the oxicams group, is a nonsteroidal anti-inflammatory drug
(NSAID) with potent anti-inflammatory, anti-pyretic, and analgesic effects. [12–16]. Oxi-
cams, like all other NSAIDs, have also shown the potential for several adverse effects [21].
The improved tolerance of lornoxicam due to the relatively shorter elimination half-life in
comparison to other members of the oxicams makes its application appear advantageous
in the management of pain and inflammation in racing dromedary camels. As no studies
were conducted on possible modulatory or suppressive potential of lornoxicam on the
camel immune system, the current study aimed to investigate the ex vivo and in vitro effect
of lornoxicam on some phenotypic and functional properties of camel blood leukocytes.

The injection of camels with a single dose of lornoxicam resulted in a significant
decrease in the total leukocyte count with reduced numbers of all leukocyte populations, in-
cluding neutrophils, eosinophils, monocytes, and lymphocytes. The in vitro pro-apoptotic
effect of lornoxicam on camel leukocytes at concentrations that can be easily reached
in plasma after the administration of lornoxicam in vivo indicates a role for lornoxicam-
induced cell death in the reduced leukocyte numbers in lornoxicam-injected camels. A
similar detrimental effect on cell viability was reported in bovine mammary epithelial
cells treated with meloxicam [31]. Cell apoptosis is mainly regulated by caspases, a family
of cysteine proteases, including caspase-2, -8, -9, -10, -11, and -12. In an in vitro model,
incubation of canine kidney cells with meloxicam caused activation of caspase-9/-3 and
release of cytochrome c, indicating the induction programmed cell death. Further studies
are required to see, whether the pro-apoptotic effect of lornoxicam is mediated by the
activation of caspases in camel leukocytes. As the number of leukocytes in the blood is
additionally regulated by their production rate in the bone marrow, we cannot exclude a
possible inhibitory effect of lornoxicam on the hematopoiesis in the bone marrow. In cattle
with transport-induced stress, a stress alleviating effect of meloxicam has been suggested
by reducing the percentage of circulating neutrophils and monocytes [11]. The general
leukocytopenia in camels injected with lornoxicam, however, indicates a suppressive effect
rather than a selective modulatory effect on the immune system of camels. This is also
supported by the reduced cell numbers of all subsets within the lymphocyte population,
including CD4+ T cells, γδ T cells, and B cells, indicating a general inhibitory effect of
lornoxicam on the humoral and cell-mediated immunity. Furthermore, the elevated neu-
trophil to lymphocyte ratio, which is widely accepted as indicative for impaired immune
cell function [32,33], in lornoxicam-treated camels also indicates a suppressive impact of
lornoxicam on the camel immune system. This is, however, in contrast to the reported
immuno-stimulating effect of meloxicam, another member of the oxicams group, on the
proliferation of bovine natural killer (NK) cells in vitro [34].

The modulatory effect of lornoxicam on the phenotype of blood monocytes was
characterized by a marked decrease in the expression density of MHC class II molecules
with a significant increase in CD163 expression, a phenotype associated with an anti-
inflammatory functional subtype of macrophages [23,35–40]. In LPS-stimulated human
monocytic cells (THP-1), lornoxicam showed a marked inhibition of IL-6 and nitric oxide
production (IC50 54 µM) [17].

Subsequently, we tested whether the effects of lornoxicam extend to the functional
properties of camel blood phagocytes. The ex vivo analysis of the capacity of neutrophils
and monocytes to phagocytize bacteria and to produce ROS upon bacterial stimulation
revealed a significant inhibitory effect of lornoxicam on the antimicrobial activity of both
neutrophils and monocytes. The inhibitory effect of in vitro incubation with lornoxicam
(100 µmol/L) on phagocytosis by granulocytes and ROS production by granulocytes and
monocytes (by almost all lornoxicam concentrations) supports the ex vivo findings. Incu-
bation of humans neutrophils with lornoxicam at concentrations similar to those used in
the present study resulted in the inhibition of their in vitro cell migration [41]. A similar
inhibitory effect on ROS production was reported for human neutrophils treated with
meloxicam [42]. In bovine calves with enzootic bronchopneumonia, treatment with meloxi-
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cam in combination with oxytetracycline, however, did not affect the phagocytic activity
of blood phagocytes [43]. Several studies reported the potential of NSAID for impairing
various functions of the immune system by disturbing the functions of immune-competent
cells [44–46]. The effects of NSAID on immune function, however, vary by compound and
species. Mild immune suppressive effect of lornoxicam has been reported in humans when
compared to other analgesics such as morphine and tramadol [21]. Furthermore, Memis
et al. reported no effect of intravenous lornoxicam injection on the level of several cytokines
in immune-compromised sepsis patients [47]. Phagocytosis of bacterial pathogens by the
phagocytes, neutrophils and monocytes, and their subsequent killing by ROS-mediated
mechanisms are key effector functions with a major role in the innate immune defense
against bacteria [48]. The inhibitory effect of lornoxicam on the phagocytosis and ROS
production of monocytes and neutrophils suggests its potential impairment of innate im-
munity to bacterial pathogens in camel. Similarly, the observed decrease in several immune
cell types in lornoxicam-treated camels indicates a general inhibitory effect on the camel
cellular immune system. However, further studies are required to investigate the clinical
relevance of the lornoxicam-induced changes in immune cell composition and function
in camels.

The anti-inflammatory activity of lornoxicam is mainly related to its inhibitory effect
on prostaglandin and thromboxane synthesis through the inhibition of both COX-1 and
COX-2, inducible nitric oxide synthase (iNOS), and interleukin 6 production [17]. Whether
the lornoxicam-induced changes in leukocyte composition and function are mediated by
the same mechanisms, still to be investigated.

5. Conclusions

In summary, the present study found evidence that a single dose of intravenously
administrated lornoxicam, at 0.13 mg/kg, induces, six hours after injection, a significant
change in the camel leukogram which is characterized by reduced cell numbers of all
leukocyte subpopulations. In vitro analysis of cell vitality revealed a pro-apoptotic effect
of lornoxicam on camel leukocytes, which may be responsible for the lornoxicam-induced
leukocytopenia in vivo. Functionally, lornoxicam elicited inhibitory effects on the an-
timicrobial capacity of the blood phagocytes, monocytes and neutrophils. Furthermore,
lornoxicam induced an anti-inflammatory phenotype of monocytes, characterized by re-
duced expression of MHC class II molecules and increased expression of CD163 molecules.
The current study identified for the first time inhibitory effects of the COX-inhibitor lornoxi-
cam on phenotype and function of camel blood immune cells and recommend considering
these effects when using lornoxicam in camel medicine

Author Contributions: Conceptualization, J.H., M.K., T.S. and F.A.; Funding Acquisition, J.H., T.S.
and N.A.A.-H., Investigation, J.H. and M.K.; Methodology, M.K. and T.S.; Supervision, A.I.A.A.-M.
and F.A.; Writing original draft, J.H.; Writing Review and Editing, all authors. All authors have read
and agreed to the published version of the manuscript.

Funding: The study was funded by the Deanship of Scientific Research at King Faisal University,
Al-Ahsa, Saudi Arabia, under Research Group Support Track (Grant No. 1811001).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of King Faisal University (approval
no. KFU-REC/2020-03-02).

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Guedes, A. Pain Management in Horses. Vet. Clin. North Am. Equine Pr. 2017, 33, 181–211. [CrossRef]
2. Mama, K.R.; Hector, R.C. Therapeutic developments in equine pain management. Vet. J. 2019, 247, 50–56. [CrossRef] [PubMed]

http://doi.org/10.1016/j.cveq.2016.11.006
http://doi.org/10.1016/j.tvjl.2019.02.010
http://www.ncbi.nlm.nih.gov/pubmed/30971351


Animals 2021, 11, 2023 17 of 18

3. Rangel-Nava, A.; Ramírez-Uribe, J.M.; Recillas, S.; Ibancovichi-Camarillo, J.A.; Venebra-Muñoz, A.; Sánchez-Aparicio, P.
Pharmacological Regulation in the USA and Pharmacokinetics Parameters of Firocoxib, a Highly Selective Cox-2, by Pain
Management in Horses. J. Equine Vet. Sci. 2019, 77, 36–42. [CrossRef] [PubMed]

4. Coetzee, J.F.; Shearer, J.; Stock, M.L.; Kleinhenz, M.; van Amstel, S.R. An Update on the Assessment and Management of Pain
Associated with Lameness in Cattle. Vet. Clin. North Am. Food Anim. Pr. 2017, 33, 389–411. [CrossRef] [PubMed]

5. Tschoner, T.; Sauter-Louis, C.; Peinhofer, V.; Feist, M. Attitudes of Bavarian bovine veterinarians towards pain and pain
management in cattle. Vet. Rec. 2020, 187, 90. [CrossRef]

6. Demarco, G.J.; Nunamaker, E.A. A Review of the Effects of Pain and Analgesia on Immune System Function and Inflammation:
Relevance for Preclinical Studies. Comp. Med. 2019, 69, 520–534. [CrossRef] [PubMed]

7. Hamza, M.; Dionne, R. Mechanisms of Non-Opioid Analgesics Beyond Cyclooxygenase Enzyme Inhibition. Curr. Mol. Pharmacol.
2009, 2, 1–14. [CrossRef] [PubMed]

8. Yousefifard, M.; Zali, A.; Zarghi, A.; Neishaboori, A.M.; Hosseini, M.; Safari, S. Non-steroidal anti-inflammatory drugs in
management of COVID-19; A systematic review on current evidence. Int. J. Clin. Pr. 2020, 74, e13557. [CrossRef]

9. Rosenbloom, D.; Craven, M.A. A review of non-steroidal anti-inflammatory drugs. Can Fam. Physician 1983, 29, 2121–2124.
10. Xu, S.; Rouzer, C.A.; Marnett, L.J. Oxicams, a class of nonsteroidal anti-inflammatory drugs and beyond. IUBMB Life 2014, 66,

803–811. [CrossRef] [PubMed]
11. Hulbert, L.E.; Moisá, S.J. Stress, immunity, and the management of calves. J. Dairy Sci. 2016, 99, 3199–3216. [CrossRef]
12. Balfour, J.A.; Fitton, A.; Barradell, L.B. Lornoxicam. Drugs 1996, 51, 639–657. [CrossRef] [PubMed]
13. Buritova, J.; Besson, J.M. Potent anti-inflammatory/analgesic effects of lornoxicam in comparison to other nsaids: A c-fos study

in the rat. Inflammopharmacology 1997, 5, 331–341. [CrossRef] [PubMed]
14. Buritova, J.; Besson, J.-M. Dose-related anti-inflammatory/analgesic effects of lornoxicam: A spinal c-Fos protein study in the rat.

Inflamm. Res. 1998, 47, 18–25. [CrossRef] [PubMed]
15. Pruss, T.P.; Stroissnig, H.; Radhofer-Welte, S.; Wendtlandt, W.; Mehdi, N.; Takacs, F.; Fellier, H. Overview of the pharmacological

properties, pharmacokinetics and animal safety assessment of lornoxicam. Postgrad. Med. J. 1990, 66, S18-21.
16. Aabakken, L.; Osnes, M.; Frenzel, W. Gastrointestinal tolerability of lornoxicam compared to that of naproxen in healthy male

volunteers. Aliment. Pharmacol. Ther. 1996, 10, 151–156. [CrossRef]
17. Berg, J.; Fellier, H.; Christoph, T.; Grarup, J.; Stimmeder, D. The analgesic NSAID lornoxicam inhibits cyclooxygenase (COX)-1/-2,

inducible nitric oxide synthase (iNOS), and the formation of interleukin (IL)-6 in vitro. Inflamm. Res. 1999, 48, 369–379. [CrossRef]
18. Turner, P.; Johnston, A. Clinical pharmacokinetic studies with lornoxicam. Postgrad. Med. J. 1990, 66, S28-29.
19. Zhang, Y.; Zhong, D.; Si, D.; Guo, Y.; Chen, X.; Zhou, H. Lornoxicam pharmacokinetics in relation to cytochrome P450 2C9

genotype. Br. J. Clin. Pharmacol. 2005, 59, 14–17. [CrossRef]
20. Choi, C.-I.; Kim, M.-J.; Jang, C.-G.; Park, Y.-S.; Bae, J.-W.; Lee, S.-Y. Effects of the CYP2C9*1/*13 Genotype on the Pharmacokinetics

of Lornoxicam. Basic Clin. Pharmacol. Toxicol. 2011, 109, 476–480. [CrossRef]
21. Wang, Z.; Wang, C.; Yang, J.; Sun, J.; Huang, Y.; Tang, Q.; Qian, Y. Which has the least immunity depression during postoperative

analgesia—morphine, tramadol, or tramadol with lornoxicam? Clin. Chim. Acta 2006, 369, 40–45. [CrossRef] [PubMed]
22. Hussen, J.; Düvel, A.; Sandra, O.; Smith, D.; Sheldon, I.M.; Zieger, P.; Schuberth, H.-J. Phenotypic and Functional Heterogeneity

of Bovine Blood Monocytes. PLoS ONE 2013, 8, e71502. [CrossRef] [PubMed]
23. Hussen, J.; Shawaf, T.; Al-Herz, A.I.; Alturaifi, H.R.; Alluwaimi, A.M. Reactivity of commercially available monoclonal antibodies

to human CD antigens with peripheral blood leucocytes of dromedary camels (Camelus dromedarius). Open Vet. J. 2017, 7,
150–153. [CrossRef] [PubMed]

24. Eger, M.; Hussen, J.; Drong, C.; Meyer, U.; von Soosten, D.; Frahm, J.; Daenicke, S.; Breves, G.; Schuberth, H.-J. Impacts of
parturition and body condition score on glucose uptake capacity of bovine monocyte subsets. Vet. Immunol. Immunopathol. 2015,
166, 33–42. [CrossRef] [PubMed]

25. Hussen, J.; Schuberth, H.-J. Recent Advances in Camel Immunology. Front. Immunol. 2021, 11, 614150. [CrossRef]
26. Crowley, L.; Scott, A.P.; Marfell, B.J.; Boughaba, J.A.; Chojnowski, G.; Waterhouse, N.J. Measuring Cell Death by Propidium

Iodide Uptake and Flow Cytometry. Cold Spring Harb. Protoc. 2016, 2016. [CrossRef]
27. Wolosin, J.M.; Zamudio, A.; Wang, Z. Application of JC1 for non-toxic isolation of cells with MDR transporter activity by flow

cytometry. PLoS ONE 2017, 12, e0174905. [CrossRef]
28. Lugli, E.; Troiano, L.; Ferraresi, R.; Roat, E.; Prada, N.; Nasi, M.; Pinti, M.; Cooper, E.L.; Cossarizza, A. Characterization of cells

with different mitochondrial membrane potential during apoptosis. Cytom. Part A 2005, 68, 28–35. [CrossRef]
29. Hussen, J. Changes in Cell Vitality, Phenotype, and Function of Dromedary Camel Leukocytes After Whole Blood Exposure to

Heat Stress in vitro. Front. Vet. Sci. 2021, 8. [CrossRef]
30. Hussen, J.; Koy, M.; Petzl, W.; Schuberth, H.-J. Neutrophil degranulation differentially modulates phenotype and function of

bovine monocyte subsets. Innate Immun. 2016, 22, 124–137. [CrossRef]
31. Caldeira, M.; Bruckmaier, R.; Wellnitz, O. Meloxicam affects the inflammatory responses of bovine mammary epithelial cells. J.

Dairy Sci. 2019, 102, 10277–10290. [CrossRef] [PubMed]
32. Faria, S.S.; Jr, P.C.F.; Silva, M.J.B.; de Lima, V.C.; Fontes, W.; Freitas-Junior, R.; Eterovic, A.K.; Forget, P. The neutrophil-to-

lymphocyte ratio: A narrative review. ecancermedicalscience 2016, 10, 702. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jevs.2019.02.007
http://www.ncbi.nlm.nih.gov/pubmed/31133314
http://doi.org/10.1016/j.cvfa.2017.02.009
http://www.ncbi.nlm.nih.gov/pubmed/28579050
http://doi.org/10.1136/vr.105920
http://doi.org/10.30802/AALAS-CM-19-000041
http://www.ncbi.nlm.nih.gov/pubmed/31896389
http://doi.org/10.2174/1874467210902010001
http://www.ncbi.nlm.nih.gov/pubmed/19779578
http://doi.org/10.1111/ijcp.13557
http://doi.org/10.1002/iub.1334
http://www.ncbi.nlm.nih.gov/pubmed/25537198
http://doi.org/10.3168/jds.2015-10198
http://doi.org/10.2165/00003495-199651040-00008
http://www.ncbi.nlm.nih.gov/pubmed/8706598
http://doi.org/10.1007/s10787-997-0030-9
http://www.ncbi.nlm.nih.gov/pubmed/17657612
http://doi.org/10.1007/s000110050245
http://www.ncbi.nlm.nih.gov/pubmed/9495582
http://doi.org/10.1046/j.1365-2036.1996.719899000.x
http://doi.org/10.1007/s000110050474
http://doi.org/10.1111/j.1365-2125.2005.02223.x
http://doi.org/10.1111/j.1742-7843.2011.00751.x
http://doi.org/10.1016/j.cca.2006.01.008
http://www.ncbi.nlm.nih.gov/pubmed/16487501
http://doi.org/10.1371/journal.pone.0071502
http://www.ncbi.nlm.nih.gov/pubmed/23967219
http://doi.org/10.4314/ovj.v7i2.12
http://www.ncbi.nlm.nih.gov/pubmed/28652982
http://doi.org/10.1016/j.vetimm.2015.04.007
http://www.ncbi.nlm.nih.gov/pubmed/25980551
http://doi.org/10.3389/fimmu.2020.614150
http://doi.org/10.1101/pdb.prot087163
http://doi.org/10.1371/journal.pone.0174905
http://doi.org/10.1002/cyto.a.20188
http://doi.org/10.3389/fvets.2021.647609
http://doi.org/10.1177/1753425915620911
http://doi.org/10.3168/jds.2019-16630
http://www.ncbi.nlm.nih.gov/pubmed/31447141
http://doi.org/10.3332/ecancer.2016.702
http://www.ncbi.nlm.nih.gov/pubmed/28105073


Animals 2021, 11, 2023 18 of 18

33. Gupta, M.; Sharma, M.; Jain, N.; Sinha, N.; Kaushik, R.; Jash, D.; Chaudhry, A. Diagnostic and Prognostic Role of Neutrophil-to-
Lymphocyte Ratio in Early and Late Phase of Sepsis. Indian J. Crit. Care Med. 2018, 22, 660–663. [CrossRef] [PubMed]
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