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Mouse Behavior in the Open-field Test after
Meloxicam Administration

Ana TFB Antiorio,"" Jilma Aleman-Laporte,> Dennis A Zanatto,! Marco A A Pereira,> Mariana SAG Gomes,’
Danilo Wadt,! Pedro K Yamamoto,! Maria M Bernardi,* and Claudia MC Mori’

Several analgesics are suggested for pain management in mice. Nonsteroidal antiinflammatories (NSAIDs), such as meloxi-
cam can be administered for the treatment of inflammation and acute pain; however, several side effects can occur which
include gastrointestinal ulceration and renal and hepatic toxicity. We previously performed a pilot study to test the antinoci-
ceptive activity of meloxicam in mice, but we observed behavioral changes in unoperated control mice. These observations
spurred further investigation. One hypothesis for the result was potential differences in formulation between commercial
brands of meloxicam. Thus, this current study aimed to evaluate the effects of 3 different commercial brands of meloxicam
(20 mg/kg) in the general activity of mice using the open field test. Our results showed that meloxicam had several effects
on mouse behavior and caused the formation of skin lesions at the injection site, depending on the brand of the drug. The
most significant adverse effect observed was decreased exploratory activity. Grooming frequency was reduced in all groups.
These adverse effects might be related to the quality of the drugs because meloxicam formulations can contain crystal poly-
morphisms that affect drug quality and efficacy. This study points out the importance of drug quality variation that can affect

the outcome of behavioral studies in mice.
Abbreviations: COX-2, cyclooxygenase 2
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Introduction

Pain management in laboratory animals is a matter of
ethical, legal, and animal welfare concern. Untreated pain has
negative effects in animals, such as hyperalgesia, allodynia,
impairment of tissue healing process, changes in hormone
secretion, and abnormal behavior, among others.” Thus, pain
should be managed by using analgesia protocols that mini-
mize animal suffering and distress. In research animals, the
analgesic regimen should consider not only the side effects
of drugs but also the potential to affect scientific results and
increase the variability of data.’

Meloxicam is an enolic acid-derived nonsteroidal antiin-
flammatory drug, a preferential COX-2 inhibitor, used for the
treatment of rheumatoid arthritis, osteoarthritis, and for pain
management in several species.!®!” In laboratory mice, this
drug has been used to treat acute postoperative inflammation
and pain.??426 Similar to other NSAIDs, meloxicam causes
several side effects depending on the dose, frequency, and
duration of treatment, which include gastrointestinal ulcera-
tion and renal and hepatic toxicity.'” Also, acute overdose of
NSAIDs causes central nervous system toxicity with sequelae
such as ataxia, vertigo, dizziness, and disorientation.?® Thus,
although meloxicam can be used to manage pain in laboratory
animals, it also can potentially interfere with scientific results
due to the side effects.

Received: 17 Apr 2021. Revision requested: 3 Jun 2021. Accepted: 22 Nov 2021.

Department of Pathology, School of Veterinary Medicine and Animal Science, University

of Sito Paulo, Sdo Paulo, Brazil, *Laboratory of Teaching in Surgery and Cancer, University

of Costa Rica, San Jose, Costa Rica, *Department of Surgery. School of Veterinary Medicine

and Animal Science, University of Sdo Paulo, Sio Paulo, Brazil, *Graduate Program

in Environmental and Experimental Pathology, Paulista University, Sido Paulo, Brazil
“Corresponding author. Email: ana.tbrasil@gmail.com

In a previous unpublished experiment in our laboratory, we
aimed to determine the potential antinociceptive activity of the
drug using a suggested dose by other authors to treat postop-
erative pain in mice.'??%26 However, meloxicam significantly
affected the behavior of unoperated controls which led us to
investigate this effect. Mice demonstrated significant reductions
in exploratory activity, rearing, and locomotion. One hypothesis
for this reduction was that formulation variables of the drug
could alter the results. Thus, this study aims to assess the effect
of meloxicam on mouse open field activity. We compared 3 com-
mercial brands of meloxicam to identify potential differences
in the effects of different formulations.

Materials and Methods

This study used 55 C57BL/ 6] male mice from the Department
of Pathology, School of Veterinary Medicine and Animal Science,
University of Sdo Paulo, Brazil (FMVZ/USP), age 8 to 10 wk,
weight 25.11 £ 2.997g (mean * SD), free of specific pathogens
according to the FELASA Guidelines.!® Mice were acclimatized
for 2 wk before the experiments. Mice were housed in groups
of up to 5 per cage in open-top polypropylene cages (28 x 17 x
12 cm) with autoclaved wood shavings bedding (Granja RG,
Suzano, SP, Brazil) and paper towels for nesting material. The
room was controlled for temperature at 22 +2 °C (71.6 £ 35.6°F),
air changes of 15 to 20/h, humidity 55 + 5%, and artificial light
cycle 12/12h. Mice had unrestricted access to filtered and au-
toclaved water and autoclaved commercial pelleted AIN-93M
rodent diet (Nuvilab, Quimtia, Parand, Brazil).

The protocol for the experimental study was approved by
the Institutional Animal Care and Use Committee, number
3582200217 - FMVZ/USP. We followed the Brazilian guidelines
for animal experimentation which are similar to those in the
Guide for the Care and Use of Laboratory Animals.”
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Meloxicam solution for parenteral injection was obtained
from 3 different commercial suppliers: Maxicam 0.2% injectable
solution (lot number 003 /18, Ouro Fino Satide Animal Ltda, Sao
Paulo, Brazil), Flamavet 0.2% injectable solution, (lot number
1852340, Unido Quimica Farmacéutica Nacional, Sdo Paulo, Bra-
zil), and meloxicam 1% injectable solution (lot number 264330,
Eurofarma Laboratérios SA, Sdo Paulo, Brazil). These 3 products
were encoded as M1, M2, and M3, respectively. Samples M1 and
M2 were injected at 2 mg/mL (concentration from the manufac-
turer). M3 was diluted at the moment of the injections to2 mg/mL
in sterile saline 0.9% (Equiplex, Goiés, Brazil). Formulations M1
and M2 were intended for animal use, and M3 for human use.
The pH of the formulations was measured right before the ex-
periment using a pH meter (Gehaka PG 1800, Sdo Paulo, Brazil).

Mice were weighed on the morning of the experiments and
randomly assigned into 7 different groups. The dose of 20 mg/kg
meloxicam was injected intraperitoneally in groups M1, M2 ,
and M3, groups. A dose of 10 mL/kg of sterile 0.9% saline was
intraperitoneally injected into mice of the control group (Ctr). The
same dose of meloxicam (20 mg/kg) was injected subcutaneously
between the scapulae of the M1, M2, and M3, groups.

Mice were acclimatized for 30 min in their home cage in a
quiet room after injections. Behavioral testing was performed
between 1000 h and noon by the same observer. The open field
arena (40 cm diameter x 31 cm height, white background) was
placed in a soundproof room with an indirect artificial light
source. The arena was cleaned thoroughly with a 5% alcohol/
water solution between each mouse to minimize odor cues.
Mice from different groups were tested interspersed throughout
the trials. One mouse at a time was placed in the center of the
arena and spontaneous behavior was recorded for 5 min (high-
definition video camera, JVC Everio HDD, JVC Kenwood do
Brasil Comércio de Eletrénicos Ltda, Brazil). Later, the videos
were evaluated by using Ethovision XT version 15.0.1416 video
tracking system (Noldus Information Technology, the Neth-
erlands) to measure the distance moved (cm), average speed
(cm/s), time moving (s), and time spent in the periphery/center
of the arena (s). Rearing, grooming, and fecal pellet frequencies
were scored manually by a single individual. After the trials,
mice were returned to their home cage and observed once dur-
ing the following 24 hours to check overall activity (inactive,
isolated), posture (hunched), body appearance (not grooming),
and some facial expressions (orbital tightening, nose bulge, and
ear position). Subsequently, mice were euthanized in a CO, gas
euthanasia induction chamber (Red Industria e Comércio de
Equipamentos Hospitalares e Laboratoriais, Caieiras, Brazil)
according to the American Veterinary Medical Association
guidelines for the euthanasia of animals.! Mice were then sub-
mitted for post-mortem macroscopic examination. The overall
appearance of fur, skin, and peritoneal cavity was checked. The
subcutaneous tissues at the injection site were qualitatively
checked for gross alterations, and potential lesions were identi-
fied based on distribution, texture, and color.

Statistical analysis was performed by using GraphPad Prism
9.0.0 software (GraphPad Software,). D’Agostino and Pearson
was used for normality test, o = 0.05. One-way analysis of
variance followed by Tukey’s multiple comparison test was
applied to evaluate differences between treatments. The results
were considered significant at P < 0.05. Data are presented as
mean with SEM.

Results
Significant differences were detected in distance moved
(F (6,48) =145.4, P <0.0001) and average speed (F (6, 48) = 147.0,
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P < 0.0001) between M1,, and M1,. and all other groups
(Figures 1A and 1B). Significant differences were found
between groups in time spent in the periphery of the arena
(F (6, 48) = 46.75, P < 0.0001, Figure 1C) and time spent in the
center (F (6,48) =46.76, P <0.0001, Figure 1D). M1, and M1_.had
the lowest time moving (F (6, 45) = 39.91, P < less than 0.0001)
and frequency of rearing (F (6, 48) = 31.69, P < 0.0001, Figures
1E and 1F). The control presented the highest mean grooming
frequency as compared with the other groups (F (6, 48) = 15.83,
P <0.0001, Figure 1G.) Overall, M1, and M1, groups moved
less and had lower average speed than the other groups. M1,
and M1, spent most of their time in the same place they were
initially positioned in the center of the arena. The mean number
of fecal pellets was not significantly different between groups
(data not shown).

Clinically, we observed alopecia and lesions due to scratch-
ing at the injection site of all mice (7 of 7) in the M1 group
(Figures 2A-D). We did not observe skin lesions at the injec-
tion site in M2.. and M3, groups. Concentration, pH, and
composition of meloxicam preparations are shown in Table 1.

Discussion

This study showed meloxicam administration had differ-
ent effects on mouse behavior and lesions at the injection
site, depending on the brand of the drug. We used 2 brands
of meloxicam that were approved for veterinary use in dogs
and cats (M1 and M2) and one brand approved for human
use (M3). All 3 brands affected behavior to some degree,
but M1 caused the greatest alterations. The most significant
behavioral effect was decreased exploratory activity and
lethargy that resembled heavy sedation. Grooming frequency
was reduced in all groups. In rodents, grooming behavior
is sensitive to stress, experimental manipulation, and the
use of drugs.101

Meloxicam is an enolic acid drug derived from oxicam,
characterized by low solubility in water and slight solubility
in inorganic acids. Meloxicam has 5 crystalline forms (I, IL, II,
IV, and V) that are associated with solubility and dissolution
rate.® The crystal form I is indicated for the preparation of
pharmaceutical products; however, polymorphic contamina-
tion and interconversion between forms can occur in raw
materials. Therefore, the occurrence of polymorphism in active
pharmaceuticals ingredients may compromise their bioavail-
ability and therapeutic efficacy. In a previous study, a mixture
of forms I and III that was identified in a commercially avail-
able raw material meloxicam affected the solubility, intrinsic
dissolution, and rate of dissolution of meloxicam tablets.® In
another study, the authors found 2 polymorphs of meloxicam
in samples from different compounding pharmacies.!” That
study also reported more antiinflammatory efficacy of poly-
morph I than polymorph Il in a model of paw edema induced
by carrageenan.!?

The effects on behavior observed in our study were not
described in other studies using similar or higher doses of
meloxicam31120.26 Studies that assessed mouse behavior after
meloxicam administration did not report significant differences
in rearing and locomotion.'?2026 In a study that used a higher
dose (60 mg/kg), meloxicam treatment attenuated anhedonia
(thatis, diminished response to pleasure) in mice after splenec-
tomy.* We hypothesized that behavioral changes observed in our
study might be related to pain or discomfort, as these drugs are
not clinically approved for pain treatment in mice. Considerable
variation in response could occur in mice due to variables such
as strain, phenotype'®?” and sex.!#1>23 Such effects could be
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Figure 1. Assessment of general activity of C57BL/6] mice in the open field test (OFT) after meloxicam administration. Distance traveled (cm)
(A); average speed (cm/s) (B); time spent in the peripheral zone of the arena (C); time spent in the center zone of the arena (s) (D); time moving
(s) (E); rearing frequency (counts) (F); grooming frequency (counts) (G). Data are presented as the means + SEM. ANOVA followed by Tukey’s
multiple comparisons test was used to compare differences between groups. Ml . (n=7); CTR, M1, M2,, M2, M3, and M3, (n = 8/group).
IP, intraperitoneal; SC, subcutaneous. ***P < 0.001(extremely significant).
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Figure 2. Photographs of mice after subcutaneous injection of M1, sample. Mice showed alopecia and scratching on the skin at the injection

site after subcutaneous injection (arrows).

Table 1. Concentration, pH, and composition of meloxicam samples.

Sample  Concentration* pH Composition*

M1 0.2% 9.35 Meloxicam 200 mg; excipients 100.0 mL (details were not available from manufacturer)

M2 0.2% 8.53  Meloxicam 2.0 mg; excipients 1.0 mL (meglumine, glycine, ethylic alcohol, sodium chloride, edetate
disodium dihydrate, benzyl alcohol, and water for injection)

M3 1% 7.91** Meloxicam 10 mg; excipients 1.0 mL (meglumine, glycofurol, lutrol F68, sodium chloride, glycine, sodium

hydroxide, and water for injection)

* According to the manufacturer; ** measured after diluted to 0.2% in sterile 0.9% saline.

interpreted as a confounding effect of the experimental design,
rather than an effect of analgesia.

The high pH of the 2 veterinary products was an additional
variable in our study. The acceptable range of pH for most
administration routes is between 4.5 and 8.0.5 The intraperi-
toneal route is commonly used in mice because it is simple to
execute, requires minimal restraint, and can be used to admin-
ister large volumes. However, substances with an irritating
nonphysiological pH are not recommended for intraperitoneal
administration due to the potential to cause pain, peritoneal
irritation, and peritonitis.>>? In our study, no gross alterations
were observed in the peritoneal cavity. Thus, we could not
infer whether the drug caused irritation and pain that could
explain those behavior alterations.

Besides the behavioral changes, skin lesions at the site of
injection could be identified after M1 administration. These le-
sions might be related to the potential irritating characteristic
of M1 sample, although other variables might be involved as

well. In a previous study, a 20 mg/kg subcutaneous injection
of meloxicam intended for animal use caused skin ulceration
in C57BL/6N mice, possibly because of the drug concentration
(5 mg/mL).2? The lesions were less severe if meloxicam was
diluted to 1 mg/mL in sterile saline; nonetheless, the authors
suggested more investigations to determine a safer dose and
route of administration of meloxicam.

In summary, our study indicates that drug variation can
influence the outcome of behavioral studies, pain assessment,
and pain management in animal research due to the potential
adverse side-effects of the drug formulations. Our data show
clinical and behavioral differences between groups of mice
that received distinct commercial brands of meloxicam. A
complete assessment of the physicochemical characterization
of meloxicam could identify potential polymorphic contami-
nation of these formulations. Although meloxicam caused
adverse effects in mice used in this study, it should not be
rejected for pain management. Additional drug safety stud-
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ies should be conducted to determine the optimal method of
meloxicam use in mice.
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