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Abstract. Background/Aim: This study aimed to investigate
the analgesic effects of fluoxetine on Lewis rats of both sexes
in the adjuvant-induced arthritis (AIA) rat model. In humans,
chronic pain syndromes typical of rheumatoid arthritis (RA)
co-exist with depression which is often treated with
fluoxetine antidepressant known to have antinociceptive
effects. Materials and Methods: The experiment was
terminated on day 26, after seven days of oral treatment
(days 19-25) with fluoxetine and indomethacin. The effects
of treatments were assessed on the final day of the study
through measuring body weight, serum concentrations of a1-
acid glycoprotein, visual arthritis assessment and post
mortem histopathology assessment. Results: Statistically
significant difference was determined in the body weight of
male subjects, with indomethacin-treated animals putting on
significantly more weight than the vehicle and fluoxetine-
treated counterparts. No differences were found between the
different treatment groups in other study assessments.
Conclusion: The present study did not provide support for
analgesic effects of fluoxetine aimed at reducing the severity
of the AIA model.

Rheumatoid arthritis (RA) is a painful, chronic, autoimmune
disease which affects around 2% of the worldwide
population (1). Research and development of treatments of
arthritis currently involve the use of animal models, such as
the rat adjuvant-induced arthritis (AIA) model. This model
is classified as a severe model, inflicting long-lasting pain

on the animals. Inflicting pain on experimental animals is
problematic (1, 2). Firstly, it poses an ethical issue, since the
studied animals’ well-being is compromised. Secondly, it is
scientifically problematic, since much of the pain may be
unnecessary, not contributing to the modelling of the disease.
Instead, the pain may provoke unintended physiological and
endocrine changes in the animal, confounding results and
compromising the validity of the experiment (2-4).
Consequently, it is important to refine procedures and
interventions that may cause unnecessary pain and stress in
the studied animals. It is desirable to treat pain in a manner
that will not negatively affect the translational properties of
the model.  

Inflammation and its associated pain co-exist as clinical
symptoms in both human arthritis and the rat adjuvant-
induced arthritis model and have been reported to co-occur
with depression or with depression-like-behaviour,
respectively (5-8). Depression and persistent pain symptoms
exacerbate one another, which has made some researchers
refer to the comorbidity as the pain-depression syndrome (8,
9). Antidepressants have been used in patients suffering from
chronic pain primarily to treat concomitant depression,
however, clinical and preclinical studies have repeatedly
demonstrated analgesic effects of antidepressants, separate
from their antidepressant activities (5-7, 10, 11).

The antidepressant drug fluoxetine is a selective serotonin
reuptake inhibitor (SSRI) which has been documented to
have anti-inflammatory and analgesic effects in addition to
its antidepressant effects in humans and rats (5, 8, 12-14).
With this in mind, the present study investigated whether
fluoxetine treatment would influence the classical parameters
usually assessed in the rat AIA model. The effects of
fluoxetine were studied in male and female Lewis rats in the
chronic phase of disease progression (19-25 days after
induction). Inflammation and affectedness were assessed
through measuring body weight and serum concentrations of
α1-acid glycoprotein, through visual arthritis assessment and
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post mortem histopathology assessment. The nonsteroidal
anti-inflammatory drug (NSAID) indomethacin, which is
frequently used for symptomatic treatment of RA in humans
and animals, was used as a positive control (15-19).

Materials and Methods
Ethical statement. All experiments were carried out in an Association
for Assessment and Accreditation of Laboratory Animal Care
International-accredited facility under the supervision of an
Institutional Ethics Committee in collaboration with the Croatian
Competent Authority and the National Ethics Committee, granting
this project 2-year authorisation (authorisation number KLASA:
UP/I-322-01/17-01/162, URBROJ: 525-10/0255-18-4) in compliance
with the 2010/63/EU Directive requirements.

Animals and housing. Seven-week-old male (n=38) and female
(n=38) SPF Lewis rats (LEW/Crl; Charles River, Sulzfeld, Germany)
were pair-housed in open-top cages (1291H; 425×266×185 mm;
Tecniplast, Buguggiate, Italy) on arrival from the breeder. The animal
holding rooms within a BSL2 Barrier Unit were maintained at
22±2˚C, and 55±10% relative humidity, with ≥15 air changes per
hour. A diurnal rhythm was kept through a 12:12 h dark/light cycle
(lights on at 7:00 am), with a daytime intensity of 150 Lux at 1 m
over the floor. The conventional cages (Tecniplast Type III H) were
equipped with raised lids, bedding consisted of corn cob grit (Scobis
Due; Mucedola, Milan, Italy), and enrichment items were provided
in the form of cardboard shelters and wooden gnawing blocks (LBS
Biotechnology, Horley, UK). Feed pellets (VRF1; SDS Diets, Horley,
UK) and tap water were provided ad libitum. Pellets were also
placed on the bedding for easier access for arthritic animals. Cages
were changed twice a week, transferring only a handful of used
bedding to maintain olfactory cues. 

Experimental design. All procedures were carried out in a
randomized order and the experimenters were blinded to the identity
of the animals throughout. 

Following 5-7 days of acclimatization, arthritis was induced
through adjuvant injections - designated as day 1 of the experiment.
On day 19, only the arthritic animals were randomly assigned to
receive daily treatments of 1 mg/kg bodyweight indomethacin, 20
mg/kg bodyweight fluoxetine treatment, or vehicle. Healthy control
animals, neither arthritic nor receiving any treatment, were included
in the study. Each experimental group consisted of eight males and
eight females. The experiment was terminated on day 26, after 7
days of treatments. 

Disease induction. Freund’s complete adjuvant was prepared by
suspending 10 mg/ml heat-inactivated Mycobacterium tuberculosis
(Myc t, Difco H37 Ra; Fisher Scientific, Hampton, VA, USA) in an
oil vehicle (Freund’s adjuvant, incomplete, prod. no. F5506; Sigma-
Aldrich, St. Louis, MO, USA). Rats were anesthetized with 4%
isoflurane (Forane, Abbot, Chicago, IL, USA) delivered in pure
oxygen in an induction chamber. Anaesthesia was maintained
through a face mask while a small area of the lower back was shaved
with electric clippers. A 100 μl injection of the adjuvant was
administered intradermally, approximately 1 cm cranially to the tail
base, before the subject was returned to its cage for recovery. On day
18 post-induction, rats not developing early stages of arthritis were

excluded from the study. These non-responders were identified based
on body weight (gain), absence of bilateral midfoot oedema and lack
of a visible limp when allowed to explore the flat surface of a bench. 

Treatments. All formulations were prepared fresh every day.
Indomethacin (0.1 mg/ml; Sigma-Aldrich) and fluoxetine (2 mg/ml;
Sigma-Aldrich) were dissolved in an aqueous solution of 0.5%
(w/v) methyl cellulose (Sigma-Aldrich). A solution of 0.5% methyl
cellulose was used as a vehicle for (negative) control animals.
Treated animals were dosed daily using a 5-cm curved stainless
steel gavage needle with a ball tip. All prepared solutions were
administered orally at 10 ml/kg bodyweight. 

Clinical assessments. In addition to routine welfare monitoring, the
animals’ disease progression was followed throughout the study.
The animals were weighed on days 1, 5, 10, 15, 18, 22 and 25. On
day 19, at the start of therapy, and on the final day of the
experiment, the animals’ hind paws were photographed (two
standardized digital photographs showing bottom/plantar and lateral
views of both hind paws, respectively) so as to ensure the blinded
assessment of arthritis. Using these images, the number of clearly
arthritic joints were scored by four independent assessors (total
score of 24 for two hind paws) in accordance with Hawkins et al.
visual assessment scoring system (20). 

Biomarkers. Blood samples were collected on days 1, 5, 10, 18 and
26. The sampled rat was moved to a warming cabinet (39˚C) for 10
min after which its tail vein was punctured and a blood sample of
approximately 250 μl was obtained. Serum was separated and stored
at −80˚C until analysis. Samples were analyzed for tumor necrosis
factor alpha (TNFα) and α1-acid glycoprotein (α1AGP) content
using commercially available enzyme-linked immunosorbent assay
kits (rat TNFα DuoSet; R&D Systems, Minneapolis, MN, USA; Rat
α1-AGP; MyBioSource, San Diego, CA, USA). However, TNFα
concentrations were below the detection limit throughout, and were
consequently omitted from the present report. 

Histopathology. On day 26, the rats were euthanized by
exsanguination under surgical anaesthesia delivered i.p. (100 mg/kg
ketamine, 5% solution for injection; Narkamon, Bioveta, Ivanovice
na Hané, Czech Republic) and 20 mg/kg xylazine (Xylazine 2%
solution for injection; Alfasan, JA Woerden, the Netherlands). Both
hind paws, severed at the level of the ankle, were submerged in 10%
neutral buffered formalin for 24 hours at room temperature (Thermo
Shandon Ltd., subsidiary of Thermo Fisher Scientific, Cheshire,
UK). After 24 hours, the paws were transferred to a decalcifying
solution of 10% formic acid (Honeywell Fluka, Charlotte, NC, USA)
in 10% neutral buffered formalin (Thermo Shandon Ltd.) where they
were left submerged for 10 days. Subsequently, the joints were cut,
mid-longitudinally, through the center, and embedded in paraffin.
Microtome sections of 3-4 μm were prepared and stained using
hematoxylin-eosin. The slides were assessed by two pathologists,
independently. Combined scores grading inflammation, bone erosion
and osteoclast activity were employed (Table I).

Statistical analysis. For hypothesis tests, only arthritic animals were
included. Consequently, fluoxetine-treated animals were compared
to vehicle-treated animals (negative controls) and indomethacin-
treated animals (positive controls). Continuous variables, namely
body weight on the final day of the study and serum α1AGP
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concentrations, were compared using simple one-way analysis of
variance. Visual scores were compared using the Kruskal-Wallis
test. Hypothesis test outcomes of p<0.05 were considered
statistically significant throughout.

Results

Two weeks after induction, the body weights of the now-
arthritic animals deviated from those of healthy controls
(Figure 1). Following daily treatments, a larger variation in
body weights was seen in the arthritic animals on the final
day of the study. The difference, however, was only
statistically significant in the males (F2,21=6.81, p=0.005),
with indomethacin-treated animals gaining significantly
more weight than the vehicle-treated animals (Tukey’s HSD:
p=0.033) and fluoxetine-treated animals (p=0.006). A similar
trend was not seen for females (F2,21=1.92, p=0.17).

Visual arthritis scores revealed no statistically significant
difference in the average number of affected joints between
treated males (H2=1.1, p=0.58) or females (H2=0.29,
p=0.86). The arthritic animals were clearly affected,
however, when compared to the healthy controls (Figure 2).

Most of the stored aliquoted serum samples were lost for
subsequent α1AGP analysis, except for serum samples collected
from all females (arthritic and healthy controls) on day 26 and
from males collected on days 19 and 26 (except the healthy
controls). Samples were either exhausted during TNFα analyses
or became desiccated due to prolonged inadequate freezer
storage conditions. From the samples analysed, no statistically
significant differences in serum α1AGP concentrations were
found between the different treatment groups for either sex
(males: F2,20=0.19, p=0.83; females: F2,20=0.47, p=0.63). There
was, however, a clear difference between healthy controls and
arthritic animals in females; the serum samples for healthy
control males were unfortunately lost, as stated above.
Moreover, the circulating α1AGP concentration in females was
approximately twice as high as in males (Figure 3). 
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Table I. Histopathological scoring of arthritic severity. The scores were
developed by Bolon et al. (21) and Coxon et al. (22).

                                                                                                           Score

Inflammation            None. Normal tissue.                                          0
                                  Few inflammatory cells.                                     1
                                  Mild inflammation.                                             2
                                  Moderate inflammation (often,                         3
                                  but not always, diffuse)                                       
                                  Marked inflammation (diffuse and dense,        4
                                  with large periarticular abscesses).                    
Bone erosion            None. Normal tissue.                                          0
                                  Minimal loss of cortical or trabecular              1
                                  bone at a few sites.                                              
                                  Mild loss of cortical or trabecular bone at       2
                                  modest number of sites (generally tarsals).       
                                  Moderate loss of bone at many sites.               3
                                  Usually the trabeculae of the tarsals, 
                                  but sometimes the cortex of the distal tibia.      
                                  Marked loss of bone at many sites.                  4
                                  Usually as extensive destruction 
                                  of trabeculae in the tarsals, but sometimes 
                                  with partial loss of cortical bone 
                                  in the distal tibia.                                                
                                  Marked loss of bone at many sites. 
                                  With fragmenting of tarsal trabeculae              5
                                  and full-thickness penetration 
                                  of cortical bone in the distal tibia.                     
Osteoclasts                No osteoclasts. Normal tissue.                           0
                                  Few osteoclasts (lining less than 5%                1
                                  of the most affected bone surfaces).                  
                                  Some osteoclasts (lining 5-25%                        2
                                  of the most affected bone surfaces).                   
                                  Many osteoclasts (lining 25-50%                      3
                                  of the most affected bone surfaces).                   
                                  Myriad osteoclasts (lining more than 50%       4
                                  of the most affected bone surfaces).

Figure 1. Body weight curves for male and female rats. All experimental
groups consisted of eight animals. Data are presented as the mean±95%
confidence interval. *Statistically significant difference at p<0.05. 



Histological evaluation of the affected paws revealed no
statistically significant differences between the treatment
groups (males: H2=0.44, p=0.80; females: H2=2.5, p=0.29).

Much like the visual assessments, there was, however, a
clear difference between the arthritic animals and healthy
controls (Figure 4). 
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Figure 2. Visual arthritis scores for rats after 7 days of daily treatments with 1 mg/kg bodyweight indomethacin, 20 mg/kg bodyweight fluoxetine,
or vehicle. Scores represent the number of arthritic/swollen joints, averaged between four observers. All experimental groups consisted of eight
animals. Bars represent averages.

Figure 3. Serum α1-acid glycoprotein (α1AGP) concentrations in rats after 7 days of daily treatments with 1 mg/kg bodyweight indomethacin, 20
mg/kg bodyweight fluoxetine, or vehicle. All experimental groups consisted of eight animals. All samples for male healthy controls, one sample in
the male vehicle-treated group and one in the female vehicle-treated group were lost prior to analysis. Bars represent averages. 



Discussion

In humans suffering from RA, clinical symptoms of
inflammation and its associated pain co-exist with
depressive behaviour (5, 6, 11). Historically,
antidepressants have been used to treat pain in humans with
the primary aim of treating concomitant depression.
However, more recent clinical and preclinical studies have
repeatedly demonstrated that the analgesic effects of
antidepressants are separable from their antidepressant
activities (5, 6, 8, 10-12). 

In animal models of painful human conditions, pain
management practices routinely used on humans are often
neglected (20, 23). This neglect extends to the potentially
confounding effects of untreated pain making it a poorly
controlled pre-clinical study variable and a source of bias.
The impact of analgesia on study results, in comparison, is
more predictable than the effects of untreated pain in in vivo
research (2-4, 24).

Pain is always the first symptom that patients with RA
report when seeking medical help and it gets immediate
relief treatment, long before the diagnosis of the disease is
made, and optimal choice of therapeutics prescribed. In the
clinic, it would be considered unethical and malpractice to
withhold analgesics from human patients suffering from
conditions that cause pain. Even in clinical trial contexts,
analgesics are never withheld, and these are subjected to
their potential confounding influences while evaluating the

efficacy of novel drugs. Yet good practices from the clinic
are rarely translated to the preclinical setting for fear that
they may confound the results. 

In the preclinical context, it should be considered that the
translatability of animal models may be improved if
analgesics are administered and used in a manner that more
closely matches human treatment (8,15, 23, 25). 

RA is an autoimmune progressive disorder that
preferentially affects peripheral joints. Patients with RA who
present with signs and symptoms have disease
manifestations comparable with active, chronic disease in
rodent models (15, 26).

In humans, autoimmune diseases such as RA affect
women more often than men, the sex ratio typically being
around 3:1, most likely due to genetic (X-linked) factors and
hormonal aspects (27). Although preclinical models of RA
are helpful, there is an ongoing debate about the optimum
model for particular disease aspects, as well as their
translatability to human disease, with different models
possessing different mechanistic and clinical features (16, 24,
26, 28). 

The rat AIA was the first animal model of RA to be
described and it is still widely used in the preclinical testing
of new drug candidates for arthritis. Although the mechanisms
of arthritis induction are often not clear, the model is
characterised by an initial immune-mediated inflammatory
phase followed by joint destruction and ankylosis in the
chronic phase of disease development (26, 28, 29).
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Figure 4. Histological scores assessing inflammation, bone erosion and osteoclasts in rats after 7 days of daily treatments with 1 mg/kg bodyweight
indomethacin, 20 mg/kg bodyweight fluoxetine, or vehicle. Higher scores indicate a greater degree of inflammation and bone remodelling. All
experimental groups consisted of eight animals. Bars represent averages.



Prototypic NSAID indomethacin was used here in the
treatment of chronic inflammatory pain in this model of
RA; NSAIDs are generally thought to be therapy of
symptoms rather than disease-modifying, effective in
treating the pain associated with arthritis but not inhibiting
the progression of joint damage. NSAIDs have repeatedly
demonstrated efficacy in rodent models of arthritis by, for
example, reducing paw oedema, preventing weight loss,
and affecting the concentration of disease-relevant
biomarkers (15-17, 26, 29-34).

In the clinic, co-existing depression is often treated with
fluoxetine which has also been proven to have
antinociceptive effects in chronic pain syndromes typical of
RA, which is why fluoxetine was an obvious novel candidate
for the treatment of pain in this study (5, 6, 14).

Apart from relying on analgesics and antiarthritic therapy,
in this study we also implemented nonpharmacological
refinements to pain management so as to enhance animal
wellbeing, such as empathetic handling (removing the rats
from the cage by supporting their body), easier access to
food (pellets scattered on the cage floor), ensuring warmth
through social housing and provision of shelter and deep
bedding, and humane endpoints (20, 24, 30, 31, 33-36).

The protective, anti-inflammatory effect of indomethacin
was reflected in the significantly higher body weights of
males only on the last day of the study when compared to
vehicle or fluoxetine-treated males; on other translational
parameters, indomethacin was without effect. 

Visual scoring of paw oedema used in this study, although
blindly performed, relied on formalized subjective
semiquantitative scores that were defined, validated and
published by researchers, instead of relying on standardized
precision tools that enable more precise measurements of
changes in paw volume (20). The units set by researchers are
often open to subjective judgements by assessors, which
undoubtedly increases the variability of scores between
different assessors because subtle changes in the paw
volumes of small laboratory rodents often escape even the
trained human eye, which makes the assessment all the more
challenging and certainly less precise (37-39). Although the
risk of subjectivity in this study was minimised through
blinding, for similar future research we recommend visual
scoring be combined whenever possible, with more precise
quantitative measurements, which can typically be obtained
by water plethysmography or caliper measurements. 

Fluoxetine treatment did not ameliorate the symptoms of
AIA in rats and induced a slightly higher bodyweight loss
in the arthritic males compared to other treatments. During
the seven days of therapy, following the gavage, the bitter
tasting fluoxetine formulation caused the rats to repeatedly
engage in aversive behaviour such as increased oral
grooming and burrowing-like activities (40, 41). Since we
did not monitor daily food consumption across treatment

groups, we can only make an educated assumption that the
bitterness of fluoxetine possibly negatively affected the
palatability of food and consequently rats’ appetites during
the last week of the study, thus contributing to the body
weight loss in male rats. In future studies, this adverse
effect might possibly be avoided by administering the
fluoxetine formulation i.p., bearing in mind that repeated
i.p. administrations hold the potential to increase the
cumulative severity of this painful disease model,
outweighing the potential benefits of parenteral fluoxetine
administration. 

On the last day of the therapy, no differences in serum
α1AGP concentrations were found between the different
treatment groups for either sex. However, there was a
difference in the α1AGP level between females and males,
the level in females being twofold that in males in the
treatment groups. In most disease states, including
inflammation, infection and cancer, α1AGP behaves as an
acute-phase protein which is detectable for several days after
the stimulus, its levels reported to increase from 2- to 6-fold
in humans and a much broader fold of induction in animals
(from 2- to 20-fold depending on the animal species and the
disease) (42). 

In rats, α1AGP is the dominant acute-phase protein; in
male Lewis rats modelling AIA, the serum α1AGP levels in
healthy and arthritic rats were reported to be 4- to 14-fold
different, with α1AGP peaking immediately before the onset
of arthritis, after which it steadily declined towards the
chronic phase of the disease (42, 43). There have been mixed
reports regarding sex-related differences in α1AGP levels,
for example, elevated concentrations were recorded in adult
women and female minipigs, but they were relatively modest
compared to the differences observed in different disease
states or different age groups (44, 45). Whether this finding
is strain-specific needs to be confirmed in similar future
experiments on the same rat strain with the same read outs.

To conclude, since the AIA rat model inflicts prolonged
pain and suffering on animals, it is important to continuously
search for possible refinement strategies for the model. The
present study did not provide support for analgesic effects of
fluoxetine aimed at reducing the severity of the AIA model
but on the other hand, fluoxetine had no impact on disease
progression and severity. 

Animal pain, treated or not, can be a source of bias and
appropriate pain management should be routinely
implemented and transparently reported as a preclinical
standard, thus ensuring greater translatability and
reproducibility of animal experiments.
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