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Introduction 
Animal models investigating inflammatory joint 
disease mechanisms and anti-arthritic agents have 
been used extensively for decades. Adjuvant-in-
duced arthritis (AIA) models are among models 
used frequently, particularly in identification and 
validation of new therapeutic agents (Choudhary et 
al. 2018). The CFA AIA model is readily inducible 
with only a single injection of heat-killed Mycobac-
terium tuberculosis in oil, has great reproducibility 
and shares common symptoms with the human dis-
ease Rheumatoid Arthritis (RA) (Kim and Moudgil 
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Summary
This study investigated welfare, mechanical hyperalgesia and model specific parameters (mo-
bility, stance, joint stiffness and ambulation impairment) during a three-week period in a rat 
model of monoarthritis. The objective was to identify possible targets for refinement of the 
model and consequently improve animal welfare. Monoarthritis was induced in eight male 
Sprague-Dawley rats by an intra-articular injection of 20 µL Complete Freund’s Adjuvant (CFA 
containing heat-killed Mycobacterium tuberculosis) in the left tibio-tarsal joint. The effects on 
subjects were monitored daily and compared to a negative control group. The induced monoar-
thritic response consisted of pronounced acute inflammation observed as joint swelling, red-
ness and temperature rise in the injected hind leg. Several parameters such as bodyweight, mo-
bility, stance, stiffness and ambulation were also affected. All CFA-injected rats demonstrated 
a significantly higher nociceptive response in an electronic von Frey test throughout the study, 
with a markedly lower mechanical threshold in the first three days after injection. Complete 
Freund’s Adjuvant was sufficient to induce monoarthritis in all CFA-injected rats. It is conclud-
ed that more attention should be paid to alleviating pain in the acute phase where the animal’s 
well-being appears to be most compromised, and that an injection volume of 20 µL CFA is suf-
ficient to induce monoarthritis in the tibio-tarsal joint. 

2009; Choudhary et al. 2018). There are several other 
models of RA, both genetic -and induced models, 
but none mimic human RA completely (Choudhary 
et al. 2018). CFA has mainly been injected intrader-
mally or subcutaneously at the base of the tail or 
in the footpad, which has caused widespread and 
multifactorial systemic disease (Pearson and Wood 
1959; Waksman et al. 1960; Pearson 1963). CFA-in-
duced polyarthritis induces organism-wide abnor-
mal changes inflicting severe distress and pain in 
the animals. Acute inflammation is seen at the site 
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of injection within hours whereas the chronic reac-
tion, with inflammation and hyperalgesia of mul-
tiple joints (ankle, wrist, tarsal, carpal, interphalan-
geal and spinal joints), occurs from 10-14 days after 
CFA injection (Waksman 2002). The primary lesion 
is synovitis, followed by periarthritis, peritendinitis 
and periostitis, pannus formation with destruction 
of cartilage and bone, and lastly ankylosis. Second-
ary changes involve oedema, fibrin deposition and 
necrosis with granulocytes, followed by proliferation 
of synoviocytes and fibroblasts, stimulation of osteo-
blasts and osteoclasts, bone destruction and remod-
elling (Waksman 2002). 

A less severe model of chronic joint inflamma-
tion, the CFA monoarthritis model, was introduced 
by Butler et al. (1992) in an attempt to refine the pol-
yarthritis model. This modified model was originally 
induced by an intra-articular injection of CFA into 
the tibio-tarsal joint (Butler et al. 1992) but several 
joints have since been investigated to model mon-
oarthritis (Wu et al. 1998; Imbe et al. 2001). The 
CFA-induced tibio-tarsal method models arthritis 
in one joint, characterized by joint inflammation, 
cartilage destruction and bone erosion, which per-
sist for several weeks (up to 6 weeks), and where the 
affected limb shows a marked increase in sensitivity 
to pressure. Compared to the polyarthritis model, 
animals gain weight, remain active, and display little 
systemic disturbance (Butler et al. 1992; Donaldson 
et al. 1993; Hashmi et al. 2010), which indicates that 
animal welfare is less compromised in the monoar-
thritic model. 

Despite the reduction of negative welfare effects 
compared to the polyarthritis model, relatively little 
attention has been paid to further refinement of the 
monoarthritic rat model. It is evident that the induc-
tion of monoarthritis is painful to the animal. Even 
though a certain degree of pain and inflammation 
may be necessary for studying the pathogenesis and 
progression of the disease, all unnecessary pain and 
distress should be avoided. Hence, there is a need to 
refine the monoarthritis model in order to minimize 
any potential suffering. 

The purpose of this study was to identify poten-
tial refinement strategies during a three-week period 
in the monoarthritic rat model induced with CFA 
intra-articularly in the tibio-tarsal joint. The impact 
of 20 µL CFA injected in the tibio-tarsal joint on 
animal welfare, mechanical hyperalgesia and model 
specific parameters was investigated and compared 
to untreated control animals. 

It was hypothesized that a 20-µL CFA injection 
into the tibio-tarsal joint would produce a localized 
and valid inflammatory joint disease of mild to mod-
erate severity during the three weeks of the study. The 
study aimed to identify the parameters most affect-
ed at certain time points, in order to determine the 
welfare implications of the model, and thus provide a 
basis for future refinement. 

Materials and methods
Ethics statement. The experiments were carried out 
at the Department of Experimental Medicine, Uni-
versity of Copenhagen, in an AAALAC accredit-
ed animal facility in accordance with the Guide for 
Care and Use of Laboratory Animals (Institute of 
Laboratory Animal Research 2011) and with Direc-
tive 2010/63/EU (2010). All animal experimentation 
was approved by the Danish competent authority, the 
Animal Experiment Inspectorate under the Danish 
Ministry of Environment and Food (license number 
2014-15-0201-00257).

Animals and housing. Sixteen male NTac:SD rats, 
obtained from Taconic (Ry, Denmark) weighing 
approximately 200 g on arrival, were used in the 
study. After one week of acclimatization, the rats 
were approximately eight weeks of age when test-
ing commenced. The age was determined according 
to literature on the AIA model (Bolon et al. 2011). 
Only male rats were used, since male rats mani-
fest more severe arthritic characteristics providing 
useful measureable pain-evoked behaviours (Cai et 
al. 2006). AIA susceptibility differs among various 
outbred and inbred rat strains. The Sprague-Dawley 
(SD) strain was chosen for the study because it is a 
commonly used outbred AIA-susceptible rat strain 
(Kim and Moudgil 2009) which has a high incidence, 
with low variability, of clinical signs and has similar 
arthritis features to the commonly used inbred Lewis 
rat AIA model as well as human RA (Cai et al. 2006). 

Animals were housed in pairs in type IV S indi-
vidually ventilated cages (size 480 x 375 x 210 mm) 
(Tecniplast, Varese, Italy). Cages were equipped with 
aspen chip bedding (Tapvei, Kortteinen, Finland), 
paper nesting material (Lillico, Horley, United King-
dom), wooden sticks (Tapvei), and polycarbonate 
rat retreats (Molytex, Glostrup, Denmark) and card-
board tunnels (Lillico) as environmental enrichment. 
The room temperature was kept at 22 °C, with a rela-
tive humidity of 55% and a 12 h light/dark cycle, with 
lights on between 6:00 and 18:00, with 15-30 min of 
dimmed light at transitions. The rats were given pel-
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al reflex was tested before injection. When the site of 
injection was found, an insulin syringe (29 G) was 
inserted intra-articularly into the tibio-tarsal joint 
and 20 µL of CFA (or saline for the control animals) 
was injected (Figure 1). The experimenter was blind-
ed and the injection procedures were done by the 
same experimenter throughout the study in order to 
avoid inter-experimenter deviations.

Animal welfare assessment (WA) and humane end-
points. In order to measure pain- related behavior 
and general wellbeing, animals were individual-
ly monitored daily for 15 min in their home cages, 
using a welfare score sheet adapted from Hampshire 
et al. (2001), which is shown in Table 1. This particu-
lar score sheet was selected since it involves welfare 
indicators (general appearance, porphyrin staining, 
gait and posture, wounds and body weight chang-
es) that are readily and reliably recognizable, can be 
scored for severity  and are relevant to this species 
and model. All observations were done blinded and 
by the same experimenter. The overall WA score was 
also used in determining the humane endpoint. If the 
score exceeded 0.4, the animal would be euthanized.

Electronic von Frey test. Mechanical hypersensitivity 
was assessed using electronic von Frey (EVF) testing 
(model EVF3 with a hard tip from Bioseb, Vitrolles, 
France) and was measured before CFA-injection 
(pre-induction), as well as on days 3, 7, 10, 14, 17 and 
21.  The rats were placed on an elevated metal grid 
platform in clear acrylic chambers (size 16.5 x 24.2 
x 14.6 cm) with dark partition sidewalls to prevent 
visual contact between rats. Four rats were tested 
at a time, with an individual habituation time of 30 
min before testing. The tip was applied from under-
neath through openings in the metal grid floor, with 
increasing force, perpendicular to the plantar sur-
face, nearest the tibio-tarsal joint, of each hind paw. 
The mechanical threshold corresponds to the applied 
weight in grams required to elicit paw withdraw-

leted food (Altromin 1314; Altromin GmbH & Co., 
Germany) and tap water ad libitum. 

Study design. Fifteen rats were randomly allocated 
in pairs of two (cage level) to two groups. The two 
groups consisted of seven rats as a non-CFA-inject-
ed control group and eight rats injected with CFA. 
The control group were injected with saline in the 
tibio-tarsal joint. One rat from the control group 
was excluded from the study, because of a wound 
acquired before initiation of the study. Group 
sizes were determined using the resource equation 
method (Mead 1988; Festing and Altman 2002; Fes-
ting and Weigler 2003), which indicated six to eight 
experimental units per group. The experimenter was 
blinded to the group allocation throughout the study.

Induction of monoarthritis. Complete Freund’s adju-
vant (CFA) containing heat-killed and dried Myco-
bacterium tuberculosis (strain H37Ra, ATCC 25177) 
was purchased from Sigma-Aldrich (St. Louis, MO, 
USA). The procedure was performed under brief 
isoflurane anesthesia (Attane Vet, Isoflurane 1000 
mg/g, ScanVet) with 3% isoflurane delivered in pure 
oxygen at a flow rate of 1.0 L/min in an induction 
chamber until loss of righting occurred. The anaes-
thetized rat was then moved to a polystyrene tray, 
where a nose cone was applied. The rat was placed 
in right lateral recumbency and the pedal withdraw-
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Figure 1: Intra-articular injection technique. The figure 
shows a syringe containing green food colour and CFA, 
used in training of the technique. The injection point was 
located by palpating the fossa of the lateral malleolus of 
the fibulae on a slightly flexed and pronated left ankle. 
An insulin syringe (29 G) was inserted intra-articularly 
into the tibio-tarsal joint and 20 µL of CFA (or saline for 
the control animals) was injected when a distinct loss of 
resistance was felt (approximately 2 mm). 
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al. The test was repeated three times for each hind 
paw at an interval of two seconds, starting with the 
non-injured right paw and then the injured left paw. 
The EVF tip was only applied when the rat stood 
still in a natural position with all four paws placed 
on the surface and a paw withdrawal response was 
only recorded where there was a complete lifting of 
the stimulated hind paw.

Monoarthritic specific parameters. The pathological 
development of arthritis was evaluated twice weekly 
by measuring the joint circumference and using a 
score sheet, modified from Butler et al. (1992), for 
mobility, stance, impairment of ambulation and stiff-
ness of the joint (Table 2). The animals were observed 
in their home cages between 9:00 and 12:00. The 
same person made all observations to avoid inter-ob-
server variation. The joint circumference was meas-
ured with a digital calliper. The circumference (C) 
was calculated using the following formula:, where 
‘a’ is the radius of the dorso-plantar axis and b is the 
radius of the medio-lateral axis (Tag et al. 2016).

Histopathology. The rats were euthanized on day 23. 
The legs were removed by bilateral dissection proxi-
mal to the knee joint, immediately skinned and fixed 
in formalin (10%) for seven days. Subsequently, bones 
were decalcified in ethylene-diamine-tetraacetic-ac-

id (EDTA) solution for 14 days. The decalcification 
solution was prepared by dissolving 100 g EDTA 
disodium salt dehydrate (Merck Millipore, Burling-
ton, USA) in 1 L of 0.1 M Tris buffer, and the pH was 
set to seven (titration with NaOH). To speed up the 
decalcification process, the tissue samples were sub-
sequently washed in Tris Buffered Saline (TBS) for 
four days and then further decalcified in formic acid 
citrate (formic acid 98%, tri-sodium citrate, dihy-
drate) for another seven days. The tibio-tarsal joints 
were trimmed before decalcification using a method 
similar to Bolon et al. (2011). The decalcified legs 
were dehydrated in ethanol (70%), cut longitudinal-
ly and mounted in cassettes. The samples were then 
embedded in paraffin wax, cut in longitudinal sec-
tions and stained with hematoxylin-eosin (HE).

The histopathological assessment was compro-
mised by technical issues involving incomplete cuts 
in the sample sections. This resulted in some diffi-
culties with orientation and recognizing of anatom-
ical structures. Histological changes observed in the 
samples were identified by an experienced patholo-
gist, blinded to the study groups, and are presented 
descriptively. 

Data analysis and statistics. Data were analyzed using 
GraphPad Prism 7.0. The D’Agostino and Pearson 
normality test was performed to confirm that the data 

2020, Volume 46, Number 5

Table 1: Welfare assessment score sheet adapted from Hampshire et al., 2001. Each animal was assigned a score in each 
category. The individual scores were summed for an overall welfare assessment score for each individual.

General appearance Reference score
Bright and alert 0
Burrowing or hiding, quiet but rouses when touched 0.1
Burrowing or hiding, quiet but rouses when touched. No exploration when lid off, burrows, hides, 
head presses. Might be aggressive when touched

0.4

Porphyrin staining
None 0
Mild 0.1
Obvious on face or paws 0.4
Gait and posture
Normal 0
Mild incoordination when stimulated, hunched posture, mild piloerection 0.1
Obvious ataxia or head tilt, hunching, severe piloerection 0.4
Body weight
Up to 5% weight loss 0
5-10% weight loss 0.1
10-20% weight loss 0.4
Wounds
Bites or scratches itself, leading to wounds 0.4
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conformed to a normal distribution. Body weight 
was analyzed by a two-way ANOVA and because of a 
few missing values in the dataset, a mixed model was 
applied. Hind leg circumferences and EVF were ana-
lyzed by a two-way repeated-measures ANOVA with 
Bonferroni’s multiple comparisons test. Mobility 
scores, stance scores, stiffness scores and ambulation 
impairment scores were analyzed by the non-para-
metric unpaired Mann-Whitney U test. P-values < 
0.05 were considered statistically significant.

2020, Volume 46, Number 5

Results 
Animal welfare assessments. All CFA-injected rats 
exhibited a marked peripheral oedema, redness 
and acute lameness of the CFA injected paw when 
observed 8 h after injection. In spite of the pro-
nounced inflammatory reaction, all rats where alert 
and interested in their surroundings. The induced 
subjects did not show significantly altered welfare 
assessment (WA) scores compared to the control 
group, as shown in Figure 2. 

Table 2: Model specific parameters (modified from Butler et al., 1992). Each animal was assigned a score in each category.

Mobility Reference score
The rat lies down only 0
The rat crawls only 1
The rat walks with difficulty 2
The rat walks and runs with difficulty 3
The rat walks and runs normally 4
Stance
The rat stands on three paws only 0
The rat stands with the arthritic paw touching floor, 
toes curled under

1

The rat stands bearing some weight on the arthritic limb 2

The rat stands bearing weight equally on all four limbs 3

Ambulation impairment
Normal ambulation 0
Mild, slight lame 1
Moderate, toe touching ground 2

Severe, limb carried 3

Joint stiffness 
Normal 0
Restriction of full range of flexion or extension 1
Restriction of full range of flexion and extension 2

Figure 2: Mean welfare assessment (WA) scores of each 
group at different time points. The figure shows the 
mean WA scores monitored daily in accordance with 
the score sheet shown in Table 1. Statistical significance 
was determined by a non-parametric unpaired Mann-
Whitney U test and was calculated on medians, but 
values are expressed as mean ± SEM for a clear graphical 
presentation. No statistically significant differences were 
detected between groups. 
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Body weights (BW), relative to weights on day 0, 
are shown in Figure 3. The CFA injected rats showed 
a statistically significant decrease in body weight 
on day 2 (p < 0.05), with an average weight loss of 
6.5% compared to the control group. From day 2 and 
throughout the study, body weight increased steadily, 
with a growth rate that mirrored that of the control 
group.  
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Figure 3: The relative body weight of each group at 
different time points. The asterisk (*) represents a 
statistically significant difference (p < 0.05) between 
groups throughout the entire test period, as determined 
by Two-Way RM ANOVA with Bonferroni’s multiple 
comparisons test. Values are expressed as mean ± SEM 
percentage change from Day 0.

Figure 4: Electronic von Frey paw withdrawal thresholds. A. Mechanical thresholds of the ipsilateral paw. B. 
Mechanical thresholds of the contralateral paw. Effects on paw withdrawal thresholds (g) as an expression of mechanical 
hypersensitivity were determined by a Two-Way RM ANOVA with Bonferroni’s multiple comparisons test. Asterisk 
represents significant difference from the control group at *p < 0.05, **p < 0.01 and ***p < 0.001. Data are presented as 
mean ± SEM.

Electronic von Frey test. Nociceptive thresholds 
obtained by EVF testing of the ipsilateral hind paw of 
CFA injected rats, compared to control animals, are 
shown in Figure 4 A and the contralateral hind paw 
compared to control animals in Figure 4 B. A statis-
tically significant decrease (p < 0.001) in nociceptive 
threshold was seen in the CFA group on the ipsi-
lateral paw during the first measurement after CFA 
injection (day 3) when there was the lowest meas-
ured mechanical threshold (indicating highest sensi-
tivity). An increased mechanical threshold was found 
on the following days, but still with a significantly 
lower threshold compared to the control group on 
days 7 and 10 (p < 0.01). After day 14 the groups did 
not differ significantly. Conversely, but not statisti-
cally significant, a higher mechanical threshold was 
evident in the CFA group on the contralateral paw 
(Figure 4 B) during the entire study compared to the 
control group. 
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Figure 5: Monoarthritis-specific parameters. A. Mobility 
scores. B. Stance scores. C. Ambulation impairment (AI) 
scores. D. The stiffness score of the ipsilateral tibio-tarsal 
joint. E. Circumference measurements of the ipsilateral 
tibio-tarsal joint. Mobility scores, stance scores, AI scores 
and stiffness scores were determined by an unpaired 
Mann-Whitney U test and were calculated on medians, 
but values are expressed as mean ± SEM in the graphs 
for a clearer presentation. Differences in circumference 
measurements were determined by a two-way RM 
ANOVA followed by a Bonferroni post hoc test and values 
are expressed as mean ± SEM. Asterisks represent a 
significant difference from the control group at *p < 0.05, 
**p < 0.01 and ***p < 0.001.



– 46 –

sjlas2020, Volume 46, Number 5

Monoarthritis-specific parameters. Mobility and 
stance scores are shown in Figure 5 A and B. All 
CFA-injected rats demonstrated a statistically sig-
nificant difference on the first days after CFA injec-
tion. The mobility score was significantly lower for 
the CFA group on day 2 (p < 0.001) and 3 (p < 0.01) 
compared to the control group. Similarly, the stance 
score, on day 2 (p < 0.001), 3 (p < 0.001), 5 (p < 0.01) 
and 7 (p < 0.01) was lower for the CFA group com-
pared to the control group. The ambulation impair-
ment (AI) score (Figure 4 B) increased significantly 
in the CFA group compared to the control group on 
the first days after CFA injection (day 3 (p < 0.001) 
and day 4 (p < 0.01)). 

The stiffness score (Figure 5 C) significantly 
increased following the CFA injection and remained 
elevated until the end of the experiment. The high-
est stiffness score was seen during the first days after 
CFA injections (until Day 5). 

The ipsilateral tibio-tarsal circumferences are 
presented in Figure 5 D. A significant increase (p < 
0.0001) in joint circumference of the ipsilateral joint 
was observed in the CFA group within 24 h of injec-
tions and the joints remained larger compared to the 
control group throughout the testing period. 

Histological examination. A representative selec-
tion of histological sections is shown in Figure 6 
and 7. The selected sections of saline-injected con-
trol joints and the contralateral joints of CFA inject-
ed rats (Figure 6) showed intact cartilage and bone 
with normal joint space and synovial membrane. No 
inflammatory reaction was evident.

The CFA-injected tarsal joints (Figure 7) had 
extensive pathological changes, both intra-articularly 
as well as peri-articularly. The changes involved syn-
ovial hyperplasia, pannus formation and infiltration 
of inflammatory cells (dominated by lymphocytes 
and macrophages). Moreover, the sections showed 
bone remodelling with increased osteoclastic activity 
(bone resorption) and increased osteoblastic activity 
(reactive bone formation). More extensive inflam-
matory changes involved periarticular tissue, which 
showed the presence of empty spaces, outlined by 
infiltration of inflammatory cells, surrounding lipid 
droplets, forming massive granulomatous inflamma-
tory changes.

Discussion 
The present study aimed at identifying potential 
refinement strategies during a three-week period in 
a rat model of monoarthritis, induced with Freund’s 
adjuvant intra-articularly in the tibio-tarsal joint. 
The CFA-injected animals did not show significant-
ly impaired general welfare, as assessed using the 
method developed by Hampshire et al. (2001) (Table 
1). This suggests that the monoarthritic rat model, 
despite its significant inflammatory and hyperalgesic 
effects, is a relatively mild arthritis model in compar-
ison to a polyarthritis model which has considerably 
more severe welfare implications (Pircio et al. 1975; 
de Castro Costa et al. 1981). However, the lack of 
evidence of impaired general animal welfare in the 
monoarthritic model is not necessarily because of the 
animals being unaffected by induction, but could be 

Figure 6. Hematoxylin-eosin stained section of a normal ankle joint of a rat. Photomicrograph A represents a normal joint, 
with a normal joint space, normal intact cartilage and bone (B) and a normal non-hyperplastic synovial membrane (C). b, 
bone; c, cartilage; s, synovial tissue; t, tibia; tb, tarsal bone.



– 47 –

sjlas2020, Volume 46, Number 5

Figure 7. Hematoxylin-eosin sections of a CFA-injected ankle joint of a rat. Photomicrograph A. shows a complete 
section of the CFA injected joint and allows the location of anatomic structures. The dotted rectangles are low-power 
magnifications of photomicrograph B and C. B. shows a hyperplastic synovial membrane with infiltration of inflammatory 
cells (primary lymphocytes and macrophages) and CFA lipid droplets. C. shows inflammatory cell infiltration in the 
cartilage and bone area. Photomicrographs D and E are closer to the plantar surface. D. shows a low-power magnification 
photomicrograph of the massive granulomatous inflammatory changes. E. shows the cell lining (arrows) surrounding the 
CFA lipid droplets (l) at a higher power magnification. b, bone; c, cartilage; s, synovial tissue; t, tibia; tb, tarsal bone.

the result of insufficiently sensitive welfare monitor-
ing. In other words, the welfare-monitoring scheme 
may simply not have been sensitive enough to 
detect potential suffering in the animals; this is why 
more extensive studies into the welfare aspects of 
this model are essential. Affective and motivational 
aspects of pain are important in this context, where 
persistent pain is induced. The pain can potentially 
be present during rest and activity and will probably 
have an impact on the subjects’ activity pattern. Sev-
eral non-evoked measures have been suggested for 
investigating invoked and spontaneous pain. Among 
these measures are the Rat Grimace Scale (Sotoci-
nal et al. 2011), home-cage monitoring of behavior 

(Urban et al. 2011), voluntary wheel running (Cobos 
et al. 2012), weight bearing (Tetreault et al. 2011) and 
gait analysis. We did not have the equipment at the 
time, but such methods would be of great benefit to 
future studies. 

In general, the CFA injected rats’ welfare was 
more affected in the acute phase after CFA injection 
than in the chronic phase. The acute inflammatory 
response involved progressive tibio-tarsal joint swell-
ing, which gave rise to increased joint circumference, 
redness, mild to moderate ambulation impairment, 
joint stiffness, and mobility and stance difficulties. 
Weight loss was also observed in all CFA-injected rats 
compared to the control animals. The two-way RM 
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ANOVA revealed a statistical significant decrease in 
mechanical threshold in EVF in the CFA group com-
pared to the control group; this was lowest on day 
3 but statistically significant up to day 10 indicating 
inflammation-evoked hypersensitivity resulting from 
sensitization of the pain system. A non-significant, 
but possibly biologically relevant, increase of the 
mechanical threshold on the contralateral hind paw 
was seen in the CFA group throughout the study. 
This could potentially be due to the rats’ unwilling-
ness to shift their weight onto the arthritic leg - a 
compensatory response to the pain condition. 

 The acute inflammatory response was expect-
ed, but not to the extent that was observed. Previous 
studies have focused on the chronic part of the dis-
ease, without paying particular attention to the acute 
phase, since the chronic phase of the disease is of 
interest for human rheumatoid arthritis (Butler et al. 
1992; Donaldson et al. 1993). Data from the present 
study suggest that more attention should be paid to 
the acute phase of the inflammation when consider-
ing welfare improvement and pain alleviation of the 
animals. 

The use of analgesia to alleviate pain in inflam-
matory pain models is limited, and sometimes com-
pletely neglected (Richardson and Flecknell 2005; 
Stokes et al. 2009). A common reason for not admin-
istering analgesia is the concern that analgesic treat-
ment could influence the inflammatory response and 
compromise the outcome of a study. The ideal solu-
tion would be to investigate drugs that have limited 
effects on the inflammatory processes but are anal-
gesic. This would allow for alleviating unnecessary 
pain in the model. Non-steroidal anti-inflammato-
ry drugs would be unsuitable for use because they 
directly influence the pathological development. 
The opioid buprenorphine, with radically different 
pharmacodynamic properties, is of special interest. 
Buprenorphine has been reported to have less immu-
nosuppressive properties than several other opioids 
(Sacerdote 2006) and it has been suggested to have 
less immunosuppressive potential than endogenous 
glucocorticoids released in response to the stress of 
untreated pain (Kalliokoski et al. 2010). Future stud-
ies will systematically investigate this matter.

The chronic phase was expected to devel-
op 10-14 days after CFA injections, as previously 
described (Butler et al. 1992; Donaldson et al. 1993). 
We, however, did not observe a pronounced chronic 
effect on arthritis parameters. According to Butler et 
al. (1992) and Donaldson et al. (1993), we expected 
a notable weight loss and a rise in ipsilateral hind 
paw circumference after 10-14 days that indicates the 

onset of chronic inflammation. The present study did 
not show further weight loss during these days or a 
rise in circumference. Differences in arthritis-related 
parameters between the two groups were not obvi-
ous in the late phase of the inflammation, except for 
a difference in joint stiffness. Stiffness of the joint in 
the acute phase is likely to have been due to swelling 
from the vascular response to CFA. Increased stiff-
ness later in the disease process indicates chronicity, 
involving synovial granulation tissue and degrada-
tion of cartilage and bone, leading to ankyloses of the 
joint (Waksman 2002).

Despite sub-optimal histological sample mate-
rial, monoarthritic pathology could be confirmed in 
all CFA-injected rats. The sections showed prolifer-
ative inflammatory changes, involving cell-infiltrat-
ed synovial hyperplasia (dominated by lymphocytes 
and macrophages), an inflammatory cell lining sur-
rounding lipid droplets and pannus formation. The 
lipid droplets were most likely CFA-droplets, based 
on the way the immune cells surrounded the mate-
rial, resembling a foreign body reaction. Moreover, 
cartilage defects, bone destruction and newly formed 
bone tissue were also evident. Several sections 
showed massive periarticular pathological changes, 
suggesting strong diffusion of CFA from the intra-ar-
ticular injection site to the periphery. The right tarsi 
were, however, not found to be affected, suggesting 
there was no systemic spread.

The injection volume of CFA is a factor that 
should not be overlooked. In the present study, we 
found that a small injection volume (20 µL) of CFA 
injected in the tibio-tarsal joint is appropriate to 
model the disease in rats in that particular joint. This 
is in contrast to other studies (Besse et al. 1992; Butler 
et al. 1992; Donaldson et al. 1993; Gomes et al. 2013; 
Hashmi et al. 2010) where a volume of 50 µL CFA 
has been used. One study (Gomes et al. 2013) has 
furthermore included additional injections with CFA 
during the progression of the disease, in contrast to 
our study where there was only one injection. This 
difference in injection volumes may be explained 
by size or strain of the animal, or by the experience 
or anatomical knowledge of the experimenter. The 
development and spread of CFA-induced arthritis is 
dose-dependent (Donaldson et al. 1993), and the use 
of a single injection of a small volume of CFA may 
have caused a less pronounced hyperalgesic response 
in the present study. However, if the CFA injection 
leaks out of the synovia creating inflammation in the 
soft tissue surrounding the joint rather than a strict 
arthritic response, using a larger volume than the one 
we applied might be questionable. Thus, injecting a 
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smaller volume could constitute a valuable refine-
ment of the technique, although this needs to be 
investigated further. 

For drug candidate efficacy testing, we consider 
a milder model as in this study to be just as useful as 
other existing CFA-induced models (Pearson 1956; 
Pearson and Wood 1959; Waksman et al. 1960; Pear-
son 1963; Pircio et al. 1975; de Castro Costa et al. 
1981; Besse et al. 1992; Butler et al. 1992; Donaldson 
et al. 1993; Wu et al. 1998; Imbe et al. 2001; Hashmi 
et al. 2010; Gomes et al. 2013). It should be empha-
sized that we managed to induce measurable chang-
es in EVF, model specific parameters, and desirable 
histopathological changes by using a smaller volume 
of CFA. In conclusion, the present study examined 
refinement strategies in the adjuvant-induced mon-
oarthritic model. Findings in this study call for more 
attention to alleviating pain in the early phase of 
the model progression (acute inflammation) where 
animal well-being appears to be most compromised. 
In addition, the study demonstrated that an injection 
volume of 20 µL was sufficient to induce monoarthri-
tis. This should be considered a refinement, since a 
larger volume affects surrounding tissue that leads 
to unnecessary pain and inflammation not related to 
the intended arthritis. However, the effect of injec-
tion volume needs to be further investigated. 
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