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Abstract. Background/Aim: The aim of this study was to
investigate the effects of multimodal therapy comprising
buprenorphine (BUP) and indomethacin (IND) on key
translational parameters in the rat adjuvant induced arthritis
(AIA) model. Furthermore, we investigated the difference
between visual assessment scores and histology scores
generated by blinded and non-blinded assessors and the
robustness and generalizability of results by conducting a
multi-laboratory study. Materials and Methods: The
experiment was terminated on day 26 after 11 days (days 15-
25) of voluntarily ingested buprenorphine and 7 days of
gavage delivered indomethacin treatment (days 19-25). The
treatment effects were assessed on the last day of the study,
relying on body weight assessment, serum concentrations of
al- acid glycoprotein, and assessment of affected hind paws
swelling, in-life and post mortem. Results: Across two
laboratories, the combined analgesic treatments had minimal
effects on the measured model parameters indicating that
multimodal treatment did not affect the translatability of the
model. We found an improvement in clinical scores (a
negative change in scores) in nearly all medicated animals
when scored informed, whereas it was essentially 50:50 for
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the blinded scorings and no difference between the blinded
and informed histological scoring. Conclusion: The present
results support the use of more effective analgesic treatment
regimens and the good practice recommendations advocating
blinding as a mandatory practice in conduct of preclinical
in vivo efficacy studies. In spite of minor differences between
results obtained at the two sites, there was good agreement
between them indicating robustness of the AIA model.

In humans, chronic autoimmune diseases, such as rheumatoid
arthritis (RA), affect women more often than men, the sex
ratio typically being around 3:1 (1). A typical model for
studying the pathology of RA, and potential treatments in rats,
is the adjuvant induced arthritis (AIA) model (2, 3). The AIA
model is categorized as moderate to severe in the severity
assessment framework of Directive 2010/63/EU. Animals
modelling painful human conditions should not be deprived
of the analgesic care that the modelled human could expect.
Consequently, the pain relief therapy in RA animal models
should mimic the clinical management of humans with a
similar condition. Untreated pain and stress may also interfere
with the experimental outcomes and translational properties of
the model (4, 5). Nonsteroidal anti-inflammatory drugs
(NSAIDs) are the therapy of choice for symptomatic treatment
of RA. They are known to modulate the inflammatory
response and to decrease the disease severity in both animals
and man. In humans, opioids are often the therapy of choice
in severe pain management and may be used in animal models
as an alternative or addition to NSAID therapy. Buprenorphine
has been shown to be less immunosuppressive than other
opioids, which makes it a suitable candidate for pain
management in rodent models of inflammation and pain (6,
7). Pain relief in rodents is, however, often restricted to a
single agent rather than the multimodal approaches that are the
current standard for human patients (8, 9).
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The value, reliability and reproducibility of animal models
has come under scrutiny over the past decade because of
multiple reports documenting their poor translatability to
human studies (10-16). Reproducibility depends on
experimental design and conduct, which together account for
the internal and external validity of experimental results (17-
19). Controlling all major sources of bias is a central issue in
the design of an experiment. These are context-dependent, and
some are specific to the animal model under investigation, and
to the laboratory where the study is conducted (20, 21). Biases
generally stem from inadequacies in the design, conduct, and
analysis of an experiment. They significantly confound in vivo
studies, reducing their internal validity (22-24).

The reproducibility of results from animal experiments is
poor across many research areas. Moreover, seemingly
successful therapies in animal models frequently fail in
translating to efficacious treatments in clinical trials. Systematic
reviews of clinical and preclinical research have convincingly
shown that inadequate design, conduct and reporting of study
quality attributes (e.g., randomization, blinding efc.) correlate
with substantially larger treatment effects (25-31).

The aim of the present study was to investigate the effects of
two combined analgesics — buprenorphine and indomethacin —
on key translational parameters in the rat AIA model. We also
investigated the difference between scores generated by blinded
and non-blinded assessors assessing the effects of the different
therapies. Specifically, we focused on the swelling of the
arthritis-affected hind paws and on their histopathological
findings, post mortem. Since women are more susceptible to
RA, we chose to focus this study on female rats. Furthermore,
the study protocol was carried out in two facilities/laboratories,
one located in Croatia and another in Israel, to ensure that our
findings were robust and generalizable.

Materials and Methods

Ethical statement. The present studies were conducted at two different
sites. One was conducted in 2018 in the AAALAC-accredited animal
facility at Fidelta Ltd. (currently Selvita Ltd., legal successor of Fidelta
Ltd.) in Zagreb, Croatia. A confirmatory study using the same study
protocol in 2019 was carried out in an AAALAC-accredited Sharett
facility at Hebrew University Medical School, Ein Kerem campus,
Jerusalem, Israel. The project authorization (KLASA UP/1-322-01/17-
01/162, URBROJ: 525-10/0255-18-4) was issued in Croatia by the
National Competent Authority, the Ministry of Agriculture, Animal
Protection Department, Veterinary and Food Safety Directorate in
consultation with the National Ethics Committee and in compliance
with the Directive 2010/63/EU. Project authorization (MD-17-14881-
4) for conducting the study in Israel was issued in advance by the
Hebrew University Ethics Committee.

Animals and housing. Fidelta facility (Croatia): Seven-weeks-old
female (n=32) SPF Lewis rats (LEW/Crl; Charles River, Sulzfeld,
Germany) were pair-housed in open-top cages (“1291H”;
425%x266x185 mm; Tecniplast, Buguggiate, Italy) on arrival from
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the breeder. The animal holding rooms were maintained at 22+2°C,
and 55+10% relative humidity, with =15 h-! air changes. 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
structured with raised lids; bedding consisted of corncob 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 (including water) were changed twice a week,
transferring a handful of used bedding to maintain olfactory cues.

Sharett facility (Israel): Seven and eight-weeks-old female (n=32)
SPF Lewis rats (LEW/SsNHsd, Envigo, Jerusalem, Israel) were
group-housed (4 per cage) in Tecniplast Greenline GR900 racks for
rats. The animal holding rooms were maintained at 22+2°C, and
55+10% relative humidity, with =15 h-! air changes. A diurnal
rhythm was kept through a 12:12 h dark/light cycle (lights on at
7:00 AM). The cages (Seal Safe Plus, cage floor area 904 cm?) were
provided with wood chip bedding (autoclaved Teklad sani-chips,
Envigo) and rodent maintenance diet formula (gamma irradiated,
Teklad 2918SC4 Envigo). Enrichment was provided in the form of
an autoclaved grey PVC tunnel (cross section diameter 12 cm,
replaced once a month). The municipal water was locally processed
(acidified to pH 2.8-3.2) and provided ad libitum. Pellets were also
placed on the bedding for easier access for arthritic animals. Cages
(including water) were changed once a week.

Model induction. Following 5-7 days of acclimatization, arthritis
was induced through adjuvant injections (marking day 1 of the
experiment). Complete Freund’s adjuvant (CFA) was prepared by
suspending 10 mg/ml heat-inactivated M. 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 was used in Croatia
and Isoflurane, USP, Terell, Piramal critical care Inc., Bethlehem,
PA, USA was used in Israel) delivered in pure oxygen, in an
induction chamber. Anesthesia was maintained on a facemask (with
3% isoflurane) while a small area of the lower back was shaved
with electric clippers. A 100 pl 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.

Stratification (inclusion/exclusion criteria, humane end points). On
day 18 post-induction, rats not developing early stages of arthritis
were excluded from the study and sacrificed. These non-responders
were identified based on body weight (gain), absence of bilateral
midfoot edema and lack of a visible limp when allowed to explore
the flat surface of a bench top.

Moreover, animals were excluded from further research and
euthanised if they reached one of the following endpoints at any
point during the study: extreme paw swelling encompassing the
entire foot and ankle; ulceration of the immunisation site; weight
loss up to 25% of baseline that did not reverse within 5 days.
Treatments. Animals were randomly assigned to receive treatment,
twice daily, with unmedicated (the negative control group) and
buprenorphine-medicated nut paste for voluntary ingestion (v.i.) on
days 15-25. The medicated paste was prepared in several larger
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batches and, following the recommendations in Abelson et al. (32),
kept refrigerated at 4-8°C for up to a week. Rats were conditioned
to eat the nut paste for 7 days, once a day, prior to the therapy start.
Rats demonstrated high motivation to eat the nut paste, even the
medicated nut paste, regardless of their health/disease status. In
Croatia, Buprenorphine Sandoz 8 mg sublingual tablets (Salutas
Pharma GmbH, Barleben, Germany, Batch no. HK0071) were used.
In Israel, Subutex 8 mg sublingual tablets (Indivior UK Ltd, Slough,
Berkshire, UK, Batch no. 818613) were used. The tablets were
mortared to a fine powder and mixed into the nut paste in a kitchen
blender (0.2 mg buprenorphine per 1 g of paste). A dose of 0.4
mg/kg b.w. was delivered twice a day, on a piece of paper taped to
the wall of the rat’s home cage, approximately at rats’ nose level
while standing. Cage mates were temporarily separated for 10 min
during the feeding, with the dosed rat’s cage mate being placed
temporarily in an empty Type I cage.

The NSAID indomethacin was used as a pharmacologic standard
in the positive control group: it was administered by intragastric
gavage to arthritic rats once a day on days 19-25. The formulation
was prepared fresh every day. Indomethacin (0.1 mg/ml; prod. no.
17378; Sigma-Aldrich) was dissolved in an aqueous solution of
0.5% (w/v) methyl cellulose (prod. no. M0262; Sigma-Aldrich).
Animals were dosed using a 5-cm curved stainless steel gavage
needle with a ball tip, delivering intragastric bolus of 10 ml/kg rat
body weight, containing 1 mg/kg indomethacin.

Each experimental group consisted of 8 females. Animals were
randomized in blocks based on caging, such that two animals from
the same group would never share the same cage — thus attempting
to mitigate ambient effects on the model. All experimental
procedures were carried out in a randomized order.

Clinical assessments (blinded and informed approach). The animals’
disease progression was monitored throughout the study. The animals
were weighed on days 1 (pre challenge), 7, 10, 15, 18, 23, and 26.
On days 0 and 19 (just before the start of indomethacin therapy) and
on day 26 (pre sacrifice) the animals’ hind paws were photographed.
Two standardized digital photographs showing the bottom/plantar and
lateral views of both hind paws were used for clinical assessments by
four independent assessors who did not participate in the hands-on
part of the study. Assessors viewed anonymised images in a
randomised order. After blinded assessments, assessors were informed
about the therapy regimens and photos from the same animals were
shown as clearly numbered sets that could easily be linked to the
treatment received. For both assessments, the arthritic joints were
scored using the methods of Hawkins et al. (7).

Biomarkers. Blood samples were collected on days 1 (pre challenge),
11, 19, and 26 in Croatia and on days 1 (pre challenge), 8, 15, 19,
and 26 in Israel. The blood sampling was facilitated either by use of
a warming cabinet in Croatia (cage mates were warmed for 10 min
in 39°C inside VetTech warming chambers) or by use of a red
electrical bulb in Israel (cage mates were warmed for 10 min under
a bench top red lamp). A blood sample of approximately 250 ul was
obtained from the tail vein. Serum was separated and stored at —80°C
until analysis. Samples were analyzed for a;-acid glycoprotein
content (0.;AGP, pg/ml) using commercially available ELISA kits
(Rat a;-AGP; MyBioSource, San Diego, CA, USA).

Histopathology. On day 26, the rats were euthanized by exsanguination
under anesthesia delivered i.p. comprising 100 mg/kg ketamine (5%
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solution for injection, Narkamon, Bioveta, Ivanovice na Hané, Czech
Republic) and 20 mg/kg 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 (Thermo
Shandon Ltd., subsidiary of Thermo Fisher Scientific, Cheshire, UK).
After 10 days at room temperature, the paws were decalcified in 10%
formic acid (Honeywell Fluka, Charlotte, NC, USA in Israel and
Kemika, Zagreb, Croatia in Croatia) in 10% formalin solution
(Thermo Shandon Ltd.) for another 10 days. Subsequently, the joints
were cut, mid-longitudinally, through the center, and embedded in
paraffin. Microtome sections of 1 um were prepared and stained using
hematoxylin-eosin. The slides were assessed by two pathologists,
independently, first in blinded and then in informed fashion. A
combined score (Table I), grading inflammation, bone erosion, and
osteoclast activity, was employed (33, 34).

Statistics. We confined statistical analysis of the model parameters
to the final day of the experiments, since this was the only time
point where all parameters could be expected to have been affected
by the analgesic treatments. All of the measurements were analyzed
using two-way analysis of variance, using indomethacin and
buprenorphine treatments as independent variables. Analyses were
conducted separately for the two facilities since the levels of many
of the parameters were greatly different at baseline. We contrasted
blinded and informed scoring using paired f-tests. Here, we
combined data from the two facilities, given that analysis was
carried out at the level of observation. Finally, for correlations, we
calculated Pearson’s correlation coefficient and evaluated model fit
by calculating R2 from a linear regression. We considered p<0.05
to be statistically significant, and the variability of model parameters
is presented as the standard deviation.

Results

Across both facilities, the analgesic treatments had minimal
effects on the measured model parameters (Figure 1). We found
no effect on any of the parameters from the buprenorphine
treatment. Treatment with indomethacin showed some changes
suggestive of improved welfare. In Croatia, the indomethacin-
treated animals regained more body weight. All animals lost
weight following model induction, but, on average, the
indomethacin-treated animals regained 6.4 g [+3.2 g (SEM)] in
the treatment period (F 1,28:5 .5; p=0.026). In Israel, the clinical
score — the number of swollen joints — was reduced slightly by
the indomethacin treatment. On average, the treatment reduced
the change in the clinical scores from Day 19 to Day 26 by 4.5
(£1.9) points (F; 55=6.3; p=0.019). Importantly, these changes
did not appear to manifest as differences in the histological
analyses (Figure 1).

The histological scores were consistent between the blinded
and informed assessments (Figure 2). Minor differences at the
level of the individual slides could be observed, but once added
up (inflammation, erosion, osteoclasts) to a score, combining
these scores for both legs, and then averaging the results
resulted in small effects being averaged out. Consequently, we
observed no difference between the blinded and informed
scoring for the histological assessments.
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Table 1. Histopathological scoring of arthritic severity. The scores have been developed by Bolon et al. (33) and Coxon et al. (34).

Score Inflammation

0 None. Normal tissue.

1 Few inflammatory cells.

2 Mild inflammation.

3 Moderate inflammation (often, but not always, diffuse)

4 Marked inflammation (diffuse and dense, with large periarticular abscesses).

Score Bone erosion

0 None. Normal tissue.

1 Minimal loss of cortical or trabecular bone at a few sites.

2 Mild loss of cortical or trabecular bone at modest number of sites (generally tarsals).

3 Moderate loss of bone at many sites. Usually the trabeculae of the tarsals, but sometimes the cortex of the distal tibia.

4 Marked loss of bone at many sites. Usually as extensive destruction of trabeculae in the tarsals,
but sometimes with partial loss of cortical bone in the distal tibia.

5 Marked loss of bone at many sites. With fragmenting of tarsal trabeculae and full-thickness
penetration of cortical bone in the distal tibia.

Score Osteoclasts

0 No osteoclasts. Normal tissue.

1 Few osteoclasts (lining less than 5% of the most affected bone surfaces).

2 Some osteoclasts (lining 5-25% of the most affected bone surfaces).

3 Many osteoclasts (lining 25-50% of the most affected bone surfaces).

4 Myriad osteoclasts (lining more than 50% of the most affected bone surfaces).

For the clinical assessments, a difference could be seen
between when the assessors were informed of what they were
scoring and when not (Figure 2). We found an improvement (a
negative change in scores) in nearly all animals when scored
informed, whereas it was essentially 50:50 for the blinded
scorings. As a result, there was a significant lowering of the
difference in the clinical scores over the treatment period across
all animals (paired-samples z-test: t5;=4.1, p<0.001). When the
assessors knew they were looking at photos from before a
treatment was administered, they were more inclined to score
the full 24 inflamed joints, particularly for the no treatment
group (Figure 3).

For data generated in Israel, the blinded assessments had
already found an effect of the indomethacin treatment. The
effect was pronounced in the informed scorings, as the
scores before the treatments were, on average, higher.
Informed scoring did not affect the overall conclusions; it did
however, also lower the scores for the buprenorphine-treated
animals. We have no reason to believe that buprenorphine
should affect the number of inflamed joints. Yet, informed
scoring significantly lowered the clinical scores when
compared to blinded scoring (¢;5=2.4, p=0.03) by 3.8 (+1.6)
points. With a larger sample size, this difference might have
manifested as a difference also in the overall hypothesis test.

The blinded and informed clinical scores on day 26
(combining data from both facilities, Figure 3) were not
well-correlated (r=0.51, p<0.001) with the exception of some
clustering in the lower left corner. The linear relation
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explained only a fraction of the variation in the data
(R?=0.28) suggesting that the task of scoring the number of
inflamed joints was difficult and highly subjective.

Discussion

Both unrelieved pain and the use of analgesia in animal
experimentation may act as significant confounders,
potentially skewing results as well as increasing inter- and
intra-animal variation (8, 35, 36). Buprenorphine, is the most
commonly used opioid analgesic for laboratory animals.
Buprenorphine did not affect the measured model parameters,
which agrees well with its weak immunosuppressive
properties. Indomethacin, by contrast, reduces inflammation
and may potentially alter the model. In the present
investigation, we did not find it affecting model pathology.
Instead, we observed less body weight decrease in the animals
in Croatia and improvement in clinical scores in the rats in
Israel treated with indomethacin.

In rats, alAGP is the dominant acute phase protein
whereas in humans, C-reactive protein is more prominent
(37). In most disease states, including inflammation, a1 AGP
is detectable for several days after the stimulus (38). Under
chronic inflammation conditions (e.g., arthritis) increased
serum concentrations of acute phase proteins are generally
observed but the increase is lower than during acute episodes
of inflammation or infection. Under experimental arthritis
conditions in rats, AGP levels have been reported to increase
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Figure 1. Model parameters measured in female rats across two facilities (in Croatia on the left and in Israel on the right). Error bars for the body
weights represent standard deviations. Clinical scores are shown as the difference in the scores (number of inflamed joints) before/after treatment.
For both the clinical scores and histology scores, the results of the blinded assessments are shown. Bars represent the median.

10-fold immediately before the onset of arthritis after which
it steadily declines towards the chronic phase of the disease
(39). Quantitative analysis of AGP in this investigation
suggests that this response was not affected by the analgesic
treatments under investigation.

Animal research often relies on visual observations, methods,
and scales that quantify a physical or a clinical condition, all of
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which are to some extent subjective. An improper skew in these
observations, referred to as observer bias, is particularly likely
when the investigator has preconceptions and expectations and
when the underlying data are ambiguous (29). In the present
study, there was a clear difference between blinded and
informed clinical scores. The strongest effect seemed to stem
from knowing whether the photo was taken before or after
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scores. Bars represent the median.
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model induction/treatments. In the scores from Croatia, the
assessors observed an anti-inflammatory effect of BUP that did
not exist, which demonstrates the influence of assessors’
expectation on their scoring decisions.

By contrast, we found no effect of blinding on histology
scores. This may be due to the routine histology-scoring
framework being more rigid, leaving less room for subjectivity
or perhaps owing to the histologists being sensitive to being
monitored.

Despite rigorous experimental
conditions across laboratories, several multi-laboratory
studies have revealed large proportions of results that were
laboratory specific (40-43). Many environmental factors
(e.g., personnel, equipment used, husbandry procedures,
environmental conditions, research procedures) can never be
perfectly standardised between laboratories (22, 41). In the
present study, we carried out similar protocols in Croatia and
Israel. We noted certain differences in experimental results.
However, the AIA model was reasonably robust, which is
positive given that it is a widely used model.

standardization of

Conclusion

The combined indomethacin and buprenorphine therapy did
not significantly impact the validity of the AIA model. The
present results support the use of more effective analgesic
treatment regimens — treatments more in line with that of
human patients — ensuring better animal welfare all the while
improving the quality of the associated studies. Comparing
blinded assessments and informed assessments confirms the
best in vivo preclinical practice recommendations advocating
blinding as a mandatory practice in conduct of preclinical ex
vivo efficacy studies.
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