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ABSTRACT 

This study aims to describe histopathological changes observed in three Wistar rat variations of 

adjuvant-induced arthritis model inducing mono arthritis and poly arthritis. Complete Freund’s adjuvant 

(CFA) was injected in variation I: 200 μL of emulsion injected into the right footpad; CFA-induced 

arthritis variation II: 100 μL of CFA injected into the right footpad and two injections of 100 μL into the 

tail; CFA-induced arthritis variation III: 300 μL of CFA injected into the right footpad. All animals 

presented joint damage, revascularization, and synovial proliferation. Analysis of histological scores on 

the 15th day showed that variation I had the highest scores for synovial inflammation (3.0±0) and 

subcutaneous inflammation (3.0±0), and variation III presented the highest scores for cartilage (2.3±1.1) 

and bone erosion (2.3±1.1). On the 21st day, once again variation I showed the highest scores for 

synovial (2.3±0.6) and subcutaneous inflammation (3.0±0.6), despite a decrease in synovial 

inflammation scores on the 21st day (3.0 to 2.3). Cartilage erosion was more frequent in variation II 

(2.0±1.1), and bone erosion was similar in all models. Our findings suggest that arthritis was 

successfully induced in all three variations of Wistar rat arthritis model, with variable severity in terms 

of histological findings and clinical manifestations. The most homogenous response was obtained with 

the use of an emulsion to induce arthritis, however with lesser severe manifestation.  
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INTRODUCTION 

Rheumatoid arthritis (RA) is a condition 

characterized by chronic joint inflammation,  

 

 

 

 

 

progressive destruction of periarticular bone, 

and periarticular osteoporosis¹. The increased 

secretion of pro-inflammatory mediators, such 

as interleukin-1 (IL-1ß) and tumor necrosis 

factor (TNF), maintain the chronic 

inflammation, the progression of cartilage and 

bone lesions2. These cytokines, interacting with 

growth factors, stimulate the overgrowth of 
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synovial cells to form a mass of synovial tissue 

with exuberant new blood vessels, called 

pannus, which invades the cartilage and bone 

via osteoclast activation and protease 

production2.  

Animal models of rheumatoid arthritis have 

been extensively used in research, to investigate 

the pathogenesis of inflammatory arthritis, and 

in the pharmaceutical industry, for to test the 

potential anti-arthritic agents. Important criteria 

to select a model include: 1) its ability to predict 

the efficacy of agents under investigation in 

humans; 2) easy handling, reproducibility of 

data, reasonable duration of test period; and 3) 

pathology and/or pathogenesis similar to human 

disease3. In the rheumatoid arthritis area, 

excellent models have shown good track records 

for predictability3.  

Complete Freund’s adjuvant (CFA)-induced 

arthritis in rats presents similar features to 

rheumatoid arthritis in humans, and the model 

has been widely used in etiopathogenetic and 

investigational drug studies4,5. Adjuvant-

induced arthritis (AIA) was initially observed by 

accident, when CFA was used for 

immunization6. Since then, AIA has been 

extensively used as a model for rheumatoid 

arthritis, despite some histopathological 

differences. Some clinical features of reactive 

arthritis are also seen in AIA, e.g., iridocyclitis, 

nodular skin lesions, genitourinary lesions, and 

diarrhea. Finally, the model features some 

aspects of rheumatoid fever, namely, ulcerative 

colitis and sarcoidosis7. AIA is a rather 

aggressive, monophasic, self-remitting form of 

arthritis8. As a result, the time period used to 

measure the effects of drugs or other agents in 

modulating the disease is limited8. Therefore, in 

some cases, it may be desirable to start the 

modulation before the disease becomes 

clinically apparent, e.g., between days 7 and 10 

after immunization8. 

In CFA-induced arthritis models, the disease is 

induced by an intradermal injection of 

Mycobacterium tuberculosis suspended in 

mineral oil into the hind footpad or base of the 

tail3,9,10. Different doses of injected CFA have 

been reported in the literature with Wistar4,11, 

Lewis12-14, and Sprague Dawley15 rats. Wide 

variations in the frequency and severity of 

lesions are also observed in different rat 

strains16-19. For example, male Lewis and 

Sprague Dawley rats have been reported to 

achieve success rates as high as 90 to 100%3,8,20. 

Conversely, some studies have shown that 

Wistar rats are less susceptible to AIA than 

other strains8,21. Finally, differences in the 

susceptibility have also been reported in relation 

to age: younger rats (1 to 7 days old) are usually 

not susceptible, whereas older animals (>9 

months) tend to be relatively resistant3,8.  

Considering the variable susceptibility to CFA-

induced arthritis in different rat strains 

demonstrated in the literature and the different 

doses and modes of administration adopted, the 

aim of this study was to describe 

histopathological changes observed in three 

variations of Wistar rat AIA model inducing 

mono arthritis and poly arthritis.       

MATERIALS AND METHOD 

Animals 

Male Wistar rats weighing 300-350 g were 

housed in groups of five in 49x34x16-cm 

polypropylene home cages. All animals were 

maintained under a standard 12-hour light/dark 

cycle (lights on at 07:00 a.m. and off at 07:00 

p.m.) in a temperature-controlled environment 

(22 ± 2°C). Animals had ad libitum access to 

water and chow.  

All experiments and procedures were approved 

by the Institutional Committee for Animal Care 

and Use (Application No. 120220 - Graduate 

Research Group at Hospital de Clínicas de Porto 

Alegre - GPPG-HCPA), were compliant with 

Brazilian guidelines regulating the use of 

animals in research (Law No. 11,794), and 

adhered to the ethical and methodological 

standards of the Principles of Laboratory 

Animal Care (Laboratory guide for the care and 

use of animals, 8th ed., 2011).  

All possible measures were taken to minimize 

animal suffering and external sources of pain 

and discomfort. In addition, the minimum 
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number of animals required to produce reliable 

scientific data were used.  

Experimental Design 

Rats were habituated to the maintenance room 

for 1 week prior to the experiment.  

Subsequently, animals were randomly divided 

into three different groups, of 3-4 animals each, 

for arthritis induction: CFA-induced arthritis 

variation I; CFA-induced arthritis variation II; 

and CFA-induced arthritis variation III. Animals 

were evaluated 15 and 21 days after CFA 

injection. 

Drugs and Chemicals 

Complete Freund’s adjuvant (CFA) was 

purchased from Difco, Detroit, MI, USA (H37 

Ra). 

CFA-Induced Arthritis Models 

Briefly, inflammation was induced in the three 

Wistar rat variations of CFA arthritis model 

following isoflurane anesthesia, as follows: 

CFA-induced arthritis variation I: 200 μL of 

emulsion (1:1; CFA and saline) injected into the 

right footpad4 to induce monoarthritis; 

CFA-induced arthritis variation II: 100 μL of 

CFA injected into the right footpad and two 

injections of 100 μL into the tail (one 

concomitantly with the injection into the 

footpad and the other 24 hours after)12 to induce 

poly arthritis;  

CFA-induced arthritis variation III: 300 μL of 

CFA injected into the right footpad22 to induce 

mono arthritis. 

Clinical Scoring 

The polyarthritis severity was graded on a scale 

of 0–423: grade 0, no disease; grade 1, slight 

swelling; grade 2, moderate redness and 

swelling; grade 3, severe redness and swelling 

of the whole paw; and grade 4, maximum 

swelling and deformity of the paw involving 

multiple joints.  

The maximum joint score was 16, including all 

paws. 

 

Histology and Histological Scoring 

The animals were sacrificed (on the 15th day 

and on the 21st day following CFA injection), 

and hind paws were excised and fixed in 10% 

buffered formalin for 7 days. Paws were then 

decalcified with nitric acid 10% for 27 hours. 

Tissues were sectioned and embedded in 

paraffin. Slides were prepared and stained with 

hematoxylin and eosin.  

A comprehensive histological scoring system, 

previously described24, was used to classify 

specimens. Briefly, tibiotarsal joints (ankle 

region) were histologically evaluated and scored 

(0=absent, 1=mild, 2=moderate, 3=severe) for 

the following parameters: synovial 

inflammation; subcutaneous inflammation; 

cartilage erosion; and bone erosion.  

Statistical Analysis 

All statistical analyses were performed using the 

Statistical Package for the Social Sciences 

(SPSS) version 16.0 (SPSS, Chicago, IL, USA). 

Kruskal Wallis was performed for clinical 

scores analysis and Fisher’s Exact Test for 

histological scores. Significance was set at 

P<0.05. 

RESULTS 

Evaluation of CFA Arthritis Variations on 

the 15th Day 

When analyzing CFA-induced arthritis variation 

I, of the three rats evaluated, only one presented 

paw edema in the four paws (Figures 1A and 

1B). Conversely, in variation of CFA model II 

rats, all four rats showed inflammation in the 

four paws, in addition to skin desquamation, 

epilation, and red nodular swellings at the base 

of the tail (Figures 1D and 1E). A nodular 

inflammatory reaction was also observed in all 

variation II rats affecting the external ears and 

nose (Figure 1D). Among variation III rats, two 

developed edema in the contralateral paw and 

one in the four paws (Figures 1G and 1H). 

However, it was founded a significant 

difference in variation II on 14th day from 

Variation III on 21st day (Kruskal Wallis 

test/Dunn; P=0.017) (Table 1). 
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Table 1: Clinical scores evaluation 

 Variation I Variation II Variation III 

Variable 15th day 21st day 15th day 21st day 15th day 21st day 

Total clinical scores 4 [4;-] 4 [4;4] 12 [12;12]* 9 [6;12] 7 [7;-] 6.5 [3;-] 

Kruskal Wallis test followed by Dunn. Data are expressed as median [quartiles].  

* Different from Variation III on 21st day (P=0.017). 

Table 2: Histological scores (0=absent to 3 = severe) of right ankles 15 and 21 days after arthritis induction 

with CFA injection 

 Variation I Variation II Variation III 

P 
Variable 

15th day 

n (%) 

21st day 

n (%) 

15th day 

n (%) 

21st day 

n (%) 

15th day 

n (%) 

21st day n 

(%) 

Synovial  

inflammation 

0 

1 

2 

3 

 

- 

- 

- 

3 (100%) 

 

- 

- 

2 (66.7%) 

1 (33.3%) 

 

- 

1 (25%) 

1 (25%) 

2 (50%) 

 

- 

1 (25%) 

2 (50%) 

1 (25%) 

 

- 

- 

1 (33.3%) 

2 (66.7%) 

 

- 

1 (33.3%) 

1 (33.3%) 

1 (33.3%) 

 

 

0.857 

Subcutaneous 

inflammation 

0 

1 

2 

3 

 

- 

- 

- 

3 (100%) 

 

- 

- 

- 

3 (100%) 

 

- 

- 

4 (100%) 

- 

 

- 

- 

1 (25%) 

3 (75%) 

 

- 

- 

1 (33.3%) 

2 (66.7%) 

 

- 

- 

- 

3 (100%) 

 

 

0.021* 

 

 

Cartilage erosion 

0 

1 

2 

3 

 

- 

1 (33.3%) 

1 (33.3%) 

1 (33.3%) 

 

1 (33.3%) 

- 

1 (33.3%) 

1 (33.3%) 

 

1 (25%) 

2 (50%) 

1 (25%) 

- 

 

- 

2 (50%) 

- 

2 (50%) 

 

- 

1 (33.3%) 

- 

2 (66.7%) 

 

1 (33.3%) 

- 

1 (33.3%) 

1 (33.3%) 

 

0.867 

Bone erosion 

0 

1 

2 

3 

 

1 (33.3%) 

- 

2 (66.7) 

- 

 

1 (33.3%) 

- 

1 (33.3%) 

1 (33.3%) 

 

3 (75%) 

- 

1 (25%) 

- 

 

1 (25%) 

1 (25%) 

- 

2 (50%) 

 

- 

1 (33.3%) 

- 

2 (66.7%) 

 

1 (33.3%) 

- 

1 (33.3%) 

1 (33.3%) 

 

 

0.549 

CFA = complete Freund’s adjuvant.  

* significant difference between groups (Fisher’s Exact test) 
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Histological analyses showed periarticular 

panniculitis affecting the tibiotarsal joints of the 

induced paw in all three models assessed 

(Figure 2). Inflammatory infiltrates contained 

giant cells, plasmocytes, lymphocytes, and 

especially macrophages and neutrophils. There 

were no cases of subcutaneous tissue necrosis, 

and edema was similar in all animals. All 

animals presented joint damage, 

revascularization, and synovial proliferation. 

However, variations I and III presented higher 

levels of bone erosion when compared with 

variation I. Variation I showed the highest 

histological scores for synovial inflammation 

(3.0±0) and subcutaneous inflammation (3.0±0). 

Variation III presented the highest scores for 

cartilage erosion (2.3±1.1) and bone erosion 

(2.3±1.1) (Table 2 and Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, it was found statistically difference 

between groups for subcutaneous inflammation 

(Table 2; P=0.021; Fisher’s Exact test). 

Evaluation of CFA Arthritis Variations on 

the 21st Day 

After 21 days of CFA injection, all rats in 

variation I group developed edema in one paw 

only (Figure 1C). In model II rats, systemic 

arthritis affected the four paws in two rats and 

the contralateral paw in the other two (Figure 

1F). As also observed on the 15th day after CFA 

injection, variation II animals presented red 

nodular swellings, desquamation, and epilation 

at the base of their tail, in addition to a nodular 

inflammatory reaction affecting the external 

ears and nose. All rats in the variation III group 

presented edema in one paw (Figure 1I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Wistar rats showing edema after induction of arthritis with CFA in three different variations 

Figures A, B, and C show variation of CFA-induced arthritis I: A) edema in forepaws 15 days after 

induction; B) edema in hind paw at 15 days; C) edema in hind paw 21 days after induction. Figures 

D, E, and F show variation of CFA-induced arthritis II: D) edema in forepaws 15 days after 

induction, with desquamation, epilation, and red nodular swellings at the base of the tail, and nodular 

inflammatory reaction affecting external ears and nose; E) edema in hind paw at 15 days; F) edema in 

hind paw at 21 days. Figures G, H and I show variation of CFA-induced arthritis III: G) edema in 

forepaws 15 days after induction; H) edema in hind paw at 15 days; I) edema in hind paw 21 days 

after induction. 
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Figure 2: Hematoxylin and eosin staining of sections from the right hind paws of rat variations 

groups. 

Black arrow = synovial inflammation; blue arrow = bone erosion; orange arrow = revascularization; 

green arrow = synovial tissue destruction; yellow arrow = inflammatory infiltrates invading the 

bone; red arrow = articular synovial proliferation; brown arrow = muscle destruction. The circle 

shows partial destruction of bone and synovial tissues. A, B, and C: variation of CFA-induced 

arthritis I at 15 days. D, E, and F: CFA variation of CFA-induced arthritis I at 21 days; G, H, and I: 

variation of CFA-induced arthritis II at 15 days, showing almost complete destruction of articular 

tissue and fully inflamed synovial tissues; J, K, and L: variation of CFA-induced arthritis II at 21 

days; M, N, and O: variation of CFA-induced arthritis III at 15 days; P, Q, and R: variation of CFA-

induced arthritis III at 21 days. Figures presented at 50x. 
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Inflammation patterns were similar on the 21st 

day to those observed on the 15th day. Again, 

variation I rats showed the highest histological 

scores for synovial (2.3±0.6) and subcutaneous 

inflammation (3.0±0.6) (Table 2 and Figure 2). 

Notwithstanding, synovial inflammation showed 

a reduction on the 21st day when compared with 

the 15th day (3.0 to 2.3). Cartilage erosion was 

more frequent in variation II rats (2.0±1.1). 

Bone erosion scores were similar in all groups. 

Overall, synovial inflammation scores decreased 

with time (i.e., from day 15 to 21) in all groups, 

whereas subcutaneous inflammation showed a 

slight increase in variations II and III. Cartilage 

erosion scores increased in variation II and 

reduced in the other two. Bone erosion 

increased in variations I and II, but not in 

variation III. However, again it was found 

statistically difference between variations for 

subcutaneous inflammation (Table 2; P=0.021; 

Fisher’s Exact test). 

DISCUSSION 

Our study histologically analyzed three 

variations of CFA-induced arthritis model at 

two different time points and showed that 

arthritis was successfully induced in all male 

Wistar rat variations groups, although some 

histopathological and clinical differences were 

found. The lowest degree of variability was 

observed in variation I, in which arthritis was 

induced using a prepared emulsion comprising 

CFA and saline. This result can be related that 

most animals developed mono arthritis. 

In CFA-induced arthritis variation I, only one 

rat developed polyarthritis, the others had 

monoarthritis. In variation III, most rats had 

monoarthritis, although two developed 

polyarthritis. All variation II rats developed 

polyarthritis, however the intensity of response 

varied among animals. It should be noted that 

the low dose of CFA used in variation I did not 

cause polyarthritis and showed a more 

homogeneous response. It must be noted that 

CFA injections in the tail (variation II) are 

associated with polyarthritis induction25,26, as 

we observed. And the CFA injection in the 

footpad is associated with mono arthritis27,28 

and/or arthritis in the two footpads29,30. Despite 

these differences, we observed that all animals 

injected with CFA developed arthritis due to 

intense subcutaneous changes associated with 

granulomatous inflammation, (e.g., as in 

panniculitis), as previously reported31.  

In humans with arthritis, the synovial fluid is 

enriched predominantly with neutrophils; other 

structures also present include macrophages, T 

lymphocytes, dendritic cells, and activated 

fibroblasts. The primary site of irreversible 

tissue damage is the junction between the 

synovial membrane lining the joint capsule and 

the cartilage/bone; a mass rich in macrophages 

often termed the pannus. The cells of the pannus 

migrate over the underlying cartilage and into 

the subchondral bone, causing subsequent 

erosion of these tissues32,33. These activated 

macrophages, lymphocytes, and fibroblasts, as 

well as their products, can also stimulate 

angiogenesis, which may explain the increased 

vascularity found in the synovium of patients 

with rheumatoid arthritis33. In our sample, both 

bone/cartilage erosion and angiogenesis were 

observed, although the pannus was not present. 

Corroborating this study, previous authors had 

reported that successful immunization would 

lead to the development of macroscopically 

visible inflammation of ankles, wrists, and/or 

interphalangeal joints, starting within 9 to 17 

days post-immunization3,8. Disease severity 

usually increases over a period of 2 weeks and 

then diminishes8. In our study, on the 21st day 

after inflammation induction, a slight decline in 

histological scores was observed in all three 

variations. This corroborates previous studies 

that demonstrated that the inflammation induced 

by CFA had a peak in the 14th post injection, 

and it decreased during the days after3,10,11. 

Terrier et al., assessing severe CFA arthritis in 

Lewis rats, found that infiltrates were more 

intense and the (sub) synovial tissue more 

edematous in areas of focal necrosis34. At late 

disease stages, the pannus (membrane from 

granulation tissue, which is chronic and 

progressive and produces joint erosion) extends 

over the surface of articular cartilage, resulting 
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in fibrous ankylosis34. We did not observe these 

rheumatoid arthritis characteristic events in any 

of our three variations. 

In another model of arthritis, the rats were 

immunized using homologous or heterologous 

type II collagen. The resulting polyarthritis 

shows marked cartilage destruction associated 

with immune complex deposition on articular 

surfaces, bone resorption, and periosteal 

proliferation, in addition to moderate to marked 

synovitis and periarticular inflammation35. 

Lesions caused by type II collagen arthritis are 

more similar to those seen in human arthritis 

than AIA lesions, in that there is a more 

extensive pannus associated with cartilage 

destruction. Notwithstanding, AIA has been 

used much more extensively for pharmaceutical 

testing, and therefore more data are available for 

comparison with humans3. Also, Brand et al. 

have shown that collagen arthritis is elicited in 

genetically susceptible strains of mice by 

immunization with type II collagen emulsified 

in CFA, which restricts the range of animals 

used for induction36.  

In our study, male Wistar rats were used. In the 

study by Dimitrijevic et al., half of the Wistar 

rats assessed were resistant to AIA, and both 

Wistar and Lewis rats developed moderate 

adjuvant arthritis21. However, illness 

characteristics differed between the two strains 

in respect to disease duration and body weight 

loss, suggesting a lower susceptibility of Wistar 

rats to AIA21. In Lewis rats, a high susceptibility 

to inflammatory diseases has been reported37, 

probably related to a deficient secretion of 

corticotropin-releasing hormone in the 

hypothalamus in response to inflammation38. In 

fact, HPA axis hyporesponsiveness has been 

used to explain the behavioral and 

immunological vulnerability of compromised 

animals31.  

In conclusion, our CFA-induced arthritis models 

showed some similarities with arthritis in 

humans39. In other words, the three Wistar rat 

CFA-induced arthritis models developed 

arthritis of variable clinical and histological 

severity. The most homogenous inflammatory 

response was obtained with the use of an 

emulsion to induce arthritis (variation I), with a 

minimally severe manifestation when compared 

to the other arthritis models tested here and in 

other studies. 
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