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 Abstract  

Background: Arthritis is the most common joint disorder. The most significant structural 

change seen in arthritis is the degeneration of the articular cartilage. Numerous animal 

models are used to reproduce arthritis. In this paper, we assessed the ability of complete 

Freund's adjuvant (CFA) to induce degenerative changes of hyaline articular cartilage in rat 

chronic arthritis model. Methods: In this study, 42 adult male albino rats were used, divided 

into: control group I (18 rats) and arthritis group II (24 rats). Arthritis was induced 

unilaterally by a single intra-articular injection of 125 μl of CFA in the right knee joint of 

each rat. The samples were collected 2, 6, and 10 weeks post-injection. Hematoxylin & Eosin 

(H&E) stain, Masson’s trichrome stain, Safranin O (S.O) stain were used to assess articular 

cartilage degeneration during inflammation.Results: The articular cartilage of rats of arthritis 

group II showed progressive inflammatory cell infiltration in the synovial membrane. 

Chondrocytes showed degeneration, hypertrophy and extensive proliferation. Moreover, the 

matrix exhibited fibrillations, fissuring, delamination and denudation with fibrous tissue 

within the denuded surface.  The thickness of the articular cartilage, the collagen content and 

the proteoglycan content showed significant decrease in rats sacrificed after 10 weeks 

compared to rats sacrificed after 2 weeks and 6 weeks from the onset of the 

experiment.Conclusions: Intra-articular injection of complete Freund’s adjuvant induces 

progressive degeneration of the hyaline articular cartilage of the knee joint of rats. It can be 

useful for studies on mechanisms and strategy of treatment of knee joint arthritis. 
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INTRODUCTION  

     The knee joint is the most complicated and 

largest joint in the body. The articulating surfaces 

of bones of the knee are all coated with articular 

cartilage. The function of articular cartilage is to 

absorb shock, facilitate motion and decrease the 

stress occurring during joint movement. However, 

this joint is more susceptible to physical attacks 

because it bears huge weight (Hirschmann and 

Müller, 2015; Wu, 2015; Ondrésik et al., 2016). 

     Arthritis is the most common joint disorder. It 

is considered as a fundamental economic burden. 

The most significant structural change seen in 

arthritis is the degeneration of the articular 

cartilage. Several animal models have been 

developed to study the pathogenesis of arthritis 

and the efficacy of new diagnostic tools and 

therapeutic interventions. To date, there is no 

single ideal experimental model that permits 

investigation of all features of arthritis, and each 

model of induction has distinct advantages and 

disadvantages. These models can be divided into 

spontaneous, surgically induced and chemically 

induced models (Hunter & Felson, 2006; Little & 

Smith, 2008 Evans, 2013; Nickien et al., 2018; 

Harrell et al., 2019). 

     Spontaneous arthritis occurs in various strains 

of mice, guinea pigs and macaques. These animals 

are considered predisposed to developing 

spontaneous idiopathic arthritis, however there is 

concern that the underlying mechanism for the 

particular strain of animal developing the disease 

may not necessary be the same as for arthritis in 

humans. Another disadvantage of using the 

spontaneous arthritis models is the more variable 

and extended time frame of disease progress, 

particularly for the larger animals (Quasnichka et 

al., 2006). 

     Surgically induced destabilization of joints by 

anterior cruciate ligament transection or meniscal 

injury is a common method used for induction of 

arthritis. An advantage of this model is temporal 

control of disease induction and these models 

follow a predictable progressive disease onset. 

There are, however, limited clinical outcome 

measures currently available in many of the 

species used (Little & Smith, 2008). 

     Chemically induced models of arthritis means 

induction of arthritis by intra-articular injection of 

agents, including collagenase, monosodium 

iodoacetate (MIA) and complete Freund’s adjuvant 

(CFA). These models eliminate the need for 

surgery and the possibility of associated infection 

in some models. They are easy to induce and 

reproduce, and are useful for short-term studies. 

Administration of different dosages and intervals 

of compounds allows the study of various stages of 

disease development. For example, in rats, intra-

articular injection of CFA, an inactivated dried 

mycobacteria which is responsible for stimulation 

of cell-mediated immunity that ultimately 

increases the production of certain 

immunoglobulins, induces arthritic changes in 

hyaline articular cartilage (Malfait et al., 2013; 

Tuncel et al., 2016; Mahdi et al., 2018). 

     The advantages and disadvantages of CFA 

arthritis model still need more research to assess 

the validity of this model for pre-clinical 

researches. So, the aim of this study was to assess 

the degenerative changes of articular cartilage in 

rat chronic arthritis model induced by complete 

Freund's adjuvant (CFA).      

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/freund-adjuvant
https://www.sciencedirect.com/topics/medicine-and-dentistry/freund-adjuvant
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Materials and methods: 

     This study was approved by Institutional 

Review Board (IRB), faculty of medicine, 

Mansoura University. Code number: MDP. 18. 06. 

07. All the steps took place in Mansoura 

Experimental Research Center (MERC), faculty of 

medicine, Mansoura University. 

Experimental Animals and Design: 

     Forty two adult male albino rats (90-110 days 

old, average weight of 150-200 g) were obtained 

and housed in plastic cages (4 rats per cage) on 

sawdust with free access to food and water ad-

libitum and kept at a controlled temperature of 22 

± 1 °c, at 50% relative humidity, with 12 hour light 

/ dark cycle for one week before the experiment.  

     Rats were divided randomly into group I 

(control group) which included 18 rats, and group 

II (arthritis group) which included 24 rats. Arthritis 

was induced unilaterally by a single intra-articular 

injection of 125 μl of CFA (Sigma- Aldrich 

Company, Germany, Cat. No: F5881) in the right 

knee joint of each rat. The choice of CFA dose was 

based on Liu et al (2017) who used CFA in a dose 

of 100 μl into the left hind limb to induce arthritis 

model and based on our pilot experiments in which 

lower doses were insufficient to induce sustained 

inflammation. Six animals from groups I and eight 

animals from group II were euthanized by 

inhalation of Halothane (5%) (Valentim et al., 

2016) and knee joint samples were dissected and 

prepared for histological study after 2, 6 and 10 

weeks from the onset of the experiment.  

Histological analysis: 

     Paraffin para-sagittal (antero-posterior) sections 

of 5 µm thickness passing through tibio-femoral 

articulation were prepared from the specimens. 

These sections were stained with haematoxylin 

and eosin stain for routine histological 

examination (Bancroft and Layton, 2013), 

Safranin O stain to determine proteoglycan content 

in articular cartilage (Kahveci et al., 2000) and 

Masson’s trichrome staining for the demonstration 

of collagen fibers in articular cartilage (Bancroft 

and Layton, 2013).  

N.B: The severity of the osteoarthritic process was 

assessed by OARSI grading method depending on 

microscopic changes (Pritzker et al., 2006):  

Grade 0: surface intact, cartilage 

morphology intact 

Matrix: normal architecture 

Cells: intact, appropriate orientation 

 

Grade 1: surface intact 

Matrix: superficial zone intact, oedema and/or superficial fibrillation (abrasion), focal 

superficial matrix condensation 

Cells: death, proliferation (clusters), hypertrophy 

superficial zone reaction must be more than superficial fibrillation only 

Grade 2: surface discontinuity 

As above 

+Matrix discontinuity at superficial zone (deep fibrillation) 

±Cationic stain matrix depletion (Safranin O or Toluidine Blue) upper 1/3 of cartilage 

±Focal perichondronal increased stain (mid zone) 

±Disorientation of chondron columns 

Cells: death, proliferation (clusters), hypertrophy 

Grade 3: vertical fissures (clefts) 

As above 

Matrix vertical fissures into mid zone, branched fissures 

±Cationic stain depletion (Safranin O or Toluidine Blue) into lower 2/3 of cartilage 

(deep zone) 

±New collagen formation (polarized light microscopy, Picro Sirius Red stain) 

Cells: death, regeneration (clusters), hypertrophy, cartilage domains adjacent to 

fissures 

Grade 4: erosion 
Cartilage matrix loss: delamination of superficial layer, mid layer cyst formation 

Excavation: matrix loss superficial layer and mid zone 

Grade 5: denudation 
Surface: sclerotic bone or reparative tissue including fibrocartilage within denuded 

surface. Microfracture with repair limited to bone surface 

Grade 6: deformation 
Bone remodeling (more than osteophyte formation only). Includes: microfracture with 

fibrocartilaginous and osseous repair extending above the previous surface 
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Statistical analysis: 

Statistical parameters assessed in the study 

included: 

1- Thickness (µm) of hyaline articular cartilage 

covering the central part of femoral condyle in 

sections stained with H&E at a magnification 

x40. 

2- Percentage (%) of area of collagen stained 

with Masson’s trichrome stain in the hyaline 

articular cartilage covering femoral condyle at 

a magnification x100. 

3- Percentage (%) of area of proteoglycans 

stained with Safranin stain in the hyaline 

articular cartilage covering femoral condyle at 

a magnification x100. 

     For assessment of the previous parameters, at 

least 6 fields from all animals in each group of the 

experiment were randomly chosen for the 

examination and were photographed in department 

of medical histology and cell biology, faculty of 

medicine, Mansoura university, using Olympus® 

digital camera installed on Olympus® microscope 

with 0.5 X photo adaptor, using objective lens 

depending on the required analysis. The result 

images were analyzed on Intel® Core I7® based 

computer using Video Test Morphology® 

software (Russia). The data were tabulated, coded 

then analyzed using the computer program SPSS 

software program. In the statistical comparison 

between the different groups, the significance of 

difference was tested using ANOVA (One-Way 

Analysis of Variance) to compare between more 

than two groups of numerical (parametric) data 

followed by post-hoc tukey for multiple 

comparisons. Significance was realized at P value 

<0.05. All the data were represented in tables and 

histograms (Hazra and Gogtay, 2016). 

Results: 

A) Results of histological study: 

Group I (control group):  

 H&E stained sections of this group revealed that 

the hyaline articular cartilage covering both 

femoral condyle and tibial plateau had a smooth 

surface and consisted of chondrocytes surrounded 

by extracellular matrix (ECM). The subchondral 

bone was formed of bone trabeculae and bone 

marrow spaces. The junction between the hyaline 

articular cartilage and the subchondral bone was 

wavy (Figure 1). The chondrocytes and 

surrounding matrix were arranged in well 

ordered, appropriately oriented zones: the 

superficial zone, the middle zone, the deep zone 

and the calcified zone. The Superficial zone was 

the thinnest zone and the chondrocytes were 

flattened, densely packed and parallel to the 

surface. The middle zone was relatively thicker 

and the chondrocytes were slightly larger, more 

spherical in shape, forming isogenous groups. 

The chondrocytes in the deep zone were large in 

size and formed columns perpendicular to the 

articular surface. The tidemark appeared as a 

distinct basophilic thin line separating the deep 

zone from the calcified zone of cartilage. In the 

calcified zone, the chondrocytes were fewer in 

number and large in size with large lacunae 

(Figure 2).   

  Masson’s trichrome stained sections revealed the 

intense blue stained collagen in the matrix of the 

articular cartilage. Near the tidemark and in the 

deep zone, collagen was arranged as coarse 

bundles perpendicular to the surface (Figure 3).  

 Safranin O/ fast green stained sections showed 

that the proteoglycan (PG) content in the articular 

cartilage was stained red. The proteoglycan 

staining in the middle zone was more intense 

compared to the superficial zone, the deep zone 

and the calcified zones (Figure 4). 
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 This group was considered of grade 0 according 

to (OARSI) grading of arthritis because the 

matrix exhibited normal architecture and the cells 

were intact with appropriate orientation. 

 

Figure (1): A photomicrograph of a para-sagittal section of control rat knee joint showing the hyaline articular cartilage (C) 

with smooth surface of cartilage (arrows). The junction between the hyaline articular cartilage and the subchondral bone 

appears wavy (crossed arrows). Note that the subchondral bone is formed of bone trabeculae (T) and bone marrow spaces (S).  

                                                                  (H&E X 100)   

 

he chondrocytes and surrounding matrix are arranged in well tthat  A high magnification of figure (1) showing Figure (2):

The tidemark fied zone (C). the deep zone (D) and the calcizone (M), the middle the superficial zone (S), oriented zones: 

the deep zone from the calcified zone of cartilage. Note that  separating(arrows) appears as intact, distinct basophilic thin line 

                                                          chondrocytes vary in size, shape and number in each zone of the articular cartilage. 

                                                                                                                                                     (H&E x 400)                                                                                                                                            

 

Figure (3): A photomicrograph of a para-sagittal section of control rat knee joint showing intense blue staining of collagen 

(arrow heads) in the matrix of the articular cartilage. In the deep zone, collagen is arranged as coarse bundles perpendicular to 

the surface (arrows).                                                

                                                                                                             (Masson’s trichrome x 400)                                                                                                                                                                                                                 
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Figure (4): A photomicrograph of a para-sagittal section of control rat knee joint showing minimal red staining of 

proteoglycan at the superficial zone (S). The middle zone (M) shows the highest intensity of proteoglycan staining. In 

deep zone (D) and calcified zone (C), proteoglycan staining is less intense compared to the middle zone.  

                                                                                                   (Safranin O/ fast green x 400) 

Group II (arthritis group): 

a) Two weeks after CFA injection in the knee 

joint: 

 H&E stained sections revealed mild decrease in 

thickness of the articular cartilage as compared to 

control group. The surface of articular cartilage 

appeared smooth and continuous. The junction 

between articular cartilage and subchondral bone 

appeared flattened with absence of underlying 

bone trabeculae leaving wide bone marrow 

spaces. Extensive proliferation and 

disorganization of chondrocytes in different zones 

with disrupted tidemark integrity were noticed 

(Figures 5, 6).  

 Masson’s trichrome stained sections and 

Safranin O/ fast green stained sections revealed 

a marked decrease in collagen and proteoglycans, 

respectively in the matrix of the articular cartilage 

particularly in superficial, middle and deep zones 

among heavy cell clusters. However, collagen and 

proteoglycans were moderately decreased in the 

calcified zone (Figures 7, 8).  

 This group was considered of grade 2 according 

to (OARSI) grading of arthritis because the 

matrix exhibited marked decrease (depletion) in 

the upper part of cartilage and chondron columns 

were disoriented. In addition, the cells showed 

signs of proliferation (clusters), hypertrophy and 

degeneration. 

 

Figure (5): A photomicrograph of a para-sagittal section of knee joint from group II (2 weeks after CFA injection in the 

knee joint) showing the tibial plateau (T) covered with the hyaline articular cartilage (C). Notice a mild decrease in the 

thickness of articular cartilage and the surface is smooth and continuous (arrows). The junction between the articular 

cartilage and the subchondral bone is flattened (crossed arrows) with absence of underlying bone trabeculae leaving wide 

bone marrow spaces. 

                                                                                                                                     (H&E x 100) 
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Figure (6): A high magnification of (figure 5) showing extensive proliferation and severe disorganization of the 

chondrocytes (arrows). Notice disrupted tidemark integrity (crossed arrows). 

                                                                                                                                (H&E x 400) 

 

Figure (7): A photomicrograph of a para-sagittal section of knee joint from group II (2 weeks after CFA injection in the 

knee joint) showing a marked decrease in blue stained collagen in the matrix of the articular cartilage particularly in the 

superficial (s), middle (M) and deep (D) zones among heavy cell clusters (arrows). Notice that collagen in the calcified zone 

(C) is moderately decreased.  

                                                                                                           (Masson’s trichrome x 400) 

 

Figure (8): A photomicrograph of a para-sagittal section of knee joint from group II (2 weeks after CFA injection in the knee 

joint) showing a marked decrease of red stained proteoglycan content in the superficial (S), middle (M) and deep (D) zones, 

but in the calcified zone (C), there is moderate decrease of proteoglycan content. 

                                                                                                         (Safranin O/ fast green x 400) 

 

b) Six weeks after CFA injection in the knee 

joint:  

 H&E stained sections showed that the 

thickness of articular cartilage was obviously 

decreased in comparison to control and arthritis 

group after 2 weeks from the onset of the 

experiment. The articular cartilage showed 

transverse fissuring in the deep and calcified 
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zones where the matrix was completely lost.  In 

addition, there was delamination of the 

superficial and middle zones with separation 

from subchondral bone. Some areas of articular 

cartilage exhibited extensive chondrocyte 

proliferation in the form of heavy cell clusters, 

in addition to severe disorganization of 

chondrocytes and surrounding matrix with 

disrupted tidemark integrity (Figures 9, 10).  

 Masson’s trichrome stained sections and 

Safranin O/ fast green stained sections 

showed a marked decrease in collagen and 

proteoglycan content respectively among 

proliferating cell clusters with complete loss of 

collagen and proteoglycans in the region of 

transverse fissuring (Figures 11, 12).  

 This group was considered as grade 4 

according to (OARSI) grading of arthritis 

because the matrix exhibited fissuring and 

delamination. In addition, the cells showed 

signs of proliferation (clusters), hypertrophy 

and degeneration. 

Figure (9): Para-sagittal section of knee joint from group II (6 weeks after CFA injection in the knee joint) showing 

obvious decrease in the thickness of articular cartilage in some areas. Notice areas of transverse fissuring (arrows) in which 

the matrix is completely lost. The superficial and middle zones are delaminated (crossed arrows) and separated from 

subchondral bone .                                                                                                                  (H&E X 100)                        

Figure (10): A high magnification of figure (9) showing area of transverse fissuring which is devoid of cells and matrix 

(arrows).                                                                                                   (H&E X 400) 

Figure (11): A photomicrograph of a para-sagittal section of knee joint from group II (6 weeks after CFA injection in the 

knee joint) showing marked decrease in collagen content (stars) among proliferating cell clusters (arrows). Notice 

complete loss of collagen in the region of transverse fissuring (arrow heads). 

                                                                                                        (Masson’s trichrome x 400) 
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Figure (12): A photomicrograph of a para-sagittal section of knee joint from group II (6 weeks after CFA injection in the 

knee joint) showing a marked decrease in red stained proteoglycan content (stars) in articular cartilage with complete loss of 

proteoglycans in the region of transverse fissuring (arrows). 

                                                                                                         (Safranin O/ fast green x 400) 

c) Ten weeks after CFA injection in the knee 

joint: 

 H&E stained sections revealed that there were 

areas of excavation in the articular cartilage 

where the matrix was completely lost in the 

superficial and mid zones. In addition, there 

were areas of denudation where articular 

cartilage was completely eroded to the level of 

bone. The denuded surface was covered with 

fibrous tissue. Deep fissures extending into the 

bone were noticed (Figures 13, 14, 15). 

 Masson’s trichrome stained sections and 

Safranin O/ fast green stained sections revealed 

that there was a decrease of collagen and 

proteoglycan content, respectively. In some 

areas, the articular cartilage was replaced by 

fibrous tissue which contained collagen fibers 

and multiple nuclei (Figures 16, 17, 18, 19). 

 This group was considered of grade 5 arthritis 

according to (OARSI) grading of arthritis 

because there were areas of denudation with 

reparative tissue “fibrous tissue” within the 

denuded surface. 

 

Figure (13): A photomicrograph of a para-sagittal section of knee joint from group II (10 weeks after CFA injection in the knee 

joint) showing area of excavation (crossed arrow) in the articular cartilage where the matrix is completely lost in the superficial 

and mid zones. In addition, there is area of denudation (arrows) where articular cartilage is completely eroded to the level of 

bone. The denuded surface is covered with fibrous tissue (arrow heads). Notice very deep fissure extending into the bone (*). 

Notice eroded meniscus (M).                                                                (H&E X 40) 
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Figure (14):  A high magnification of figure (13) showing fibrous tissue (arrow heads) covers the denuded surface.     

(H&EX 100) 

 

Figure (15): A high magnification of figure (13) showing the fibrous tissue which covers the denuded area and has 

multiple nuclei (N), collagen fibers (arrows) in between and some blood vessels (arrow heads).  

                                                                                                                                 (H&E X 400)  

 

Figure (16): A photomicrograph of a para-sagittal section of the knee joint from group II (10 weeks after CFA injection in the 

knee joint) showing a marked decrease of collagen blue staining (stars) and in some areas, the articular cartilage is replaced by 

fibrous tissue (arrows).   

x 100)(Masson’s trichrome                                                                                                                

 

Figure (17): A high magnification of figure (16) showing that the articular cartilage is replaced by fibrous tissue which 

contains blue stained collagen fibers (arrows) and multiple nuclei (arrow heads).                                        

                                                                                                        (Masson’s trichrome x 400) 
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Figure (18): A photomicrograph of a para-sagittal section of the knee joint from group II (10 weeks after CFA injection in 

the knee joint) showing marked decrease of the proteoglycan red staining (stars) and in some areas, the articular cartilage is 

replaced by fibrous tissue (arrows). 

                                                                                                   (Safranin O/ fast green x 100) 

 

Figure (19): A high magnification of figure (18) showing marked decrease of the proteoglycan red staining (stars). 

                                                                                                    (Safranin O/ fast green x 400) 

 

B) Results of Image Analysis and Statistical Analysis: 

 

1-  A comparison of the thickness (µm) of the hyaline 

articular cartilage covering the central part of 

femoral condyle at a magnification x40 between 2, 

6 and 10 weeks in control group (I) and arthritis 

group (II): 

Using ANOVA test: 

     As regard the control group (I), there was 

insignificant (P=0.99) difference in the articular 

cartilage thickness at 2, 6 and 10 weeks from the 

onset of the experiment. However, in arthritis group 

(II), there was a significant (P <0.001) change noticed 

in the articular cartilage thickness after 2, 6 and 10 

weeks from the onset of the experiment (Histogram 

1). 

Post-hoc Tukey: 

     As regard arthritis group (II), the articular cartilage 

thickness showed significant (P =0.02)  decrease in 

rats sacrificed after 6 weeks compared to rats 

sacrificed after 2 weeks from the onset of the 

experiment. In addition, the articular cartilage 

thickness was significantly (P <0.001) decreased in 

rats sacrificed after 10 weeks compared to  rats 

sacrificed after 2 weeks and significantly (P=0.01) 

decreased compared to rats sacrificed after 6 weeks 

from the onset of the experiment (Histogram 1). 
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Histogram (1): column chart shows mean of articular cartilage thickness (µm) of femoral condyle between 2, 

6 and 10 weeks in control group (I) and arthritis group (II) 

2- A comparison of the percentage (%) of the area 

of collagen stained with Masson’s trichrome stain 

in the articular cartilage covering femoral condyle 

at a magnification x100 between 2, 6 and 10 weeks 

in control group (I) and arthritis group (II): 

Using ANOVA test: 

     As regard the control group (I), there was 

insignificant (P=0.87) difference in collagen content in 

the articular cartilage represented by area stained by 

Masson’s trichrome stain after 2, 6 and 10 weeks from 

the onset of the experiment. However, in arthritis 

group (II), there was significant (P <0.001) change 

noticed in collagen content at 2, 6 and 10 weeks from 

the onset of the experiment (Histogram 2). 

Post-hoc Tukey: 

     As regard arthritis group (II), the collagen 

content of the articular cartilage represented by 

area stained by Masson’s trichrome stain showed 

significant (P <0.001) decrease in rats sacrificed 

after 6 weeks compared to rats sacrificed after 2 

weeks from the onset of the experiment. In 

addition, the collagen content was significantly (P 

<0.001) decreased in rats sacrificed after 10 weeks 

compared to  rats sacrificed after 2 weeks and 6 

weeks from the onset of the experiment 

(Histogram 2). 

 

Histogram (2): column chart shows mean of the percentage (%) of the area of collagen stained with Masson’s 

trichrome stain between 2, 6 and 10 weeks in control group (I) and arthritis group (II)  
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3- A comparison of the percentage (%) of area of 

proteoglycans stained with Safranin stain in 

the articular cartilage covering femoral 

condyle at a magnification x100 between 2, 6 

and 10 weeks in control group (I) and arthritis 

group (II): 

Using ANOVA test: 

     As regard the control group (I), there was 

insignificant (P=0.99) difference in proteoglycan 

content in the articular cartilage represented by 

area stained by safranin O fast green stain at 2, 6 

and 10 weeks from the onset of the experiment. 

However, in arthritis group (II), there was a 

significant (P <0.001) change noticed in 

proteoglycan content at 2, 6 and 10 weeks from the 

onset of the experiment (Histogram 3). 

Post-hoc Tukey: 

          As regard arthritis group (II), the 

proteoglycan content represented by area stained 

by safranin O fast green stain of the articular 

cartilage showed significant (P <0.001) decrease 

in rats sacrificed after 6 weeks compared to rats 

sacrificed after 2 weeks from the onset of the 

experiment. In addition, the proteoglycan content 

was significantly (P <0.001) decreased in rats 

sacrificed after 10 weeks compared to  rats 

sacrificed after 2 weeks and 6 weeks from the 

onset of the experiment (Histogram 3). 

 

Histogram (3): column chart shows mean of the percentage (%) of the area of proteoglycans stained with Safranin stain 

between 2, 6 and 10 weeks in control group (I) and arthritis group (II) 

 

Discussion: 

     Arthritis is the most common joint disorder. 

The most significant structural change seen in 

arthritis is the degeneration of the articular 

cartilage. Several animal models have been 

developed to study the pathogenesis of arthritis 

and the efficacy of new diagnostic tools and 

therapeutic interventions. To date, there is no 

single ideal experimental model that permits 

investigation of all features of arthritis, and each 

model of induction has distinct advantages and 

disadvantages (Little & Smith, 2008). 

     We generated a rat chronic arthritis model 

using complete Freund's adjuvant (CFA).CFA is 

inactivated dried mycobacteria which is 

responsible for stimulation of cell-mediated 

immunity that ultimately increased the production 

of certain immunoglobulins (Tuncel et al., 2016; 

Mahdi et al., 2018). 

     In the current study, control rat knee joint 

showed that the hyaline articular cartilage had a 

smooth surface, the matrix exhibited normal 

architecture and the cells were intact with 

appropriate orientation. The chondrocytes and 

https://www.sciencedirect.com/topics/medicine-and-dentistry/freund-adjuvant
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surrounding matrix were arranged in well-ordered 

zones: the superficial zone, the middle zone, the 

deep zone and the calcified zone. The matrix of 

articular cartilage showed normal content of 

collagen and proteoglycans. These results were 

supported by Jeong et al. (2018), Salman et al. 

(2019) and Mohammed et al. (2018).    

     In the present study, the CFA-induced arthritis 

rat model showed time-dependent degeneration 

manner of the hyaline articular cartilage of the 

knee joint. There was progressive decrease in the 

thickness of articular cartilage. The chondrocytes 

and surrounding matrix exhibited severe 

disorganization. Chondrocytes showed 

degeneration, hypertrophy and extensive 

proliferation. Moreover, the matrix exhibited 

fibrillations, fissuring, delamination and 

denudation with reparative tissue “fibrous tissue” 

within the denuded surface. Statistically, the 

thickness of the hyaline articular cartilage was 

significantly decreased in arthritis group compared 

to control group. This agreed with Xu et al. (2016) 

who mentioned the changes of condylar cartilage 

in rat inflamed temporomandibular joint induced 

by CFA.  

     Moreover, the induced arthritis rat model 

revealed progressive decrease in collagen and 

proteoglycan content in the matrix of the articular 

cartilage compared to control sections. Matrix 

fissures were noticed with complete loss of 

collagen and proteoglycans. With progression of 

the disease, the articular cartilage was replaced by 

fibrous tissue which contained collagen fibers and 

multiple nuclei. Statistically, collagen and 

proteoglycan contents in the articular cartilage 

were significantly decreased in arthritis group. 

These results were supported by Li et al. (2016) 

and Hasan et al. (2018) who established a rat 

arthritis model by injecting CFA. They reported 

synovial hyperplasia, cellular infiltration, pannus 

formation (granulation tissue or fibrous tissue 

formation) and progressive decrease in 

proteoglycan and collagen content of the matrix. 

          Sugimoto et al. (2013) and Shuang et al. 

(2014) reported that complete Freund’s adjuvant 

can non-specifically promote antigen sensitization 

process and improve immune response. As a 

result, many cell types such as macrophages, 

lymphocytes, synovial cells and neutrophils 

aggregate into the articular cavity, releasing 

mediators and inflammatory cytokines such as 

TNF-α, IL-1, and IL-2. These released materials 

establish a complex niche that aggravates joint 

damage.  

     At first, compensatory mechanisms are able to 

maintain the integrity of the articular cartilage such 

as increased chondrocyte proliferation and 

clustering associated with increased synthesis of 

matrix molecules (collagen, proteoglycans 

(Mcinnes & Schett, 2011). 

     As the disease progresses, there is evidence that 

the catabolic activity increases. The inflammatory 

cytokines bind to chondrocyte receptors inhibiting 

type II collagen production and stimulating the 

chondrocyte to release degradative enzymes 

including matrix metalloproteinase (MMP) 1, 

MMP3, MMP9, MMP13, MMP14, in addition to 

the aggrecanases [a disintegrin and 

metalloproteinase with thrombospondin-like 

motifs] ADAMTS4, ADAMTS5 and ADAMTS9 

(Murphy & Nagase, 2008; Stannus et al., 2010; 

Mei et al., 2017).   

     The disruption of chondrocyte homeostasis 

results in decreased proteoglycan content, 
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increased water content of the extracellular matrix 

and weakening of the collagen network. 

Furthermore, there is increased apoptosis of 

chondrocytes (Loeser et al. 2012). 

     Degenerative changes in the articular cartilage 

lead to cartilage softening, fissuring, diminished 

cartilage thickness and formation of fibrillation 

zone of the superficial layers. With time, articular 

cartilage is totally destructed leaving the 

underlying subchondral bone plate exposed. In 

addition, the inflammatory cytokines enhance 

synthesis of collagen by synovial cells leading to 

formation of fibrous tissue at the site of excavated 

cartilage as an attempt of repair (Mcinnes & 

Schett, 2011; Man & Mologhianu, 2014).   

     According to our study, The CFA rat arthritis 

model resembles human degenerative arthritis in 

terms of the histopathological changes. Therefore, 

it can be very predictive in testing of the efficacy 

of novel anti- arthritic compounds. Our opinion is 

supported by Snekhalatha et al., 2013 who 

reported that adjuvant-induced arthritis is one of 

the best experimental models to study the effects 

of arthritis and is still widely used in the 

preclinical testing of rheumatoid 

arthritis. However, Samvelyan et al., 2021 

reported that the validity of this model is 

questionable due to rapid and widespread cell 

death and joint changes atypical to human arthritis 

pathophysiology. 

     A potential limitation of this study must be 

considered: only a limited number of rats were 

used for this study as indicated by Institutional 

Review Board (IRB). It would provide better 

conclusions if validated with a larger sample size. 

 

 

Conclusion: 

     In the present study, the CFA-induced arthritis 

rat model showed time-dependent degeneration 

manner of the hyaline articular cartilage of the 

knee joint. The chondrocytes showed 

degeneration, hypertrophy and extensive 

proliferation. Moreover, the matrix exhibited 

fibrillations, fissuring, delamination and 

denudation with fibrous tissue within the denuded 

surface.  The thickness of the articular cartilage, 

the collagen content and the proteoglycan content 

showed significant decrease in rats sacrificed after 

10 weeks compared to rats sacrificed after 2 weeks 

and 6 weeks from the onset of the experiment. 

This disease model can be used in testing of the 

efficacy of novel anti- arthritic compounds. 

However, more studies need to be conducted to 

validate this model for arthritis studies.   
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