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Osteoarthritis induced by monosodium iodoacetate model: evolution of inflammatory, nociceptive and histopathological markers
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Abstract             

Objectives: this study aimed to highlight the evolution of the osteoarthritis (OA) model induced by monosodium iodoacetate (MIA) and its collaboration with the knowledge of the pathophysiology of inflammation, hypernociception and cartilage degeneration. Methods: PubMed and Science Direct were used with the descriptors: knee osteoarthritis or osteoarthritis of ankle) and (rat or osteoarthritis induced by monoiodoacetate) and (animal model of osteoarthritis or joint nociception). Studies containing rats, mice, and monoiodoacetate-induced osteoathritis were included. Exclusion criteria were: Animal models of osteoarthritis induced by destabilization; meniscectomy-induced osteoarthritis; non-invasive animal models of osteoarthritis induced by fracture, compression and tibial overload; animal models of osteoarthritis with large animals and models of osteoarthritis by papain or bacterial collagenase.  We summarized studies that used MIA to induce knee or ankle OA in rats or mice and the evolution of the inflammatory markers. Results: a total of 38 original manuscripts met the inclusion criteria and were considered in the study. The model of OA induced by MIA is well-established and explored with several methodologies and has been widely used in different species. MIA induces cell death, progressive loss of chondrocytes and histological changes that mimics human OA. Studies with this model demonstrated inflammation, neurogenic hyperalgesia, release of cytokines and matrix metalloproteinases. More recently, molecular biology data confirm the activation of nuclear transcription factors, which modulates the expression of citokines in apoptotic 
chondrocytes. Conclusion: the MIA-induced OA has been useful in predicting several characteristics for the elucidation of osteoarthritis pathophysiology.
Keywords: osteoarthritis; inflammation; cartilage; arthralgia; chronic disease.
Resumo            

Objetivo: destacar a evolução do modelo de osteoartrite (OA) induzida pelo iodoacetato monossódico (MIA) e sua colaboração com o conhecimento da fisiopatologia da inflamação, hipernocicepção e degeneração da cartilagem. Métodos: foram utilizados PubMed e Science Direct com os descritores: 
osteoartrite do joelho ou osteoartrite do tornozelo) e (rato ou osteoartrite induzida por monoiodoacetato) e (modelo animal de osteoartrite ou nocicepção articular). Foram incluídos estudos contendo ratos, camundongos e osteoartrite induzida por monoiodoacetato. Os critérios de exclusão foram: Modelos 
animais de osteoartrite induzida por desestabilização; osteoartrite induzida por meniscectomia; modelos animais não invasivos de osteoartrite induzida por fratura, compressão e sobrecarga tibial; modelos animais de osteoartrite com animais de grande porte e modelos de osteoartrite por papaína ou colagenase bacteriana. Resumimos estudos que utilizaram MIA para induzir OA de joelho ou tornozelo em ratos ou camundongos e a evolução dos marcadores inflamatórios. Resultados: um total de 38 manuscritos originais atenderam aos critérios de inclusão e foram considerados no estudo. O modelo de OA induzido por MIA está bem estabelecido e explorado com diversas metodologias e tem sido amplamente utilizado em diferentes espécies. O MIA induz morte celular, perda progressiva de condrócitos e alterações histológicas que mimetizam a OA humana. Estudos com este modelo demonstraram inflamação, hiperalgesia neurogênica, liberação de citocinas e metaloproteinases de matriz. Mais recentemente, dados de biologia molecular confirmam a ativação de fatores de transcrição nuclear, que modulam a expressão de citocinas em condrócitos apoptóticos. Conclusão: a OA induzida por MIA tem sido útil na predição de diversas características para a elucidação da fisiopatologia da osteoartrite.
Palavras-chave: osteoartrite; inflamação; cartilagem; arthralgia; doença crônica.
INTRODUCTION

Osteoarthri琀椀s (OA) is the most prevalent chronic degenera琀椀ve 
joint disease leading to disability and a昀昀ects more than 500 
million people worldwide. OA causes irreversible damage to 
car琀椀lage and subchondral bone due to an imbalance between 
degrada琀椀on and synthesis of the extracellular matrix. It is 
commonly referred to as a chronic disorder a昀昀ec琀椀ng the en琀椀re 
joint, which is triggered by biochemical and cellular changes 
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in synovial 琀椀ssues, leading to histological changes in the joint 
and dysfunc琀椀on of the en琀椀re 琀椀ssue. There is currently no 
cure for OA, in part due to a paucity of understanding of the 
pathological mechanism of disease onset and progression. 
Therefore, a be琀琀er understanding of the signaling pathways 
and key molecules involved in the pathogenesis of OA is crucial 
for the development of new therapeu琀椀c targets¹.
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Systemic or topical pharmacological treatments for OA exhibit 
are pallia琀椀ve and are only re昀氀ected in improving the pa琀椀ent’s 
quality of life, maintaining sa琀椀sfactory joint mobility, and 
reducing severe joint pain. Classical an琀椀-in昀氀ammatory drugs 
(NSAIDs or cor琀椀costeroids), topical or systemic, are the 昀椀rst 
line of analgesic medica琀椀on, but their use may be limited, given 
the undesirable e昀昀ects on the cardiovascular, gastrointes琀椀nal, 
and renal systems. Experimental research into in昀氀ammatory 
arthropathies has invested in animal models that are capable of 
reproducing the pathological changes observed in humans. We 
can highlight the chemical induc琀椀on of osteoarthri琀椀s by sodium 
monoiodoacetate (MIA), which mimics the in昀氀ammatory and 
degenera琀椀ve characteris琀椀cs of ar琀椀cular car琀椀lage².

MIA-induced OA mimics primary OA in humans, with joint 
histological changes, synovi琀椀s, and car琀椀lage degenera琀椀on. 
In the above-men琀椀oned model, hypernocicep琀椀on is mainly 
caused by in昀氀ammatory mediators, such as TNF-α, IL-1β and IL-
6, exposure of the subchondral bone, damage to sensory nerve 
endings and in昀氀ammatory changes in the dorsal root ganglion 
and spinal cord. Thus, both peripheral and central mechanisms 
appear to contribute to hypernocicep琀椀on in advanced stages of 
MIA-induced OA³.

The 昀椀eld of research into in昀氀ammatory arthropathies has 
increased since its pathophysiology is unclear and therapy is 
ine昀케cient. Currently, pharmacological treatments that slow the 
progression of disease in the joint and reduce symptoms known 
as “DMOADs”, demonstrate a slowdown in the clinical signs and 
symptoms of OA. Some endotypes used in this treatment are 
car琀椀lage-based, such as ADAMTS-5 inhibitors, 昀椀broblast growth 
factor (FGF-18), inhibitors of the Wnt/ß-catenin signaling 

pathway, senoly琀椀c agents, and gene therapy.4

METHODOLOGY

This review focuses on the main e昀昀ects of monoidoacetate in 
intra-ar琀椀cular injec琀椀on. A literature search was performed in 
electronic databases, including PubMed and Science Direct, 
using the following descriptors: (Knee Osteoarthri琀椀s OR 
Osteoarthri琀椀s of ankle) AND (Rat OR Osteoarthri琀椀s induced 
by Monoiodoacetate) and (Animal model of osteoarthri琀椀s 
or Joint nocicep琀椀on). Only studies containing rats, mice, and 
monoiodoacetate-induced osteoathri琀椀s were included from 
August to December 2023. Exclusion criteria were: Animal 
models of osteoarthri琀椀s induced joint destabiliza琀椀on; medial 
lateral par琀椀al meniscectomy-induced osteoarthri琀椀s models; 
non-invasive animal models of osteoarthri琀椀s induced by intra-
ar琀椀cular fracture or compression and 琀椀bial overload; in addi琀椀on, 
studies with animal models of osteoarthri琀椀s with large animals. 
Furthermore, models of osteoarthri琀椀s established by chemical 
induc琀椀on, such as papain or bacterial collagenase, were 
considered exclusionary criteria.  We summarized the studies 
that used intra-ar琀椀cular injec琀椀on of MIA to induce knee and 
ankle OA in rats or mice, as well as the evolu琀椀on and complexity 
of the in昀氀ammatory markers involved in the studies.

RESULTS AND DISCUSSION 

The 昀椀rst database searches iden琀椀昀椀ed 1179 ar琀椀cles. A昀琀er 
screening, considering the 琀椀tles, and checking the abstracts, 
983 ar琀椀cles were excluded, leaving 196. To compose the 昀椀nal 
sample, the inclusion criteria were applied, and 38 ar琀椀cles were 
considered to meet the study objec琀椀ves. (Figure 1).

Figure 1. Diagram of search criteria and selec琀椀on of studies related to the research topic
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In昀氀ammatory markers and hypernocicep琀椀on in osteoarthri琀椀s

A series of cytokines are found in the pathophysiology of 
osteoarthri琀椀s, being responsible for several events such as the 
degrada琀椀on of collagenases and metalloproteinases (MMP'S), 
ADAMTS and TIMP, induc琀椀on of nitric oxide synthase, COX2 

and PGE2 synthase, ac琀椀va琀椀ng signaling pathways of NF-
κB and MAPK, leading to catabolic reac琀椀ons (degrada琀椀on 
of proteoglycans and collagen rupture). They also inhibit 
the synthesis of type II collagen, increase the expression of 
chemokines, and s琀椀mulate the release of vascular endothelial 
growth factors in synovial 昀椀broblasts (Table 1). 

Table 1. Main cytokines involved in the pathophysiology of osteoarthri琀椀s

Cytokines Source E昀昀ects Pharmacological 
Therapy References

TNF-α Macrophages/monocytes Degrada琀椀on by inducing collagenases 
and aggrecanases including MMP-
1, MMP-3, MMP-13 and ADAMTS-4. 
Produc琀椀on of iNOS, COX-2 and PGE-2 
synthase.

In昀氀iximab, etaner-
cept and adalimu-
mab

Kloppenburg 
(2018)38

IL-1β Synoviocytes, osteoblasts, 
osteoclasts, and in昀氀amma-
tory cells such as macro-
phages

Ac琀椀va琀椀on of NF-κB and MAPK, increases 
the expression of MMP-1, MMP-3, 
MMP-13 and ADAMTS-4, IL-8, CCL2 and 
CCL5, IL-6 and TNF-α and inhibits type 
II collagen.

Arthrokinex and 
Orthokine

Barreto; Braun 
(2016)39

IL-6 Chondrocytes, osteoblasts 
and synoviocytes

Ac琀椀va琀椀on of PI3K, JAK/STAT and MAPK 
pathways, regulates the produc琀椀on 
of TIMP-1, MMP-1 and ADAMTS and 
decreases the synthesis of type II 
collagen and proteoglycans.

Tofaci琀椀nib and 
MR16-1 
 

Kjelgaard-Petersen 
et al (2019)40

IL-8 Chondrocytes Promote release of matrix 
metalloproteinase-13 (MMP-13), 
neutrophil accumula琀椀on leukocyte 
migra琀椀on.

Not found

IL-15 Fibroblasts, synoviocytes, 
phagocytes, skeletal muscle, 
in昀氀ammatory cells

Enhances the produc琀椀on of MMP-1, 3, 
7 and 9. 

IL-17 Fibroblast-like Synoviocytes, 
natural killer (NK) 
cells, osteoblastos and 
macrophages

Enhance the levels of TNF-α, IL-1 and 
IL-6 and es琀椀mulates the release of VEGF.

IL-18 Chondrocytes, osteoblasts, 
synoviocytes, dendri琀椀c cells 
and osteoblasts

Increase the synthesis MMP-1, MMP-
3 and MMP-13. Ac琀椀vates NF-κB and 
MAPK-p38-AP1 pathways, upregulates 
COX-2, PGE-2, IL-6 and TNF-α in   
chondrocytes and synoviocytes.

TNF-α: tumor necrosis alpha, MMP-1: metalloproteinase-1, MMP-3: metalloproteinase-3, MMP-13: metalloproteinase-13, ADAMTS-4:  metalloproteinase 
with thrombospondin mo琀椀fs 4, iNOS: inducible nitric oxide synthase, COX-2: cyclooxygenase-2, PGE2: prostaglandin E2, IL- 1β: Interleukin-1 beta, NF-κB: 
factor nuclear kappa B, MAPK: map quinase, CCL2: chemokine ligand 2, CCL5: chemokine ligand 5, IL-6: Interleukin-6, PI3K: fosfa琀椀dil-inositol 3-quinase, 
TIMP-1:  metallopep琀椀dase inhibitor 1, IL-8: interleukin-8, IL-15: interleukin-15, MMP-7: metalloproteinase-7, MMP-9: metalloproteinase-9, Il-17: 
interleukin-17, IL-18: interleukin-18,  VEGF: vascular endothelial growth factor.

The literature demonstrates therapies that target cytokines 
(TNF-α, IL-1β, and IL-6) in OA. The TNF-α inhibitor (in昀氀iximab 
and etanecerpt) has e昀昀ects on modifying the structure in OA 
joints with the presence of in昀氀amma琀椀on, neutraliza琀椀on of 
target proteins, but also mediates signals through unexpected 
receptors, such as tmTNF and/or Fc receptors and manipula琀椀on 
of proteases. The IL-1β inhibitors (arthrokinex and orthokine) 
were shown to have a chondroprotec琀椀ve e昀昀ect in the joint, and 
IL-6 inhibitor (tofaci琀椀nib and MR16-1) blocked cytokine-induced 

proteoglycan loss and restored collagen type II synthesis, 
reducing the car琀椀lage destruc琀椀on, osteophyte forma琀椀on and 
synovi琀椀s.

MIA-induced osteoarthri琀椀s model

The sodium monoiodoacetate-induced OA model was 昀椀rst 
described by Kalbhen and Blum5 (1977) as a model of 
experimental ar琀椀cular osteoarthri琀椀s in rats. The applica琀椀on 
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of intra-ar琀椀cular MIA causes a chronic degenera琀椀on of the 
ar琀椀cular hyaline car琀椀lage, with signs of hypernocicep琀椀on and 
in昀氀ammatory process, inducing severe damage with marked 
aspects of hyperalgesia and 琀椀ssue degenera琀椀on, simula琀椀ng 
chronic studies with animals6.

Recent experimental studies point out MIA as an OA inducer 

closer to clinical prac琀椀ce for altering chondrocyte metabolism 
by inhibi琀椀ng glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) in chondrocytes; MIA blocks glycolysis, stopping ATP 
synthesis, causing the death of these cells. In vitro, MIA inhibits 
cell prolifera琀椀on and increases oxida琀椀ve stress and apoptosis 
by ac琀椀va琀椀on of the caspase pathway in chondrocytes7 (Figure 
2).

Figure 2. Cascading e昀昀ects on chondrocytes caused by MIA

Cascading e昀昀ects on chondrocytes caused by MIA. MIA inhibits glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in chondrocytes, blocking 
glycolysis, stopping ATP synthesis, enhancing cytochrome c, and ac琀椀va琀椀ng the caspases pathway.

In addi琀椀on, exposure to MIA causes lesions in the subchondral 
bone, an innervated and vascularized structure, resul琀椀ng 
in nocicep琀椀on due to the expression of pro-in昀氀ammatory 
cytokines, such as IL-1β, IL-6, IL-17A, TNFα in type C 昀椀bers as 
well such as matrix metalloproteinases (MMP1, MMP-3, and 
MMP-13) in ar琀椀cular car琀椀lage. MIA is capable of inducing the 
maximum release of TNF-α and IL-6 in synovial 琀椀ssue and the 
joint capsule four days a昀琀er injec琀椀on and remains elevated for 28 
days. Consequently, the presence of these cytokines sensi琀椀zes 
primary nociceptors, contribu琀椀ng to joint hypernocicep琀椀on and 
琀椀ssue changes in the synovium and poten琀椀al catabolic e昀昀ect on 
ar琀椀cular car琀椀lage components³,8. 

Many of the apopto琀椀c events involving chondrocytes induced 
by MIA exhibited dependence on the mitochondria due to 
the increase in the concentra琀椀ons of reac琀椀ve oxygen species 
(ROS) and ac琀椀va琀椀on of caspases. Altogether, these MIA e昀昀ects 
manifested in joint damage and in昀氀ammatory processes similar 
to human osteoarthri琀椀s, mainly because it induces severe 
chondrocyte apoptosis, destroying ar琀椀cular car琀椀lage, very 
similar to what is observed in advanced cases of OA7 (Figure 3).

Figure 3. Main e昀昀ects of MIA on synovial joint.

Main e昀昀ects of MIA on the synovial joint. MIA induces synovial hypertrophy, 
cytokines release by synovial cells, chondrocyte apoptosis, and car琀椀lage 
degrada琀椀on. The synovial cells ac琀椀vated in the in昀氀amed synovium produce 
catabolic and pro-in昀氀ammatory mediators that lead to excessive produc琀椀on 
of the proteoly琀椀c enzymes responsible for the breakdown of car琀椀lage. TNF-α, 
tumor necrosis fator alpha, IL-1β, Interleukin-1beta, NO, nitric oxide, PGE2, 
prostaglandin E2, MMPs, matrix metalloproteinase, IL-17A, Interleukin 17A.
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Hypernocicep琀椀on in MIA-induced osteoarhri琀椀s model

Hypernocicep琀椀on in MIA-induced OA has a biphasic 
characteris琀椀c, where the primary phase is caused by in昀椀ltra琀椀on 
of mononuclear and polymorphonuclear leukocytes, edema 
and several in昀氀a琀椀onary mediators, such as TNF-α, IL-1β, IL-
6, SP and PGE2, ini琀椀a琀椀ng from the 5th day, being evidenced 
by the decrease in the mechanical threshold in the 昀椀rst two 

weeks in addi琀椀on to the reduc琀椀on in the weight distributed on 
the a昀昀ected limb, with maximum e昀昀ect on the 7th day a昀琀er 
induc琀椀on. In the secondary phase, nocicep琀椀on is also caused 
by in昀氀ammatory mediators, associated with bone exposure and 
a neuroin昀氀ammatory state in the dorsal root ganglia and spinal 
cord, beginning on the 21st day a昀琀er induc琀椀on with asymmetry 
in weight distribu琀椀on²,8 (Figure 4).

Figure 4. Major joint changes in the MIA-induced osteoarthri琀椀s model.

In the primary phase, MIA injec琀椀on induces mainly in昀氀ammatory response and leukocyte in昀椀ltra琀椀on, leading to hypernocicep琀椀on and low 
car琀椀lage damage. The secondary phase is characterized by extensive degrada琀椀on of the car琀椀lage, exposure of the subchondral bone, and 
in昀氀amma琀椀on.

MIA induces nocicep琀椀ve sensi琀椀za琀椀on peripherally and in 
the spinal cord, with ac琀椀va琀椀on in speci昀椀c subcor琀椀cal and 
hippocampal areas and increased func琀椀onal connec琀椀vity in 
the mediodorsal nucleus, hippocampal nucleus, and globus 
pallidus. The rapid induc琀椀on of nocicep琀椀on in the OA-MIA 
model allows for careful evalua琀椀on of analgesic compounds. 
It is advantageous concerning exis琀椀ng surgical models and the 
spontaneous development of OA. Therefore, the use of the MIA 
chemical model in the development of compounds allows the 
use of preven琀椀ve and therapeu琀椀c protocols in the development 
and maintenance of nocicep琀椀on similar to OA6.

In this context, the literature demonstrates that CB1 and PPARα 
receptors are involved in media琀椀ng MIA-induced nocicep琀椀on in 
murine OA and that noradrenergic and serotonergic components 
contribute to the expression of nocicep琀椀ve inhibitory controls 
in the o昀昀spring². Furthermore, σ1R receptor blockade, by 
modula琀椀ng microglial ac琀椀vity in the medial prefrontal cortex, 
reduces cogni琀椀ve and emo琀椀onal changes associated with 
MIA-induced nocicep琀椀on9. It is important to highlight that the 
induc琀椀on of OA by MIA in mice in the ankle versus knee joint 
has di昀昀erent characteris琀椀cs, which is similar to that found in 
human pa琀椀ents with OA, mainly because di昀昀erent joints of the 
same limb may present di昀昀erent markers of hypernocicep琀椀on 
and in昀氀amma琀椀on10.

Evolu琀椀on of the MIA-induced osteoarthri琀椀s model

Changes in the car琀椀lage structure induced by MIA can be 
measured and classi昀椀ed into di昀昀erent scores, such as the OARSI 
scores, one of the most used to evaluate the physical state 
of car琀椀lage. In several studies, histological evalua琀椀ons with 
toluidine blue of these 琀椀ssues also demonstrated signi昀椀cant 
losses of chondrocytes and proteoglycans in the femoro琀椀bial 
or 琀椀biotarsal ar琀椀cular car琀椀lage of rats. MIA induces areas 
of erosion, loss of car琀椀laginous matrix in the super昀椀cial and 
middle zone, areas of denuda琀椀on with loss of car琀椀laginous 
coa琀椀ng, and similar damage to the ar琀椀cular car琀椀lage coa琀椀ng 
and bone exposure6. 

In vitro assays with chondrocytes demonstrate that MIA 
inhibits cell prolifera琀椀on and increases levels of oxida琀椀ve 
stress, apoptosis, and loss of proteoglycans associated with 
high expression of pro-in昀氀ammatory cytokines such as IL-6, IL-
17A, TNF-α, and matrix metalloproteinases (MMP1, MMP-3, 
and MMP-13), thus explaining the di昀昀erent levels of damage 
observed in car琀椀lage7.

The loss of type II collagen and the in昀氀ammatory process induced 
by MIA is a condi琀椀on that can be reversed by physical exercise. 
However, physical exercise, when performed in exposure to 
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par琀椀cles, can increase the severity of OA by exacerba琀椀ng 
the in昀氀ammatory process systemically. Some studies that 
inves琀椀gated the e昀昀ects of resources from natural sources, 
such as galactomannans5, curcumin, isorhamne琀椀n, and others, 
showed that these biomolecules reduce the in昀氀ammatory 
process and are capable of protec琀椀ng ar琀椀cular car琀椀lage from 

serious damage caused by MIA Although OA is associated with 
aging, there is a gene琀椀c character, which is why gene therapy 
with murine animals was explored in this model, realizing that 
this is another important tool to study and modulate the gene琀椀c 
components11,12 (Table 2).

Table 2. Main in昀氀ammatory and nocicep琀椀ve markers involved in MIA-induced OA

Methodology Main results       References
OA induced by MIA (1 mg/kg). Hypernocicep琀椀on 
and histopathological evalua琀椀on, dosage of TNF, 
caspase-3 and NFkB.

Imbalance in weight support, damage to ar琀椀cular 
car琀椀lage, destruc琀椀on of chondrocytes, expressions 
of nitrotyrosine, TNF-α and caspase-3.

Park et al. (2019)25

OA induced by MIA (10 mg/ml). Mechanical 
hypernocicep琀椀on, cogni琀椀ve, behavioral (anxiety and 
depression) test, study of the local e昀昀ect of the σ1R 
receptor antagonist on car琀椀lage degrada琀椀on and its 
central e昀昀ects on microglial reac琀椀vity in the medial 
prefrontal córtex.

Mechanical hypernocicep琀椀on, cogni琀椀ve de昀椀cits 
and depressive states associated with OA 
hypernocicep琀椀on. These e昀昀ects are associated 
with central modula琀椀on of glial ac琀椀vity.

Carcolé et al. 
(2019)9

OA induced by MIA (2 mg/kg).
Electrophysiological evalua琀椀on in the dorsal horn of 
the spinal cord, mechanical hypernocicep琀椀on, mRNA 
levels of the α2-adrenergic receptor and 5-HT.

Rats induced to OA by late-stage MIA showed 
disregula琀椀on in the downward modula琀椀on of 
nocicep琀椀on and the ac琀椀va琀椀on of α2-adrenergic or 
5-HT receptors restored downward nocicep琀椀ve.

Lockwood et al. 
(2019)²

OA induced by MIA (3 mg/kg).
Knee swelling test, histology, serum in昀氀ammatory 
biomarkers (NO, PGE2, expression of iNOS and COX 2) 
and western blot.

Isorhamne琀椀n reduced knee swelling, inhibi琀椀on 
of NO, PGE2, Inos, COX-2, COMP, CTX-II and 
osteopon琀椀n (OPN). 

Tsai et al (2019)11

OA induced by MIA (4 mg/kg).
Western blot of GLP-1R (PKA / CREB pathway). 
Immunoprecipita琀椀on to detect interac琀椀ons between 
GLP-1R and PKA / CREB pathway

GLP-1R levels decreased, accompanied by nega琀椀ve 
regula琀椀on of PKA / CREB.

Que et al. (2019)12

OA induced MIA (2 mg/kg).
Chondrocyte count and non-calci昀椀ed car琀椀lage 
thickness evaluated morphometrically on slides with 
hematoxylin and eosin (H&E)

The treatment with platelet-rich plasma in 
monoiodoacetate-induced OA increased the 
chondrocyte count and the height of the ar琀椀cular 
car琀椀lage.

Asjid et al. (2019)26

OA induced by MIA (2 mg/0.05 ml).
Hypernocicep琀椀on and histopathological evalua琀椀on, 
immunohistochemistry of the dorsal horn and the 
integrity of the ar琀椀cular car琀椀lage.

Reduced op琀椀cal densitometry of the car琀椀lage in 
the super昀椀cial layers, re昀氀ec琀椀ng the deceased in 
proteoglycans and chondrocytes. Enhanced ac琀椀vity 
spinal glial cells on hypernocicep琀椀on.

Balbinot et al. 
(2019)27

OA induced by MIA (2 mg/kg). Evalua琀椀on of 
mechanical hypernocicep琀椀on, weight support during 
walking (dynamic) and orthosta琀椀c (sta琀椀c).

MIA showed a dynamic weight reduc琀椀on at 
di昀昀erent 琀椀mes. However, the di昀昀erent induc琀椀on 
sites caused similar reduc琀椀ons in sta琀椀c weight 
during the ini琀椀al phase.

Möller et al. 
(2019)10

OA induced by MIA (2 mg/kg). Hypernocicep琀椀on, 
immunohistochemical and levels of superoxide anion 
in the spinal cord determined using dihydroe琀椀de 
(DHE).

P47phox a琀琀enuated pain behaviors, car琀椀lage 
damage and ROS produc琀椀on in the knee joints with 
MIA-induced OA.

Shin et al. (2020)28

OA induced by MIA (3 mg/kg). Evalua琀椀on of 
hypernocicep琀椀on and intravital microscope to 
measure leukocyte tra昀케cking in the synovial 
microvasculature.

Local injec琀椀on of KML29 reduced joint pain at 
day 14 Reduc琀椀on in withdrawal threshold and 
leukocyte tra昀케cking was seen a昀琀er treatment with 
KML29 + CXB ameliorated the development of 
mechanical secondary allodynia.

Philpo琀琀 et al. 
(2020)29
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Methodology Main results       References
OA induced by MIA (60 mg/ml). Evalua琀椀on of joint 
volume, oxida琀椀ve stress and nitrosa琀椀ve biomarkers 
(MDA, GSH and NO), citokynes: IL-6, IL-1 and TNF-α, 
radiographic and histopathological analysis.

Enhaced serum levels of MDA, GSH, NOx, IL-6, IL-1β 
and the TNF-α.
Changes in radiographic images and 
histopathological of the joint.

Jaleel et al (2020)30

OA induced by MIA (2mg/kg).
Knee-Bend and CatWalk tests. Immuno昀氀uorescence 
for TLR4 and ATF-3 was performed in L3-L5 DRG and 
histopathological evalua琀椀on.

TLR4-A1 reduced movement-induced nocicep琀椀on 
in OA animals in the Knee-Bend test. Moreover, the 
increase of ATF-3 expression observed in DRG of OA 
animals

Ferreira-gomes et 
al (2021)31

OA induced by MIA (2mg/kg). Behavioral tests 
(open 昀椀eld test, von frey and weight bearing), 
histopatological analysis and immunohistochemistry.

Low op琀椀cal densitometry car琀椀lage was evident 
in super昀椀cial layers, likely re昀氀ec琀椀ng the reduced 
proteoglycan and chondrocyte contents and 
enhanced spinal glial cells pain-like behavior

Balbinot et al 
(2021)17

OA induced by MIA (1mg/kg). Measurement of 
swelling (edema), gait test, determina琀椀on of kellgren-
lawrence score (car琀椀lage evalua琀椀on), biochemical 
analysis, western blot and histopathology.

Serum IL-1β, IL-6, TNF α, COMP, and CRP increased 
in rats with OA and enhanced MDA and knee joint 
MMP 3, NF κB, and TGβ protein levels. Enhanced 
joint diameters with joint pain behavior.

Sahin et al (2021)18

OA induced by MIA (1 mg/kg).
Serum levels of TNF-α, IL-1β, IL-6, car琀椀lage oligomeric
matrix protein (COMP), c-reac琀椀ve protein (CRP), 
prostaglandin 
E2 (PGE2), and osteocalcin (OCN), gail test and 
joint swelling, western blo琀�ng radiographic and 
histopathological analysis.

Enhanced Kellgren-Lawrence scoring, serum levels 
of in昀氀ammatory cytokines IL-1β, IL-6, TNF-α, COMP, 
CRP, COX-2, MCP-1, NF-κB, MMP-3 and RANKL.

Orhan et al (2021)20

OA induced by MIA (0,05ml /2%).
RT-PCR of Tlr2, Tlr4, N昀欀b1 and Comp. Elisa assay kit of 
IL-6, IL-8, TGF-β1, IGF-1, COMP, ACAN, CHI3L1, CTSK, 
and TLR-2.

OA induced by MIA caused signi昀椀cant
increase of TLR-2 soluble form and IL-6, IL-8, 
TGF-β1, COMP, ACAN, CHI3L1, and CTSK levels in 
the blood serum;

Korotkyi et al 
(2021)21

OA induced by MIA (1 mg/kg).
Dynamic weight-bearing device for pain 
behavior, histopathology analysis, extracellular 
electrophysiological recordings of knee joint.

Early pain (3 day) in MIA-induced OA involves 
ac琀椀va琀椀on and sensi琀椀za琀椀on of nerves that 
innervate the joint capsule but not the underlying 
subchondral bone, and pain in late MIA-induced 
OA (28 days) involves the addi琀椀onal recruitment of 
nerves that innervate the subchondral bone.

Morgan et al 
(2022)32

OA induced by MIA (0,5 mg/kg). Evalua琀椀on 
of hypernocicep琀椀on, histopathology and 
immunoreac琀椀ve neurons for calcitonin gene-related 
pep琀椀de (CGRP) in dorsal root ganglia (DRG).

The OA-MIA induced hypernocicep琀椀on.  Tramadol 
groups showed signi昀椀cant car琀椀lage reduc琀椀on and 
degenera琀椀on and supression of CGRP expression in 
DRG.

Kanno et al 
(2022)33

OA induced by MIA (2 mg/kg). Hypernocicep琀椀on, 
computed tomography, immunohistochemical of the 
DRG and Iba1 microglia in the spinal cord.

The OA-MIA elevated pain sensi琀椀vity and CGRP and 
Iba1 expression in the DRG and spinal cord.

Arai et al (2022)34

OA induced by MIA (2 mg/kg). Pain and 
behavior assessement, histopathological and 
immunohistochemical analysis.

The OA-MIA induced the car琀椀lage degenera琀椀on, 
pain behavior, histopathological altera琀椀ons and 
elevated MMP13 and Col10 expressions.

Chen et al (2022)35

OA induced by MIA (2 mg/kg). 
Joint diameter measure, radiographic analysis, Elisa 
assays (IL-β, IL-6, TNF-α, IL10, and TGF-β),   RT-PCR 
(NF-Κb, iNOS, and type II collagen) and Western blot 
(caspase-3).

BM-MSCs reduced IL-1β, IL-6, and TNF-α) and 
increased levels of IL-10 and TGF-β.   BM-MSCs 
decreased expression of NF-κB, iNOS, caspase-3 
and increased expression of type II collagen. The 
hematoxylin/eosin-stained sec琀椀ons revealed that 
BM-MSC administra琀椀on ameliorated the knee joint 
altera琀椀ons in MIA-injected rats. 

Hamdalla et al 
(2022)36
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Methodology Main results       References
OA induced by MIA (0.25, 0.5, 1.0, 2.0, and 4.0 mg) 
and radiographic and histological evalua琀椀ons of the 
hip joint were performed.

The degree of OA changes increased as the dose of 
MIA increased. MIA (0.25 mg and 0.5 mg) induced 
both radiographic and histological changes in a 
琀椀me-dependent manner, whereas more than 2 mg 
of MIA provoked end-stage.

Yoh et al (2022)37

OA induced by MIA (2 mg/kg). 
Dosage of NO, MDA, MPO, GSH, catalase, TNF- α and 
histopathological analysis.

Treatment with NR in a similar dose with HC 
decreased blood/serum levels of oxida琀椀ve stress 
biomarkers and the histological lesions. NR may 
exhibit chondroprotec琀椀ve and an琀椀-in昀氀ammatory 
e昀昀ects in MIA-induced KOA in rats.

Gherghina et al 
(2023)13

MIA induced OA (3mg).
RNA extrac琀椀on and RT-PCR, immunohistochemistry, 
immuno昀氀orescence, primary culture of DRG neurons 
and whole cell patch clamp recordings, single nerve 
recording in C- or Aδ-a昀昀erent nerve 昀椀bers innerva琀椀ng 
knee joint, mechanical allodynia and dynamic weight 
bearing test.

TG-C alleviates MIA-induced pain behavior, 
suppresses the expression of NGF, neuronal 
sensi琀椀za琀椀on factors and regulates the ac琀椀va琀椀on 
status of immune cells in DRG. TG-C also 
downregulates the expression of GAP43 and CGRP 
in knee joint 琀椀ssues and neuronal hyperexcitabii琀椀es 
of DRG, a昀昀erent nerve 昀椀ber and spinal cord are 
a琀琀enuated.

Park et al (2023)14

MIA induced OA (3mg). 
Ar琀椀cular diameter, ELISA assay kit, histopathology, 
rotarod performance test RT-PCR and westernblot 
analysis.

Probenecid and/or L-carni琀椀ne reduced ar琀椀cular 
diameter and reestablished motor coordina琀椀on 
and joint mobility. High levels of IL-1β, IL-18, IL-6 
and TNF-α through the miRNA-373/P2X7/NLRP3/
NF-κB pathway were suppressed. Reduc琀椀on in 
protein expressions: P2X7, NLRP3, caspase -1 and 
NF-κB. An increase in expression of procaspase-1, 
miRNA-373 IκB proteins. In histopathology, a 
posi琀椀ve reverse of the joint structural changes.

Mahfouz et al 
(2023)15

MIA induced OA (0,75 mg/kg). 
Body weight and mechanical hypernocicep琀椀on, 
histopathology, radiographic analysis, RT PCR, ELISA 
kit assays, western blo琀琀ling, cell culture and cell-
coun琀椀ng kit 8 assay.

In vivo, PDL reduced pain, decreased OA-induced 
car琀椀lage damage and degrada琀椀on, decreased pro-
in昀氀ammatory cytokine produc琀椀on in serum, and 
suppressed mRNA expression levels of IL-1β, IL-
6, and TNF- α. In RAW264.7 cells, PDL prevented 
LPS-induced ac琀椀va琀椀on of ERK/Akt pathway and 
decreased the levels of TNF-α , IL-1β, IL-6.

Fang et al (2023)16

Nico琀椀namide riboside (NR), a precursor of NAD+, can improve 
oxida琀椀ve stress and histological lesions, making it a high-
poten琀椀al treatment op琀椀on in the early stages of OA. Its use 
as an adjunc琀椀ve therapy is promising due to its poten琀椀al to 
increase energy produc琀椀on, reduce in昀氀amma琀椀on, improve 
chondrocyte func琀椀on, and neutralize and for its bioavailability 
and greater poten琀椀al to increase NAD+ levels13.

TG-C signi昀椀cantly alleviated pain-related behavior by restoring 
altered dynamic weight-bearing and reducing the mechanical 
threshold of the a昀昀ected hindlimb in the MIA-induced OA 
model and recovered neuronal hyperexcitability by restoring 
RMP and 昀椀ring threshold and the frequency of DRG neurons, 
a琀琀enua琀椀ng the 昀椀ring rates of C or Aδ nerve mechanosensi琀椀ve 
昀椀bers innerva琀椀ng the knee joint and decreasing the increase in 
miniature and evoked excitatory postsynap琀椀c currents (mEPSCs 
and eEPSCs) in the spinal cord, by a single intra-ar琀椀cular 
injec琀椀on of TG-C, thus being able to e昀昀ec琀椀vely modulate the 
posi琀椀ve regula琀椀on of pain mediators in peripheral 琀椀ssues and 

the nervous system. Thus, TG-C can be a disease-modifying 
osteoarthri琀椀s drug (DMOADs), being a promising therapy for 
relieving chronic pain and improving joint func琀椀on14.

L-carni琀椀ne enhanced the an琀椀-in昀氀ammatory e昀昀ect of probenecid 
to a琀琀enuate MIA-induced osteoarthri琀椀s in rats by elici琀椀ng the 
level of miRNA-373 and inhibi琀椀ng the P2X7/NLRP3/NF-κB milieu, 
leading to the suppression of serum in昀氀ammatory cytokines: IL-
1β, IL-18, IL-6, and TNF-α. The combina琀椀on therapy also had 
a more prominent e昀昀ect in reducing joint edema, improving 
motor balance, and reversing structural changes in the joint. 
The most signi昀椀cant reduc琀椀ons in knee OA were observed in 
the combina琀椀on therapy, demonstra琀椀ng the importance of the 
new combina琀椀on in the treatment of OA15.

Pudilan Tablets (PDL) relieve joint pain, suppress the genera琀椀on 
of pro-in昀氀ammatory cytokines and mediators, and preserve 
car琀椀lage in the OA mouse model. PDL also shows an琀椀-
in昀氀ammatory e昀昀ects in RAW264.7 cells treated with LPS, 
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decreasing the produc琀椀on of TNF-α, IL-1β, and IL-6 through 
the ERK/Akt signaling pathway, showing that PDL may be a 
candidate for the treatment of OA16.

It is worth men琀椀oning that MIA can act directly on car琀椀lage and 
alter weight bearing in addi琀椀on to causing central sensi琀椀za琀椀on 
in the spinal cord. At the 琀椀ssue level, reac琀椀ve astrogliosis is 
induced, which may be related to late nocicep琀椀on17, a highly 
relevant 昀椀nding as they reproduce changes similar to the central 
sensi琀椀za琀椀on observed in human OA. Other recent studies18 
show increased produc琀椀on of cytokines MAPK signaling 
pathway19 and pro-in昀氀ammatory mediators such as IL-1β, IL-
6, TNF-α, COMP and CRP, IG6, COX2, NF-κB. Other works show 
microstructural deforma琀椀ons in the joint and some catabolic 
signaling pathways (NF-κB) and in昀氀ammatory mediators (COX-
2, PGE2, IRF-7, MCP-1) and MMP3, RANKL20, sugges琀椀ng new 
markers such as COMP, CRP and IG6 as a study tool in OA. 
At the molecular level, MIA causes a signi昀椀cant increase in the 
soluble form of TLR-2 and the levels of TGF-β1, COMP, ACAN, 
CHI3L1, and CTSK in blood serum; the level of IGF-1, increased 
expression of the Tlr2, Tlr4, and N昀欀B1 genes, regula琀椀ng 
the NF-κB pathway mediated by TLR-2/421. The results may 
provide evidence to support the e昀昀ects of MIA on OA in 
ovariectomized rats22 and in expanding the understanding of 
the physiopathology of OA in di昀昀erent males and females.

           
It has been demonstrated that MIA inhibits chondrocytes 
prolifera琀椀on and increases oxida琀椀ve stress, apoptosis, and 
loss of proteoglycans, in addi琀椀on to elevated concentra琀椀ons 
of pro-in昀氀ammatory cytokines such as IL-6, IL-17A, TNF-α, and 
matrix metalloproteinases (MMP-1, MMP-3, and MMP-13) and 
caspase ac琀椀va琀椀on6.

In in vivo studies, intra-ar琀椀cular in昀椀ltra琀椀on with MIA causes 
biphasic mechanical hypernocicep琀椀on, the 昀椀rst associated 
with acute in昀氀ammatory processes in the synovial joint, 
hypomobility due to nocicep琀椀on with peripheral sensi琀椀za琀椀on 
and synovial damage and the second phase related to damage 
to car琀椀laginous and bone 琀椀ssue, in昀氀amma琀椀on characterized 
by expansion of the synovial membrane, protein edema, 
in昀椀ltra琀椀on of neutrophils, macrophages, basophils, plasma 
cells, and lymphocytes, las琀椀ng seven (7) days, decreased acute 
in昀氀amma琀椀on, but there is con琀椀nued nocicep琀椀on, progressive 
hypomobility, exposure of the subchondral bone and marginal 
osteophytes²,6.

Thus, previous studies postulate that the 昀椀rst phase of joint 
nocicep琀椀on is mediated by the in昀氀ammatory in昀椀ltrate, while the 
second phase (above seven days) may be related to structural 

changes in the car琀椀lage and subchondral bone. Subchondral 
bone and synovium, unlike car琀椀lage, are innervated; therefore, 
in the late stages of OA, both exposed subchondral bone and 
synovium can produce joint hypernocicep琀椀on. The onset of 
secondary hypomobility characterizes the transi琀椀on between 
the early silent stage and the late stage of this disease in rats, as 
has been observed in human OA23.

Although the in昀氀ammatory process reduces approximately 14 
days a昀琀er induc琀椀on, concentra琀椀ons of TNF-α and IL-6 remain 
elevated in synovial 昀氀uid for up to 28 days and result in exposure 
of the subchondral bone a昀琀er 56 days of induc琀椀on. In the MIA-
induced OA model, progressive tac琀椀le allodynia and elevated 
concentra琀椀ons of cytokines (TNF-α, IL-6, and NGF) in the 
femoral-琀椀bial joint and increased spinal content of substance 
P (SP) and pep琀椀de related to the calcitonin gene (CGRP) have 
been demonstrated. Both neuropep琀椀des are released from 
sensi琀椀zed nociceptors and facilitate the genera琀椀on of spinal 
hyperexcitability³.

In the MIA-induced OA model, ipsilateral dorsal root ganglion 
(DRG) neurons showed high immunoreac琀椀vity for CGRP, 
reaching a peak 14 days a昀琀er intra-ar琀椀cular injec琀椀on with MIA, 
while there was high immunoreac琀椀vity in DRG neurons for 
markers of neuronal injury and axonal regenera琀椀on, ATF3 and 
GAP43. In addi琀椀on to these changes in DRGs, MIA injec琀椀on also 
induced signi昀椀cant prolifera琀椀on of microglia in the ipsilateral 
dorsal horn of the spinal cord. Other in vivo studies detected 
high concentra琀椀ons of TNF-α, IL-1β, IL-6, prostaglandin E2 
(PGE2), substance P, MMP-13, and purinergic receptor (P2X7) in 
car琀椀lage 琀椀ssue during the early and late phases of the model, 
which may be related to hyperalgesia and joint wear, associated 
with increased concentra琀椀ons of oxida琀椀ve stress markers and 
reduced an琀椀oxidant reac琀椀on, both at joint and systemic levels³.

Recent studies with dorsal root ganglia (DRG) and spinal cord 
in MIA-induced OA show that in the late phase (14-21 days), 
hyperalgesia may be the result of changes in the descending 
inhibitory and facilitatory control pathways in the brainstem, 
caused by the ac琀椀on of microglia in the dorsal horn of the 
spinal cord. The ac琀椀va琀椀on and prolifera琀椀on of microglia causes 
the release of cytokines, mainly IL-1β, which contributes to 
central sensi琀椀za琀椀on in the dorsal horn of the spinal cord24. 
Taken together, all these e昀昀ects of MIA manifest themselves in 
hypernocicep琀椀on, joint damage, and in昀氀ammatory processes 
similar to human osteoarthri琀椀s. Therefore, the MIA-induced 
OA model mimics the clinical and histopathological signs of 
the human disease, that is, pain, joint wear, and func琀椀onal 
impairment of the joint, as shown in Table 3.

Table 3.  Comparison between the main in昀氀ammatory and nocicep琀椀ve markers involved in human and MIA-induced OA
 

Human OA MIA-induced OA
In昀氀ammatory mediators TNF-α, IL-1β, IL-6, IL-15, IL-17, IL-18, 

IL-21, IL-22, LIF, CGRP, SP, NGF, TGF-β3, 
CCL2, CCL3, CCL 4 e CCL 5, IL-8, GROα, 
MCP-1, SDF1, NO, PGE2, IL-4, IL-10, IL-
13, 

TNF-α, IL-1β, IL-6, IL-17, CGRP, SP, NGF, 
SDF1, NO, PGE2.
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FINAL CONSIDERATIONS

Osteoarthri琀椀s is an arthropathy with diverse manifesta琀椀ons 
involving in昀氀amma琀椀on and molecular and neurological 
mechanisms of hypernocicep琀椀on. Reproducing all the 
characteris琀椀cs of the pathophysiology of OA in animal models 
has been challenging; even so, important advances in animal 
models of OA have achieved great discoveries. MIA, in a 
su昀케cient dose, is used to reproduce quickly OA-like lesions and 
func琀椀onal impairment in rodents, similar to the ones seen in 
human diseases. These parameters, as well as the metabolism 

of proteoglycans, collagen, in昀氀ammatory, and nocicep琀椀ve 
markers, can serve as indicators to study imaging techniques, 
chondroprotec琀椀ve or analgesic drugs, and to evaluate chondral 
lesions. In general, the osteoarthri琀椀s model induced by MIA 
has demonstrated several predic琀椀ve characteris琀椀cs for studies 
of experimental osteoarthri琀椀s and explored several relevant 
protocols and markers for understanding osteoarthri琀椀s and 
developing new therapies.
 

REFERENCES

1. Yao Q, Wu X, Tao C, Gong W, Chen M, Qu M, et al. Osteoarthri琀椀s: pathogenic 
signaling pathways and therapeu琀椀c targets. Sig Transduct Target Ther. 2023 Feb; 
8(1): 56. doi: doi.org/10.1038/s41392-023-01330-w.

2. Lockwood, SM, Lopes DM, Macmahon SB, Dickenson AH. Characterisa琀椀on 
of peripheral and central components of the rat monoiodoacetate model of 
osteoarthri琀椀s. Osteoarth. Car琀椀l. 2019 Apr; 27(4): 712-722. doi: 10.1016/j.
joca.2018.12.017.

3. Orita S, Ishikawa T, Miyagi M, Ochiai N, Inoue G, Eguchi Y, et al. Pain-related 
sensory innerva琀椀on in monoiodoacetate-induced osteoarthri琀椀s in rat knees 
that gradually develops neuronal injury in addi琀椀on to in昀氀ammatory pain. BMC 
Musculoskelet Disord. 2011 Jun; 12: 134. doi: 10.1186/1471-2474-12-134.

4. Oo WM, Li琀琀le C, Duong V, Hunter DJ. The Development of Disease-Modifying 
Therapies for Osteoarthri琀椀s (DMOADs): The Evidence to Date. Drug Des Devel 
Ther. 2021 Jul; 6(15): 2921-2945. doi: 10.2147/DDDT.S295224.

5. Kalbhen DA, Blum U. Hypothesis and experimental con昀椀rma琀椀on of a new 
pharmacological model of osteoarthrosis (1977). Arzneimi琀琀elforschung. 1977; 
27(3): 527–531. PMID: 141288.

6. Nascimento FG, Bringel PH, Maia FW, Lima CP, Alves RC, Feitosa JP, 
et al. Galactomannan of Delonix Regia Seeds Reduces Nocicep琀椀on and 
Morphological Damage in the rat Model of Osteoarthri琀椀s induced by Sodium 
Monoiodoacetate. Naunyn- Schmiedebergs Arch Pharmacol. 2021 Mar; 349: 
491-450. doi: 10.1007/s00210-020-01996-x.

7. Jiang L, Li L, Geng C, Gong D, Jiang, L, Ishikawa N, et al. Monosodium 
iodoacetate induces apoptosis via the mitochondrial pathway involving ROS 
produc琀椀on and caspase ac琀椀va琀椀on in rat chondrocytes in vitro. J. Orthop. Res. 
2013 Mar; 31(3): 364-369. doi: 10.1002/jor.22250.

8. Morais SV, Czeczko NG, Malafaia O, Ribas JM Filho, Garcia JB, Miguel MTet 
al. Osteoarthri琀椀s model induced by intra-ar琀椀cular monosodium iodoacetate 
in rats knee. Acta Cir Bras. 2016 Nov; 31(11):765-773. doi: 10.1590/S0102-
865020160110000010.

9. Carcolé M, Zamanillo D, Merlos M, Fernández-Pastor B, Cabañero D, 
Maldonado R. Blockade of the Sigma-1 Receptor Relieves Cogni琀椀ve and 
Emo琀椀onal Impairments Associated to Chronic Osteoarthri琀椀s Pain. Front. 
Pharmacol. 2019 May. 10(468). doi: 10.3389/fphar.2019.00468.

10. Möller KA, Klein S, Seeligerc F, Finn A, Stenfors C, Svensson CI. Monosodium 
iodoacetate-induced monoarthri琀椀s develops di昀昀erently in knee versus ankle 
joint in rats. Neurobiol Pain. 2019 Aug-Dec; 6. doi: 10.1016/j.ynpai.2019.100036.

11. Tsai SW, Lin CC, Lin SC, Wang, SP, Yang DH. Isorhamne琀椀n ameliorates 
in昀氀ammatory responses and ar琀椀cular car琀椀lage damage in the rats of 
monosodium iodoacetate-induced osteoarthri琀椀s. Imunofarmacol Imunotoxicol. 
2019 Aug; 41(4): 504-512. doi: 10.1080/08923973.2019.1641723.

12. Que Q, Guo X, Zhan L, Chen S, Zhang Z, Nii X, et al. The GLP-1 agonist, 
liraglu琀椀de, ameliorates in昀氀amma琀椀on through the ac琀椀va琀椀on of the PKA/CREB 
pathway in a rat model of knee osteoarthri琀椀s. J In昀氀amm. 2019 Jun 16(13). doi: 
10.1186/s12950-019-0218-y.

13. Gherghina FL, Mîndrilă I, Buteica SA, Bica G, Pisoschi CG, Bita CE, Paliu IA, 
Rogoveanu OC. The Poten琀椀al Bene昀椀c E昀昀ect of Nico琀椀namide Riboside in Trea琀椀ng 
a Murine Model of Monoiodoacetate-Induced Knee Osteoarthri琀椀s. J. Clin. Med. 
2023 Nov; 12(21): 6290. doi: doi.org/10.3390/jcm12216920.

14. Park EH, Seo J, Lee Y, Park K, Kim, K-R, Kim S, et al. TissueGene-C induces 
long-term analgesic e昀昀ects through regula琀椀on of pain mediators and neuronal 
sensi琀椀za琀椀on in a rat monoiodoacetateinduced model of osteoarthri琀椀s 
pain. Osteoarthr. Car琀椀l. 2023 Dec; 31(12): 1567-1580. doi: 10.1016/j.
joca.2023.07.008.

15. Mahfouz R, El-Rewini SH, Ghoneim AI, Sheta E, Ali MA, Ibrahim SSA. L-Carni琀椀ne 
augments probenecid an琀椀-in昀氀ammatory e昀昀ect in monoiodoacetate-induced 
knee osteoarthri琀椀s in rats: involvement of miRNA-373/P2X7/NLRP3/NF-κB 
milieu. In昀氀ammopharmacology. 2024 Feb; 32(1): 715-731. doi: 10.1007/
s10787-023-01376-w.

Human OA MIA-induced OA
Histological changes Synovial hypertrophy and hyperplasia, 

osteophytosis, bone sclerosis, car琀椀lage 
destruc琀椀on, subchondral bone exposure, 
bone marrow damage, neovasculariza-
琀椀on and innerva琀椀on in car琀椀lage.

Synovial hypertrophy, osteophytosis, 
bone sclerosis, car琀椀lage destruc琀椀on, 
subchondral bone exposure, bone 
marrow damage, neovasculariza琀椀on and 
car琀椀lage innerva琀椀on.

Clinical features Persistent pain, edema, s琀椀昀昀ness and 
reduced 昀氀exibility, muscle atrophy and 
radiographic changes

Hypernocicep琀椀on, edema, hypomobility, 
radiographic changes, rigidity and redu-
ced 昀氀exibility

References Molnar et al., 2021; Du et al., 2023 Morais et al., 2016; Orita et al., 2011,



J. Health Biol Sci. 2024; 12(1):1-11           

11   Evolu琀椀on of osteoarthri琀椀s induced by monosodium iodoacetate model 

16. Fang Z, Li X, Lei S, Feng S, Zhou C, Tong X, et al. Protec琀椀ve e昀昀ects of Pudilan 
Tablets against osteoarthri琀椀s in mice induced by monosodium iodoacetate. Sci 
Rep. 2023 Feb 16;13(1):2760. doi: 10.1038/s41598-023-29976-0.

17. Balbinot G, Schuch CP, Nascimento PS, Lanferdini FJ, Casanova M, Baroni BM, 
Vaz MA. Photobiomodula琀椀on Therapy par琀椀ally restores car琀椀lage integrity and 
reduces chronic pain behavior in a rat modelo of Osteoarthri琀椀s: involvement 
of spinal glial modula琀椀on. Car琀椀l. 2021 Dec; 13(2_suppl): 1309S-1321S. doi: 
10.1177/1947603519876338.

18. Sahin K, Kucuk O, Orhan C, Tuzcu M, Durmus AS, Ozercan IH, et al. 
Niacinamide and undenatured type II collagen modulates the in昀氀ammatory 
response in rats with monoiodoacetate-induced osteoarthri琀椀s. Sci Rep. 2021 
Jul; 11(1): 14724. doi: 10.1038/s41598-021-94142-3.

19. Feng JH, Kim HY, Sim SM, Zuo GL, Jung JS, et al. The An琀椀-In昀氀ammatory and the 
An琀椀nocicep琀椀ve E昀昀ects of Mixed Agrimonia pilosa Ledeb. and Salvia mil琀椀orrhiza 
Bunge Extract. Plants. 2021 Jun; 10(6): 1234. doi: 10.3390/plants10061234.

20. Orhan C, Juturu V, Sahin E, Tuzcu M, Ozercan IH, Durmus AS, et al. 
Undenatured type II collagen ameeliorates in昀氀ammatory responses and 
ar琀椀cular car琀椀lage damage in the rat model of osteoarthri琀椀s.  Front. Vet. Sci. 
2021 Mar; 8: 617789. doi: 10.3389/fvets.2021.617789.

21. Korotkyi O, Huet A, Dvorshchenko K, Kobyliak N, Falalyeyeva T, Ostapchenko 
L. Probio琀椀c Composi琀椀on and Chondroi琀椀n Sulfate Regulate TLR 2/4 Mediated 
NF κB In昀氀ammatory Pathway and Car琀椀lage Metabolism in Experimental 
Osteoarthri琀椀s. Probio琀椀cs An琀椀microb. Proteins. 2021 Aug; 13(4): 1018-1032. 
doi: 10.1007/s12602-020-09735-7.

22. Aravinthan A, Hossain MA, Kim B, Kang CW, Kim NS, Hwang KC, et 
al. Ginsenoside Rb1 inhibits monoiodoacetate-induced osteoarthri琀椀s in 
postmenopausal rats through preven琀椀on of car琀椀lage degrada琀椀on. J Ginseng 
Res. 2021 Mar; 45(2): 287-294. doi: 10.1016/j.jgr.2020.01.004.

23. Guzman RE, Evans MG, Bove S, Morenko B, Kilgore K. Mono-iodoacetate-
induced histologic changes in subchondral bone and ar琀椀cular car琀椀lage of rat 
femoro琀椀bial joints: an animal model of osteoarthri琀椀s. Toxicol. Pathol. 2003 Nov-
Dec; 31(6): 619-624. doi: 10.1080/01926230390241800.

24. Sagar DR, Ashraf S, Xu K, Burston JJ, Menhinick MR, Poulter CL, et al. 
Osteoprotegerin reduces the development of pain behaviour and joint 
pathology in a model of osteoarthri琀椀s. Ann Rheum Dis. 2014 Aug; 73(8): 1558-
1565. doi: 10.1136/annrheumdis-2013-203260.

25. Park HJ, Lee CK, Song SH, Yun JH, Lee A, Park HJ. Highly bioavailable curcumin 
powder suppresses ar琀椀cular car琀椀lage damage in rats with mono-iodoacetate 
(MIA)-induced osteoarthri琀椀s. Food Sci Biotechnol. 2019 Oct; 29(2): 251-263. 
doi: 10.1007/s10068-019-00679-5.

26. Asjid R, Faisa T, Qamar K, Khan SA, Khalil A, Sarwar MZ. Platelet-rich Plasma-
induced Inhibi琀椀on of Chondrocyte Apoptosis Directly A昀昀ects Car琀椀lage Thickness 
in Osteoarthri琀椀s. Cureus. 2019 Nov; 11(11): e6050. doi: 10.7759/cureus.6050.

27. Balbinot G, Schuch CP, Nascimento PS, Lanferdini FJ, Casanova M, Baroni 
BM, et al. Photobiomodula琀椀on Therapy Par琀椀ally Restores Car琀椀lage Integrity and 
Reduces Chronic Pain Behavior in a Rat Model of Osteoarthri琀椀s: Involvement of 
Spinal Glial Modula琀椀on. Car琀椀lage. 2021 Dec; 13(2_suppl): 1309S-1321S. doi: 
10.1177/1947603519876338.

28. Shin HJ, Park H, Shin N, Kwon HH, Yin Y, Hwang JA, Kim SI, Kim SR, Kim S, Joo 

Y, Kim Y, Kim J, Beom J, Kim DW. p47phox siRNA-Loaded PLGA Nanopar琀椀cles 
Suppress ROS/Oxida琀椀ve Stress-Induced Chondrocyte Damage in Osteoarthri琀椀s. 
Polymers (Basel). 2020 Feb; 12(2): 443. doi: 10.3390/polym12020443.

29. Philpo琀琀 HT, McDougall JJ. Comba琀�ng joint pain and in昀氀amma琀椀on by dual 
inhibi琀椀on of monoacylglycerol lipase and cyclooxygenase-2 in a rat model of 
osteoarthri琀椀s. Arthri琀椀s Res Ther. 2020 Jan; 22(1): 9. doi: 10.1186/s13075-020-
2096-3.

30. Jaleel GAA, Saleh DO, Al-awdan SW, Hassan A, Asaad GF. Impact of type III 
collagen on monosodium iodoacetate-induced osteoarthri琀椀s in rats. Heliyon. 
2020 Jun; 6(6): e04083. doi: 10.1016/j.heliyon.2020.e04083.

31. Ferreira-Gomes J, Garcia MM, Nascimento D, Almeida L, Quesada E, Castro-
Lopes J, et al. TLR4 Antagonism reduces movement-induced nocicep琀椀on and 
ATF-3 expression in experimental osteoarthri琀椀s. J Pain Res. 2021 Aug; 14: 2615-
2627. doi: 10.2147/JPR.S317877.

32. Morgan M, Thai J, Nazemian V, Song R, Ivanusic JJ. Changes to the ac琀椀vity 
and sensi琀椀vity of nerves innerva琀椀ng subchondral bone contribute to pain in 
late-stage osteoarthri琀椀s. Pain. 2022 Fev; 163(2): 390-402. doi: 10.1097/j.
pain.0000000000002355.

33. Kanno K, Suzuki-Narita M, Kawarai Y, Hagiwara S, Yoh S, Nakamura J, Orita 
S, Inage K, Suzuki T, Ohtori S. Analgesic e昀昀ects and arthri琀椀c changes following 
tramadol administra琀椀on in a rat hip osteoarthri琀椀s model. J Orthop Res. 2022 
Aug; 40(8): 1770-1777. doi: 10.1002/jor.25208.

34. Arai T, Suzuki-Narita M, Takeuchi J, Tajiri I, Inage K, Kawarai Y, Eguchi Y, et 
al. Analgesic e昀昀ects and arthri琀椀c changes following intra-ar琀椀cular injec琀椀on 
of diclofenac etalhyaluronate in a rat knee osteoarthri琀椀s model. BMC 
Musculoskelet Disord. 2022 Nov; 23: 960. doi: 10.1186/s12891-022-h-y. 

35. Chen Z, Zhou L, Ge Y, Chen J, Du W, Xiao L, Tong P, Huang J, Shan L, E昀昀erth 
T. Fuzi decoc琀椀on ameliorates pain and car琀椀lage degenera琀椀on of osteoarthri琀椀c 
rats through PI3K-Akt signaling pathway and its clinical retrospec琀椀ve evidence. 
Phytomedicine. 2022 Jun. 100: 154071. doi: 10.1016/j.phymed.2022.154071.

36. Hamdalla HM, Ahmed RR, Galaly SR, Ahmed OM, Naguib IA, Alghamdi BS, 
et al. Assessment of the E昀케cacy of Bone Marrow-Derived Mesenchymal Stem 
Cells against a Monoiodoacetate-Induced Osteoarthri琀椀s Model in Wistar Rats. 
Stem Cells Int. 2022 Aug; 2022: 1900403. doi: 10.1155/2022/1900403.

37. Yoh S, Kawarai, Y, Hagiwara S, Orita S, Nakamura J, Miyamoto S, et al. Intra-
ar琀椀cular injec琀椀on of monoiodoacetate induces diverse hip osteoarthri琀椀s in rats, 
depending on its dose. BMC Musculoskelet Disord. 2022 May; 23(1): 494. doi: 
10.1186/s12891-022-05454-y.

38. Kloppenburg M, Ramonda R, Bobacz K, Kwok WY, Elewaut D, Huizinga TWJ, 
et al. Etanercept in pa琀椀ents with in昀氀ammatory hand osteoarthri琀椀s (EHOA): a 
mul琀椀centre, randomised, double-blind, placebo-controlled trial. Ann. Rheum. 
Dis. 2018 Dec; 77(12): 1757-1764. doi: 10.1136/annrheumdis-2018-213202.

39. Barreto A, Braun TR. A new treatment for knee osteoarthri琀椀s: Clinical 
evidence for the e昀케cacy of Arthrokinex™ autologous condi琀椀oned serum. J 
Orthop. 2016 Oct; 14(1): 4–9. doi: 10.1016/j.jor.2016.10.008.

40. Kjelgaard-Petersen CF, Sharma N, Kayed A, Karsdal MA, Mobasheri A, 
Hägglund P, et al. Tofaci琀椀nib and TPCA-1 exert chondroprotec琀椀ve e昀昀ects on 
extracellular matrix turnover in bovine ar琀椀cular car琀椀lage ex vivo. Biochem 
Pharmacol. 2019 Jul; 165: 91-98. doi: 10.1016/j.bcp.2018.07.034. 

How to cite this article/ Como citar este artigo:Nascimento FG, Marques GF, Cavalcante AS, Holanda BF, Mota MR, Pires AF, Castro RR. Osteoarthritis induced by monosodium iodoacetate model: evolution of inflammatory, nociceptive and histopathological markers. J Health Biol Sci. 2024; 12(1):1-11.


