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Abstract 

The increasing global aging population has led to a continual rise in the prevalence of bone and joint diseases, posing 
challenges to both the quality of life for patients and healthcare resources. Type II collagen, a pivotal protein for sus-
taining joint function, has gained substantial attention in recent years. The oral administration of undenatured type II 
collagen (UC-II) has demonstrated noteworthy advancements in tackling bone and joint diseases. This article presents 
a comprehensive review of the structure and extraction methods of UC-II, discusses the relationship between UC-II 
and arthritis, and thoroughly examines its therapeutic role and potential mechanisms in the treatment process. In 
addition, future perspectives for clinical application of UC-II are discussed. It was found that the oral administration 
of UC-II, through induction of oral tolerance mechanisms, exhibits promise in alleviating joint inflammation and pain 
in patients with osteoarthritis (OA) and rheumatoid arthritis (RA). This method can significantly ameliorate joint 
inflammation and pain, with high patient acceptance and minimal side effects, demonstrating its potential as a well-
tolerated treatment option for joint diseases.
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Graphical Abstract

1  Introduction
Bone and joint health are crucial for preserving quality 
of life and vitality of individuals. The incidence of bone 
and joint diseases has exhibited a significant upward 
trend due to the accelerating aging of the world popula-
tion. According to the statistical data in 2020, the global 
number of arthritis sufferers reached 595 million, mark-
ing a 132% increase from the 1990 figure of 256 million. 
By 2050, this number is projected to approach 1 billion 
[1]. This trend not only subjects patients to pains, lim-
ited mobility and dysfunction, but also places substantial 
pressure on healthcare resources in society [2]. Hence, 
there is an urgent need for in-depth research to explore 
innovative solutions that can effectively enhance osteo-
arthritic conditions in the elderly, aiming to enhance the 
life quality of patients and alleviate the strain on health-
care resources.

In this context, type II collagen has emerged as a com-
pelling area of research. Type II collagen, a structural 

protein predominantly found in cartilage tissue, con-
tributes to joint stability and elasticity, facilitating the 
absorption of shock and stress while sustaining normal 
joint function [3]. It has been shown that a close associa-
tion between the deficiency or damage to type II collagen 
and the development of various bone and joint diseases. 
As cartilage quality and elasticity diminish, patients may 
experience pain, joint swelling, restricted movement, and 
dysfunction. Therefore, preserving the stability and func-
tion of type II collagen is essential for preventing and 
treating osteoarthritic diseases.

In recent years, significant progress has been made in 
osteoarthritis research, particularly regarding the role of 
undenatured type II collagen (UC-II). Advanced thera-
peutic approaches, including the oral administration of 
UC-II, have been extensively studied [4]. Recent studies 
have delved into the effectiveness of UC-II in alleviat-
ing osteoarthritis, providing in-depth insights into its 
structure, function, and therapeutic potential at both 
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cellular and animal levels [5]. The expanded understand-
ing encompasses novel therapeutic strategies, significant 
clinical trials, patient outcomes, and detailed mechanis-
tic analyses [6], thereby paving the way for innovative 
treatments in osteoarthritis management. Nonetheless, 
the action mechanism of UC-II and its long-term safety 
and efficacy warrant further comprehensive investigation 
to fully comprehend the therapeutic potential and impli-
cations. This work aims to delineate the structure and 
extraction process of UC-II, while delving further into 
the association between UC-II and osteoarthritic dis-
eases. Its role in the treatment of osteoarthritic diseases 
will be carefully scrutinized, and the potential mecha-
nisms underlying its therapeutic effects will be thor-
oughly explored. Addressing current research gaps, the 
future prospects of UC-II in clinical treatments are also 
discussed. This encompasses novel therapeutic strategies 
and therapies, aiming to pave the way for the applica-
tion of type II collagen in the treatment of osteoarthritic 
diseases.

2 � Overview of type II collagen
Collagen, the most abundant protein in the animal 
body, is widely prevalent. Abundant in glycine, proline, 
hydroxyproline, and other essential amino acids for 
human body, collagen is predominantly present in vari-
ous animal tissues, such as skin, bones, cartilage, teeth, 
tendons, ligaments, blood vessels, and the intramuscular 
space ligaments [7]. Constituting 25–30% of total protein 
in mammals, or 6% of body weight, collagen serves as a 
vital structural protein in connective tissue, accounting 
for 20–30% of composition [8]. Due to the high collagen 
content, connective tissue exhibits distinct structural and 
mechanical properties, including tensile strength, tear 
strength, and viscoelasticity, contributing to the support 
and protection of organs [9]. Identified by different gene 
sequences, 29 collagen types have been reported, with 
prevalent types, including type I, II, III, V, and XI [10]. 
Type II collagen, generated by chondrocytes, is evenly 
distributed across all layers of cartilage, constituting more 
than 80% of chondrocytes [11]. As a principal component 
of cartilage matrix, type II collagen plays a crucial role in 
maintaining the integrity of cartilage tissue, stimulating 
chondrocyte growth and redifferentiation, and promot-
ing overall bone health [12]. Type II collagen constitutes 
the primary macromolecule within the collagen fiber 
network, featuring three α1 peptide chains denoted as 
[α1(II)]3. Each peptide chain contains a sequence of trip-
eptide repeats, typically Gly-X-Y (G-X-Y), represented as 
(G-X-Y)n [13]. Notably, the X-position commonly hosts 
a Pro residue (20–30%), with tripeptides like Gly-Pro-Y 
constituting approximately one-third of the total tripep-
tide count. The secondary structure of type II collagen 

manifests as a triple-stranded helix, formed by the inter-
twining of three left-handed helices, collectively creating 
a right-handed helical structure, known as the superhe-
lix [14]. This triple helix is maintained through various 
interactions, including hydrogen bonding, dipole-dipole 
bonding, ionic bonding, and van der Waals forces. Dur-
ing maturation, enzymes hydrolyze the N- and C-termi-
nal propeptides of mature type II collagen, leaving behind 
the triple helix structure and telopeptide as procollagen. 
This procollagen undergoes cross-linking, forming a net-
work of collagen fibers.

Notably, the triple helix structure of type II collagen 
is susceptible to damage. The elevated ambient tem-
peratures, for instance, can weaken the hydrogen bonds 
between the three-stranded peptide chains. This weaken-
ing can lead to a reduction in the helix of peptide chain, 
advancing towards de-helixing and an overall increase 
in protein disorder. Such changes can result in the dena-
turation of type II collagen, affecting both its structure 
and activity. The effectiveness and viability of type II 
collagen as a crucial element in treating arthritic condi-
tions are intimately related to its undenatured structure. 
In its undenatured state, type II collagen preserves its 
original structure and bioactivity. Denaturation, on the 
other hand, disrupts its molecular arrangement, weak-
ening interactions with pertinent cells and molecules. 
This compromises its ability to absorb joint loads and 
maintain normal joint function. Moreover, the immune 
tolerance induced by UC-II relies on its immunodomi-
nant T-cell epitopes, and denaturation may alter immune 
recognition dynamics [15]. Therefore, the undenatured 
extraction of type II collagen holds paramount impor-
tance for its therapeutic potential in the treatment of 
arthritic conditions.

3 � Extraction methods for UC‑II
The structure of UC-II is intricate, featuring filamentous 
collagen fibers interwoven with elastin and glycoproteins, 
forming a reticular framework. Preserving its triple helix 
structure during the extraction process poses a chal-
lenge. Presently, the predominant extraction methods for 
UC-II employ the acid-enzyme combination approach. 
Specific proteases are chosen to cleave peptide bonds at 
phenylalanine, leucine, and glutamic acid residues [12], 
thereby removing the telopeptide situated in the non-
helical region at the ends of type II collagen (Fig. 1). Sub-
sequently, collagen within the helical region is dissolved 
using an acidic solution, culminating in the attainment 
of high-purity UC-II [10]. Other methods, such as ultra-
sound-assisted extraction [16], ion-exchange chroma-
tography [17], and salt precipitation followed by dialysis 
[12], also employ enzymes to remove terminal peptides. 
Subsequently, these methods utilize various treatments 
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to efficiently isolate and purify type II collagen from 
enzymatic digest.

Several recent studies have explored the extraction of 
UC-II from animal cartilage. Trentham et  al. [18] uti-
lized pepsin to extract UC-II from chicken cartilage 
powder. The process involved washing the powder with 
0.05 mol/L Tris/ 2 mol/L MgCl2, followed by pepsin-
induced extraction at 0.5 mol/L acetic acid, pH 2.5, and 
4 °C, with gentle shaking for 72 h. The obtained UC-II 
underwent dialysis, purification, and lyophilization. In 
the study conducted by Cheng et  al. [19], a comparison 
was made between NaCl salting and guanidine hydro-
chloride dissolution for the removal of non-collagenous 
components from chicken cartilage powder. The extrac-
tion efficiency of type II collagen following guanidine 
hydrochloride solubilization was 56.95%, significantly 
surpassing 28.62% yield achieved through NaCl extrac-
tion. Maity et  al. [20] proposed an expeditious method 
utilizing pepsin (0.04%, w/w) for the digestion of goat ear 
cartilage tissue, resulting in a 55% extraction rate while 
preserving the natural intermolecular cross-linking and 
triple-helix structure.

Beyond terrestrial animals, marine organisms can 
also serve as a source for UC-II extraction. Che et  al. 
[21] extracted UC-II from Chinese sturgeon cartilage 
using enzymatic dissociation in 0.5 mol/L glacial acetic 
acid containing pepsin (0.1%f) for 48 h. By summariz-
ing various extraction studies, a consistent extraction 
rate of around 55% was observed. Despite different car-
tilage sources, the common extraction methods involved 
pre-treatment, impurity removal, enzymatic hydrolysis, 
and purification. The commonly used methods, such as 
pepsin combined with acetic acid digestion, guanidine 
hydrochloride for heteroprotein removal, and DEAE52 
ion exchange column chromatography, indicated the 
effectiveness of the acid-enzyme method for type II col-
lagen extraction. However, these methods present chal-
lenges, including limited processing capacity, intricate 

production processes, time consumption, high reagent 
costs, and impracticality for large-scale production. 
Therefore, there is an urgent need for a more economical, 
rapid, and effective UC-II extraction method [2].

In recent years, deep eutectic solvents (DES), rec-
ognized as an emerging green solvent, have exhibited 
numerous advantages, including wide availability, low 
cost, straightforward preparation, high extraction effi-
ciency, non-toxicity, environmental friendliness, and the 
ability to maintain the structure of the extracted mate-
rial. They have practical application in various industries, 
particularly in the extraction of natural active substances, 
and have gained popularity in the extraction of food 
proteins. This includes plant proteins [22–25], animal 
proteins [26–28], amino acids [29–31], and enzymes 
[32–34]. Bai et  al. [26] utilized choline chloride-oxalic 
acid DES to extract collagen peptides from cod skin. 
They investigated the impact of extraction conditions on 
the efficiency and purity of collagen peptides. Following 
optimization, the optimal conditions for high molecu-
lar weight collagen peptides were determined as choline 
chloride: oxalic acid = 1:1, a solid-liquid ratio of 1:80 g/
ml, and extraction for 2 h at 65 °C, resulting in yields 
and purities of 91.57% and 92.85%, respectively. For low 
molecular weight collagen peptides, the optimal condi-
tions were choline chloride: oxalic acid = 1:1, a solid-
liquid ratio of 1:120 g/mL, and extraction at 65 °C for 6 h, 
yielding 96.36% with 100% purity. Furthermore, in addi-
tion to achieving a high extraction rate, the cluster effect 
extraction mechanism of DES has demonstrated the 
capability to preserve the structure of the extracted mate-
rial. This presents a promising approach for the non-
denaturing and efficient extraction of type II collagen.

4 � Association of type II collagen with joint disease
Type II collagen is a vital component of articular cartilage 
and plays a crucial role in the context of joint diseases. 
Articular cartilage, a specialized type of non-vascular, 

Fig. 1  Molecular structure of pro-collagen
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non-nervous connective tissue, covers the surfaces of 
articular bones, offering support, shock absorption, and 
resistance to shear forces [35]. Comprising an extracellu-
lar matrix and a sparse population of chondrocytes, the 
matrix of articular cartilage consists of a network of col-
lagen fibers, proteoglycans, and water. Its principal role is 
to preserve the smoothness of the cartilage structure and 
cushion against external forces [36].

The collagen fiber network within the extracellular 
matrix imparts elasticity and toughness to articular car-
tilage, enabling joints to withstand stress and absorb 
shocks. Chondrocytes, the principal cells in cartilage, 
secrete the extracellular matrix, which regulates the 
dynamic stability and balance of cartilage during synthe-
sis and degradation [37, 38]. The stability of the collagen-
ous network relies on the equilibrium between collagen 
synthesis and degradation, especially the balance in the 
synthesis and degradation of type II collagen. The imbal-
ance in this process can lead to cartilage tissue dam-
age, gradual wear, and degradation, ultimately resulting 
in direct bone contact between joints, leading to pain, 
inflammation, and impaired joint function.

Moreover, an amplified inflammatory response mecha-
nism can expedite cartilage degeneration. Inflammatory 
cytokines, including interleukin-1 (IL-1), tumor necro-
sis factor-α (TNF-α), and interleukin-6 (IL-6), trigger 
the cellular immune system, stimulating the production 
of matrix metalloproteinases (MMPs) and polyprotein 
polyglucomutases (A Disintegrin and Metalloproteinase 
with Thrombospondin Motifs-4, ADAMTS-4 and A Dis-
integrin and Metalloproteinase with Thrombospondin 
Motifs-5,  ADAMTS-5) [39, 40]. These enzymes possess 
the ability to degrade various collagens, including type II 
collagen, fibronectin, laminin, elastin, and diverse pro-
teoglycans [41]. The production of these enzymes accel-
erates the rate of cartilage matrix degradation, while 
inflammatory cytokines weaken the ability of chondro-
cytes to repair the cartilage matrix, induce chondrocyte 
apoptosis, exacerbate joint disease, and cause irreversible 
damage [42].

Joint diseases encompass a group of disorders involving 
inflammation and lesions in the joints and surrounding 
tissues, with degenerative and inflammatory joint dis-
eases being the most common and extensively studied. 
Degenerative joint diseases, resulting from the degen-
eration and wear of articular cartilage, are commonly 
encountered [43]. The most prevalent of these is osteo-
arthritis (OA), characterized by the degeneration and 
deterioration of articular cartilage. OA primarily impacts 
weight-bearing joints, such as knees, hips, spine, and 
wrists, particularly among the elderly population [44]. As 
pathological progression intensifies, it can result in joint 
swelling and restricted range of motion, significantly 

impacting daily activities and diminishing the patient’s 
overall quality of life. Histologically, OA is marked by 
cartilage degeneration, the formation of redundant bone, 
subchondral bone resorption, and chronic synovial 
inflammation [44].

The pathogenesis of OA can be divided into three main 
phases. It begins with a decrease in cartilage strength due 
to collagen network degradation and an increase in water 
content, followed by a compensatory rise in chondrocyte 
anabolism for repair. Eventually, the reparative process 
becomes unsustainable, leading to the destruction of 
cartilage tissue. The etiology of OA is complex, involving 
genetic factors, joint injury, obesity, age, and inflamma-
tion [45].

Inflammatory joint diseases stem from an inflamma-
tory process, normally involving an abnormal immune 
system response, leading to inflammation, swelling, and 
pain in the joints, with rheumatoid arthritis (RA) being 
a prominent instance [46]. RA is a chronic, inflamma-
tory autoimmune disease primarily affecting the joints, 
wherein the immune system erroneously attacks the body 
tissues, resulting in inflammation of joint membranes 
and synovitis. The typical presentation of RA involves 
symmetrical arthritis affecting multiple joints, particu-
larly smaller joints such as fingers, wrists, ankles, and 
knees. Systemic symptoms may also manifest, including 
fatigue, fever, loss of appetite, and weight loss [47]. More-
over, RA can impact other organs and tissues, such as the 
skin, eyes, lungs, and cardiovascular system.

The primary pathological change in RA involves the 
destruction of collagen in the articular cartilage matrix 
[48]. Pro-inflammatory cytokines stimulate chondro-
cytes and synoviocytes to secrete collagenases, includ-
ing cartilage matrix metalloproteinase (MMP), which 
leads to an imbalance between the synthesis and deg-
radation of cartilage extracellular matrix, disrupting 
the peripheral environment of chondrocytes and pro-
moting chondrocyte apoptosis [49–51]. The complex 
pathogenesis of RA is influenced by various factors such 
as genetic factors, environmental factors, and immune 
system abnormalities. It has been suggested that RA 
may be triggered by an autoimmune response within 
joint tissues to specific occult antigens, resulting in an 
imbalance in the body immune regulation and an exces-
sive inflammatory response, ultimately destroying joint 
structures [39–41, 52].

Remarkably, type II collagen is identified as one of the 
autoantigens in RA, initiating autoimmunity in synovium 
and cartilage in animal models of the disease. It is widely 
utilized in rodent models of collagen-induced arthritis 
(CIA). The glycosylated peptide 256–270 of type II col-
lagen is recognized as the major immunodominant T cell 
epitope involved in CIA. This peptide is internalized by 
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antigen-presenting cells, degraded into smaller peptides, 
and contributes to the formation of the collagen type 
II-major histocompatibility complex II (CII-MHC-II) 
complex. This complex is further transported to T cells, 
initiating their activation and the release of cytokines and 
triggering an immune response [15].

Figure  2 illustrates a comparison among OA, normal 
joints, and RA joints. OA is characterized by severe joint 
degeneration, resulting in significant destruction of the 
cartilage matrix (in blue). While RA also exhibits damage 
to the cartilage matrix (the blue area), it is generally less 
extensive than in OA. Additionally, RA is distinguished 
by synovitis and opacification, indicating cloudiness 
or increased opacity in the joint cavity due to exudate 
and inflammatory cell accumulation as a result of the 
inflammatory response. Despite disparities in etiology, 
pathogenesis, and pathological manifestations between 
osteoarthritis (OA) and rheumatoid arthritis (RA), both 
conditions involve inflammation that leads to the degra-
dation of the cartilage matrix. Specifically, this process 
includes the breakdown of the fibrous scaffold of type II 
collagen and the destruction of chondrocyte cells. There-
fore, the primary treatment objective should focus on 
mitigating inflammation and facilitating the repair and 
rebuilding of type II collagen fiber scaffold.

5 � Application of UC‑II for potential treatment 
of joint disease

The identification of therapies capable of efficaciously 
retarding joint degeneration, enhancing joint mobility, 
and mitigating joint pain has emerged as a formidable 

challenge. It has been shown that UC-II, undenatured 
form of collagen II, can impact joint inflammation by 
modulating local immunity. The oral administration 
of modest quantities of UC-II has exhibited promising 
results in offering relief from joint diseases [53].

Several recent studies have reported the therapeu-
tic effects of UC-II on OA in different animal models, 
including rats, mice, horses, and dogs (Table 1) [42, 54–
70]. Orhan et al. [55] investigated the therapeutic effects 
and mechanisms of UC-II on OA using a rat model 
induced by monosodium iodoacetate (MIA). The MIA 
was injected into the rats to induce the OA model, and 
the rats were fed with chicken-derived UC-II at a dose 
of 4 mg/kg/day for 30 days. Kellgren-Lawrence arthritis 
scores were assessed, and serum levels of inflammatory 
cytokines were measured. The study revealed that UC-II 
markedly decreased MIA-induced Kellgren-Lawrence 
scores by 53.3%, indicating a significant reduction in joint 
degradation. Additionally, UC-II supplementation led to 
notable decreases in key serum inflammatory markers, 
with reductions of 7.8% in IL-1β, 18.0% in IL-6, 25.9% 
in TNF-α, 16.4% in COMP, and 32.4% in CRP, showcas-
ing its potent anti-inflammatory effects (P < 0.0001). The 
authors also observed that UC-II could inhibit the levels 
of NF-κB, TNF-α, IL-1β, IL-6, COX-2, and IKK-γ in OA 
rats. UC-II may alleviate inflammation and pain in OA 
joints by inhibiting the activation of the NF-κB pathway 
in arthritic rats. In a study using the same rat model [56], 
significant effects were observed after orally administer-
ing 8 mg/kg of chicken UC-II for 5 weeks. There was an 
18.72% increase in the knee joint pressure pain threshold, 

Fig. 2  Comparison of normal joint with OA and RA joints
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along with a 26.41% decrease in serum TNF-α level, a 
9.12% decrease in MMP-13 level, and a 35.18% increase 
in TGF-β level. Pathologically, there was a marked reduc-
tion in synovial hyperplasia, characterized by decreased 
fibrous tissue proliferation and inflammatory cell infiltra-
tion, leading to an effective improvement in the degen-
erative changes and injuries of articular cartilage tissues 
(P  < 0.05). In contrast, in the glucosamine + chondroi-
tin sulfate treatment group, while there was a reduction 
in the joint pressure pain threshold and MMP-13 level, 
along with alleviated synovial tissue inflammation, no 
significant changes were observed in TNF-α and TGF-β 
levels or joint cartilage tissue inflammation. This indi-
cated that the action mechanisms of UC-II differ from 
those of glucosamine and chondroitin sulfate. Similarly, 
Fan et al. [54] observed a reduction in inflammatory fac-
tors in the aging db/db mouse model. Following the oral 
administration of 6 mg/kg/day chicken-derived UC-II for 
3 months, a significant decrease was noted in serum lev-
els of inflammatory factors. This included a 50% reduc-
tion in MMP-3 and MMP-13 levels. Additionally, there 
was a noteworthy increase in anti-inflammatory factors: 
a 74% rise in IL-4 levels, a 123% increase in IL-10 levels, 
a 67% increase in CTX-II levels, and an 84% increase in 
TGF-β levels. Marzia et al. [71] conducted a study on the 
therapeutic effects of UC-II in dogs with osteoarthritis 
(OA). The study involved dogs diagnosed with OA, which 
were treated with oral chicken-derived UC-II at the dos-
age of 40 mg/day for 30 days. The evaluation included the 
assessment of LOAD (load score), MOBILITY (activity 
score), CLINICAL (clinical score), and COAST (Canine 
Osteoarthritis Staging Tool) scores in the dogs. The 
results indicated the efficacy of UC-II in the treatment of 
dogs with OA, as evidenced by improvements in associ-
ated clinical signs. There were varying degrees of decrease 
in all scores: a 31.4% reduction in the LOAD score, a 25% 
reduction in the MOBILITY score, an 18.8% reduction 
in the CLINICAL score, and a 15.2% reduction in the 
COAST score. Orie et al. [57] conducted a study on the 
long-term (150 days) effects of oral UC-II treatment in 
dogs with osteoarthritis (OA). The assessment included 
parameters such as body weight, body temperature, heart 
and respiratory rates, liver function, renal function, car-
diovascular function in serum samples, overall pain, pain 
from limb manipulation, and pain after physical exer-
tion. The results revealed a substantial 54.3% reduction 
in overall pain, a notable  65.2% reduction in pain from 
limb manipulation, and a significant 62.6% reduction in 
pain from physical exertion. Importantly, there were no 
significant changes observed in body weight, body tem-
perature, heart or respiratory rate, blood chemistry, liver 
function, or renal cardiovascular function before or after 
the treatment period. Gupta et  al. [59] investigated the 

ameliorative effects of daily administration of UC-II to 
horses with osteoarthritis (OA). The researchers admin-
istered chicken-derived UC-II at a daily dosage of 160 mg 
for 150 days. The evaluation encompassed overall pain, 
pain after limb manipulation, physical examination, as 
well as liver and renal function. The findings revealed a 
significant reduction in joint pain in horses following the 
administration of UC-II, with a remarkable 91% decrease 
in overall pain and an 80% decrease in pain after limb 
manipulation. In comparison to horses in the glucosa-
mine (5.4 g) and chondroitin (1.8 g) groups, where over-
all pain was 68% and pain after limb manipulation was 
69%, the UC-II group exhibited superior results. In this 
study, clinical parameters were assessed, including liver 
function indicators, such as bilirubin, gamma-glutamyl 
transferase (GGT), and alkaline phosphatase (ALP), as 
well as renal function markers (e.g. blood urea nitrogen 
and creatinine), all of which remained unchanged, indi-
cating good tolerability. In a recent study by Oentarini 
et  al. [62], a total of 102 individuals with osteoarthritis 
participated in a 90-day clinical trial where they received 
a daily dose of 40 mg of UC-II. A control group was given 
microcrystalline cellulose as a placebo. The results dem-
onstrated considerable improvement in the UC-II group, 
with a substantial 81.6% reduction in WOMAC scores, 
a 75.8% decrease in the Lequesne Functional Index, and 
a 67.9% decrease in VAS scores. Moreover, the study 
revealed no significant deviations in vital signs and clini-
cal lab tests, when compared to the placebo group, indi-
cating the safety and efficacy of UC-II in osteoarthritis 
treatment. Overall, the studies collectively suggest the 
potential therapeutic benefits of UC-II in mitigating OA 
symptoms in various animal models.

In addition to animal studies, UC-II has also demon-
strated effectiveness in clinical trials. Cheng et  al. [74] 
conducted a 12-week trial involving 101 patients aged 
40–65 with OA of the knee. Participants were sup-
plemented with 40 mg of chicken UC-II per day, and 
joint health improvement was assessed using the West-
ern Ontario and McMaster Universities OA Index 
(WOMAC). The results revealed significant efficacy, 
with a 37.73% decrease in the total WOMAC score, a 
39.6% decrease in the pain score, a 37.1% decrease in the 
stiffness score, and a 37.4% decrease in the dysfunction 
score. Vital signs and biomarkers remained within nor-
mal range. Compared to the glucosamine + chondroitin 
sulfate (G + C) group, the UC-II group exhibited more 
significant improvements in the five domains assessing 
quality of life, including mobility, self-care, activities of 
daily living, pain and discomfort, anxiety and depression, 
as well as VAS scores, suggesting that UC-II was more 
effective in enhancing overall quality of life.
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Similarly, in a 90-day study, subjects supplemented with 
40 mg of UC-II per day showed improvements in pain, 
joint stiffness, and quality of life, with a 54.2% increase in 
SF-12 physical domain scores, a 53.5% decrease in VAS 
scores, and a 17.6% decrease in WOMAC scores [73]. 
Fan et  al. [54] assessed various OA indices and demon-
strated a 35.3% decrease in the total WOMAC score, a 
50% increase in gait speed, and improvements in other 
parameters, including knee flexibility. Serum markers of 
inflammatory and oxidative stress also showed positive 
changes, with increased superoxide dismutase (SOD) lev-
els and decreased high-sensitivity C-reactive protein (hs-
CRP) levels. A previous study on the effect of UC-II on 
knee flexibility in humans showed significant improve-
ment after 24-week supplementation with 40 mg/d of 
chicken UC-II, indicating an increased range of motion 
in flexion and extension, compared to control group [72]. 
Numerous studies collectively support the efficacy of 
UC-II in treating OA, highlighting its superior effective-
ness and good tolerability, compared to various dietary 
supplements, including chondroitin and glucosamine.

Studies on the therapeutic effects of UC-II in RA 
(Table  2) can be categorized based on the experimental 
animal model employed. The most frequently utilized 
models include adjuvant-induced arthritis (AIA) and 
collagen-induced arthritis (CIA). AIA is also recognized 
as Freund’s adjuvant arthritis, with complete Freund’s 
adjuvant (CFA) and incomplete Freund’s adjuvant (IFA) 
[76]. CFA was formulated by combining 1 mL of a mix-
ture of liquid paraffin and anhydrous lanolin in a 2:1 or 
6:4 ratio(v/v), autoclaved, and subsequently blended with 
inactivated, attenuated BCG or Mycobacterium tubercu-
losis. Those lacking inactivated BCG or M. tuberculosis 
are termed IFA. AIA models can be induced by dorsal 
subcutaneous injection of CFA or IFA mixtures [77, 78].

The AIA model is a classic and straightforward mod-
eling method with a high success rate and cost-effec-
tiveness [79]. It is widely employed for routine RA drug 
efficacy testing, particularly in the preclinical evaluation 
of non-steroidal anti-inflammatory drugs. For instance, 
Zhao et  al. [68] investigated the therapeutic effects of 
orally administered chicken type II collagen on AIA 
arthritis in rats by administering 25 mg/kg of chicken 
UC-II through gavage over 2 weeks. The study assessed 
the incidence and severity of arthropathies, changes in 
peripheral blood T-cell subpopulations, and alterations 
in TNF-α levels in rats. The results indicated a significant 
improvement in arthropathy in the UC-II group com-
pared to the arthritis model control group: the peripheral 
blood CD3+ T-cell level increased by 20.6%, the CD8+ 
T-cell level rose by 31.7%, and the CD4+ T-cell level 
decreased by 16.9%. Furthermore, the peripheral blood 

TNF-α level decreased to 1485.0 ng/L, significantly lower 
than that of the arthritis model group (1785.4 ng/L).

Similarly, Chen et  al. [63] explored the efficacy of 
shark type II collagen (SC-II) in RA. Rats were orally 
administered SC-II (3 mg/mL) daily for 6 weeks. Evalu-
ation parameters included delayed-type hypersensitivity 
reaction, circulating immune complexes, interleukin-10 
serum levels, ankle joint histomorphology, and cartilage 
surface repair status. The findings revealed that SC-II 
could regulate the organism’s cellular immune function, 
restore delayed-type hypersensitivity reaction to normal 
levels, increase the number of rats with negative circu-
lating immune complexes in the SC-II group, and bring 
the proportion of rats with negative circulating immune 
complexes close to that of the blank group. Additionally, 
the level of IL-10 significantly increased by 110.6% com-
pared to the model control group. Microscopic observa-
tion of pathological sections of rat ankle joints showed a 
smooth surface of the ankle joint, and the synovial sur-
face of the articular cartilage exhibited signs of repair.

The CIA model is currently regarded as the most suit-
able experimental animal model for studying RA [80, 
81]. Despite its more classical preparation method, CIA 
remains the most widely used model in both clinical and 
basic research on RA due to its highly reproducible and 
manipulable advantages. Orie et al. [57] investigated the 
therapeutic effects of orally administered UC-II on CIA 
rats. They induced a rat CIA model by orally administer-
ing water-soluble chicken undenatured collagen at 1 mg/
kg for 9 days. The therapeutic effects were assessed using 
arthritis index, hind limb histopathology, serum immune 
factor levels, and spleen tissue lymphocyte composi-
tion analysis. Results showed a significant reduction in 
the arthritis index in the experimental group from day 
4 (P = 0.0091), surpassing the reduction in the Glu (glu-
cosamine hydrochloride, 300 mg/kg) group (P = 0.0030). 
Histopathological examination revealed limited synovial 
infiltration, clear articular cartilage, reduced swelling, 
inflammation, and improved joint degeneration in the 
experimental group. Serum immune factor levels indi-
cated a significant decrease in anti-CII antibody levels 
(P = 0.03) and IL-6 levels (P = 0.04), along with a signifi-
cant increase in IL-2 levels (P = 0.04) in the experimen-
tal group. Peripheral blood CD4 + IL-10+ T-cell and 
CD4 + CD25+ T-cell levels were enhanced and propor-
tionally increased. Reduced frequencies of CD4 + IL-10+ 
T cells in the inflamed synovium and peripheral blood 
of RA patients have been reported to contribute to the 
loss of tolerance. CD4 + CD25+ T cells, phenotypically 
similar to Treg cells, have been implicated in actively sup-
pressing self-reactive T lymphocytes and maintaining 
self-tolerance in the control of chronic arthritis [57].
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Lu et  al. [67] investigated the immunotherapeutic 
effects of soluble chicken type II collagen (SCC-II) in 
CIA rats. They established a rat CIA model and admin-
istered 3 mg/kg of SCC-II for a total of 9 days. The study 
evaluated serum anti-type II collagen antibodies, IL-1 
and TNF-α levels produced by peritoneal macrophages 
(PMΦ) and synoviocytes, secondary inflammatory 
responses, and immune organ coefficients in CIA rats. 
Results indicated that SCC-II significantly inhibited the 
delayed-type hypersensitivity reaction to SCC-II in the 
skin and reduced inflammation on the non-inflammatory 
side of the joints in CIA rats after 7 consecutive days of 
SCC-II administration. Compared to the positive control 
group of dexamethasone, which lost efficacy soon after 
discontinuation of treatment, the SCC-II group exhibited 
continued efficacy even 2 weeks after treatment cessation. 
Additionally, SCC-II suppressed the hypersecretion of 
IL-1 and TNF-α by PMΦ and synoviocytes, and restored 
body weight and immune organ indices.

Taken together, numerous studies have consistently 
demonstrated that oral administration of UC-II can 
effectively alleviate osteoarthritic diseases, especially 
OA and RA. Furthermore, it exhibits superior efficacy 
compared to current conventional drugs. Consequently, 
UC-II therapy may emerge as a preferred option for OA 
in the future.

6 � Molecular mechanisms underlying 
the therapeutic effects of UC‑II on joint diseases

UC-II can exert a therapeutic impact on joint inflam-
mation by modulating local immunity. The oral admin-
istration of small amounts of UC-II suppresses immune 
responses directed against type II collagen in articular 
cartilage, employing a mechanism known as oral tol-
erance. This process is an integral component of the 
immune system, serving to distinguish potentially harm-
ful foreign invaders in the gut from innocuous sub-
stances, such as dietary proteins and the commensal 
organisms constituting the microbiome [82]. Oral toler-
ance induction, characterized by an active non-response 
to orally administered antigens, has long been regarded 
as a promising strategy for treating chronic autoimmune 
diseases, including RA.

Numerous studies have been conducted to unravel the 
mechanisms of oral tolerance. The immune response 
to orally administered antigens occurs within in the 
gut-associated lymphoid tissue (GALT), comprising 
mesenteric lymph nodes and lymphoid tissue plaques 
surrounding the small intestine, known as Peyer’s patch 
(PP) [55]. PP contains specialized epithelial cells called 
microfold cells (M cells), which can facilitate the trans-
port of antigens across the mucosal barrier. T cells engage 
with antigen-presenting cells in the PP, and subsequently, 

they are transferred to the mesenteric lymph nodes, tra-
versing the peripheral immune system where they can 
exert their effects (Fig. 3).

In-depth investigations into the mechanisms of oral 
tolerance have predominantly centered on phenotypic 
changes in T cells and cytokines after the oral adminis-
tration of antigens. Two discernible mechanisms of oral 
tolerance have been  identified, namely active suppres-
sion and clonal incompetence or clonal clearance. It has 
been demonstrated that small antigen doses induce the 
suppression of immune cells, while larger doses lead to 
clonal incompetence or clonal clearance, with a pivotal 
role played by T helper cells [64]. Several factors influ-
ence the mechanism of action, including the form of 
the antigen, the oral antigen dosage, and the timing of 
administration. The principle underlying active inhibi-
tion is that small antigen doses act on regulatory Th2 
and Th3 cells in gut mucosa-associated lymphoid tissues, 
such as PP, prompting the secretion of IL-4, IL-10, and 
TGF-β, thereby mediating active inhibition. The repeated 
administration of small antigen doses in gut-associated 
lymphoid tissues (GALT) has been shown to result in the 
generation of abundant regulatory T cells secreting TGF-
β, IL-4, and IL-10. These cells are capable of suppressing 
Th1-mediated immune responses [64].

In contrast, the principle of clonally incompetent and 
clonally cleared cells involves large antigen doses acting 
on local Th1 and Th2 cells in mucosa-associated lym-
phoid tissues or being absorbed into the bloodstream to 
act on Th1 and Th2 cells in the thymus and spleen. The 
results in clonal anergy or deletion of cells, as evidenced 
by serum markers of inflammatory and oxidative stress 
showed positive changes with increased superoxide dis-
mutase (SOD) levels and decreased high-sensitivity 
C-reactive protein (hs-CRP) levels.

Notably, when relatively high doses of antigen are orally 
administered, antigen-specific cells exhibit impaired 
functional properties, such as reduced production of 
Th1-type cytokines and limited proliferation of this 
cell type [65]. The oral administration of mega doses of 
antigen leads to the elimination of antigen-specific cells 
through apoptosis [63].

In addition to the previously mentioned mechanisms, 
it has been proposed that the suppression of arthri-
tis through the oral administration of UC-II involves 
bystander suppression. Oral administration of UC-II 
induces the generation of regulatory T cells in gut-
associated lymphoid tissues. These regulatory T cells 
migrated to lymphoid organs, such as mesenteric lymph 
nodes and the spleen, where they impeded the produc-
tion of immune responses by effector cells. They inhib-
ited Th1 through the release of inhibitory cytokines, such 
as TGF-β, IL-4, and IL-10, thereby exhibiting a systemic 
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bystander effect in lesions characterized by polyarthritis. 
This bystander effect mechanism has been elucidated in 
studies where low doses of oral UC-II are transported 
via intestinal epithelial cells to potential immune cells in 
Peyer’s patches. This process converts initial T cells into 
regulatory T cells specifically activated by type II colla-
gen. Activated regulatory T cells subsequently migrate 
from the gut-associated lymphoid tissue through the 
lymphatic system into the bloodstream. Upon recogniz-
ing the target in the articular cartilage, i.e., type II col-
lagen, these regulatory T cells release anti-inflammatory 
cytokines, such as TGF-β, interleukin IL-4, and IL-10. 
These cytokines can inhibit the action of cells involved in 
the normal breakdown of collagen and other extracellular 
matrix proteins, thereby reducing joint inflammation and 
associated discomfort [55].

The bystander effect holds clinical significance in 
autoimmune diseases caused by multiple autoanti-
gens, where the primary antigen is unclear or where all 
autoantigens are not yet identified. The induction of the 
bystander effect through oral administration of a spe-
cific antigen can suppress all inflammatory responses 

in the organ, where the autoantigen is located [83]. The 
oral administration of UC-II, proposed as a potential oral 
immunotherapy, is suggested to hold promise in induc-
ing immune tolerance and thereby alleviating symptoms 
associated with immune-related diseases. However, 
immune tolerance encounters various challenges, and 
numerous factors may impact the efficacy of oral toler-
ance. The specifics of oral dosage, including the choice 
of dosage and the duration of the dosing cycle, have not 
been thoroughly elucidated in existing studies.

The impact of oral dose of UC-II on the induction of 
oral immune tolerance is a prominent area of research 
that has garnered significant attention. UC-II is believed 
to induce immune tolerance in the immune system, con-
sequently mitigating symptoms of autoimmune diseases 
like arthritis. The critical aspect of dose selection in oral 
immunotherapy is underscored by evidence showing that 
different doses can lead to varying immune responses. 
Studies have indicated that there is no straightforward 
linear dose-response relationship, and effective mini-
mum and maximum doses exist in oral tolerance experi-
ments related to arthritis [66]. This observation may be 

Fig. 3  Molecular mechanisms of UC-II induced immune tolerance
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reflected in the treatment mechanism of RA, with low 
doses inducing active cellular inhibition and high doses 
inducing clonal incompetence or clonal clearance.

However, there is no universally recommended dose, 
and a clear demarcation between low and high doses is 
lacking. Studies on RA treated with UC-II suggested that 
lower oral doses, such as 20 μg/kg, 0.1 mg/kg, and 3 mg/
kg, may induce active cellular inhibition, placing 20 μg/
kg to 3 mg/kg range into the category of low doses. Con-
versely, it has been shown that oral doses of 3 mg/kg and 
25 mg/kg of UC-II treated RA through the mechanism of 
clonal incapacitation or clonal clearance. The same dose 
of 3 mg/kg has been shown to exhibit the oral adminis-
tration of mega doses of antigen, leading to elimination 
of antigen-specific cells through apoptosis [63]. This dis-
crepancy may be attributed to variations in the sources 
of UC-II, as it is derived from various animals such as 
chicken cattle, pig, sheep, fish [21, 84, 85], differing in 
amino acid composition and structure. These distinctions 
may influence absorption, bioactivity, biocompatibility, 
and tolerance in the human body.

Additionally, the dose (3 mg/kg) might be close to 
the cutoff point of the antigenic size dose. There are no 
experimental reports of oral doses exceeding 25 mg/
kg, making the 3–25 mg/kg range an estimated large 
dose. In the study of UC-II treatment for OA, the dos-
age tends to be more uniform. Even a lower dose of UC-II 
(40 mg/d) has demonstrated a significant reduction in 
pain and improvement in joint function in arthritis 
patients. Overall, the selection of the oral UC-II dose is 
pivotal for inducing immune tolerance, and an accurate 
and effective dose must be explored through extensive 
experimentation.

Similarly, the duration of the oral administration cycle 
of UC-II holds crucial implications for its efficacy and the 
induction of immune tolerance. The immunomodulatory 
effects of UC-II require time. Following oral administra-
tion, UC-II requires a period to interact with the immune 
system and induce immune tolerance, ranging from as 
short as two to 3 weeks to as long as three to 5 months 
for full effectiveness. This time-dependent nature under-
scores the importance of not having a too brief cycle of 
oral UC-II administration, ensuring that the immune sys-
tem has ample time to gradually adapt to UC-II and pro-
duce the desired immunomodulatory effects. However, it 
is essential to acknowledge that long-term treatment may 
raise potential safety concerns.

The side effects and safety of prolonged use of any 
drug garner significant attention. It has been shown that 
UC-II exhibits high safety in both short-term and long-
term animal treatments. Acute oral toxicity tests showed 
no significant changes across all examined tissues, with 
oral LD50 in rats greater than 5000 mg/kg, causing only 

mild skin irritation in rabbits and minimal ocular irri-
tation [70]. UC-II did not induce mutagenicity with or 
without metabolic activation. In existing long-term treat-
ment studies, which can extend from three to 6 months, 
the safety and adverse reactions of prolonged drug use 
have garnered considerable attention. A 150-day study 
of UC-II for treating dog arthritis showed no adverse 
events after treatment, with no significant changes in 
the blood chemistry, body weight, heart rate, or respira-
tory rate [49]. Additionally, a 12-week study involving 
101 knee osteoarthritis patients aged 40–65 showed that 
changes in vital signs and biomarkers for each individual 
remained within normal ranges [51]. Nevertheless, it is 
crucial to acknowledge the potential risks associated with 
long-term use, and close monitoring and evaluation are 
imperative for any extended treatment duration.

7 � Future prospects
7.1 � Enhancing efficiency in the extraction of UC‑II
Research into the impact of UC-II on joint diseases is 
fundamentally rooted in the preservation of its non-
denatured state. The significance of non-denaturing 
UC-II extraction extends beyond the conservation of 
its original structure and biological activity; it holds the 
potential for diverse applications. However, current 
extraction methods for type II collagen encounter chal-
lenges that hinder their widespread utilization.

Firstly, the extraction and purification process of type 
II collagen is intricate, demanding specialized equipment 
and technology. This complexity impedes the standardi-
zation of the extraction method, resulting in fluctuations 
in quality and purity. Moreover, type II collagen extracted 
using existing methods is highly susceptible to deforma-
tion, impacting its practical applicability.

Secondly, cost considerations are paramount. Presently, 
extraction methods for type II collagen, such as enzy-
matic hydrolysis and acidic extraction, are both costly 
and inefficient. These techniques typically demand sub-
stantial processing time and resources, thus hindering 
their scalability and commercial viability. Consequently, 
reducing production costs is essential to advance the 
widespread therapeutic use of type II collagen.

Therefore, future research should be directed towards 
the development of more efficient non-denaturing UC-II 
extraction techniques. This involves improving extraction 
yield and quality through the refinement of extraction 
conditions, enhancement of processes, and exploration 
of novel extraction agents. These efforts aim to maximize 
the retention of UC-II bioactivity and structural integrity, 
addressing the current limitations and paving the way for 
more widespread and cost-effective applications.
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7.2 � Impact of individual immune status 
on the establishment of immune tolerance

The establishment of oral tolerance is subject to vari-
ous influencing factors. Beyond dosage and dosing 
cycles, the immune status of an individual emerges as a 
pivotal determinant in the immunological tolerance of 
oral UC-II. The immune status of an individual serves 
as a comprehensive reflection of their immune system, 
encompassing aspects such as the quantity and activity of 
immune cells, the levels of immune factors, and the regu-
latory capacity of the immune system.

The quantity and activity of an individual’s immune 
cells significantly influence the response to UC-II ther-
apy. Patients with varying levels of immune system activ-
ity may experience different treatment outcomes. Those 
with an overactive immune system may require longer 
cycles to mitigate excessive immune responses, while 
immunosuppressed or immunocompromised patients 
may exhibit limited effects from UC-II.

Additionally, differences in immune factor levels can 
impact immune tolerance to UC-II [86, 87]. Variances in 
immune factor levels among patients may influence the 
immunomodulatory effects of UC-II. Finally, the degree 
of immune system regulation within an individual is a 
crucial factor in oral UC-II immunological tolerance. 
While normal immune system regulation is fundamental 
for maintaining immune homeostasis and tolerance, dys-
regulation may result in an inappropriate immune system 
response to UC-II [88].

Overall, an individual’s immune status plays a central 
role in immune tolerance to oral UC-II. A comprehensive 
understanding of the patient’s immune status, consider-
ing individual differences, is imperative before initiating 
UC-II treatment to determine the most suitable thera-
peutic strategy. Future studies should delve deeper into 
the relationship between immune status and oral UC-II 
therapy, aiming for a more precise and individualized 
therapeutic approach to enhance outcomes for patients 
with joint and immune-related diseases, ultimately allevi-
ating their pain and discomfort.

The intricate relationship between oral dose, oral cycle, 
and individual immune status adds a layer of complexity 
to UC-II therapy. Determining the appropriate oral dose 
and cycle is paramount in treatment, often requiring cus-
tomization based on the patient’s unique characteristics 
and the severity of disease. In certain instances, a higher 
oral dose may trigger an immune response and establish 
immune tolerance, especially in patients with dynamic 
immune systems. Conversely, for patients with a rela-
tively stable immune status, a lower oral dose might suf-
fice to achieve the desired therapeutic effect.

Moreover, a robust relationship exists between the 
dose and the oral dosing cycle. Higher doses of oral ther-
apy may necessitate shorter cycles for optimal results, 
whereas lower doses may require longer cycles. This 
nuanced decision-making process should be guided by 
healthcare professionals, taking into account the patient’s 
biological response and individual needs.

Taken together, the therapeutic effectiveness of oral 
UC-II hinges on the complex interplay of oral dose, oral 
cycle, and individual immune status. When crafting a 
personalized treatment strategy, healthcare professionals 
must holistically consider these factors to ensure optimal 
therapeutic outcomes. To deepen our understanding of 
these relationships, future studies should delve further, 
providing more precise treatment guidelines to maximize 
efficacy and immune tolerance in patients with joint dis-
eases and immune-related conditions.

7.3 � Enhancing the clinical evidence for UC‑II 
in the treatment of arthritis

While UC-II is acknowledged as a potential therapy for 
arthritis treatment, previous clinical trials have hinted at 
its potential to improve arthritis symptoms. Despite these 
preliminary findings, a significant scientific challenge 
remains due to the limited clinical evidence required to 
establish its efficacy and safety.

Arthritis has become a widespread health concern, sig-
nificantly impacting patients’ quality of life, prompting an 
urgent need for more effective treatments. Despite the 
considerable interest in UC-II, the present study faces 
limitations, including restricted sample size, methodo-
logical flaws, and insufficient short-term follow-up. In 
particular, studies of UC-II for OA have been hindered 
by limited sample sizes, methodological constraints, 
and a lack of deeper molecular-level indicators, such as 
changes in marker factor levels. Clinical trials for UC-II 
in RA have primarily been conducted in specific ani-
mal models, and controversies surround the accuracy 
of these models. Furthermore, the therapeutic mecha-
nism of UC-II remains incompletely defined, contribut-
ing to uncertainty about its precise role in joint disease 
treatment.

Clinical evidence for UC-II remains relatively sparse 
compared to traditional arthritis treatments like non-
steroidal anti-inflammatory drugs (NSAIDs) and dis-
ease-modifying anti-rheumatic drugs (DMARDs). While 
conventional treatments are well-established in terms 
of efficacy and safety, UC-II is still in the early stages 
of research. This scarcity of clinical evidence not only 
impacts healthcare professionals’ clinical decision-mak-
ing but also creates uncertainty for patients. To address 
this issue, more large-scale, high-quality clinical trials are 
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necessary to establish the role, safety, and optimal use of 
UC-II in joint disease treatment. Studies with extended 
follow-up periods and practical clinical applications can 
offer comprehensive evidence to guide clinicians and 
patients in making informed treatment choices, ulti-
mately maximizing the quality of life for individuals with 
joint disease. Future studies should intensify efforts to 
unveil the potential benefits of UC-II and determine its 
effective role in arthritis treatment.

7.4 � Synergistic effects of UC‑II in joint health and arthritis 
treatment

The remarkable efficacy of UC-II in promoting joint 
health and treating arthritis has prompted extensive 
research. Several studies have aimed to showcase the 
superior therapeutic effects of UC-II compared to tra-
ditional joint health medications like glucosamine and 
chondroitin sulfate. Traditional medications, such as glu-
cosamine and chondroitin sulfate, are often perceived as 
joint preservatives, offering nutritional support essential 
for maintaining and repairing joint cartilage. These drugs 
primarily work to slow joint degeneration and supply 
vital components to improve joint lubrication within the 
synovial fluid.

In contrast, the therapeutic mechanism of UC-II is 
notably broader and more complex. Apart from sup-
plying essential components for joint cartilage, UC-II 
possesses unique immunomodulatory properties. It 
plays a crucial role in balancing immune system activ-
ity, suppressing excessive immune responses, reducing 
inflammation, and fostering immune tolerance between 
the immune system and articular cartilage. This immu-
nomodulatory effect positions UC-II as a promising 
option for treating immune-related diseases, e.g. RA.

The distinctions in therapeutic mechanisms between 
UC-II and conventional drugs make them complemen-
tary in various ways. While traditional drugs focus on 
joint care and support, UC-II targets the abnormally 
active immune system through its immunomodulatory 
effects, alleviating symptoms of arthritis and immune-
related diseases. Considering these distinct therapeutic 
mechanisms, combining UC-II with conventional drugs 
holds the potential for synergistic effects in the treatment 
process. Combination therapy strategies can harness the 
advantages of different drugs, offering more comprehen-
sive joint care and therapeutic effects, ultimately enhanc-
ing patients’ quality of life. However, no trials have been 
reported to date, and further research is needed to deter-
mine the optimal effects of multiple drug combinations. 
This involves studying the interactions between different 

drugs, establishing the ideal drug combination and dos-
age, and exploring the optimal timing of treatment.

8 � Conclusions
UC-II is crucial for joint cartilage maintenance, with 
an imbalance in its synthesis and degradation leading 
to OA and RA. It showed significant therapeutic effects 
when orally administered, including pain reduction, 
improved joint mobility, and decreased inflammation 
in OA and RA patients. The immune regulatory func-
tions help suppress autoimmune responses in arthri-
tis. However, challenges in extraction processes and 
limited clinical trials on oral UC-II highlight the need 
for non-denaturing extraction methods and further 
research on dosage optimization and treatment dura-
tion to fully ascertain its efficacy and safety.
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